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X HYDROCONVERSION CATALYST The present inventi-en rekates ;to-a:catal yst

|n ‘hydr oconversi on processes, nore espectally.to a caLalysb for use
epar ation of mddle distillates from hiYhef® boi i ng" r ange
s, in particular the liquid hydrocarbon products of a

FISCh r- “Tropsch synt hesi s process. The preparation of hydrocarbons froma
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qis. m xture conprising carbon nonoxi de and hydrogen by cort &68ng t he

e with a suitable catalyst at elevated tenperatures and pressures is
known process, referred to in the art as the Fischer-Tropsch

s. Recently, much attenti J¥PROCONVERSION LATALYSHr ocesses for the
ation of mddle distillate fuels, which processes conprise two

; a first stage in which hi boi |l i ng range hydrocarbons are prepared
m xture of rbﬁ?feﬁﬁn’d}?eﬁég%fhde ffogRrf %tﬁéfﬁfgf“steh n
r - Tr ops bidpconesss ioanpratese€HNthosé a@pet Talllyi €4 & betalyst for use in

the preparation_éf middle distillates from higher boiling range
hydrocarbons, inﬁpérticular the liquid hydrocarbon products of a
5 Fischer-Tropsch synthesis process.

The preparation of hydrocarbons from a gaseous mixture
comprising carbon:monoxide and hydrogen by contacting the mixture
with a suitaﬁle ¢éta1yst at elevated temperatures and.pressures is
a well known prdcéss, referred to in the art as the Fischer-Tropsch

10 process. .

Recently, much attention has been paid to processes for the
preparation of middle distillate fuels, which processes comprise
two stages; a fi%st stage in which high boiling range hydrocarbons
are prepared froﬁ'a mixture of carbon monoxide and hydrogen by

15 .means of the Fischer-Tropsch process, and a second stage in which
the hydrocarbons so-produced are subjected to a hydroconversion
process yielding the desired middle distillates.

For the pufboses of this specification, the term "middle
distillates" is to be taken as a reference to hydrocarbons or

20 hydrocarbon mlxtures having a boiling point or boiling point range
substantially corresponding to that of the kerosine and gasoil
fractions obtained during the conventional atmospheric distillation
of crude o0il. In a typical distillation, thé following fractions
are consecutively recovered from the crude oil: one or more naphtha

25 (sometimes reféx?ed to as gasoline) fractions boiling in the range

of from 30 to gég °C, one or more kerosine fractions boiling in the

range of from 1HO to 300 °C and one or more gasoil fractions
boiling in thePf;nge of from 180 to 370 °C.
Thus, UK patent application publication No. 2 077 289
30 (GB-A-2 077 289):and European patent applications publication
numbers 0 127‘22Q_and 0 147 873 (EP-A-0 127 220 and EP-A-0 147 873)
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hydrfcarbons so-produced are subjected to a hydro:*

yle|d|ng the desired mddle distillates. conyer si gn prDCess

For the purposes Ut ~th| s -7,
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J . g cgtgl}%l lh;%koconversion The specifications of the afore-

, .cons

mentioned patent applications disclose ‘a range of possible catalyst
compositions for ‘use in the hydroconversion stage of the process,
.with preference being given in each case to catalysts comprising a
Group VI1I metal" as catalytically active component on a suitable
lio carrier. Particular preference is given to catalysts comprising
platinum. Suitable carriers are stated in GB-A- 2 077 289 to be
amorphous oxides”of the elements in Groups II, III and IV of the
Periodic Table o%'Elements, such as silica, alumina, magnesia,
_ zirconia, as well as mixtures thereof, including silica-alumina,
:.lS silica-magnesia and silica-zirconia, and zeolitic materials such as
mordenite and faujasite Alumina and silica-alumina are said to be
preferred carrier materials.
The specifications of all of GB-A-2 077 289, EP-A-0 127 220
. and EP-A-0 147 873 specifically exemplify the use of a platinum/-
1?0 silica-alumina catalyst comprising O. 82 parts by weight of platinum
per 100 parts by weight of carrier, which carrier consists of 14.6%
by weight of alumina and 85.4% by weight of silica, in the
hydroconver51on stage of the middle distillate preparation.
In processes in which it is desired to produce middle
' ;25 distillates in high yields from the high boiling range products of
- the Fischer- Tropsch”synthesis there is a need for a hydroconversion
catalyst which &

"ibits both a high level of intrinsic activity in

combination with a high selectivity to middle distillates.
Platinum/silica alumina catalysts are known in the art for

hydroconversion of various hydrocarbon products.

For example, UK patent No. 1 451 617 (GB 1 451 617) discloses a

process for the preparation of medicinal oils in which a

fm30 application inIt

hydrocarbon mixture having a low aroﬁatic content is contacted at
elevated temperature and pressure with a catalyst comprising one or

-.:35 more noble metals from Group VIII on. ‘a carrier which contains 13 to
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t he r}fnge of from180 to 370 [err]C. Thus, WK pat.ent . apphcatlon e
publ.i¢ation No. -2 077 289 (GB-A-2 077 289) and :Euy opeart pat‘ent a pl.i cations
publ',l bation .nunbers 0 127 220 and 0 147 873 (EP—A 0%127°220and "EP-"A 0 147
873)"" f_ch_’;d‘l scl ose a process for the preparation of mddle distillates in
whi ch}a ‘m xture of carbon nonoxi de and hy?blrogen I's converted in a first

~staggfinto h| oi-lin rogar bons ns of,.the Fi er-Tropsch
procg>s, glﬁr"ﬁa& ﬂBo‘T?sqggﬁ‘"g%f‘ sﬁﬁ'f%lé‘?éﬁrqagnﬁ %{’}tj‘ﬁfyt |d€%a yses ' OP

- hydrog bonver SI grecifided 13 pecinpl teiteidoths GBf 11454 &1 breempniswt pdatkhupat ent

: _app_|~l gati.ons QIIP?GLQQF oft £).61 %Q %%PQ&%'&QL?eﬁaBﬂM sﬁpfmgsh{'éé;n§axftﬁ'hguse in

. the hydroconversion sta e process reference belng given in
- each fase to Temalilite I-ﬂ'rﬁ'r/&lar?& 8 RYTELYPImES ‘fPé’tSéPga’s”E‘a?eﬂ"y P8’y
active cenpongyg. ot tutdigeks mewﬂbarmrbtyl Cupdgnpt gt LR GAaricSedi ven to

catal ysts conpr,i si | ati num Swta,l; car tated jn GB-A-2 077
289 t be a ﬁggd"g S BAYTNE &7 "f’fgﬂ?s ﬁﬁgiﬁf@a&“f‘r“ fﬂd and |V of the
Per|od|(:'Tab|e It has now been found that the aforementioned catalysts

described and exemplified in GB 1 451 617 are suitable for use in

the hydroconversion of high boiling range hydrocarbons, produced by

10 the Fischer-Tropsch process, as a means of preparing middle
distillates. '
However, most surprisingly, there has been found a novel
"""" catalyst composition which is active as a hydroconversion catalyst.
In particular, a novel catalyst composition has been found which,
.15 when used in the hydfoconversion of hydrocarbons produced by the
' Fischer-Tropsch synthesis, most advantageously exhibits both a high
level of activity and a high degree of selectivity to middle
distillates. |
Accordingly, the present invention provides a catalyst
-20 comprising platinum supported on a silica-alumina carrier, which
- carrier has been prepared from an amorphous silica-alumina having a
pore volumé of at least 1.0 ml/g, the carrier having been
impregnated with the platinum by a process comprising contacting
the carrier with a platinum salt in the presence of a liquid under
25 acidic conditions.
- The novel catalyst is of use in hydroconversion processes.
The term "hydroconversion" is used herein in its broadest sense, as

a reference to conversion processes occurring in the presence of

hydrogen and ranging in severity, for example, from hydrocracking ¥
30 to mild hydrogenation processes.

The carrier fdr the catalyst of the present invention is
émorphou; silicé¥§%umina. The term "amorphous" indicates a lack of
crystal structure, as defined by X-ray diffraction, in the carrier
material, althoﬁgh_some short range ordering may be present.

- 35 Amorphous silicé-d;umina suitable for use in preparing the catalyst
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ements, such as silica, alumna, nmagnesia,--zirconi4a,.as wel'l -ds
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a-zirconia, and zeolitic materials such as-nordenite amd fHujasite.
ha and silica-alumina are said to be preferred carrier naterials. The
fications of all of GB-A-2 077 289, 4EP-A-0 127 220 and EP-A-0 147 873
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er, whi bb-prepared byopsecipitatinglabifiviby oweiaghilicfa hydiviged ad 85. 4% by
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desi r edeseribeddie &Bni defleb¥l stillates in high yields fromthe high
ng g ange The catalyst may comprise any suitable amorphous

| silica-alumina. The amorphous silica-alumina preferably contains
alumina in an amount in the range of from 5 to 30% by weight, more
preferably from 10 to 20% by weight, especially from 12 to 15% by
weight. ‘

10 To achieve a high degree of selectivity of the catalyst for

' middle distillates, it is important that the pore volume of the
amorphous silica-alumina starting material be at least 1.0 ml/g.
For the purposes of this specification, all pore volumes quoted in
relation to the catalyst of the present invention are references to

15 pore volumes measured by a method involving the uptake of water
into the pores of the material, often referred to as the incipient
wetness method, and are generally indicated as pore volume (H20).

A typica; procedure for determining the pore volume (HZO) of a
catalyst or carrier material comprises drying the material at a

20 temperature of about 500°C; weighing the dried material; immersing
the material in water for a period of about 15 minutes; removing
the material from the water; removing the water on the surface of
the material by means of a centrifuge; and weighing the resulting
material. The pore volume of the material is determined from the

25 difference between the weight of the dried material and the weight
| of the resulting material.
The pore volume of the amorphous silica-alumina is preferably
in the range of from 1.0 to 2.0 ml/g, more preferably from 1.0 to
1.5 ml/g. | __

30 In addition to silica-alumina, the carrier may also comprise
one or more binder materials. Suitable:binder materials include
inorganic oxides. Both amorphous and éfystalline binders may be
applied. Examples of binder materials??bmprise silica, alumina,

clays, magnesia, titania, zirconia and;hixtures thereof. Silica

35 and alumina are preferred binders, withﬁalumina being especially
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prodygets of the Fischer-Tropsch synthesis there'i.s*a ne&d-for a - :
hydr.dconversi on catal yst which exhibits both a:zhiigh-1 evelz ofl i ntXii RSi C
actidity in combination with a high selectivity*to~hniddfe distiflates.

Pl atiifnund.si | i ca- al umi na catal ysts are known in the art for application in

t he Rydroconversi on of various hydrocarbo'in'product s. For exanple, UK patent
No. 1 451 617 1 451 61 |.SC es a proc t pagation of

. medi di nal _oi |P§£’|9°E“vﬁ%‘rcrl("a‘ %H?e&aégzlr?c% rﬂ?%‘?ﬁ%\&ﬁé caaQF(l)%tgr g%rat i c content
- i's cdntact ed preferablyt preseatpin anusmounndofpfoem fr 4ovpQ by weiighty pore

- conprji Si Ng ONRe@Er AANCEARPNS EE 3Ok Soyf LEIRHE, OUR c¥le! bad¥y 8f Cédtiall SheiphilcCh
“contdins 13 to 15% by weight of alurna, the remai nder being silica.

~ Cataljysts spefi the faryieXenplified in GB 1 451 617 conprise platinum

t suppdrted on siliTie chtalyst 6frtheCpreseayi ftefitidmeonpriaas platghag dsram 110

'to 518 nR/g an ore,volunes ranging fram0.34 to 0.87 /9. Th

- catallysts vvercéq‘ﬁf%'g’iragay P ?‘rf)rcé’&ﬁg‘ﬁ“%g tﬁ‘é’t art iiesrp'f'%ét%é?:ﬂaﬂ %\fmef?'n“etar%n
'- us sol utanoamedntc hhott@prabgeniof fxomdD.05 to 5.0% by weight, more
preferably from 0.1 to 2.0% by weight, especially from 0.2 to 1.0%

by weight, on the basis of total weight of carrier in the catalyst.

- 10 The platinum is deposited onto the carrier by means of
impregnation, in which the carrier is contacted with a platinum
salt in the presence of a liquid under acidic conditioms.

. Preferably, the acidic conditions are such that the pH is no
greater than 4.0, more preferably no greater than 3.0.

15 Most conveniently, the platinum salt and liquid are selected
so that the salt is soluble in the liquid and the carrier is
contacted with a platinum salt solution. Suitable liquids for use
in the impregnation are both organic liquids, for example alcohols
and ethers, and inorganic liquids, for example water. Water is a

20 most convenient and especially preferred liquid.

Any suitable platinum salt may be used, with preference being
given to salts soluble in the selected liquid. Suitable salts
include both organic and inorganic salts. Examples of suitable
salts are platinum dibromide, platinum dichloride, platinum

25 trichloride, platinum tetrachloride, platinum dichlorocarbonyl-
dichloride, platinum tetrafluoride and platinum sulphate.

A preferred catalyst is one prepared by an impregnation using
a solution of an acidic platinum salt, fhe platinum salt providing
both a source for the platinum and giving rise to the required

30 conditions of acidity. Preferred acid salts for such functions are
hexachloroplatinic acid, tetracyanoplatinic acid, hexahydroxy-
platinic acid, platinum monohydroxychloric acid and platinum (I1I)
sulphuric acid. Hexachloroplatinic acid is an especially preferred
acid platinum salt. '
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now been found that the aforenentioned Qabalysts descri bed "and
ified in GB 1 451 617 are suitable for usein‘ihe hydroeonvePSJon of
_0|I|ng range hydrocarbons, produced by t he" Fi'8cher - Tropsch process,
eans of preparing mddle distillateg.. However, nost surprisingly,
has been found a novel catal yst conposition mhich Is active as a

hydr.gconver si on Cafadzy&t:id Ilﬂaﬁﬁnﬁ:ﬂ' saltadls wothaved matlaé vapregnguden tafon has
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rovifes_a catal yst caomprisin ['ati num support
P 5 carrier. gl?table gcfas %or use d&ging é%e 1mpregnation include

both organic and inorganic acids, for example mono- and

dicarboxylic acids, h&drochloric acid, sulphuric acid and nitric

acid. Nitric acid is a particularly preferred acid. An especially

preferred catalyst is one prepared by impreghation of the carrier
10 using a combination of hexachloroplatinic acid and nitric acid.

If the catalyst §£ the present invention is prepared by means

of impregnation in the presence of bothian acidic pl#tinum salt and
{%, an additional acid, the additional acid is preferably present in an
amount in excess of the amount of acid platinum salt, the molar
15 ratio of additional acid to acid platinum salt preferably being in
the range of from 2 to 30, more preferably from 5 to 25.

In a second aspect, the present invention provides a process
for the preparation of a catalyst as hereinbefore described, which
process comprises preparing a carrier from an amorphous

20 silica-alumina having a pore volume of at least 1.0 ml/g and
impregnating the carfier so-formed with platinum by contacting the
carrier with a platinum salt in the presence of a liquid under
acidic conditions. _

The carrier may be prepared from the amorphous silica-alumina

25 by methods known to the skilled person in the art. A preferred
method for the preparation of the carrier comprises mulling a
mixture of the amorphous silica-alumina and a suitable liquid,
extruding the mixture and drying the résulting extrudates.

The mixture.to'ﬁe extruded should;_preferably, have a solids

30 content in the range of from 20 to GO%Hby weight.

The liquid for .inclusion in the @igture may be any of the
suitable ligquids kn&ﬁn in the art. Eiéhples of suitable liquids
include water; alcohols, such as methanol ethanol and propanol;

ketones, such as acetone, aldehydes, such as proponal, and aromatic
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{na carrier, which carrier has been prepar€d-fiem €n: am:rphous
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acidic conditions. The novel catalyst is of use in hydroconversion
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is an organic acid, for example a mono- or dicarboxylic acid.

Preferred organic acids include acetic acid, propionic acid and
10 butanoic acid. Acetic acid is a most preferred peptizing agent.

The amount of peptizing agent included in the mixture should

be sufficient to fully peptize the alumina present in the carrier
. material, and can be readily determined by the pH of the mixture.

During mulling, the pH of the mixture shoulﬂ preferably lie in the
15 range of from 1 to 6, more preferably from 4 to 6.

To improve thé flow properties of the mixture, it is preferred
to include one or more flow improving agents and/or extrusion aids
in the mixture prior to extrusion. Suitable additives for
inclusion in the mixture include fatty amines, quaternary ammonium

20 compounds, aliphatic mono-carboxylic acids, ethoxylated alkyl
amines, polyvinyl pyridine, and sulphoxonium, sulphonium,
phosphonium and ioddnium compounds, alkylated aromatic compounds,
acyclic mono-carboxylic acids, fatty acids, sulphonated aromatic
compounds, alecohol sulphates, ether alcohol sulphates, sulphated

25 fats and oils, phééphonic acid salts, polyoxyethylene alkylphenols,
polyoxyethylene aicohols, polyoxyethylene alkylamines, polyoxy-
ethylene alkylamidéé, polyacrylamides, polyols and acetylenic
glycols. Prefer:eﬂjggents are sold under the trademarks Nalco and
Superfloc. |

30 The flow improving agents/extrusion aids are preferably
present in the mixture in a total amount in the range of from 1 to
20% by weight, mofe preferably from 2 to 10% by weight, on the
basis of the totélnygight of the mixture.

In principle,_the components of the mixture may be combined in

35 any order, and thé;ﬁixture mulled. Preferably, the amorphous
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a hydrogel and subsequently drying and cakCikni'ng the:fesukting:

rrateri al, as described in GB 1 451 617. The catal; yst. may ~cOTpr i se any

sui't gbl e anor phous silica-alunmina. The anorpholUs 81 1ica-alunina preferabl y
dins alumina in an amount in the range_of from5 to 30% by weight, nore
:qrably from 10 to 20% by wei ght, especially from12 to 15% by wei ght.

- To é hi eve asﬁl@&-@@%% Qha S@lechindéirt Y11f)fpr&£§1tca£?é Yohbimdd Ehddie
. distifl | ates, S ortant. that the ltgore vol une o; t he am)rg ous

" silida-al uni r'PéxE‘t‘%Frf“P tedrat Thezepftrr o the Jdgpid agdy §, PressntnEnS r poses of
" thi sdspem f i paptDfingahgertoate \cadadomd]tind @dsulting| aixtome t furither aaflakyst of
. the gdresent efer b t 24 June
1006 |5 Vol GAEEHLOdnT b BUEES abSnielrue 1Bl Rl h bed dRELydea ! 0
the fJore3 of atrheatirwde#mhltheotﬁtseﬂtt@ oixture @ulled for a final period of

time.

Typically, the mixture is mulled for a period of from 10 to
120 minutes, preferably from 15 to 90 minutes. During the mulling
process, energy is input into the mixture by the mulling apparatus.

10 The rate of energy inpﬁt into the mixture is typically from 0.05 to

50 Wh/min/kg, preferably from 0.5 to 10 Wh/min/kg. The mulling

_ process may be carried out over a broad range of temperature,

- preferably from 15 to 50 °C. As a result of the energy input into
the mixture during the mulling process, there will be a rise in the

15 temperature of the mixture during the mulling. The mulling process
is conveniently carried out at ambient pressure. Any suitable,
commercially available mulling apparatus may be employed.

Once the mulling process has been completed, the resulting
mixture is then extruded. Extrusion may be effected using any

20 conventional, commercially available extruder. In particular, a
screw-type extruding machine may be used to force the mixture
through orifices in a suitable dieplate to yield extrudates of the
desired form. The strands formed upon extrusion may be cut to the
desired length.

25 The extrudates may have any suitable form known in the art,
for example cylindrical, hollow cylindrical, multilobed or twisted
multilobed. A preﬁéfted shape for the catalyst particles of the
present inventioﬁ-ié:Cylindrical. Typically, the extrudates have a
nominal diameter of from 0.5 to 5 mn, preferably from 1 to 3 mm.

. 30 After extrgsidh, the extrudates are dried. Drying may be
effected at an elevated temperature, ﬁreferably up to 800 °C, more
preferably up to 366 °C. The period for drying is typically up to
5 hours, preferably from 30 minutes to 3 hours.

Preferably,_thg_extrudates are cglcined after drying.

35 Calcination is effééfed at an elevated temperature, preferably up

e —n
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tenpey ature of about 500[err]C, weighing the dried material; inmersing the
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-'fromthe water; renoving the water_on the surface of t.he materl%ﬂb nmeans
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- the r phous tEerteh era B rang 020
+m /g,} nore prt@férlasbin,sfroml 0 to 1.5 rT1/g I n addltlon to silica-al um na,

.the carrger my ahsQ GPORreds Qﬂecgfri@r?s Qhﬂf%te@&@rénakﬁpre%hém e bi nder
~materf al s i nclude morganl c_oxides. Both anorphqous and crystalline binders

may b appl i éF2EEXATHFBLCPLET I Laerel #eads OB oS ceRFieTt | JEPTAEUARIAR.
j clays], nmagnesisdeffected by contacting the carrier with a platinum salt in the

presence of a liquid under acidic conditions, as hereinbefore
described. The carrier may be contdacted with the platinum salt by

10 immersion in the liquid in which the salt has been suspended or,
more preferably, dissolved.

A preferred impregnatibn technique for use in the process of
the present invention is the pore volume impregnation technique, in
which the carrier is contacted with a solution of the platinum

15 salt, the solution being present in a sufficient volume so as to
substantially just fill the pores of the carrier material. A
convenient method for effecting impregnation is by spraying the
carrier with the requisite quantity of the solution.

After impregnation, the resulting catalyst is preferably dried

20 and preferably calcined, The conditions for drying and calcining
are as set out hereinbefore.

The catalyst of the present invention is active as a
hydroconversion catalyst and may be used in such processes as
alkane hydroisomerisation and hydrocracking. However, as discussed

25 - above, the catalyst exhibits particular activity in the selective
hydroconversion of high boiling range hydrocarbons to prepare
middle distillates, especially the hydroconversion of high boiling
range products of the Fischer-Tropsch synthesis process.

In the Fischer-Tropsch synthesis process, a gaseous mixture

30 comprising carbon monoxide and hydrogen is contacted with a
suitable catalyst at an elevated temberature and pressure, to yield
hydrocarbons. Preferably, the catalyst employed comprises a metal
from the iron group of Group VIII of the Periodic Table of elements
as catalytically active component, optionally in association with

35 one or more promoters. A most suitable Fischer-Tropsch catalyst
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titanf-a, zirconia and nixtures thereof. Silicg-and-alum.na are "preferred

bi ndeys, with alum na being especially preferred. .The Ebiin'eleir NN )

i ncorporated in the catalyst, is preferably present in*an*anount 6f*from5
to Yo by wei ght, nore preferably from 15 to 30% by wei ght, on the basis of

totalf wei ght of the carrier. The cat aFyX® -of the present invention
cconprfi ses platinumas a catalytically active conponent. Platinumi.s
pref & ably goEBEHtes fobal taaphicaFal 2t bhgethre f’f”&?ﬁ’ﬁ?‘ﬁ?’ladoz TRRLED
‘wei ghf, nor espeepromleby dupporfedloh a ZeBPadrprymixgide, caasper| doryetampde0. 2 to

. 1. 0%py weight . .on t basi g, of. to | ght rd Lf the catal yst.
" Substy tute &Jl}'té‘gf‘m-l' fﬁ%ﬁ“ﬁe“ib’g’é“: é&fﬁ}éﬂp?%t ?%tn#?é é%%%é?‘t ed onto the
“carrifer by meansThe hitghrbedding sangé hydhoearbpnerroduete ol she Figekared with a

plzat ifum salgropBelt RGnPRESENES CheR Yo Qbhehc¢adosicACEid @atalyst of the

: present invention in the presence of hydrogen and catalytically

hydroconverted to yield the desired middle distillates. Typical
process conditions for carrying out the hydroconversion stage are a
temperature of from 175 to 400 °C, preferably from 250 to 375 °C; a

10 hydrogen gas hourly space velocity of from 100 to 10000 N1/1/hr,
preferably from 500 to 5000 N1/1/hr; a hydrogen partial pressure of

of

from 10 to 250 bars, preferably from 25 to 150 bars; a space
velocity of from 0.1 to 5 kg/l/hr, preferably from 0.25 to 2
kg/l/b; and a hydrogen to oil ratio of from 100 to 5000 Nl/kg;
15 preferably from 250 to 2500 Nl/kg.
Typical processes in which the catalyst of the present
invention may be applied are disclosed in GB-A-2 077 289,
EP-A-0 127 220 and EP-A-0 147 873. .
The present invention is further described in the following
0% 20 illustrative example.
EXAMPLE

a) Catalyst Preparation

A mixture comprising amorphous silica-glumina (ex Grace

Davison, pore volume (HZO) 1.10 ml/g, 13% wt alumina (dry basis);

25 1834.9g) and alumina (ex Criterion Catalyst Co.; 554.8g) was placed
in a mulling machine and mulled for a period of 10 minutes. Acetic
acid (10% wt aqueous solution; 200.0g) and water (2190.3g) were
added and the resulﬁipg mixture mulled for a further 10 minutes.
Thereafter, polyac;yiamide (Superfloc A1839, 2% wt aqueous

30 solution; 40.0g) waS?added and mulling continued for a further 10
minutes. Finally,:éélyelectr01Yte_(Naiéc, 4% wt aqueous solution;
80.0g) was added and:the'mixture muilé&ffor a final period of 5

minutes.
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condiftions. Preferably, the acidic conditions.are*such t:hat, the .pHis no
greatier than 4.0, nore preferably no greater t-hqn %02 I‘dbst conveni ently,
the glatinumsalt and liquid are sel ected so that *the 8alt*is SolUble in
the<}iquid and the carrier is contacted;yith a platinumsalt solution.

Sui tdble liquids for use in the i rrpregnaifNI lon are both organic liquids, for
jl e al cohol syand eLIES ﬁﬂ:@réngéQéﬁxdth}:ﬂﬂﬁ a [0BsexaRbe wat er.

- Watell is a nost convenient "and especially preferred. |i (iUI d. Any suitable
- pl atifnum sal@xtwugen chueush anexingrigal, drerdase; fedfing It fnw flptetsy| ypie in
; el ect eohﬂlliﬁatﬁalsaﬁﬁhheeéal me lrlaeh].kfmgbatdtua&gﬁ\merarui-ibaoatgani c

salty. Exanpl es of suit I atinum di bro
- di chifori de, P"REFHTHS t??b"r%l%orl deté’ I atl AUl dt radh r(Sttfpiyd jll&In%%ll num
- dirchifor &car bmpleratdirehbHr60§e; C Foat 2 rhomrs et rafl uor| de and pI ati num sul phat e.

- A pr¢ferred cat akblséqubéuQ%%mEfo%a&QQ p¥pafd DBHRARTAE %xﬂ&kﬂ&oﬁl&ﬁln%' on of
an a idic platinumsalt, the platinumsalt providi ng a source for t he
acid (H PtCl6, 2.45% wt) and nitric acid (7.66 wt) having a pH

below 1. The cylindrical carrier particles were impregnated using

this aqueous solution via the Pore Impregnation technique to give a
or 10 final platinum loading on the carrier of 0.8% wt. The thus
impregnated carrier particles were then calcined at a temperature

of 500 °C for a period of 1 hour to yield the final catalyst.

b) Fischer-Tropsch synthesis

A wax was prepared using the Fischer-Tropsch synthesis by the
15 following method:

A catalyst comprising cobalt (18.3% wt, present as cobalt
oxide), zirconium (8.5% wt, present as zirconium oxide) and silica
was loaded into a fixed bed reactor. The catalyst was contacted

G with a mixture of carbon monoxide and hydrogen having a hydrogen to

' 20 carbon monoxide molar ratio of 1.1, fed at a gas hourly space
velocity of from 1120 to 1130 N1/1/h at a pressure of 36 bars and a
temperature of from 210 to 225 °C. A heavy wax was produced, from
vhich a fraction having a boiling point range of 370+ °C was

separated.

ai 25 c) Middle Distillate Preparation
The catalyst ﬁrgpared in (a) above was used to prepare middle
distillates by the hydroconversion of the 370+ °C fraction of the
ok heavy wax produced in the Fischer-Tropsch synthesis process of (b)
; above. The test procedure used was as follows:
oL 30 A sample of the catalyst prepared in (a) above was loaded into
' a fixed bed reactor. The catalyst was contacted with the 370+ °C
fraction of heavy wax and hydrogen at a hydrogen gas hourly space
velocity of 1000 N1/1/hr, a wax hourly weight space velocity of
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pl ati hum and giving rise to the required condi{iops: ofs asldtty Preferred
acid pal'ts for such functions are hexachloroplatirie acid, .

t et'rafyanopl atini c acid, hexahydroxyplatinic acid,  pl ati num

nmoneghydr oxychl oric acid and platinum (IhLbh)._ sul phurr c acid.

Hexachl oropl atinic acid is an especially preferred acid platinumsalt. If

an agl d plat unmk??w Snd0fe YSprbdslrd bmﬁgnatmen:a{petrbeufa%ser the
. inmprépnation is ect i n the presence of an additi.onal i|§pe§rol\/bre

prefefably, BBitFtad fa‘b|3d°pT‘ét1Pn‘Eﬁﬁe§aF‘f achiievs 2 Hap t"r"BH%r‘fsj'gBr & Yhr esent
 during the |xprﬁg:ﬂ-atsemtmfretdfeac:ﬁrddnerdistSmstabbeoductSuﬂet fradtelophet - 24

June 1996 - TengGldBel £lardiEflUnlithel DdyTRLEIATHE Uhel0 i de0h0LD gL 0aN ©

i and ijporgani C aci VB Caci rochloric
- acid,] s# phudie ‘&cwas egmyarated At a conversion of 60% wt: the catalyst

exhibited a selectivity to middle distillates of 50% wt.

a) Alkane Hydroisomerisation

The catalyst prepared in (a) above was tested for activity as
i an alkane hydroisomerisation catalyst, taking as a representative

10 test the preparation of iso-C, compounds from n-heptane. The test

procedure was as follows: ’
A sample of the catalyst prepared as in (a) above was loaded
into a reactor. The catalyst was contacted with a feed mixture
comprising n-heptane and hydrogen in a molar ratio of hydrogen to
o 15 n-heptane of 4.0, at a weight hourly space velocity of 1.0 kg/1l/hr,
at a pressure of 30 bars and a temperature of 340 °C. A conversion
of n-heptane of 54.3% wt was recorded with a selectivity to iso-C

7
compounds of 93.0% wt.

ot
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nitri-g acid. Nitric acid is a particularly preferged aci'd."An €special | y (59
prefefred catalyst is one prepared by inpregna;ighnof the carrier using a

conbi

hat i on of hexachl oropl atinic acid and nitr4-C acid.**I f*% he Yafal'yst of

t he«pf esent inyv s et by nmeans of inpregnation in the presence

of bofh an acidj Dlatianmenmt and an-abdi-ti onal acid, the additional acid
s p&aferabl y | m@g ‘“““EE unt in excess of the anmobunt of acid platinum
-OLOT % A

- salt”

t he nol ar 'y It onal acid to acid platinumsalt pr bl y

~ being|in the range: of from2 to 30, nore preferably from5 to 25. In a
: second aspect, the present -invention ggovidgs a process for the preparation

- of a
fa car

the
condi

Cat al yst as herei nbefore descri ; process conprises preparing
rier froman anorphous silica-alum na having a pore volunme of at |east

acidic

10 /g and 4 T EAANL DG LOg SALAL §1a3 8l Bt WeborP e LR B! 20C O

arrier with a num s rese a lrqurd un
i ons. TeaTex s whichmppriterphaphees preaperedLramorplesasphous

silica-alumina having a pore volume of at least 1.0 ml/g, the
carrier having been impregnated with the platinum by a process

S  comprising contaéting the carrier with a platinum salt in the
presence of a liquid under acidic conditions.
2. A catalyst 3ccord1ng to claim 1, characterised in that the
amorphous silicaQalumina'comprises alumina in an amount in the
range of from 5 to 30% by weight, preferably 10 to 20%Iby weighf,

10 more preferably 12.to 15% by weight, '

3. A catalyst according to either of claims 1 or 2, characterised
in that the pore volume of the amorphous silica-alumina is in the
range of from 1.0 to 2.0 ml/g, preferably from 1.0 to 1.5 ml/g.

4. A catalyst according to any one of claims 1 to 3,

15 characterised in that the carrier comprises a binder, preferably
selected from silica, alumina, clays, titania, zirconia and
mixtures thereof, more preferably alumina.

5. A catalyst according to claim 4, characterised in that the
binder is presen; in an amount in the fange of from 5 to 50% by

20 weight, preferably from 15 to 30% by weight, on the basis of total
weight of the carrier.

6. A catalyst according to any preceding claim, characterised in

that platinum is present in an amount in the range of from 0.05 to
5% by weight, prefefably 0.1 to 2.0% by weight, more preferably

25 from 0.2 to 1.0% by weight, on the basis of total weight of the
carrier. ' |
7. A catalystiétq&tding to any preceding claim, characterised in
that the carrier has been contacted with.the platinum salt at a pH
of no greatef than 4.0, preferably no greater than 3.0.

30 8. A catalyst according to any preceding claim, characterised in

that the carrier has been contacted with the platinum salt in the
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wat.ef .

Ea- alun1na"5y‘nﬁ%hgds‘knomn to the skilled person i the art.. A

erred met h(iw yar ation of the carrl er- cOrrprl-ses n=u| ling a

re of the Bﬂg’ﬁ@ al umi na and a'edi tdbl &i qui d, «ext rudi ng

mi xture and.'digin Itlng extrudates. The m xture to be extruded
d, preferably;: have a. sokt_s contedt -in the range of from20 to 60% by
ht. The liquid for inclusiconin the mxture be any of the suitable
ds knowm¥esengenhefn .acaaﬁﬁe%edoﬁr%maﬁ?%bpr icd8cidfol ude water;

hol s, smhaa&mwmhs yagseHloznél d¥iapasilbhukikl @BES anBUR{Eras acet one,

1ydes as _pro a nd matic |iquids, such Substitute sheet
June 19!52 1E?-re§§r&§1yu3hcrai %{)dgt conveni ent and preferred I|qU| dis
To ol$t.ai M satelystertearddngsto ahy priegceding plefmr ahdsacterised in

5 that the platinum salt is an acid platinum salt, preferably an

acid platinum salt selected from hexachloroplatinic acid,
tetracyanoplatinic acid, hexahydroxyplatinic acid, platinum
monohydroxychloric acid and platinum (III) sulphuric acid, more
preferably hexachloroplatinic acid.

10 10. A process for the preparation of a catalyst as defined in any
of the preceding claims, which process comprises preparing a
carrier from an amorphous silica-alumina having a pore volume of at
least 1.0 ml/g and impregnating the carrier so-formed with platinum
by contacting the carrier with a platinum salt in the presence of a

15 1liquid under acidic conditions.

11. A process according to claim 10, chéracterised in that the
carrier is prepared by a process comprising mulling a mixture
comprising amorphous silica-alumina and a liquid, extruding the
resulting mixture and drying the extrudates so-obtained.

20 12. A process according to either of claims 10 or 11,
characterised in that the mixture comprises a peptizing agent,
preferably acetic acid.

13. A process according to any one of claims 10 to 12,
characterised in that the pH of the mixture prior to extrusion is

25 in the range of from 1 to 6, preferably from 4 to 6.

14, A process according to any one of claims 10 to 13,
characterised in that the carrier is caléined prior to
impregnation, calcining preferably being effected at a temperature
of up to 1000 °C, more preferably from 200 to 1000 °C, especially

30 from 300 to 800 °C.

15. A process according to any one of claims 10 to 14,
characterised in that impregnation of the carrier is effected by
means of the pore volume impregnation téchnique.

16. A catalyst whenever prepared by a ﬁtocess according to any one

35 of claims 10 to 15.
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i ncl-udes a peptizing agent .~ Suitabl e peptizing agents ~ar-e "aci di c. conpounds,

for exanpl e inok el E t u as aqueous S(§I u:t'iro,ns sof; hydrogen fl uori de,
hydr ogen br omi diﬂumm‘?m m “Ju loride, nitric+acitd, nltrdls aéi d and

pegchloric acid. *Préfe ab'Ty,s t he peptizing agent is an organic acid, for
exanpl e a nono- or dicarboxylic acid. PA8ferred organic acids include
acét|c acid, propionic acid and butanoic acid. Acetic acid is a nost
prefbrred pepli ziThg vepeof. & Fasalussupecdipefio #nhPegehiclains Juéa ?rf’rt he

m xtyre shouwa%w 13ua(ijé iacw%%ocbﬂvédﬁlibudmawm ghgpa’tltﬂl&im pﬁeemh t in the
carrifer material, and can r eadi et erm ne t H of_the, m xture.
Duri hg nul | i h{j?’“’ﬁ?é‘vbﬁ'—fi(?f' ?ﬁé‘yﬁfgﬁﬁ%%n R8N S, P gfé‘reag%%ﬁré{lf?? 5Re range of
from1l to 6, symetespseheiabthe hydmibonexitation iofpalameshe fl ow properties of
the fixture, it is preferred to include one or nore flow inproving agents
and/ ¢r extrusion aids in the mxture prior to extrusion. Suitable additives
for qncl usion in the mxture include fatty am nes , quaternary ammoni um
conp#)unds, al i phatic @

VMS/T6558FF o e
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nono- carboxyl i ¢ aci ds, ethoxylated al kyl anmines; polyvi-A} pyri-di ne, and (fé/
sul phoxoni um sul phoni um phosphoni um and i odoni um-congounds; .al kyl at ed
aromati ¢ conpounds, acyclic nono-carboxylic acids, *tfatty”acids, *Sul'phonat ed
aremati c conpounds, al cohol sul phates, ether al cohol sul phates, sul phated
fat's -and oils, phosphonic acid salts,.poF?deethylene al kyl phenol s,
-polyoxyet hyl ene al cohol s, pol yoxyet hyl ene al kyl ani nes, pol yoxyet jjy e

~al kyliam des, pol yacryl ami des, pol yols and acetyl enic glycols. Pr d
agentls are sold under the trademarks Nal co and Superfl oc. Substitute
sheet| - 24 June 1996 -9- The flow ippQvicng ,agepts/extrusion aids are
preferably present in the mxture i totatr—andunt in the range of froml
to 200 by weight, nore preferably from2 to 10% by wei ght, on the basis of

t he tjotal wei ght HYDROCONVERSION CATALYST

A catalyst of use in hydroconversion processes comprises
platinum supported on a silica-alumina carrier, which carrier has
been prepared frqm.an amorphous silica-alumina having a pore volume
of at least 1.0 ml/g, the carrier having been impregnated with the
platinum by a procéss comprising contacting the carrier with a ‘
o platinum salt in the presence of a liquid under acidic conditionms.
- A process for the preparation of the aforementioned catalyst
comprises preparing a carrier from an amorphous silica-alumina.
‘having a pore volume of at least 1.0 ml/g and impregnating the
carrier so-formed with platinum by contacting the carrier with a
platinum salt in';be presence of a liquid under acidic conditions.
The catalyst is of:general use in hydroconversion processes, but
exhibits a high level of activity and selectivity in the
preparation of middle distillates by the hydroconversion of

hydrocarbons prepared by the. Fischer-Tropsch process,

VM5/T6558FF




i n*any
silica-@a

Kdlainy and
mul | ed. ThEma&h %E

.of the 11xtBﬁELA¢RNEmﬂ' : efgponents of the m xture may be conbi ned
- -_3r esculptiﬂmt . g‘£$ Preferably, the anorphous

psent, are co ned and_the m xture
f pr eserﬁ‘-'bsct%b{ &gheet 24 ‘E@lﬂﬂﬂg Be

added gnd Abgm{cgsul gége?! BF@df urther mulled. Finally, any flow inproving

agent s/ ext rusion ai

o~b® Pageduded] are ladded and t he resulting mxture

mul | ed |f f er|o time.. [Typically, the mxture is mulled for a
peri odte Aﬂi%ﬁk?%ﬁd% Rﬁa es, prieferably from 15 to 90T n65%8 eSINDuri ng
t he nulllng process, energy Fs—rrpet! into the mxture by the nulling

appar at us.

to 50 Wi/ nmin/kg, preferably f¥

The rate of energy into the mxture is typically from 0. 05
56?#@53

GNVERTONVERTALXSET The mul | i ng process

may be carried out over-a broad range of tenperature, prefergbly fr?H115 to
50 [err]C. As a esult of the ener np into the m xture during e
ng. t'favant e’ PRies

mul Iing process, ?ﬁe?ﬁeﬁﬁp

peven &st Eppar satrd Yst vfeuse in

hydroconversion processes, more espec1ally to a catalyst
for use in the preparation of middle distillates from
higher boiling range hydrocarbons, in particular the
liquid hydrocarbon products of a Fischer-Tropsch
synthesis process.

The preparation of hydrocarbons from a gaseous
mixture comprising carbon monoxide and hydrogen by
contactlng the mixture with a sultable catalyst at
elevated temperatures and pressures is a well known
process, referred to in the art as the Fischer-Tropsch
process. '

Recently, much attention has Been paid to processes
for the preparation of middle distillate fuels, which
processes comprise two stages; a first stage in which
high boiling range hydrocarbons areiprepared from a
mixture of carbon monoxide and hydrogen by means of the
Fischer-Tropsch process, and a secdnd stage in which fhe
hydrocarbens so-produced are subjected to a hydro-
conversion process yleldlng the deSLred middle
distillates. _

For the purposes of .this speciﬁication, the term
"middle distillates"” is to be taken as a reference to
hydrocarbons or -hydrocarbon mixturés having a boiling
point or beoiling point range substéﬁtially corresponding
to that of the kerosine and gasoiljfractions obtained
during the conventional atmospherigfdistillation of crude
oil. In a typical distillation, tﬁé_following fractions
are consecutively recovered from tﬁé crude o0il: one or
more naphtha (sometimes referred to .4s gasoline)
fractions boiling in the range of from 30 to 220 °C, one
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m xture during the mulling. The nmulling process is conveniently carried out
‘at anbi ent pressure. Any suitable, comercially available nulling apparatus
may be enployed. Once the nmulling process has been conpleted, the resulting
mxture i s then extruded. Extrusion may be ef Substttitashegtadd dunecti9%nal |
cormerci al ly avail able extruder. In particular, a screwtype extruding
machi ne may be used to force the m xture th~ough orifices in a suitable
dieplate to yield extrudates of the desired Substitute sheet - 24 June
1996 - 10 - formmoréhkesbsinds fractidnspboidingudinotheny angyec wif tfirdme

desired | engtiyoT L1 ab avin t t
For exampt o cofPnad; 3P oL SHY, 2o 20V oRb] PORERCELERE IR LR U6 &
mul til obed. AtheeFapgedoéhfpem 380 to 370 °C.

Thus, UK patent application publication No. 2 077 289
(GB-A-2 077 289) and European patent applications
publication numbers 0 127 220 and 0 147 873
(EP-A-0 127 220 and EP-A-0 147 873) each disclose a
process for the preparation of middle distillates in
which a mixture of carbon monoxide and hydrogen is
converted in a first stage into high boiling range
hydrocarbons by means of the Fischer-Tropsch process, -
which hydrocarbons are then subjected to a catalytic
hydroconversion. The specifications of the afore-
mentioned patent applications disclose a range of
possible catalyst compositions for use in the
hydroconversion stage of the process, with preference
being given in each case to catalysts comprising a Group
VIII metal as catalytically active component on a
suitable carrier. Particular preference is given to
catalysts comprising platinum. Suitable carriers are
stated in GB-A-2Z 077 289 to be amorphous oxides of the
elements in Groups I1I, III and IV of the Periodic Table
of Elements, such as silica, alumina, magnesia, zirconia,
as well as mixtures thereof, including silica-alumina,
silica-magnesia and silica-zirconia, and zeoclitic
materials such as mordenite and faujasite. Alumina and
silica-alumina are said to be preferred carrier
materials. -

The specifications of all of GB-A-2 077 288,

EP-A-0 127 220 and EP-A-0 147 873 specifically exemplify
the use of a platinum/silica-alumina catalyst comprising
0.82 parts by weight of platinum per 100 parts by weight
of carrier,.whichfcarrier consists of 14.6% by weight of
alumina and 85.4% by weight of silica, in the hydro-
conversion stagelbf the middle distillate preparation.




the catal yst particles of the present invention is cylindrical. Typically,
t he extrudates have a nom nal dianeter of fromO0.5 to 5 nm preferably from

1 to 3 nm After extrusion, the extrudates are drjed. b
effected at an el evated tenperature, preferabP ﬂﬂ“ﬁ)sg@é 1 gf‘ﬁ%‘e ‘r?rg?g
preferably up to 300 [err]C. The period for drying is typically up to 5
hours, preferably from30 minutes to 3 ho8rs. Preferably, the extrudates
are cal cined after drying. Calcination is effected at an el evate
temperature, prefkrdpFgcepsed imohierrit, 1%@@5bF8¢eF8bP§°fiP8ﬁ1 ?éédﬂér r]c

to 1000 [err]&smia@égfﬁmbi fy D& 390Feom] the RAGh[ Bbli]Lﬁ?ngCahngeatlon of
t he extrudates | f ég? ect er|o
e

ed
preferably'frﬂﬁﬂ 1SHY s{reﬂﬁg pﬁgﬁgpgalstﬁéefg } P pged
subj ect ed tCJﬁﬁrlamhymmmmwmwes$ng cavaipsthwhiahi eyinibd tenpbéibea dighhe

carrier. "n¥§¥£f‘%fnlﬁérfﬁ§f€t§gt$¥1€§3£ﬂcébﬂﬂlhg 18ﬁrﬁkgh W‘hﬁgﬁ

pl ati num sal t présence of a acl |c condi t1ons, .
her ei nbef or € skt betty The ma@dlerdhaylbbaégﬁtacted with the platlnun1salt

by Platinum/silica-alumina catalysts are known in the
art for application in the hydroconversion of various
hydrocarbon products. For example, UK patent
No. 1 451 617 (GB 1 451 617) discloses a process for the
preparation of medicinal oils in which a hydrocarbon
mixture having a low aromatic content is contacted at
elevated temperature and pressure with a catalyst
comprising one or more noble metals from Group VIII on a
carrier which contains 13 to 15% by weight of alumina,
the remainder being silica. Catalysts specifically .
exemplified in GB 1 451 617 comprise platinum supported .
on silica-alumina carriers having surface areas ranging .
from 110 to 518 m2/g and a pore volumes ranging from 0.34
to 0.87 ml/g; The catalysts were prepared by
impregnating the carrier material with an aqueous
solution of chloroplatinic acid.

It has now been found that the aforementioned
catalysts described and exemplified in GB 1 451 617 are
suitable for use in the hydroconversion of high boiling
range hydrocarbons, produced by the Fischer-Tropsch
process, as a means of preparing middle distillates.

However, most surprisingly, tﬁére has been found a
novel catalyst composition whichiié active as a
hydroconversion catalyst. ' In pérficular, a novel
catalyst composition has been fdund which, when used in
the hydroconversion of hydrocarﬁéﬁs'produced by the
Fischer-Tropsch syn@hesis,'mostfad&antégeously exhibits
both a high level of activity and a high degree of
selectivity to middle distillates.
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imersion in the liquid in which the salt has been suspended or, nore
“preferably, dissolved. A preferred inpregnation technique for use in the
process of the present invention is the pore volune inpregnation techni que,
in which the carrier is contacted with a sol uSﬂInstitutegﬁgeﬁo’r 24i June 3896, the
sofution being present in a sufficient volunme so as to substantially just
fill the pores of the carrier material.- 4 <€onvenient nethod for effecting
| npregnation is by Substitute sheet - 24 June 1996 - 11 - spraying the
carrier with t heprcmuﬁceﬂ:tgalguawé tpraederitheiswdnitt iam. prérides npr egnat i on,

the resultin qat]a tg%%&? Iefer%)la}’tﬂ(dxﬁd wopéféeéﬁbéy gpigiped. The

conditions f |ng are as hereln ore. The
cat al yst of taienmmsemrnmnantwmrch sarriee has been prepared from an

amorphous silica-alumina having a pore volume of at least
1.0 ml/g, the carrier having been impregnated with the
platinum by a process comprising contacting the carrier
with a platinum salt in the presence of a liquid under
acidic conditions. '

The novel catalyst is of use in hydroconversion
processes. The term "hydroconversion" is used herein in °
its broadest sense, as a reference to conversion
processes occurring in the presence of hydrogen and
ranging in severity, for example, from hydrocracking-to
mild hydrogenation processes.

The carrier for ﬁhe'catalyst of the present invention
is amorphous silica-alumina. The term "amorphous”
indicates a lack of crystal structure, as defined by X-
ray diffraction, in the carrier material, although some
short range ordering may be present. Amorphous silica-
alumina suitable for use in preparing the catalyst is
available commercially. Alternatively, the silica-
alumina may be prepared by precipitating alumina or a
silica hydrogel and subsequently drying and calcining the
resulting material, as described in GB 1 451 617.

The catalyst may comprise any suitable amorphous
silica-alumina. The amorphous silica-alumina preferably
contains alumina in an amount in the range of from 5 to
30% by weight, more preferably from 10 to 20% by weight,
especially from 12 to 15% by weight.

To achieve a high degree of selectivity of the
catalyst for middle distillates, it is important that the
pore volume of the amorphous silica-alumina starting
material be at least 1.0 ml/g. For the purposes of this
specification, all pore volumes quoted in relation to the
catalyst of the present invention are references to pore

————
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hydroconversion catalyst and may be used in such processes as al kane
'hy?rflsonerLsgtion and hydrocracki ng. However, as discussed above, the .
catal yst exhibits particular activity in the selective hydroconversi of
hi gh boiling range hydrocarbons to prepare m%@ﬂ!f&ﬁ%ﬁh#&r?ﬁ‘é@%ﬁ&% ly
the hydroconversion of high boiling range products of the Fischer-Tropsch
synthesis process. In the Fi scher-TropsethSsynt hesi s process, a gaseous

m xture conprising carbon nonoxi de and hydrogen is contacted with a

sui t abl e cat alojsmest ngasyradtked a éﬁﬂi‘eh%%/ ukrvekhwing ckRerwptakey e ¢

hydr ocar bons ]yuageezf Sk Yohd Rsokdd B Sthe A SYElaTPPELéRSrafaetall toom the
I ron group o oup VI1] of the Periodic Table of elenents as,catalytically

A f
active ponpoﬁéhﬁpﬁnﬁQQﬂﬂﬂq%FiWFQﬁﬁﬁﬁﬂ@ﬁ?%ﬂgmﬁ?%doﬂﬁeogeﬂﬁfaibyonoters. A
nost suit abl g fidisHtdd HHRSEFe B Plyst (KHOPLi ses cobalt as a catalytically

oxi e carriet. 1 & RIS BAdTare SO St PTG ShepBr Lo RERG Y
(H20) of a catalyst or carrier material comprises drying
the material at a temperature of about 500°C; weighing
the dried material; immersing the material in water for a
period of about 15 minutes; removing the material from
the water; removing the water on the surface of the
material by means of a centrifuge; and weighing the
resulting material. The pore volume of the material is -
determined from the difference between the weight of.the
dried material and the weight of the resulting material.

The pore volume of the amorphous silica-alumina is .
preferably in the range of from 1.0 to 2.0 ml/g, more
preferably from 1.0 to 1.5 ml/g.

In addition to silica-alumina, the carrier may also
comprise one or more binder materials. Suitable binder
materials include inorganic oxides. Both amorphous and
crystalline binders may be applied. Examples of binder
materials comprise silica, alumina, clays, magnesia, B
titania, zirconia and mixtures thereof. Silica and
alumina are preferred binders, with alumina being
especially preferred. The binder, if incorporated in the
catalyst, is preferably present in an amount of from 5 to
50% by weight, more preferably from 15 to 30% by weight,-
on the basis of.-total weight of the carrier.

The catalyst of the present invention comprises
platinum as a catalytically active component. Platinum.
is preferably present in an amount in the range of from
0.05 to 5.0% by weight, more preferably from 0.1 to 2.0%
by weight, especially from 0.2 to 1.0% by weight, on the
basis of total weight of carrier in the catalyst.

REPLACEMENT SHEET e
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t hereof . The high boiling range hydrocarbon products of the Fischer-Tropsch
"synthesis may then be contacted with the catalyst of the present invention
in the presence of hydrogen and catal ytically hydroconverted to yield the
desired middle distillates. Typical process c%%%ﬁﬁﬂ-'&?@h%?‘ 4 Jyned t he
hydr oconversi on stage are a tenperature of from 175 to 400 [err]C,
preferably from250 to 375 [err]C, a hydré&gen gas hourly space velocity of
from 100 Substitute sheet - 24 June 1996 -12 - to 10000 NI /I /hr, .
preferably from She {pdadiomiNi/d /deposd tedirargsn e tdadrigredsyireearis from 10

e e R o R
of from 100 pPdatdoornNsadd igy &he anepanemIb@ thlabod wadesy acidic
conditions. Preferably, the acidic conditions are such
that the pH is no greater than 4.0, more preferably no
greater than 3.0. '

Most conveniently, the platinum salt and liquid are
selected so that the salt is soluble in the liquid and
the carrier is contacted with a platinum salt solution.
Suitable liquids for use in the impregnation are both
organic liquids, for example alcohols and ethers, and
inorganic liquids, for example water. Water is a most
convenient and especially preferred liquid.

Any suitable platinum salt may be used, with
preference being given to salts soluble in the selected
liquid. Suitable salts include both organic and |
inorganic salts. Examples of suitable salts are platinum
dibromide, platinum dichloride, platinum trichloride,
platinum tetrachloride, platinum dichlorocarbonyl- _
dichloride, platinum tetrafluoride and platinum sulphate.

A preferred catalyst is one prepared by an .
impregnation using a solution of an acidic platinum salt,
the platinum salt providing both a source for the
platinum and giving rise to the required conditions of
acidity. Preferred acid salts for such functions are
hexachloroplatinic acid, tetracyanoplatinic acid,
hexahydroxyplatinic acid, platinum monohydroxychloric
acid and platinum (III) sulphuric acid.
Hexachloroplatinic acid is an especially preferred acid
platinum salt.

If an acid platinum salt is not uséd_in the
impregnation of the carrier, the impregnation is effected
in the presence of an additional acid. More preferably,
both an acid platinum salt and an additional acid are

- Dresent during the impregnation of the carrier. Suitable
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Typi cal processes in which the catal yst of the present invention nmay be
"applied are disclosed in GB-A-2 077 289, EP-A-0 127-220 and EP-A-0 147 873.
The present invention is further described in_the follow ng_il]l ustr%tlve
exanpl e. EXAMPLE a) Catal yst Preparation A niRubstitutegheett 24 JuRs J
silica-alum na (ex G ace Davison, pore volune (Herr]O 1.10 m /g, 13@6
alum na (dry basis); 1834. 99) and al um-n& (ex Criterion Catalyst Co.

554.8g) was placed in a mulling machine and mulled for a period of 10

m nut es. Acegfédacifar(use durigdeshe dopreonetizg0 iog)luged bediher (2190. 39g)

vere added agflghAgcr SﬁH' E.hBQ BhXkupe ;e | %zf Qerxaﬂlpfl‘ér mo@lo-1@nd nutes.
Thereafter, lﬁ%acr uperfloc A Al839, 2% .wf equs sol uti on; c;10.09)

was added an FPPiy &Sn?F%Géd PaFrQCP&ﬂﬂas-@ﬂ}Qn uq%quﬂq
pol yel ectrol uierwalacmd 4% raguaedd 46l ut mtlaﬂlag*)lwmeaéd&@dand t he

mxture nulled, Lor ﬁnfégggcggiigdpggferre%P %%alyst is one prepared
by impregnation of the carrier using a combination of
hexachloroplatinic acid and nitric acid.

If the catalyst of the present invention is prepared
by means of impregnation in the presence of both an
acidic platinum salt and an additional acid, the
additional acid is preferably present in an amount in
excess of the amount of acid platinum salt, the molar
ratio of additional acid to acid platinum salt preferably
being in the range of frém 2 to 30, more preferably from
S5 to 25. _

In a second aspect, the present invention provides a
process for the preparation of a catalyst as hereinbefore
described, which process comprises preparing a carrier
from an amorphous silica-alumina having a pore volume of
at least 1.0 ml/g and impregnating the .carrier so-formed
with platinum by contacting the carrier with a platinum'
salt in the presence of a liquid under acidic conditidns,

The carrier may be prepared from the amorphous
silica-alumina by methods known to the skilled person in
the art. A preferred method for the preparation of the
carrier comprises ﬁulling a mixture of the amorphous '
silica-alumina and-a suitable liquid, extruding the
mixture and drying the resulting extrudates.

The mixture to be extruded should, preferably, have a
solids content in the range of from 20 to 60% by weight.

The liquid for inclusion in the mixture may be any of"
the suitable liquids known in the art. Examples of
suitable liquids include water; alcohols, such as
methanol, ethanol and propanol; ketones, such as acetone;
aldehydes, such as proponal, and aromatic liquids, such

‘REPLACEMENT SHEET |
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The resulting m xture was extruded using a 2.25" Bonnot extruder through a .
‘cylindrical dieplate, yielding 1.7mm di ameter cylindrical extrudates. The
resul ting extrudates were dried at a tenperature of 120 C for 2 hours and
subsequently calcined at a tenperature of 600Substitute shegts .29 dungulG
sol ution was prepared conprising hexachloroplatinic acid (Herr]PtdJ[err],
2.45% wt) and nitric acid (7.66% w) havi8ig-a pH of below 1. The
cylindrical Substitute sheet - 24 June 1996 - 13 - carrier particles
wer e i npregn@®edsieRet hid megeccrnvenienbnandapratepsed Ligrégnasi on
technique towHteera final platinumloading on the carrier of 0.8%w. The

th [ t ed ier,particles were then cal cined at a tenperature of
500 [err] Cror & Tt bh SCHORS STCHIMALEThet e ML XEar g DEpterably

includes a peptizing agent. Suitable peptizing agents
are acidic compounds, for example inorganic acids such as
aqueous solutions of hydrogen fluoride, hydrogen bromide
and hydrogen chloride, nitric acid, nitrous acid and
perchloric acid. Prefefably, the peptizing agent is an
organic acid, for example a mono- or dicarboxylic acid.
Preferred organic acids include acetic acid, propionic
acid and butanoic acid. Acetic acid is a most preferred
peptizing agent.

The amount of peptizing agent included in the mixture
should be sufficient to fully'peptize the alumina preseht
in the carrier material, and can be readily determined by
the pH of the mixture. During mulling, the pH of the
mixture should preferably lie in the range of from 1 to
6, more preferably from 4 to 6.

To improve the flow properties of the mixture, it is -
preferred to include one or more flow improving agents
and/or extrusion aids in the mixture prior to extrusion.
Suitable additives for inclusion in the mixture include
fatty amines, quaternary ammonium compounds, aliphatic
mono-carboxylic acids, ethoxylated alkyl amines,
polyvinyl pyridine, and sulphoxonium, sulphonium,
phosphonium and iodonium compounds, alkylated aromatic
compounds, acyclic mono-carboxylic acids, fatty acids,
sulphonated aromatic compounds, alcohol sulphates, ether
alcohol sulphates, sulphated fats and oils, phosphonic
acid salts, polyoxyethylene alkylphenols, polyoxyethylene
alcohols, polyoxyethylene alkylamines, polyoxyethylene
alkylamides, poly$Crylamides, polyols and acetylenic
glycols. Prefer:éd agents are sold under the trademarks
Nalco and Superfl&c.
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b) Fi scher-Tropsch synthesis A wax was prepared using the Fischer-Tropsch
“synthesis by the follow ng method: A catal yst conprising cobalt (18.3% wt,
present as cobalt oxide), zirconium (8.5%w, present as zirconi um oxide)
and silica was | oaded into a fixed bed react oBubstitute sheeyst2ddune 86t ed
with a mxture of carbon nonoxi de and hydrogen havi.ng a hydrogen to carbon
nonoxj de nolar ratio of 1.1, fed at a gasSheurly space velocity of frem
1120 to 1130 NI/I/h at a pressure of 36 bars and a tenperature of from 210
to 225 [err]C. A Feaviledximpsopindusgentsy/emtukisdibnaafidsceiren having a

boi | i ng poin T%fé‘f‘SEaBiyc”;ZPésEﬁEr]iH VRS a&&%@teeqn @ t 5@(1' amdudid lilAt e

Prepar ati on e catal prepared i above was use repare m ddl e
distillates b?h?hﬁaﬂ9ﬁrﬁgoﬁ§@WsFoﬁ°o? ?h@y37649P§er€rﬁr&Eﬁﬁﬁ¥49 % he heavy

wax produced fromh2 Eostberbyrepsghtsydhhedies bpsaeesds ehe( Rbtaloweighte
t est procedurgfugﬁg M@§t§§efolloms A sanple of the catalyst prepared in
(a) above was
: In principle, the components of the mixture may be

combined in any order, and the mixture mulled.
Preferably, the amorphous silica-alumina and the binder,
if present, are combined and the mixture mulled.
Thereafter, the liquid and, if present, the peptizing
agent are added and the resulting mixture further mulled.
Finally, any flow improving agents/extrusion aids to be
included are added and the resulting mixture mulled .for a
final period of time. .

Typically, the mixture is mulled for a period of from
10 to 120 minutes, preferably from 15 to 90 minutes.
‘During the mulling process, energy is input into the
mixture by the mulling appafatus. The rate of energy
input into the mixture is typically from 0.05 to
50 Wh)min/kg, preferably from 0.5 to 10 Wh/min/kg. The
mulling process may be carried out over.a broad range of
temperature, preferébly from 15 to 50 °C. As a result of
the energy input into the mixture during the mulling -
process, there will be a rise in the temperature of the
mixture during thé mulling. The mulling process is
conveniently carried out at ambient pressure. Any
éuitable, commercially available mulling apparatus may be

" employed.

Once the mulling process has been completed, the
resulting mixture is then extruded. Extrusion may be
effected using any conventional, commercially available
extruder. In particuiar, a screw-type extruding machine
may be used to force the mixture through orifices in a
suitable dieplate to yield extrudates of the desired

25 JUL 1996




| oaded into a fixed bed reactor. The catal yst was contacted with the 370+
‘[err]C fraction of heavy wax and hydrogen at a hydrogen gas hourly space

velocity of 1000 NI/I/hr, a wax hourly weight_space velocitﬁ o] 1.%3 :
kg/l1/hr and at a pressure of 30 bars. The terpdbstitutesheet ndf dung 1886340

[err]C in order to achieve a wax conversion of 60% w. As representative of
a middl e distillate product, the fractiroAQof the reactor effluent having a
boi ling point range of from220 to 370 [err]C was , Substitute sheet - 24
June 1996 - f@rm.seFheasdFangs ek URUh VILBIAM MahdPR FRF y&e
exhibited a sglecdesiirded lengtddl e distillates of 50% wt. d) Al kane

Cydrol somer i ot el IS HARSS! aRIEAHGY 4 RIS 205 R 167

represent at i thet estt,t Hforpres@mpdie ayldndsiccd) erhdllow cylindrical,
multilobed or twisted multilobed. A preferred shape for
the catalyst particles of the present invention is
cylindrical. Typically, the extrudates have a nominal
diameter of from 0.5 to 5 mm, preferably from 1 to 3 mm.

After extrusion, the extrudates are dried. Drying
may be effected at an elevated temperature, preferably up
to 800 °C, more preferably up to 300 °C. The period for
drying is typically up to 5 hours, preferably from 30
minutes to 3 hours. ' .

Preferably; the extrudates are calcined after drying.
Calcination is effected at an elevated temperature, '
preferably up to 1000 °C, more preferably from 200 °C to
1000 °C, most preferably from 300° to 800 °C. Calcination
of the extrudates is typically effected for a period of
up to 5 hours, preferably from 30 minutes to 4 hours.

Once prepared, the carrier is subjected to an
impregnation stage, in which platinum is emplaced on the
carrier. Impregnation is effected by contacting the
carrier with a platinum salt in the presence of a liquid
under acidic conditions, as hereinbefore described. The
carrier may be contacted with the platinum salt by
immersion in the liquid in which the salt has been
suspended or, more preferably, dissolved. '

A preferred. impregnation technique for use in the
process of the present invention is the pore volume
impregnation technique, in which the carrier is contacted
with a solution of the platinum salt, the solution being
present in a sufficient volume so as to substantially
just £ill the pores of the carrier material. A
convenient method for effecting impreghation is by

.
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conpounds from n-heptane. The test procedure was as follows: A sanple of
“the catalyst prepared as in (a) above was | oaded into a reactor. The
catal yst was contacted with a feed m xture conprising n-heptane and
hydrogen in a nolar ratio of hydrogen to n-h&ubstitutefsheed - 24 Junac] 996
heurly space velocity of 1.0 kg/l/hr, at a pressure of 30 bars and a
tenperature of 340 [err]C. A conversion pf +-heptane of 54.3% w was
recorded with a selectivity to iso-Cerr] conpounds of 93.0% w .
Substitute sipeayingdtlencat®9€rCOvitA thil Sefjuisitet gupst itgmot dihey
platinun1supggiﬁggogp a silica- alumna carrier, which carrier has been
prepared from an anor phous silica-alum na having a pore volune of at |east
1.0 m/g, the cahfter Hapregnabien; nphegrasudtinohcaielysst isum by a

process conphi&F8PakPPt aeibAJahHepe@EEK8bly calcined. The conditions
for drying and calcining are as set out hereinbefore.
' The catalyst of the present invention is active as a
hydroconversion catalyst and may be used in such
processes as alkane hydroisomerisation and hydrocracking.
However, as discussed above, the catalyst exhibits '
particular activity in the selective hydroconversion of
high boiling range hydrocarbons to prepare middle
distillates, especially the hydroconversioh of high
boiling range products of the Fischer-Tropsch synthesis
process.

In the Fischer-Tropsch synthesis process, a gaseous
mixture comprising carbon monoxide and hydrogen is
contacted with a suitable catalyst at an elevated
temperature and pressure, to yield hydrocarbons.
Preferably, the catalyst emploved comprises a metal from
the iron group of Group VIII of the Periodic Table of
elements as catalytically active component, optionally in
association with one or more promoters. A most suitabie_
Fischer-Tropsch catalyst comprises cobalt as a
catalytically active component and zirconium as a
promoter supported on a refractory oxide carrier, for
exanmple élumina, silica, titania, zirconia or mixtures
thereof.

The high boiling range hydrocarbon products of the
Fischer-Tropsch synthesis may then be contacted with the
catalyst of the present invention in the presence of
hydrogen and catalytically hydrocon?erted to yield the
desired middle distillates. Typicai process conditions
for carrying out the hydroconversioé stage are a
temperature of from 175 to 400 °C, preferably from 250 to
375 °C; a hydrogen gas hourly spaceivelocity of from 100
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with a platinumsalt in the presence of a |'iquid under acidic conditions.
2. _A catalyst according to claim1, characterised in that the anorphous
silica-alum na conprises alumna in an anount in the range of from5 to 30%
by wei ght, preferably 10 to 20% by wei ght, npoSubgtititershisey - 24 Junesb89§
weight. 3. A catalyst according to either of clains 1 or 2, characterised
in that the pore volume of the anorphous B Itca-alunminais in the range of

[rom 30,10, Thdfo JHELAED! YL kAL koot SoB 48, b MiNTRE o
conpri ses a bhydiesgeprpietbbl ypsessatedofr gromi Ldcao aBOHbaag,Clays,A
catalyat accdihferestd) SEdhs R8T ERb.pHES] Bl SpRER VHIBHIRYCPT FrRhsen:
in an anount @nlt¥@ PakgélHinri rpneBerabbpufbomnli §ht topRekgrabhy fandmals to
30% by wei ghthy@Podd® 55681 0fat pbabrWeLaght 180 £Bes68H! Neykgb- A catalyst
according to any. PLESPd PES S48 to 2500 N1/kg.
Typical processes in which the catalyst of the
present invention may be applied are disclosed in
GB-A-2 077 289, EP-A-0 127 220 and EP-A-0 147 873.
The present invention is further described in the
following illustrative example.
EXAMPLE

a) Catalyst Preparation

A mixture comprising amorphous silica-alumina (ex
Grace Davison, pore volume (H20) 1.10 ml/g, 13% wt
alumina (dry basis); 1834.9qg) and alumina (ex Criterion
Catalyst Co.; 554.8¢g) was placed in a mulling machine and
mulled for a period of 10 minutes. Acetic acid (10% wt
aqueous solution; 200.0g) and water (2190.3g) were added
and the resulting mixture mulled for a further 10
minutes. Thereafter, polyacrylamide (Superfloc A1839,_
2% wt aqueous solution; 40.0g) was added and mulling "
continued for a further 10 minutes. Finally,
polyelectrolyte (Nalco, 4% wt aqueous solution; 80.0q)
was added and the mixture mulled for a final period of
5 minutes.

The resulting mixture was extruded using a 2.25"
Bonnot extruder .through a cylindrical dieplate, yielding.
1.7mm diameter cylindrical extrudates. The resulting
extrudates were dried at a temperature of 120 °C for
2 hours and subsequently calcined at a temperature of
600 °C for 2 hours.

An aqueous solution was prepared comprising
hexachloroplatinic acid (HpPtClg, 2.45% wt) and nitric
acid (7.66% wt) having a pH of below 1. The cylindrical

[REPLACEMENT SHEET I
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characterised in that platinumis present in an anount in the range of from
'0.05 to 5% by weight, preferably 0.1 to 2.0% by wei ght, nn;e ﬁreferably ;
from0.2 to 1.0% by weight, on the basis of total weight of the carrier. 7.
A catal yst according to any preceding claim Substitutershest-i2¢4 June 1986
carrier has been contacted with Substitute sheet - 24 June 1996 - 16 -
the platinumsalt at a pH of no greater-tham 4.0, preferably no greater

than 3.0. 8. A catalyst according to ,any preceding,claim characterised in
that the carrF@FFH&s B%EﬁlegﬁFaU E8 wWPRegratplatSAnm SBiE PRUSPRSHresence

of an acid seselweiofroimanthecrobexhpeeghbdsondieanhyyki ecagide a _
e oS PR, A PIMGAC SRR aRELd: BECbRAPLL M i 2cid
thus impregnated carrier particles were then calcined at
a temperature of 500 °C for a period of 1 hour to yield
‘the findl catalyst. '
b) Fischer-Tropsch synthesis

A wax was prepared using the Fischer-Tropsch
synthesis by the following method:

A catalyst comprising cobalt (18.3% wt, present as
cobalt oxide), zirconium (8.5% wt, present as zirconium
oxide) and silica was loaded into a fixed bed reactor.

The catalyst was contacted with a mixture of carbon .
monoxide and hydrogen having a hydrogen to carbon

ﬁonoxide molar ratio of 1.1, fed at a gas hourly space
velocity of from 1120 to 1130 N1l/l1/h at a pressure of

36 bars and a temperature of from 210 to 225 °C. A heavy .
wax was produced, from which a fraction having a boiling-
point range of 370+ °C was separated.

c) Middle Distillate Preparation

The catalyst'prepared in (a) above was used to
prepare middle distillates by the hydroconversion of the
370+ °C fraction of the heavy wax produced in the
Fischer-Tropsch synthesis process of (b) above. The test
procedure used was as follows:

A sample of the catalyst prepared in (a) above was’
loaded into a fixed bed reactor. The catalyst was '
contacted with the 370+ °C fraction of heavy wax and
hydrogen at a hydrogen gas hourly space velocity of
1000 N1/1/hr, a wax hourly weight space velocity of
1.25 kg/1/hr and at a pressure of:30 bars. The
temperature was adjusted to 340 °C?in order to achieve a
wax conversion of 60% wt. As rep;?sentative of a middle
distillate product, the fraction qf the reactor effluent
having a boiling point range of from 220 to 370 °C was
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characterised in that the platinumsalt is an acid platinumsalt,
‘preferably an acid platinumsalt selected from hexachl oropl atinic acid,

t et racyanopl ati nic aci d, hexahydroxypl atinic acid, platinum

nmonohydr oxychl oric acid and platinum (111) suSphstifute shedt - 2% dupe &f386Gb| y
hexachl oropl atinic acid. 10. A process for the preparation of a catalyst as
defined in any of the preceding clainms~ Wi ch process conprises preparing a

carrier from an anorphous_ silica- alun1na havi ng a pore vol une of at |east
1.0 n /g and S9RAERfRAT Pt R CRRYeEFiaR-9Er ABE Wt hthracRrRAAYSE contacting

-the carrier Vﬂiﬁlmtpédita s estivitytbe pigaraceistialhtayi 8£usder waci dic

condi ti ons. oce ccording. to claim 10, characterised in that the
€ Hydh s

rols at
carrier is r a\,uu & .CCCJn-u. Tt‘.-'%?r.‘]‘. mulling a m xture conprisin
)' |

anor phous S|I|cammennatakyﬁtepﬂépnreu rnttmnimgovéewassUésteg ﬁbrture and
drying the e g,g@]{F fnfrge r A
clains 10 oﬁgé ﬁ?acterl %ég §%§5£&P§§?ggég 95981 gg?l

as a representatlve test the preparatlon of lso C7

compounds from n-heptane. The test procedure was as

follows:

A sample of the catalyst prepared as in (a) above was
loaded into a reactor. The catalyst was contacted with a
feed mixture comprising n-heptane and hydrogen in a molar
ratio of hydrogen to n-heptane of 4.0, at a weight hourly
space velocity of 1.0 kg/l/hr, at a pressure of 30 bars
and a température of 340 °C. A conversion of n-heptane
of 54.3% wt was recorded with a selectivity to iso-Cq
compounds of 93.0% wt.
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agent, preferably acetic acid. 13. A process according to any one of clains
10 to 12, characterised in that the pH of the m xture prior to extrusion is

inthe range of- from1 to 6, preferably from4 to 6. Substitute sheet -

24 June 1996 - 17 - 14. A process according tSubstjtutasheét ¢|24 dend 1996 13,

characteri sed—i-n-that—the carrier is calcined prior to inpregnation,

cal ci ning pre ffected at -albermperature of up to 1000 [err]C,
nor e prefer mwg 1000 [err]C, especially from 300 to 800 [err]C.
15. A proce Mg %0 any one of clainms 10 to 14, ch@r&668rB3INd in

t hat |npregnat|on of the carrier is effected by neans of the pore vol une

| mpregnati on technlque 16. A catalyst mhenever prepared by a process

accor di ng M S

1. A catalyst comprising platinum supported on a silica-
alumina carrier, which carrier has been prepared'from an
amorphous silica-alumina having a pore volume of at least
1.0 ml/g, the carrier having been impregnated with the
platinum by a process comprising contacting the carrier
with a platinum salt in the presence of a llquld under
acidic conditions.

2. A catalyst according to claim 1, characterised in
that the amorphous silica-alumina comprises alumina in an
amount in the range of from 5 to 30% by weight, _
preferably 10 to 20% by weight, more preferably 12 to 15%
by weight. .

3. A catalyst according to either of claims 1 or 2,
characterised in that the pore volume of the amorphous
silica-alumina is in the range of from 1.0 to 2.0 ml/qg,
preferably from 1.0 to 1.5 ml/g.

4. A catalyst according to any one of claims 1 to 3,
characterised in that the carrier comprises a binder,”
preferably selected from silica, alumina, clays, titania,
zirconia and mixtures thereof, more preferably alumina.
5. A catalyst according to claim 4, characterised in
that the binder is present in an amount in the range of
from 5 to 50% by wéight, preferably from 15 to 30% by
weight, on the basis of total weight of the carrier.

6. A catalyst according to any preceding claim, ,
characterised in that platinum is present in an amount in
the range of from 0.05 to 5% by weight, preferably 0.1 to
2.0% by weight, more preferably from 0.2 to 1.0% by
weight, on the basis of total weight of the carrier.

7. A catalyst according to any preceding claim,
characterised in that the carrier has been contacted with




to any one of—elatms-—-10—-to-15—17. The use of a catal yst acbording to any

~one of clair u 16 as a hydroconversion catalyst, in
particul ar | “n J“NMI ﬂ i on of hydrocarbon products of the
Fi scher-Tropsc syntLhesl sSor*i'n the hydroi sorBubstitteoshasit -a24 alwne. 1996

- 16 -

the platinum salt at a pH of no greater than 4.0,
preferably no greater than 3.0.

8. A catalyst according to any preceding claim,
characterised in that the carrier has been contacted with
the platinum salt in the presence of an acid selected
from monocarboxylic acids, dicarboxylic acids,
hydrochloric acid, sulphuric acid and nitric acid,
preferably nitric acid.

9. A catalyst according to any preceding claim,
characterised in that the platinum salt is an acid
platinum salt, preferably an acid platinum salt selected
from hexachloroplatinic acid, tetracyanoplatinic acid,
hexahydroxyplatinic acid, platinum monohydroxychloric
acid and platinum (III) sulphuric acid, more preferably
hexachloroplatinic acid.

10. A process for the preparation of a catalyst as
defined in any of the preceding claims, which process
comprises preparing a carrier from an amorphous silica-
alumina having a pore volume of at least 1.0 ml/g and
impregnating the carrier so-formed with platinum by
contacting the carrier with a platinum salt in the
presence of a liquid under acidic conditions.

11. A process according to claim 10, characterised in
that the carrier is prepared by a process comprising
mulling a mixture comprising amorphous silica-alumina and
a liquid, extruding the resulting mixture and drying the
extrudates so-obtained.

12. A process according to either of claims 10 or 11,
characterised in that the mixture comprises a peptlzlng
agent, preferably acetic acid.

13. A process accordlng to any one of clalms 10 to 12,
characterised in that the pH of the mixture prior to
extrusion is in the range of from 1 to 6, preferably from
4 to 6.
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14. A proceés;éccording to any oneJOf &laims 10 to 13,
characterised in that the carrier is calcined prior to

.. impregnation, calcining preferably being effected at a

temperature of up to 1000 °C, more preferably from 200 to
1000 °C, especially from 300 to 800 °C.

15. A process according to any one of claims 10 to 14,

chafacterised;in that impregnation of the carrier is
effected by means of the pore volume impregnation
technique. ' .
16. A catalyst whenever prepared by a process according
to any one of claims 10 to 15. '

17. The use of a catalyst according to any one'of claims
1 to 9 or claim 16 as a hydroconversion catalyst, in.
particular in the hydroconversion of hydrocarbon pfoducts
of the Fischer-Tropsch synthesis or in the |
hydroisomerisation of alkanes.
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