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76384 S| LI CA FROM SI NGLE PHASE CONTROLLED HYDROLYSI S OF Sl LI CATE ESTER
&hi's-invention relates to the production of silica by hydrolysis of a

'ﬁlcate ester under controlled conditions. It is well known to produce
Siliga by a sinple procedure 5- wherein a sodiumsilicate.solution is
precipitated with an acidic material. This technique is inexp23§7§§33§2F:
gives a silica which inherentty has sufficient strength to res &
shrinkage of the pores during sinple drying techni ques such as oven dryi ng,
tray drying, spray drying, or drying under -a heat -1anp. Such a silica has,
relatively 10 small pores, however, which is a di sadvantage in sone
applications. Nevertheless, it -can be used as a support for a chrom um
catalyst for olefin polynerization in a solution process with excellent
results. However, in a slurry systemsuch a catal yst tends to produce
pol ymer having an excessively high nol ecul ar wei ght because the
tenperature, 15 which is sinply raised. in solution systens to decrease.
nol ecul ar wei ght, nust be kept | ow enouglt that the polymer does not go into

sol-uti-on. It is known thatgrhirt2FReM SHiEE ?Hﬂ cBﬁ'i'ﬁ/d'ﬁ‘F.bzatiO” activity of
silica supported chrom um ca ROIYS 1S TP sHeYc EsteRr OF special inportance
in'slurry polynerizations.—tTmm—partrcutar, Tt grves asupport 20 which

results in |ower nolecular weight polymer. In order to take full advantage .
of ‘the inprovenentrhsdi Gvearidie idfatetedo! Aneh@rohiriondet GaNaks! byy
t hr ough tne'u e of tltau&un1|n accordance wt tge pri,of art, the titanium
had to beP¥FRlEErpicfd 313524 eRtesppIen cantraliled oodit19n§ - hydr ogel (cogel )
dried by a nmor e exPenis we1az &abwm peo dpsddulckasiDitaOby2d simfdehphgestdulrk a
| i qui d. oxygen-.cont ai ni.n t.er . sol upl.e organic_conpound sq.as to renpve the
i herS SuRBERE0 R WelilR, Hchng Opo i o 380 Ea RNEFEY N0 am AcBRET ! ©, e
hydrogel materiadqueThis Seshsique is inexpensive and gives a silica which

inherently . has sufficient strength to .resist severe shrinkage of the

pores during simple drying techniques such as oven drying, tray drying,
. spray drying, or.drying under a heat lamp. Sﬁch a sil&ca has relatively
10 small pores, however, which is a disadvantage in some applicatioms.
Nevertheless, it can be used as a support for a chromium catalyst for
olefin polymerization in a solution process with excellent results.
However, in a Sihrry system such a catalyst tends to produce polymer
ha%ing an excessively ﬁigh molecular weight because ihe temperature,
T 15 which is simply raised in solution systems to decrease molecular weight,
must be kept low enough that the polymer does not go into solution.
| It is known that titanium affects the polymerizatioﬁ activity
'of.silica supported chromium catalysts in a way that iQ of special
importance in slurry polymerizations. In particular, it gives a support
T 20 which results in lower molecular weight polymer. In order to take full
advantage of the improvement which can be imparted to the melt index
capability through the use of titanium im accordance with the prior art,,
the titanium had to be coprecipitated with the silica and the resulting
hydrogel (cogel) dried by a more expensive azeotrope distillation or
-~ 25 washing with a2 liquid oxygen-containing water soluble organic compound
§0 as to remove the rather substantial amount of water present because of

the formation of the hydrogel in an agqueous system.



2 Also, in any procedure involving the precipitation of silica froma 7
sodiumsilicate, the sodiumions nust be washed fromthe final product :

- which is a serious dissadvantage. It is kno inthe art to prepare a silica
by the hydrolysis of an 5 ester but this has heretofore resulted in the’

production of hard beads of silica which Silnt 8 JiQhca from
appl {cati ons such éés%uﬁﬂo?'tyspF%?eadé'ﬁ?o]Tﬁvu%'%gtPﬁg gg@@{%}rﬁao ofin o

-pol ymeri zagi Qg bl s@Q{Ea{tésttl{ehssd:lumVMS mnsff)rb@VV%Fé@dafrrﬁ’F‘oE’é"ssﬁF%]r PEPYHfiici ng -
| arge pore silica fromsilicate esters and WlthOUt the necessity for
renoval of W‘I“eﬁrhgésfbseé}ﬁﬂfnfhs agyatkaBEr  Accor di ng tq.th t hi.s 9 o’}sﬁ?
process conprises (Ia)ibyidoeh yisi blye Rr&i 1 PEERATESE T gg2 bgab?&f E‘H !\TMOI[

in the presence.of L GRYNAC ,sctlh&elmodpte:mnbf |harérb@ﬂﬁmft Slllca
such that EAESThYHF %?’?’ies{s‘ﬁ*ee}(b%?*@f@ H

ace in has N sfand
“15 : which premesdglﬁmwﬂ@m gP‘ﬁ,df:at%{lgsguc?ieg%tS%%ﬁ&ﬂbt%Qéﬁ%i&thy( b)
i nduci ng pat Ealgs%sgf&%befl'ﬁ %&l@m@ﬁimeaﬁous reaction product of step (a) by

_ addi ng addi wat er thereto .and maint h LEs£ T ot eRGHLOThgD Larkect
for a period of tim &PPFEASH HEFpaPYTHE owgdtetsaﬁ Igrloevat eg e'ﬁfar'pera

upto the reflixsiieppeiramusidiobtd ot and without thenesesth Befdh r8'ﬁ°vali 5¢ large
products, the total H O:-silicate nole ratio of steps (a) and (b) not

exceedllﬁ’g AFoynty (‘?)E %Fé(:l pitati ng an aqueouys silica t he reaction
product of step (b)Adyording g ter dREHEECR 1@n‘lf°8?s?% m‘f)tglrst |g]cl e growh

stage an aci d- neut r?h S, grda%iﬁglg agEithte axte2Sy reaction with(ypteZechhrhei p]rgfsence
om

wat er and sol vent f e precipi.tated: Leag Qétl&t RfanShfduntCauch that
thereby to recover Phed FYPE‘H‘EJ‘F'F Qrganig s ﬁg&cﬁﬁprgact efi SatIC feature of

‘this invention is thgs k{ylaeomsdsotal&ssﬂa:ecm 1ei ethalet PhasgereacsRoR (AR S Ao -

‘that. only one phase is present hebe GRAc PR napesipkt shed
wi t hout'1 %/he use of  &R° Fs?ﬁc’g'?gen%%erea %rér{wﬂt Qee pro((iluctn go eETIE %odu%&

i nduced to undergo gapt umldecgrgomttl&ﬂeamwhﬁldw £ rﬁ@?geﬂ‘&ﬂu%éreprem pftate
‘and the relatively sgaséepa@p% delv,\@t ggdlaagials%ymtthpfmemd @apntaining the

d11uted reaction product for a perlod of time at room temperature,
or at an elevated temperature upto the reflux temperature of the
20 a diluted reaction products, the total H20 5111cate mole ratio of
o :steps (a) and (b) not exceeding 20: 1 '
(c) prec1p1tat1ng an aqueous 5111ca gel from the reactlon product
.of step (b) by adding thereto at the end of the partlcle growth

stage an ac1d—neutrallslng gelllng agent; and-
(d) separatlng water and solvent from the precipitated react1on product

I~
w

of step (c), thereby to recover the prec1p1tated 5111ca..

The character15t1c feature of this invention’ 1s that the hydrolysis is. carried

out under cond1t1ons such that only one phase is present, conditions which

‘can be accompllshed w1thout the use of an emu1s1f1er. Thereafter the ‘product

30 organosol is 1nduced to undergo partlcle growth after which the gel can be

¥

'prec1p1tated and the relatlvely small amount of water and solvent present can

be removed. _
'Since the invention gels are no
s
by reaction with an acid as in many convent10na1 prior art processes, the gel

t derived from an alkali metal silicate

w—

35 are not contaminated with alkali metal cations and



{

"rempved. Since the i nvention gels are not derived froman al kaI| nmet al
Fcate by reaction with an acid as in magy conventional prjor art
pcesses, the gels 35 are not contam nat&d with al kal ¥ net al cations and

the cor rafep ' S e Frwﬁp r
cont am na gég},q?:g%&gmgaué’f;q\}u/ashfrﬁgéfg r%’%gva @0&’ fa?'ge amount
of wat er canteRinAtieg tons byt waten weshing fotheved ﬂavca@r@veét ehshn ilerzed N

form ng ifiRn®eSwvatler! {litSoduced Q¥ S LRE pe 2o Aot r epresented as [err] whére R
is an al kyl grou - containing from1 to 6 carbon atons, i)referably from3

to 4 carbon at ondhe pshiicatat pyteysemiilized dmp forming the gals
ort hgsi Iimhel&eqausoeofxep&ésemaal abi §i(or) r@ixé’zte' welfs |aQWa£B§£, :a
effectlveoeg_?sjn Rr 9cess. ther sul t ers at(featet a-1.so
ort hosi | F¥5eLR1Nge F%{" 16° CHEhAR P LORSH RRS FF‘& Ye rqm,$ s‘drﬁ%f’;}f’“‘s'
ort hosi | A gadesentlyt paefedredytompouhdsis tteai-ae-n-iihapylr gﬁlrhotsﬂsma\tenbeamboyed in
Lhe Procgss£anhe Ay by AUl 0Ll THLUALLY, P Uredt Qleplss o | GRSt
suff|C|enIy m Scr bl e he %% 184t ¢ est “PRE rEtu i'ng
hydr ol yzpstbeess i clthdrasuptable esterssqyatetxmsmlmnthesmcauo; |tngr4-he
hydr@] vy g (o] d 0
 mat eirdl afﬂs%gfgﬂjgi%ﬁl@Pi%o aQEYO? er 9% relwg g osfl}%ﬁggisl%%hgésg%gnﬁ%% sed. It
i's nost exyhesitisates o use a- saturat ed al i phatic al cohol containing from1l

to 6 carbon atomrhem&faai@mmvéné meal&f’é@?ﬂ éﬂeOBEo@e?sst B@n el Hﬂi‘th §id‘C€ an e
al cohol is-forme romthe_ silicate ester durin g%%giérol Sis.  Most

pr ef er abyBAct tm’éualr‘tzmbfse}ﬂese%% &f a&r%ewoe&flgbﬂth ater,
hydrol yStli?e gn\lﬁ:Saﬂeh&ssafrEaﬂd cﬂh.olre%altfngallryeadyyzwesemcwrthat pResé has the
car,bon at 0 one, net hyl

oty kersamatichn 0pen A Beeur GiHRg Yud ydetveas D ST B0 &88anol
1- but anotqntainiifg, humidb' 11@mlbtolnginilc mo;xairadls arg- useﬂhqlth’bugh ogtheol ,

1- pentanﬁuter1gis such as amines can be used. It is most ‘convenient to use a.

..
:'-

saturated, a11phat1c alcohol . conta1n1ng frmm 1 to 6 carbon atoas,
preferably 3 to 4 carbon atoms as the solvent, since an alcohol is formed
20 from the silicate ester dur1ng its hydrolysis. Most preferably, the
alcohol and ester are chosen so that the ester on hydroiysis gives the
same alcohol as is slready present or at least has the same number of
carbon atoms. Exemplary-SOlvents include acetone, methyl ethyl ketone,
ethyl acetate, methanmol, ethanol, l-propanol, isopropamol._l-butanol, 2-
25 butanol, 2-methyl-l-propanol, :meethylezepropanol,. l-pentanol, 2-
pentanol, 3-methy1-1fbutanol, 3-methy1-2-bhtanol, 3-pentanol, 2-methyl-
2-butanol, 2,2¥dimethy1-1-propanol; 2-methyl-l-butanol, l-hexanol, and
the like. Presently preferred_compomnds'inclnde_ethanol 2nd the 3- and

gy

4-carbon alcohols because of their_avsilability and good solubiiity in
30 water. The 3 and & carbon atom alcohols are preferred over ethanol
because of their slightly lower voletility which is best suited for use
in this invention. . _ | | . .
In one embodiment, the Si(OR)4 is made in situ by reacting SiX,
where X is bromine, chlorine or 1od1ne with an alcohol, e.g.,
35 erﬂ + 4RO ——> SI(OR)a + 4. The X formed is removed by reflux1ng -
the reaction mixture and/or purging it w1th an inert gas such as argon,
carbon dioxide or nitrogen. The preferred SrXA is SlClA because of its
ready availability and relatively low cost. Alternatively commercially

available silicate esters can be used.



pent anol , 3- nethyl-l-butanol 3- et hyl - 2- but anol, 3-pentanol, 2-nethyl- (:Z%Ea
2- but anol, 2, 2- dlnethyl-l-propanol 2- et hyl -1 -butanol, 1-hexanol, and the 7
like.,-. Presently prefetrred conpounds i ncl ude ethanol and the 3- and T
4-carbon al cohol s because of their availébility and good solubility in 30
~water. - The 3 and 4 carbon atom al cohols are preferred over ethanol because

- of théh# slightly lLower volatility which is _best sui e
Tinvention. In ong RRFGERETRI t'i‘?feﬁ’%r"r“?“?% of e nuthl ﬁe‘{) é}fcf’ ﬂ@’tlgﬁf@

\[Nher ]e Xrbscﬁ%arrimlfcrm @é1mfv91y |sgd1n.e Riéferablyg)| cwf:ﬂnomﬂ: of dfter ém’;ﬂb}'edl-
err] - or e re t reagti

mi Xt ure én% 6‘% é?.ﬁjf:?fgcq\l?m Tih ieup tar Uegu asP A ﬁﬁ%ﬁy g a?:l’l (l)nxr%e

or  nitr pgeferabhy firoaf byl &d Si2Xtines Fkﬁlspotﬂh;amenxlofamqustrn§&§§Sa¥Vat¢eﬂ@ﬁtti:y

and sel ahity Ghy &Pgsggéﬁzlﬁtaq&n@f 'tHE! Qerep YIRLGE Aol Vnd K31 Bk Coctlek | i Be

esters can be erre t he amount of water utilised
in the Mmpefol Fare mushhe exenaised finpthe Pracedpse ofs samhinipg Hhe, shjigatq gater

anD]ant %{nd%ﬁaﬁé@' panad chiBaralpOakt thbesﬁstrelmaoaﬁ ahya c%BBéHiTp:Ltft[édﬁh&éi'lhD :
preferably Q

to nor e rably. from1.
ste0i chi OFesfh %%Wd'@ni’r ??@GBE%Jé'r'y ﬁ'l? r?a%\'cf’ngy ongj lE}}?Sﬁl:’rs’ BFeseeélge‘r‘R‘ilél BSLALEP™ of
t he est e gffutpad) nIhJDﬁedSI ho phhee apperatdan dreuns @t. allauplenssthdgedakion sed

tyl h
ey L e
form ng qcfr elmatwar@ yThlﬂ'hran bes acoonpliohersl phatiwe ¥aysr esent unti I gel at ionis

ef fected. "I ndeedp; 7@ PAGCa SRR a2 it 6% 81k 11u8ed infeinakat ire 10
itself is regarded as a phase Separation whic is not in the usual sense

of the i#sHAICE as ddhtife agcRdnpP %eaeq%nfv&?%% baged op tft?nFyta& fERYNES |
anmount off eotetcBb HeSadde] tal beaddiliz&DHini fEdlafCe Cendrally | labods N1lty Aloune

ﬁ? Irc]1 nt Sﬁlﬂl\ﬁse E)Egr?%sted ﬁn télh\?%)st tal renc))éJ L Oefsfggtfsr uggd tJ).git:.aq&d. %%nelbaelly,
a very small amount of water and 'a hydrolysis catalyst such as the well known
acid catalysts are present with the solvent. Thsn the ester and water are
slowly or incrementally added, i.e., at a rate such that the water is used
up in the hydrolysis about as fast as it is added. The alchohol resulting

20 from the hydrolysis provides the additional solvent needed to maintain the
hydrolyzed silica in solution as it is formed, thus keeping the amount of solvent
to a minimum. This is desirable because a more concentrated solution inherently
gives greater strength to the resulting silica and hence less collapse on drying '
and hence larger pore size.

25 Alternatively, a sufficient amount of solvent can be used initially
'so that all of the water and ester- can be added essentially simultaneously

without phase separation. This is less desirable, however, since the more

1 %

dilute gel gives a lower strength silica. As with the first procedufe,-a
. conventional hydrolysis catalyst can be present.

30 In a modified technique sccording to this invention, applicable when:
the ester and water are added slowly to a small amount of solvent at a rate
such that the water is used up about as fast as it is added, the additon of
extra water at the particle growth stage, i.e. at the end of the hydrolysis
reaction, can be omitted, and the particle growth step can be effected simply

35 holding the hydrolysis reaction mixture at toom temperature, or at a temperature
upto the reflux temperature of the mixture, for a period of time sufficient
for particle growth to occur and prior to precipitation of the gel by the addition
of the neutralising agent. '



, “vol ume percent solvent based in the total ester is used initially.

\ nerally, a very small anmount of water and a hydrelysis catal yst such as
‘he wel |l known acid catal ysts are pgesent with the solvent. Then the ester
:and water are slowy or increnental added, i.e., at a rate such that the
water is used up in the hydrolysis about as fast as it is added. The ,-

al chohol  r efjult lﬁgaZQOdlfié@@nhhﬁlﬂme Usysdss, 9ﬁ€‘i‘n@§x§t1tonecd?ﬂgi§%sonal soent
needed to mainfain_the hydrol yzed silica 1n solution as It

keepi ng théaammwlbsfa@aneeﬁqtﬂwa&emﬁemﬁﬁd YAter te afeinitdslcaunssitte a
nore concergs at%ie'irOhigdlBI\e ioraeE RN bbIvedt VAS agf-aﬁféi Slctb th@hghl dtekhe

| ti I I h I
e | pa? s aifedtS 'EEacisl MRLuEPRE Ribstattiding Hie Bhectt Rurbatan be
5u§ed initiald yss:mmshnaed ay| thef hydwolyaieofaseldeester,can be added essentially
si mul ta”eotﬁdl)y s %ﬂQ“éndppésﬁaesﬁPcﬂfo g ﬂnre cHibs, Ivheh &S Qﬁé'e%&’{ %ngho""e"er’

since the e dilute ge I'ves renth stl1ca. As he first
procedur e, t@t@arhﬁ@nbeehaﬂdwd helqagsstf@armgtspn qeixtpre |stecrom terg@rature,

In a nodi fI&date@&@hgé&tafgqrpdt@g;hhorémﬁ aémsefuﬂuee ofaemuﬁaduee when the
ester and water e added 'géﬁ}ﬁl o a snall solvent at a rate

such t hat t%é’eﬁb‘f et Lingss &P %W%{éﬁaﬂé’s‘: etgﬁ"g"tgdded the additon of
10extra water(cgt addingatd lthéere;tewmmsitage at .the eﬁd bh&a&ﬂderftléiﬁa ghyelitol ysi s

Tty 55 SReBarn et S ARGeb A o8BS shberd, Relel B CRoB T fipsF R e, o

at a tenpereft ereihpaosqlheamdafl ux t enperature of . the m xture, for a period

of time suffd)cLeftirat ek @ﬁ;td&bﬂsmeq%&e&o £HRCLE1RAE ﬂfohOEh%]QeQéﬁ%hp' tation
of the gel yt he add |%|ono the neutralising agent. In a

nodi fi ed arfi*tuFensherabycte recaeer ghemilderconprises (a) slowy adding a
15silicate eshwy h?d’ﬂ)lyﬁi@’catﬂy@ﬁ ttilibed _dqblﬁ(rf ichy Igaralmbefea&m kb€ organic

sol.vent at a aﬁlg g?i}that t he ]\ﬁgL i i__he reaction mxture at
subSt AfPREFT5oPRE BhALYSEaf ish¥pllsknown in the art'r't & dBREARED DPTTRLS
hy dripénadi aciof ssch chsestkfiuric acid can be employed during hydrolysis in small
(catalytic) quantltles to expedite the reaction, e. 8es from about 0.0005 to
about 0.05 mole acid per mole of water used in the hydroly31s per se. Other .
20 acids can be used but sulfuric is preferred HCl, for instance, can g1ve

corrosion problems and nitric acid can cause oxidation problems.

ormed, thus



(b)- at ‘the end of the hydrol ysis reaction, when all the ester and water
has been added, holding thé reaction mxture at roomtenperature, or at
tenperature up to the reflux tenperature(’of the m xture for a period of
time.sufficient to pernmit particle growth, 10 : (c) adding to
the reaction mxture at the end of said particle growh stage an acid

neutralNsing agent t%@epés&@o@ft%ﬁﬁérat:b@e Féh??é;{éldtééd Qar,ﬁfframsadohearo@ﬁl and
(d) separating any unc nsumed y@ter vent framthe reaction m.xture,

thereby to rERRFEATYTR §P‘P‘¥tc§ 5to ‘the “°111“8 ppiat (RfqFBT ot tiaky reggrden
utilised dur nigrdrbe Medi®loftes donmeiicnn Enrohduck Clﬁa’l‘teﬁﬁﬂmnaét cafhlyst as
I's well kno I n_the ar For_i.nstanc tro u

sul furic aci d°CH aEure I%hfeae%Fl}F'Png %(!JLF ol §s£|ssqlgnﬂ§2§{% ﬂ % &Q‘)&%ed '
quantitiBs t Soe ghidiaperation eatttlmpmveetge soﬂubﬂhabwtofotr@o@gaqt@nabout 0. 05

mol e acid per nol e ofpengi &fs HS&eliNed Hﬂtﬂ)(ﬁ[:@'ay %hﬁarﬁ% &ipoutd NEE 1} been

aci ds can be _used but sulfurl c 1s preferred HC1, for instance, can give
corrosion pré8FEhalh@nnpeexpeckrd advantage resulss AEeT Gﬁr@F@SI%tms The

E eac; I) 0 tn t te[]rﬁﬁ%aﬁ:&elmt%ted? C.'ttiéﬁst’aé )pfff ﬁm aﬁ@mydfaqeif eﬁaebéanue@rz(;atbout
e r o the boj L oint_ 0 e initial-reaction nixture en
conveni ent t 8" Ecﬁ?&ug% Mo 5EE§5nvaker, & |adde EnBEr'?ftsu Qungs t}faﬁe b%’é Fon

m xt ur e 1o asitanmmcmpmmd lvas tadded riexfore aohyShydrol peist had oopmrraﬁl n fanged

i rove the I r.eact f e N
t |mt)an| um corrpggu&h?egi{dbﬁ ectiE&faoEnd @E&farlk uinfte%;%ecat%e%“e?v %Ij Qﬁi %gg%.s
from carryi n§aten W@ﬁl%idﬁﬂrt ri¢denmiedna Freeipitateeadut a}fpaﬂdedo#f'tﬂeahﬂmﬂéii ysi's

has been car ghié, QubraadPelsabsriaiYy G‘di@%ﬁ tW@t}gidrbﬁys?@dféj caHxéQ{aSuE Ollbilé
that when th titani um conmpound was ad befo any ‘{ol yS| s had

occurred it ES%?ﬁ?da% eXRBRS WREeT dsppddedy; @ Hitanigm,ce oRotelafiery
after ang excess wat €ln vhbs adgpcthel titdanlingd dods o CEdxin aﬁ amstttralbILe apideﬂpltate.
arter At oAy ST B RLEIARLYsAIREN thaAY rBdesBh ARV (R B uBed S

' titanium compounds most prone to precipitate 19 other systems are the

alkoxides and compounds convertable to the alkoxide in the reaéti@n
mixture, But even these alkoxides and compounds convertable to the
20 alkoxlde in the reaction mixture do not precipltate in this 1nvent10n
if added after the hydrolysis and before gelation. The alkoxides are
preferred because they actually form a compound or complex with the silica
as opposed to just being physically admixed therewith (hence time to
react before any excess water ié added should be allowed). Other suitable
25  titanium compounds are disclosed in U.S.P. 3887494, Most preferred of
the ti;anium alkoxideg are those of the general formula Ti(OR')4 wherein
_R' is a 1 to 6, more preferably 2 to 4 carbon atom alkyl group. Generally
the titanium cbmpounds aré alcqhol soluble.

After hydrolysis and before gelation the hydrolyzed silicate

o

30 ester is Subjetted to a particle growth step; To accomplish'this, water
| is_added.to the pot preferably until; for each gram of silica present,
there is 5 to 20 cc of solutibh, preferably about 10 cc. While excess
_water is to be avoided during thé hydroiYsis to avoid forming separate
phases, excess water at this p01nt is de51rab1e to favorably influence
35 particle growth '



ef ore any excess water (rs added, a titaniumcogel is“fornmed on gelation.

' In this way, the titaniumdoes not form an undesirable
'preC| pitate. Any titanium conpound sol ubl ein the reaction nixture can be
uséd. The titani um conpounds nost prone to precipitate in other systens
are the Ihi®Asdesildndesnvpbenddasoin @epeabdldyt praseet aducing denventivmaleact i on

mxture. oifils efilkeibESEonl L diiess HINaE URGLALS CRIE' LS shQ 14180207

al koxide In reaction m xture go not preC|p|tate In %ﬂgg |nvent|on If
added af te&ealt rﬁ;oﬁyahﬂa}s. golgidrafdobe gorakarortbagha0tl-kofidtke alesspreferred.

because BP@BérQE& Wdbb il i dedtNMBe O BREM s81vetTRE QiseW idY iRCas itiit &R dS 19PPOSEd
to just Dbeing physically adm xed therewith (hence tine to react before any

excess whP it pedefqthe Sx5EFY VBEen fr5 \ib) P2 RbiRle sxpYtaBEep san be presgatum
COWDOUHdSnﬂﬁQlﬂySCt‘Eé edlitidd Ss I§1v88&1494’£or phraticy gbowitgdesx 1hbeantclet, anl um

mor e proFErhBry P 187 2 ERFIHITAL 3t L BROTS PR Tabhn aF A L O
conpoundelt:iroeghl eoyokespinalthee Afdrer rdope ranperstured upeftor eehgelmiflan t he

hydr ol yz Is subjjected to a particle growh step. Td
acco IlgﬁmytsehL{:&@et\Ag?lg?’elg acgi'gé%l to the pot preferably until, for each gram ,

of stlica presentAft{Eneth;& |1wd5°13c$13018028(§f=nm111w|m;plptea‘ GheMgeaabmlls 10 cc. -
Whi | e expesfuchllflcokdidd tBCtOli g ﬂnﬂuﬁ'm &Qﬁé}\/ﬂ# Sin%rt, &\i%hgqb gr m.ng

Separate phases excess water at t ol nt e tO avor
i nf | uenc&syne apmuis\lascbgm»f:ﬁahzes?ams Suitgble |sq1ésssme§qut LE |s

general | ﬁeﬁﬁiﬁltbﬂﬂsl REAACOAYRIHel QRAbnd | drdd nbohaBlly @AsboMa 13hkad | net al
silicate. no eveg shoul d tgg%ta'i h H 20 |I|ci\te nol e rati o be greater

t han 20: ?Ln"faﬁyt HEPPRERTY, P&f BFTH Ayl ,qnines ShifBntre 8t sed
and 15 nhedstt q:ralrtlﬁall? Soluble hin aduﬂted ot hehewﬁw/aiﬂrveﬁer ehjﬂfbyl&at ticle

8;?}("? EI Zﬁrgfmgv\gg f eeggn?%%l n’ncixzxi e )ﬁethxbfam%.gle? teI ylam:.n%' V%Qdééyr{%mlne,
octadecylamzne R 2-e_thy1hexylam1ne, cyclohexylamne , @diisopropylamine,
- didodecylamine, trioctylamine, tnalkylam.ne, “and the 1like. The
preferred gelling agent is ammonia because of its ready availability, low
20 cost, and ease of removal of surplus amounts. Othet acid neutralizing.
agents 1nc1ude ethylene ox1de and propylene ox1de and other hydrocarbyl
oxldes. ' . o _
| During the ,hyd’rol&sis, i.e., prior to ,gellatibn, the -
ingredients must, of course, be mixed. "’l.'his can be :accom'pl:‘.Shed simply
25 by the boiling act:.on of the reflux if the operatlon is carned out at
reflux temperature. Alternatlvely, mechan:.cal st:.rnng can be ut:.l:.zed
and is preferred although such is not necessary. Dunng and after _
gelation, the mechanzcal st:.rn.ng should be kept to an abscolute m1n1mum S .
or avoided altogether _es_pec:.ally after gelation is co_mplete since the
30 stirring causes the 'prod'u'ction' of fines :.n the'fi'nel silica produet. .';
After gelation, 11: is preferted to age the gel for a time of at '
least 0.5 hours, preferably 1 to 50 hours, more preferably 1 to 4 hours.
Longer times can be used but ar,e not needed. Preferably, an additional
amount of solvent, e.g., .alcoho'l as defined above is added. This can be
35 in an amount within the range of 0.1 to.lﬂ, preferably about one.volume _
of solvent for each volume of gel. This can be done at any tempefatufe
from room temperature to reflux temperature for the solvent, but

"preferably is at or about the reflux temperature.
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ffom0"1 to 10, preferablty 1 to 5 hours, preferably at reflux tenperature .
althougl}\any tenperat ure fromroomterrperature(#p to the reflux tenperatufe
ecan be .utilized. 10 ' : After the hydrdfysis is essentially
conpleté, the organosg% duc ageording to-this inventi el ed by
Ehan] e roduett on o o TR, PAFHEE FAGH Seie. s FiDeL HCRRRESR; Spf st

gel li ng\'égentslbaeetegleMeralday.ebmvah(ttepctmd-emmmhe aedatiivedyrabill gaswdus
or liquid pri Y @l e or | Qal kyl [.gh
are ar 15 1 Eebee BRI of s EbIVIRE Rditye O rEYE B Y 0o 7 Vbt
enpl oyed. Examgtheds of Iphenanm'és:du,n@bweam muldanpheentetawyl gemowed as an
dodecyl anigne, , A E?.gp%gylow&ean g- St ey 0k ffom G¥Ch gﬁuhw vent.

dii sopropyl am ne odecyl am ne, trioctylamne, tri | am ne, d he

like. The prmh%@egém e abiavidi is drainad 5k dheceek 234 §h9eseeay1s washed

avai | abi Ii ty, wit@Var @rgaf e gl 189616 Bf waG0Y8lat0f e str Pd itS a BIP BNE Sible DtRer
acid neutralizi n? da%ggts I ncl ude e%hyl ene oxi de, a%ge srogeé/l e e oxi de and

ot her. hydr ocafRyre 825t BISE Rf thnatAYur &) §Lite e jzgotrope

gel ati Ion ; hex wagﬁe@l etép mUﬁtnognﬁllnou&qe:Ed bﬂyg&fﬁ(-?gntaiﬁ?fzg mfan{)ﬁ material

aceonpl i she e_baqi l.ing,actiaon o e.r ux

oper g}[)I orsibl S scuafgp édagufl‘é‘%ﬁ ?‘effuﬁa’f ﬁg%f%ﬁﬁ" estft &PR it'ﬁ/eﬁt vl et ﬁ%ﬁﬁfoal

stirring can Fdloving pech amdhod, ghefvateedf e, kmugﬁbamohzaldynottewef%agql,

puting ‘and af { g gl Tekom LBGIEENANEY cdent] B ShAMEE, 1K ahe 30 aa
e er f gkl ar 'S

pbsol ute nini mim or avo al toge especi a
conpl ete si ncevemhet@oremoye; rthpngrmse@imtpm& ouY cﬂ@nsfzrfpﬁebamnshéhe

final silica fhrl@@i'ﬁély ELEN egei:ﬁ:tgbogbré Tsllﬁaprsﬁf-&rth?é L pLR&Ie shk‘@atﬁ%' dirﬁrnga

pime of at least 0.5 ours prefera hours, nore pref erabl)r(r to
W hours. Wongkichpighes daglede \theq usa: °£re m‘fu%eaeﬂ as P?"é‘yerdébﬂl?g- arfhe |

addi ti onal antu@@rﬁureolcxenbe ‘Brdh ,roainCﬂane:asuftefﬂonedsmn\tehighe&dﬁed ighis

e Vol ume of PR3P it bobTiars it i thatrinteleRbne ot any
| enper ature from roonIfetheramoust ¢ waeét s saffiviehtlye shall tdretbelbodbing
put pr-ef erab l%'n% g'tt tﬂ sotio ugxtt:{]sesﬁﬂ’mfén{fy”@%ﬁt Yhe- gel can s:unply be placed
' 20 .directly in the oven or other drying means and dried. |
| I it is desired to produce a tergel, that is coprec1p1tated

éilica. titanlum, and chromium, chromium material which is soluble in the

“solvent such as chromium acetate, chromic nitrate, and other solvent

" soluble chromium compounds (generally chromlum(III) compounds) can be

25 added to the hydrolyzed ester before gelat1on Chromium(III) acetate is
~ preferred. If a tergel is formed, it is preferred to.add the titanium |
compound before the.chfomium compound. The amount of chromium éompound
‘employed is sufficient to proﬁide from about 0.001 to 10 weight percent,

'\

preferably 0.1 to 5, most preferably 0.5 to 1 ﬁeight'percent chromium

s 30 Dbased on the weight of the'aétivated éatalyst It is also possible to.

' add the chromium and even the titanium to the hydrogel prior to water

removal. If added at this stage, ‘the same scope of alcohol soluble
chromiuﬁ_qr t1tag1um compounds can be used as those used before gelllng.
Also, waief soluble compounds such as Cr03, chromic sulfate, chromous’

; 35 sulfate, and ammonium chromate can be used. .

~ Alternatively, chromium and/or titanium can be added after the
material is dried, preferably by means of an anhydrous . impregnation or
simple physical mixing with the resulting xerogel. For instance, an

TSR e semrwe e o §m e mha s e g meewetae e s



e'hydrogel, after aging if aging is enployed, is then subjected to a
ter renoval step to renove the relatively small anount of water and nost

/_f t he sol vent present. This can-beéﬂone by several methods. In one
. method, the water and solvent are renvved as an 5 azeotrope, optionally
after the addition of additional solvent. In another nmethod, the liquidis
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of the 'so ven 'S sUrtT1cCi can srnp ace
di A8ct 137/0428%.heGenezaly, et*@mtwrymgslmansofanhle cﬂhre@m counouné Jd!e5| red to

produce adfﬁfoggémct DRGuildSi k! €6 ivhie!l @Jﬂlﬁgunds 'ahhctﬁwe Eifl%g' ignus@&‘q:ocm om um e
chromum materral which is soluble in fhe solvent 'such as chrom um acetate,

© chr oni APRPTROXEES thE Chyomiym oﬁm&lew%sveta@ﬁ? AR8ERE ¢ dAaBiasdinglgdRer al | y
chrom tyafafﬁihscmaw@l&)-hemnbe c¥eloparddeth sack fae bydiroﬁbya&edaﬁ@taebmmfcor e

| at tat f d t f, d, it
ot cf cr PUATYTE0Rty 4PhR 39 PEVARTRr cdBHATS RO F et ey Sl SAPRRTSund,  The
anﬂént:mﬁdnhmon1un1conpound.enp|pyed i's sufficient to provide fromabout
0- 001 1o 10 Wel gl BEdfeiny BhoiRioRbl YooRuthd @1 PuniTRonBbRL 18" abrBamed®

wei ght percent
after hydrolysis, then particle growth is carried out and then a water

soluble chromium compound_ls added after which gelation is carried out.
The treated silicas of this invention are suitable for use in
20 - chromatographic columns and as fillers in plestics and rubber. However,
the primary utility is as a base for incorporation of chromium for an
olefin polymerization-cetalyst. In the catalyst embodiements, after the
incorporation of the chromium compound and the dryihg of the silica, the
composite is activated in a manﬁer conventional in the art with the
25 particular type of chromium comoound'used Prefefable, the'composite
is activated by contact with an oxygen—contalnlng ambient such as air
at a temperature ranging from about 15 to 870°C, preferable 315 to 760°C.

As noted, the preferred amblent is air. However, any oxygen-containing
ambient having from 2 to 100%Z oxygen and from O to 98% of an inert gas
30 such as nitrogen can be used. In some 1nstances, it is desirable to
“use a controlled smaller amount of oxygen by utlllzing a nltrogen—air
plxture. It 1s also p0351b1e, although much less preferred to activate
the -
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30 based on the weight- of the actlvat ed catalyst. It is also possible

add t he~chroni um.and even the titaniumto t hepydrogel prior to water
rem)val | f added at this stage t he sane scope of al cohol sol uble
chrom um or ounds can be.used ed bef
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such.as & titaQ Pqpta,yg@m de can be used to.incorporate . titaniuminto the
dried si I ica. STmlarly, an anhydrous sol ution of chrom um conpound sol ubl e’
in nonaqueous col venT8 sarbivakian divenrtidds senaradly hriad de-thd miputes,

silica (xer ﬁﬂ@lﬁzrabﬁulﬂ abhete® to QOIKYErE NuoRRRHeTEEat19" 3R RN EHRUEo 3 hours.
i ntroductio f chro um | n I udeyij arene chrgm um conpounds as_descri bed in

‘U S. Patent 3976632; et@veption c3n; be Hsed to@olvmerizantt
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w om |1 d bed i .Pat.ent 37098
G ot 0 G HRRERIeRe | R RFehRtian "aerlTean S, ' Rhedpaity, Seert i on
or slurry ofhcmhpoljmeommﬂ cmppbjmd-sI firem drixtureanifc ethyjiend mdarl dxombhe
cdnpound a”dcédaﬁoféés glé&eus?ﬁ Ci-o'ﬂ 233! &%Jl»% smﬁ%%gggh e Al R

suitabl e organic ncl u ara lns suc
icycl opar af f i #toms cPera@Oéyeﬂmex‘éxmpAnw aoBaReters hymledarﬂamhasim J-otefins,

ibenzene. FO&J&%E‘%E&}%IE&&“ AChitkhe, tﬁehé&'lﬂosiﬁuetié 11k'eSa£Jd 'c%ﬁ,?ué\ﬁih or.
pr ef erabl-y, an al cohol “Sol ubl e titani um conpolind i s introduced after

hydr ol ysISs Ranspningated | diodeding, such % ilod-betadiame « HEQPEERMt PAPLTIIEERe

chrom-um-co @,@Jﬂﬂnét%yﬂdﬂ gibaiédirenléb 16 3~ ﬁ'fdheﬂe I g Féﬂéﬂaaﬂeﬁ{t and NGet 108 ed
silicas of thi |nvent|o

se in r omat ogr aphi.c
col ums and FixtuRes T’ e‘iﬁ° st llilcé‘ygﬁ‘EF FGB ers I-Hﬁ%%?bcly constituté about
. 90, preferably 95 to 99 mole percent polymerized ethylenme units. Host

preferred monomers are at least one of ethylene, propylene, 1-butene, and -
20 l-hexene. ' ) '
' ' -The'polymers can be prepared from the activated catalysts of

this invention-By solution polyﬁerizetion, slurry pelymerization, and

gas phase polymerization technigues using conventional equipment and

contacting processes. However, the catalysts of this invention are

25 particularly suitable in slurry polymerizations for the production of
~ high melt index (MI) polymers. Particle form (slurry) polymerizations

"' .are carried out in an inert diluent such as a paraffin, aromatic or
® cyélopataffin hydrocarbon at a temperature where the resulting polymer

is insoluble. For predominantly ethyleme polymer, the particle. form

8 '30 process is carried out at a temperature of sbout 66 to 110°C.
' The catalysts of.this.inventien can be used with conventional
cocatalysts such as triethylaluminum if desired. Also, hydrogen can be
" used to further increase the melt index if desired.

Example_I - Catalyst Preparation

35 , A series of catalysts was prepared from the specified
- materials below by conducting the process in a flask arranged for

stirring, entry of reagents, and refluxing.
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“* the primary utility is as a base for incorporation of chrom umfor an

gl g@fin polynerization catalyst. |In the catalyst enbodi enents, after the

o;r poration of the chrom um conpound and Hhe drying of the silica, the
ghiposite is activated in a manner gonyentional in the art with the 25

parti.cul ar type of chrom um corrpouréﬁii&ﬂ?—é Preferable, the conposite jis

activated by contAcflask hwasn chayged- etk 9ninlg @OL5gNt0 H3ShmaleRi 6f at ‘W

t t | ' t . f b 154t '
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bonded 0ongREGeREUNE £OEPOMNERpelBEAt C Yt ALk ¥y 16154 BYEH QREOLATANM2t
chromun( 1) conpounds_in an inert atnosphere such as nitrogen for the sane

tines and-"-t'é’ﬁbe?’éﬁﬂﬁ’égdu,%‘éd‘“véiltiﬁe'oiygwleFofPM‘ng?ft #e1%eat \2Rrd g9ret he
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or e. e actiyatjon tines . nera e.at ,l'east m nut'es, _
pr ef (!Eablpﬁeiﬁcﬁ'i H\U‘t ége'ted‘cfﬁs §?t'%§’r1§£'p$¥%§‘ﬁamey lgﬁex;ﬁsﬁm:&t%[.geg Yours.
‘The cat alfpshsbedaushi sfi thendilmtionn Howerssxd tas phbymeliéradnbéldwgathione
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i nventi ol Ol rtrcul’a ; C ty 1 n producing.e
horopol yredr $1,0284(06qBe) ,y reeses sboutn 12i: 3t 1w otef, Qt_k%c!lemténdwgum bore
- comononelgosal:aakerhd f eMa L ohéH ks @R) JLenes, Gty ke Sad Qaff ey atons
per nol ecul e Exenpl ary cdnononers.inckude aliphatic 1-olefins, such'as
* propyPendhis_in duste slighidyeener amtol ehiomelel mpmouninbasnd e the apouat of
nonconj ugakes gofbsf | M8e -h%ﬁ?blﬁ%slwa%d !&HE@&:‘;%!!?;‘ hdo&ﬁPé@!‘St- thiBgiathe hd

- e , -

2,3-dinethl -1, 3-but adi ene; |, 4-pent adi ene exadi ene, and the |ike
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thus additional water is no longer barmtul.
The hydrolysis now being completed, titanium could be added
‘without p’recipitation,.'and since gelation had not yet occurred, it was
20 still possible to stir without causing any harm. To the stirred mixture
was slowly added.. 5.5 wmL (5.25g, 0.0185 .mole) of titanium
tetraisopropoxide, and then '72g (4 moles) of water. The final
HéO:Si'(Oczﬂs)g was about 11.5:1. Finally chrom':‘.u_m(III._). acetate solution.
‘contained in 25 mL of methanol was added to the mixture to provide 1
25 weight percent chtomii:m,-.'based on the calcined final composite. The
- mixture was heated to boiling with siirring for 30 minutes (particle
- growth). Beating' was discontinued. and sufficient ammonia gas was passed
into the mixture to form -the.te.rgel (gelation). At that point, 300 mL of
- 2~butanol and 3 mL of concentrated ammonium hydroxide were added and the
30 mixture was set .asigle undisturbed for 2 days (over the weekend). When
work-up was resumed, 100 mL of toluene was added to the flask and the
mixture refluxed for 2 honrs after which the water was removed _és an
azeotrope. The toluene serves the purpose of forming two phases between
the water and the ‘toluene-alcohol gaieotrope- coming off so _as- to
35 facilitate removing the water from t]_iié‘iazeotrope, (i.e., two phases in
the collector but still '-just one phase in the vessel with the gel). As
liquid was removed during the distillation, the 2-butanol was separated

- from the water. In a commercial operation, the 2~butanol would be




and m xtures thereof. Ethylene -copolyners preferably constitute about 90,6
preferably 95 to 99 nol e percent polynerized ethylene units. Most o
preferred nononmers are at |east one of ethylene, propylene, 1-butene, and -
20 ‘.1-hexene. The pol yners can be prepg%ed fromthe activated catal ysts of
thrs ‘inavention by sol ution pol ymeri zati onh, slurry polynerization, and gas
phasepel yneri zati on techni ques using conventional equiprent and contacting
processes. However, the catalysts of this invention are 25 particularly
suitable in slurr poI ynerizations for the production of high melt index
(M) pol ymeFesyclpariytct® Hhapntaberefiary) e’ﬁRﬁ’F}WI pey |3831§e“ta?"%s é&ﬁr?‘e&hﬁut in
ﬁndl nert bdl Evesi t6 Uekpathed rpadidbhi volumé cumsrl:amtor mtekow ®dfdrwas rglmoved
ydrocarbon-.at a t erature e resultin i,s. insol ubl e
b edon nant F5° dERGTNES epnerel PRLIEFITEn and Gk Bsheicr. HEdd 3R &' Eabom, o'
out at a tenper aburemost sdlvent Gddtcalcéned fofl raémuathlhymts abf 7607Csin mdient i on
can be ysed n | S t.hyl I+
om eSO ATH PSRN Likighs, GRH Tokat e oN Hhrindetlf Y ﬂ*%?? el e,
desired. Exapplase] a-pocatralyse qir pinldei and gosurface area of A5Qwi/ges of
cgtalysts was prepared fromthe specified materials bel ow by conducting the
process in a flask arrangegde] stsgr(rsrlu_ﬂga ndddy Soficacegents, and refl uxing.
Catal yst A A fl.ask was . cha _ nDIe) of tetraethyl
oethosilicate, 18G ('Ih:.ED:I-rﬁx) defionsBi ftfes an?ﬂ:.ﬁént( Gf 4&9@ nédiFQbd rdekcnique of

concentrated, sul.furic acid nd 133 1Q7.5 1.45

S butanor i dntesaen . Be E relatvall G ool Bt En e gptLized
possi bl t owitisghei edtiey aridiwhtembeing gddett sbowlyeby means tofr inenementadr additiion
represents gpgaafe 'g ﬁ&?fﬁ@ih ikt e 2L L4 Q&T.’l’xcﬂ& @ﬁ@%dﬁﬂl%hgi Nadet hatIt' t was

preferred tO ut i anount o vent
is preferred to use additional water for particle growth however, as the

results herelnbelow show, the technique of this run gave outstanding
results, . _ . ‘ -
15 A mixture was formed from 40 mL (0.536 mole) of l-propanol,
20 g (1.11 mole) of water; and 2 mL (0.04 mole) of concentrated sulfuric
'ac1d and the stirred mixture was heated to refluxlng. 'Thereupon, was .
slowly added 100 mL (0.348 mole) of tetra-n-propyl orthos111cate. Thﬁs,
:the 1nit1a1 mole ratlo of H20 Sl(OC H7)4 after that addition was about
20 3:2:1. While keeping the m1xture refluxlng, there was slowly added in
order, 100 mL (5.55 moles) of water, 100 mL of Si(OC H7)4, 100 mL of
water, 100 mL of Si(OC3 7-)4 and 60_mL of water. In all, 300 mL of
Si(O_C3H7)4 was used, 280 mL of water, 40 mL of l-propanol and 2 mL of
sulfuric acid. The overall HZO:_S:'L(OC3H7)4 mole ratio was about 14.9:1.
- 25 This completed the hydrolysis step. The mixture was refluxed for 30
minutes (particle growth), heating was discontinued and the gel formed

by passing ammonia gas into the mixture (gelation).



apefully control the addition of the water and ester so as to avoid the 10
7 ¢sence of the excess sol vent which causes the |ower strength gel to form
bé€cause of the dilution. However, as shown hereinbel ow, this procedure
‘nonet hel ess gave outstanding results. The initial nmole ratio of H :
OSl([ERR] )4 was about 2. 3:1. Note,}® 2:1 ratio would be stoichionetric,
i.e., 2HOH + [ERR] - CSI O + 4ROH. As can be seen, 15 th|S|sMst
slightly over a stoichi orretrl c anmount based on the anount of ester .groups.
The hydrolysis was essenti ally conplete at this point and thus additional
- -water is no |ongg r r S e |tan|um
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A mlxture was formed from 146 mL (0. 508 mole) of tetra-n-propyl
orth031licate, 90 g (5 moles) of water, 64 nL (0.858 mole) of l-propanol,
and 25 ml (0.005 mole) of concentrated sulfuric acid. The silicate ester
and water were added siowly as the ester hydrolyzed; this'COnstituting
20 the hydrolysis step. The mikturé was refluxed for 2'hou;s (particle

L

growth), heating stopped and a gel was formed'by'passing -



- . . L8 }
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‘passing ammonia gas 1nto the reaction mixture. There was st:.ll some

' solvent present since suft_'icxent alcohol was _used to leave 2 moles after
reaction with the silicon tetrachloride. The gel was s?:irred', heated for

-,

2 hours at about 89°C, then the product was isolated by filtration and
20’ dried in a "vlaéuum oven. The dried material was then calcined as before
" to y:.eld Silica E. Analys:.s showed that it had a pore volume of 2.9 ml/g - '

. and a surface area of 826 /g.

Example 2 - Ethylene Polymerization

‘To demonstrate that catalysts. produced accordxng to the
: - 25 invention are active for ethylene polymenzat:.on, a sample of Catalyst A ‘
: was used. to polymerize ethylene in a slurry (particle form) process .
coqducted at 107°C. Polymenzat:on was conducted in a 2L stirred reactor
containing about 1 liter of isobutane at a reactor. pressure of 3.89 MPa
(565 psia). In a short (34 minutes) rum, 238.3 g of polymer was produced -
. " 30 in the i)resence of 0.0404 g of catalyst to give a calcﬁlated catalyst
' = -productivity value of 5900 g polymer per g catalyst. The melt index of
~ the polyethylene produced was found to be 1.5 according -to. ASTM D1238-
- 65T, Condition E. The short run time is indicative of a very active
catalyst. The melt index 6f' 1.5 is cohsidered to be high in view of the
35 fact that/the catalyst was activated at a relatively low temperature of
. 760°C in air. The activity of this catalyst was equal to or better than
the best commercial cogel catalyst.
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) 'i'ﬁe gel was divided into thirds. One portion was used in an unr el at ed
2xperinment. The second portion was slurri g:?l n 300 'nL of 1-propanol
'tal ning 5 nL of congcentrated anmmi noi m hf) oxi de, refluxed for 1 hour

201 ng) and the duct ered filterin The . s] urryin

éf | uxi ng, and: f| EFl §£"§T %ﬁsgr‘o@%‘*ﬂeb‘éaﬁagm%emt Hepig; & Ye"ﬁl"Bﬂluct was
dri ed i ngaves melitinindes wAluesnefl 1266 He. OEeaﬂd)ZpBD.dusaneSlchtsnvses pAdakys e’
‘showed it to ha RQ u n suiface area., of 500 -
[err]/aqg. e Ctu Xa%cae IIEE {/ oggﬁggstiéf‘uﬁl egog rﬁ‘_ie’éf o p??)p]a"r'i’o?s .
cont ai ni ﬂ90&'> nThigsf memrhaenhe aﬁeedlemﬁ.mummdxydogeuhde thed le$e prefenred ofis 10
refl ug 5T u was, ved as
an azeotrope angpt e 8 %g%?%fmaﬁ l%?gf?g%vére(faggeﬁﬁ kbt élvatt%'lgf’?%gproduct
was dri e8ime agd\groyday dxﬁeaea#d!reafeﬂ e nvtesleuaxosth |°Gaf-¢82 shAn‘a|a)agps
showed i tided di2\tBede REHYS 4Ok UiltObedn 3'£Mgs'a%1€h syg fiRe uﬁéﬁano‘af i#70

[err]/g El}?ﬂ lI'ica, D A mxture was
formed 1 TeABIF | PREPasRkianyof) catalusts,. nI&)raenyVeftphééFW%%t Falegs g (5

m)J es) OkovwtHnely dbtaihed @iBhathevieyertfiod; [, ED?HDJS, t@ﬁﬂati& rﬁhaﬁOZ @arevl e)

B UL E A S Ly LR e

step. Tier rontentdonal agabbusdyd ptoduc%dhbﬂrasu(npmoﬁe]:] eTlg.tsQV\tlké invarttiong

st opped e o] S..i.D ure
gef’guoﬁ?“ﬁ%% otnd a1 P8t e PP SlcBucing M TNC3 160 alc i o 86: Mk
ammnl unpekthdndesn polgmexi and \ﬂ&snmmdtvxﬂltowehecqﬁl aﬁdot mnmxth,melvvas _
ref | uxedsfireRER) NET rQPéirlv@@g' RHéxpenkivé! %c ggrm- 19 id O #I6RnEas, added

and the water rem)ved as an aze trog wat ere product was
sepatnt eBrofipcing doyer pore golume bighes B{niﬁﬁeo%"éq'? sitisactihichaivas Iogesre to

produce i |pd1gmbx) W'u‘sihé éﬂaowees Zpiéfekﬁed1%ﬁd§tmlseeV£ﬂ WHRugk shch M/ 9

and a surfpace area err
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_ The remaining silicas produced as descrlbed in Example I are
all characterized with pore volumes at least as high as that of Catalyst
20 A (pore volume of 2.3 mL/g and surface area of 550 m' /g) The values
range from 2.3-3.5 mL/g and the surface areas range from 470-826 m /g)
It is known from the prior art that a correlation exists between catalyst
support pore voiﬁme and ethjlene polymer melt index with supported
chromium oxide catalysts; At comstant catalyst actzvatlon temperatures
25 and constant polymerlzat1on temperatures as the catalyst support volume
increases, the melt index capablllty of the catalyst also increases.
Thus the catalysts produced according to this invention are active in
ethylene polymerlzatlon and polymers having relatlvely h1gh melt index
values are expected to be produeed under partlele form polymerization
30 conditions. ' _
Geis produced from alkali metal silicates by reaction with_
" acids can also yield high pore volume silicas or silicas in admixture
with other metal oxides such as titania, chromium oxide, and the like.
Generally, such silicas having a pore volume of about 2 to 3 mL/g will
35 exhibit surface areas ranging from about 400 to 500 mzlg.
In contrast. the gels.of this invention can have pore volumes
ranging from about 2 to 4 mL/g and surface areas ranging from about 300
t0 1000 m /g, usually 430 to 950 m /g.
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Silitda E To 300 nL (4.02 noles) of a 1- propanol, while stirring, was 10
added dropwi se 57 «nL (85. 59, 0.503 nole) of silicon tetrachloride. Then
0. 25 k. (0. 005, nol e) of concentrated sul furic Keid was added to the stirr
mxture and it was refluxed for | -hour to.renove the HCl. This constituted
the estér forming step: To the mixtureExamplel Bl y added with stirring 90 g
(5 nol of water i out
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oven. The dri edmmaten O':HSL lg)?n e Veldma s mqgor Surdayé Arda pl d“l/ga E.
Anal ysi s showed t e vol une %f f 9 nL/g and surtace area of
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catal ysts. produced accor@ihg to the 25  ilngéntion are ac%l0ve for et hyI ene
pol ymeri zati on, a3sarrpl e gfICat al yst A was u§f to pol yrreédgze ethylene in

asslurry (partlcle form process conducted al [err]. Polynerization was
.cconductd® in a 2l4stirred3skactor containi dg2&bout 1 |iter3% isobutane at
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i238.3 g of pol ymer’ was_ produce . 1h the ,presence of 0.0404 g of
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addition of too much water destroys one "of the advantages of this inven-

t:.on, the relatwely small amount of water to be removed.

STOTTT ImTeses eI Ny Lodmeee: 5




catal ysts produced in accordance with this invention gave nelt index
: s of 1.46, 2.01 and 2.34. Sone catal ysts produced in accordance with
i 5 i nvention gave |ow nelt index, one as Wy be the
\eesult of putting together the Iess preferre sever al t he
significant variables, i.e., too littlhg wate?maﬂiww ,M and too,l ow
tenperature for the partlcle growth or too shar Wr t hese )
have just been "flukes" which is not uncommon in |aboratdry* preparat|on of
catalysts. In any event, the best values routinely obtained with the '
invention, i.e., 1.5 to better than 2. re 10 above the best val ues of
0.9 to 1.1 obtainable under. simlar tioons for conventional aqueously
produced titani umcogel. Thus, the invention provides the dual advantage of
produci Rg a supey 'pgsc&@te&%%sefarodmﬁmnwﬁ 's1h 0P X YpRprs3ag: doi ng it at a
| ower cost. Als relative I nexpensi ve
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an acid-neutralising gelling agent; and
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(d) separating water and solvent from the precipitated reaction
product of step (c), thereby to recover the precipitated silica. '

2. A process according to claim 1, wherein, in step (a) said ester
and water are added sloﬁly to a small initial amount of solvent such that
the water and ester are used up in said hydrolysis ;boﬁt as fast as they
are added and alcohol is progressively formed from the hydrolysis, thus
serving as additional solvent as progressively more ester and water are
added and progressively mofe hydrolysed ester is formed.

3. A process according to claim 2, wherein said small amount of -
solvent is from 0.1 to 10 volume percent based on the volume of ail of

the ester ultimately added. |



acrds can also yield high pore volune silicas or—siticas in agxture Wt

ot her netal oxides such as titania, chrom um oxi

General I'y, such silicas having a pore voI me of ngﬂﬂ@@ H“lrﬂ g will 35

exhi- bi‘t surface areas ranging from about 0to trast the

gel s 3;*”“ S invention can have pore voI urres rangi ng from about 2 to-4 nlL/g

and s aceg areas r t / u 430 to 950
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n2/ g. Exdampl e |1 ownng tabu ows' t varyi ng
the rati o ds awimdeolinll.i con tetraet hoxi de in runs S|mlar to that pr oduci ng

Catalyst A 5 . Recovered, Calcined
Stlica Run_[err] - Pore Volune, m/g Surface Area, m1

1:1 5. A pyoggss according to clalf) 42 wheréinsgid alcohol is the .
1.94 same as tB¢ @13ohol moiety3of said ester, _ 2.51 809
10 ' 4 - 511 3.22 555 (1) Could

not be neasured accurately. Later work showed that it was preferred to use
only about éa 1:1 rakiprocess matdndiagcta hban,m af ¢re5, t Werkjulrsali¢ sscd veats is

conpl ete and t] i.u 0 ded 'was added, add nore water prior to
AR o i e p

particle gro eeping the total ratio below 20:1. The reason
for this is two-fold; first the beneficial effects of water eventually

level off gnd secong,pradeid aeorfing 0 FLkih BQlHer 865 sh0Y So2PentOfistd e

advant ages of ,this inven- ti on1 the rel atlvefy snall amount of water to be
removed.  toc Mapgon atom alcoho

8. A process according to claim 7, wherein said solvent is
l-propanol.

9. A process according to any one of the predecing claims!'wherein
the amount of water used in_stép (a) is from 0.9 to 2 times_the
stoichiometric amount needed to react with all of the ester groups in

said silicate ester.
10. A process according to claim 9, wherein the amount of water
used in step (a) is from 1 to 1.2 times the stoichiometric amount needed

to react with the ester groups in said silicate ester.

11. A process according to any one of the preceding claims,
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A process-<for the production of sil.ica \/\hi ch conprises: (a)
drolysing a silicate ester by reaction with t he presence of a

ter-m'sci bl e organic solvent present in an ar such t
*|

“hydrol ysis takes pl'ace in a single phase reacti roduces a
honbgeneous’ si ngl e phase reaction pi{@duct; (b) lgﬂl e growth in
t he honpgeneous reaction product of step (a) by . addl n ddsti
thereto and maintaining the diluted reaction product for a period of tlne
at roomtenperature, or at an elevated tenperature upto.-the reflux
t enper at wwherein tsaddoedid nentradringn agenidie t amorife oroprdryliewe oixideat e nol e
ratio of steps (a) and (b) not exceeding 20:1; (c). precipitating an

. aqueous silica gel fromthe reaction product of; step (b) by adding thereto-
at the end of the particle growth stage an .aci d-neutral i snng el ling agent;
and (d) separat}3rg HcBROCEBH PCSOFHDS: 9%&?%9@-’&’&?{%% '6‘??9-5
of step (¢), thereby to recover the .preci pitated silica. 2
process PEPY 180T 88 wherein, in -step (a) said ester and vvater are
added slowy.to a small initial anmpbunt of solvent such that the water and
ester are used up i-n said hydrolysis about as fast as they are added and

| cohol I d t he hydrol.y
2ddi 11 onal ELFV it " oFiobeb? ATBSR b Moo LU BRI prb i SRS, et
g::gg; gls ﬁlg ggﬁe agzw\ﬁ% e¥§eiﬁ(r}fzs a# %g?hrrglllsoégr%%nfg%fsaidl §e n? %1(5 r omlgiﬁn?lo

10 vol urresmreﬁerg Rag&fl on the volune.of all "of .the ester ultimtely added.
4, A'process according to claim1, 2-or 3, wherein said solvent is
an al cohol . 5. ' ‘A process accor di ng to cl al m 4, wherein said aI cohol
is the sane as the al cohol noiety of said ester. :

'14. A process according to claim 13, wherein
after said solvent is added subsequent to said gela.tion, said composition

is aged prior to removal of the wa.ter. _

15.- A process acccrding 'bo cla:l.m 14, wherein said aging step is
carried out for a t:une of 1 %0 2 hours. |

.16. A process according to any one of the preceding claims,
wherein said silica is recovered by drying the gel in 'an. air oven at a
temperature at or below the boiling point of said solvent.

17. A process according to any one of claa.ms 1-16, lwherein said
silic‘a. is recovered by removing said water from said gel as an azeotrope
" - with said solv.ent and vherein a second solvent, _whi-c‘h seeqnd solvent
is not miscible with watei:,. is added after said .'gel is formed so as to
give two pl_zases in the azeotrepe so that the water can easily be separated

from the solvent in the azeotrope.

F‘oduct |
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. 6. A process accordi ng to cl ai m4 or 5, wherein said solvent is a(l
. to 6 carbon atom.al cohol.*7. - - A process—according—to tlaim6, wherel
- satd $olvent is a 3 to 4 carbon -at om al cohol ss according
;to.claim?7, wherein said solvent. is 1- pr;goanolGLHI”“I““!MINM%SS

:accor drng to any one of the predecing clains e anount of wate
"used v step (a) is from0.9 to 2 tines the stoichi onetri c anount needed to
react with all of the ester groups in'said silicate ester. 10. A

- process accordi ng 18, clhabrocles aRbeding b6 LA LT, OfhaRERT saidefeddndSEciven)
is from1l to 1.2-tinmes the stoichionetric anmount needed to react with the
ester groupsisrtolaémk,.silicate ester. -11. A process accqrding to any
one of the preceding clains, “wherein said acid neutralizing agent is
~ammoni a or propyl ene oxide. 12. A process according to claim11l, Werein
said acid neutraliz- ing agent is ammonia gas. 13. A process accordl ng to

i any one of the prel®di Agerricasassccanding fo ayeons gif dthe peeriingtliainag -agent
. is added and said gel forned, additional solvent is added., '14. A process
“according t ovikeralm te reapelionrmismtiee containgo by eanidi eateddete subsequent to

. said gelation, said conposition is aged prior to renoval of the water. 15.

- A process accordi ng to cI ai m 14, -wherein said agi ng step IS carri ed out for
3at'irre of 1to 2 h proc ess-accordin one %Becedlng
: cdai ms, wherein sa SIA| P’E"é’eﬁ goge °kﬁ}aa§“3'r i&e’F % Ben
{at a tenper aH# gt or,.bel ow t he boili.ng point  of sal d sol vent. '
! process acco ﬁ‘& ' one of clains-1-16, wherein said :

21 A process according to cla.im 20, wherein said acid is nresenu
- in en amount of from 0.0005 to 0 05 moles of a.cid per mole of wa.ter used

‘in said- hydrolysis.

-22. A process according' to any one of the'precedin'g clainis, wherein
said s:.licate ester is represented by the formula SJ.(OR) 4 where R is an

alkyl g:roup con‘ba.:.ning 1 to 6 carbon a:boms. -

-

23, A process a.ccord:mg 'bo claa.m 22, wherein sa.:r.d a.]kyl group

conta.i.ns 3 or 4 carbon a.toms.

B

. ’ " 24. A process -a.ccordinfg-.'bo claim 23, wherein said silicate ester
is tetra~n-propyl or‘éhosilica.te._
25. A process a.ccording to a:oy one of the preceding claims, wherein

saild hydrolysis is ca:rr:.ed ou'l: underx reflux conditions, -

26. A pcrocess a.ccordz.ng to any one of the preceding cla:.ms,

vherein no mecha.nical agitation is util:n.zed a:f.‘ter the gelation.



a is recovered by renoving said water fromsaid gel as an azeotrope

)y said solvent and wherein a second solvent, which seeene—solvent is not
is€Cible with water,. is-added after sald gel is forned to give two
phases in the azeotrope SO that t he wa r caummml\ “‘%Hﬁat ed fromthe
solvent in the azeotrope.- A pr ess m 17, whepein
sai d second solvent is tol uene 19 A process *ackor di ng to any one of e
precedi ng clains, wherein the reaction m xture contains an acid catal yst.

20. A dj 9, wh d | f S
roid PRAFR o odob s etk BV 2 R R e B ke 1

an anoun 0 used in
sai d hyd% ;selﬁs Jr;g Oﬁ%ga%%éggs&ag%&%n%m? glbger%}gg%&enyé &Le pr ecediéng
clai ms, whemnshi c'iﬁPBiurﬁ L CRided O She Irtak EinCALRIRE &Y 1&9&%19%&"131:«5 err]

where R is an al kyl group containing | to 6 carbon atons 3. A process

accor di Nghd @et! Fefdrd or %ﬁrelsapé‘;@tﬂmﬁj kyl group contains 3 or 4 carbon
atons. 24. A process according to claim?23, wherein said silicate ester is

tetra-n-propyl orthosilicate. 25. A process according to any one of the
precedi n@8cl ai n5,A phatesisnacairdidg dootlpedins27,s vhareineshidutitanden dompound
conditions.. 26. A process according to any one of the preceding clainmns,
wher ei n #® addefiv the regetion aftershydidlysisl ahé tcommeneedgbbatbefore the27.

A process according to ani/-one of the preceding clains, as
formation of said ge

29, A process acéording to claim 28, wherein said titanium compound
is added to the reaction mixture after comPletion of the hydrolysis but

before the addition of said additional water.

30. A process according to claim 28 or 29, wherein said titanium

compound is titanium tetraisopropoxide.

31. A processlaccording.to any ode_of the precéding claims as

applied to the preparation of é chromium or chromiﬁm and titaniﬁm impregnated
silica, wherein a chromlum compound is added to the reaction mixture or
impregnated into said gel before or after separat1on to give a final product

catalytically active for olefin polymerization,

32. A method according to .claim 31, wherein said chromium is

L 4]



-applied to the prepar'ati'on of a titaniuminpregnated silica, wherein a
;titanium conpound. is added to the reaction m'xture ar inpregnated into the )
. gek--béfore or after separation. 28. A process according ta clai m 27 .

‘wherein said titanium conpound is added to the reactl on af t er hydr olys
. ahs commenced but before the formatiompf sai d l!\7 pr ocess

@accord-k-ngto claim 28, wherein saldtltanlumc tothe
‘reaction mxture after conpletion of the hydrolysis but before the addition
; of said additional water. 30. - A process according to claim28 or 29,

- wher ei n sai d ad@édrinuan emopnt BEficieat abv wive €Llats Gpweiginti gercendt. chromivm A
process according to any one of the preceding clains as applied to the
_preparation Gbksal o ting e it ‘olfr twe tﬂ’mndnd.cti\taa:admatamm‘b.gnat ed silica,
“wherein a chrom um conpound is added to the reaction nixture .or inpregnated
.into said gel before or after separation to give a final product

ccatalytically active for olefin polynerization. 32.. - A net hod
taccording to clai m33i, Ameeesss sedarding dei oladms3l o 32, wherein said ghromizm
.* added in.an ampunt. sufficient to give 0.1 to 5 wei ght l{_)cgrcent chrom um

‘based on theifiepdfind &0 theeTeaclarn AxFyes during aryaiterwrdroiysis,aed prior to

*acCordl ng to c altm 31 or. 32, wherein said chromumis added to the reaction
imxture duri |ﬁ§ BPrer hydrol ysis and-prior to gellation. 34. A process
iagcording to claim33, wherein said chromiumi.s added i.n the form of

gi'chr omun(l1l) acet ate 35. A process according to cI ai m 31 or 32, wherein

‘said chromumis a fter gelatiq dDb for sai.d [ sol vent are
'separ ated. 36. A p PR ?‘?fg"%n%l% i %e“PSF% F#'%FB%WS

 compound i s %ﬁh@&tﬁdtﬂé%&-ﬁh&o%ﬁiﬁthﬂcﬁﬁa‘%ea”d Lerr].

35. A process ac_co_rdi_ﬁg to claim 31 or 32, wherein said chromivm

{- Cis a.dded_a.ftér gélation and before said water and solvent ave separated.

36, 4 process a.ccording to claim 35, where:.n said chromium

compound is selected from chrom:.um(III) acetate and (J:n:-t.)3

'37'.. A process a.ccording to claim 31 or 32, wherein said chromium
- is addgd anhydrously after said water and solvent have been sepa:éated.

"' 38, A process accord.ixig to eny one of claims 3137, as dependent
“on claim 27, 28, 29 or 30, wherein the 'bitanium compound is ad@ed before

the ‘chromium eompound.

39. Aprocess for the prepa.ra.tioh of an olefin polymerization
cat'alyst comprising a titanium and chromium impregnated silica, which

comprises hydrolyzing a silicate ester of the formula Si(0R) 4'\":herein R



' A process according to claim31 or 32, wherein said chromumis added
Yk wydrously after said water and sol ventlha\;g_tlg@_;sg_ga.r_a.t,@d.———%& A
~Pr (?essl according to any one of clains 31-37, as dependent claim 27, 28,
N29 or 30, wherein the titanium conpound_is adﬂm‘mﬂ “ | 1/8)r ormi um
conpound. 39. Aprocess for the preparal?on of Weri zati oy,
catal yst conprising a titaniumand chrom um-i'mjre@nafe silica, which ‘J
conprises hydrolyzing a silicate ester of the fornula [err] wherein R 4

o 5 sol Vi S dhrars SHPE PER AL PRy S R asdihelRedn B8HFE B arns

id I ' t W thi h wk 10.10 l.uire . t
based o’ BREST dpot GOPHREBPeaLEte SRk plretiet ey iR AT <o o
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bout ' . : ! hgl. L, h
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water are 3gged sand SLPMEDelyeaY3 B g SudoR! ¥R PSR, | saihOiaRE. adde

total anmount of water bei'ng about™a stolichionetric anbunt needed to react *

wi'th the ket dahiks AANEL A6RUPSo SR thY AfaRbY Sdrdl BOEI] af@ isb@UaPdh @digabout
reflux tenperature, after said hydrolysis is conplete adding an al cohol _
sol ubl e t nyarelyeLs emRey Nk fhbe Ratheyr anedidagd pddicbhél) Prog¥isst veliyd fhehadi Nng  °
at an elevated tenperature for 1 to 5 hours to permt particle growh, _
addi ng a dlpombhenhydyoppsizd thah Welreing) ab hthe eelvdntnagiprogtensdvelyd mbber eaf t er

i ntroduoi ng ammoni a to bring about gelation, thereafter aging at refl ux

t enper at uretémend vate? mwurdded and\puogresmEivedy erorangydrolyzad eatrt deyi ng t he
resulting silica. 40. A process according to claim39, conprising in .

addi ti on £ormedit ithe toltel smoigh afewetar heing eboutsai gtajehiometaic sglowaht have
been | ' '

needed to-react with the av_ai_la.bl'é es‘l;er groﬁps, said hydrolysis being

| cé.rried out at a"nouf reflux 'tempere.ﬁr_e, after sa.iQ._ hydrolysis is complete
adding an alcohol soluble tifax_:xiu_m compound, thereafter adding additional
vater and holding at an elevated temperature for 1 to 5 hours to permit
particle growth, adding a chromium c_ompoup.d é;luble in the reaction mx~

. ture and thereafber introduoing ammonia o bring aboub gelation, thereafter
aging at reflux _tempera‘bw:e for 1 to 2.Iiou;'.'s, removipé the water and
solvent and dl'ying the :r.fesulti'ng_ silica. .

40. A process according to claim 39, comprising in addition
acfiv_ating the silica resultiné after said water and solvent have been ' ®
separated by heating :.n air a.t' a temperature -wit_hin the range of _315°-‘to
760°C. S
41. A process é.ccording t.o claim 39 or 40, wherein said cﬁromimn
compound is chromium(III) aceté.té and -s.a.i.d. titanium compound is titanium

tetraisopropoxide.
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_separat‘ed by heating in air at a tenperature within the range of [err]
[err]. 41. A process according to claim39 or 46; rein sard chrom um

_ cor?&_und is chromum(Il1) acetate and said titani mﬁ\“‘&t ani um
‘tetfrai sopropoxide. . 42. A pr oceszﬁccordi‘@“ﬁ\mm MO or 41,
wherejn_ said water is renoved by .azeotropic distitlatidn dnd®said drying
is caN~ied out in an air oven. 43. A process according to claim 39,
40, 41 or 42, wherein said ester is tetra-n-propyl orthosilicate, and said
sol vent i s4?- propylA pfengiss|acconding to ClA.iBiii%_cﬁ(?mr fhpwherritnedaisd Water
product, when prepared by a process clained in any one of the preceding
cl ai ns. 45is removedaby, Argetropde gHthilatdon amdnsaid devidigats SBArERM BYta pore
volune in the range 2 to 4 nL/g and a surface area of from 430-950[err]/qg.
46. #h a3 %’f‘igr‘?"B‘M yneri zation catal yst prepared by a process as
claimed in any one of clains 39 to 43. 47. An ol efin polynerization
process whi ch conprises polynerizing one or nore 1l-olefins in the presence
of a silicgabased ql efin RO f zaz t].Q8 al y st ei | yst
is, or is g?bpar'edqf ?I(‘)én&sg és‘%lﬁéjél‘zgo}:oié_r%%?%;sn%t ke'dd’ é‘ﬁ%g&pr@ﬁhgﬁ ;s%igl ai med
in clai m 4dsQlr 49 tetBa-n-propy Bréosiiitarel VAR b4 581veRt OLE RS pidpyan
conpri ses polynerizing one or .nore I-olefins in the presence of a
silica-basgteghog{i n pol yneriza- tion catalyst, wherein the catalyst is a
product as clainmed in claim46.: - 49. | A process according to claim
47 or 48, wherein. the polyneriza- tion is carried out under slurry
condi tions. : : .
- 44, - . A silica or impregnated silica product, when prepared by a

process claimed in any one of the preceding claims.

45, . A product according to claim 44, characterised by a pore volume

in the range 2 to 4 mL/g and a surface area of from 430-950m°/g.

46, | An olefin polymerization catalyst prepared by a process as

claimed in any one of claims 39 to 43. .

47, An olefin polymerization process which comprises polymerizing
one or more 1-§léfins in the presence of a silica—based'olefin polymeriza-
.. tion catalyst, wherein the catalyst is, or is prepared from, a silica

~or impregnated silica product as claimed in claim 44 or 43.

48, " An olefin polymerization process which comprises polymerizing
one or more l-olefins in the presence of a silica-based olefin polymeriza-

tion catalyst, wherein the catalyst is a product as claimed in claim 46,



A process according to claim47, 48 or 49, wherein the olefin is

orrpri ses et hyl ene. 51. A process fmf Silica

MyCh conprises (a) slowy adding a silicate ter to an initial
gquantity of a water-miscible organic sg{vent !’Bﬂ at the water

I s added to the reaction mxture at su stantlaﬁly:
consuned by the hydrolysis of said ester; (b) at.the end of the hydr ol

e t hat |ﬁs'

reaction, when all the ester and water has been added, hol ding the reactlon

m xt ure 49..r oom Aepmeras weeprdimgato a;laimmérat 48 whereibn tthe pafynexiza-
tenperature of the mxture for a period of tinme sufficient to permt
parti cl etigpnois lrartigd autiiunder sluhey ceadittionsyi xture at the 'end of said
particle gromh stage an acid neutralising agent thereby to effect the
precipitation of a silica gel, and (d) separating any unconsuned water,

sol vent omthe reaction m xture reby to recover the silica.
gé. A process according to Jl im d% gh or 49, wherein the olefin

is or comprises ethylene.

51, A process fot the production of_siliea which comprises

(a) slowly-adding a silicate ester and water to an initial
quantity of a water-miscible organic solvent et a rate such that the water
is added to the reaction mixture at substantially the same rate that it
is consumed by the hydrolysis of said ester;

(b) at the end of the hydrolysis reaetion,_when all the ester
and water has been added, holding the reaction mixture at room temperature,
or at a temperature up.to'the reflux temperature of the mixture for a
period of time sufficient to permit partiele growth; -

(c) adding to the reaction mixture at the end of said particle

growth stage an acid neutralising agent thereby to effect the precipitation

of a silica gel, and
(d) separating any unconsumed water, and solvent from the -

reaction mixture, thereby to recover the silica.

and
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