202090157 PHOSPHATED ALUM NA OR ALUM NUM PHOSPHATE CHROM UM CONTAI NI NG
OLEFI N PCLYMERI SATI ON CATALYST)ZPROCESS FOR THE PREPARATI ON AND USE THEREOF
This invention relates to chromiumon alum na aolefin polymer- 1 .ization
cat:al ysts. Supported chrom um oxi de catal ysts can be used to prepare 5

3I fin polyners in a hydrocarbon solution to give a product having

>lc | ent characteri‘'stics from nmany standpoi nts. Supported chrom um oxi de
catal ysts can al so be used to prepare olefin polyners i |y system .
Wherein the polymer is produced in the formof small pgﬁaﬂetso? solid ¢
materi al suspended in a diluent. This process, frequently referred 10 to

as a particle-formprocess, has the advantage of being | ess conpl ex.

However, certain control operations which are easily carried out in the

sol ution process are considerably nore difficult in the particle-form
process. For instance, in the solution process, control of the nolecul ar

wei ght can be effected by changing the tenperature, with | ower nol ecul ar 15
wei ght (higher nelt flow) being obtained at the higher tenperature.

However, i n t hepséSHHAYEDOUNSA ORNASUMINUM FHOSPHATE Cxupremt |y |imited since
any efforts tocONFTATNING JLEFIN'IOLYMERISATTONICYTAYSTCPREBES extent by .
i ncreasi ng tenped AHEr PRERARATIIONG NP USECTHERECRer to 9o _into solution and thus
destroy the slurry or particle-formprocess. Also, it is frequently 20
desired to have a polynmer with a broader nol ecul ar wei ght distribution than *
i's normal |y obitaisneflvdntibherellatiéd oOkhRdibi Chie a8k AP bPEESS polymer- | N
accq)rda ce W tth 1t his invention an ol efin polynerisation catalyst is

provi YRR eH- AR ent | y produces hi gh nol ecul ar wei ght pol yner and which
i's 'especi al | y Sipperted eciromiind enildar caed i3tsCanh rvé aRANLS $Repdral a single

cat al .ca ce._a c lLete,spectrum of 5 olyners, so far, as nelt
fla'sf)w |¥géfclg‘ng>g? %‘g%& the ac;}{}gf%ﬁrbf’g 5?%‘6 Bar PPcEFé‘E‘r I%// BARdPsh| Ea’f"‘d‘lg use in
sl ur r gxgrdilgntr Fhanacsar ttice nérommingr cadhdpceipeski rRypppotmedc ahabysim of this
I nVenpk e @EPIystSScan also be used to prepare olefin polymers in a slurry

system wherein the polymer is produced in the form of small particles of
solid material suspended in a diluent. This process, frequently referred
10 to as a particle-form process, has the advantage of being less complex.
However, certain control operations which are easily carried out in the
solution process are considerably more difficult in the particle-form
process. For instance, in the solution process, control of the molecular
weight can be effected by changing the temperature, with lower molecular
15 weight (higher melt flow) being obtained at the higher temperature.
© However, in the slurry process, this technique is inherently limited since
any effqrts to increase the melt flow to any appreciable extent by
increasing temperature would cause the polymer fo go into solution and
thus destroy the slurry or particle-form process. Also, it is frequently
20 desired to have a polymer with a broader molecular weight distribution

than is normally obtained in the slurry or particle-form process.



a) a. hexavalent chromni um contai ning conpound, or a chroni um cont ai ni ng @
conpound in whi chthe chromiumis convertible 10 to the hexaval ent stat
upet.activatiqon of, the catal yst, supported on an activated support materi aI
cohpri si ng phosphated al um na or phosphated al uni num phosphate, said

al um num phosphate prior to phosphating, having a | ow phosphorus to

. alum num-atomc ratio, i.e. in.the- ré’nge 0.02:1 to 0.6:1, and generally

| ess than 0.4:1; 15 and b) an organoal um num or- or ganoboron conpound as
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m xture of al‘um num um na, xt ure but
rather a gel -having Ba‘onélmhahm;etme catatyssnof R sginngntion @omepimed
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predoni nantly al um nd m na or | ow phosphorus
ak uni num phos@iraméum-congginipg ermpoppd|in whichthe ¢hromimmds| conyerpible
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based on the nol es of al um na or um nuym phosphate. The al url‘ga can al so
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catal yst, butiie gerﬁheatagge 0.02:1 to 0.6:1, and generally less than 0.4:1;
) b) an organoaluminun or organoboron compound as cocatalyst.
In the first embodiment of this invention, the support of
- -the catalyst of this invention is a phosphated alumina-containing
material. The alumlna can be phosphated either by adding the .
20 phosphating agent to the alumina hydrogel or adding the phosphatlng
agent to the alumina xerogel. In the second embodiment of this
invention, an aluminum phosphate having a low phosphorus-to
aluminum ratio is treated in the same manner with the phosphating
agent to 1mpart additional. phosphate to the surface.
25 : ' While low phosphorus aluminum phosphate can be convenlently
& thought of as a mixture of aluminum phosphate and alumina, it is in
fact not a mixture but rather a gel hav1ng a network whereln
-trivalent PO4 groups are replaced with trivalent AlO3 groups
0bv1ous1y, at the very low ratlos, it is predominantly alumina.
30 - With either alumina or low phosphorus aluminum phosphate,
| it may be de51rable to form the hydrogel in the presence of 1 to
30 mole percent of a boron compound such as boric acid, based on the
‘moles of alumina or aluminum phosphate. The alumina can also
~ contain minor amounts of other ingredients which do not adversely
35 affect the quality of the final catalyst but is generally
essentially pure alumina, Simllarly, the




essentially | ow phosphorus aI um num phosphate A4t has been f ound from wor k
wt h al umi num phosphate that the 5 best polymer properties, such as high
t index, high density, good environnental stress crack resistance (ESCR)

¢ obt ali ned using a high P/Al ratio, i.e.., about 0.8. However, surface
at’ e I
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volatile, oxygen-containing organ:lc compounds having relatively low
20 surface tension. Exemplary classes . of such compounds are alcohols,
. ketones, and esters. Perticularly sui_.table are elcohols, such as isoamyl
alcohol » and esters, such as ethyi acetate. Vhere xerogel is phosphated
. 4t is preferred that it be converted to the xerogel from the hydrogel in
-the same mannex particularly if it is a low phosphorus aluminum phosphate.
25 Vhether the starting material is alumipa or a low phosphorus
elum:mum phosphate, the invention takes advantage of the fact thet some
propert:.es, such as surface area, are favored by high alumina content
vhereas others, such as melt index potexitial are favored by high
' phosphate content. - By imparting a- phosphate leyer on the surface of
‘30 alumina or. low phosphorus aluminum phosphate, :lt is poss:lble to take
advantage of both trends..: 7 : -
The alumi.na can be made as is well knowm in the art, for
i.nstnnce by reeeting sodium aluminate, which is basic, with aluminum
sulfate, which is acidic, by neutralizing an aluminum salt with a base
35 such as ammonia or ammonium hydroxide, or by flame hydrolysis.



4 The Iow phqsphoﬁus al um aum phosphate can aI so be made by nethods wel | @

known in‘the art as disclosed in Hll et al, U S. 4,219,444, the
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~ions, pre¥er apefesrech@inpipirosett.acial. a Alardatidn ol yhisyn aovehp Honepitataeed |
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or even ate can be use erna hOS orus co
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when an ‘al um na xei gs (}ﬁ“"t phosphat ed, the treatnent is preferably carri ed

out- by form nBFUET8 hRptIAL fon, f@n; prFuzobY Msing enoughihese touferce
S - 20 formation of the gel i.n which case the gel should occur of a high pH

- generally above 5 preferably 6 to.7 or above (by quickly adding the last
one-third of the neutralizing agent, for instance). Alternatively, only o
' 60 to 70 percent of the base needed to nentral:.ze can be used and the '
. concentrated mass allowed to stand unt:.] gelletion occurs spontaneously
25 at low pH after about 1 minute to 48 hours.
' "The phosphating: agent can be any source of phosphate ionms,
' .preferably orthophosphoric acid. Alternatively, an orthophosphate such
.'as monoa.mmonium dn.hydrogen phosphate or. diammonium hydrogen phosphate or
o 'even a metal phosphate can be used Alternat:.vely, a phosphorus compound
30 wh;oh can be vaporized such as POCI (phosphoryl chloride) or PCl

(phosphorus trichloride) can be used when treating a xerogel. However,
when an alumina xerogel is phosphated the treatment is preferably carried
out by forming a slurry_ of the support _a.nd the source of phosphate ions

- such as orthophosphorio acid in a diluent such as water.



may be incorporated in an orggnlc wat er 1 scible I|qU|d used to treat
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area, the p osphorug conmpound fromthe phosphati n% agent is preferably :
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surface as mea,lshurp

' as orthophosphorl c acid in a. d| I uent such as wat er .  The .phosphat i ng
‘a ?n
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os;)horus component is added in an amount to give 0.1 to
20 20, preferably 1 to 10 mole percent of the phosphorus compound
-incorporated based on the total moles of alumina or low phosphorus
aluminum phosphate. Most preferably about ‘1 to 5 atom percent is
- incorporated which would be about 1 to 5 atoms of phosphorus per atom of
" chromium particularly when the preferred 1 weight percent chromium based -
25 -on' the weight of the silica-containing support is used. Geuerally, the
- ratio of atoms of phosphorus per atom of _chromiu_m will be in the range of
;0.1 to 20, preferably 1 to 10. Based on surface area, the phosphorus
- compound from the phosphating agent is prefera'bly present :m ‘an amount

sufficient to give about 0.005 to 1, preferably about 0.01 to 0.5 mg P/m
30 of alumina or low phosphorus alumimm phosphate surface as measured by BET
| nitrogen sorption
The chromium compound can be any componnd in or convertible to '
the hexavalent state and can be introduced anytime prior to activation.
The catalyst contains chromium in an emount generally within the range of.
35 about 0.001 to 10, preferably 0.1 to 5, more preferably about 1 weight
percent ‘based on the weight of the dried phosphated support. The chromium



" “chromium 5 ¢APPeud.such, as.Cx0y

convertible to the hexaval ent state and can be introduced anytine pr| or
agtivation. The catalyst contains chrom umgin an anount generally w thi
. the:range of. 35 . about 0.001 to.10, “preferably 0.1 to 5, nore preferably’
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In this priocadidedi ot Sitcpe e bénpeirattre Dehad t.il%ergdnbﬁamapﬂ:édt bor
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'._h6| pf.ul to rg r’gi\‘/,gt&al | d%ient can be any oxidizing ambient but for reasons of
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. -mtrogen sorptlom "The ch~rom um corrpound can be any conpound in or @
t

. 0.5 to 10 hours are suitable.. Sinilar times and temperatures can be used |
20 for heating the phosphated base if such is done prior to adding chromium. |
In this prior heating step, the _ambient can be either the same as in the
subsequent activation or it can be an inert ambient such as nitrogen or a -
xeducing ambient such as carbon monoxide. If the phosp‘hating agent
contains hal:lde such as m13,- a steam treatment before activation may be

‘25 helpful to remove halide. =

l - The _catalysts _nf this invention also comprise an organoaluminum

gor -organoboron compound as ‘a cocatalyst. Suitable - cocatalysts
" . include aluminum and boron alkyls. . The. most preferred boron com-
pounds are trihydroca.{'byl baron . compounds, ﬁarticulai‘ly- tri-n-
30 gbutyl_boi'ane', tripropylborane, and triethylborane (TEB). Other
' fsuitable bpi:oﬁ compounds include trialkyl boron compounds 'broadly,'
| ‘E’particulérly those héving- alkyi groups of 1 to 12 carbon atoms,
Epreferably 2 to 5 carbon atoms, - 'triaryl boron compounds such as
; tnphenylborane, boron alkoxides such as B(C )ZOC He and halo-
genated alkyl boron compounds such as BCZHSCIZ Su:.table aluminum
35 .'alkyls include R3Al, R2A1X and RAlX compounds where Risa11 to12
. carbon atom _ : I
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Suitabl e alumnum 35 alkyls include [err] and [err]conpoun se‘%ere Ris a
1 Po pileept,dn systsms employing a solvent or -diluenmt lepdr besadoph tetilcal and

X 1S redctod @effentsPiffsgtalits/ not Nn@'lb?ﬁm Ar sSiviant JU8 et 2NfBlased on
di et hyl al ym nuym ,chlori de_are g rticu arﬁ y suitable. The cocatal yst is used

in antk eade AR Fheneatatygs ShewBoeusgdoin gn smouns; s¢ @S kR give 50m0 part s
per mid.liten3hgredexublyite 356d Retimesrasmuct bofst biyweight CaS cREBHOMI By a

sol vent .ar, di hu%oandtbase n total reactar %ont,ents i n systens not

enpl oﬁeﬁghta'_s PN PEMT FENPOTBLPER BT RE ERTWHREM the @REULdl yst, they »
arl® usedatalyan wwdunilkgivs about)i 0.6 to aaboldt 114,0pdefarableradbhy 053td 0 2

tinmes 0 [ C I um by wei ght. Baséd on atons of
bor on a%é‘r‘%(bg?n %{s ?ﬁ%orﬁgﬁ ﬁggnér‘r{)}trjgﬁ%"fmﬁt) ﬁ%%ﬁ ﬁgfqﬁfg_@ﬁtwwe gi ve -
about Mighex gleapifiyt polymeyr than abhminmbocncatalysts ebatalPstatsgasennizitior on per
~atom qf, &Q’a@gim. The boron cocatal ysts give higher density polyner than

al um num cocatal ysts or&‘cat al yst systemw th no cocatal yst. The cocatal yst
can be either Phrerficeatalisth cefebe aeithest pramixed withr sheceatalys arhe react or
a35a SAPASdIcRdSint8aEhe irkBctat b8 a RRpRFatleN SLPLA],ChEh AtRC OOl +ff Course,

- the final catalyst can be used with, or contain, other ingredients which do
not - adFefeded Roced et s perfornance, as for exanple other cocatal ysts,

antistatic ai dof idouirbe, ey FRiia ¥ @lak8IystOBen WYl used with, or contain,

other ingredients which do not adversely affect its performance, as for

example other cocatalysts, .antist.at'ic aids in the polymerization zone and
20 other conventional ingredients. o , o
The catalyst of this invention can be used to polymerize at
least one mono~l-olefin containing 2 to 8 carbon atoms per molecule,
preferably. et;hylene, propylehé, 1-butene, i-pentene, 1-hexene and 1-
octene. The invention is of particular applicability in producing
25 ethyiene .homépol_lymers and copolymers from mixtures of ethylene and 0.5 to
'~ 20 mole percent one or more comonomers selected from 1-olefins containing
3 to 8 carbon atoms per molecule. Exemplary comonomers include aliphatic
. l-olefins, such:as .propylene-,.;__.l-but_ene, I-éenténé, 1-hexene, l-octene and s
_ other -hiéh_er olefiﬁ;"__.éngl ﬁ(inj,j;géfed; or nbn-éo}ijuga_t;d .diqlefi:'ié such as
30  1,3-butadiene, isoprene,.piperylene, 2,3-dimethyl-1,3-butadiene, 1,4- | .
' pentadiene, I,7-hexadiene; and other such dio}e’fins and mixtures thereof.
Ethylene copolymers preferably const_:ithte at least about 90, préferably
97 to 99.6 weight percent polymerized ethylene units. Propylene, 1-
butene, l-pentene, 1l-hexene and 1l-octene are gsﬁecially preferred
35 - cpﬁonome,rs for use. with ethylene. 'Altematively, 0.001 to 6.3 mole.
percent of the sa'l'ne. é_omo'n_ome;? can be_. used. &ith ethylene to give an

essentially ethyie_ne’ hombpolyiner _having a higher melt flow.
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20 .other conventi.onal ingredients. The-catalyst of this invention can be”. )
used to. polynerize at |east one nono-|-ol efin contai ni_ng 2 to 8 carbon

‘at ons per nol ecul e, preferably ethylene, pBopyl ene, 1-butene, 1- pent ene

1- heyene and 1- octene. " The invention is of particular applicability in
produci-ng 25 _et hyl enhenpelyrery mansbeapderssed| fnomr thef ¢afiAlys X odr Bxisoinvention

et hyl ene "and 43, Sd1e 2 T BmORLLRTbn ONS10Ery TS AYREFPARIEES 3RY essédpﬂés%m

1-ol efins confaining 3 car bon atons. per 'ecul e. Exenp
-campnoner s | FOLYRRFiZRTinma techniqyess paing sqyeneersi%ﬁbpsﬂ"éaeentlﬁsét%actms

~1-\pentene, 1-gig¥ssas, 1coptfReng @ Mﬂén&ﬁeﬂhﬁf nétdRbk oS 18R Ehe WUt IRdtedaR be
non- conj ugat ed _di ol ef.i ns such as 30 3- but adi ene |soprene - pi peryl ene,

2, 3-di met Ryt -*FE85t5G: Y ARF mgnger p@ﬂ‘%‘dliéné e| art (of splddccatalysti-hePreych
di ol ef i ns and:omreﬁzlehe&:eh:h@d Q.Gfto Eﬁ&pénarﬁecemlmeerﬁl Rhefdrzaity neisd ahdtt®

at | east. about ef ara 97 10.99.6 we er.cent polynerize
et hyl ene uni t?igﬂ g{’? (gﬁé BUT%W&““ 1EhSe ?ﬁ%éﬁg t iR spsp °3nﬂ“f“§t°t“§nr§’e
are-especi al Ipplpnefieatizn ﬁﬁocesenoom Rnduay cm::mirtgmeﬂh;dsemh as fluidized

- Al'ternativel 0. .19.0 I ( t
‘used. with et e;‘}re%g%f‘%&ﬁ%gbeg g’é%%ﬁf‘g‘gl od’¢ ?’hy ene homr"r’op%?é)g@ ﬁ?\pﬂﬁ'ﬁt et
hi gher nmdi0t fYhdg, inventhios ¢l hermsed c:a»npthdupe eghybehef polymehe ioad playsiclef fédum s

Jinvention by salutd go mlcwséa 331908, 35424643 %Lgﬂg&g&@é k%m?@ﬁ,%z to

. phase polynerlzatlon techni ques using convéntlon qui pnent
~contacting prii¢tsdbs. dl%lﬂ%lemﬁ"b*m ke hesekwrdncanpons gefigtdncehe

catalyst can be 5 effeeheslydY A WhiPRAGREERWS ﬁttleﬂm& einieié %or use
catal ysts. One convenient nethod is_to suspend the catalySt in the orgam c

~medi um and t GPaFPVET PANBETAZEELPRS -t TP HITEY PIOREST 4F BopeFally sarsded sudnin
t hr ]Q:Jghgurs g heh ;plﬂémn_mtl GiedRay @uth adOahPirdEFon) c@*ﬁlll&xf&i%fﬂ& B?taﬂ‘bgﬁt%Ch
as ui di ze gravitatin n al so be e ye e
catal yst of 1‘5 r??ﬁg‘ °ﬁ“nvg gﬁgﬁ%ﬁ‘a%gﬁs%ﬁyf?ep?%ﬁ'ﬂfés etahgﬂmé’ﬁ’é%leﬁrfeﬂm*tn
a. particl e fo&ﬁrﬂm"@cessemioyhdsclkmdures in €he afRilc a6 Fordipriocess ad vary
Novenber 1 t 0 e C. s h I NGOr po
El%ﬁ abtogtgltﬂt to %ugl 700 %\% 0 96% HP oreh FX: a%ﬁéa‘#ygg

by reference e catalyst o on is par |cula
use in slurtylsphentirdni suspeosion Fid is| am%ﬂcped)oesb the gemm;:l by mnomead asut

. in 20 suffic:.ent pressure to ma:.ntam the medium and at least a portion of the
' " monomer or, monomers in the liqu:.d_ phase. The medium and temperature are
thus selected such that the polynier is produced as. solid particles and is
recovered in that 'forni.- Generally in slurry polymerization of ethylene
homopolymer and predominantly ethylene copolymer systems, the feasible
25  temperature range is 200~ 230°F _(_9_3 110°C-), and the commercial systems are
run as close to the maxirnum as possible, i.e., 225°F + 5°F (107°C + 3°C)
in order to obtain the h:.ghest possihle melt index without the polymer

_— : going into solut:.on. The catalyst of this invention allows running at the
_ low end"of’ this range, i. e., 205°I-‘ + 5°1-‘ (96°C + 3°C) in systems normally
LI 30 employing 225°F (107°C) 'rhe lower temperature gives a relatively h1gher

monomex part:.al pressure, thus g:.v:.ng h:.gher act:.vity. _
- .Catalyst concentretions can be such that the catelyst content
ranges from 0.001 to about 1 weight percent based on the we:.ght of the :
~ reactor contents. o ' |
35-_' _ When hydrogen is used in the pnor art, it is generally used at
' _pressures up to 120 psia (0 8 HPa), preferably within the range of 20 to



15~ an inert diloent (nmedium such as a paraffin, cycloparaffin, or
ti ¢ hydrocarbon. For predom nantly ethylene polyners, a tenperature of
66-[err] is enployed. Presswes in the particle.formprocess can

Y from about 110 to about 700 psia (0.76-4.8 MPa) or higher. The

cat ajo/ pess (0KPAtd 0. JUSHRA) 081 Ths RmbRtd el bY LRed hg,, nmsﬂg.r

nononers at 20 suffici ent pressure to maintain the nedium an | east a
. por tYAR Ghis hanvaREdREr adthonstomnallen emenntsgsre pnusetm-Tneemmm and -
© t eNDsdcabié R the! Befs FEIVATYCBLSYRLS té@éﬂ&h@ PSP o %thﬂf’fh%%Q gp solid { »
partjcles and is recovered in that form ™~ Generally i'n-slurry \H
pol PE%R'l on of ethyl ené hom)pol ymer and predoni nantly ethyl ene copol yner

$yst ens, the'rheaﬁtueanSof doicn6het Hek aoBEsddney2eh- ﬁ?é}'iaéé’%e[ﬁrfiéw and

t he com*rermal ﬂﬁ ens areﬁéun ‘as close to the fmaxi num as possi b

225FReTe than wpy expgcted.; Hepre theuse qfoenly| & smsll et Vaf hout " he

'pol yeskongmix}gsagt .00 tbiers, ];hefseaﬂyyet pfe&*v a h&@@%&e&@'ﬁ% runni ng
"~ at [err] 6C + -30 |n syst ens

t nd of, this ran
nar ngﬁ‘{/“éb e used ) &3@ %Pl(b’re!’c!)'hi%éﬂ mnttie%wethwep@wes
“rel aﬁhmlneshiﬂiﬂaslmmw fpa\s;t ial pressure, thus giving higher. activity.

1"

tal yst con rati o n uch at the catal yst cont-ent ranges from
0. 001: to abogf’cﬁ ég'r ﬁag‘éi){]%"ﬁh%"%ﬂlgﬁt"ﬁ gonducted-dp a
cont eXésm, &y, air-free, Meaemyokmeuees $6661 ireachér N6f Mbodtta 21L1 S .

general I use ssu to 120 psi a MPa), preferably wthin the
r ang®® Rﬂ‘ gb ut goﬁoxpgf C’g"ﬁﬁ“‘f yas. M)ﬂ’ ch; 70 25 dilveRt ¥ith# be used
in aeemgwmewgemmmgl Wtebaatahwmltehesm Inea 20Uk Syélclos G | NES

pre red egause of t nS|t|V|t¥ %4 this alyst systemt.o.-the

ef f e % P Y§ER. h%a ed°t0 the defar é?@ﬁﬁ@ teTRETR 'h%*shyéei‘%ndency
| was pmuu‘edtirf tovgiver sbowtn565Vpsid (3.9 HPAYSand. thelanmewid @tisged! only

o ST AR ot ol Gy el oL T i
hompﬂip!matbiysm db :hashlme readeductidn feedod. Ethylene pressureé was . -
maintained duri.ng the rnn by supplying additional ethylene as required
'fromereservoir. e T e .
‘20 " Each yun was terminated by stopping the ethylene flow and
' venting the geseous reactor contents to a flare line for disposal. The
polymer was recovered ~dried and weighed to determine catalyst
" productivity which is expressed in terms of grans polyethylene per gram
catalyst. - TEB sta.nds forxr triethylborane. . - '
25 S - . Example I
- - In this example, a phosphated alumina catalyst was prepared as
‘follows One hundred grams of A1(NO )3 91!20 was combined with 500 mlL s

: --__weter. To this was added 60 mL eoneentrated emonium hydroxide to give a
pB of 8 where hydrated alunina prec:.pitate fomed '.l'hen 15 ul of 33P0 in

30 100 oL water was added as the phospheting agent “The pH was t‘hen below &.
'I'hereafter 5 mI. coneentrated ammonium hydroxide was added to return the pH
" to neutrality._ _‘.l'he preeipitate was filtered, azeotrope dried with isoanyl
~ alcohol and impregneted with sufficient chromium acetate in methanol to
- give 1 weight percent chromium .based on the weight of the final activated .
35 elumina. This is run 2 in the following teble.



10 - . _Each run in all of the follow ng exanpl €S was conducted in '
clean, dry, air-free, stirred; stainless steel reactor of. about a 2 L @
capacity. About 600 g of isobutane was usedoin each run as diluent with _
cat alyst charge rangi ng from about .0.03 to about 0.8 g. The reactor and its
contents were heat ed The tdoetchsrued opermdenin taanpesentiably dt&yliead ndaneras
pressured in Sq |a (3 9. VR i e ru started

i medi ately aég(%f eﬁqggyﬂ?é% &1% eed'co'lﬁb)reespo?tialL E"gerghrso%t/aﬁlm oxi de- -

sizl i  ca cat al ysts, do not have an |nduct|onmg§r| od. Ethyl ene pressure was
'rra;,nt ai ned dq{uhng the run by supplying addﬂ&,eonal ethylene as required from
a reservoir. Each run VW@gyterm n’at egz)by st |ng t he et hyl ene
fl ow and \?entyﬂag t1eatalysto Rrodugbivitycont epir. BLYI7MI Gonabe st
The polyner was recoveggd, dried and wei ghed to det erm ne cat al yst
productivity vhi cllip3expressed3t® terns of %raﬁs pol yethyl ene per. @rmmTEB
catalyst. TEB stands for tr| et hgl bor ane.

*  Exanple | &n thiSs 423hosphat edﬁ%l uft &b cal%ﬁ'yst weld3pr & PRpcTEB
as foll ows. %}S grndre ams of [err] was combined with 500 nL water. To
this was added’6 éﬁ??‘at"éﬂ %ﬁﬁoﬁ? FREplRRt kP T SFheoonhire H“’pﬂl‘b‘f 8
wher e hydr at ed ahmahnaasprsecmmﬂtase formed. Then 15 nmL of [err] in 30 100

mL wat er S d a hatl g | ow 4. :
Ther eafte\rUaS @S @%ﬁ iﬂ’% gd&a {‘}nt’ %ﬁf}ﬁ{;@%ﬁﬁ-‘ﬁ@ax@%ﬂﬁan% urn the pH
to neutrali ty(S)m&tpnead el fit indes SASITM| DE23865E,z GorditdendF ed Wi th isoanyl
al cohol and i rg%%gg%\@ntgns Ui(ﬁ#@m chrom um acetate in nethanol to

give 1 wei ght percen rom im based on the weight of the final activated
35 . al unina.(5Phheriveted in2ain ath¥00°6L | owi ng tabl e. 10 The control run 1
was made in aneeé&&&lt,wasvat@lmtt@% ?W??Eoﬁﬁ‘a‘i%&twﬁ% OO BOE | the A nY RS
used. The results vvere as

Time, 5 15np. run. aﬂ}%t““ﬁ‘%db%‘tq %tw}yd at5R0°C fpothe spme magper sy rhy

QOCat al yst invention run, it would have not produced as -good of results as it did.

. -Indeed, it would have barely been operable. This further demonstrates the
advantage of the invention. Tltat is a remarkable.- improvement in b'ot'l.t
broduct'ivity ‘and melt index was obtained even though a less favorable

20 . activation temperature was used.

' | | : Examgle IA
. This example, like Example I demonstrates phosphating the |
hydrogel in an -aqueous medium. .'-In this example, 79.8 grams cf aluminum
sulfate, A1 (so )3 16H20 was combmed with 2.38 g chromic zutrate, .

25 Cr(NOs) .91-! 0 in water to give a fmal voluma of 125 mL. This solution

was dr:.pped :.nto an excess of concentrated ammonium hydroxide conta:.ning
some ammonium carbonate. Afterward the ammonium hydrox:.de was drained
*.off and the gel was nnsed in water several times. Finally, it was washed_
in about 1 liter of warm water to which was added 13.8 mL of phosphoric
30 acid. The gel was filtered, washed twice.in :Lsopropyl alcohol, dried and
activated at 600°C in air for 5 hours. In an ethylene polymerizatmn run
with 4 ppm TEB cocatalyst; a product:.vity of 3510 g/g was obtained in 44
_minutes. The ‘MI was not run. )
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¥ gy‘n tes. 10 (2) Melt index as. deterni'ned. by ASTM D1238-65T, Condition E.
Hi gh Ioad mel t index ASTI\EmQ B5T, Condition F.-(4) Activated in air
at [err] N.gal r s ( éd at- [err] -
conpar-ed WI xllﬁ g%r%a&glé b °fatﬂ%§£ t]:fg&'lfragﬁgﬂa'_‘gd?!ﬁuﬁgéi o

actﬂmdeweaﬂefflawp vas tsdursiate innRAPR miadsepropydyvatedhod endi 6 imk woul d have.\
- Molohégtiisprb A ORFKAL ddRHl ! TmaSeduerdl dhs ba&gvdtolgbowm&chw bar el y

antage of the 1nvention..

© SThéheldsly “’r%éﬁ’ﬁ?%(-ab% wafp thor feapheflnincisepgemiduedrohaly drtedreand i ndex was

been opera

[err] - T1340 60 O - 0 ;-8 ppm TEB 2

] 12425 ' 60 0.81 172. 213 8 ppm TEB (1) G ans
pol ymer per gram of catal yst fidr the entire run tine whi.ch was 60

Y he®i nveén e control

urt er. denpnstrates the

been

k

-

obt@ueﬁctdemrhltrhaﬂ%oaclﬁ'iS:sfw&&ablnacaﬂene gridnidhi Wik hedRenat s e was used.
Exanpl e 1A _This exanpl e | i ke Exanpl e |I denonstrates_ phosphating the

hy AmGyRY sPﬁf%ﬁe&&u'éb%"WéGl E|rﬁeilshtt?ﬂ?eﬁ"ka’MP'éi“m?@‘ﬂe‘bP&rr%h%)firal umi num
sula‘aaapyst[ grd litVQss Q;@mbﬂuadagumae s’lﬂm sxhraquo lRohv @it at 2heast[£rr] in

ex cpé’§§1‘?ﬁ

wat er afin ne,of 1 SO|UIIOI’I was edlnto an
B S oThea A TSRER 2 Hi PO APD EEES « RRARRE R S Z0HFbCE
10c arésomiriutes with e ppa TEBLe MaluDindes wasd 0002 dadvEis HLHI MIdratfo aasl t he gel
vvaswél nsed in water several times. Finally, it. was washed in about 1 liter
fmwater to which was added 13.8 nL of phosphoric 30 acid. The gel
“was filter emxswashm:let shas that sbprpipsphate diedtmedti exh dadcamutiedat ed at

[ erduk + gf 5 hours. In an ethyl ene polymerlz'atlon run wwth 4 ppm TEB .
.cocata yst a productivity of 3510 g/g was obtained in 44 minutes. The M ~
was not run. Exanpl e || | rExampdeckdinple, 8 g of flane treated alumina

| 15(sol d underidieuh AcRaREIDEGHSS 3) 148

%mééqgr
and 6 nL ortho hosphoric acid was ad he slurry was warmnmed to about

[er‘fﬂe atR) make the low phosphorus gel was as follows. l{ydrated aluminum

20

30 .

35

nitrate (1/4 mole) was heated to melt and combined with 7.2 grams of

ammonium dihydrogen phosphate. A very small amount of water was added to

give '10_0 ml and it was then neutralized with 54 oL concentrated ammoniﬁm .

_ hydroxide to form the gel. The gel was washed with 4 liters of warm water.

. The gel was then divided into two pafts, each having' a phosphorus' to

aluminum ratio of 0.2. The first part (control) was washed with 4 liters
of isopropanol, dried, and impregnated with tertiary butyl chrdm_ate in an
amount sufficient to give 1 weight pe_.réént chromium based on the weight of
thé dry gel and calcined at 700°C. .It was run with 8 ppm TEB and gave 3270

gl productivity in 60 minutes. The melt index was 0.0 and the HIMI was
"0.77. | | | /

In the second .(invention)_- run, thé same hydrogel was used except
in. the last step the washiiié with is'oprépyl alcoliol was done using alcohol
containing enough phosphoric acid to convert the phosphorus to aluminum
ratio to 0.8 (10 mL) overall i e. not just on the surface. But the

recovered phosphoric acid in alcohol solution remained acidic mdicating"

that not all of it reacted and therefore only the surface was upgraded.

It was dried, impregnéted with tertiary butyl chromate and calcined as

before and used with 8 ppm TEB. The productivity was 3505 g/g in 35
' minutes (just ovexr half the time for the control), the HLMI was 136 the

melt mdex was 0. 92 and the HLMI/MI ratio was’ 148.

rh?dgéln 280 "prodsREopy! al cohol



5 held 15 m.nutes. It was then washed in. isopropyl al E-ohol, dried and N
calcined in air at- [err] for. 3 hours. Dicugene chrom umwas added in an .
anount_suffici:ent to provide 1 weight percent chrom um based on the dry { -

catallyst and it was cahdsne@dmpali f j rt_at Jeast a
portion of thgecq{o i ymito thg1 hggg@%ﬂ%&?%?g‘{?hsféfgg&gﬁll@{nwu%géosz%gﬁeicﬁn

10 60 ni'nut e v °ﬁ‘r’?§ SAnTsTEBIl s alymigax The HIMIoingreased £doMl 0.7 tatlss,
was 672. Thi siexanpiver sholk, d0bapeiddtPRASRRRLE bg, carri out
on a Xerogel. i@%qﬁép 11 15 P | Two r'unés!{d\agrrcg%rr% eaggi%lgs(éagf?)a\?v&y

" piesphorus gel.” The procedure used to nmake the | ow phosphorus gel was as
follows. Hydrated aluminumnitrate (1/4 nole) was heated to nelt and
conbined with 7.2 grans of amoni um di hydrogen phosphate. A very snall
amount of water was added to give 100 nL and it was then neutralized with
54 nL concentrated amoni um 20 hydroxide to formthe gel. The gel was
washed with 4 liters of warmwater. The gel was then divided into two
parts, each having a phosphorus to alumnumratio of 0.2. The first part
(control) was washed with 4 liters of isopropanol, dried, and inpregnated
with tertiary butyl chromate in an anount sufficient to give 1 weight
percent chrom um based on the weight of 25 the dry gel and cal cined at
.700C. I't was run with 8 ppm TEB and gave 327-0 g/ g productivity in 60

m nutes. The nelt index was 0.0 and the HLM was 0.77. |Ih the second
“(invention) run, the sane hydrogel was used except in. the last step the
washing with isopropyl alcohol was done using al cohol 30 containing -
enough phosphoric aci.d to convert the phosphorus to alumnumratio to 0.8
(10 L) overall, i.e. not just on the surface.  But the recovered

" phosphoric acid in al cohol solution remained acidic indicating that not all
of it reacted and therefore only the surface was upgraded. It was. dried,

i npregnated wi:th tertiary butyl chromate and cal cined as 35 before and
used with 8 ppm TEB. The productivity was 3505 g/g-in 35 mnutes (just over
~half"the tine for the control), the HLM was 136, the nelt index was 0.92,
and the HLM /M ratio was 148. L - o



-"12 This exanpl e shows that a | ow phosphorus al um num phosphate can be
pHivsphat ed as well as alum na. The HLM increased fromO0.77 to 136 i.e..,
a 17,000 percent increase, and activity was-al so greatly inproved.

- CLAIMS 1. A chrom um cont ai ni ng- ol efin pol ynerisation catal yst

. -eonprising: a) a hexaval ent c\%om um cont ai ni ng conpound, or a
chrom um cont ai ni ng cofmpound i N ich the chromumis convertible 5 - to.
t he hexaval ent state upon activation of the catalyst, supported on an
activated-support -material, wh&LAIMS t he support -material conprises - \

phosphat ed al um na or phosphat ed al umi num phosphate, said al umi num
phosphate, pr h%hﬁo&i@ﬁ%ﬁ'&ﬁihﬂ& of@finnﬂofynﬁ‘%mlléaéélyﬁkum num at om ¢
ratio in the range 0.02:1-to 0.6:1, and 10 an organoal um num
or or g&RBIEABAS conpound as cocatal yst. 2. A cat aI yst according to

claim1l, whergpn4 m@xstmtthﬁma:ﬁL@heaiﬁn@a&mpath cﬁrlaat the' surface of
t he supgort of from cording to

o R e ontat g e conBaptd, 1 WhiEh: the shremiwl 18 SATEREAbee 0 o 5 3

A Bat altgstheahegavhileptt Statiey updic aotivdtdontofl the catallgse) rsupba—qehosphor us
concent rat | on,at

surface of .t upport .material is in fhe range 0.005
to 1 ?)%l’acgﬁvatfﬁr&esl‘p% S’pgﬁer&ﬁ?f awi"(fgg n f(!i‘e s‘h@é’gk’] %%eﬁgla}BET nitrogen
sorpti @nmpﬁ.ses phospheted|alenine oor phoaphated ladiminim phesphiate s aaddphosphor us

2 conc Pa'iét?ﬁﬁx;mo Ph&sspffali:g m ;Q'\b%} i ﬁgogptmllgb (ii*av:.ng db‘pﬁgél?rlo\fﬁg according to

any one
to aluminum atomic ratio 1n the range 0.02:1 to 0.6:1, and

10 -'b) an organoalum1num or organobornon compound as
cocatalyst
2. - . A catalyst according to claim 1, wherein the support has an
'atomic xatio of P:Al at the surface of the support of from 0.2:1
to 2 1 e L S o~

15 3. 'A"catalyst éccording to claim 2, wherein the said surface.

atomic ratio is from 0.6:1 to 0.9:1.

4, A catalyst according to any one of claims 1 - 3, whereih
the phospﬁorus concentration at the surface 6f the support material
'is-in the range 0.005 to 1 mg. per sﬁ. m. of support surface as

20 measured by BET nitrogen sorption. -

5. A catalyst according to claim 4, wherein said phosphorus
concentration is from 0.01 to 0.5 mglmz. '

6. A catglyst-éccordiﬂg to any one of claiﬁs;l - 5; wherein
the support additionally contéins_boron;

25 j. A catalyst accofding talany'one of claims 1 -6, which
contains 0.001 to 102 chromium based on the dry weight of the
support.

8. A cstalyst ac&éfding-to claim 7; vhich contains 0.1 to 5%
chromium based on the dry weight'of the support.
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. t he. support addi tiional ly contai -hs boron. 25 7. A catal yst accordin
to any one of clains 1 - 6, which contains 0.001 to 10% chroni um based

the dry weight of the support. 8. A catalyst according to claim?7,

i ¢ch contains 0.1 to 5% chromi umbaséd on the dry weight of the support™
- -14- 9. A catal yst according to.any,one of .clains 1 - 8, wherein the
cocatal yst is an alum.num aor boron arkgf.-' 10. °.-"A nmethod of mmki ng an

ol efin polymerisation catalyst as claimed i-n any one of claims 1 - 9, which
conprises tr&ating Arceralystagepondingetovnihone soshaims hg- fHewherein -

gor por ati Ngpi NddiatBfyst! Y81 1R alGhinddCbP oreh alliye! Phosphating, a
hexaval ent - chrom um cont ai ni ng conpound, or a chiom um conpound in which
the chrom um_.is convertible to the hexayal ent. state upon cal ¢i nati on,

Letim prfmmsriaatiop fatal

activating t#0-phosfrBathed ot mekinsiamP vl WA in an
oxi di si ng at &P &n aiydofi@rsf Blathd Ne-ag} whbile dofipridesUtteatang aini ng .
support with _an organgpal .um num or. organobor.on, conpound as.cocafal yst.  11.
A met hodgnacc simtie] Fﬁfc"flg‘g‘n? 1%}?3 gn??%-’p}l‘bcs‘%ﬁgﬁr}ﬁ@gaﬂéﬁfﬂ %F'g -
or t hophosphoraleniza gdel,lbeféfe or afterephosphating dianhexavaibat-rohtOmivm 11 whi ch
conprises fornipg. a ' hydr WIAGN Yy .dr aqel .
x°eroge| , phosghg%nggg?%%ygg{i‘%bé %ﬁ?&gﬁﬁ%% Cl ?gﬁd&%gc%%pgaﬁ%ﬁ%g t he
phosphat ed xdisogesiveptible to the Hesavalentistiatelgpon calcinatiomd according to
cj-aim 10 or Joley s E}fkmﬂfabiﬁé dd° A Oc GHedTh #r90skat
. phosphati ng t.hglw&(gge , - a mtgtghae dgﬁgic')ér]ﬁﬁt??ﬁ%%kgou%_?g t‘%g hyd’_?nggel,
converti A9 t H® PREXRAdTNE atnespieten @9t eonhining e ctftivated, chEpBY@- and
activating thont@inieg! suppdrt with 8R!1d1QEdned1uiBkeg Grabr indbbrod ebip@indsat i on
catal yst as clained En any one of clainms 1 - 9, which conprises treating a
25 phosphat &eaftfithukfiphosphat e gel having a P-AL atomi.c-ratio in
| 11. A meﬁho@.acéording to claim 10, wherein the phosphating
. agent is orthophosphoric acid. - I ’ '

15 . 12, "A-ﬁethod.according to é;aim lo-br_ll'which.éompriSes'.
forming an alumina hydrogel, cpnyerfing ihe'hydr§géi to a iefogel, ;
phoépha_ting the xerc;ge]_. and adding the chromium compound to the
phosphatéd xerogel.prior'to said activation. | o

13, A mgthod accordiﬁg.tb claim 10 or 11, which comprises
”20"forming an alumina hydrogél, phosphating the.hydrogei, adding the
-. chromium compound to the hydrogél; converting the phosphated,
" chromium—containing hydrogel to a xerogel, and activating the xerogel.

. 14, .:'A method of making an olefih polymerisation catalyst as
_ claimed in any one 6£_c1aims 1.;_ 9, qﬁich'comprises treating a
€ - 25 -phosphaﬁefaluminum'ﬁﬁosphate'gei?hﬁfing a P:AL atomic ratio in
' the'range 0.02:1 to 0.6:1 with a phosphating agent, incorporating
- into the aluminum phosphéte gel before or after phosphating a = |
hexavalent chromium compound, of a chromium compound in which the
chfomium is convertible to the hexavalent state by célcination,
© g0 ‘activating the phosphated and ¢h;omium-¢on£éining'gel by heating
~ in an oxidising'atmosphére,.éﬁd combining the chromium—containing
éétivaﬁed support with an organoaluminum or organoboron compound as
cocatalyst, S A -
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e to cl ai her t he sphat ent. i s, or hos ic acid or
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agént 1b5ortuophasphothe 4dmdsohamumngmmuyamm dihydsegkn phésphagelint
ient to provide 5 - in the final catalyst from1l to 5 atom percent

h b d h I I h I h h
38170 Ry bR A8, 5 3, bfad LIl 1M phsph e
Gbplﬂmsngplaggnagem is assednimranapmourit sufficilestittd provialei de a

t 2-10
geoie e QPEPIH‘* oL 075 MbhoGcahe O pRbRRRLLs ebll 210 1 10
esriofnthe Alynhee joF alwmigumnphesp mmpmﬁtf.u cient to
e in the final catalyst, from0.1 to 5% by wei ght of chrom um base on

hght of AthAh3dPRAUkdid to ady one 4f EALHRS mccorﬂl WHetdinany one of
10 - 18, wherein the catalyst is activated ﬁz eatln inair at a

&he rehogphatigg, agant. is gjged #eranaaﬁewoausfmfe # BTevides hours. 20.

adcaneat futiont 6f apmssm‘@f ofi | tHeBudfiace 46 thehgighorttfif thecatal yst is
n1nun10§ borsnzy 20 21.. - A method according to claim 20,
t VEB/M s 5

fapse 0 triethyl borane, tiipropylborane or tri-n-butyl
22. An ol.efin pol ymerisation process vihich conprises polyner|5|ng
18, A method according to any one of claims 10 - 16 wherein the

chromium compound is ‘added in an amount sufficient to provide in
the final catalyst from 0.1 to 5% by we1ght of chromium base on
the weight of the support. '

19. A method;according'to'any one of claims 10 - 18, wherein

:.the.catalyst is activated by heating in air at a temperature of from

150 - 800°C for a perlod of 1 minute to 48 hours.

: 20." A method according to any one of c1a1ms 10 - 19, vherein

20

the cocatalyst is an alumlnum or boron ‘alkyl.

3

21, A method according to_claim 20, wherein the cocatalyst is

-a_triethylborane,_tripropylborane or tri-n-butyl borane.

'~22._f“;§knIolefin-polymerisation process which comprises polymerising

- one or more monofl—olefinsﬁofrz -8 carhon atoms in the presence

25

of a catalyst as defined in any one of claims 1 -~ 9 or as made by'
a method claimed in any one of claims 10 - 21,

23. A process according to claim 22 'wherein the olefin is

.or comprises ethylene, propylene, l—butene, l-pentene, l—hexene

-or l-octene. '

30

24.-y'_'A'process according to claim-ZZ,'wherein the monomer- is
ethylene or a mixture of ethylene and 0.5 to 20 mole Z of one or
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- one.or nore pono-i-olefins of 2 - 8 carbon atons in the presence of a
.catalyst as defined in anyone of claims 1 - 9 or as nmde by 25 a net hod

I ned in any one of ¢lainms 10 - 21. 23:. A process according to clai
Wherein the olefin is or conprises ethylene, propylene, 1-butene,
. 1 pentene 1- hexene or 1-octene. *- A process according to claim

22, -wher®ei n the nonomer is 30 et hyrene or.a mxture of ethylene and 0.5
to 20 nole %aof one o ﬁi no- 1- ol ef i ns -as .conononer. 25.
A process . ac%é?dﬁ? % 'Eon %l ‘r}nfflt‘ngo\/\#grcggﬂ gom)norrer conprises a mxture of
ethyI ene and O. 001 to 0 3 nol e percent of cononomner. 26. A pfocess
accordi ng t @%| di & prpcess ZEEconfdingoko qlhémc%‘rmwbmiq werwyweheomnraﬁ#ene
1-pentene, - 13 BRYANG BE deny3bidand2d.001 fo J.8CHRSTe Perédl! BY ddhodbierone Of
claims 22 -26, |§n WhIBCh mr ogertll IS |ntro§{1ced m?o ﬁe react |°onz%ne to.

increase the nelt flow of the 1?roduct pol yner. process according to
any -one of cf6i nsABrocess acgeeding, terelaisl s4narn gat ‘ﬁﬁr%" e RIMOROPEY an

~inert diluenfg %bﬁ}lehbe prbheén@t 1iperténPeMndxend or 1ldtefsess according to
any one of clai.nms 22 - 28, whereln t he catal yst is prepared-in'situ in the

| ymeri sat react or brin t oget her romi .cont ai ni n |
o Vet d- subhor cwasaérﬂ“lgﬁgi&a?& L BRF &8 15k vy . Ofh RagR™ & 1 N9

. speci fi cati mydragexbaenmtamdodemadtbybmhﬁémpyi LT mmbawrthe melti gi nal
typescri pt . £ ow rrP contéaldn a few arrendnents which are difficult to read. -

The ori gi nal 5 p TSt yﬁ'art hese amendnents may be inspect ed on the
preni ses of the Pat ent O‘flce :
' 28, ‘A process according to any one of claims 22 - 27, wherein

the polymerlsatlon is effected in an inert diluent which the

octalyst is suspended.

- 29, A process accordlng to any one of c1a1ms 22 - 28, whereln -

the catalyst is prepared in situ in the polymerisatlon reactor
pfby bringing together therein ‘the chromium—contalnlng actlvated
j-support component and the cocatalyst

The text of the specification bhas bm Teproduced by photocopying the sppncmta original
typesczipt, It may oontain & few amendments which are difficult to read. The original
typece:ip» eontd.nins these amndmnta w be inamtcd on the prousos of thc Patent Office
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