2114463 1 SI LI CA- SUPPORTED, CHROM UM OXI DE- CONTAI NI NG OLEFI N ‘
PCOLYMERI SATI ON GATALYSTS This invention relates to the prepar at i on! "‘-9 .
sil'ica- support®d,, cthrom um oxide-containing polyneri sation. catély

Supported -, chromium’ catal ysts have long been a dom nant. factor i£463

the productlon of, high density olefin polyners such 5 as pol yet hyl ene.
As7original ly commercial i zed, - these catal ysts were used in solution
poI ri.zati on processes. Fbwever it earl'y becarne evident that a nore

‘econom cal route to many com*rer Ci aI gr ades of ol ef| n polyrrers was a slurry
process, that is, a poly-S APPORTED;, JERRONTUM, RF NG a tenperature
| ow enough t hat 10 t he . resultln pol Iarely I nsoluble in
the .diluent. However, certai KN ROLYMERISATEON CATMYSES ar e easily carri ed
out ‘in solution paolynerization systenms becone nore difficult in the slurry
system This is partigul ar] true with regard to control of rml ecul ar
weight. In a soluti 1§ys’t’é’ ti9fe f& Fatfﬂetgﬁn prsparatign 0f), st1iedw 56
in order to prosdpgerted,owehromiiecwxidevaninginingi gﬁtﬂjymeﬁlshtidecaﬂélyyﬁeﬁ
However, 'n S| urry ¥ %gg(&[edt hrﬁ{r%mi cQEa %Lg a ve rrién nbee%rrper(%ml:{nant
increases, since'the rea er el T8t e

~i'nto solution aiegtenudnt rteevanireeu@ﬁon hefshwl'r ydeslfstbnﬂ#lhowlms SuCh

In order 30 gy emeaym Wi bh?g?Jnh &a‘mmefmnme 1hREUeEEiANLYs
gesirabl e sl ur r%asystem nodj fi cati Qns of t he cat aI \(/\)%ee devel opéd_ so as

to all ow t he pr&IGcEFesh 181 spruffer e?‘l%‘ﬁblpfﬂﬁﬁ kes. wewglohit early
modi fi cation wiiechméagvideac ONehatC GIMmEEI akdmmsmmf:ell to Smdnfpe cbmiigreiabdn Of

a cogel of SI [ Thi s IS a ed and., wat er renoved
By ndans of apEReBD ol | SRANE, pimerd Nk aRHRlry, bocBEl RIS pol

or gani ¢ corrpoumrnmqepodupeoceshecamppoputfatr a températureovw eSough that
catal ysts have Gemopsdiigisgl pd1fiRr k&bl ghly | i)sd19b1£" QdUCiHag Jﬂﬂ@ném' t

.l ow pol yner. Si nce chrom umust, be i ncorporated at some point 1n
the catalyst plO¥P¥%at iSSRtaln (copbEol derhainygesviieh gre oegwily ﬁerwoﬂ%m
Wi th the silicanorsolbtidn aptlyietizatisn rSektend bevole amdiey GHIEFDY1IGELAT Bige

silica, ti tanl aslagpy Csh}{s @my m c:)Lger'erart:lcularly true with regard to control

of mqlecular weight. In a solution system, the temperature ‘can
. 15 simply be increased in order to provide a lower molecu'lar_' weight,-
' ~ higher '_melt flow polymer. However, in slurry systems, there is
a prai:tical limit on tempe_rature increases,  since the point is . f'-
quickly reaehed wherein the polymer goes into solution and thus
the value of the slurry system is lost. '
20 In order to allow maximum utilization of the more
commercially desirable slurry system, modifications of the catalyst
were developed so as to allow the production of higher melt flow

o

polymer. One such modification which has become commercially
successful is the formation of a cogel of silica and titania.

.

25 This cogel is aged and water removed by means of azeoi:r'opic
distillation or washing with a water miscible organic compound
to produce ‘the support for the chromium. Such catalysts -have
demonstrated a remarkable ability for producing high melt flow
polymer. Since chromium must be incorporated at some point in

30 the catalyst preparation, it has been suggested to co-gel the -

| _chromiufn with the silica or if titanium is desi’red,-. to form a

tergel by gelling silica, titania and chromium together.



f_Unfortunater, it has been found that co- gel l ation. of the chron1un1mnth

flgca results in a catal yst which does not produce as high a nelt flow
ﬁ%ﬁ‘r as woul d ot herwi se be produced. The present invention therefore

to provide a nethod of producing silica-supported, ‘chromi um -

oxi de-cont ai ning ol efin polynerization catalysts by the technique of
.. co-gelling the silica and the chrom um but w thout sacrificing any nelt-ﬁuﬁ s
“index capability of the polymers prepar€gd with that catalyst. |In accordanté
with.this invention it has beén discovered that in the co-gelling

techni que, the saqithiafatB1yTR!ilt Ihagexse&amhhaléaatof oPgdMARIsh RiteRAE €d Wi th
the final catalyst can be m™ninmzed by aging the copreci gated
¥k QPFS?"PB 9 and

chr oni um contXF AP Jrithe thay §tbifa results)#na fage
- afterwards rgrodady asalizgh. afuelm £l ﬂ@Bﬁhengs byumeehémse tds §i'¢bddcaﬂl on or
~washing with a volatil er,- i n|cI u he deseription.
herein, the term' @ogg?eseintst zi'%e'fst(riggl herl?se BgSE?I rm’l g%l'?i?} ilica
and titania, edncrotiucingr ml'lccﬂ—sgewmdm thmaum 0&@%{:@11&3!!1118 solefén to

‘describe a_twiGAmMonein Ebiél‘i?t& Wyoghé"{‘e@{ﬁrq‘ageéf cb—fell?ﬁée tﬁﬁ“&ﬂh@é ng

titania. The term"terq course, i1 s used descr e product &
resul ting fr@rdgehe &PF%“FO@@% wathayt saqriificing; ?‘afnf“alt dfdex sppabiddty 5

Basi cal |y, thgr eharpelymsnpféyaéad Q)‘ltﬁbmﬂ;m;mwgne agi ng under conditions of
relatively high p nacc r dance _wi gﬁjs ihvent.io first is.to o
Eﬂ@

-2

“introduce a -basi c Tat®FP EJanCE LR MG e b%ﬁ’n’d dﬂﬁ'é“?éﬁ‘é)nd is
to utilize auhhtomhumheowﬁmw téchniquegsitheorsantifikeatin| ekt iddes not

becone acld_ Wpapiney Gk GMis HoEERADLIA RS £0ha1! Qaral 185 ah e

techni ques can a
minimized by aging the coprecipated, chromium-containing silica

hydrogel _at a pH within the range of 7 to 9 and afterwards
removing water. from the aged gel by azeotropic distillati‘on or
washing with a volatile water-miscible organic liquid.

In the description: herein, the term "cogel” is arbltrarlly '
| used to describe co-gelled silica and titania, and the term "co-

gelled silica-

a,




Throughout. this application, the reference to silica neans a —

si I'i ca-.cont ai ni ng mat'eri al general | y conposed of 80 to 100 wei ght perQ_Eﬁ' 4
silica; the remtainder, if any, being selected fromalunina, boria, nmagF/.
‘nesi a, -thoria, zirconia, or mxtures thereof. For instance, the silicta"15"
contai ning material can consist essentially of silica and no nore than 0.2
weiight percent of alumina or other netal oxide. Qther ingredients which do
not\'adversely affect the catalyst or which are present to pro- duce sone _
unrel ated result can also be present. Broadly, the- process of producing the
hydrogel involves nixing 20 an aqueous solution of "an alkali metal
si.licate with a &Hﬁﬂﬁ' B uskbaStiC fesasibe Wl fud! dofipoadtdsigedacetabhiym ibgddopel , pr esence

‘of - chron um cofIRougd aekllsdy Wiethild G0 el AANRINNGE ot | BDleacENdI ti 01,
for instance by ge g ly tin g eﬁgntraé t.gf J'err] in the
hydr ogel whi ch™ i €*f% %15%‘ ﬁ%‘u’éﬁ’l"& P TR E ouf 1812 wei ght
percent. A w de ¥&trde. apd 2‘}?°H’r“kr ng tenperatures can be enpl oyed, for

i nst.ance fronsabout 33[Basi¢ally) Ghedé- afel twoometBids. ofTohgaining: bhe eging snderi mari |y
directed to the qpiRednatdfOre10tiveRy high H SinVdtes @adcs it tRNE itvedtiogelmed al ong
wWth silica and fifap 3, Jﬂ%aaeav,.emawm,.eéial mh%mmh&ﬁplzﬁtc; Bl 08kl ed
silica- chromum stg‘ga 2 gc romuméghc uqmuor Fg‘tvmththe
silica, it can ‘53 H“ tﬁfe'bﬁ BT UTTBN T &t togel” -
general |y enpl oy’feﬂg‘ fines cpot herems| asi¢ 9p Igiagm eéﬁﬁ%ﬁdéhesﬁﬂl"ﬁm& 18R um .
acetate or. choonthasa two techai@uesDrapadlgmtbeysed.r i val ent water sol uble or acid
sol ubl e chromi um COWDOUmiGng%& ﬂ{iesuﬁﬁiikyuﬁi etiRr fe2erenée P& @£i6s MGanshe

cogel led silica- nm-éantfies . Pag .ﬁ&?h; éax,pom apao e tmalwa;%brpqpeew

tergels. - Swtab exa as_chromc.

es_s
acetate and chro ’ﬁT‘éerEhg Am ﬂ?l’gz?%l%ugﬁxag"%’ﬁ?’ogﬁc thtdri de,
and chronous chlwﬁieth"e#fpo%ﬁ%iba?haﬁ‘&?"és thevegtri cFor\idpiPRFethessilicagr opyj ¢
nitrate, chras cecontdihixigemanencial lvpmo Konssstsedskattielly OTmlthayaqdrnpdnm themn be
conventional |y agbiwajitpedtendoselioniab od dtBEADRIAL Wkillel Notar AY@ARatDI ENt.

ﬁuch as air tNUS,GONYETLL Dfvedlerh G30ce AL lcalliydt 6 LAUETarY Bh&Rhe QBRI UM to
exaval ent _ C ron duce some unrelated result can also be present. '

Broadly, t_he process of producing the hydrogel involves mixing
20  an aqueous solution of an alkali metal silicate with a strong acid such
“as sulfuric acid generally in the presence of a chromium compound. This
mixing can be done under suitable conditioos; for instance by means of
_ agitation. The concentration of the 5102 in the hydrogel vhich is formed
. is usually in the range of about 3 to 12 weight percent. A wide range of
25 mixing temperatures can be employed for instance from about 33°F to 110°F
| (1° to 43°C). ‘ |
"The invention is primarily directed to t.he preparation of ter-
gels where the chromium is gelled along with silica ‘and titania. The
invention is also 'applicab'le to co-gelled silica-chromium systems. If

o

30 the chromium is not gelled along with the silica, it can be added as an
aqueous solution to the hydrogel stage generally employing water soluble

chromium compounds such as chromium acetate or chromium trioxide.
B Divalent or trivalent water soluble or acid soluble chromxum
compounds are presently preferred :m producmg the cogelled silica-
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g, the mxture S aged This can be carried 10 out at .

Ceneral ly, aging tines of one hour or greater are used.

mes of one hour to 20 hours, preferably 2 to.10 hours, .are
able. As is shown in the acconpanying drawi ng which is a graph 15
st the melt index of pol ynmeré-produced fromthe resulting:-
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| enedi am ne  (.en) unsymmetrical 5 ° propyl enedi am ne (pn)

idr adbg als q Wh ﬁ%ll g&@qcelﬁpanylng drawing which is a graph
of gel pH against the melt index of polymers produced from the

resulting catalyst, the best results are obtained utilizing a
pH during the aging process within the range of 7 to 9. This
can be obtained by add:.ng a basic material such as ammonia or
ammonium hydroxide. ThlS is preferably done by adding the basic
m_ateria—i to the hydrogel_ slurry before aging either alone or
in combination ‘with the addition of additional basic material
during the aging process since there is a tendency for the pH
to dec¢rease during aging. Alternatively, it is possible in some
instances to s:.mply add the basic material during aging so as
to preclude the pH decrease. _Other suitable basic materials
1nc1ude ammonlum carbonate, _trieth_ylamine, dimethylamine and

guanldme.

Alternatlvely, a chromium compound can be utilized which

inherently results in a hlgher pH and/or which has less of a
tendency to - produce a pH decrease during aging. Such chromlum

compounds include coordination chromium compounds hav:mg nitrogen—

35

containing groups including double salts and chelates éontaining-

NH3 or amines, such as the chromammines.

For example, one class of useful compounds are shown by

the formula :Cx':X3 -yNH, where X is a halogen ion such as Cl~

-

o0



as above,- NCB F 2 and [err]. In sone instances H 20 can rep)a

a
portion of A Sope exanpl es of these include: [Cr(NH3)6-] (NX®)3, ,‘
[Cr(en)3]C13, Cr(NH3Y2(H20)4]Br3, Cr(NH3)5H20]C13, {err] and the Iiké 0/
Still another class of useful chromanmm ne conpounds -contain- ing 5 neutrtal-
groups can be shown by the fornulae: [err] where A and Z are as before and
Y.is7a radical froma nonobasic acid such as-Q , Br , I, NO2 , NO3 , OH
and S ; and [err] where Ais as before, Vis d,’ , I, (OH) , and Wis

a radical from &r0j -I"18nd lyasé @natatkgenatanging dirod dndo[far e}g. Sofib,.6NB4p! es

of these i nclude: (e MobGE LEleo0 LA BLESEALLY cnRBRELISY cRiTig S

include chl oropent amm ne chrom um (
hexanmi nechr oni @niiputselnigreense igeehanse bpotheyformelao hEm QZgvin WBFER | 4 ycanp

more extensive rbewaewleésé h@ne.CQEr Cimgat I&n f&i&@éﬂi@:& '(énpraﬁﬁe'ilhgﬂnmetﬁcal

| norgani c g1em stry F’{l’oﬂ f orne and E, ‘Roperts, .5th Ed,
- Revised, In ers@ir%li’i@@“ mige o E;“) I*’rﬂf1 219458‘ aﬁé’(@e?% 82 ayliajogep Hon
chroni um conpoumRes absee haeoy i s méaeanSN r?’ rmsI[ncaa&s ﬂis’thmwsh Mhaza can
be used, too, |f d sired. Fo ghe a%amnlgles h tgg_l} glubde f éo
produce a sl urry “§i%€n® |%°rv\é%'hé’ P et er B1aT
~an -amoni unsal t (¥P ):13 | (€e(ead IC1z0 (BrE(dIH (ﬁQ@i/ﬁ]Bk g} iCrBH. gl H ]ﬂl nt of t he
gel to less thartcg (Qd.) g.hgmp heelfe, Wil € various 30 ammnl um

galts and dilute ac can be enpl oyed the preferred salts are
those such 39 arrrmnl u.$FHJt @a?@eanelammﬁmﬁﬁf%lal chzomammine) sARROUAES FOnpinh

deconpose and Vﬁh§t5|de§erﬂng£¢lfb%e€&iﬁmb Stivhal lssatthenform&ia%r [GrA 2RV QHedd OM
t he hydrogel in an¥ zm téable nger 2 and irtar y tl)% S |mth a
normal |y I|qU|d 44 PES G5B c"ﬂ’l’ﬁ) s iMoPeast
by azeotropi c diast €1 I,aBro.nI N0§ eNﬂgI oy()mgade@NSan aod JOrA W owpenend. is Th| s
pr_ocedure conver, tssbeﬂxge, Vis Cl, Br_' , , (OH) , and W is a radical from a di-
15 basic acid such as 503-2 SO4 -2 C03-2 and C204 2. Some examples of

| these include: [Cr(NH3)5C1]C12, [Cr(NH3)3(H O)Z(OH)]Clz, [Cr(NH3)—

SO ]Cl and [Cr(NH3)5 ]NO : _
Presently preferred .compounds.. include chloropentammine

- chromium (III) chloride and hexamminechromium(III) nitrate because

d20_ of reasonable availability.

' A more extensive review.of the coordlnatlon compounds is
presented in Inorganic Chemistry by P. C. L. Thorne and
E.R._Robefts, 5th Ed, Revised, Interscience Publishers, Inc. 1948,
pages 320—322.. With such chromium compounds, no base is needed

25 in most cases although a base can be used, too, if desired.

| Following the aging, the gel may be agitated to produce

L : 'a'slurty which is washed several times with water and with either

~an ammoniumsalt or dilute acid to reduce the alkali metal content

A

of the gel to less than about 0.1 weight percent, While various
30 ammonium .ealts and dilute acid solutiens can be employed, the
' _:preferred salts are those such as ammonium nitrate -and ammonium
salts of organic acids_whidh.decompose and volatilize on subsequent
ealcination. . |
_ Water 1s removed from the hydrogel in any suitable manner
35 and preferably by washing with a normally liquid vodlatile organic

_compound vhich is miscible with water or by azeotropic distillation



'hyorogel to a xerogel. Suitable'oxygén-cohtaining or gani c cénpodnds.fof'
¢ng water include nethyl isobutylketone, ethyl acet.ate,
tyl 5 al cohol, = n-propyl al cohol, butyral dehyde,  dii sobutyl

preen.t_ly preferred are al cohols, nore preferably 5 and 6 carbon atom
al cohol's, such as 3-nethyl-I-butanol_g_1-pentanol, 2-pentanol and-

“1-hexanol . TRgpfdying SHBH UHPREBahicS coRFOINAO! a49Es ipRoddiurdMesiNerts fHeCi ent
‘to give 0.001 ?%J}rllogl pr ef er abl g&(‘)l.cl_ct oﬁ‘g{ nost preﬁ‘}gr- u::;bl y abgut 1 wei ght

percent chr oRVEFABSASERI 2oKeR988 vei ght of the dried silica base (xerogel). 15

V\he][l t iL -i':mi umis csupeibied oﬁygda-hheﬁaiﬁiﬁg' ﬁﬁ:ga’hﬂe tonipa@hdsn ﬂd}ﬂmﬂd dibxigs
preferably incorporated with the . acid. . The titani.um coppound ca

i ncor por at ed"?ﬁe‘?hén%?dﬂgﬁ i"ﬁ’tgﬁg ?flﬁ?h‘fdﬁyﬂ'kﬁmn(?h i"%h\XAI[II Iaceg%e’su%%cégﬁ‘éyﬁ‘t ly-
i ncor por at ed alcoldig - sntprwydel alanheid obutyrabdehytiepn dfisbbetydi | iechérs and

the acid <pf§}§,§fﬁxﬁs&¥ -Qxetga%gnsagf orndf 28R %Qf‘atihhiefi a%ieoc&x},%uﬁ@;.@ and

. from which f I's subsefuent !y convertable to t t7tani um oxi de.
Sui tabl e titdheupressnsdunasefersrddarenaleeiialges metr hpreferahly] SarppdTioq 4,
the nitratescatbsh Stbo ahBoholé e sl akes3-metkpal-1Lbitanal oS 1-pdrRbndr)St ance.

The titani um,conpoungd i's .ingqQrporated in an apou sych that_the wejight 25
percent of Zt‘?‘?‘g:ﬂf'&ﬁ aﬂﬂesﬁ'ﬂ’t‘ﬁa ed™%h PhHE %’@%ﬁt %GF'e'Elﬁ' ~1Tigenl ci ned

cat al yst 10s ilrpérranohrgel<texnoll, t0 10, ‘preferably 0.5 to E wei ght
percent.  The chgpm “&%@M' Vofount’ 99€! in&folitefCl 1Y LG Ah0ln:
In“a dry oxygen- B

pol ymeri zation by cal crnation _ 1= contai ning anbi ént” such
as air at a suifieiantirke gingi hGOLr tan MhoarefzyablBdhE te hbogst 2yedirerr|

(425 to 1095L61y 1dbduer 12wbighe pRPEAALY chiohdlddbed lon ttheSHelfMer 8£ the
preferably 2 to 20 hours. ~ O her Snown activation procedures such as
reducti on an8¥58 §itisnbess, (geregeld- as disclosed in U. S. 4,182, 815. The
catal yst 18f this iWhenttivanivn he cs@dlled peithnehezeildba, - elie |tHashiwne

mopo: Lol e BedgHl 2"l SLBPRAL™AR! A £k il bl
: compound can be incorporated in the acid in any form in which
it will be subsequently incorporated in “the silica éel formed
- on combination of the silicate and the acid (preferably by means
20 of adding the silicate to the acid) and from which form it is
subsequently cOnVértable to the titanium oxide. Suitable titanium
compounds include the halides such as TiClB'and TiCla,'the nitrates,
the sulfates, the oxalates, alkyl titanates, for instance. The
titanium compound is incorporated in an amount such that the weight
25 percent of titanium present based on the weight of the final
calcined Cataint is in the range of 0. 1 to 10, preferably 0.5
to 5 weight percent. The chromium-containing xerogel can be
activated ' for polymerization by calcination in a dry':qugen—
- containing ambient such as air at a temberature ranéing'from about -
30 800°F to about 2000°F (425° to 1095°) for a time ranmging from
about 1 to 50 hours, preferably 2 to 20 hours; | Other known
- activation proéedures such as reduction and oxidation can be used
as disclosed in U.S. 4,182,815. -
The - catalyst of this invention can be used to polymerize
35 at least one mono-l-olefin containing 2 to 8 cérbon atoms per

molecule, preferably ethylene, propylene, 1l-butene, = l-pentene,

P, "I sopropyl acetate, and other simlar volatile organic conpounds. The

- 1:-hexanol, nost preferably 3-methyl-I-butanol, 10 1-pentanol or b

2

-



-7- “1Zhexane, 4-nethy|-|-pentene and '1-octene. The "invention is oj
~particular applicability in producing ethylene honopol yners and cop®
“from m xtures of ethylene and 0.5 to 20 nol e percent of one or nore
conononers ,sel ected from 1-ol efins containing 3 5 to 8 carbon at ons
per nol ecul e. Exenpl ary conononers include aliphatic 1-olef ins, such as

propyl ene, 1-butene, 1- pentene, 1-hexene, 4Jnethyl-l-pentene 1l-octene and .

ot h hi gher ol ef |ns and, con ted or non o) at:ed di ol efins such as
1, 3-but adi ene, pls 4'ﬂ\e5ié¥u‘y gpgptens, 3 rrgjt‘ﬁgﬁ:e“f -3- fheadingpation is

1, 4- pent adi ene, o:o parn&awaaarhpémeabllaﬂﬂ mt Ipe6ducinig h ethylehef |haﬁ°@1gimers

h r abl onsti e
mxtures, thereah GRS RAPBLMIELS oPLELAR e BORTH! IS er L oR
W th ethyl ene/ hé’%eﬁéecabomﬁ%r gomozpmens OB leot@Dd. ﬁ‘omolleoma.oentormahyiméi is
preferred, the neMy nelftboRl a€6ws SBePChbfed e, CORRMMAELy éorﬂlonaxﬁr %mﬁn@

1- but ene, 1- pe ene and 1-octene  are espeC| prete rred
comononers for ﬁgbﬁwtﬁﬁ eltl‘i??F » TRRED OP§ eRTOPEISRENe brhupeneod irRemtenm
catal yst of thi 3-heneasfi @nmbghyaoi-tﬁelne&@,ol ;Lraalté,z@t 4, othkHr l‘ﬁ[ghert olef:ll.ns

| ymeri zati on, | ymerizati.on t es _usi pg I Qna
ggu?lpment and 28 concgngﬁg?ngdop%oé'gg-s%oéuu% B 15? st"ﬁg (I??’OI\'(?EF utgdiene,
nonomers with t hgorrgnal ypirexylene, c? fdimethy}- b.tﬂj-bumliene,knb,\&npeﬁtaﬁhalé}rt
& solid cat@l y$!l s hexbieneON VARl e&;hegeqagﬂ 'dioié)fﬁlgsgﬂgd m&? ured! E}:l f n

t he organi c nedi umandto itate the mxture to nai ecat
~'suspension thro Groehet H-‘Qpﬂ erﬁﬁfﬁﬁlﬁrm&’ﬂt% anwtkmt 90

contacting net hpt:lsfaubry as7f teli 99 8=dnd1ed, pe&é&w tﬁlw&ﬁ@ﬁ' et®dne f ffid;, bed
can also be enqy The/h
S

roducti.on _of rs.in a
particle form process hyds celxg %dc?wlﬂ??'d& F\Y ?ﬁ Eg bg’?é‘?&%@?‘:eﬂ?e
catal yst of tAHylepeienpreferied pahei rasadnder ofii tambe tddng thercdidonet .
~slurry pol ynsrl pﬁt y2BSe, Tlehuthal [y ?r%ﬁﬁé&- ' Slgﬁésf‘erng' | ¥nfarilgde Qut a'rré an

- inert diluent rrl 'such_as par af ¢l o- fin or caromt i
hydr ocar bon. P%?e‘:lﬁ ]é’d@ﬁ?fﬁfﬁﬁﬁfméf‘?ﬂﬂrén rpGF?ri'E‘rtb ethylenesnper ature  of
about 66 to 110C Tie pélymey€dcan be prepared from the catalyst of this

invention by solution polymerization, slurry polymerlzatlon, or

other polymerlzatlon technlques using conventional equipment and
20 contacting processes. Contacting of the monomer or monomers with
: the catalyst can be effected by any manner known in the art of
solid 'catalysts. OIie convenient method is to suspend the catalyst
in the organic medium and to agitate the niixt':ure' to maintain the
catalyst in suspension t_hroughout. the pol'ymerization process,
25 Other known contacting methods such as fluidized bed, gravitating
bed, and fixed bed can also be employed. The production of

o

- ethylene polymers in a partlcle form process is dlsclosed in more
detail in U.S. 3,624,603, .
The catalyst of this invention is particularly suitable

a ._ .

30 for use in slurry polymerizations. The slurry process is generally
carried out in an inert diluent _(medi.um) such as paraffin, cyclo-
paraffin or aromatic hydrocarboﬁ. | For predominantly ethylene
polymers, a temperature of about 66 to 110°C ié employed. -
Pressures in the particle form pro'cess can vary from about 110

35 to about 700 psia (0.76-4.8 MPa) of higher. The catalyst is kept

'in suspension and is contacted with the monomer or monomers at



PIess,ures in the particle form process can vary from about 110 35 to. -
aboat 700 psia (0.76-4.8 MPa) or higher. The catalyst |s kept, in

sion and is contacted with the nononer or nononers “at. -Ta-

ent pressure to maintain the ediumand at |east a portion of the
oot or nononers in the liquid phase. The nmedi um and tenperature are.

t huS sel ected such that the polyner is pfaduced as solid particles ‘an
is recovered in that form  Catalyst 5 concentrations can be such th; t
- the catal yst sugficehtr pf&%%rérecmﬁhﬂﬁalﬁ ot @diiud aii @bt 148t C&Nforkased on

~ the wei ght of thﬁ reactor contents. q&ea can, b used £ o0 control d.

- nol ecul ar wei%ShtDGsPPROMER QR BORPmEFH AN 1q'é’rdt 85¢hen "CuBEHE™ PP s
-generally use:rémaeratﬁre spe CEintsr aseﬂ.eclszdursut:b thatp|theppolymer b6 pm]lcutenbn :
mxture, prefg Wi e ge . of p nt tion
- m xture. Exarrpl ap‘%ﬁd Céa%thCthg Prr?atppa?gt |r8g°';exle§e:mg§!hgt o izlﬁr ge?g ? yst's
- was prepar ed gopcentrahionsn caqUéeueuclsmmaere %Rﬁaéi}’sfsé‘-lmwiﬁnramﬂ &remng

S titanyl . sul fab61 & absut 1 RRigMEGiekt&tt BASQITon thel WEAHRPOWRE Miabodn
aqueous sodiumsilicate solution at a reaction tenperature of about 20 to
30C t o obt ai F°R*¢S-at a pH of about 6 to 7. The sodiumsilicate solution
was added to the adiydrsgenutdaan ba tﬁseﬁltnrorldmgtmaermﬁhewara weight 18s nimute
period of ti with t qanit r entsS' empl o Each

di vi ded |ntor£g'B"|6?OX| Q?‘%I é%qlfja portﬁge?l’s Wt I’\ e:"él:chr‘ILE %ﬁ?%ar}l (g

dei oni’ zedowatcencmapiraxsedpimé mplel perdent effy raa@wnvwmurm pde@nraébly
quantity of qiskiHe cf ka}]ﬁbdi% deméﬂel H&f&at of rés@dontfiRLEECT the
.desired increase in pH _ace in a wat er bath mal ntai ned at
about 80 to 82[err] where SXAmp et St opa 3 about 4 hours.
After-aging, each hydeges oES tfetgépre&taly@ﬁdﬂa&s\mlirbpﬁ@domyzaﬁxmg €én and

then with a dalqlulejgues aguulef%ri S%'c%' %gll?élo?i con*:alnlng titanyl sulfate and

. 15  the specified chrom-




nitrate until the sodium.ion concentratlon in the hydrogel was reduced—a
about 0.1 weight percent based on the dry wei ght of the catal yst. V\at_s :
renmoved fromthé washed hydrogels by azeotropic distillation enploy-
ing ethyl acetate. The resulting dried conposites were blue-green in color;:
I ndi cating the presence of trivalent- chromum Each conposite was activated
for{ pol ymeri zation by calcination with drygair in a fluid- ized bed for 5
hou>“5‘ at 1600[err] (871C). The catal yst was recovered and stored in dry air
until ready for use. Each finished catal yst contai ned 20 about 1 wei ght
percent chrom um as chrom um oxi de and about 2.5 wei ght percent titanium as
titani um di oxi d%‘mﬁ&hﬁmwml & SfhebidFodfidnl A1Jicike Sblutaa. atFre/tadipl €, tO

.70.1 g of an aqueous qaﬁ a%LM‘I hmtggm%mm;naa I @i 59 -OJn Jflaﬂmgfé € 7.
- commercial [err]_pro

avin er ent nru o
concent r at ed sul?"&r?ﬂi"&c?ia"%é%q&)éﬁbﬂ ‘ZOO'%QE LA S i’%mn g%&r’t" 59500 cc
dei oni zed wat er eventshéuti hd @ I winuts perderd o Sinenyishithe gpantity9fr@8tR5F val ent .
to 1.20 g chrsni eip)oyed.ncEaith gl ves \dtxsideb tite CepprrxBBEEIYr §qull Birbiont withhd to it
over a 10 m nut eeaQﬁr AdoMatTuesd bithi dgontaéd wildedadPhaced DitoadphgtirObeg SOdi UM

i cat | ut ide0sci 6.4
W th the temper obdl 9*'?' fhe e A8 a6t Wfnef St sl i

u
(29[ err]). The h%f’oé‘él‘ff/ﬁE e FPHEE ARTERSS oxXi ma 'él‘m lacﬁ% \[')ﬁ(‘)lrt i ons,
each portion wasvatexberbypaintaioed atcabout 38T 6piBF At éF“SFﬂ‘ac‘eﬁd"F

pl astic bag and iveet baguins Afos sgiog\ceachrhydrogel vys Pidtéredmwashed mitd at

178[err] to 180[ @J:.BIL.Ee(( 844;:&%83:51@’ 51?)1 WMaBhuee bfiRosAENuE ok\@S sagkdsluaf Or 4 hours
at that temerat g, e oo (upalPLELRCRLAPt B Bdibjes Midiskintea cJhe 35

second sanpl e was adm CcC.0 ueous nLu dr oxi (25
~vol une percent [#eP}P- ‘(H%‘SPT‘]F’F’EF‘%E"éﬁrﬂ“x‘gg 4% ™ "grmg %f °t'?1'é arrrmwgtl'eﬁm

hydr oxi de and t hwesf esmpved $xam theiwashed bydrogels $ycazedfroRif Mgt AT Py oxi de.
9 After agi ngs emghetaphptezavens The Iresrlethg dvdsheshpositescekrabliuengteendbed as
descri bed bef or ecaszcme&upeﬂ bieskdeeW? drivd1B& erbmiukX agERk Rodpbsite Et hyl ene

Pol ymer i zat i on Egg hu%a&,wgsﬁ LhpaiBle b Oy»@acmfo@.dufte P ol 1P 1 1usa-

pol ymeri za- s]1yst eel react

cont ai ni ng about 1?“25‘”5% 5(5"6’7’ 3f 1%?0" @B{Jfg‘n:{h& tefits rﬁSSYeﬁﬁer'?dzat ion

vwas c()ndljct ed at stored in dry air until ready for use. Each finished catalyst contained .
20 about 1 weight percent chromium as chromium oxide and about 2.5 weight '
percent titanium as titanium dioxide with the balance consisting of silica.
For example, to 70.1 g of an aqueous acid solution containing
a ratio of 11 g of a commercial T10504 product having 12.3 weight percent
titanium to 25 g concentrated sulfuric acid was added 200 cc deionized
25 water and 200 cc deionized water containing 8.3 c¢c of aqueous chromic ace~-
tate (equivalent to 1.20 g chromium). The mixture was cooled to 66°F
(19°C) and to it over a 10 minute period with stirring was added 995 g of
an aqueous sodium silicate solutién containing about 12 weight percent
SiO2 to a pH of 6.4 with the temperature of the final mixture recorded as
30 about 84°F (29°C). The hydrogel was divided into 4 approx1mate1y equal
portions, each portzon was mixed with 150 cc of deionized water, placed
into a plastic bag and the bag was positioned in a water bath maintained
at 178° to 180°F (81’ to 82°C) where the sample was aged for 4 hours at
that temperature. The control sample received no other additive. . The

¢

35 second sample was admixed with 2.5 cc of aqueous ammonium hydroxide (25
volume percent mla), the third was admixed with 8 cc of the ammonium
hydroxide and the fourth was admixed with 16 cc of the ammonium hydroxide.



230F L110[err]) and at 550 psig (3 8 HPa) ‘total pressure until
appyoxNately 5,000 g polynmer per g catalyst resulted. POl yrrerlzatlon tinme
wa ﬁéi cally 40-50 minutes. Each recovered pol yner was dt i ed, "stabilized
W X 5 10 weight percent of a conventional stabilizing system  and the
nmelt i ndex determ ned according to ASTM D 1238-65T, Condition E. 'The
nature of the chrom um conpound, the pH used in the catal yst preparations:

“and the results obtained are given in Yables I, Il, Il and IV. Table | 1%
Et hyl ene Pol ymeri zation Catal ysts Derived From Chromic Acetate pH O
Hydrogel Slurry Cat al yst PoI ymer Adj ust ed Run N [err]

S Wth NH CH Wi ght Yi el d roductl Q/I 9 L rr]- .
9/ g After 5gm0 g’zbs sTp Bas4f11t5reg washed dried an acﬁvﬁ.&%g 243
5250 . descrided befyre as z:onvent:.onally _known imthe artg 4 0. 0321 161

5020 . 5.1 3 Example II - Ethylefe Poljmet3zat@on0306 - 153

- 5000 5. Badh catatyst (Example I) Sadtestdd 26r e&yﬁ%5%olymenzﬂ-65
g?gg 5§ tioen mga éter §tirred st§1nless st!)g 1 réacggx: c%tgz‘%g% about’ 112%4
4960 1bs (566 oz5isobnt7ne as dz.luent ymeé:.zzuon ag condﬁctﬁ 67 178
4850 230°F g210°0) and at 550 psig (3.80Pg) towyl pressgreayusl approxiggaly
5140 5,000 glpdiymer pkd gledthbyst |rekilipd.cEolyierisasion 2ate 3 Gaiallyst s

Derived Fr Omz.ﬁaa QidutedV Hatk Geddibih JolYfhlepqRl aSled] r.x.mmtaw&to 150l ymer

at 5

AdJ ust ed lgunwﬁkpt per‘c%of ag SJLnL\“B'ngA%bYE gﬂt system, a%ll Qhe E@ﬁ ‘4.95,! V; ty H
5,000 g/ g.' g detemmined gccgrding to ASTM D 1238-66T,ngdagitzon E. | Tbe nature o%ghzo :

4.6 10 - chromium compougd, the@ﬁguseg im3tpe catalyst gmaratzons agd)(3he results 5.3 11
- - Sbthined a¥e Givér fi3Bables I, II1,]1821I and IV. 5050 - 6.0 12 -

- 8.65 9.3 0.0347 187  1ab1e 3390 6.1 10 13 6.1

6.1 - ST e ;_g _ - Cheomd - -
7.0 7'15 0. 033 £ Hvdrogel Slur Calyst P %%Qd rr' 5T %Ageif:sted( a 75
8.0 0.4385 Run No NH - W 'H We;ght Qq: Prodqct’ivity‘- c) MI at

No. BA A A& g g e 5,000 g/g

1 6.4 5.4 - - 00463 263 5250 . 3.2

20 2 - - 7.2 6.4 0.0321 161 5020 . s5a

3 < - 7.9 7.45 0.0306 153 . 5000 . 5.0

4 - - - 85 8.25 0.0352 165 4690 _ 6.2

5 6.6 55 - - - 0.0337 174 .  S160 . 4.3

6 = ~  1.55 6.95 0.0343 1M 4960 6.1

25 7 - - 8.2 8.4 0.0367 178 - 4850 6.1
8

- - 9.0 9.2 0.0405 208 5140 3.5



16 -~ - - - 8.0 87 0.0374 " 186 4970 - - 6.2 Table

[ .15 Et hyl ene Pol yneri'zation Catal ysts Derived Froqm » .
“Chronic Chl orlde and “Chromic Sulfate pH O . Hydrogel- Sl urry Cat al yst '
Adj ust.ed Run ‘Chr oni um No [err] Wth NH, OH Wight Yield Produ

H at No. Source. BA AA BA AA g g . a/y

5600 gtg 20 17 [err] = 5.9 55 - - 00344 176

5120 5.3 18 [err] - 8% 8.1 o0.0375 197

5250 3.1 19 [err] 6.4 6.6 - - 0.0391 205

5240 4.9 20 [err] - - 80 8.7 0.0352 182

. 5170 . 6.1 21 [err] 6.25 6.6 . : - 0.0460 - 234

5090 5225 22 [err] _ Isblg I} 89 00384 183
4770 - 6. 3 TokHewleps Peivmenigationobatalysts Penived From L Jitrate Cat al ysts
- pH O =Hydr ogel SI urr;;l Cat al yst PoI yme ' Adj ust ed Run Chr om um
Weight  Yield- Jn o Y ;H‘ c‘t‘ly“ P H“Ste :
o a4 s mdm ol UL Thobnr, Bt

L . - 1Y U - -
. 83 86 sb U0 79 508 47000342 " 182 4 253320 oy 1]

5.4 4.5 - = p.03% 8 3 g8 0346520173 009 26 5. Perr]

7.1 7.5 11).0370 - 1881 B3%00.0364 47 35 50587  [e0r]

6.6 7.4 - 12 -- 0- 038765 913770.034¥960 187 Ssfbolerr] 6.1 -
L _7.48 A 8.,g 045)093,20 , 161 9059300 o38h_ 5;@6 e{gdso] e . ]
. . ) r

- 8.2 9.0 % 0381 2682 7% 00- 0331 6 ?éﬁ’ BA ritaBs bef or e

aging. (b) Mneahs after agi A (&)° A-G¥Icti 3%y in $¥Pns of gIpol ymer per
g catalyst. (d) Wl cul ated fBein adilad.onmsl t i 18@ex andgioorrecteed to 5,000 g
pol'ynmer 5 . per.g catal yst® as knownrdpile tzfie art. See U. S. Patent

4, 151.’.-122’ cggum 7, line 66k ﬁ fﬁyﬁ;xf&g oa"'é} tﬁYs‘se)’envedl ca-t i,t ani a Cog.el

pr epar ation, [err] added t 0. FoGH and Chromic Sulfate

- pH 0f Hydrogel Slun_rz Catalyst Polymer ' Adjusted
g - Run Chrom:l.um No NH,OH Wzth NH,OH Weight Yield Productivity MI at
No. Sou;ce BA AA kA- —EB . _ & ___glg . _,ﬂ)_o_gig
90 17 CzCl, 5.9 5.5 - = 0.0344 176 5120 5.3
18 CrCI3 - - 81 8.1 0.0375 ° 197 5250 3.1
19 Cr,(so )3 6.4 6.6 -~ - 0.0391 205 5240 4.9
20 (s s - - 8.0 8.7 0.0352 182 5170 - 6.1
21 c::ztso,.)3 6.256.6 - - 0.0460 234 5090 5.2
25 22 Cr,(S0,), - - 82 8.9 0.038 183 47170 6.3
: Table IV~ o
Ethylene Polymerization Hiscellaneéus Catalysts -
' - pH Of szrogel Slurry Catalyst Polymer ' Adjusted
. Run Chromium - No NH,OH With NH,OH Weight Yield Prod. MI at
o 30 RNo. . Source . BA_ 'AA_ BA_ - AA g g __g/g 5,000 g/g
o 23 cr,(r0,), 6.1 6.4 - - 0.0386 190 4920 3.1
_ 2% Cry(po), .= = - B.3 8.6 0.0470 225 4790 4.3
% A 25 -~ Cr,(50,),.K,S0, 5.4 4.5 - - 0.0356 188 5280 2.8
26 Cry(S0,),K80, - - 7.1 7.5 0.0370 198 5350 . 5.7
3 27®c0, T 7 66 7.4 - - st 1 40 5.8
2@ eo, - - 74 8.0 o0.0320 161 s030 5.6
29(®) €0, = - - 7.8 86 0.0420 222 5290 5.7

30(")'6:03 : - - 8.2 9.0 0.0381 208 5460 4.6



S prior to azeotrope drying with et hyl - acet ate conparative runs. :
paction of the results presented in the tables reveals that 10 ‘active
fil)ysts were made with each chrom um conpound tested. ,The melt index
ts of Runs 1-26 show that it is necessary to mai nt ai n the pH of the
er'gel hydrogel s above about 7 to optimze the melt index capabil- ity of .
the catalysts. In Run 8, where the pHwas about 9 or higher, it is ndt e@qﬂ
that polyner nade with the catal yst exhibited a nelt index 15 decrease’
"~ relative to others in this series (Runs 5, 6, 7). These data, taken in .
conjunetion with the other results, suggest that the hydrogel pH should
range from abgd)t BA/ mésns 'beBéreOagibg naxi m ze the nelt index cap- ability of
~ the tergel cat@IyAngnsl?ﬁfg& eging0 show that in runs outside the scope of

1 his inventi OE‘P gzodt\x/ct[ivi%y ’ﬂs‘%’g' togg éorigngrrnplé Ié"’?’t@g?d after agi ng, the

hi gher pHis | ndex i s not inproved
any by the hi éﬂ'?e?‘lﬁ'f’r‘f'ﬁ’e Expmcastpal pelt dndex ond coxERgTed B3000 SPR¥RET el t | ndex
resul ts in5the vear pgetalyst es kogwncinhtheiarter Seel U.ct Bateny 4381182 deri ved from
the acetate, nitédin andimibé 2bdineo, 26luan @hr omi um The nitrate and

sulfates are _mrﬁz@é‘etﬁr.aﬁd nqﬁemadze.acfuong.a&ﬁa {oGasEd SyakgL i s noted when =
the hydrogel I's Cogﬁnor go a ed:s %sulﬁ é?{r%tﬂyﬁa%hiagg gnh:araq(i\’& % \QA th the .

acetate alt hough rogel durin He agi ng
step. Exanple II1l - éafP&FVé’P ﬁsrfé’ﬁa‘?‘a¥]1‘6r?’§?b'f°83h"n e J@bles revesls that d
Chroni um @@or st canlBEATREEN dade/wuitlreatly ghropiultfonpotind hesited. déemsiy at es t he
use of a chroidddfnrefillts @ Hufis N-260sHoRIthht Gt islHele3sdry s diaintaif) the B OMANM Nes,
Wwhi ch inherentd yndvdgs: %y&%lgawbsbe bﬁ.%ta £ OitehizP Hn@ e t0fnak£ Shabsi-PH

~decrease duri 0g %gwegcat@lig_rl es, P“'f gtpgl%gt‘tgom P %%r ed, by m xing
u

an aqueous 35" |bn con ai“ni ng'rﬁ Fatt with an
aqueous sol ut FHACTEB Y RPhget Hédesb’é'f!l £ SALLFI O ‘E‘bbr"’ﬁ?"né‘ﬁei‘m conpound.

The ni xt urld wdesrease i2lstdne ttebthirs inathis parics SRuasds ubm 2).| | Theseedaa) ut i on
while stirringkei ialh@ojundtionriith the dtier tra@sullbd,asuggest pdht dke AfRbgela 6 (O 7

 pH. The reactwehmma,s%nﬂ%d hERTY A0Ur G, 8 mmmwweemwm&kxtas-quantlty

of reagent S yy otd the %ergel catalysts.
Runs 27-30 show that in runs outs:.de the scope of this invention,

20 i.e. where the chrom:.um is added after aging, t.he higher pH is of no value.
" As can be seen, the melt 1ndex is not improved any by the higher pH
(because it is already good).
Based on the melt index results in the various tables, the best -
tergel catalysts were derived from the acetate, nitrate and sulfates of
25 chromium. The nitrate and sulfates are more prefe:fed since no leaching
of the chromium is noted when the hydrogel is contacted with water. Some
leaching did occur with the acetate ‘although most is readsotbed into the
' hydrogel during the aging step. '
' Example IIT - Catalyst Preparat:.on Employig

‘30 . Chromium Coordination Compou.nds As Cr Source -

This Example demonstrates the use of a chromium salt containing
Nﬂs or amine groups, e.g. chromammines, which mherently g:.ves a gel which
has a higher pH and/or resists pH decrease during aging.
A series of tergel catalysts was prepared by mixing an a_queous
35 sulfuric acid solution containing'titanyl sulfate with an aqueous solution
conta:i.-‘nihg the specified chromium coordination compound. The mixture was



gel-- was- di vi ded i nto approxi mately equal portions, diluted with apprOX|- "5
mately 125 cc of dei oni zed water and placed in a plastic bag al ong with thes
desi red quantlty of "ammoni um hydroxi de solution, if used, to eff
desired incriease in pH Each bag was placed in a water bath mai -
. about 80 to 90[err] where agi'ng was continued for about 4 hours.
aglng, -each tergel was filtered, washed weth deioni zed water, th
-wastied with dilute aqueous amonium nitrate solution, dried by azeotropic
distillation and activated for ethylene polynerlzatlon by calcination in

dry air as described before in Exanple-I. Each finished catal yst contained

about _1 wei ght me&enﬁ:mhmqwm 38diuh 31 cdte mmdan&aﬂeaamneaé;mwht per--

‘cent titani um agetis! g Sew.mbme s RALHGR. CARSIILisBI LRk dhyebCa 1
sol ug1on cont gentrat ed

For exanple, to 82 |n|n
. sulfuric acid affd"' o1"° lgq'fti]’“tflf‘ﬁh Q?ﬂ“‘bgr "%&:@g?ﬂddg‘& 150 cc
of dei oni zed wa!'&r"‘& ?’d‘i’ﬁliﬁb" spproxigatsly (fﬁ%%i‘ow‘é’d“bei’é e PRPFPREN( | 1)
nitrate. To . $hemssélyr 1250carek eiveizat vabesnd2fi@cal/ by a plestie bag elopewithd was
added 416.4 g Oiheaauﬁeusqnmd'tmt Simbdn®ild Bydzédide sSfdtion] iierﬁséal,kﬁem&tg ht

'ﬁercent [err]) &@ ﬂs‘pxjdeE i E&’pﬂbt éﬂlﬁﬂvﬂ&%géa% i/} &I in- The

d | di | yt d te )
d?/v[ggg |\rll\?g tl/\b‘li %p? %tf°ﬁ§1t If"egau %S{é‘ﬁg“mﬁéﬁﬂ’ oRE (Ké‘é’ %I‘ aced in

-2 plastic bag aifdercaginsnstrhnkersplyvas ﬁﬂéewét opshed (vith deipnized watent thepout
- 85[err] to 90[ evashedf with 3igluty Mbedds Posomsun binratd paibrion iiied Bp azeateapée ved no

- additive. The seeifatisdRhe .ms.ﬂzuxnd mﬁbn@pa@n&fxza eeTeinyelionxhde (25
\d/glr IU\f/ngIOfG: grennLeJtSrJiL n'gc : %rr#aﬁd 1I fie Qgﬁhfﬂi/ £8P U1yt WohdaEea
chl or opent ammi né’enmb | REFG=" h'ihﬁ "ﬁ% “ Boput 3-1 BEIghE BfFSr eas

the aged hydrog®mt $itaeimeas GWFde-’"PF’eﬂhm PH’;PP%ER!F&Weﬁf Sdica.
chrom un( 11113 chl ori deFavcexamplie; toe82 @ ofCdnOsquedist ®ilutdgn kentainagh2shy dfogel was

~filtered, washegacedtiRel smidusiet ic{@t2d 135z BE TYbD S(hzfsdﬁi ﬂze&nt Expmple 1V -
Ethyl ene Pol yneglzakl oo S Lfoﬁieaeﬁgt&s ??4‘5 §eg Exaéi‘ Xf.sﬁwé tested for

et hyl ene pol yneri zati o manner he nature

of the 35  chriHwReE gﬁ'ﬂb ) pakepte; nio She Bfi’fﬂemmfdéeﬂb"étl %Pr Fi es and
t he results obteen®d® sinuteippriedives Pditde41$.4 g of aqueons sodium silicate solu-
20 _t:l.on (11.9 weight percent 8102) to a pH of 6.7 to obtain an orange-brown

. hydrqggl The hydrogel was diluted with 250 cc of deionized water and
the slurry was divided into two approximately equal portioms. Each Sam-
pPle vas placed in a plastic bag and each bag was put in a water bath

~ maintained at about 85° to 90°C for aging at 4 hours. The first sample'

25 received no additive. The second sample was mixed with 6 cc of ammonium
hydroxide (25 volume percent Nﬁa). .prior to being aged. The aged hydrogel
slurries derived from hexamminechromium(III) nitrate, [c:(ma)sl(no3)3,

. . and chloropentamminechromium(III) chloride, [Cr(NH )5C1]Cl were green in
e color whereas the aged hydrogel slurries .derived from t:is(_ethylened:.amne-
30 chromium(III) chloride were purple in color. After aging, each hydrogel
was filtered, washed, dried and activated as previously described.
' ~Example IV - Ethylene Polymerization

A sample of each activated catalyst was tested for ethylene
polymeuzat:.on in the manner described in Example 11. The nature of the
35 chromium compounds used, the pH of the hydrogel slurries and the results
obtained are given in Table V. '



bl e V Et hyl ene Pol ymerization Wth Catalysts Derived From Chr omanmi nes
Hydrogel Slurry Catalyst Polymer Adj ust ed Run

OR  Wth NHOH4 Wight Yield Prod.  M-at 5 No6. Ghromanmine
. \_/ AA ' BA | AA g "g/g 4000 g/g 31 [err] .
- 6.7 8.3 - - 0. 0413 165 - 4000 6.8 32 [err] - - e -
8.6 9.3 0.0316 121 3830 938 33 [err]. 6.4.8.1 - T N
0. 0393 175 4450 8.7 34 [Jerr] - - 8.1 8.8 0.0494
224 4530 6.4 10 35 [err] 6.7 7.4 - - 0. 0310
134 4320 7.5 36 [err] - 8.05 8.4 0.0334 134 .
4010 8.4 a) .en stands for et hyI emadivani ne I nspection of the results
given in Table V indi t vW?&m”EQ&aHiQE‘Q each

chr omanmi ne conpoe e “oTT ' he hydrogel
“pH is not always needed and may | tal ng t- I ndéx
capability of tnn:? tergel catal ei’s ff%ugg:?: g@ﬁ@m I tﬁdms.tgel i eved
"that the relsat muel cﬂraw neggﬁéﬁ i_BaIeX_AAT ﬁ"r’ 5. % in_Rgn SMM due to

the rather hig 1p r)vepl7| g.Pr epar atd onoqfu:; he 1g9t adoget .
On the other h%? ) taI ysts g;rﬁpag |d Br@%thquhrﬁ m es deri ved
3 |6

from et hyl ene 3a parent that " the us e nla to

i ncrease the pI-?%f‘%%’b?dF N u’rry i s bene]oroc? rng t he
melt index cap#bi |(FtGHILCYIEY, cat al yst.8-1ThéS, Q1484 ystzs" de‘rSP‘?/ed from some
chromamm nefp, as (cftexlasr]manecm omzua( | I-1) i tratesieray 18how3aonoderate 25

~lowering in nmelgg ipgdes) qapabl ity wherg gsmPni aol@sksedssn 4016 cagd yst

" prep- aration L [ ncsrten S Giher -catal yst s der| ved from sone

- chromami nes si¢h sf"etﬁ'?/’flene I am ne chrp chl oride may show a
" noderate increase | n nE’P"'"H’ﬂTe?(f E”&p%?d?’ltft%"’%h& n’r “i’§°’u§'§’& K ‘%h
catatyst prep- catayitsrvere made fromseach [shropsamineTermpeyad | r Thegfdditien of gamediaised
“in form ng i1$e t30incréabé ab@ Byiragelt ficischar sivappeaial sml hayl dcuenity rédudt del t

_' ndex capabili tmw&fmé Bfe gakadnist cipgbﬁ@ifeoﬁxﬂee{grgel?’éatalysts (Runs. 31, 32, 33
and 34). It is believed that the relatively low polymer melt index of S. 8
in Run 32 might be due to the rather high pH 9.3 observed in preparation of

. the catalyst. o
20 On the other hand with the catalysts prepared from the chromwamine
' derived from .ethyl_ene diamine, it is apparent that the use of a little

ammonia to increase the pH of the hydrogel slurry is bemeficial in increas-
ing the me.lt. index capability of the catalyst. Thus, catalysts derived from
some chromammines, e.g. hexamminechromium(III) nitrate may show a moderate

25 ldwering in melt index capability when ammonia is used in the catalyst prep-
aration to- increase the pH. Other catalysts derived from some chromammines
such as tris(ethylenediamine)chromium(III) chloride may show a moderate

. increase in melt index capability wben ammonia is used in the catalys_t prep- '

aration to increase the pH. The nature of the ligand used in forming the

30 chromammine therefore appears to influence the melt index capability of the
catalyst to some extent. ' '

35



-14- CCAMSC L M S 1. A nethod for the preparation of _
silica- supported ~chrom um oxi de- cont ai ni ng ol efin polynerization
whi ch™conprises formng a co-gelled silica-chrom um hydrogel as
her:ei nbef gre defined, and con- taining sufficient chrom umto provi
~the subsequently produced xer ogel , from¥$-001 to 10%
based on the weight of the xerogel aging the hydrogel ”
hytrogel with a volatile Iiquid organi ound-to re m% @N{E
hydr ogel -and t hus convert said hydrogelcgﬁcég@ xerogel-, ar
chrom um containing xerogel by calcination, wherein the pH of the

‘chrom um cont aifi ngy hydnggelod Stﬁ@';@eﬂhf@:@oh nof hg; 1i@B0Rpport 0" cl'i’ttomllﬁxﬁ‘-s'[
the major part of the agi ‘ﬁ glocess . A et hod accord) to claim 1,
&

“wherein sai cpxlarlﬁ@nﬁmwa. wppwrﬁﬁet%rr@éawst? Gigh SBRFLsesy ffdPeg a

3/215' o rraterlaalbcot-gemudsm&iaog&lom& hydfoget BQdieaéﬁﬂfhedgm de@indd3i sad con- o
erein sai asl C mmnaor niu yar.oxil t-ho

- according q: SHE rﬁm% 1%J‘reng CE%P’% gﬁovdgggm crgrlr’ﬁt girﬂ?s)aé gntlgldar%‘ﬁcgs

to said agi ng=;r05e1 £romed 008 be cHidibyg wetght! & nelizomiie rbaised sop dthpl—wq1sht

mai ntai ned gfr $8kdxdRghe, Oéglzé%ﬁw HyaFogdls" Bfddiingd thkNSodd dy@ak1 vith a

Ttoordi nati on chrom um conpound havi ng a _nitrogen-cont ai i ng %roug 6. A
net hod accor'@ilatiieo Jc‘l‘l&?'% orgapher éP‘HP%‘afithhFB‘?ﬁ"GmwéB?Fpoiﬁ?ﬂ i ydrogel
xehl or opent aramnanﬁhmmeua(éahh)hyahbgml de ao&ef@&amﬁnaesdﬁomwg( tHe rhitniwad e.
7. A net hocd ccordl ng 1arr]% g Shai ere ﬂné\? |d vgl,atl | e

| i quid organi ¢ co“nﬂﬁur’f To&¢ al Fofitt? 1° ' y\ accorgl ﬁg Y6 €T ai m
7, wherei n swintaidipghbydiogel - p%nmaﬂmtlaln@— r-int h;r¢ rangat Zrfb|foyr at - hessgnshe 9.

A net hod acqgydt qg,rgoo@@xe QRenPhorblisslr eceding clai ms, wherein said
hydrogel is fornmed by adding a sol ution of sodium si licate into

2. A method according to claim 1, wherein said pH is maintained
-within the range of 7-9 by means of adding a basic material to said
hydrogel, ' -

3. A method according to claim 2, wherein said basic material is .

- ammonia or ammonium hydroxide.

4. A ‘method according to. claim 2. or 3, wherein said basic
- material is added prior to said aging. - '

5. A method according to claim 1, wherein said pH is maintained
at said value of 7-9 by incorporating in the hydrogel a coordination
chromium compound having a.nitrogen-containing group.

_ 6. A method accordlng to claim 5, wherein said chromlum compound
~ is chloropentammine chromlum(III) chloride or hnxammlnechromlum(III).
nitrate, ' e

- 7. A method according to any one of claims  1-6, wherein said
“volatile liquid organic compound is an alcohol. | '



1 ,5[err] (1800 to 200[ err] (93[err]) for a peri od of. from ene hour to
gurs. 11. A nmet hod according to any one of the preceding c_I ains,
erein the xerogel is calcinated by et i ng in an oxygen-cont ai ni ng

at nosphére at a tenperature from 800[err] (425[err]) to 2000[err] '\.f

(1095 12. t hod di th |
Shorel Skt ror obeneEio geReaher e SEvBN o Hrain SRR AT 21 T

. product xer-pgetanod, chmerhylricorvensil oat 1-dexafolfr om 0. 1 to 5% by wei ght based
on the weight of the xerogel. 13. A nmethod for . the pr‘eparation of

sil-ica/titania ‘supported chrom umcontaining olefin ﬁol yner i sat
catal ysts, bei%g ahmethed assondiag i ann oAfy° hbe greegdingcleins, v "I“l ed in

that in p'@éiﬂ | dred §é|fdi-ﬁe&h550raddﬁh y4lr @gatidohefe sbéiuds efilizate into
~silica-titani.a- chromum':j:&r dro 14, An ol efin polynerisation

~ process wACH ERtAIPNSs2 'Fr’é'}mi ?'?'Pé’ B = or nmore mono-1-ol efin having 2-8
- carbon atons per nolecule in the presence of a silica-supported

chromi um _oxi dg- Coﬂtfétﬂb@%c:?&adtﬁhyﬁ)t anfNRECS tho preplahysiidias prsisasad by a <

met hod clainmed 1 n an precedi ng cl al CSess.
‘accor di ng said aging ms qarrighcqusi At saaltﬂmllﬁréf‘i‘rr? 123 fé’Pﬂyqseﬁe(lgng $%F

1-but ene, dgPetRCa phrhoK SBCErofr aiﬁslnyhr topEO'how@ms.0r 1-octene or a mxture
of two or nore thereof. C L 16 A process according to - claim 14,

- wherein said olef inis ethylene, or a mixture containing from98 to 99.8
" nol e percent élhy| anmethpd umcontingr toreny apehef therpretediingf¢yadmgi whegeimar bon

at oms 'Aa‘e%éécle§§ @a&%@ﬁ:ﬂ:‘e@gbi' Oné'ilﬂné)'iﬁ &f o g@n@on&i&:ﬁ)g dhRsphéresai d

. pol yrrerlsa}:lon IS carrie under ° lurry _condi % A nmethod "of
forming ast & Fewpereturienfrons BT (4P )c”r?raﬂq’%ﬁ1 C)cont aining ol efin
“pol ynmerisation catalyst whi ch conprises formng a S|I|ca tirtania and

chrom um cont %bn I.ng thgg laccxd&:m%el:o %919% e oP Yhe preceding claims, wherein
said hydrogel contains sufficient chromium to provide, in the product
xerogel, a chromium concentration of from 0.1 to 5Z by weight based on

the weight of the xerogel.

13, A method for the preparation of silica/titania Supportéd
chromium-containing olefin polymerisation catalysts, being a method as
claimed in any one of claims 1-12, modified in that in piace of said
silica~chromium hydrogel there is used a silica-titania-chromium tergel

hydrogel.

‘ 14, An 6lef_in polymerisation process which comprises polymerising
one or more mono-l-olefin having 2-8 carbon atoms per molecule in the
presence . of a s111ca-supported chromium oxide-containing catalyst,
wherein the. catalyst is prepared by a method claimed in any one of _

the preceding claims,

15, A procesS according to claim 14, wherein said olefin is
ethylene, propylene, l-butene, l-pentene, l-hexene, &4-methyl-l-pentene

or l-octene or a mixture of two or more thereof.

4
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suf fi ci ent ‘chromi um to provide in the subsequently produced xer oggl
_chrom um’ conten'; of :Trom0.001 to 10% by wei ght, based on the
xerogel ; aging the hydrogel; treating the aged rogel with a vol atd o
liguid organic conmpound thereby to rempve wat er f mm MI ﬂmﬂ Land t hus
. 'convert said- hydrogel to a xerogel, and®zal ci ni ng” rein the
omumis provided in'said tergel hydrogel in the ffortho COOI’dI nation

ch mumconp nd i.n ni_t rogen ont.ai.ni g t
according to ai mmléfw%\%r €Fﬁ°%d§f‘.ﬁ \f8l e grgganﬁécllpﬁmq G4 élgﬁ aljgsohol
20. A rretehb.d.eaec@n'da g xtwrec tentainiggy fydmeO8itp 998 doled pehwinti ethiylpeent anol.,
3-methyl - 15y 300l or0 dﬂetaamnﬁ&no&loleﬁés mtwcmarmmg to claim 17,

18 or 19, ereln sal chrom um conpound a- corrpound of the for mul a
[err] where Xis d , Br or'l and y is an i nt_eger of from1l to 6; (b) a
chr onanmi ne - cqm. ai i PgodesBesiddoriinY @dpsanplonkhef fcaaits d4-15,AGhdreinnsadd ch A
Is [err] eth | enedi.anmi ne or ymetrical, prop IS e- diam ne, provided
further « nRPLIPSRCRAEn Yoy Shrrdan ok whds? shyfry Rondiiions: 51 ") PTRE Wl 1y

or [err] (c) a chromamm ne conpound contai ni n'g 5 neutral groups of the

fOfmJ' a [err]18v\,herAe n?et?:B@ ofar fordsngleh rlé‘l‘ilé‘?-‘%![@axﬁ'%ds%pb&ﬁ , cHlom3 o -

Terr] C M & hromamm ne
conpound 86?‘&3&%‘?9‘?@"5‘818&?‘?1& P@ryaeﬁssa&wrt satalysu v ich éPFlfr’\ﬁﬁérf@rN‘P% as
defined abaveilitd,s ttaniBr ,anl cﬁfon(iﬂﬂ)con@ﬁihl\ﬁél gefg¥ll hydrogelAcoiiaifthg

aceor di ng tofﬁlﬁlﬁﬁlorl ’crj-om\’\:‘liju%r %I Egggllqecm ofy su”%rq)%f&ﬁ' tp%odt?créldoarzgz%%ni aénm ne

.chrom un(| s N n&chromi-u
chromium content of from 0.001 to 10% by weight, based on the weight of -

the xerogel; aging the hydrogel; treating the aged hydrogel with a
volatile liquid organic compound thereby to remove water from the
hydrogel and thus convert said hydro'gel to a xerogel, and calcining
‘the xerogel, wherein the chromium is prov:.ded in said tergel hydrogel
in the form of coordination chrom1um compound having a n1trogen—
contam:mg group.

19. A method according to claim 18 wherein said volatile organic
liquid is an alcohol.

20. A method according to claim 19, wherein said alcohol is
l-pentanol, 3-methyl-l-butanol or l-hexanol.. ' -

21. A method according to claim 17, 18 or 19, wheréin said

: _ chrom:l.um compound is _ :

'_u.l o (a) a compound of the formula Crxa.yNH3 vhere X is Cl Br" or I

2 . and y is an integer of from 1 to 63 :

. (b) 2a chromammine containing 6 neutral groups of the formula
[CrA6 ]Z3 in which A is N'Hs,-..e.thylenediamine or unsymmetrical propylene-
diamine, provided further that a portion of A can be H20, and Z is C1°,
Br™, I", N0,~, 50,7 or PO, s 3 |
. (c) a chromammine compound containing 5 neutral groups of the
formula: [CrA Y]Z where A and Z are as defined above and Y is c1~, Br ,

1, NOZ". NO3 . OH or CNS™; and



23 +A met hod according to -any one of claims 18-22, wherein said hydr ogel

N.med by adding a solution of sodiumsilicat H ijnl ng a

' um conpound and sai d chronmi um conpound. 24e”|mt1m ”ﬂﬂmt ing to

e of claims 18-23, wherein said aging is cartiéd dut "at®a tenperature
- of from 65[err] (18[err]) to 200[err}-1f93[err]) for a period-of fromone o

20 hours. 25. (g T Blnaff0kdichipd a2 n iR 6! HolBrald @dupidhst et t how!”

_tergel hydrogel contains sufficient chrom umto proyide, jn t e product
xerogel , &AOEmHAM ﬁ%‘gd‘l’i(‘!ef'ﬁ‘?re& |AoﬁSoPSfP%ﬁﬁned 12478508 b3S W& ghtBrbasdd Fn the

- wei ght of (b XerdYeks s&g‘ ,Alsogr%fc Obiylt'?O}ﬁ tion process which conprises
pol ymeri sing one or nore“nono-1-ol effns ha g 2-8 carbon atons per g
nol ecule in the presence of a silica, titania-supported, chrom um oxide
cont ai ni ng ol €2i.n YHaleyhst asatriding ctot aﬂym 21ytréhesein shdd G&F%Wt compoprdpar ed

- by a methgd Cétﬁlbg%ni:ﬂmﬁﬁlé %?oﬁum@tﬁ)ﬁscrﬁ%n?& 8¢ hefuifiREATORAGRKILLY NY tO

claim 26, where efin 1s ethyl'ene, propyl ene, 1-butene, 1-pentene,
- 1- hexene, D4t¥a¥ely| - 1- pent ene, 1-octene or a mixture of two or nore thereof.
28. Aproced according to claim26, wherein said olefin is ethylene, or a

m . xture contaijing, 9 0, 99. 8 ercent et yI o] ot her

ono- 1-of of neo0h Sesbif aesdriReC sBOR os® o Efe Ao, VBgig |

sai d pol y-hydmgeéatllsorformtdwr |aéd1nmta moéletrlosl eryoft;mdﬂh@nse into acid
containing a titanium compound and said chromium compound.

24, A method according to ény one of claims 18-23, wherein said
aging is carried out at a temperature of from 65°F (18°C) to 200°F (93°C)
for a period of from one to 20 hours. ' '

25. A method according to any one of claims 18-24, v}h'ér'ein the
tergel hydrogel contains sufficient chromium to provide, in the p_roduct
xerogel, a chromium concentration of from 0.1 to 5% by weight bas?d
on the weight of the xerogel. .

26. An olefin polymerisation process which comprises pdlymeriSin'g_
one or more mono-l-olefins having 2-8 carbon atoms per molecule in the
_'presenée of a silica, titania-supported, chromium oxide contéining olefin
polymerisation catalyst, wherein the catalyst is prepared bj a method
claimed in any one of claims 18-25.

27. Apr’oce%according to claim 26, wherein said olefin is ethylene,
propylene, l-buﬁe,ne, 1-pentene, l-hexene, &4-methyl-l-pentene, l-octene

or a mixture of two or more thereof.

28, Aproc.ess- according to clain "26.' wherein said ol'efi'n' is ethylene,
or a mixture containing 97 to 99.8 mole percent ethylene, plus one :or
more other mono-l-olefins. ' '

29. A process accordlng to claim 26, 27 or 28, where:l.n said poly-

merisation is carried out under slurry condltlons.
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