1 Catal yst Supports, Catalysts and their Manufacture and Use Field 5 The

I nvention relates to processes for the formation of porous solid particles
for use awocatialeygb support particles, particularly poregs/csbiwmosnsr oge
particles. These are suitable for use in carrying catal yst conmpounds, such
as chrom um conpounds, as catal yst precursors which nmay be activated for
use in polynerisation reactions, such as polynerisation of olefins. The

i nvention 10 additionally relates to the catal yst support particles,

catal yst precursors and activated catakysts prepared fromthe support
particles, and their use in the polynerisation of olefins (a-alkenes).
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Wi thin the pore structure of porous i norgani ¢ support particles. For nmany
uses, al um_nium oxi de, titanium oxide, or other oxides may al so be present,
either as Eﬂiﬂ of the inorganic 20support itself (for instance where the
support is a silica-alum na co-gel support), or also carried, along with
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referred t s catal yst precursor
10 additionally relates to the catalyst support particles, catalyst precursors and

activated catalysts prepared from the support particles, and their use in the
polymerisation of olefins (a-alkenes).

Background
15

Typical Phillips-type activated catalysts for use in the polymerisation of olefins
comprise chromium oxide carried on surfaces within the pore structure of
porous inorganic support particles. For many uses, aluminium oxide, titanium
oxide, or other oxides may also be present, either as part of the inorganic

20 support itself (for instance where the support is a silica-alumina co-gel support),
or also carried, along with the chromium oxide, within the pore structure of the
porous inorganic support.

Typically, catalyst compounds are impregnated, in liquid form, into the pore

25 structure of porous support particles. For instance, the catalyst compound may
be impregnated into the pore structure as an organometallic compound, for
instance dispersed or dissolved in a solvent. Solvent removal may be carried
out by evaporation prior to activation of the catalyst compound. The
impregnated support particles (i.e. inorganic porous support particles

30 impregnated with catalysts compounds) are referred to as catalyst precursor



particles and subsequently may require activation in order to nake them
useful as catalyst particles, for instance for olefin polynerisation.
Gener al | ywotha/wariei er particles, after inpregnation w trhTidB20tiaiedsyst
conmpound, 5 are supplied and transported in unactivated form (i.e. as
catal yst precursor particles), and may require activation prior to being
useful as catalyst particles for olefin polynerization. Activation is
carried out by heating the catal yst precursor particles at a high
tenperature, such as from 200C to 12006, preferably from 400C to 1000C for
atinme, froma few seconds, but typically 10 up to several hours, for
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state by oxidation. Once activated, the catal yst may be used at once, or
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surface area, higher activity and also wth inprovenents in Environnental
Stress Crack Resistance (ESCR) for instance as neasured by NCTL (Notched

Constant Tengidesiramadbmat sappaitiparticlésdlo idve dpbiergfucture with a high pore
volume. For instance, a pore volume of 1.5 cm3/g or more is desirable. It is also
desirable for the carrier particles to exhibit a high surface area, for instance 600

20 m2/g or more.

Mean pore diameter for the pore structure of a support particle is proportional to
pore volume and inversely proportional to pore surface area. Hence, it is
possible in principle for two carrier particles to have the same mean pore

25 diameter, but with the first support particle having low pore volume and low
surface area, and the second support particle having high pore volume and
high surface area. It is desirable that the pore diameter for the pores making
up the pore structure shouid be large in order to obtain an active catalyst (there

is a minimum pore diameter requirement for the catalyst to be active according



generated by polynerisation using the support particles. Catal yst activity
Is a 10 paraneter indicating the weight of polynmer generated per weight of
cat al yst weedipeisibour, so a high value is desirabl e foPCraEBER0NN00943
efficiency. If two catalyst particles having the same pore vol unes, but
differing pore dianeters, and hence differing surface areas, are conpared:
the catal yst 15 particle wth the higher surface area will have a | ower
pore dianmeter, and for the sane activation and pol yneri sati on reactor
conditions, wll yield a lower M polyger than the catalyst particle with a
| ower surface area. The pore volune and surface area for a catalyst are
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15 particle with the higher surface area will have a lower pore diameter, and for the

same activation and polymerisation reactor conditions, will yield a lower Mi

polymer than the catalyst particle with a lower surface area. The pore volume

and surface area for a catalyst are closely related to the corresponding values

for the support particle used to make it (for instance, depending upon treatment

20 conditions, the surface area may be up to say 150 m2/g lower than that of the
corresponding support particle and pore volume may be reduced by up to say
0.8 cm3/g compared to the pore volume for the support particle). In other

words, the provision of a support particle with a fixed pore volume and a higher
surface area for its pore structure allows for the polymerisation of olefins to

25 yield low MI polymers (high molecular weight polymers) at high activity and with
good NCTL/ESCR behaviour for the resulting polymer.



strengthen the resultant silica hydrogel so that subsequent renoval of the
water 15 fromthe hydrogel, to provide the pore structure, does not lead to
the sili omokalwiar of the particles collapsing during weraB2emovad and
yielding a | ow pore volune. However, this ageing process, when used to
obtain a final pore volune of 1.5 cnB/g or nore, |eads to an acconpanyi ng
reduction in surface area to values |ess than 600n2/g. 20 The theoretically
attai nabl e pore volume will be determ ned by the solids content of the
final hydrogel after washing, with watgr filling the pore structure, and
hence the solids content of the hydrosol fromwhich the hydrogel is forned.
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several hours or more, and at a pH typically greater than 7. This ageing step

has been considered necessary in the prior art in order to sufficiently
strengthen the resultant silica hydrogel so that subsequent removal of the water
15 from the hydrogel, to provide the pore structure, does not lead to the silica
skeleton of the particles collapsing during water removal and yielding a low
pore volume. However, this ageing process, when used to obtain a final pore

volume of 1.5 cm3/g or more, leads to an accompanying reduction in surface

area to values less than 600m2/g.

20
The theoretically attainable pore volume will be determined by the solids
content of the final hydrogel after washing, with water filling the pore structure,
and hence the solids content of the hydrosol from which the hydrogel is formed.
In this specification, the term “solids content” as applied to hydrogel refers to

25 the weight percentage of insoluble oxide solids in the washed hydrogel, i.e. with
soluble salts substantially removed from the pore structure. For a silica
hydrogel with a skeleton consisting of silica only, this will correspond to the

silica content, but when other insoluble oxides such as titania or alumina are



water fromthe pore structure of a silica gel |leads to forces, arising from
the 15surface tension of the water, collapsing the pore structure at |east
in part asotha/mwatier is renoved. This effect nmay be redeced;B2y11swbament
exchange net hods, where the water within the filled hydrogel is first
partially or entirely replaced by a solvent having a | ower surface tension
than water (such as an aliphatic al cohol, e.g. nethanol or ethanol, or for

i nstance propan-2-ol, trifluoroacetic 20 acid or acetone). Sol vent exchange
met hods are well known in the field ang include azeotropic distillation and
mul ti pl e sol vent exchange processes where a first sol vent exchange is
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include azeotropic distillation and multiple solvent exchange processes where a

first solvent exchange is carried out with a water-miscible first solvent and a

subsequent exchange with a water-immiscible second solvent that is miscible

with the first solvent. Although such solvent exchange processes may reduce

25 loss in pore volume resulting from drying the hydrogel (for instance by first

exchanging solvent for water and then removal of the exchanged solvent) it

may not eliminate pore volume loss completely, and so strengthening of the

porous silica structure is still important if pore volume is to be maintained when

water is removed from the pore structure of the hydrogel. Solvent exchange



7 water in the hydrogel. The principle underlying the use of supercritical
solvent is that the surface tension vanishes for a solvent in a

super cri twoabiisteatie and so strengtheni ng by agei ng at plEcgraveroobdsan 7 may
be obviated. Silica gels with a surface area of 1195n2/g and with a pore
vol une of 3.53 cnB/g were 5 achi eved by use of supercritical fluid as an
exchange nedi um See Ranliao Huaxue Xuebao 1996- 24(6) 517 to 521. See al so
Yang Ru et al, M croporous and Mesoporous Materials, 129(2010) Ito 10.
However, the use of supercritical fluigs typically requires high pressure
cont ai nment vessels and is a highly conplex process for safe operation on
an industrial scale. Furthernore, 10 the resulting xerogels may be weaker
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agent leads to the majority of the silica carrier's surface hydroxyl groups
being elimnated due to reaction with the silylating agent. Hence the dried

gel s tyPi cHlis desisable forttatdlystaupport partictest to Heosufficiemtpyl feiablefthatsthei ca carrier
prepared accqr di to ,US 20 .7, 4 725 may contain as nuch as 12% by wei ght
of carbon Pﬂg'tcf?érkg??%go‘é’_f'é@@ngIgg‘?c%i"rquivnﬁé‘?a_j\Wtﬂrec%?&SFi“'(‘:que(Bi%?V?'(a_@y surface
hydroxyl ggatp fexirelif theSiesufiing PRV IERE TAB fraghiinkSof cét@lk@t paiaksdrd N
anchoring catal ytically active species, and so their chenical 1nactivation
by silyl at tyRicadly @lewed o (ararisiin s wsultipgmetdrfinsrandgtso s intportast thabved
effective, Ml | ' ' ' reas and high
por o vol e brés Blinigy psRRiés hieh Jt Wella BiGIGRERLMer 22, g ot

t enper &0 ur polyalefincHeweVer, tatalyisbsuppgort partieles iwhicharentpd foalsie nsyisss t o be

mai ntained in .a.solid state, followed by vacuum suplimation of water from
'he. hydr oguhabigs Hthetafidhe processigslenmysiib Japh beaBhie Besdlanodhe . vini ch
the resul ttZ)Bﬂe sthlctere ahaltbif6rim Badvated batafRepatier. of 757nklg and a pore
vol unme of 2.77 cnB/g. The freeze drying process is a slow and energy

i ntensi ve process conpared to sol vent-exchange based formation of xerogel

| . . .
of & rml | ABE B reSlcTinare7 MG iikaly betn (B wohuihoonE oy g oo enee
sol ut i 9/ sathiéveenadeqbatetydatgedparg eliametet éornedogelloatalyst sbppebrt di scl osed i n

U, 225, O88B1R" A6 s bl ssut Forbi Srindtbssig O e Pk &
nodi fier makeléAas fedist cANap$@ WndtivisitRoddif that the strengthening arises from
Ostwald ripening of the silica particles, so conventionally, conditions are
selected (i.e. pH greater than 7) so that the silica is relatively soluble in order
20 that such ripening may occur within reasonable times. In practice, it has been
found that the increased pore volume arising from such strengthening has to be

traded off against an accompanying reduction in surface area. This typically

results in surface area values less than 600 m2/g for the catalyst support

particles having pore volumes of 1.5 cm3/g or more and prepared by solvent

25 exchange of hydrogel aged at pH 7 or more.

Attempts to overcome these problems in the prior art have included the use of a
supercritical fluid, such as organic solvent or carbon dioxide, for replacement of



carrier and could have a negative effect on catal yst performance if not
entirely renoved fromthe catal yst support particles. Hence, there is a
need for woponewsa2f or preparati on of porous xerogel caterys20iif082appor t
particles which have both a high surface area and a high pore vol une for

t he pore structure. The nethod should al so be suitable for being carried
out using current processing equi pnent and not require the introduction of
potential catalyst contam nants into the xerogel during its preparation.
There is also a need for a process forypreparati on of such porous xerogel
catal yst support 20 particles so that the particles have suitable strength
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into the xéluayae Xuabad 1836 —i24(E) 56l to 51t ISe@cais@mlYanyg Racetiali Micraporaiss ch may

require ad nal nmoval . first aspect of the
I nvention %Pg %880&“83\25%"5 ?%?‘égi?)a??%io F‘%’&t"ﬁf Q@? Us% Lort particles
havi ng a peugerstiticat fiuide théélly&emeés Nigh pi@sstte doftaminiérg v@ésm@éﬁd&’éﬂd a
surface area of 600 nR/g nore, the process conprising a) providing a

silica hydPishi C%P/’Pﬁ@%?%%l“?’(}%“%@ﬁ?@‘\'?"Pﬁ(ﬁﬂ indysifial SS@% t@’%f’@ﬂ'ﬁe by
aci di f ygat 'ﬂfénre%ltlﬁg xBtdtRld may bRl wedKer trEeonvehti r%llmé?l%nrﬁ; H' i ca hydrogel

I nto hydrogel parttfcles, C Wwashing the hydroge rtic or a period of
1 hour or Kkeiogels, at a pH of 3.5 0or less to substantlally renove salt, d)
contacting the hydrogel particles with an aqueous agei ng sol ution, arranged
20 to provide an aqueous dispersion having a pHfrom3 to 5, and at an

agei ng Alternatively, the surface of the silica may be treated with a silylating agent prior

to formation of a xerogel. This is described for instance in US 7,470,725 and in
15  Microporous and Mesoporous Materials (2008) 112 (1-3), 504 to 509 or Applied
Surface Science (2007), 254(2) 574 to 579. The use of a silylating agent leads
to the majority of the silica carrier’s surface hydroxyl groups being eliminated
due to reaction with the silylating agent. Hence the dried gels typically have a
high carbon content. For example, the silica carrier prepared according to US
20 7,470,725 may contain as much as 12% by weight of carbon in the dried state.
For many catalytic applications, the surface hydroxyl groups of the silica may
have an important role to play in anchoring catalytically active species, and so

their chemical inactivation by silylating agents is undesirable.

25  Another route which has proved effective, for giving support particles with high
surface areas and high pore volumes, is freeze-drying of hydrogels. This
involves freezing at a temperature sufficiently low for the water in the hydrogel
pores to be maintained in a solid state, followed by vacuum sublimation of
water from the hydrogel. This is disclosed, for instance, in US 3,652,214 in



tenperature from40C up to the boiling point of the solution, for an ageing
period of 4 hours or longer, to provide aged hydrogel particles, e)

carryi ng wotosioleéyant exchange on the aged hydrogel partipclras2eitdoos3! i qui d
25 sol vent having a surface tension of 35 nimor |ess whereby the aqueous
solution in the aged hydrogel particles is substantially replaced by the
liquid solvent, and 10 f) substantially renoving the |iquid solvent from

t he aged hydrogel particles to provide the catal yst support particles. A
second aspect of the invention provideg a catal yst support particle
obtained 5 by the method of the first aspect of the invention. Hence the
second aspect .of the invention provides a catalyst support particle which
is a silic¥hiQyihgdesuingsifica parrier hpgasurigeeara Nl /8@Ndid PY'8, having a
pore volune of 1.5 cnB/g or_nore and a surface area of 600 nR/g or nore,
wher ei n t haokimePhd 77 sup(ibrithe freqzerdryiop dreeassiisiesiow ppd ehegydntensive when
nmeasured at 25C in a slurry of boiled, 10 dem neralised water with 12.5 g
of cat al ysPresgspsPMPaERd togiptrentrexehangs basegdoppation of xesoglgatalysdr ti cl e of
the secondgg P&E aftitigshe i nvention may have a soda (i.e. Na20) content from
20 to '1008 E Pparts'per mllion) by weight, for instance from60 to 600
ppm by &eight. 15 A third aspect of the invention provides a catalyst

precur sor ri si.n | vst support particle according to the second
aspect of %ﬁgmeﬁ\S%'ﬂ??'gﬁg@%%&?'quntﬁgé”%?ﬁ@&ﬁi5 S(S'Pal qléai’[t'g\f 9§t nmetal deposited
within the gb@hﬁér&bﬁmmwmerm Bé présdny inthersaluliohlxl frdfmAkNich theet al  conpri ses
chromum 20 A fourth aspect of the_ inventi @Mrow des an ol efin

pol yner i safyéieaghie formed. Jhissmgthedo Aissloses im B99.086 rrevided a silispy st
di to.the third t j ti i -reduci
B oS pher e CaebaEAASnIng: it SiTRrE R ShAST &1 /GANA Sp P & 7 1 om 200°

at nosphere,
to 1200 C for angactivation period from30 mnutes to 15 hours. 25 Afifth
aspect 18f 2n2 $MvEntTinePYypeTisationnadifieronay smais) 3l inRurity i B one or nore

C2t - al k h teri L hat th | i sati. IS, i ed t
T 10 che SREEEARE coRRLE HpedatysIaieel o bRBLRT AR R A £ ot o
fourth aspesthowdd frb@ the catlys?RBupport particles.

Hence, there is a need for a process for preparation of porous xerogel catalyst

15  support particles which have both a high surface area and a high pore volume
for the pore structure. The method should also be suitable for being carried out
using current processing equipment and not require the introduction of potential
catalyst contaminants into the xerogel during its preparation. There is also a
need for a process for preparation of such porous xerogel catalyst support

20 particles so that the particles have suitable strength to provide resistance to
transport and handling but sufficient friability to break down during use in
polymerisation reactions.

Summary of the Invention
25

It is one object of the invention, amongst others, to provide porous xerogel
catalyst support particles having high surface area in combination with high
pore volume. Another object is to provide a process for preparation of such



A sixth aspect of the invention provides the use of an olefin

pol ynerisation 5 catal yst according to the fourth aspect of the invention
for pol ymeoizsaticen2of one or nore C2 to C8 a-al kenes t oprgeresatiwobas nel t
i ndex polymers. Detailed Description of the Invention 10 Throughout this
specification, the term"conprising” or "conprises" neans including the
conponent (s) specified but not to the exclusion of the presence of others.
The term "consisting essentially of' or "consists essentially of' neans
including the conponents specified but gxcludi ng other conponents except
for materials present as inpurities, unavoi dable materials present as a

for o par pooRBRRRERRTER SO ch AN otApralding AR BFRhERr BB nventi on.
Typi cal |y, techriqoessittis anothensbjeti sfdhe wsentiortd dvaid tiee AGéd &f uggonponents wi | |

conprise less than 5% by weight, typically |ess than 3% by weight, nore
typi cal |y ISUBS'AIHGR| spiyehis Kﬂéwgmgeb%rwaﬂ%db@ial%an ebigsbalthednventionhenever
appropri at g aL58 ths frcof d 6f JadiRILAR " i ISl Ne al so be
taken to inclaude ’tﬁe nepa&rqlgﬁ% $c‘%{‘)]andsll stsme():tggr)l(ﬁaaﬂﬁl g‘mo@'mg*lnﬁ%%%ix@ I ng
essent i al | ycatalyst agtivityhar hicls maysnequire atiditibeali proeessi stepgpfor thelesenzoval.ocess
for preparation of catal yst support particles having a pore structure with
a pore volunme of 1.5 cnB/g or nore and a surface area of 600 n2/g or nore.

12 In st ep miirshaspdct 6RthRaVEr RN draviaégg'rd&éﬁsf bparatios of tatalyspnt ent from
15%to 33% by weight, preferably from20%to 30% by wei ght, Ry

aci di fi cat isapport particldskedving'@pale stridtot witis alperé eslumelstnl &empng éssi um or
sodiumsilicate, usually sodiumsiljcate. The solids content is defined in

this speci frheratdndra @srfidacaraicdBhO M6 of fitire Aheipis@seiotptiside in the
hydr ogel based upon the weight of the washed hydrogel particles (i.e. with

the pon@ structure of the particles filled with water and wth sol uble

salts that are the by-praducts of the hydrogel formation substantially
washed out agp"?%"%érsﬂ'locél gdjogsthiaving ?%Q§G%@??@ﬁ?r°m1§élt9§§/t6)ﬁtent, t he

sol ubl e salyeightiy didifdativhictlanyalkAimeet siicad t he hydrogel by 10 washing so
that the hydrogel contains |ess than 2000ppm by wei ght of al kali netal

oxi de (e.g. Na20), preferably I ess than 1000ppm by wei ght of the hydrogel.
Typical ly tb})“f&mﬁﬁd]th%%ilﬁ.%mﬂgéjell?ﬁ(to%ﬁmwplﬂ‘ftitctés? pH 3 aqueous sol ution for

5 hours.
15

c) washing the hydrogel particles for a period of 1 hour or longer, at a pH of 3.5
or less to substantially remove salt,

d) contacting the hydrogel particles with an aqueous ageing solution, arranged

20  to provide an aqueous dispersion having a pH from 3 to 5, and at an ageing
temperature from 40°C up to the boiling point of the solution, for an ageing
period of 4 hours or longer, to provide aged hydrogel particles,

e) carrying out solvent exchange on the aged hydrogel particles with a liquid

25 solvent having a surface tension of 35 mN/m or less whereby the aqueous
solution in the aged hydrogel particles is substantially replaced by the liquid
solvent, and



15Process step a) will typically involve the formation of a hydrosol by
addition of an excess of strong acid to an alkali netal silicate solution
such as swoizanwsidiecat e solution, for instance at a temperaiB2oe/06948r om 30
to 60C, such as 55C, with subsequent gelation of the hydrosol to yield a
hydrogel having the required solids content. It wll typically take about 3
to 20 mnutes, say 4 to 10 mnutes 20for the sal to solidify into a gel,
and the gel is then typically allowed to consolidate for a further 40 to
150 minutes prior to further processing steps being undertaken. The acid is
typically added so that the resulting sol has a normality of 0.5 to 1 (i.e.

the sol is, 0.5 to,.1 N acid).,Any suitable mperal aci Y sgd, for

i nst ance snlsﬂﬁﬁt@mg]gcﬁemovﬂ?gﬁh@g%gﬁ %P'Yﬁ"‘ﬁ?&? %ﬁqﬁyﬁgﬁ_pa%%ﬁgonu” c acid
i's preferrpgbvideitfe REthstisippaiebaftiRiegat i on will typically be less than 3.
However, if the resulting gel has a pH greater than 3, the gel pHis

suitably reduced to 3 or less by acidification prior to further processing

I R e B P e i B

one suitabl e arrangenent, ution may
typi calgy bptte mefficd2fcba fiest aspgctwsitiphinvention. Henice tHe $ebgndrespdct ofvi t h a

e T e
shear condF‘f%BH%'ng ﬁﬂ Fﬂagﬁg{iﬁ’gbyowegﬂ Bﬂﬁﬁ%ﬁoﬁak’ﬁs &?or%ﬁ&l%?gf %ﬁm o’laof )
| stance. aBbmera 40 Suethes arda o S 5 o1 Gors, WherABANG EStANPLUERTTY have a
s gener al POMGIRAEVAER 2P LS 2Plese ety an 2ar 1 auliRFof i, "0, o

sone | {@ui deligralisedsiatdt@ith a2/ §of eatafystsdpporparad 00phI afeluty. dheal t duri ng
subsequent washing. This arrangenent may be referred to as an aci d-set

h
hydr ogel . %t?HShﬁ'ngp%lﬂplﬁaﬂﬂﬂae sesondashest obibe dvantignieay have asedi on, the

from 10 t obNGRD) fontEt IraM 20 B 1 A eim (B 857 miio Gpr BSahERers Y e
from 15 folbadich R PEE egp¥BrEBY WHARE, b8 ' Fesui ting from this process
woul d have a pH
15 A third aspect of the invention provides a catalyst precursor comprising a
catalyst support particle according to the second aspect of the invention
comprising a compound of a catalyst metal deposited within the pore structure,

preferably wherein the catalyst metal comprises chromium.

20 A fourth aspect of the invention provides an olefin polymerisation catalyst
obtained or obtainable by heating a catalyst precursor according to the third
aspect of the invention in a non-reducing atmosphere, preferably an oxidizing
atmosphere, at a temperature from 200 to 1200 °C for an activation period from
30 minutes to 15 hours.

25
A fifth aspect of the invention provides a method for polymerisation of one or

more C2 to Cg a-alkenes characterized in that the polymerisation is carried out



20 typically of 10 or nore prior to washing. The arrangenent may be
referred to as a base-set hydrogel. Because of this high pH the gel pHis
sui tabl y wedutied1410 3 or | ess by acidification prior topCwrdBreri/qomsessi ng
in order to avoid inadvertent |oss of surface area prior to washing. 25The
| ater process step d) will inevitably lead to a loss in surface area for
the gel as the gel is aged in the presence of the aqueous liquid in an
aqueous dispersion having a pHfrom3 to 5. The starting surface area for
the gel 14 entering step d) of the prpcess of the invention will suitably
be greater than 600 mZ/g in order that the surface area of the final

cat al yst SUR ort artl e 600 np/ {8 a ca gel is
formed fr ol 5? Pf?ﬁoé‘cﬁé’i é@g@g@eg@ﬂmﬁ%yg C[CIQBCHBQ }hc? ﬂfnhn al kal i
met al siligspeet ofible idverftiofll um silicate, the initial silica nanoparticles
which coal esce to formthe gel will have a size froml to 2 nm because they
are formed at low pH The silica nanoparticles may subsequently grow as the
gel is forpe t whi ch t he
Gel 15 1or ey arpyE Bt infaficH SovilesiiE uae bof 8 R B O, o nabl o
for the fi cathlystaadoyding $a thEofourthaaspect afthe Heveation fdr pcztyrﬁ@n@nonaiﬁloee in
order to ensure high final surface area, to formthe silica gel under high
agi t ati on anhwowg €b teiCgla-alkegesto gensrateplowiraelhindgxpolymersss and to maintain
a pH of less than 3 until the comrencenent of step d). This initial surface
area may easily be assessed by drying out the hydrogel resulting from
process st 8ptfiked(r idtidirap dhege! ). for instance by heating in a
vacuum oveﬂﬂ'r—‘g’:%%@&'i‘;ﬂ'n%—%?equm y nmeasuring the surface area of the
resul ti ng dried gel Although the drying process nay lead to a | ow pore

vol ume, Sl area e,substantiall,y unaffected by the drying
nmet hod ste royg @BP&@&F%&Q@%“ ég ?{E‘ &PHTP{'SBHQ %F o%pégré”sse[seH“ac?}(1 shoul d have

a surface mbmu@thé&nrﬁan%nq&) gk difEbutivot e thealdxelusish mZthg pPEsdidietof Nore
preferably 820 or nore, even nore prefer ablé 920 or nore, such

as 950 or AHeE. T@@ﬁﬂ"ﬁs‘l@@@ﬁtm QSQeB?'a‘WcﬁfeOT €RYSig Qsé"e’l‘?ﬁib' bMeangeasur ed on
th h d f; th
e washe B%faat t h ARE dhigdnehls %mt@kbﬁgw&%gfﬁbrﬁ%ﬁﬁﬁ%%é f?rre ] e

hydr ogel use e start of process step A s than
1.5 cnB/ g, matartalsapreseBt asmng:rmesl esavoidakble maderials presept asd/rgsat of ess, say 1

cné/g 5 | Srso%'ess-l;ehseu 215 pr8van?he cgmpgngqgséﬁcfgompgr%nts added for a
purpose other than achieving the technical effect of the invention. Typically, a
composition consisting essentially of a set of components will comprise less
than 5% by weight, typically less than 3% by weight, more typically less than
1% by weight of non-specified components.

20
Whenever appropriate, the use of the term “comprises” or “comprising” may
also be taken to include the meaning “consists essentially of’ or “consisting

essentially of".

25 The first aspect of the invention provides a process for preparation of catalyst

support particles having a pore structure with a pore volume of 1.5 cm3/g or

more and a surface area of 600 m2/g or more.



15 carryi ng out sol vent exchange using nmethanol as the exchange sol vent and
evaporating the nethanol under vacuum followed by pore vol une neasurenent
as set ouwvohereisu125The silica hydrogel is formed in stepTB20nmodagdr oge
particles. These will suitably be 2cmor less in dianmeter (as neasured by
sieving). Formation into particles may be by conm nution of the set gel by
any suitable neans such as, for instance by crushing using a mll or the
like. This allows any further chem cal processing to take place within
reasonable time scales: if the hydrogefo particles 10 are too |arge then

di ffusion of chemcals into and out of the hydrogel particles may take

i vel | ABS, nati der t
Formt 1 niioEBRLATERBIodH Whlotfiet: npvife FoidEYoRentlOMY e cor i ng 1 s
parti cul ar B3%useheight, prefesstdy frem Mﬁo@ef’/&bﬁ&/e@ﬁ uacidieicationosffam e.  15Af ter

[ i nto artlcles the silica hydrogel is washed in step

| f
O oy calkal Sreturalivate sl slsh 25imetasnim o soBlims|eate) YsUuAbiny o
wat er - sol U%cﬁuﬁaduic%té”ﬁr%eéﬁhdg%h%‘f‘ﬂ Rodimkeatin His s%@é agi%ﬁ'dét}hé widght Wil |

typically be present as a by- uct of the reac etween the silicate
sol uti dn apercentofrihseiuble mwlnubebydmgsbbmad@dwﬂ)emghtaofdhelmsbgé| By

ot 250 hiGebStTk: 02 W8 Ae BREESHGUS o abf ol Meg T #8Rbnger . such
as from 1 bed @dthisolubte ssigythat are the prduuslqﬂﬂléalﬁydiﬁgéilfbﬁrﬁﬂldeh l'iquor so
that the pH of the 5 or_less, preferably

during, washing is_typicall
3 or |ess. sq’?ﬁa’%ﬂﬁ"bi%‘qugéd%‘t te narticies)- Frﬁ&ﬁ’ﬁénﬁﬁ%ng&m Bf$9188 to a | ow pH
wi th sul ph hydrochl or| c
i d, oy TomenbMesalibieXaRt oRt sIpstahIyRehie e Fonp et dlode B, VS T
such a#0 3 wesling sothati tbelhydraget contsinsriesssthap Zopompmlbycmelghtoﬁ adalbut at say
from1l5 to 40C. This is beneficial for the renoval of soluble salts

resul ti ng Metahoxide (€ed- NaeO)r aiferably. |eﬁ/th§06§10§ﬁpmat?y weight af thef 30

wat er - sol u ant that the h dro I S. .was 0 provide an
al kal i RWE’P&S‘ EXP'&@"{@%@ ®gFhigyed é)ﬁt”a r"é'gk@@?gg agee percent of
hydr ogel , &diufigi$for5dure000ppm preferably Iess t han 1000ppm The wash
| i quor used in this step may consist essentially of water and mneral acid.

Typically, from5 to 50
15 Process step a) will typically involve the formation of a hydrosol by addition of

an excess of strong acid to an alkali metal silicate solution such as sodium
silicate solution, for instance at a temperature of from 30 to 60°C, such as 55°C,
with subsequent gelation of the hydrosol to yield a hydrogel having the required
solids content. It will typically take about 3 to 20 minutes, say 4 to 10 minutes

20 for the sol to solidify into a gel, and the gel is then typically allowed to
consolidate for a further 40 to 150 minutes prior to further processing steps
being undertaken. The acid is typically added so that the resulting sol has a
normality of 0.5 to 1 (i.e. the sol is 0.5 to 1 N acid). Any suitable mineral acid
may be used, for instance sulphuric acid, nitric acid or hydrochloric acid.

25 Sulphuric acid is preferred. The pH during gel formation will typically be less
than 3. However, if the resulting gel has a pH greater than 3, the gel pH is
suitably reduced to 3 or less by acidification prior to further processing in order
to avoid inadvertent loss of surface area prior to washing.



litres of acidified wash liquor wll be required per kg of hydrogel in
order to 5substantially renove water-soluble salts. The washing step c) to
subst ant iwbl2g1wemee wat er - sol ubl e steps may take pl acepoefas2e11doeosagei ng
in step d) or after the ageing in step d). As set out hereinafter, steps c)
and d) may al so be concurrent. 10 Step d) of the process of the first
aspect of the invention involves contacting the hydrogel particles with an
aqueous agei ng solution, arranged to provide an aqueous di spersion having a
pH from3 to 5 and at an ageing tenpefmture from40C up to the boiling

poi nt of the solution, such as 45 to 100C, for an 15agei ng period of 4

o brefer a5 syl af¥hament tq itb ket AR sHloale sdliffigl, 19 erEerature
carri ed outycpd augiﬁav@apb.bacaan?ag%g HIGh R 46108091 8 delghy Sy 45C To about

70C, when t elng is Carrie ut at pH5. I'n other wor e 20 | owest

and hi gheS§a¢yM&ngn%|aggsﬁm?mg33§ 35, Srde 5 B3 S Gwple g as ol | ons

for a typic ime o OWESt 'suitabl e agei ng

t enper at ur 'l pH5, TL is
hoe She i fermséifls an i fblbf sudba R orila, Riishoid bt oA PID.

Hence, at py#@solihay Jonine@naadbasulphBric atidi addetdypically anderthigh sbeart he
ageing tenperature, for instance, the | owest suitabl e ageing tenmperature

woul d be 5gorditions *mmermlmesml@m ﬁamf@t'-&gghﬁgmﬂéhﬁé'%lfu QoM@ Wl 93.6 C.
5 The hi ghest t abl t t dt
mai n'? ai Ingh y&)paili:bp;gggtg?génn‘ggofﬁggagg oy Iﬂén'ﬁér i?fdngPﬁ#E‘a@g‘sRete he ggel ng

process leads to greater loss in surface area fromthe initial surface
ar ea. The | owest suitable ageing tenperature is determ ned by the

desire to ThehgdrRolls itfatly feimetemiag typivdilyiaavefa 3i0y% eBhtenbby Welght The
aging tenperature required may be adj usted depending on the ageing tine

used: h@WefroRL1 2% td AIDE R BICS%BhERSURRE dePls ééﬁwﬁry REhEAhhh iRt ofnd
hi gher agei ng tenperatures for shorter ageing t

the sol from which it was formed, with some liquid bemg Iost due to syneresis
and removal of soluble salt during subsequent washing. This arrangement may
be referred to as an acid-set hydrogel.

15  In another suitable arrangement according to the invention, the initial alkali

metal silicate solution may have a SiO2 content by weight from 10 to13% and

molar ratio of HoS04:M20 may be from 0.7-0.95. The resuiting washed
hydrogel typically resulting from such a process may have from 15 to 18% by
weight of SiO2. The hydrogel resulting from this process would have a pH

20 typically of 10 or more prior to washing. The arrangement may be referred to as
a base-set hydrogel. Because of this high pH, the gel pH is suitably reduced to
3 or less by acidification prior to further processing in order to avoid inadvertent
loss of surface area prior to washing.

25 The later process step d) will inevitably lead to a loss in surface area for the gel
as the gel is aged in the presence of the aqueous liquid in an aqueous
dispersion having a pH from 3 to 5. The starting surface area for the gel



15 The aqueous di spersion of silica gel in aqueous solution has a pH from3
to 5 for instance from3.5 to 4.5, and an ageing tenperature from 40C up
to the bowbizog/geiipt of the ageing solution, such as 45€ctr@BR0D/0G949i t h t he
hi ghest 20 and | owest suitable ageing tenperature preferably as set out
her ei nbefore, for an ageing period of 4 hours or |longer, such as from4 to
30 hours, for instance from4 to 20 hours in order to provide aged silica
hydrogel particles. This contacting may be carried out in a closed vessel,
or closed system so that the aqueous fqgeing liquid and silica hydrogel are
brought into contact and 25 optionally agitated, stirred or recycl ed W th

L?iv?&*‘é“{‘heﬁf%ﬁaéf%!%ﬁ b Bfoctes SPRSRUEGR A 01000 HBSLBBPYER & L©,
‘agei ng" Wz’p;ma&@bf‘ﬁ\a't &éﬁfﬁdc&%r@?‘hfhe A eagggﬂeupp%p%@ah%%g to 10

litres of aqueous agei ng |1 equil per hydr

Fei orrod 1 B0V (98 RS Fbﬁ%sﬂf%géeqkse@”rﬁé%gﬂSﬁﬁﬁ%@@“g%é%ﬁg‘ i l)tn of
the requir Sggiﬂg‘tdéﬁrog@f& td)é{ﬁ’hl ﬁ%éthré?I%ﬁb 50 &4 Eb tﬁ] R9&he Ratid)! C! es.

Preferably, s carri e out as an agei ng s e 'aqueous agei ng
sol uti of ha»hbangaaomﬂﬂhélesmhﬂ:rt cnaiesueltb foryrptlmegélwlbbavmaesrzerfma 1aoidli c by

addi tion of aézl d and/ or fferl n éﬂsm '1 %@ﬂeous agei ng solution
may consi s"MESEENEF AT Y26 O(XB? Y C%B? “a8'¥osul phuric aci d.
For i nst angghsatfiienfly gedvrlas tirdgenis \‘brﬁ'iébmﬁdrw&hé@! TheGi&' ofthiéisiell oric acid
may be used. A buffer system such as sodi um carboxyl at e/ carboxylic acid,

e.g. sodi unaa'@@tsafmawh tbegel is formadavill fimit the mayipum surfacei atledny be
| oyed. bed
enpl oye th,e?\lhgani @tgina eramlﬁdﬁr%'kal%ﬁ/sﬁgm ;2%1|E|te§pH efice q‘tﬁgc“ e

her ei nbef ofe to use a system as e aqueous
agei ng1Q5 desitdbleyrin sod&rhatenpufermgh bpalrsurfaceianeal te ddret thet Silidal gel wiodet ant
H i.t is_meant

t hr oughout | t ess bst antl al | st ant

e Phet pabadtaBon gnf WG S R o740 1855, Brkteibin 2 SR RS A B htal ey o
The cont achHg |§§seuhad)e drﬁkﬁfe ForamenerAEntdT A d)) T hikeinitiad savfdteddrea
tenperature 20from 40C up to the boiling point of the ageing solution,

yi el di ng af@y easily g aﬁ%‘ﬁ%’etl’y dring Qytdke Bydroge! reguiting froAEPEACERS S¥8P wi | | be
evident fr emetehs v@%’ﬁ@? h?he | fr ifHERS 5 hﬁ:ﬂfﬁgq}l PPactitim G¥n APMMeC, that it

is wthint scope o vention for steps to occur separately or
for 251% heand@ubsaewmﬂynm}asunn@ttm surfagie@rpa@nﬁﬁmr&su&pg driediged washi ng of
step c) is chosen to be carried out under suitable conditions that fall
within the constraints of step d), then step d) will occur concurrently
with step @jthough thehdrying@rocesstreay Raiddo fai low mueouﬁnefvalsélshuifmmreef step c)

may act as s}mct] %d %% u%gtsan%gl(la)} Ur?af?e%lteuc} t|>)(/) tnheoérylsng neethod used. The hydrogel
used at the start of process step d) should have a surface area of 620 m /g or

20 more, preferably 720 m2/g or more, more preferably 820 m2/g or more, even
more preferably 920 m2/g or more, such as 950 or more, such as1000 m2/g or

more, say up to 1100 m2/g, measured on the washed hydrogel after it has been

dried.

25 The pore volume for the hydrogel used at the start of process step (d) will

typically be less than 1.5 cm3/g, such as 1.3 cm3/g or less, for instance 1.2

3
cm /g or less, say 1 cm3/g or less. The pore volume may be measured after



WO 2011/ 161412PCT/ GB2011/ 000943 19 Preferably, the aged hydrogel is
acidified to a pHless than 3 after ageing in step d) and before sol vent
exchange wo 28te@14ap. For instance, the aged hydrogel of petram2d)i/oees3be
acidified to a pHfrom1l.5 to 3 Sprior to step e), after step d),
particularly if the gel is to be stored or transported prior to further
processi ng. The aged hydrogel gel is suitably acidified, by the addition of
an acid such as sul phuric acid, to a pHof 1.5 to 3 (say 2) in order to
ensure that unintended further ageing ofgthe aged gel, on storage prior to
sol vent exchange, is reduced or elimnated. Such uni nt ended agei ng on 10

pri or o stapui S8 st SReRang ARG el Sl XeFeBbe SSREENE T ¢ her
optional was@pbeatingehe wiethgnel tindetrhetuﬂﬁl\u&ﬂbwedaﬁshpMemmleéCI dified to a pH
of 2.5 to 3.5 say 3 to 3.5 in order to wash out any soluble salts present,

for 15 i nstBeRsuremenhas sokowt hargin.a buf f er system has been enpl oyed in step
d) and in order to bring the gel pHto a value less than 3.5, for instance
|l ess than 3, prior to solvent exchange. It is desirable to ensure that the
pH i s 355 drhd silica hydregekialﬁ)lynéﬁ ovstepsy irﬂtorhytdhngei@adicg@. Thesewjllsol vent

h d [ t ended i ng _whi. | ead.
i nt ended 1ARGEE Zam e e B Yt B8 riasi Tt PY saiiale ORI 1y ar ogel
particles thgficledAriytse by aoﬁwtrmnuﬁam oﬁmethgee mgfam@@.mbrefmaahs guchiasol vent

havi ng a surface tension of m\/ m or | ess, ereby the aqueous sal ution

in the por dosinstancery gushing L&g&awup@gﬁ |"§%rﬁh'%ﬁ@§”$ any furthesahemical | y
I db |
cnoun i n t IPEOESETEY IS B e Gt Bne e e e pefided O
wher ebyl0t haredo@targe thémdiﬁusmnsaframemjcdsmitotam ayelof itlse byénmtgehpalylcles
bstanti al | tirely repl t
Sarti al |y BRefke Sebp U8t ints AuRRatGrl. M somey ReBaEetr oy e

repl aced b}braemtf@fmnfrm(ﬁgprmr@umg@l pAHIEleBof i Suitablecsiz@ CEprayideting 18 a first
solvent which is water-mscible and. 20 replacing this first solvent with a

second sol \Rafticulany:usefyl for dassiset Wydrpgelreas seleutdreihefose:
wat er-imm scible. By water-inmm scible it is neant that the solvent has a
solubility in water of less than 0.1% at 25C.

15  After gelation and forming into particles, the silica hydrogel is washed in step c),

in order to remove the excess acid and to substantially remove water-soluble
salts present following gelation. Water-soluble salt will typically be present as a
by-product of the reaction between the silicate solution and the mineral acid
used to form the hydrosol and hydrogel. By water-soluble is meant having a

20 solubility in water of at least 10g/litre at 25°C.

The gel particles are washed for a period of 1 hour or longer, such as from 1 to
24 hours, say 2 to 12 hours using an acidified wash liquor so that the pH of the
gel during washing is typically 3.5 or less, preferably 3 or less. The acidified

25 wash liquor may be water acidified to a low pH with sulphuric acid, or another
mineral acid such as nitric or hydrochloric acid, for instance. The acidified wash
liquor may have pH from 2.5 to 3.5 such as 3 to 3.5. Typically the washing step
c) will be carried out at say from 15 to 40°C. This is beneficial for the removal of
soluble salts resulting from the sol/gel reaction. By substantial removal of

30 water-soluble salts is meant that the hydrogel is washed to provide an alkali



5 This sol vent exchange is followed by step f) in which the Iiquid sol vent
is substantially renoved fromthe aged hydrogel particles to provide the
cat al yst wopportsiqarticles. The renoval of the |iquid secrasovdobos3
typically be by evaporative drying, for instance in an oven, and nay be
carried out under reduced pressure, sonetimes referred to as under vacuum
though it will be 10 understood that the termrefers to reducing the
pressure over the gel particles whereby solvent renoval is expedited.

Al ternatively, solvent renoval may be gffected by spray-drying a slurry of
comm nut ed, sol vent-exchanged particles. This typically will result in the
formation of aggl onerated particles conprising smaller particles of

xer ogel . THetal oxjde (€ Q. Waz0) coptenhfarressed asgveight pereentpfdiydeaasl.«ft i on i s
meant to rgfer to ocesses re a,iquid solvent is used to repl.ace water
" the. por s tharcpiBRaY. Hetelihiy st taari bt T wesh S e s Bidhoved.
The term ngiépinmgy é&%iét*@.%sé%llzfofﬂlﬁéﬂétﬁm\irie'ﬁalaaoﬁ!ﬁ%bféraﬂﬁ,'f?@h,s%gbe at
renoval , but the process of the invention is preferably carried out using

sol vent exlitfemefaadiditied wash liqeer:will betrequired perdig of hysiiegeldn orderdo sol i d state
nor in 2 2 ﬁt&ﬁlgtr%{ﬁabe VafdrSsonfis 96k removal . In other words, the solvent
is preferably renoved under a pressure of atnospheric pressure or less. 25
The ageing period is such that the resulting catal yst support particles
have a porg _strugcture with a pore volune of 1.5 /g or nore and a surface
oroa of 60BN RSN e &) B sEAI oS a3 fbie BePs A RIRE! oty be

det er m nedplake GRfdr¥ tRDageihg T §1RDI ) or ltef thetdeindintstés bl | Asdthat agei ng
period required to give a desired pore volume and surface area for a

par ti cul ar hersifnadiestsiers erandsd) roay aEP heneongyiredtis sol ution used in the
contacjdng step d). At low pH wi thin the specified range, such as 3, higher
tenperatures and | onger ageing tinmes within the specified ranges are

sui t abl e. 8tephd)gifehe pidcess bf the firstaispect ofdtbve invertipr imtalvesscombattindhe er
ageing tinmgs,within.the stﬁecified ran be seen

e . be 5 e It wll

Pom the oRIPBHBRGICE i 36405005 ABHER iR Rapdsdic ahvisamg per i od of
20 hours, u@hidtus diﬂ@r@ibln NG PpHIrdn® 330 5t BRd eaH lageing tekipeRsterear ea after
ageing, w |l depend upon the tenmperature at which agei n? is carried out. At
oH 10°5, t BOBAGCHRoHAP baieoct of theslulian. scaes 4961, 100%s Tek@l ng may  be

[ ; 70C I , but
o obt & - R aha PeiSapEA Rolfso dongeold ot ias ol Pae s are
shoul d be | ower, say 55C or |ess. However, to obtain the required surface
area at a f ej_n ried e ratur. to the
boi 11 g pol e 2apTpeBeRFieTS Py R asiie Bi'c fuhBHREG Ab G
sui tably bthel agetgiecanidd alitcatipHIO4hd fiomr atut B0°C@ Lt V11U préferabiyiabsgtd por e

volunme for the catal yst_ support particles.
4§°C to about O£C, w epn the :fgeing is carried out at pH5. In other words, the

20 lowest and highest suitable ageing temperatures are related to the pH as
follows for a typical ageing time of about 20 hours:

TL= lowest suitable ageing temperature = (90 - 10 x pH)°C. Hence, at pH=3, T
is 60°C and at pH5, T is 40°C.

25
TH= highest suitable ageing temperature = (184 -22.6 x pH)°C. Hence, at pH=3,

THis 116 °C and at pH5, T is 71°C.



Details of the suitable ageing tenperatures and tines for different pH

val ues for the agqueous solution are set out in the exanples hereinbelowin
order to WO prioeigde gui dance as to how to put the subjeetTros2berooods3t he
invention into effect. The ageing period is 4 hours or |longer, such as from
4 to 30 hours, although |onger ageing periods may be enployed if desired.

25 The surface area, along with pore volune, is neasured by nitrogen

porosi metry using an Autosorb 6 anal yzer (supplied by Quantachrone

Cor poration, Boynton Beach, Florida, Y3A) . Sanples are first outgassed at
350C for 4 hours on the instrunent's outgassing station prior to

measur enen : ¥l t ed . 1S

t ransf erre{‘i‘t P %Qtefﬁgﬂ‘[g%qeeyiéjge?gé%r? ﬂ}éﬁ fa B%tééﬁgn@%dgﬁa?‘nﬁ'ﬁggﬁoﬁﬁ rogen and a
ni trogen i keoigeratirel aoaldbens0 °CAngitthé dighest suitable ageing terhperatsewgpoUlET t heory
taki ng data ggl nts in the P/Po range 0.05 to 0.30. A pore volune

measur enenPe ¥8-6 &eorded at P/ Po of 0.98 on the adsorption leg. 5 The silica
xerogel may conprise at |east 90% by wei ght of silica. OQher oxides such as
titaniumor alum nium or mxtures of such oxides, may be included in the
at omi ¢ % at The bighestsuitable ageing teraperatise xedetgernined by the aeed taynaintaim be

5056 by vl JR SrifesF el 95166 39800 4G E A le iTeaBETB0e BBP BRI Ene xer ogel
cat al yst sigadoté greatér los<in. surace ape# fromatbkYnitialnsurfack iae@a.xer ogel s conpri se

at |l east 95% by weight of silica. Si02 level in the xerogel is suitably
nmeasured by el enental analysis using XRF (X-ray fluorescence spectroscopy)

as detaile i bid i g 1 ; | ned,
ot Cont ngoihg Wbl sl bieoIBABLIIGR!L Mrertietbly MeRsioTs itdady

anal ysi@ Uupéredroliffie td B valueesf 1v_\srcﬁ§/ BEmeRit ages are expressed in relation
to the total material neasured by >?RF The high tenperatures used in sanple

preparation for XRF nean that any volatile materials such as water will
have been st _prior to neasurenent and 20 wi,l] not. be ipcluded.  Suitably,
the si1 1 cal BE PaBEISEpeREre zIHgE May 5 aitstpt depefiod an PR E0E TGS on
conpri se | gséd: Idvaet A BimperatiRss Riayde lderfobiongeragihgtimddsdrikighet he
catal yst support particles are preferably a silica Xxerogel conprising at
| east ~ 90% BYeiIND teyApergtures for shodenageingitiviesxer ogel may consist or consi st
essentyally of silica. The silica xerogel may also be a co-gel conprising
one or nore oxides selected fromtitani um oxi de, alum nium oxide, zirconium
oxi de or mxtures thereof. For instance the silica xerogel may conprise
5 . . .

from0.01 1i'ﬁ)e gqge/ ubsy di\é\gérg%tn o?fsilﬁz%cg%l %Xéqduee%u's réo}u?ito‘;’}lh'as a pH from 3 to 5,

for instance from 3.5 to 4.5, and an ageing temperature from 40°C up to the

boiling point of the ageing solution, such as 45°C to 100 °C, with the highest

20 and lowest suitable ageing temperature preferably as set out hereinbefore, for

an ageing period of 4 hours or longer, such as from 4 to 30 hours, for instance

from 4 to 20 hours in order to provide aged silica hydrogel particles. This

contacting may be carried out in a closed vessel, or closed system, so that the

aqueous ageing liquid and silica hydrogel are brought into contact and

25 optionally agitated, stirred or recycled, with the amount and concentration of the

aqueous solution being such as to provide the required pH of from 3 to 5. This

is referred to in the art as “ageing”. When ageing is carried out in this manner,

typically 0.5 to 10 litres of agqueous ageing liquid will be required per kg of

hydrogel.



23 In other words, the total anobunt of oxides which are not silica is

usual ly less than 10% by wei ght of the silica xerogel. The catal yst support
parti cl eswomy1isiiid1abl y have a pore volune of 1.5 cnB/g ecrtkBmrieoodus6 cnB/ g
or nore, 1.7 cnB/gr nore, 1.8 cnB/g or nore, 1.9 cnB/g or nore, 2.0 cnB/g
or nore, 2.2 cnB/g or nore or 2.4 cnB/g or nore. The catal yst support
particles nmay have a surface area of 600 n2 /g or nore, 700 n2 /g or nore
800 nm2 /g or nore, 900 n2 /g or nore or even 950 n2 /g or nore. For

i nstance, the particles may have a porejgolune of 1.8 cnB/g with a surface
10 area of 800 nR2/g or nore, 900 n2/g or nore or even 950 nR/g or nore, or
for instance the particles my have a surface area of 900 n2/g with a pore
volune of 1.7 cnB/g or nore, 1.8 cnB/g, 1.9 cnB/g or nore, 2.0 cnB/g or

nmore, 2.2 Qi@rgativelythe cortadtivg avdd/ @keplave ia. arﬂépél'mWQQInVMfenuﬁsd in the
sol vent exchange process of ste?‘ e) suitably has a surface tensj
consi der ablr§feredde in thgattast washing e$0 t%?"lﬁ%@&Hé@Q@S‘M‘HUQ" Bfrt 1 | ess,

vt or 11 om S B paCSR SUG SREIHROA Rt AoBY s TRICERY. 1 ng

a sol veft \stepd) iscaniedouhas anldgeingrstep. st ep nay be repeated a nunber of
times and then the exchangi ng sol vent nay be renoved fromthe resulting
sol vent - exchanged gel, in step f), for instance by evaporation, to yield

the pore St'mécéd;lfe%u'srade'"@ SafdY HavingRPEH tfrava 3 to@ &l typicalybe wetky ent
exchange process for renoving water may 25 involve a two-stage sol vent

exchange t dnadppeidie %@@qiltl@fhpf agid and/pt bufferingrsaltsybieace the 3818PYs sol vent
foll db | | t that
19 st ol S5O SREST necdniy ExpaRs of ket Wi rinSBE DA 9o i hi ¢

i mm sci bl e or par Iy m sci bl e
wi th wdler sum’tmlribscid cﬁnrénsftance,o»/avtenacudé"ledwlh selpbyrigzeticrargiydroiihdorid | at i on

wth apartla wat er | vent . The art a ter C|ble
sol vent, HJ Hé aen%edglcéﬁﬁgr sY e%%‘éiﬁ‘ %S EW%LB%Q%A%W i xture
di still ed- athe é%'édﬁ\im%fcbfd”leﬁé@@ﬂ@%éﬂt& dodiurAlditiatertitrie acliemdiyde | | 1 ng
m xture whilst the water rich distillate

employed. If step d) is carried out as an ageing step, as described

hereinbefore, it is preferable to use a buffered system as the aqueous ageing

15 solution so that pH may be maintained substantially constant throughout the
ageing process. By substantially constant pH it is meant that the pH varies by

less than +/- 0.2 pH units over the ageing period.

The contacting step d) takes place over an ageing period and at a temperature
20 from 40°C up to the boiling point of the ageing solution, yielding aged silica
hydrogel particles at the end of the step.

It will be evident from the descriptions of steps c) and d) as set out above, that
it is within the scope of the invention for these steps to occur separately or for

25 them to be combined into a single process step. If the washing of step c) is
chosen to be carried out under suitable conditions that fall within the constraints
of step d), then step d) will occur concurrently with step c). Iin other words, the
acidified aqueous wash liquor of step ¢) may act as the aqueous ageing
solution of step d).

30



Is discarded, |leading to eventual replacenent of the water in the hydrogel
by the solvent. The resulting gel may then have the solvent renoved by
evapor at iwo 201/@idier suitable nmeans to forma xerogel. POTOBROB@VEEt used
for solvent exchange may be a sol vent such as nethanol, ethanol, isopropyl
al cohol, acetone, trifluoroacetic acid or sonme other suitable solvent.

Et hyl acetate may be used as a solvent which is only partially m scible
with water. Modre than one solvent may be used for sol vent exchange, in

m xtures or sequentially. Preferably, sl vent exchange is not carried out
with a 15supercritical solvent. Nor is the liquid solvent in a solid state

during remyv f the solid fromthe gel. Wth L Shi t hound by
t heory, i?%lrégef%ﬂﬂéﬁ? agﬁgthyfjﬁ%gqmém?'dgﬁpft%l@é)"t' g%éitﬁ%ﬁgsfé}%ﬁea seg.rq/'lie)'nt resul ts
in reducedsfeboiﬂ)'érﬁﬂ{efb%§6|$entcébmhgd i tep)se 20arising for water, within
the silica skeleton of the gel as the solvent is renoved. This is thought

to lead to a reduction in the anount of pore structure |ost due to coll apse

oL el | ERR IR, Mk Shd RgarbRer 6 bieh SR be AbideBN8Y B fidif1 B2 6en! 1 0

be in a li noved, avoi g the nee r freeze-drying
or use §f pripetcstepie)aafteraned d) asticlaryNf thegelhs th bestoredrar tiansported

bstanti al | dto f |, th | yent
Ferai ni ng. PO HNEReRPRGesS g She A9eraras 8l BRI, 1 ihe"
particul ar ia}qﬂﬂfo}ﬁed?tanr%i’d BEcIP a8 2QIBhuriR Rid, % B pH6M Sabl3/(sagyesl oiderhydr oxyl

groups of e silica skeleton. This may lead to the catal yst support
particl es @hs@@ thatunintendeddiurtheragejng of thenaged aek eRSIYRIEPHRI & 05% to 3%

by weight, for .25 instanc I 40 % ' R ly,
excessi ve 598’&(1‘{ gxcg}arp%gn%er%dk§§$]8g§ﬁ'@¢ag%%sglg’;rﬁemﬁg@ Eejeg\?rg?@i&gs this may
af f ect 1pat atorahe Peay leatro edintbeded blearageisdh yote solupwe or swfamecareded with a
catal yst by inpregnation and activation. 5 The carbon content may be

sui tably nmeasured by the LECO CN-2000 Carbon Nitrogen Anal yzer (supplied by
LECO Cor porﬁidﬁ?{? ste?e)‘,] Qélﬁaht e RHENgE B reHE0d waldie tistalnisy Be iasfupter i ed out by
conbusting sanple at 'high tenperature (about ] o

optional washing step using a further aqueous wash liquor acidified to a pH of

2.5to 3.5, say 3 to 3.5 in order to wash out any soluble salts present, for

15 instance in the event that a buffer system has been employed in step-d) and in

order to bring the gel pH to a value less than 3.5, for instance less than 3, prior

to solvent exchange. It is desirable to ensure that the pH is 3.5 or less,

preferably 3 or less for the aged gel during solvent exchange in order to reduce

any unintended ageing which may lead to unintended changes in surface area

20 and/or pore volume.

The aged hydrogel particles then undergo, in step e), soivent exchange with a
liquid solvent having a surface tension of 35 mN/m or less, whereby the
aqueous solution in the pore structure of the aged hydrogel particles is

25 substantially replaced by the liquid solvent. Such solvent exchange processes
are well known in the art and may involve multiple rinsing of the silica hydrogel
whereby the water in the pore structure of the gel is eventually substantially
entirely replaced by a solvent which is water-miscible, partially water-miscible
or water-immiscible. For instance, water may be replaced by a water-immiscible

30 solvent by first replacing it with a first solvent which is water-miscible and



1350C) to convert any elenental carbon to CO2. Prior to conbustion, the 10
sanples are dried at 120C under a vacuumof 5.3 inch nercury (18 kPa) for 2
hours. Thwoamumsi4iof CO2 generated i s measured by passi mgTidB20penesat ed gas
through an infrared detector cell. The second aspect of the invention
provi des a catal yst support particle which is 15a silica xerogel conprising
at | east 90% by weight of silica, having a pore volune of 1.5 cnB/g or nore
and a surface area of 600 n2/g or nore, wherein the catal yst support
particle provides a pH of 6 or less, typically from3 to 6, such as from3
to 5, when neasured at 25C in a slurry of boiled, dem neralised water with
12.5 g of . . r e rt 20
particle ng@l#e{ﬁhgﬁ%gg&%@gt&g%n és@&%ﬁ% H-EL T&%@%mh ﬁ%ﬁ g per
mllion) ?;o)ﬁehtq.’mt,waftetr-lmmstlblassyfwaler-ﬁﬁmismtﬂé)ﬂ ls*_,)pmglhythgetrw‘solvéfhg Eod:c :Jm
content of the cat supp rt sui tably be neasured by anme
At omi ¢ AbsB?f)ﬁSGﬁ’bgB% WB?&BB[?SFR% h§| h@ ‘i nstance a Perkin El mer Mdel
Anal yst 100 Instrunment. Sanples for analysis are first digested in

hydrofluoric 25 acid and the solutions are aspirated into the AA
spectr o@hofrbmoé\rem exchangeriafgliowed by gtegifidinydiieh therliquid selventds al yst support

the proper EruaidWTeRBled HERLAE std MRsdi Maticit Bipyle Mo fRo05 5 5T "
activity asdppurt panticiel! Thevembes of theulitlid solvenstiveill 3gpivdllyibel her easi ng soda
content, and the polyper ESCR decreases with increasing 5 soda content

Wi thi n § he EVaRRIALIV SNt forguRIappRnaIbeveiand R Re GaFTet it UBRRL! t he
catal yst supRRElprfne!ahidinids RietEPIONPRRIY BGACHAgRA widel | cul art v

for supports with very high surface area, 1Is endent upon the pH of the
suppor 8 Funder\stposidbpbthe teun referscto reducing thenpresawne aver thecgelpagticla® and

cuppor t  paretst S PERYAIE Rtk Knematerh et S AR AR 211 e
area on st effagted biylspeay-diying aslﬂmwf&bh&nlhoredt b@lvemtp@@htan@@d pagices. t o
exhibit a rein t he desj, rabI e hi gh surface

o e bdhisdmicalnutl rasill Rine Svidtion s eobPmeroted RAIIES SHBPHSRRT LT ol oo,

15 The cat gigpér &amaeéfofia@rrobbpmi.eqérnﬁ I | eitft @REhHYRE @b lﬁédwﬁns nvention is
swtablé obt ai ned Frocess of the first aspect of the invention and
d

pref er f @pe@tﬁaﬂabu%rﬂe@a ter keferdp procassas piere afiquisalventitused tar e al so

if’lto'hi)ﬁ gﬁ' fﬁe d@g@glﬂ{ fNérdo% Strubfird Bt § hj§/098Fa AP e doriint S06sddueRtly ' On-
removed The term may include the use of a solvent in a supercritical state at
removal, but the process of the invention is preferably carried out using solvent
exchange with a solvent that is a liquid, and not in a solid state norin a

20 supercritical state, during removal.

In other words, the solvent is preferably removed under a pressure of

atmospheric pressure or less.

25 The ageing period is such that the resulting catalyst support particles have a

: 3
pore structure with a pore volume of 1.5 cm /g or more and a surface area of

600 m2/g or more. The most suitable ageing period may simply be determined

by carrying out a series of trials to establish the ageing period required to give a
desired pore volume and surface area for a particular temperature and pH of



20 aged in the process of the invention at pH 3 to 5 and may be acidified
to a pH of less than 3 and/or washed at a pHfrom3 to 3.5, it has been
found t havotzbe/esiegel , foll owi ng renoval of water frompChaR0r®08448UCt Ur €
by sol vent exchange, may have a pH up to 6. 25 The value of pH for the
catal yst support particles is neasured by taking 12.5 g of particles and
addi ng boiled, dem neralised water to the particles to provide a slurry
havi ng a vol une of 100nl (and hence a particle content of 12.5%

wei ght/vol une). The dem neralised waterq should neet | SO 3696 (1987) grade 2
prior to boiling. The dem neralised water is boiled to renove dissol ved

car bon h ] bef ore use of
t he boil edtt@dﬁy‘e%glrsaﬁlﬂggh uesag ﬂiee@orﬁ%t@ lﬁ’ t@u&%ﬁv@ﬁﬁﬂy is stirred
for 10 m nspfelframgeesmnﬁaé 31th1ghqexHenfpecéteﬂesaan®lqugén dgdingrtimas wethinfthe pH of
6 or |less for t particles is oyght .to arise as, a result of the process
step d) th,sn F?er‘f& /889 ??W'F@W&W&Pﬁﬂcﬁ@n ée'B‘élFfl cles and an
aqueous sotdmperaturds hhE sRGrEALeit fes Withih tha\gpedified Pihddsofay be0 5.

Opt i onal amcfbflcatlon to pH 1. ﬁbs 0 (say 2.0) pafter agdel ng but before

sol ventSwald$®thg may al so contribute to this reduced pH 10 As set out above
for the first aspect of the invention, the silica xerogel suitably

conprises at |east 90% by wei ght of silica. The catal yst support particles
have a por & wilbbaseen frns thef eperiarendal akates st mnhhel’cénlmﬁlowelhairferémlagmlng

catal yst support ticle ai ned b cess f the first ect of
t he invent Pg'p"é ngﬁhguréa’(vap'{)gbef @89¥ :Sgﬁ? sTesH "glfi”ﬁﬁﬁ? 9rqanaaf e form
of particl ageifgWildeper@ uptn the esmparature berlcarmjemg fslcaffied bqt. APPH

m cronmetres. Typically the particles resultjng fromthe process of the

i nventi@n bBatp dinarhurwréucecalemumekcm:l;saxmoelnenghmgeatg may beecatedn of
xerogel particles (i.e. after step f) in order to provide a volume nean
particle dpuhaattaetemmame phabmd 71°C b iasisy such ass 70U nenless dalititg obtaimt

scattering, for the final xerogel support particles. The term di aneter is
used to rehighe 6”’?4&9 ﬁ&??l%#céa:ﬁ%@"&dgn@ﬁﬁgﬁw te{neraiHre shaild bei ng as set

out hereingfter LS. not nean that. the particles are
spheri cal Hvegh%ﬁye @%’Ae?fhﬁ %Vc?é'stgo a'?ﬁ%e %ﬁglsgﬁai:%e AP of

spray- sett Bn@ecigesy mﬁ@trotelcalne@d out & fEnmyerdiiyé 0p t6 thesbbilimy poitk 6hwaged
particles to provjde xero 25 a | oner ates, as set out here| nbef ore, then

the pat?i cPgeigg seIutigy. Mtgﬁf%@P%@ giShguldsuitably he g exsess;of akqui §0 Xondi ti ons
combi ned vwri&dems&rbw@atﬁé%hmf%dqoorewomneé/fo?me céﬁaggan 3 t;?‘]a?ﬂaagart' cle

dianeter is also referred to as the vol une nonment rticles, or
D[ 4,3] = Enid;4/Enid;3 sumed over all particles i. 28 This typical nean

di amet er aP%Pallg%? N Suifabld Q@e ﬁg%ﬁhé@ Lﬁé?%ﬁ& zjﬂ{espfg 5 'p?f aflﬁ'@s fopird

aspect of e |nven I on, r'va catal ys €s of the
fifth aspethte afuebios sohwientareset wmmlthmexmnmeseatembélgwuﬂnermm@ particle

di aret g 5 th t, material t
par 1 ch PENida GHGRIE g 1o Tkt Butine ShPieg! et bhedRE AT IO aeR s o

Mal vern TM Mastersi zer. This instrunent, nmade by Ml vern Instrunents,

Mal vern, Worcestershire, utilises Me theory to calculate the parti cI e size
di stributi 6he ase@gtn%wys Aheyre eslongeys. siehas framsd ie 8@ helrsp pitapugh i cal

particles it e 10i ndex of the particles.
The real v%lrﬁg ﬁé&@g]pgb&és? a rerbpﬁ)g%?ve&%& %x is 1.45 and

25 The surface area, along with pore volume, is measured by nitrogen porosimetry
using an Autosorb 6 analyzer (supplied by Quantachrome Corporation, Boynton
Beach, Florida, USA). Samples are first outgassed at 350°C for 4 hours on the
instrument’s outgassing station prior to measurement. The sample tube
(containing the outgassed sample) is transferred to the analysis station,



0.1 is used for the imaginary refractive index of the particle
(corresponding to the absorption of light), with a water dispersant at 1.33
ref ract i weoi2oders1412hen consi dering the particle size di eCridB20i10000943S
opposed to the nean particle 15size, the particles suitably have a dgo of
500 pmor |ess, preferably 400 or |ess. They may have a d50 of 300 pm or

| ess. The particles may have d10 of lpmor nore, preferably 10 or nore.
(For the sake of clarity, dgo is the dianeter at which 90% by vol une of the
particles have a dianeter |ess than 42 equivalent definitions apply to
d50 and die). Preferably, the particles have a d50 20 from1 to 300 pm
nore prefe oo r: o 150 pm
The parti c%@%ag@@?@g‘gﬁ%rﬁéﬂ%gm& ut i|§%ﬁé€\é??§2@q%’d gorgr}%lér?%d with size
cl assi f i caaieans chiculatedhssisg BE Tathesinetaking. dis paintsinrtie &3Becangsd 0106do

cl assi | s | ' gin
par i cl o aBed: Binre PolPrEmEatuRT IS Beo bR P PRI AT 2”28 cat al ysi

precursor g@édrptieiliegr obtainable by the first aspect of the invention,
conprising a conmpound of a catalyst netal deposited within the pore
struct we. By "catal yst precursor” is neant a product, which is suitable

for hand! | e 8fila Sefdga R confistiseatdedth bBUBPEIGH: of BlcLORES biigksd i 1

order to be use _ yst, particular as an o I n pol ynerisation
cat al yst. Sacteastitapjuns ochluorniahy or mistueesaeftsuchtoxilesbmaydmriacloflethént i ng in a

non-reduci pg, _.prefecabl y ap oxidi si.n at nosph as_described herei nbel ow,
shortly bep%raetg'iﬁ‘éceghﬁgn ré’cp‘ﬂ ogﬂlea?'[j;% X‘_HP%'ZB%@?’S?% "?yc%?&h?@gﬁ?ﬁ/ usef ul
materi al, @hitatly csilicabeerogelsl used irothe iddsmion| aoaiptisei adast BP%Aley werjht on or
calcination. Preferably, the catalyst netal is or conprises chrom um but
may bel0 or of 8i€)xezpressédt as petcEintager by weight of thieweesgel eatalysh suppartni ni um
titanium zirconium vanadium boron or the |ike. Known Egé:)cesses may be

used for i RptielgsaMorgpeefangblyothensilicn xeragels somprisatahigast 9akt by Welghd t he pore

o o B SE bR PR BT HAY honiedr SRR dbe T, "
R R L T s B S AT
di m ni sh the pore volune of the pore structure
15 In this specification, unless otherwise explained, percentages by weight refer to
percentages as measured by elemental analysis using XRF. In other words,
percentages are expressed in relation to the total material measured by XRF.
The high temperatures used in sample preparation for XRF mean that any
volatile materials such as water will have been lost prior to measurement and
20 will not be included. Suitably, the silica xerogel of the catalyst support particles
of the invention comprise less than 10% of oxides other than silica. For
instance, the catalyst support particles are preferably a silica xerogel

comprising at least 90% by weight of SiO2.

25 The silica xerogel may consist or consist essentially of silica. The silica xerogel
may also be a co-gel comprising one or more oxides selected from titanium
oxide, aluminium oxide, zirconium oxide or mixtures thereof. For instance the

silica xerogel may comprise from 0.01 to 9.9% by weight of such oxides in total.



20 of the catal yst support particles, for instance whereby the pore vol une
of the catal yst precursor is at |east 70% of that of the catal yst support
particl e,weuehy/m@s41at | east 80% or at |east 90% The proeesssB2H11@B0L3575 352
A allows for the sinultaneous inpregnation of a 25 porous inorganic carrier
material with both chrom um and al um ni um conpounds. The net hod di scl osed
requires that organonetal lic chrom um and al um ni um conpounds are di ssol ved
in an aliphatic and/or cycloaliphatic carrier solvent, contacted with the
catal yst support particles and then the carrier solvent is renoved by
evaporation, |eaving the organonetallic chrom um and 30 al um ni um conpounds
deposi ted j|.nsi r F‘ﬂ’% : i : . 12978

di scl oses !(?ar@ ggﬁvg{)@%p?{eéﬁg}agé Yy g%?ﬁéee%@ﬁ{:c@an%%ingﬁi grgc%'sfg‘%u\séﬁs gge during
whi ch cat athast10 pp oveighiaf thecsibica aeregehpr egnated with a sol vent carrying a
chrom um conmpound and a second, optional stage during which the 5 product
fromthe first stage is inpregnated with either a titaniumor an al um nium

conpound. i | . 1 j and.. which
can b cont i PEHMRESURREEPRAHSS Y ByRBh RS Bt e R B it ot e
sul phate, carbgnate3, acetate, aceByl aceto e, 3amoni um,chr oppt e or

Cor b bl y1 MRIR GHAPE! /SriamaTe i F e ARG s ol TGRS ROBT: )

acetate, acetyl acetgnate, al koxy @r al kyl types. 3JS 4,814, 308 di scl oses a
cat al yst sWoFA-0F8Y {9 1 Bere. Z5e FMa(G ¢F PRI 4:hChp e Spare:sThenertalyshi ni um
each in oxide form used in conbination with a go-catalyst. %he supported
cat al yst i SUFPSIrvRartiegles mayrkavera suitacepaiaaioh §00me /g or opge 1B et particl es
usi ng chrom um anqual umi ni um orggnonetal Iic conpoungs in an organic

sol vent. mows8Q0 OB/ @ BBBIvEe, HOOUNGKHey ronesdrrevenfaH0 mogdirmgorehBopor e
structure of catal yst support particles with chrom ym and al um nium as wel |

as boron uisstapcactheastidéomalyhane spirpivaeliine af ¢ 8hovh /g alitht a sundacend
non-organonetal lic salts. These ;ét hods, and ot her m%t hods known in the

prior fyt, ar@ofBOOUARTE dr Mork09CDd AT /¢ ONMRISESe G950 A @ombaé,xc‘alfomt al into
the pore structure of the catal yst support particles of the invention. 25

The cat al YipktaPc8 the pafticRs rﬁ&erém 5 uASBE BledNbf SOREMPRMGH b PRrevoILAR! Y

conprises, as carried material, typically deposited™ n the pore structure,

al t hough sgie 7Rl %g ;)%orr*%ﬁog%{rg?%g}g%gm@m@ GiiBle, 24 EACRPahold1g £ A VSt

support particles,>from 0 romum 1f present,

expressed 3t h from0.1 to 2% nore preferably from
, }gﬁerﬁ@%%“}xx FR{;&SF ,%?f#é/

0.25 to 1. atalys recursor suitably conprises, as carried
material, fromO0.1 to 8% of al um ni um

15  The solvent used in the solvent exchange process of step e) suitably has a

surface tension considerably lower than that of water, for instance 35 mNm'1 or

less, such as 30 mNm'1 at 20°C.

Solvent exchange may be achieved by removing the water from a hydrogel by
20 contacting with an excess of the solvent using a solvent which is water-
miscible. This step may be repeated a number of times and then the
exchanging solvent may be removed from the resulting solvent-exchanged gel,
in step f), for instance by evaporation, to yield the pore structure in the catalyst
support particles. Another solvent exchange process for removing water may
25 involve a two-stage solvent exchange to replace water initially with a first water-

miscible solvent followed by replacement of the first solvent with a second



31 if present, expressed as the elenent, preferably fromO0.2 to 4% nore
preferably from0.5 to 2.5% The catal yst precursor suitably conprises, as
carried rmbeniale1419. 1 to 8% of titani um expressed as thecelaBrento0d4s
present, preferably fromO0.2 to 5% nore preferably fromO0.5 to 4%

M xtures of the 5 netals may be used, or only one of the netals nmay be
present. The |l evels of chromum titaniumand/or alum niumare suitably
nmeasured by nmeans of XRF (X-ray fluorescence) using for instance a

PANal yti cal Tm PW\2440 Magi x Pro Instrunment as supplied by PANal ytical BV,

Ai med, the Netherlands. Sanples for analysis are first calcined at 1000C in

ir f flux.
Fusi on i s TouFRafey SuaRapE el sNSBEPInRIsRRICor bamaiiiAe 2, ' O
pL esent ?sm?amatedmmatrmnrathtte(for mlvémpemawlys69mletr>]ﬂmpicdrstrllétmrswnm a;:es ;)f )
the catalys ecu ) cu aces W e pore structure
bre dot or WPRRAIG Al HsF R St 1o SEUE HRtar isg bl Soetelah A gani ¢

support ey atetitel @,raddaedltanh@avarbgenaﬁ@tnfe%mareQuétméalméscnvémursor The
| evel s present as carried naterial are obtai ned lyhsubtractlon of any
s

cont ri but i Geh Fewtansateisirgtusned tathedistilling mixture vhilstitheuvatenfich distillater gani ¢
support MajegiL ey @Qefq Bg'&% Eperﬁggler‘ébﬁ%pten?of tﬂlé‘?{gt{ep tﬂé(ﬁ\g § gy ol efin
pr Sor

pol ymeri satl on ca I'ng a ca accordi ng
to the thithe suivmtttTlm ra;slumngrgeémaydhen |havathmmlvaduemgeabynspher e,

preferably _an oxjdiz ere a erat re from200 to 1200 C,
pr ef er abl y© Y?W{A‘Ub ‘g&ﬂf r%%f%;negﬁsgggg rogﬁ period from 30 minutes to
15 hours. Preferably, the non-reducing at m)sphere is an oxidizing

at mosphere, such as an oxygen-contai ni ng atnmosphere such as air or oxygen
or i x1Qr eZhe seVEBt userhfios SQ'NGB%@@“?@QRH@MP%@ sglvent/achoas @ethamobi nat i on of

the catalyainaRbRfuoRsHy bRoABR BEGInk rifiBErBabbc 46l ot Softlethér fftaEP! T sat i on
catal yst. Activati y proce
solvent. Ethyl acetate may be used as a solvent which is only partially miscible
with water. More than one solvent may be used for solvent exchange, in
mixtures or sequentially. Preferably, solvent exchange is not carried out with a
15  supercritical solvent. Nor is the liquid solvent in a solid state during removal of

the solid from the gel.

Without wishing to be bound by theory, it is thought that the lower surface
tension of the solvent results in reduced capillary forces, compared to those

20 arising for water, within the silica skeleton of the gel as the solvent is removed.
This is thought to lead to a reduction in the amount of pore structure lost due to
collapse of the silica skeleton during solvent removal. This enables the solvent
to be in a liquid state as it is removed, avoiding the need for freeze-drying or
use of supercritical conditions.

25
Although the solvent is substantially removed to form the xerogel, there may be
some solvent remaining in the catalyst support particles of the invention. In
particular, solvent may be present in a form chemically bonded to hydroxyl
groups of the silica skeleton. This may lead to the catalyst support particles of

30 the invention having a carbon content of from 0.05% to 3% by weight, for



32 initially in a non-reducing atnosphere free of oxygen followed by
activation in an atnosphere conprising oxygen, or vice versa. Any suitable
activati onopopcess2nmay be enpl oyed. 5Typically, the actipeatastonl®bisB

pol ynmeri sation catal yst conprises |evels of catalyst nmetal, as carried
material, simlar to the preferred | evels detail ed above for the catal yst
precursor. The levels of chromum alumniumand titanium are suitably
measured by nmeans of XRF as detail ed above. The anmount of catal yst netal
present as carried material on the catgdyst support particles are obtained
10 by subtraction of the neasured anounts already in the catal yst support

particles ﬁ?'ké}{cetffbrﬁ BPfo% 41 3b4 g&nwteg;hft. H@féga@gt éiéélééivera?«?d{{r&%f bé’h&édf th
aspect of e I nvention provides net ho F“pol'ynerisation of one or nore
C2 to C8 ahwdrorylapogpsmarecbdre avaidedas this mayeafieot yatalystsparfaymansecarri ed out

15in the presence of ap olefjn pol. ri.sat i cat al yst acgcording to the
fourth asp¥bendhe pﬂtle§ﬂwﬂqu'ﬁ_ﬁwléﬁmﬁ%ﬁ@y@y W@egvﬂimaf& provi des
t he use of gafivabibaf i N pol yneri sation catal yst according to the fourth aspect

of the invention for polynerisation of one 20 or nore C2 to C8 a-al kenes to
generat® low nelt index polyners. In particular, the olefin polymerisation

ol ymer s hayt areerorfiEndy e Ryt MaREley BB RO AT2000 TS v

||c\)/|r ef er abl ygl'\:l]m)l%’nmm'lyzenr(ls%mﬂied b_i]HfEGﬂ)nBNZ_torpm_yatibe, @rfeptr\] Michigabg UBA)i n. §5
xtures ot al kepes .or al ken I n_conpl natl o t. t her n r may oDe

ol oyed. THE ASNSES AL by oo btind sampleihioh frmrrreliEalattt ho

par t1 cul ar 157 CORF LNt Byl Tlerbl SabaPiol 8, BT i RUF S0 e "

particyhar Eﬂr\rl\\?lgstaﬁgldﬁeﬁ%'i 1509 uRYERPVSCuURY of Q.@Eﬁéﬁ’ﬁ\te?cd@hé’ﬁPHﬂ%ﬁ 2i N

: u
conbi nati on th the catal ysts prepared fromthe precursors of the

i nvention @bufky TtHecarABlMtas GO, fEseratdeis imeusurdd/ By pasding thrf géerartd vat i on,
the catalyst is cooled to anbient tenperature (say 15 to 35C) and
gas through an infrared detector cell.

The second aspect of the invention provides a catalyst support particle which is

15  a silica xerogel comprising at least 90% by weight of silica, having a pore
volume of 1.5 cm3/g or more and a surface area of 600 m2/g or more, wherein

the catalyst support particle provides a pH of 6 or less, typically from 3 to 6,
such as from 3 to 5, when measured at 25°C in a slurry of boiled, demineralised

water with 12.5 g of catalyst support per 100ml of slurry. The catalyst support
20 particle may have a soda (Naz0) content from 20 to 1000 ppm (parts per

million) by weight, for instance from 60 to 600 ppm by weight. The sodium
content of the catalyst support particles may suitably be measured by flame
Atomic Absorption Spectroscopy (AA) using for instance a Perkin Eimer Model
Analyst 100 Instrument. Samples for analysis are first digested in hydrofluoric

25 acid and the solutions are aspirated into the AA spectrophotometer for Na
analysis.



5 stored ready for use in polynerization. The catal yst prepared using
invention may be used in a variety of honb- or co-pol ynerisation routes,
for instawoeofiorsi4ibe production of pol yet hyl enes, by precessnuesissuch as
solution, slurry-loop, solution CSTR (continuous flow stirred tank) or gas
phase pol ynerisation. 10lt has been found that ol efin polynerisation
carried out according to the fifth or sixth aspects of the invention
results in the neasured catalyst activity and NCTUESCR behavi our for the
pol ymer produced being higher, for a rgguired Melt Index (M) and density
targets for the polyner produced, than for prior art catal yst support
particles r | ume | ess
bhen 1. SCngyé*%oﬁ;fi cﬁ%ﬁtﬁfﬁaﬁélywﬁg tsoﬂf)%sg#w ﬁ&t%n%%g%oﬁﬁecu rtHgle L ght.
with a hi gi’ed\dltlrrgoaotleaqedruiltmgsttamda:n tbwpropeﬂ:as af thmmjymdsdormeeupmgyrrer For

catal ysts with th e vol.ul t differin urface eas, the

catal yat wPteh cHabat Jhe VstV add pbiner Bicinheenomtto Arieaster s and
consequent whlnﬁcréyé.hgbbeaE@ﬁteﬁalﬁnmhéwy#ﬂerrgécvmddsegwmhqhmaém of high
20 nol ecul ar wei ght). The catalyst of hi'gh surface area may be actlvated at

a rel at §vekyddcglitehewitisinathel rangecfror 201 0000spreWNathe required Iow M target.
Activation at a high tenperature gives good catal yst activity. For the sane
catal yst, polyner of the sane M (and sane density) produced 25 froma

NCTOESCR o eBRy B1th@. M dTiRe HURT sDhba b slasiity o e BB 5 AEEE cuer
t enper at ur ere(aanpdrtttularlgherr supPoytsRvittswdry digh Qaticeciied aspepahdert upoat

typically be errpl 0 For the sanme catalyst PV and the sape activation
t enper at ur &he pid %SW%EOEMSWPW@@% Naying the 5RPE SUrl@Re 2%t al yst

with high %Hafs?&sd Ao abi by BAriiBy Eoli GRS artPLHE! | sati on react i on

tenperature) has 1 nproved NCTUESCR behavi our than a lower surface area
cat al yst wigreperatide, Wﬂr@mm@wuth reehigher pi mll:@m:w aen@nel rapid lassaf al yst

parti ol e wetRods BLAbrsdblaRe BNER | RIact AL b BB BRI v || 2l | o

for a higher actrvat ve a specific M
target, gi \exhlgnt ladoweH, @atraeasired berein tgo thahthestesabble mgin BUdace aigaor

i nproving t ol y.ner UESCR characteristjics, co to a polymer
pr oduced ugﬁwgéf‘%ﬁ%%&fﬂ’gﬁ%%@ m\SoFAge q)fotﬁgrsugagr? E'Cﬁ area but the
sane pese volune. Polymer activity is the weight of polyner generated per

wei ght of catal st usedrg hour. Wthout w shing to be bound by theory, it
i s thought Thasa %‘Yﬁéspﬁfb? OEG'CE%‘?féI‘?lSPEO%ﬁRﬂqw&‘W"‘@ﬂ“@@ inguilallynsequence

of the hi gbgfairdy byhe 6688 thdfirst aspect of the invention and preferred or
suitable features of that aspect of the invention are also applicable, where
appropriate, to this second aspect of the invention. Although the hydrogel is
20 aged in the process of the invention at pH 3 to 5 and may be acidified to a pH
of less than 3 and/or washed at a pH from 3 to 3.5, it has been found that the
xerogel, following removal of water from the pore structure by solvent

exchange, may have a pH up to 6.

25 The value of pH for the catalyst support particles is measured by taking 12.5 g
of particles and adding boiled, demineralised water to the particles to provide a
slurry having a volume of 100mli (and hence a particle content of 12.5%
weight/volume). The demineralised water should meet ISO 3696 (1987) grade
2 prior to boiling. The demineralised water is boiled to remove dissolved carbon



15pore structure in the catal yst support particles. Al so, when the
activated catal ysts are used to catal yse polynerisation, polynerisation at
active siweow/tshiip t he catal ysts tends to | ead to fragmemGa20omoods3t he
support particles. This fragnmentation of the catalyst particles during 20
pol ynerisation is an inportant and advantageous feature as it neans that
catal yst particles do not have to be renoved fromthe polynmer - they may
remain as a "filler"” in the polynmer. However, if large, un-fragnmented
catal yst particles remain in the polymer, these can |ead to defect
formation in articles subsequently forned fromthe polyner. The invention

Pr ovi des CaioHldts bnd A S PR Bl Rl dAGHTRE 125085 blior€lHSE BPuRbaiR! | sati on,
reduci ng or "el'iimnating downstream process defects. e inventiron will now
be descri bdemineralised viater for pHemeasuremené The $lomy isgstirrealfol f @ininatgsExanpl es.

ateps of ¢ Mos PRlng ofTRASkes 31 2aimbrtimvafe. Sheabi F 8 ofbas dgafies 02 by
wei ght  Agepagicregnéltidught to arise as a result of the process step d) which involves
5 long-term contact between the particles and an aqueous solution in the
aqueous dispersion having a pH from 3 to 5. Optional acidification to pH 1.5-3.0
(say 2.0) after ageing but before solvent washing may also contribute to this
reduced pH.

10 As set out above for the first aspect of the invention, the silica xerogel suitably
comprises at least 90% by weight of silica. The catalyst support particles have
a pore volume and surface area as set out hereinbefore for the catalyst support

particles obtained by the process of the first aspect of the invention.

15  The catalyst support particles are suitably in the form of particles having a
volume mean particle diameter from 1 to 300 micrometres. Typically the
particles resulting from the process of the invention may be further comminuted
and sieved whilst in the form of xerogel particles (i.e. after step f) in order to
provide a volume mean particle diameter from 1 to 300 micrometres, as

20 measured by light scattering, for the final xerogel support particles. The term
diameter is used to refer to the particle size as measured by light scattering as
set out hereinafter, though it is not meant to imply that the particles are
spherical in shape. When the process of the invention involves spray-setting of
sol particles or spray drying of solvent-exchanged particles to provide xerogel

25 agglomerates, as set out hereinbefore, then the particle size may be adjusted
using modification of spraying conditions combined with classification (e.g. by
sieving). The volume mean particle diameter is also referred to as the volume

moment mean of the particles, or D[4,3] = Znidi4/2nidi3 summed over all

particles i.
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This typical mean diameter also applies to the catalyst precursor particles of the
third aspect of the invention, and to the activated catalyst particles of the fifth
aspect of the invention, which have essentially the same particle diameter as
the support material. This may be suitably measured by particle size analysis
by light scattering using an apparatus such as a Malvern™ Mastersizer. This
instrument, made by Malvern Instruments, Malvern, Worcestershire, utilises
Mie theory to calculate the particle size distribution. Mie theory predicts how
light is scattered by spherical particles and takes into account the refractive
index of the particles. The real value used for silica refractive index is 1.45 and
0.1 is used for the imaginary refractive index of the particle (corresponding to
the absorption of light), with a water dispersant at 1.33 refractive index.

When considering the particle size distribution, as opposed to the mean particle

size, the particles suitably have a dgg of 500 um or less, preferably 400 or less.
They may have a dsg of 300 um or less. The particles may have d1g of 1um or
more, preferably 10 or more. (For the sake of clarity, dgg is the diameter at
which 90% by volume of the particles have a diameter less than dgg —

equivalent definitions apply to dsg and d1g). Preferably, the particles have a dsg

from 1 to 300 um, more preferably from 5 to 250 um, even more preferably
from 25 to 150 pm.

The particles may be prepared by comminution, optionally combined with size
classification, by means such as sieving.

A third aspect of the invention provides a catalyst precursor comprising a

catalyst support particle according to the second aspect of the invention, or a

SA
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catalyst precursor obtained or obtainable by the first aspect of the invention,

comprising a compound of a catalyst metal deposited within the pore structure.

By “catalyst precursor” is meant a product, which is suitable for handling and
transporting to a site where it can be activated in order to be used as a catalyst,
particularly as an olefin polymerisation catalyst. Generally, such catalysts are
activated, by means of heating in a non-reducing, preferably an oxidising,
atmosphere as described hereinbelow, shortly before use. Hence the catalyst
precursor is a commercially useful material, which can be used to form

catalysts simply by activation or calcination.

Preferably, the catalyst metal is or comprises chromium, but may be, or include,
other metals or their mixtures, such as aluminium, titanium, zirconium,
vanadium, boron or the like. Known processes may be used for impregnating a
compound containing catalyst metal into the pore structure of the catalyst
support particles, for instance using deposition from solution using aqueous or
preferably non-aqueous solvents. Either salts or organometallic compounds
may be used to effect deposition, preferably in a manner such that the
deposition does not substantially diminish the pore volume of the pore structure
of the catalyst support particles, for instance whereby the pore volume of the
catalyst precursor is at least 70% of that of the catalyst support particle, such
as at least 80% or at least 90%.

The process of GB 1 575 352 A allows for the simultaneous impregnation of a
porous inorganic carrier material with both chromium and aluminium
compounds. The method disclosed requires that organometallic chromium and
aluminium compounds are dissolved in an aliphatic and/or cycloaliphatic carrier
solvent, contacted with the catalyst support particles and then the carrier
solvent is removed by evaporation, leaving the organometallic chromium and

aluminium compounds deposited inside the pore structure of the particles.
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WO 99/12978 discloses catalysts prepared by a process comprising a first
stage during which catalyst support particles are impregnated with a solvent
carrying a chromium compound and a second, optional stage during which the
5 product from the first stage is impregnated with either a titanium or an
aluminium compound. The chromium compound is a chromium oxide or a
compound, which can be converted to chromium oxide by calcining, such as
chromium nitrate, sulphate, carbonate, acetate, acetylacetonate, ammonium
chromate or tert-butyl chromate. The aluminium compounds mentioned are

10 acetyl acetate, acetylacetonate, alkoxy or alkyl types.

US 4,814,308 discloses a catalyst support particles laden with chromium,

phosphorus and aluminium, each in oxide form, used in combination with a co-

catalyst. The supported catalyst is formed by means of impregnating the porous
15  support particles using chromium and aluminium organometallic compounds in

an organic solvent.

WO 2009/053672 discloses a method for loading the pore structure of catalyst

support particles with chromium and aluminium as well as boron using aqueous
20 or lower aliphatic alcohol solutions and non-organometallic salts.

These methods, and other methods known in the prior art, may be used for

loading compounds containing catalyst metal into the pore structure of the

catalyst support particles of the invention.

25 The catalyst precursor of the third aspect of the invention suitably comprises,
as carried material, typically deposited in the pore structure, although some
material may be carried on outer surfaces of the catalyst support particles, from
0.01 to 3% by weight of chromium, if present, expressed as the element,
preferably from 0.1 to 2%, more preferably from 0.25 to 1.5%. The catalyst

30 precursor suitably comprises, as carried material, from 0.1 to 8% of aluminium,
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if present, expressed as the element, preferably from 0.2 to 4%, more
preferably from 0.5 to 2.5%. The catalyst precursor suitably comprises, as
carried material, 0.1 to 8% of titanium expressed as the element, if present,
preferably from 0.2 to 5%, more preferably from 0.5 to 4%. Mixtures of the
5 metals may be used, or only one of the metals may be present. The levels of

chromium, titanium and/or aluminium are suitably measured by means of XRF
(X-ray fluorescence) using for instance a PANalytical™PW2440 Magix Pro
Instrument as supplied by PANalytical BV, Almedo, the Netherlands. Samples
for analysis are first calcined at 1000°C in air for 1 hour and prepared as fused

10  beads using a lithium borate flux. Fusion is typically between 1000°C and
1250°C.

The amounts of catalyst metal present as carried material (i.e. typically
deposited on the surfaces of the catalyst precursor, particularly surfaces within

15  the pore structure) are determined by comparison with the measured levels in
the inorganic support material prior to impregnation to form the catalyst
precursor. The levels present as carried material are obtained by subtraction of
any contribution from materials already within the structure of the inorganic
support material.

20
A fourth aspect of the invention provides an olefin polymerisation catalyst
obtained by heating a catalyst precursor according to the third aspect of the
invention, in a non-reducing atmosphere, preferably an oxidizing atmosphere at
a temperature from 200 to 1200 °C, preferably from 400 to 1000 °C for an

25 activation period from 30 minutes to 15 hours.

Preferably, the non-reducing atmosphere is an oxidizing atmosphere, such as
an oxygen-containing atmosphere such as air or oxygen or mixtures thereof.
This process is known as activation or calcination of the catalyst precursor in

30 order to form the active olefin polymerisation catalyst. Activation may proceed



996 2.20 -- 3.0 3.0 91 900 2.40 -- For the Exanples in Table 1, formation
of hydrosol was by m xing sodium 10silicate (24.5% Si 02 having Si 02: Na20
nol ar ratwo 20f1/3142) w th sul phuric acid and wat er underpclrigBosineess3wi t h a
nolar ratio of 1.4 for H2SO4: Na20. The target hydrosol solids content was
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initially in a non-reducing atmosphere free of oxygen followed by activation in
an atmosphere comprising oxygen, or vice versa. Any suitable activation
process may be employed.

5 Typically, the activated olefin polymerisation catalyst comprises levels of
catalyst metal, as carried material, similar to the preferred levels detailed above
for the catalyst precursor. The levels of chromium, aluminium and titanium are
suitably measured by means of XRF as detailed above. The amount of catalyst
metal present as carried material on the catalyst support particles are obtained

10 by subtraction of the measured amounts already in the catalyst support
particles prior to impregnation to form a catalyst precursor.

A fifth aspect of the invention provides a method for polymerisation of one or
more Cy to Cg a-alkenes characterized in that the polymerisation is carried out

15 in the presence of an olefin polymerisation catalyst according to the fourth

aspect of the invention.

A sixth aspect of the invention provides the use of an olefin polymerisation

catalyst according to the fourth aspect of the invention for polymerisation of one
20 or more Co to Cg a-alkenes to generate low melt index polymers. In particular,

the olefin polymerisation catalyst is used for generation of low melt index
polymers, such as polymers having a High Load Melt Index (HLMI) of 15
g/10min or less, more preferably 10 g/10min or less. The HLMI may be greater
than 1g/10min.

25

Mixtures of alkenes or alkenes in combination with other monomers may be
employed. The use of the catalysts prepared using the methods of the invention
and from the catalyst precursors of the invention is not particularly restricted to



crushing. The crushed hydrogel was washed with water acidified to pH 3.3
with sulphuric acid in order to renove Na2SO4 arising as a by-product of
gel formavoamuymnmizal so to renpve excess sul phuric aci dpecTheB2oaloessBor
silica by weight in the table is for the washed hydrogel, wth sol uble
salts that are the by- 5 products of the sol-gel formation substantially
renoved fromthe pore structure of the hydrogel. Portions of the washed
hydr ogel were subsequently aged using the conditions set out in Table 1.
The aqueous agei ng solution was buffergy using citric 10 aci d/sodi um
citrate. The ageing tinme used in each case was 20 hours. After ageing, the

| pH | acitdifi ' ater washed
o th et or SREnERpRmErRaRoh Byt i@ palichlaf SUfifble I AnAEDIPARE TEE ot "axchange
was carri edatalystsuvayerasetamcombimatine withdhecgtalysté prepared GoRdpeat ed washes

wi th net hanol were rried . out untjil t resjdual water. was. 1% wei ght or
ess. "The. ReEchiRer oL nVENEn guiby the metfod e v iBhy JvCRLY A < by
evapor at i olctpfatioB! thaatalystadteoléd A9 ambiert esteipératuie (Sdy {514 85°0F\andcnB/ g)
Na20(p§)rr) pHinitial pHfinal tinme (hgurs) o )

stored ready for use in polymerization. The catalyst prepared using invention

may be used in a variety of homo- or co-polymerisation routes, for instance for

the production of polyethylenes, by process routes such as solution, slurry-loop,

solution CSTR (continuous flow stirred tank) or gas phase polymerisation.

10 It has been found that olefin polymerisation carried out according to the fifth or
sixth aspects of the invention results in the measured catalyst activity and
NCTL/ESCR behaviour for the polymer produced being higher, for a required
Melt Index (MI) and density targets for the polymer produced, than for prior art

catalyst support particles with surface areas less than 600 m2/g and/or pore

15  volume less than 1.5cm3/g. Ml is roughly a measure of the polymer molecular

weight, with a high Ml corresponding to a low molecular weight for the polymer.
For catalysts with the same pore volume but differing surface areas, the
catalyst with the higher surface area will have smaller pore diameters and
consequently is suitable for making low MI polymers (i.e. polymers of high

20 molecular weight). The catalyst of high surface area may be activated at a
relatively high temperature yet still achieve the required low MI target.
Activation at a high temperature gives good catalyst activity.

For the same catalyst, polymer of the same M| (and same density) produced
25 from a catalyst activated at a higher temperature will typically have poorer
NCTL/ESCR characteristics than if the catalyst were activated at a lower
temperature (and a higher polymerisation reaction temperature must typically
be employed). For the same catalyst PV and the same activation temperature,
polymer of the same MI and density produced from a catalyst with high surface
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area (which requires a higher polymerisation reaction temperature) has
improved NCTL/ESCR behaviour than if a lower surface area catalyst were

used.

5 Taking these trends into consideration, a catalyst particle with a high surface
area for a particular pore volume will allow for a higher activation temperature
to be used to achieve a specific Ml target, giving better catalyst activity, whilst
also maintaining or improving the polymer NCTL/ESCR characteristics,
compared to a polymer produced using a catalyst particle with a lower surface

10 area but the same pore volume.

Polymer activity is the weight of polymer generated per weight of catalyst used

per hour. Without wishing to be bound by theory, it is thought that the improved

catalytic activity may arise as a consequence of the higher surface area of the
15  pore structure in the catalyst support particles.

Also, when the activated catalysts are used to catalyse polymerisation,
polymerisation at active sites within the catalysts tends to lead to fragmentation
of the support particles. This fragmentation of the catalyst particles during

20 polymerisation is an important and advantageous feature as it means that
catalyst particles do not have to be removed from the polymer — they may
remain as a “filler” in the polymer. However, if large, un-fragmented catalyst
particles remain in the polymer, these can lead to defect formation in articles
subsequently formed from the polymer. The invention provides catalyst

25 particles which fragment easily during polymerisation, reducing or eliminating

downstream process defects.

The invention will now be described further by reference to the following, non-
limiting Examples.
30
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Examples

Figure 1 shows a schematic flow chart representing the process steps of the
first aspect of the invention.

5
Table 1
Hydrogel | Ageing condition Xerogel properties
Si02% pHstartof |pHendof |Ageing | SA PV Nay0
by ageing ageing T%c) | m’g) | em’g) | (ppm)
weight
25% No ageing 927 0.69 -
4.1 4.1 65 904 2.51 --
5.0 5.0 65 677 2.64 --
5.0 5.0 55 808 2.61 569
5.0 5.0 45 928 2.45 --
4.0 40 65 933 2.25 -
27% No aging 1036 | 0.91 -
2.9 3.0 47 1046 | 1.18 -
30 30 58 1054 150 |92
3.0 3.0 78 996 2.20 -
3.0 3.0 91 900 2.40 -

For the Examples in Table 1, formation of hydrosol was by mixing sodium

10 silicate (24.5% SiO2 having SiO2:Na20 molar ratio of 3.22) with sulphuric acid
and water under high shear with a molar ratio of 1.4 for H2SO4:Na20. The

target hydrosol solids content was about 16% by weight of SiO2. The hydrosol

gelled in about 7 minutes and was allowed to mature for 70 minutes prior to



4.0 4.0 24 915 2.44 104 37 For the Exanples shown in Table 2, the hydrogel
was prepared as set out above for the Exanples set out in Table 1, but with
varyi ng agei2og/tei4es and a fixed ageing tenperature of @®BET/GHz011/d0bEBSE
Exanples in Table 2, the buffer 5used was sodiumcitrate/citric acid. Table
3 Ageing condition Solvent Gel properties pHinitial pHfinal Type

36

crushing. The crushed hydrogel was washed with water acidified to pH 3.3 with
sulphuric acid in order to remove Na2S0Og4 arising as a by-product of gel

formation, and also to remove excess sulphuric acid. The value for silica by
weight in the table is for the washed hydrogel, with soluble salts that are the by-

5 products of the sol-gel formation substantially removed from the pore structure
of the hydrogel.

Portions of the washed hydrogel were subsequently aged using the conditions
set out in Table 1. The aqueous ageing solution was buffered using citric

10  acid/sodium citrate. The ageing time used in each case was 20 hours. After
ageing, the gel pH was adjusted to pH 2 by acidification. The gels were later

washed with water acidified to pH 3.3, prior to solvent exchange.

Solvent exchange was carried out using methanol as the exchange solvent.
15 Repeated washes with methanol were carried out until the residual water was
1% by weight or less. The methanol-exchanged gels were then dried to form

xerogels by evaporation of methanol.

Table 2

Ageing conditions SA PV NaoO
pH pH time | (m%g) | (cmlg) (ppM)
initial | final (hours)

No ageing 0 1096 |1.16

40 40 4 1072 | 1.71

4.0 4.0 8 1033 |2.18

40 4.0 12 983 2.24

4.0 4.0 16 951 2.32

4.0 40 20 940 2.43

4.0 4.0 24 915 2.44 104
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For the Examples shown in Table 2, the hydrogel was prepared as set out
above for the Examples set out in Table 1, but with varying ageing times and a
fixed ageing temperature of 65°C. For these Examples in Table 2, the buffer

5 used was sodium citrate/citric acid.

Table 3

Ageing Solvent Gel properties

condition

pH pH Type Surface SA PV

initial | final tension mig) | (em°/g)

(mN/m)

4 4 Water 72.8 834 0.74

4 4 Methanol 22.6 872 1.97

4 4 Isopropanol 21.8 864 1.98

4 4 Trifluoroacetic 13.6 869 3.80
acid

For the Examples shown in Table 3, the hydrogel was prepared as set out
10 above for the Examples set out in Table 1, but with a SiO2 content of 15% for

the hydrogel. The ageing time was 24 hours and the ageing temperature was
65°C. For these Examples in Table 3, the buffer used was again sodium

citrate/citric acid.



21.8 864 1.98 4 4 Trifluoroacetic acid 13.6 869 3.80 For the Exanples
shown in Table 3, the hydrogel was prepared as set out 10 above for the
Exanpl es wetzonuts141p Tabl e 1, but with a Si 02 content of pt3A6HE2011/d00%83
hydrogel . The ageing tinme was 24 hours and the ageing tenperature was 65C.
For these Exanples in Table 3, the buffer used was again sodi um
citrate/citric acid. 38 CLAIMS 1. A process for preparation of catalyst
support particles having a pore
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CLAIMS

1. A process for preparation of catalyst support particles having a pore

structure with a pore volume of 1.5 cm3/g or more and a surface area of 600

5 m2/g or more, the process comprising:

a) providing a silica hydrogel having a solids content from 15% to 33% by
weight by acidification of an alkali metal silicate,

10  b) forming the silica hydrogel into hydrogel particles,

c) washing the hydrogel particles for a period of 1 hour or longer, at a pH of 3.5
or less to substantially remove salt,

15 d) contacting the hydrogel particles with an aqueous ageing solution, arranged
to provide an aqueous dispersion having a pH from 3 to 5, and at an ageing
temperature from 40°C up to the boiling point of the solution, for an ageing
period of 4 hours or longer, to provide aged hydrogel particles,

20 e) carrying out solvent exchange on the aged hydrogel particles with a liquid
solvent having a surface tension of 35 mN/m or less whereby the aqueous
solution in the aged hydrogel particles is substantially replaced by the liquid

solvent, and

25 f) substantially removing the liquid solvent from the aged hydrogel particles to
provide the catalyst support particles.



structure with a pore volune of 1.5 cnB/g or nore and a surface area of 600
5 n2/g or nore, the process conprising: a) providing a silica hydrogel

havi ng a wol2odsiecant ent from 15%to 33% by wei ght by acipdirfgeatiimom4sf an

al kali metal silicate, 10b) formng the silica hydrogel into hydrogel
particles, C washing the hydrogel particles for a period of 1 hour or

| onger, at a pH of 3.5 or less to substantially renove salt, 15 d)
contacting the hydrogel particles with an aqueous agei ng sol ution, arranged
to provide an aqueous dispersion havimgpa pHfrom3 to 5, and at an ageing
tenperature from40C up to the boiling point of the solution, for an ageing

i od of h . ' . nart i
DSyt ot oo aiess And & Rt SRR RGBS Hohe 1038 1)
sol vent hahoorg, prefenablyfeorhdnteid@hhairs.35 mN' m or | ess whereby the aqueous

solution in the aged hydrogel particles is substantially replaced by the
liquid solvent, and 25f) substantially renoving the liquid solvent fromthe

aged hydrogel PpArpgroédstsadcordm@id 6lgint heor eriidl WwheriPhRI dgadaiydrégedtaf 39 2.
A process according to claiml1 wherein the ageing period is from4 to 30
hours, Prestarabliyacidified4oadhbipssdhan 3 after ggeingpn stepd) anddesfarensplvantcl ai m 1
or claim?2 W | ged hydrogel of 5 step d) is acidified to a pH | ess
than 3 after agngeﬂatslrég) @t’ ep d) and before solvent exchange in step e). 4.
A process according to any preceding clai mwherein the aqueous agei ng
solution cqonpriges a bufferd.ar anged to .proYi.de t he. qﬁueous di saersi on with
a 10 substdnti a IWO%%%%C&H[ DG ¢ rgcggmg c\mrinl\gtgerg% ﬁ(?[qiuﬁau?ﬁ e'H?drogeI
particles teluRb®¢bMPrisaes bayfer aahgetbiot prelide the Bquébuy dissersiodGaity i ng to
claim4 wherein the buffer is a sodium carboxyl ate/ carboxylic acid buffer.

15 6. 10 ppukstantialy copgianyptidroam g teSowhilst sgntactingihgrdsege! padicies toent i s
r enoved Unﬂﬁfvi&é Qjé‘éﬁ&ﬁr@géﬁfpaﬁé@éphe” C pressure or |ess.

5. A process according to claim 4 wherein the buffer is a sodium
carboxylate/carboxylic acid buffer.

15
6. A process according to any preceding claim wherein the solvent is
removed under a pressure of atmospheric pressure or less.

7. A process according to any preceding claim wherein the hydrogel
20 particles prior to ageing have a surface area measurable on the washed

hydrogel, after drying at 150°C, of 920 m2/g or more.

8. A process according to any preceding claim wherein the hydrogel

particles prior to ageing have a pore volume measurable on the washed

25 hydrogel, after solvent exchange, of 1.3 cm3/g or less.

9. A process according to any preceding claim wherein the silica xerogel

comprises at least 90% by weight of silica.



7. A process according to any precedi ng claimwherein the hydrogel 20
particles prior to ageing have a surface area neasurable on the washed

hydr ogel ,wef2berietsigi ng at 150C, of 920 n2/g or nore. 8PCAVGB20LIADHE43
according to any preceding claimwherein the hydrogel particles prior to
agei ng have a pore vol une neasurabl e on the washed 25hydrogel, after

sol vent exchange, of 1.3 cnB/g or less. 9. A process according to any
precedi ng clai mwherein the silica xerogel conprises at |east 90% by wei ght
of silica. 40 10. A process accordingto any preceding claimwherein the
catal yst support particles have a pore volune of 1.8 cnB/g or nore. 11

par 1 cles fove APRdea okl Branhebefn M e ife RRIALRBURTCT i o

to any pre i erature is fromGOCtothe
boi l'i ng po gﬁlluoég tﬂr\{é%(‘é@ﬁgﬂ]s h??on whgn aged at pH3 and from40C to 71C

when aged at pH 5. 10 13. A catal yst support particle obtained by the
process of any one of clains 1 to 12. 14. A catal yst support particle
according 1% cléunwcg;sracéommgq@ anypiesedipg staimavhessin thpsatatysd suppertat 25C

in a slurré of . bail ed, m ner al i 58 ter with 12.5g of catalyst support
per 100%L B# |§|el§rr}ayeasi acﬁﬁfﬁ?&fé M 9B P particl e according to claim13
or claim 14 having a soda content from20 to 1000 ppm by wei ght. 20

12. A process according to any preceding claim wherein the ageing
temperature is from 60°C to the boiling point of the ageing solution when aged
at pH3 and from 40°C to 71°C when aged at pH 5.

10
13. A catalyst support particle obtained by the process of any one of claims
1to 12.

14. A catalyst support particle according to claim 13 providing a pH of 6 or
15 less when measured at 25°C in a slurry of boiled, demineralised water with
12.5g of catalyst support per 100ml of slurry.

15. A catalyst support particle according to claim 13 or claim 14 having a
soda content from 20 to 1000 ppm by weight.

20
16. A catalyst support particle which is a silica xerogel comprising at least

90% by weight of silica, having a pore volume of 1.5 cm3/g or more and a

surface area of 600 m2/g or more, wherein the catalyst support particle

provides a pH of 6 or less when measured at 25°C in a slurry of boiled,
25 demineralised water with 12.5 g of catalyst support per 100ml of slurry, and
. having a soda content from 20 to 1000 ppm by weight.



16. A catalyst support particle which is a silica xerogel conprising at

| east 90% by wei ght of silica, having a pore volunme of 1.5 cnB8/g or nore
and a surweceeiriarsea20f 600 n2/ g or nore, wherein the cat acyaiB2supposss
particle provides a pH of 6 or |ess when neasured at 25C in a slurry of
boiled, 25 dem neralised water with 12.5 g of catal yst support per 100nil of
slurry, and having a soda content from 20 to 1000 ppm by weight. 41 17. A
catal yst precursor conprising a catalyst support particle according to any
one of clains 13 to 16 conprising a cogpound of a catal yst netal deposited
within the pore structure, preferably wherein the catal yst netal conprises

chrom um i I | ; O%Hcﬁ- r

obt ai nabl e%’y h'éacta %S@P%éal{rg ryésbt"p%lr%ﬁé E(ﬁ)t%wasggg;?@rﬁéé@glec al H?'igtc?n a

non- r educi agy aheof plaene 13to 46 cempeisiigLa eorhpaund6fa tatalyddhetalf or an
activation period from.30 mnutes to 1 urs. .19 . A net hod, for

ol yier i aadbtis R i e pih SuStles egfesal nbiseait dies PR TRl 1 that ¢ he
pol ymer i satb@prisss @bmi@d, out in the presence of an olefin polynerisation

catal yst according to claim18. 15 20. The use of an olefin polynerisation
catal ys? according to claim 18 for polymerisation of one or nore C2 to C8

a-al kenes 48 9eRFLRR PohSRddtioh ey A YbVATRES or obtainable by heating a
catalyst precursor according to claim 17 in a non-reducing atmosphere at a
temperature from 200 to 1200 °C for an activation period from 30 minutes to 15
hours.
10

19. A method for polymerisation of one or more Cy to Cg a-alkenes

characterized in that the polymerisation is carried out in the presence of an

olefin polymerisation catalyst according to claim 18.

15 20. The use of an olefin polymerisation catalyst according to claim 18 for
polymerisation of one or more C2 to Cg a-alkenes to generate low melt index

polymers.



