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{57) Abstract
The present invention provides an improved chromium oxide

(54) Title: PROCESS FOR THE GAS PHASE POLYMERISATION OF OLEFINS

based catalyst supported on a granular or microspherical

refractory
oxide for the gas phase polymerisation of at least one alpha olefin containing from 2 to 12 carbon atoms, characterised in that the supported
chromium oxide based catalyst has been subjected to a sole calcination/activation step consisting of a single thermal treatment performed
at a temperature ranging from 200 to 450 °C under an oxygen— containing atmosphere.




900[err]C, and preferably at 700[err] to 850[err] C. Al the catalysts of
US 4,011,382 are prepared using an activation procedure of 8 hours in
dry air at either 750[err]C or 825[err]C. 25 It is also conmon
general know ¥y¥/12978t there is a quasi |inear rel ationship PCI/GB98/02674
850[err] C. Al the catalysts of US 4,011,382 are prepared using an
activation procedure of 8 hours in dry air at either 750[err]C
or 825[err]C. [err] It is further of general commobn know edge
that there is a quasi linear relationship 5 bet ween t he -
tenperature of activation and both the activity of the catal yst and the

mel t I ndex of the ethylene polyner prepared from said chrom um
oxi de catal yst. The hi gher the tenperature of activation is
the higher the activity and the nelt index are. Therefore, the
man in the art knows that in order to activate properly the chrom um

oxi de based catal yst activation tenperatures above at |east about 500[err]C
shoul d be 10 used. These cal ci nation/activation
procedures applied to the nodified support are |ong and

costly. However, as these procedures are necessary for the good activity of

t he fi nal ' catal yst and of the high nelt index of the resulting
et hyl ene pol yner, the man [ n the art 15 contl nues to proceed t he
same way. PROCE a DHA SE\PORLYMERVSA'T o

i nvention to provi deﬁeﬁfe@&@ﬁﬁeﬁt@h rHEt%P%rdﬂ'Gcess forgas phase dﬁrﬁé}lsﬂtld ed'fsonabl y
good activity, 02"3' r}_ﬁg&co %%%ol ﬁ?rrer %hovm g)ade P%IH tpjy‘t) I ndex I n

the presence of 'é 29,05 TURRPTESS; hEoRyuT Opyide bpsed GRtalYSthi ¢k does not
-require these 20 Itis knovrefiigm G5B hA29,b74 ko prepare olefin polymerisation catalysts
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and melt index between 150 and 1200’Geadding sl chromjuhcompoungdrand suiestinig the

systematical |y hesultigiptddast tb&n&bwawn Rep by'Reatif@ht 8mperature T2 of betwdedi S 1 S
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phase nerisa The present

i nvent i on rrakes W%@s(ﬂ' B2); whigly wiltbegiereinafiepeefarredite pyaealcingtion di sadvant ages

10 procedure and an activation procedure are necessary for obtaining the desired
' catalyst.
- - It is known from US 3,622,521 to use titanium modified chromium oxide
based catalysts for the polymerisation of ethylene in slurry. This patent discloses a
final activation step of the catalyst which can be carried out in dry air for from 1 to
15 - 50 hours using a temperature in the range from 350° to 2 000°F (176° to 1 093°C).
. All the catalysts of US 3,622,521 are prepared using an activation procedure of 5
hours in dry air at 1 300°F (704°C).
: It is known from US 4,011,382 to prepare ethylene polymers by a gas
phase polymerisation process with the aid of a titanium modified chromium oxide
20 based catalyst. This patent describes a final activation step of the catalyst which can
be performed by heating the catalyst in air or oxygen at a temperature of 300° to
900°C, and preferably at 700° to 850° C. All the catalysts of US 4,011,382 are
- prepared using an activation procedure of 8 hours in dry air at either 750°C or
825°C.

25 - Itisalso common general knowledge that there is a quasi linear relationship




referred to above. In particular, it consists of a gas phase pol ynerisation
process which makes it possible to manufacture polynmers having a high nelt

i ndex with a supported _ It is knowm fromfrom EP 0055863,t0 use a
chr onmi um supmwe 2ad978at a ; for polynerising ol efins. All tHI/CRSARGT4t S
disclosed in said patetn application are supported on an al um ni um
phosphat e- cont ai ni nc ' AMENDED
SHEET whi ch has been subjected to a sole

cal ci nat i on/ actberwidnahe mperatonef astivatign aiid otk thegictivity of the getalyshandithe at nent
performed at a ﬁ,amﬁé@&ﬂhéetﬁﬁaﬁi pofmiel prp#ALDfrom s4Qhiniihi obtidd Qital9st.
ere

oxygen-cont ai ni ng at nosp . .. According.t.o the invention a
pol yreri sati on T‘Efdﬁ$‘}36wed?m%\°ﬁat}’"§é’§f‘°t8ﬁté°'hf%ﬁm g’e agt(')‘f“& | ‘rilﬁ‘les_me\(!te{'r‘ 'Ted out
with the aid of suciTtereferppbe tedlindhe atkeewsshitde otsdgs tajproperly achiyptathg st .

Anot her obj ect airo&dagl : 0L dafK BN ickiPdioh Serpei@iifa9 sbdve at lekke aksueseg°at i on of
a chrom um o e ?b{fsed cat al yst supported on a granul ar or

|

m crospheri cal should be actory oxide for the gas phase pol ynmerisation of
ol efin(s) charact er iBese ¢alcinatian/advatiannroesdpies pprigd ththe modified Sarpertsss ed
cat al ytS_t i's fSUbioﬁ gﬁﬂdcasg,gqu%v&f as thg[:se pr&eG\!trB@&erB%eaﬁp toadbtadgsdde p :
consisting of a sI'n ermal. tre erf or at .a ature
rangi ng from ZOEth’B?ﬁ B F?‘f@alﬁﬁaﬁsagﬁngﬁgé%z‘ gﬁ}ea{ﬁ\‘f“ﬁ'& _egly%es%‘ﬁg'?g

Still anothes othemsmn imthetaisoptinestoproceedinthepamieswayo provi de an i nproved

Ch][ oni um oxi d_edbafsedhfs&haieﬁbséarﬁdbjaawéadh@m@ngﬁnmbato lﬁkfovi_ﬂieﬁlpﬁtﬁ;ﬁé“s%ﬂ cal 1ﬁ
refractory oxide for the ga ase | yner.i.sat . : erein the
cat al yst P@W&ﬁ“ﬁﬁft gco&;pozy%q?%%}néai hsf. A\Rﬁ?‘(’:‘ﬁ%@tﬁ#arrg%a%%ee?%ed in
that the suppor supgorted chromimomiiderhassdicatalysthaning sepsenablyrgopd agtiiyaed ed to a

sol e cal ci nati oghRfdbédiot Puivé Biese lengthy 2n@/05 highitétgpepdture calcingtia/dctiedtion |
treatnent perforned,at a tenperature ranging from 200 to 450[err]C
under. an oxyyenPP5KIUEhi ng at nosphere. 20 _ . The supported chronium
oxi de based cat al ystItdanmay wrexpestediydeen foyad that while said aforgmentiqpedquasiyf

chroni um  Accor ghdagrdiftionshiy kwédnahle sXibaibnteniperathrelang they catabyst activityand
invention, the cafal s beine rdHNAR (@RI bodld syt litillyYe vaIiti iRt Gy modi 1 ed
polymerisation, this is not the case when using supported chromium oxide based '
20 catalyst in gas phase (co)polymerisation of ethylene.
The present invention makes it possible to avoid or at least mitigate the
“disadvantages referred to above. In particular, a gas phase polymerisation process
" has now been found which makes it possible to manufacture polymers having a
high melt index with a supported chromium based catalyst showing good activity
25  and which is prepared according to a simple and economical process. Furthermore,
‘'the polymers obtained according to the present invention have good stress cracking
resistance and a high critical shear rate. As a result the polymers are easy to
process. Furthermore, the polymers obtained can have a low volatile content i.e.
they give rise to a very small quantity of volatile matter (fumes) during the
30 manufacture of articles. They also can have a high impact strength and a low die
swell. :

The éubject of the invention is therefore a process for the gas phase
polymerisation of at least one alpha olefin containing from 2 to 12 carbon atoms,
characterised in that the polymerisation is performed with the aid of a chromium

35 oxide based catalyst supported on a granular or microspherical refractory oxide
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supported chrom um oxi de based catal yst, nost preferably a titanium

nodi fi ed - supported chrom um oxi de based catal yst. For exanple, the
catal yst can be 25 nodified with fromO0.1 to 8 % by weight titanium or
0.1 to 6% by Wei99h2978f - alum ni um The catROTYGR8/02674
supported on a granular or mcrospherical refractory oxide such as
silica, alumna, zirconia oxide or a mxture or a coprecipitate of these
oxi des. The support can be obtai ned by vari ous known processes, especially
by 30 precipi twlhichoras béenssubjectod tocsabreatrination/adiivation steprcopsistinglof a singlei ca, -

froma sol ution yRérmal treatmetﬁ"ﬁe%ﬂﬁﬁh lat i‘ﬁhﬁbleraﬁiré tanging frof22008b 380%Yunder an
coprecipitation of a ref [aCt%[j'ﬁ de gel or hydr ogel from sol utions

contai ning at | SRYBERBAY (,ehosen fromsilicon, titanium
zi rconi um or al umi ni lmcmdngog thegivention apolymensattdntfeacgmnﬁatdwwmépha-

advant ageouslgy mnasé&ﬂe‘démwhﬁﬁaldsmcﬁﬁ@u rt3® chroRftiny\&ade B4 and 1200
rr[err]/g a pore }/agyﬁme ranging from1l to 3.5 m/g, and can

sist of particles whi ch have a di ameter of between 20
and 250 gm pr ef er ablAnother objeestofithepresent amwgnticis p settod fortthepeparatioreefiss| y

c?nt ﬁ' nts hydr?xydhrémﬁtdécma%hsearc%@& supporteta%q algﬁaxﬂra%ﬁmmsyhér{cmf fromeat er
a e Ime O use 1N repayati.on o atal,ys or
this purpose it & lf‘ggh? 5”3R?58r?ﬂ figagn Pgﬂﬁﬁ(ﬁ) °gar§°te‘f‘§°8ﬁq &'@b to
200[err]C. 10 the SUpportmr@ramai gxide basedpatalystris bubjectaddpaseld by a process

conprising a firglcinatiGigetivation stp' doﬂﬁstiﬁ@ o€l sthStl&HﬁﬂQfehﬂﬂeﬁt i:éﬂ%ﬁ@d‘ﬁtaed W th
a chrom um conmpound ur i

d
product origi nattF'Hﬁér?ttﬁﬁerﬁaPn aﬂggﬁf’?‘gpo gf %\5 ugger an °x¥ -cgéﬂxglnggtws[pﬁer& ther a
titani umor an al uni ﬁtnﬂm@bwmiumﬁoftﬁhnresﬁnt wMéntion 1500 pevidsaaninpned oyed can

be a chromi um omnﬂﬁmuﬂ%&ﬁreebhéea cafal E&ﬁﬂﬁr&d&@[g@z{rﬁﬂar opricRosp hericalChr oni um

conpound whi e _co m.um ox such
RTRAY: Yo TR M R R TS
chroni um car bo ndis ebtainatle bx 2 prsparation Whighis charasterised inghatdhe:supportest y |

chromat e. chromium okidedased BayHIIOsLbjEted o & Bol6 dilcinsionALaaaon Stey be

erployed are (1 {ARLlichps b HLH1 RISl p8Rrmb Pk SUAPBbEre bl kO

tetrai sopropyl ate
200 to 450°C under an oxygen-containing atmosphere.

20 .. The supported chromium oxide based catalyst contains in most cases from
0.1 to 3 % of chromium. According to a preférred embodiment of the present
invention, the catalyst is advantageously a titanium or aluminium modified

- supported chromium oxide based catalyst, most preferably a titanium modified
- supported chromium oxide based catalyst. For example, the catalyst can be

25 _ modified with from 0.1 to 8 % by weight titanium or 0.1 to 6% by weight of

aluminium.
The catalyst is supported on a granular or microspherical reﬁ-actory oxide
. such as silica, alumina, zirconia oxide or a mixture or a coprecipitate of these
oxides. The support can be obtained by various known processes, especially by
. 30 precipitation of silicon compounds such as, for example, silica, from a solution of
.- an alkali metal silicate, (or else by coprecipitation of a refractory oxide gel or
.- hydrogel from solutions containing at least two compounds chosen from silicon,
titanium, zirconium or aluminium compounds).
o - . The granular support advantageously has a specific (BET) surface of
35  between 200 and 1200 m%/g, a pore volume ranging from 1 to 3.5 ml/g, and can



butyl at e. Al um ni um conpounds whi ch can advant ageously be

enpl oyed are for. exanpl e of the acetyl acetate, acetyl acetonate, )
al koxy, or al kyl types. The inpregnation of the support with the
titani umor tWesnium 20 conpound can be perforned advESTFEFEYONTY | ust
before .or during the sole ~ calcination/activation step applied to the
cat al yst. The catal yst can al so be prepared by a process which
consists of a coprecipitation of a gel or hydrogel such as that

referred to abowensis of petigesssldcicimve a diametgr ofibetiveardOand 250 poupiefembly of a”
titanium Co”pou%‘!:we%{??é bad 190 |FRIRadbantdze U boRfins hdFBkyl BindGonabgrobpe one
re

hand, at | east one, ractory _oxi de such as si.Jica,or alunina.. and,
on the other harfad '%@W@%&?ﬁffemﬂﬁ&a?ﬁﬂ“%&['ﬁstué%ﬁiwg%%%ﬁ@m of the
Prior to its useafalyet, Fopgds purposeaticah he heatesto asempanieeganging &g. roxpl
cal ci nation/ gctinaphdgn step which consists of a single thermal treatnent

per f or med at a_fenperature_r i ng fr.om200 to 450 err, nder an
oxygen- cont ai ni ng 30“&?%¥ﬁﬁ%?‘8fm%{}%rep%red t.)y apr%‘f?&i)?ogfpﬁgkg8ﬁ}s|g5tlﬂ$?went i on
sai d sol e cal ci rdutingwhizh thesapparhisimpregnatadtwitf a chiremium compeundapyda sesprd  be

carried out at aoglﬁexmkﬁ @lri \Wifoh thépidaddt iofign@ingdFonfthe GiRg efagé ir e Of
bet ween 200[err],

and 450l err] C .and preferabl.y from 300 r] C
According to t hemPrrgRaie Y{hﬁgl&'}e&hgﬁﬂg“ﬁ%ﬂa@i ! 'ﬁW/cé{E‘P?V t iﬁ)‘% cﬁr(rgg%‘%%ne]nt of
the 35 'catH ysiomposid éneplayed carebe pehromivtheoxidengenesaljy of Honela Crongr a

at nosphere, _pr ef gréabm compound which can be converted into chromium oxide by calcining, 4
under dry air. e.treatnent |asts on verage bet ween

§a| d,si ngl

10 minutes and 139chgkfag example, 2 chromipm niftate or Syjtatp, an AMNQRI CIOMAZR o5 and 8
hours. It can bechoemifimrcarbdndsy, acetate ok acatylagetnmate og slseg Zeatbuyhchrematei ng

at nosphere. For exanmii@niuintcofPBund whivh'cas edvakiagdously Be 8mployedctire fdningd

the gas phasts  sloongistamal s B e Al e SllePld of bl B0 0 1 e
formof a prepol butyate.
© #i- Aluminium compounds which can advantageously be employed are for
"éi:imple of the acetyl acetate, acetylacetonate, alkoxy, or alkyl types.
«# - The impregnation of the support with the titanium or the aluminium
20 ""Eéindpound can be performed advantageously just before or during the sole
calcination/activation step applied to the catalyst.

" The catalyst can also be prepared by a process which consists of a
coprecipitation of a gel or hydroge! such as that referred to above in the presence
of a chromium compound and of a titanium compound, so that a cogel is formed

25  comprising, on the one hand, at least one refractory oxide such as silica or alumina,
and, on the other hand, a chromium compound and a titanium compound.

-

Prior to its use the supported catalyst must be subjected to a sole
calcination/activation step which consists of a single thermal treatment performed
at a temperature ranging from 200 to 450°C under an oxygen-containing

30 atmosphere.
~ According to the invention said sole calcination/activation treatment of the
- catalyst must be carried out at a low temperature, in particular at a temperature of
between 200°C and 450°C, and preferably from 300 to 400°C.
_ According to the invention said sole calcination/activation treatment of the
35 ‘catalyst must be carried out under an oxygen-containing atmosphere, preferably



prepared previously during a prepol ymerisation stage. The prepol ynerisation

stage - - consists of bringing the catalyst into contact, for exanple,

wi th ethylene optionally 10 m xed with an al pha-olefin and optionally in
t he presence o éwyussgen. The prepol yneri sati on stage nBgT/AB%RFHi ed
out in the presence of an organonetallic conpound of netal of groups 2
and 13 and optionally I and 12 of the periodic classification of the
el enent s. The gas phase pol ynerisation of the al pha-olefin my

be carried out igpderdfyairf! uidised and/or nechanically stirred bed reactor,
according to any kno The | n be
carried out at a tenﬁ%ﬁfﬁ%gﬁmﬁ'&l% T 81%%)!{;”% eg’ﬁgdoxﬁﬂu{e'?%% preugfabl y

bet ween 50 to 11ﬁi®noqe®prtunldrhabetﬂe¢m?t°amﬂm kours nly icanpber pesfarmoe ' 5

MPa. knoWm&in® ﬁaﬁga AGFRBkiNECatMOsphbles FoRwRimiple) it casbwrﬁmt arly
suitable for 1Ehe 20 ggq))? tre of ethyl ene polynmers such as, for

exanpl e, ethy eng'%% et hyl ene copol yners cont ai ni ng at
| east one al pha- ol ef .'ﬁhmneﬁdmawysmaahpgrrec@ymected intathe gHPha¥ons such as,

for exanple, 1- bHél?ﬂ&isaﬁoM&Bﬁ ItQan hls®Bé MEBduded B €dral of a prepolyntee et hyl ene

copol yners prepar ed [

contain, in addi {egﬁr B’t'e&%g?' gﬁr?“%alpa}gpo%{rﬁéarﬂn&io&%&tgg Ehé E?éﬁ%l&%x@ gg%nsﬁ?%e Ss
than 4 % and 25 consistsfafbeinging the satalystanio comags, forexample, Biith sthylene pptionally

al pha-ol efin lﬁonhﬁ&eﬁlvﬂﬂl anlafpa-2ldfif add optionally ifi e yrEsefiéedfthydrogen. The The

ol ynmer s obt ai ned t he ess ve
g rgl ative densi PV’%‘X 50??9#575 yg’fé;aﬁ'iegg gﬁdﬁp%éseltngé/‘g%}‘ °9&é‘%¥ngi@f rom
0. 935 and OoIpEIN ﬁﬁm@}efgsalrmﬂcﬁnﬂéﬁ pod pptinsally bamsl 12pfehapmiodicn npst
cases, they have chssHfRation6fltReeleméntsiei ght di stribution, (M/\D) measured as

Lite ratio of Lhe V! Gt gus e HGAAGAORL LR RS by ol rih Bl U0
t hey ﬁave a Wi gy E@Kg?'&'é‘é’ meshaniqally, stirgedibgh reagtor, according &g anydsmown methedsn g
500, 000; I n generrat polymesationieattion lcamsbe ¢ah@aal dut ppaiteaiperature of ldwermiowm because

of the good acti yhjp giegér& Blvadnstito 1E %Jﬁ%l}rsgng#ag% rHEREREEbR 0%k NAVE

a stress cracki ng res ance greater cas_es
greater
The process according to this invention is particularly sultable for the

20  manufacture of ethylene polymers such as, for example, ethylene homopolymers or
ethylene copolymers containing at least one alpha-olefin containing from 3 to 12
carbon atoms such as, for example, 1-butene, 1-hexene or 1-octene. In general,
the ethylene copolymers prepared by the process according to this invention
contain, in addition to ethylene, less than 10 % and in most cases less than 4 % and

25  preferably less than 1 % by weight of another alpha-olefin containing from 3 to 12
carbon atoms. '

_ The polymers obtained by the process according to this invention may have
- a relative density ranging from 0.915 to 0.970, preferably ranging from 0.935 and
0.965 and more particularly from 0.940 to 0.960. In most cases, they have 2

30  ‘molecular weight distribution, (MWD), measured as the ratio of the weight
average molecular weight, My to the number average molecular weight, My, of
between 5 and 55. In most cases, they have a weight average molecular weight of
between 50,000 and 500,000. In general, they contain less than 5 ppm of
chromium because of the good activity of the catalyst. Furthermore, they generally

35 " have a stress cracking resistance greater than 10 hours and in most cases greater



than 15 hours. They also generally have a critical shear rate greater than
800 [err] and in nost cases greater than 1000 s[err]. The
unexpect ed advant age obtai ned according to the present invention is

the rel ativelWORM§¥8el t index val ues of the polynmers. As aPFESHMERH ai ned
5 her ei nabove and further illustrated in the follow ng (conparative)
exanples, it is quite surprising that supported chrom um oxi de based
catal ysts which have been subjected to a sole calcination/activation
treatment at a liow 15dopsr They dsqpgeneraliyhave a critigehsheanrategreater dhan 89A4se )

processes, pol ygg&ﬁng@symgs%}ieggrmmob@dex val ues. When t he

catalyst is activated at a Tenperature from 200.t0 Olerr Lt ts 10
possi bl e to prepare EB?%P@MW%%{% ﬁ‘éﬁ°fd'ﬁ'51t8§§?£r§%epllg%%{’rtr'%?%es a melt

i ndex M 5 hegretativelynhigh el irgled Oaiwasofithspolymers; As slseady pxplainadhe el t i ndex
of the pol yngr .hereinaﬁ&%raﬁﬁﬁﬁﬁ\ewnﬁﬁmiéaﬁn AelrblloNindRompirR@ep brdhpledgiciseases.
Such polynmers, in particular ﬁoxlé?/ﬂﬁrr&rhhaw ng sl\/lli(%]r alh 3L ﬁagg eejn'5 g/ 10
m nutes, the criqut?:éH'P%ﬂ’fégéﬁatrs P FhRENYT BXI0G past b %"[ errF. 15

The pol yner al sauljestédtiorassole caleinatiordactipatiop dreatiment of a lowt temperatusarodussces.

These substance ah b¥s SHRRY (R065R4es, pynitry VBB highasdisindek’aled. han 800 and
nor e partié’mlggl Ig B g sﬁg" g high 400 parts

t han. 500 :
per mllion (ppm) of When tﬁets‘f‘i‘?b%&s?ﬁévta%gﬁhl?Pﬁoﬁwgﬁgﬁgﬁ%gﬁggﬁ@ have a
drop strengtio grpesstde ta prepar@potymers havingr high mels indes SerexamplaemeltindeX 2. 5 m

They have a | ow g figh¥Ethhn 1.5%/ idhihhres! TRtheteranges the thélfiidekf the pbliEnepol ymer s
obt ai ned accordi.ng to the

rocess of this inventjon are particul arly
suitable for thd" Eﬁ%wdﬁ%achyat@gﬁﬂqegatgv c@?(rﬁsﬁss‘i on or by bl ow
extrusi on. Such fitlpméralih paticarpelymsr baying a Mishigheethamd. 5@/ K ent
invention. 25  minutes, the chitfSalRRéaY FRRé miy Bd@redtbema 00 sBeen measured according
to the follow ng rocedures. . . hod ' ' of the
stress cracklng resi éqhgﬁelgme_r atso comamsave?%-&'é’? orpé’gi?ngorq.ggéﬁﬂﬁé‘%rs'teag‘?esst ance is
measur ed on pol yFhese substasces senceally siprryenton a weightibags, desg Hisa 869 and morecawood

and T.J.C.  SleergmnicufaFy (3¢ thaf SdGandtifl mo¥ casds 1630than 800 patsiper millivnc(ppim of

described in the,journal [ ' 199,
except for the ftQEE‘L’J‘Y‘H%{f P!taﬁté&ﬁg’{ ?’I%g%ﬁalﬁgé?gg%mg e Wi%é?t%rgp ae“a2 mof
60[err]C. - and dmmastivgses greater thap2iadlhey é"%'?\é‘i C‘Ripﬁﬁ'cﬁ_‘lé% $t ance i s
expressed i nahotiign35g. Met hod of determ nation of the volatile natter

tent of a pal.y, ; ol ' ' ' latil
content of a .palyner T&e yﬁ}g'wefss°b§”é"“%§é§’§’%9¢n{vﬁ‘2% B@E&EOY&Y&N&H& ige volatile

matter content of a ] d by easur ngyélhe loss in
wei ght of the pd? arlysuigable; fpr Wﬁ@‘aﬂ'éféﬁ“‘ﬁé‘ﬁf’blfeﬁs y extrusion or ow
6 extrusion.
The following examples illustrate the present invention.
25 °°  The polymer properties have been measured according to the following
procedures.
. Method of determination of the stress cracking resistance
The stress cracking resistance is measured on polymer bottles according to
the method of M.J. Cawood and T.J.C. Sleeman (BP Chemicals Ltd. Great
30  Britain), which is described in the journal Polymer Testing 1(1980) pages 191 to
199, except for the fact that the bottles are kept at 50°C instead of 60°C.
-According to this method, the stress cracking resistance is expressed in hours.
Method of determination of the volatile matter content of a polymer
+ .- According to the invention the volatile matter content of a polymer is
35 -.-determined by measuring the loss in weight of the polymer after it has been kept in



an oven at 100[err]C for 17 hours. The loss in weight is expressed in ppm
Met hod- of determ nation of the critical shear rate The
critical shear rate is determned froma curve which gives the stress

i nposed on t hWOIM3PAEr as a function of the shear rate to WHCITGRING26G6| yner
Is 5 subjected, which has been established with the aid of a capillary
rheonmet er whi ch - has a die in which the ratio of its length to its
diameter is 30. The critical shear rate is determ ned as the | owest
val ue of the shearoveabtel 08PC Wiril@thoarss The kwss mivedightt istexpressed in ppm.obser ved. At
this value. the cy “ﬁd%gkgm&ﬂﬁoggkme@{tlchmgﬁq'@n The shear stress

and rate are defi ne shear rﬁte |%Fex ressed in

St and g %‘Ei-‘r
s[err]. 10 Fine par ﬂ?‘?f"érﬁ{e's etermined from a gurve, Which givey the §iEess, esent
i nvention the fi:mpo;edrdmthé pplyxmrtasnlfuncsort dfthe shear raterto pduchitbepalymeras ti cl es in

the pol ymer mav'gag eete&ilmah% b&n ésﬁsnﬁhw@nh &%%d&fardapxu;ﬁp%eometer wHRL ent I's

expressed in vve e ara e flow
par aneter "n" |d§d twa{‘ﬁgf‘ﬁ#’?ﬁj rﬁ‘“\“ﬁﬁf 13 £9- [-QPer‘]rytﬁl[sB?al’ﬁtF
| og (21.6/5) accnsdetemgnedmsnhﬂbwdstm&/bﬂh&ﬂ&ﬁr rate at whidhe strebs stabiliteis | s

S?gg:?:ﬁ?o'nnzg/ lo@e%(f‘u,l@t'ﬁlsvaluethe ma'mﬁxﬁﬁs alpoirt: of%egt;or?a lThgé}tmla{/ g?%sglnys\t/mi ch
is carried out deéat&agrqegaedain A%mg@“ﬁﬂégﬁ?ﬁg grﬁhFﬂéatﬁdst?ﬁpEFéseﬂy ns.
surroundi ng # ecFing parfticlexcongentA coarse fritted di sk fused to the_ t ube
Sr'ng;\s/ﬁfeé obiugpﬂ] 2 r;ggg.f&bm tlsgﬁé &}esfém .I\ba%nsﬁm%@bm.ae%mm‘?sthe bed is
activation flow RIpRRIPAR g#ﬁ%&ﬁ? G’&?’ *}Yf'@&fh‘?‘ﬂﬁeﬁq E"{%F‘?&ﬁgﬁ) 55‘

25 grans of a ckmntmt:mm&edi@amshtomaityst conposition sold under t he

regi stered trademgarﬂgrg,ﬁare]. EP30 [err] (by Joseph Crosfield and Sons,

Warri ngton, I ted Ki n Wa0 e mtrgg d into th b
fluidised with a currdgdod gq'vnzr n" is colpylat E’h g forpy g’ﬁm u)/'T'hl s

sol i d conposi t i oog /8 moxzdbuuom_e.tmby&STMD -1238i ght of chr omumin the form
of trival ent chi PHE Hélt IAB&H i8 bepréssRiN o) 1@Mniitessi | i ca. 30 The quartz tube is

then heated fro roorpt ature to 150[err] C at arate of 57[err]Ch
and is nmaintain r]C. Thereafter a mixture of titanium
tetrai sopropyl at® ancCatalyst preparpiien n- but yl ate “sol d under-the registered

trade mark <so Ti | comdakdlystis activatel ByaRdrih@) activation, Wik i3RENRE 86t thiauhsl, -
Bi I'lingham Uni tt%ge iﬂa&%‘%ﬂ the%uﬁgg%g a SRFI'&U!‘I%I eiiec{ ri¢ furnice? A coarse fritted -
- disk fused to the tube serves to support the fluidised bed. The temperature of the
- bed is measured by a thermocouple placed near the centre. Gases used in the
~ activation flow upward through the disk, producing fluidisation.
25 25 grams of a chromium oxide based catalyst composition sold under the
registered trade mark « EP30 » (by Joseph Crosfield and Sons, Warrington, United
Kingdom) are introduced into the quartz tube fluidised with a current of dry
nitrogen at room temperature. This solid composition contains about 1% by
weight of chromium in the form of trivalent chromium acetate supported on silica.
30  The quartz tube is then heated from room temperature to 150°C at a rate of 57°C/h
and is maintained at 150°C. Thereafter a mixture of titanium tetraisopropylate and
tetra-n-butylate sold under the registered trade mark « Tilcom BIP » (by Titanium
=" Intermediates Limited, Billingham, United Kingdom) is added to the reactor in a
quantity corresponding to 23.44 millimoles of titanium. The catalytic solid thus
35 formed is maintained at 150°C for 3 hours. The reactor is then heated to 300°C at-



gquantity corresponding to 23.44 mllinoles of titanium The catalytic solid
thus 35 fornmed is maintained at 1 50[err]C for 3 hours. The reactor is ~ °
then heated to 300[err] C at

7 wo991298 rate of 57[err]C/h and is maintained aPCT/BEsN2674
tenperature for 1 hour. The fl uidi si ng nitrogen.is then replaced by a
dry air streamand the catalytic solid is successively heat ed from 300

to the final activation tenperature (400, 450 and SOOMrkC L
respectively gi girite of 57°6/y=sd is mamﬁmedmdhmr)permrﬁbrai he fiyjdising

t t f C/ h
SggFg g] ure for f‘ﬁ‘“ﬁ%‘?‘é‘?‘%‘” gplaéeaspaww Ataéarﬁqmﬁfécawyac belidas Qlecdssibély 11 C/ h to

t
stream and the &eated fom éggEﬂ thy ﬂp@ agtya}!ghte@pg\%ﬁx{/‘e f4§9 2% anglggé" I trogen
t enperature. respectively giving&atalygr n@a oid Gia), aexintainedeat thl&tempygture &tSai ni ng

4. 5% by weight qf ki iaf’d‘ﬁ cooled ﬁ@,‘iiatg OP%MtO\@S@tTMﬂmﬁ%lﬂmtﬁdhe

recovered ; fhis cat nposed i ght average
di amet er of 100 TeRiceq t yﬁiryrgtr%gea,sggp.rq éhe %ﬁﬁgﬁﬂg‘%gmg\fe& ts-\8\!"13'\(I1{§y Ai t rogen.
b) Gas phase ambieynemparaturon of et hyl ene 400 grans of

pol yet hyl ene pel | et 52@5?%59&3*1 Betfvafil %Mhl?ﬂ%oﬂﬁi’nmgﬁlrﬂ% 8y wgmadsf&namum
i ntroduced into a.s

t SS .St react or C tre ui pped
Wth a 15 pondard OPRIEER Af FEoRERas e B St AV el e
ni trogen at nosplpartieles with a welghtrpearageuliametesiof Q) ps Itds gtored dnjamgtmesphersl at i ng
silicon oil whiclpqrQfrSgeand Which is ~itself heated by water and steam
| n t he surroundi g ’j acket . qu teerafIHIr c | s kept W t hin
-0.5[err] C of Whe desPiegtenpetaty e reactor is heated to 104[err]C
and around 50 HDO giags afrpolyﬁth)dws pelets prepasesbin @ peeviouspelymerisatien @ eabove

. iatSalmyislt ;5 rrl)?es Zg?t?&u@&! 1ﬂto(§3§ﬁmlé’slfs%tebm£c@6}lﬂfeﬁbac@ D6 Gitraequipped hitka co né aining
t he reactor Yo w§%1gebﬁlin§%§t 2%5 llj'pnl% Bh 1Rteawe9 [xﬂi(mr a?nt];o@g ééjl’%géalcfo into
pressurise the rEempemture corgrolisyreyvidediby gireyjating ﬁw@h@l | which coql%andnv*r'%éc ed
unt 't | a 50: gl nglrl;&lﬁlg}iéa&d Qfy Wat&t aivPstears inthé airfddinirjdoydte The tdfrtpteadueisl kept i S
282 " : Rﬂ: 4 until - -Q/Z(sjg‘gf %ﬂaengéso m-erﬁ{uré) 'ﬁxe’YFfﬂor-EpﬁeaEe%qg rlgﬁto4nac atal yst .
The contents of am;md 50 milligrams of one of the above catalysts (see hereabove catalysts 1a, 2a
- 20 ° and C3a) are introduced. 0.5 gram of silica containing 1.5 millimoles of
triethylaluminium per gram is then introduced into the reactor to scavenge poisons.
. Then hydrogen is introduced to pressurise the reactor to 0.1 MPa. Finally ethylene
is introduced until a total pressure of 0.9 MPa is obtained. Ethylene introduction is
continued to maintain reactor pressure at 0.9 MPa. The reaction is continued until
25 2500 grams of polymer are formed per gram of catalyst. The contents of the
reactor are then recovered and the polyethylene powder formed in the reaction is
separated from the pellets by sieving. The catalyst activity and the properties of
the polymer produced are shown in table 1. '

. Examples C4 to C6 (comparative)}
30 a) Catalyst preparation :
- Exactly the same catalysts were used as in Examples 1 to C3.
‘b) Slurry phase polymerisation of ethylene _ _
Slurry polymerisation experiments are conducted in a stainless steel reactor
“of capacity 2 litres equipped with an updraught, three-blade marine propeller
357 turning at 400 rpm and maintained under a nitrogen atmosphere. The reactor is
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reactor are then recovered and the polyethyl ene powder formed in the

reaction.is separated fromthe pellets by sieving. The catal yst
activity and the properties of t he pol yner produced are shown in
table 1. wobkwapd es C4 fo C6 (conparative) 30 a) CECEIGPI/02674
preparation Exactly the sane catal ysts were used as in
Exanples | to C3. b) Slurry phase polynerisation of ethylene
Slurry polynerisation experinments are conducted in a stainless steel
reactor Ohe@NRCIOUIC #nd drbund2 5o arilligyams ofbieofale abpsle catalits ¢ hr ee- bl ade

marine propel | er oo tfg%aa@gdesaﬁ?&n{rsmca@dlngwf AStietned i LT ogen

at mosphere. The® to 104[.e d d
250 mi|ligranms éftragnesdoEthirmeigtnelied at éWét"%‘“‘?N 1§ kept cgnsﬁ%{‘f h\’?gtg ?2 g;ogzd
C3a) are introd lpﬁl?ﬂxenﬁatlblh teacrionk. Hidictionaimetintaken Somm tigetime when neactotiuced.

Ethyl ene is guppl tpéezii‘{rf %ﬁclfgs A’\{& tﬁ&l*\éwhﬁpéth)flé}{%%%tgh'i | THE rbak®ion is

pol yneri sati

t
reactor 5  pr eswrlérorrewhwébe ethylens flopy feptarts. j rngiho @ﬁ%ﬂ%ﬂ%“ﬁe‘ﬁw%st arts.
Thle reaction is rate incrdabe¥eadusiBNrorne o 600cg/k!t Tié raetiohliostoppedtwhens. Duri ng
ol ynmeri sation, e I to 600
8 / hy The react | & cr% l\%& reichgs\%vaq() r%ran{ E&lﬁnérg)glt an ec%tays@% cabhlylst £FVity T O

VIity [ es 2500 dgram
pol ymer per graméﬁteaqrwmespﬁt!\e@abmeyeqo 'éﬁ?ﬂl%*?wnm ﬁ:geng the properties of
t he pol yner groduced are shown in Table 1. 10

Table 1 Exanpl e Cat al i vi
HLM n ™ et Bﬁim o AC;;\; Lyb I\/Igl | Om n
g/ 10m n | a Gas phase 185 Q.56 2 01
cA la " |example [cRhNsOY VRdactor  [Abify M1 N. IjHLMI I\nD.
s 2 oy a8 o Gomint o0
c3 . C3a - |l - l€as phase @M‘wse. 22 0.56 1599 201
o ics Ia : Slurry V.L. N.D. N.D. N.D.
2 2a . . |Gas phase |156 - - |0.60 59.5 2.00
cs 2a sy 27 Josr - loeo |00
c3 - C3a : .-+ |Gas phase {194 0.31: = -[30.4 1.99
) C6 C3a - |Slurry 59 0.52 46.2 1.95
: 'V.L.=very low
N.D. = not determined
Example 7
a)  Catalyst preparation
15 . 30 grams of a chromium oxide based catalyst composition sold under the

registered trade mark « EP211B » (by Joseph Crosfield and Sons, Warrington,
United Kingdom) are introduced into a reactor heated to 93°C and fluidised with a
* current of dry nitrogen. This solid composition contains about 1% by weight of
chromium in the form of trivalent chromium acetate and about 2.1% by weight of
20 - aluminium supported on silica. The reactor is then heated from 93 to 150°C ata
_ rate of 90°C/h and is maintained at 150°C for 30 minutes. The reactor is then
heated to 300°C at a rate of 90°C/h and is maintained at this temperature for 4
" hours. The fluidising nitrogen is then replaced by a dry air stream and the catalytic
éélid is successively heated from 300 to 450°C, maintained at 450°C for 4 hours,
25 - then finally cooled at a rate of 90°C/h to 300°C. The fluidising air is then replaced



C6 C3a Slurry 59 0.52 46. 2 1.95

V.L. = very |low N.D. = not determ ned Exanple 7 a) CT
Cat al yst preparation 15 30 granms of a chrom um oxi de based

cat alyst conp¥@9¥3 sol d under the regi stered trade REF/RBEO26347118
>> (by Joseph Crosfield and Sons, Warrington, Uni ted Ki ngdon) are
introduced into a reactor heated to 931C and fluidised with a current
of dry nitrogen. This solid conposition contains about 1% by wei ght of
chrom um i n t heb§ @dsynitfogen stveaireand thecateiyticrsolidiscacled siowlydp mbiest 19 by wei ght
of 20 al um ni{émpmaggrted on silica. The reactor is then heated from 93
to 150[err]C at - a ratte of .QO%erra}C{hgnd if I ntai,ned at.150[err] C
for 30 minutes. The 3%8emyPf anactivpld catalyst coplatging 2.0 % dﬁe['%kgro?ﬂmé‘fmuénrate of
90[err] C/h and s 1% byweaightof chtontitmi sretreeqyered; thigcatalyst is composedigbur s. The

fluidising nitroagned dieh DoRigheRLAGEGafikiePolion 00! 15! d@edTaAduhbBhast al Vi o
solid is succes h gfrom300to 4500C, maintai ned at 450[err] C for

Helﬁ eate
4 hours, 25 thBHIYREEFY cooled at a rate of 90[err]0C/ h to 300[err]C. The
fluidising air by t risation of ethylene

9 200 griadhs 8f pUlYetkyldne PORerPréparudin B PrevioRs patymershiicn &8 i d i s
cooled slowy to a of an

Nt ..t t o . 25
activated catal mgg%ﬁ‘?'ﬁ? ﬁis'rﬂj‘lefe %L[%)? B%c(%?&ﬁpa%try 2.6 lifrsss flﬂﬁ?e%rvgms%l'nd 1% by
wei ght of che onpowdexrstirrergumingrat 350 rpivhind mantaingdsundesa givaganatmogphers.

p?rt i C|hes Wit h gh0eia80E is AUREREE1 08* Qe B0 iiiligldd® dfee abovd datdlyst Glapaed in an
at nospner e

. of .dr It r.agen. . .. (Gas_phas el ;sation of
et hyl ene 2W°8?cfﬁs B&fm %R;eét(’fqgfegﬁ@%ﬁﬂ&arﬁﬁ'gﬁg‘r%gg'?‘lle\‘ﬁr!rfaﬁlg k}?eevi ous
pol yneri sat i on asaetor to scavenge pelsans.dHydrogends theajintrodyeedde peassuriseithe geactor
cagaCI ty 2.6 gl td g.s MFL | B eiylefie iﬁintr’bﬁucdﬂQMﬁEdtoEd_lr pressafe 6fU.5TMPg it 353 rpm
and nmi nt ai ned upder idr n, at.npspher.e. C ' ed to
T007err] C a2 SPEd | Filyhe G o AP RRATIRes g g rieohiad PRI 2 hiurd Rt

: 18 minutes. The average activity over this period is 810 g/mM.h.b. 600 grams of

' polyethylene are recovered from the reactor ; its properties are :
«*-Bulk density 370 kg/m3
s High load melt index (ASTM method D-1238, measured at 190°C) 138 g/10
20 % iminutes
" e Mean particle size 660 pm
¢ Density 940.6 kg/m3
Polydispersity 10.7
Example 8 (comparative)

25 a)  Catalyst preparation
30 grams of a chromium oxide based catalyst composition sold under the

. registered trade mark « EP211B » (by Joseph Crosfield and Sons, Warrington,
United Kingdom) are introduced into a reactor heated to 93°C and fluidised with a
current of dry nitrogen. This solid composition contains about 1% by weight of

30  chromium in the form of trivalent chromium acetate and about 2.1%'by weight of
aluminium supported on silica. The reactor is then heated from 93 to 150°C at 2
rate of 90°C/h and is maintained at 150°C for 30 minutes The reactor is then

. heated to 300°C at a rate of 90°C/h and is maintained at this temperature for 4
. hours. The fluidising nitrogen is then replaced by a dry air stream and the catalytic
35 - solid is successively heated from 300 to 600°C, maintained at 600°C for 4 hours,

10



introduced. 0.2 mllinoles of triethylalumniumare then introduced into
t he . -reactor to scavenge poisons. Hydrogen is then introduced to

pressurise the reactor to 0.3 MPa. Finally ethylene is introduced
until a total WA¥E2TBe of 1.5 MPa is 15 obtained. Ethylene FGHEB®FREAon is
continued at a rate of 183 g/ h over 2 hours and 18 m nutes. The

average activity over this period is 810 g/nmM h.b. 600 grans of

pol yet hyl ene are recovered fromthe reactor; its properties are:

.Bul k density tigndinally qegled at a rate Oﬁa‘n%ﬁlhlt@aao?el'fheiﬂw&mg(mmenémdn12‘38,

measured at 190fgkdhyRitrdgkh stredi arDthe cAalifiidsslie $s cooled slowlMroambentt i cl e si ze

660 [err] ._Density 940. 6 kg/ n8 . Pol ydi spersity

10.7 Exar’rﬂ‘f“épafaa lE‘orrpar ative) 25 a) Cat al XSt preparation

30 grans of a chroni 2hgwmselanastiveted eatalys) sentaiping 3<% by weight of alwiainm; he

regi st ered tsadand Wiy weighodt dffoini drbyecdapepiinieopalinit compdeons.,
rrington, | i r r r. ed to

93[err]C and fl L?F'aﬁlg@%&ﬁ&naﬂ?'@ggm"g% diamefetéﬁ? ?‘?)tfﬁ'g‘r 3“%1?‘??”39“2%55‘%?? %§%| id

conposi tion contofiryRnitsegsn: 1% by wei ght of 30 chromiumin the form of

trival ent chromipym aggs fae felgmeRatn Tettivlnby wei ght of al uni ni um

supported on silica. e rea [ i ed f ]C at a
rate of 90[err]Ch a%@grgnﬁgfﬁ@gt@egtegﬁ ‘Qﬁ% r rT'd;' ? g‘r‘e_%g)@rs %0&{?? @Js?a%e
reactor is tMWen areintrodusechintaia stainlesiotast repetoref capzcity @.&iterseauippedyith aand i s
mai nL ai ned Ftt t Iy g:déreyﬁﬁef fimiLat$360 rgm and mainained Sndef B@itfdgen dﬂnﬁiisplitrgﬂi trogen
is then repl ace a dr !
successi vel y hea hg%eaf:troghsﬁ?%gl {(?)i%gglé‘??fodm%%ﬂ% géltﬁéeé&ggi%tﬁ é?g]a?f or 4
hour s, introduced. 0.2 millimoles of triethylaluminium are then introdugey into the
then finally coqbftbraé savérepolbnsdBydrdghaishhdncintséiiced to] fressiiise thd rehetosi ng.
air is then el agadypy Findll dhyilh islhddROS it  BAMPRAG BP1 ALYt © SOl d
is caooled slowWy 10 anbi en . enperature. -

obtained. Ethylene introduction is continued at a rate of 183 g/h over 2 hours and

18 minutes. The average activity over this period is 680 g/mM.h.b. 600 grams of

polyethylene are recovered from the reactor ; its properties are :

Bulk density 290 kg/m3 : |
20 . o High load melt index (ASTM method D-1238, measured at 190°C) 8.6 g/10
minutes ' '

pD

¢ Mean particle size 1010 um
"o Density 945.8 kg/m3
s Polydispersity 14.7
25 Example9
a) . Catalyst preparation

30 kilograms of a chromium oxide based catalyst composition sold under
the registered trade mark « EP30 » (by Joseph Crosfield and Sons, Warrington,
United Kingdom) are introduced into a reactor heated to 93°C and fluidised with a
30 current of dry nitrogen. This solid composition contains about 1% by weight of
chromium in the form of trivalent chromium acetate supported on silica. The
reactor is then heated from 93 to 150°C at a rate of 90°C/h and is maintained at
150°C for 30 minutes. - Theredfter a mixture of titanium tetraisopropylate and tetra-
n-butylate sold under the registered trade mark « Tilcom BIP » (by Titanium
35  Intermediates Limited, Billingham, United Kingdom) is added to the reactor in a

13



25 granms of an activated catal yst containing 2.1% by weight of alumnium5
and 1% by wei ght of chromiumare recovered ; this catalyst is conposed of "
particles with a weight average dianmeter of 100 [err]. It is stored in an

at nosphere  WOS%R29% y ni t r pgen. b) Gas phase pol ynB¢T/SRI¥BH 401

et hyl ene 200 grans of pol yethyl ene powder prepared in a

previ ous polynerisation 10 are introduced into a stainless steel reactor

of capacity 2.6 liters equi pped w..h ... PO i . ' t 350
rpm and mai nt ai ﬁi@&“‘dr?&gf’s% “‘ﬁ\eﬂ P&ge%r? ’ﬁ‘ﬁﬁ%%fﬁ‘ﬁﬁlg"wﬁe éa{aph{é:%éheéaég@ é(;{;o?'?g@heat" ed
to 100[ err] C ani nixirbainad dt il 50°Erfor Dhourk e Thengaatoraatheh heated 19 30%; at a rate
it Rt roduced. 0 : Zofﬂ'td"b}h%h Smaftainéd AR tediperiite !Hf!ﬂfofrst hh fluidistr@dhitec@n i into

e reactof 1o scavepge .poi.sons. rogepn..i.s . 0
pressurise the ’Fé‘éﬁf‘t'ﬁ?.aﬁgggf‘ggb?',%&‘iwg.akﬁy—ﬂﬁzf?ﬁa{}m‘éf?wpg%gh#%@ﬂF‘Ffag uced until
a total pressurfromf300 1G40PE, isintained atoIOAC Fas 4. hogrshther faally spolediaica fatsn i s
continued at a pAdRCAit0 38670/ TheRiRMisirngs 4TS then 2diihced by a & nitrdpdh S3eaml he
ol yethyl ene. ar e e ool Spahcp gpERnt whpedite ! oo are:
Bul k density 2903 UkjlogBim3®f an sctivatgh cataluy cantpining &% by WEBW efsitandtn D- 1238,

ggig u{ ed i'it 190L&1 1% & whight &F chfomium are recéVeftdt; €ffis catalyst is dypbsedaft i cl e size
err

...pensjty 45. 8 Kk . i |
14.7 25 E)%&rer%mggs with X gl)elght av&ggavg\fzteﬁ ?gfpd;i? K., I(§ is Stoxjg(? knya(?l a%rﬂ&rpﬁ%y
kil ogranms of a ofidrymittogemxi de based catal yst conposition sol d under
the registered bfadelﬁgﬂ%ﬂﬁaf@*@ﬁ»-(by Joseph Crosfield and Sons,
Warrington, Unite | 0 ar e [.nt.r d i ngs ed to
93[err] C and fl ui di séﬂ °er'ﬁ(g'a°%?f uf#'%tﬁ'ﬁ%?&%‘riﬂﬁﬁf ‘graga‘{e"ﬁ%}rﬁgps&@of i d
conposi ti on conmdiequipatsbwith 4 beatips jsekeyiand @ stirrer turning pt AT THet he f or m of
trival ent chsom Hatien Blenied bkt 75°Cinl 450 ditresTdfn-hexane in theguesenceiof t hen

1500 err] C for 305 Hegen wisie By sOidUpdct hiebiied Stk RSAI) ned 2
tetrai sopropyl aley Shell, Helland), which containg,0,5 waight Restegt ofhoth chrpmivmAgdst er ed
trade mark << Tichigiam &dM0)kioglahi (1152 Modles of Gbomiun) of the datalystalesaribed ed,
Bi | I i ngham Uni tagg{,elfbﬁgdon) I's added to the reactor in a
20 ;- The reactor is set up with ethylene fed from a line pressurised to 1.0 MPa.
A constant feed rate of 15 kilograms/h of ethylene is established. After 4 hours
» and 32 minutes of prepolymerisation, 82.8 kilograms of prepolymer are formed..
The supernatant liquid is drained off and the prepolymer is then dried in a recycled
dry nitrogen stream. The dry prepolymer thus obtained has excellent flow '
25  properties and a bulk density of 420 kg/m3. It is made up of particles with a mean
diameter of 169 um. :
¢)  Fluidised bed gas phase polymerisation of ethylene
~ 100 kilograms of a well dried polyethylene powder prepared in a previous
. polymerisation are charged to a fluidised bed reactor 45 cm in diameter. This is
30 fluidised at 96°C by a mixture of gases composed of hydrogen, ethylene and
nitrogen flowing upwards at 35 cm/s. In the gas mixture the partiai pressures of
the constituents are : '
.o, hydrogen 0.30 MPa
e cthylener 1.22MPa
35 e.nitrogen 0.48 MPa.
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guantity corresponding to 23.75 noles of titanium The catalytic solid thus

formed- - -is maintained at 150[err]C for 2 hours. The reactor is then
heated to 300[err]C at a rate of 90[err]C h and is maintained at this
tenperature fWIOWIPAIBrs. The flui dising nitrogen I s t heRCY/EpIBH2ed by a

dry air streamand the catalytic solid is successively heated 5 from 300
to 400[err]C, naintained at 400[err]C for 4 hours, then finally cooled at a
rate of 90[err]C/h to 300[err]C. The fluidising air is then replaced
by a dry nitrogen st 2d&tias of a 0.1 meler solutionpfaristhylelusipiumyininshexans arg feditayn v t o
anbi ent t enper athy Ractor and these conditiogdark imaitjdinetisioo | hout taclartiplthélreactionl yst

contai ning 3. 8% wei ght ti |- 9 ' om um are
recovered ; thi ﬁ%ﬂ??@'ﬁa ?r%p%'o ogég&%@)‘fﬁﬁégrb fllgoct:@eas%#ﬁg ,rae%\t/;\}g? gt{ﬁ aver age
di aneter of 103 ritepf 99 gramsihs Afteps periqdpfaigbilisation ghthe polymerisagion gpnditins, ogen.
L carti g ot PO e e eae pRed w L h 3 heating
jacket and a st i°r ngl}kffeﬁrgm ng at _148’?3%‘#?]’@ 15 prepolynerisation is
carried out at P5Melvipdsxin 450 it r&WgHOmimexane in the presence of

A s e and) b b cont ai ne 0. 56 wei ght  percent of
bot h chrom um and)be“s'£ay _E:al'g:i um a’ngé%% | ogr ans (1: 92 nol es of chrom um
of the catallfst edddeanippitigle size  abholé40¢on) . 20 The reactor is set up
with ethyl ene fadFdesi1asiyn)e pressu4 swoweightl. 0 MPa. - A constant feed

rate of 15 kil ogr "ii()??ﬁ@algﬂroﬁ-{imggrﬁﬁ?i s established. After 4 hours and

32 mnutes of prep nerisatl on, .8 kil ogranms of prepolyner are forned.

The supernat ant Exampleild s drai ned off and the prepolyner is then dried in a

recycl ed &)y nicatab@eprepdritiddm The dry prepol ymer thus obtained has

excel lent flgw 25 aﬁeﬁﬁ%méoﬁ%d&mm'o&mg%g&%gtagﬁt brholiiblia bgef S, TRIe
ne | ameter o m C

up of. particles with a ui di sed

bed gas phase pdhgegistessaitrads mark ©ER3Q » My Joseph Crosfield and fops. Wartiggtams of a
wel | dried pol ydiid Kiszdom)eerintpodapaliaw a reacdorteated @160°C and flujakideyt nedthiasat i on

are charged to '%%?*?Eﬁ"%t%%%a%a?.ﬁ.i:rﬂ/sgi'l‘ﬁ %?J%on:l_ sGiohS 30
d

fluidised at 96[err ases, conpose rogen, ethyl ehe

and ni t r ofORtams 3bRyt d Yo By wsight-of chramiyminthe jorm of trivglen Yfe the
partial presxur esetafe supported ohsiliceo el reactortisthan beated from 60 to I50iCayerate 0. 30
g/ga . et hydreBeo/ addis Mathtained #01156°2¥8P30 mfhutks. Yhéreafter 80 kilograms of a

mixture of titanium tetraisopropylate and tetra-n-butylate sold under the registered
trade mark « Tilcom BIP » (by Titanium Intermediates Limited, Billingham, United
- Kingdom) are added to the reactor. The catalytic solid thus formed is maintained
25  at 150°C for 2 hours. The reactor is then heated to 300°C at a rate of 90°C/h and
is maintained at this temperature for 4 hours. The fluidising nitrogen is then
réplaced by a dry air stream and the catalytic solid is successively heated from 300
to 450°C, maintained at 450°C for 5 hours, then finally cooled at a rate of 90°C/h
to 200°C. The fluidising air is then replaced by a dry nitrogen stream and the
30 catalytic solid is cooled slowly to ambient temperature.
b) - - Fluidised bed gas phase polymerisation of ethylene
*i. 40 tons of a well dried polyethylene powder prepared in a previous
: '_'pdlymerisation are charged to-a fluidised bed reactor 3.5 m in diameter. This is
“fluidised at 94.5°C by a mixture of gases composed of hydrogen, cthylene, ethane,
35 - ‘pentane and nitrogen flowing upwards at 49 cm/s. In the gas mixture the partial
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2 litres of a 0. 1 nolar solution of triethylalumniumin n-hexane are fed

to the reactor and these conditions are maintained for 1 hour to stait ~
up the reaction. The prepol ymer prepared previously (Exan})l e Qb; S
then fed to tWe%WBA® or at a rate of 99 grams/h. After PRU/GEPYBE ot
stabilisation of the polynerisation conditions, 5 20 kil ograns/ h of

pol ynmer are produced with the foll ow ng properties: . Bulk density

345 kg/ nB * Melt index . 0.90 g/10 mn * Fl ow paranet er
(n) 2.09 pressuregpfiihg eqpstituents are: 955 kg/n8 10 . Mean
particle size e hydrbfiéh [ 630MPa . Fines (<125 [err]) 1.4 % by

wei ght . F‘:esekh%r\éﬂ!e carg ) 5.5 ppm Exanpl e 10 a) Cat al yst
preparation 15 3 I l ogranms of a chrom um oxi de based catal yst

conposi tion sol* ethsaer 020MPa registered trade mark << EP30 >> (by Joseph
Crosfield arsd SOnsentaidr r 0r1QthdiPy Uni ted Kingdon) are introduced into a
reactor heated {Qqy g7 rhGq fluidised with a current of dry
nitrogen flowi ng upwards at 12 cms. This soli.d cqonposition cont ai ns
about 1% by wei ght SP“tél‘Fr'éﬁi“B’FFPrelq{“tﬂ?émF%?"r‘i‘\‘BJFS“PP'F ent chronium 20

acet at e support ed orThsichtalyst.prépacedpeevidusly (Esanipie t0a) éscthendfed tapthe B€actog atl
S0[err]C at a rabg oo kilogl{am%QAlﬁeﬁﬂpeﬁoﬁ JFHaBilisitidR Of dHe poBRieridalion 30 M nut es.

Thereafter 80 kil ograns a xture of titanium.teéetrai sopropyl ate and
t et ra- n- but 0 ateondigpes. tensh of pelymepare praduced Mtha‘F?%l@’é”‘Wﬁpﬁ il com Bl P >>
(by Titanium | né eButiedémsites Li mi t ed3808ig/m3 ngham United Ki ngdom) are

added to the reagis 'ds.hgk a8 VUi e2%ploiRint hus formed is maintained 25  at
150C for 2 hours.cl\;i%gl re Cgf’é j|s t?g?gheat ed to 300C at a rate of 90C/ h and
ture f

i s maintained at FIRW@a@RAisE 4 hours. The fluidising nitrogen is
t hen ~ repl acelensigy a dry air st9¥ahksimd the catalytic solid is

then Tinall Y copl o i‘{*‘%“@@&r e of %f?}“m. 200G, The Truidising air s
then repl aced by EHEAG!I I HPbgen st f- nPLHEEPhe 30 catalytic solid is
cool ed sl ow y 1 e:Restiuarchrangwpé0giper e. b) Fl ui di sed bed gas phase

pol yrmeri sation ofgidsbyh@Rsistance 8.9 hours40 tons of a well dried
pol yet hyl ene powdgr,,, ared in a Vi pus pol ymeri sati on are charged
to a fluidised b"’eﬁ"ﬁ‘%{a@gﬂr’atﬁ. 5 mi Ki i*aheter. This is : '

20 Example 11 (comparative)
" “'a):-  Catalyst preparation
* © 7 . 400 kilograms of a chromium oxide based catalyst composition sold under
* the registered trade mark « EP30.» (by Joseph Crosfield and Sons, Warrington,
United Kingdom) are introduced into a reactor heated to 60°C and fluidised with a
25  current of dry nitrogen flowing upwards at 12 cm/s. This solid composition
contains about 1% by weight of chromium in the form of trivalent chromium
‘acetate supported on silica. The reactor is then heated from 60 to 150°C at a rate
of 90°C/h and is maintained at 150°C for 30 minutes. Thereafter 114 kilograms of
a mixture of titanium tetraisopropylate and tetra-n-butylate sold under the
30  registered trade mark « Tilcom BIP » (by Titanium Intermediates Limited,
Billingham, United Kingdom) are added to the reactor. The catalytic solid thus
formed is maintained at 150°C for 2 hours. The reactor is then heated to 300°C at
a rate of 90°C/h and is maintained at this temperature for 4 hours. The fluidising
: hifrdgen is then replaced by a dry air stream and the catalytic solid is successively
35  heated from 300 to 550°C, maintained at 550°C for 5 hours, then finally cooled at
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fluidised at 94.5C by a m xture of gases conposed of -hydrogen, ethyl ene,
et hane; 35 pentane and nitrogen flow ng upwards at 49 cm's. In the gas

m xture the partial 13
pressures of MOt ituents are: . hydrogen 0.30 MPaPCT/GB98/02674
ethylene 0.39 MPa . et hane 0.20 MPa 5 . pentane 0.10 MPa

. nitrogen 1.21 MPa. Pentane is a m xture of n-pentane and of
I sopent ane. s~1he catal _}(st prepared previously (Exanple 10a) is
then fed to thearegef e Céht°2°00 hefuidising air isithengeplipssd by adry witrogemer i od -of

st abi | i sati on oftrédieardahy catalyticablidnR c&&e@ﬂadlyttbeﬂﬁnenﬁtehﬁé\ﬁ(dﬁe of polymer are

produced with t fo | I k denS| ty 380
kg/ n8 ) Iﬂf Hum o3 bivmerjsal f * Fl ow paranet er

(n) 2 26 * &K‘S‘F pg,a well driéd polyethylene powdegpfppgreﬂgx fBrey®uUs . Mean
particle size polyh@8&tipesrecharged to.a floidid bedAedbiof 85 in diameter. Thisi¢ % by

wei ght . R I r crac esi s ance

g 0 hours - duldgey OFsOhy Bkl ocs oppose) b6 Arsued i,
(commar at i vel  Pentangjand “@8@& Hawing ppwardsati49em/s. In the gas mixturgthe partislgr ans  of
a chrom um oxi dprdsmscbfdmtmhgmmenmosi tion sold under the registered
trade mark << Ee3gyd> e(|by h Crosfield and. Sons, Warri ngton,

United Ki ngdor’r) are | troduc into a reactor heated to 60[err]C and
f1uidised wilfh & E@Ye%rr%?ﬁ"@ﬂ dry nitrogen flowing upwards at 12 cnis.
This solid conpesethamen - 0.20 MPant ai ns about 1% by wei ght of chromumin the

formof trival ept pg,mngm' U0 MPa
e nitrogen 1.28 MPa,
Pentane is a mixture of n-pentane and of isopentane.
15 - The catalyst prepared previously (Example 11a) is then fed to the reactor at
a rate of 2 kilograms/h. After a period of stabilization of the polymerisation
conditions, 5 tons/h of polymer are produced with the following properties :

¢ Bulk density 380 kg/m3
» Melt index (5kg load) 1.2 g/10 min
20 e« Flow parameter (n) 2.13
' o Density 954.8 kg/m3
- & Mean particle size 1190 um
e Fines (<125 um) 1.6 % by weight

"o Residual chromium3.5 ppm
25 e Stress crack resistance 7.0 hours
& Critical shear rate 910 s-1.

35
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acetate supported on silica. The reactor is then heated from60 to
150[err]C at a rate - of 90[err]Ch and is naintained at 150[err] C for-
30 mnutes. Thereafter 114 kil ograns of a mxture of titanium

tetrai sopr opyWR%¥1#¥ tetra;n-butyl ate sold under the 30 r SGTEERIBEI74r ade
mark <<-TilcomBIP >> (by Ti t ani um | nt er medi at es Limted, Bi I'l i ngham
United Ki ngdonm) are added to the reactor. The catalytic soI I d thus

formed is nmaintained at 150[err]C for 2 hours. The reactor is then heated
to 300[err]C at arate of 90[err]C/ h-and is maintained at this
tenperature for 4 hours. The fl uidising nitrogen is then replaced by
a dry air streamand the catalytic solid is successively 35 heated from
300 to 550[err]C, nmintained at 550[err]C for 5 hours then finally cool ed
at a
rate of 90[err]C/ h to 200[err]C. The fl uidi then repl aced by a
dry nitrogen stream and the cat mﬂiﬂ “ ooled slowy to

anbi ent tenperature. b) FIU| ase pol ymeri sati on of
et hyl ene 40 tons of a well drled polyethylene powder prepared
in a previous 5 pol yneri sation are charged to a fluidised bed reactor
3.5 mn dianeter. This is fluidised at 101.5[err]C by a m xture of
gases conposed ydrogen et hyl ene, et hane, pent ane and nitrogen
fl owi ng upwards 9 cms. In the gas m xture the parti al pressures
of the constitudnts Biogessfor the prepanstinngf e shromiwp oxipde basgd catalysspgpogtad 0. 32
MPa . et haneg granuldr &mivFdRpherical refrachRy biidefor the gh® phdsa polymerisatiomi t r ogen

1.28 MPa. opent ane. -
15 o of olefinGs )) %&H&&@H&d u?thi‘; tﬂé %%Jg%ﬁeé’%tggmﬂﬁ‘%@%amys@ o P fod to

t he reactor at S“"Jf’cte go Pé?'é CE‘F‘“Q‘W%W‘QW?BH congfsting O%P

~ stabilizatios otreithentyeripimed & atemperature rangiTeori 2007, 455°¢ ander Bn 6%ygef yer

are produced Wi E&t%@%;&l‘dé@% propert I es: . Bulk density

380 kg/ nB | gad) 1.2 10 mn
2 Process acco. mg o claim l wherein the smgle thermal treatment is

performed at a temperature ranging from 300 to 400°C.

3. Process according to any of the preceding claims wherein the oxygen-
10  containing atmosphere is air.
4, Process according to any of the preceding claims wherein the supported

chromium oxide based catalyst is a titanium or aluminium modified supported

chromium oxide based catalyst.

5. Process according to claim 4 wherein the supported chromium oxide based
15  catalyst is a titanium modified supported chromium oxide based catalyst.

6. Supported chromium oxide based catalyst for the gas phase polymerisation

of olefin(s) obtainable by any of the preceding claims.

7. Process for the gas phase polymerisation of at least one alpha olefin

containing from 2 to 12 carbon atoms, characterised in that the polymerisation is
20 performed with the aid of a chromium oxide based catalyst supported on a granular

or microspherical refractory oxide which has been subjected to a sole

calcination/activation step consisting of a éingle thermal treatment performed at a

temperature ranging from 200 to 450°C under an oxygen-containing atmosphere.

25

16 eet Has Been Replaced
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20 . Fl ow par anet er (n)s ' :2.i31 ¢ Densaty R 954.8
kg/ n8 . Mean parti¢le Sizé,.* «1190,2Lerr] «+" Fi'nes (<125 [err])
1. 6 % by wei ght . Residual chromum 3.5 ppm 25 * Stress crack

resi stance 70 hours j * Critical shear rate 910 s-i. 30

35 . 15 .

d ai ms 859° CpAdlths satalysts of IS #.H) 1,382 s prsparad usipg anmetivationpuocedure of
oxi de based ca . f ase polynerisation of olefin(s)
characteri sed Tsﬂ'l&tﬁfi%’tn ﬁeay;agﬁ érﬂé&?méﬁ?% oxide 5 based cat al yst
IS suf g a sole calcination/activation step consisting in a single

t her md treatrrent performed at a tenperature ranging from 200 to 450[err]C
under an It is further of general common knowledge that there {serquasi linear relationship

oxygen- contaln at does not co rlse an
al ﬁ?n ni utn phos bﬁqug gﬁi)%gmerature of act1vatxon[and b]oth the activity of the catalyst and the melt

index of the ethylene polymer prepared from said chromium oxide catalyst. The higher
the temperature of activation is the higher the activity and the melt index are.
Therefore, the man in the art knows that in order to activate properly the chromium
oxide based catalyst activation temperatures above at least about 500°C should be

10 used.

These calcination/activation procedures applied to the modified support are lbng and
costly. However, as these procedures are necessary for the good activity of the final
catalyst and of the high melt index of the resulting ethylene polymer, the man in the art

15 ~ continues to proceed the same way.

It is therefore an objéctive of the present invention to provide a process fof preparing
with a reasonably good activity, ethylene (co-) polymer showing a high melt index in
the presence of supported chromium oxide based catalyst which does not require these
20 lengthy and/or high temper.ature calcination/activation procedures. _
The Applicants have unexpectedly found that, while said above known quasi linear
relationship between the ac_:tivation temperature and the f:ﬁtalyst activity and melt index
of t:he resulting (co)polymer could systematically be verified in slﬁrry polymerisation,
this is not the case when using supported chromium oxidg based catalyst in gas phase

25 (co)polymerisation of ethylene.

- The present invention makes it possible to avoid or at least mitigate the d1sadvantages
- referred to above. In particular, it consists of a gas phase polymerisation process which

makes it possible to manufacture polymers having a high melt index with a supported

:j J—; s A’ﬂacdﬂ )(f-am EPrP 055 865’ {.O uUse C/ifam:‘un; Sappor/ed Ca/a:
' for Pa/ymer:'sfn o/e/:hs . Al the cafa/:rs/'s' clsclosec) i sasel ,aofen/—
Qpp/t.('a/'l.%‘) are Svpporfed! . on an olurmsnivm /Déavs,bﬁafc - comnFarnince

éasa, - -
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2. Process “accor di ng to cfal-m 1:¢ V\,here;n ,the s|.ngl‘ .t herimal - treat ment is

performed at a 10 tenrpertatur'e rangj ng lfr‘on'hi'}(f)o t 0. 400{err] C.

3. Process.according to any of the prece ng cI a| nms wherein the

oxygen- cont ai rd-ng ,at nosp 4. Process
according to any of the preced| na ﬂ he supported chrom um
oxi de based catalyst is a titani m m,ﬂﬁ ﬂl’ﬂ”" dlfled s Capo8912(1) (B342)
chrom um oxi de based catdly . Process according to
cl ai m 4 wher ei £laims supported chr om um oxXi de based cat aI yst 20 s a

di f d_ch d d 6.
Suppor  ed ohr o ERFERTE S PLG R A S PP1ed, HEOMEE: P bassd cgtobet S thEges
ol efin(s) obt aglg?& FE%I ¢ rr%r?sli%%ioﬂﬁf Bﬂﬁn&geﬁﬁgét%eﬁltﬁ'tﬂﬁit}ﬁ, sué?ox};ed chrorhiunt 'oRFdRS S

for the gas ph ation of | east one a ef1 n contal ning
from 5 Dased cahtalysh imbjntadrte a soleauahnﬂﬂmm&dvatrontdﬂqﬁ cdnbkisting in a single
pol ymerisation iis perfor ne he aid a suopportgd chrom um
oxi de based catherpa IPP\gtOfE’é ﬁt%tPé}I@&%r?&lap ?9%20 t0 450°C under an

| ci nati on/ Le,Lh e
et e B R A e B
oxygen- cont ai nF(‘f’@Sat”ﬁﬁ'sﬁ‘Fé'P/@{'féﬂr |an - @ "”-”m"d’t/l@ ofted

catal yst does not conprise on al um ni um phosphat e support.
slit)C(Ir ,os ﬁbezo'cess(acptprdrr;g to claim 1 wherein the single thermal treatment is performed ata

10 temperature ranging from 300 to 400°C.

3. Process according to any of the preceding claims wherein the oxygen-containing

atmosphere is air.

15 4. Process according to any of the preceding claims wherein the supported chromium
oxide based catalyst is a titanium or aluminium modified supported chromium oxide

based catalyst.

5. Process according to claim 4 wherein the supﬁorted chromium oxide based catalyst

20 is a titanium modified supported chromium oxide based catalyst.

6. Supported chromium oxide based catalyst for the gas phase polymerisation of -

olefin(s) obtainable by any of the preceding claims.

25 7. Process for the gas phase polymerisation of at least one alpha olefin containing from
_ 2to 12 carbon atoms, chaxjacterised in that the polymerisation is performed with the aid
of a supported chromium oxide basetl catalyst which has been subjected to a sole
calcination/activation step consisting in a single thetmal treatment performed at a

temperature ranging from 200 to 450°C under an oxygen-containing atmospherex , w7 it

[Proviso that the supportect Ca/a/ysi‘ coes not comprise on
a lumigrym Phesphale svpport o
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