POLYCLEFI N POADER The present invention relates to

pol yol efi n conpositions and processes for polynerising
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pol yol efi ns having a defined particle size o
distribution. In catalytic processes for polynerizing
ol efinic monomers, it is well known that the
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di scl %S%S}Oglgl%l osf tl?eop%gsggt atpphcants is also partly concerned with reducing
fines in the polymer, which it achieves by using a pretreatment step in the preparation of
the catalyst system. Although low levels of fines are indeed achieved, we have found that
the average diameter of the polymer particles produced (not disclosed in this document)
was above 230um.

However we have found that high proportions of large polymer particles can also
lead to problems, particularly with the final product (such as a pipe or film), which may
contain excessive quantities of gels or white spots. In addition to being disfiguring in black
and coloured compounds, the white spots may adversely influence the strength of the
composition. Gel particles with a size of about 0.01-1 mm can appear as disfiguring
heterogeneities in the finished film or extruded pipe. Furthermore, gels and white spots are

good proxies for the degree of homogeneity in the final product: even if the gels and white

spots are not themselves a problem, the associated inhomogeneity of the product may be
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as a pipe or filnm, which may contain excessive
quantities of gels or white spots. In addition to
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res pe%le re(:fat}é)nshlp (D90 — D10)/ D50 is usually referred to as the span, and the D
values are measured by sieving granulometry. They are expressed in um, and may
alternatively be defined as follows:

D5 : value under which 5% by weight of the particles are collected;

D10 : value under which 10% by weight of the particles are collected;

D50 : value under which 50% by weight of the particles are collected;

D90 : value under which 90% by weight of the particles are collected.

D95 : value under which 95% by weight of the particles are collected.

Typically the polyolefin is polyethylene or polypropylene, such as that intended for
use in pipes and films . Both aspects of the present invention are especially advantageous
when the polymer is a multimodal polyethylene, especially one produced in at least two
reactors. By “multimodal” in this context is meant a polymer comprising at least two

blocks of different molecular weights and/or compositions (ie comonomer content).



A further aspect of the invention provides a process
for polynerising olefins in a polynerisation reactor,
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fromthe reactor has a partscle size distribution such
that D95 is |less than 355mm and (D90- D10)/ D50 is Iess
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pgnedsrrelgrte plre eralﬂgl Ile%é1 thlal? 1(%jl Sﬁ%g gglncognt 1s measured by image analysis using a
film quality testing system FS-3, available from OCS® GmbH, Film. This low gel count
can be achieved after pelletisation with a specific energy of no more than 0.40 kWh/kg, in
preferred cases no more than 0.30 kWh/kg, and in particularly preferred cases no more
than 0.25 kWh/kg. The residence time in the pelletisation extruder may be no more than 45
seconds, particularly no more than 30 seconds and in some cases less than 20 seconds. By
“specific energy” is meant the total specific energy applied to the composition, which is
the difference between the sum of all the specific energies applied to the composition at
any point in the extruder and any specific cooling energy. Films and pipes can thus be
made from such pellets which have good homogeneity despite the relatively low specific
energy employed during pelletisation.

We have also found that polymer powder bulk densities of greater than 350 kg/m®,
typically 380-450 kg/m’ can be achieved even when the span (D90 — D10)/ D50 of the
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The invention also has the advantage that despite the
reduction in the proportion of very |large particles,
the fines content - which can be defined as the
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from 30 to 70wt%, based on the total weight of the ethylene polymer, of a first
polyethylene fraction having a density of at least 950 kg/m® and a melt flow index MI, of
at least 10 g/10 min, and

from 70 to 30wt%, based on the total weight of the multimodal ethylene polymer,
of a second polyethylene fraction comprising units of ethylene and optionally up to 5mol%
of at least one other alpha-olefin containing from 3 to 12 carbon atoms, and a melt flow
index MI, of less than 10 g/10min.

An alternative polymer is a multimodal ethylene polymer having a density between
900 and 930 kg/m’® and a melt flow index MI, of 0.1 to 20 g/10min, said ethylene polymer

comprising:
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t hepolynmer is less than 1.3 1t has been found that
bul k densities are particularly enhanced in pol ynmer
produced with a catal yst having a productivity of
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pletlyeﬂmartlclbfma (ﬁsltlﬁlsitlon. The advantage of catalyst systems which provide the
desired particle size distribution is that they can be used at high productivity: generally the
higher the productivity (as measured in g polymer per g of catalyst) the larger the
individual polymer particles formed. Thus the present invention permits the use of catalyst
systems having productivity of at least 5000g polyolefin/g of catalyst, and typically at least
10000g polyolefin/g of catalyst.

A preferred catalytic system for use in the process of the present invention
comprises :

(a) a catalytic solid comprising magnesium, at least one transition metal selected
from the group consisting of titanium and zirconium and halogen, prepared by

successively :
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of the nmultinodal ethylene polyner, of a second
pol yet hyl ene fraction conprising units of ethylene and
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compound which thus acts as a reductive halogenating agent.

The treatment using the halogen-containing aluminic compound in step (2) of the
preparation of the catalytic solid may be carried out by any suitable known means, and
preferably by gradually adding the halogen-containing organoaluminium compound to the
liquid complex obtained in step (1).

The treatment using the halogen-containing aluminic compound in step (2) may be
carried out either in one step or in two successive steps as disclosed in EP-A-0703248. The
temperature at which step (2) is performed should not exceed 40°C, temperatures of no more
than 35°C being the most advantageous. The preferred temperature range is 25-40°C, with the
most preferable range being 30-35°C.

The process of the invention is usually a suspension polymerisation process, typically
using as diluent a C3-C8 hydrocarbon, and most commonly a C3-C6 hydrocarbon such as
butane or hexane. The process may be performed in one or more reactors, and may utilise a

single site catalyst, dual site catalyst or multisite catalyst.
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tenperature during the grinding operations is usually
anbi ent tenperature or higher, but a cryogenic
grinding is also suitable. An alternative is to sel ect
a specific catalyst which has been found to give the
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i qui Q@Iex is obtained; treating, in a second st

(2), t wefpicd ‘é%?raé‘BPsaWﬁ@oPeFfﬁ“%?deﬁlﬂe i)sew)fi 12 calibrated 51eves (45, 63,

het, Qgﬁnrseom(ﬂbﬁs nﬁ)oabwnwoo: 1200 RRUAEH09fm é?:chM 1% to ASTM D-1921
Al RnX3- n, in hRis a ydr ocar bon radi cal

CRAiRE Gievg am'c}iysrsa 012 Bla&ts@rM@ﬁqn@l@ dviethodAi s a

The bulk densities of the polymers were measured according to the principle set
forth in ASTM standard D-1895, method A (1979) and ISO 60 (1977) by using the
following procedure: the polymer powder is poured into a cylindrical container with a
capacity of 50ml, taking care not to pack it down, from a hopper whose lower edge is
arranged 20mm above the upper edge of the container. The container filled with powder is
then weighed, the tare is deducted from the read weight and the result obtained (expresssed
in g) is divided by 50 in order to obtain the polymer bulk density expressed in kg/litre.

The gels were quantified by image analysis (Film quality testing system FS-3,
available from OCS® GmbH, Film) performed on 200 microns thickness blown film. The
gels count is expressed as the number of gels (larger than 200 pum) per square metre of
film.

The white spots quotation was determined by microscopy in accordance with ISO

18553. Image analyses were performed with the assistance of NOESIS-Visilog® software.

EXAMPLE 1 (according to the invention)




hal ogen and n is less than 3, and (b) an
organonetal Ii ¢ conpound of a netal chosen from

wOi0GTI1amM13 magnesi um zinc, alum niumor tin. TRET/EP2007/004429

10

15

20

25

30

preparation of the solid cagal ytic conpl ex conprises
the step (2), the main function of which is to reduce
the valency of the transition netal and sinultaneously
addi tignal Igat;i]@dt ;gﬁ}ah@, i f necessary, the nagnesium
conpound _.and/ or transition metal conpound: thus

most gt 2Pfd- Sé?lklawtfg# aifgtedauioclave belsmoles pimagnesium diethoxide
NRER eSc HAWAANMBY R Bﬂ{ltgﬁlufnr}?]t}%%ﬁto&fd@ A& 4 AR zﬂ%@‘l% The reaction

conmpound are substituted ogens, such

| prgdcd thue aptriard vigs aiha@meatix @fut@tlezpl 0(LL)f Hesartes amis}?oz molts of

[ 0

p%{g@?l%ﬁ%ﬁﬁﬁd{lc%gérrid% é?&oggx grteiseoe{c]id(gdr aetEB&‘C 'I%g l:igcﬁ& 198 wal performed in 4
shaws. Salvﬁemtly, the slngy tdaetidnahxgea waoluﬂadempng 6ainhenikept at this

ar cti,ve hal ogenati.n
CROMNLE WPLS Bib "8 <Al he BP0 P ST MG i Rnlsf AP RATSY W several
afrantions of herameau@sitd emstven 1@33 7590% og ke rﬂfcﬁpﬁbﬁ-ﬁ)i@lﬂct‘?bresent in the
th tal vii. [id,. ed, out any suitable
B R it o sPld s 166 Bpetat Sopsisamg i o
hatiga®IFi COR Cai 36; AG 20™Mgaroal uni ni um conpound to the

['iqui co | ex obtained in step (1). The treatnent

usi ng 2498nt ai ni ng al um nic conpound in step
(2) meghe B@inGAkfukesk AdnpBLitiBeEcchiliNe tlifRnfbn Was tMRed out in
successi ve steps as disclosed in EP-A-0703248. The

t BARFEPIQR @xa%e RV e iPopirestqroef yodumes2G0hrand 308k sspestively.,

exonfetdif @&es%ﬁ@%ﬁé&é&r@% RicBthalRE S Jobdble 3o0ntiREOR carry out

t he nost ~advant ageous he preferred tenperature ra
%reéwtwewreww% the nost preferable range being

30- 35Qfexar) @thPfeQ@ &S dro ?én i Eh NG (B - A)Pﬁi?; ahd Mxe %bove catalyst

suspenS|on pol ynerlsa |ondprocess typIC usi n
divéra eéprtingousy mgodnedd dua tsdhst leapdresnartand dmmtynyeraat@s;} ((f@thylene

W&&rc‘aﬁ% Qgpléﬁhllg %11§t§1retm AR tooirorrﬁ %%ﬁtop é_ lﬁgleﬁg@g S“?t?’ fa:i]ég%lixture,

formed 1n one or nore reactors,
aaddmona]ly comprising the homopolymer (A), was continuously withdrawn from the said

first reactor and was subjected to a reduction in pressure (~60°C, 0.06 MPa), so as to
remove at least a portion of the hydrogen. The resulting mixture, at least partially degassed
of hydrogen, was then continuously introduced into a second polymerization reactor, at the
same time as ethylene, butene, hexane and hydrogen, and the copolymerization of ethylene
and butene was carried out therein in order to form the ethylene/1-butene copolymer (B).
The suspension comprising the ethylene polymer composition was continuously withdrawn
from the second reactor and this suspension was subjected to a final reduction in pressure
and to steam stripping, so as to evaporate the reactants and the solvent. The composition
was recovered in the form of a powder, which was subjected to further drying in a fluid
bed dryer.

The detailed polymerisation conditions are specified in Table 1. The particle size
distribution is determined by sieving technique, and the powder morphology is

characterized by a median diameter D50 of 115 pm (Table 2 and Chart 1).



10

15

20

25

30

single site catalyst, dual site catalyst or nmultisite
cat al yst. EXAMPLES The Exanpl es which follow are

wonoended3to illustrate the invention. The nmeaRCIEPG07/004429

the synbols used in these exanples, the units

expressing the nentioned properties and the nethods of

nmeasuring these properties are expl ai ned herebel ow.

Span :cthi $dnpoandiBasure of the particle size
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nmeasured a d|n to | SO 1183-1. M andMs were

mEES AF Ry ? Brocedures of 1SO 1133 at 1900C

usi ng | oads of 2 kg and 5 kg respectively. The sieving
oper atEXANPRWERcaepdrativerd Wi th a set of 12 calibrated
si eves (45, 63, 90, 125, 180, 250, 355, 500, 710,

1000, 4400 Catdysbpisparaéign accor ding to ASTM D- 1921

parti qhg 50! s%a{ﬁem?éey;gléked%maaaé 1 7em (B &' th&Hngsiu démﬁ
A. The bulk densities pol ynmers were asure
awere reficied il BHemples nﬁ:tutpmleméettabﬂ@mdh forr bagTeVAtd 6@ dhelreaction

thu%ﬁtgﬁ)lgd ag %I%Z&%fex?tgﬂcllliuéq b§101 9(L1<9f7he)(axgy allriisﬂ {%9 of
foI OW Ng procedure: powder 1s bour TRt o
aetbxlhhlmdnmro dichbboide 8EABEC) weternddedoat |éé?ﬁ {The @fldifOmivas performed in 2
t h

% d %u%%@?e.nﬁ? élrlér ﬁulg)‘?ge%%tb 191 ﬁﬂe wag lﬁenleg uBgJ)rJ ngg‘(ﬁ‘ ?(ept at this
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A Ohd TR R SRR Mg e

B. Polymerisation

The composition was prepared in the same procedure as described in example 1.B,
but with using catalyst of example 2.A. The detailed of the polymerisation conditions are
given in Table 1. The particle size distribution was determined by sieving technique, and
the powder morphology was characterized by a median diameter D50 of 202 pum (Table 2

and Chart 1).

C. Compounding

Compounding was carried out as in Example 1, but under different compounding
conditions. These conditions are described in Table 3. The pellets of the resulting

compounds were collected and examined.

EXAMPLE 3 (according to the invention)
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film The gels count is expoessed as the nunber of

gels (larger than 200 mm) per square netre of film

The white spots quotation was determ ned by m croscopy

in ac Cﬂfe%ﬂ?&cmré 5 d RRApbSifors accb%ﬁﬂﬂﬂhy ‘0@% Earried out in
performed wth the assistance o Vi si P 3
S8fspegion in EMW@EH wq loep madiomg)ftvolume?ophweﬁB@Qinr)espectlvely,
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for4h [S.a 5(I)C he r.e ro t hus

obt ai i V\%lg By ?569 F ﬁ{a GmB (gbl"éb%‘fm%a&gaﬁlﬁee?ataly“
apidpadd i Brainpt DA vﬁrh yorainusashy idtvdlicedinasr thel €irst EAB@actor and the

wer.e added C. The a d|t| on was ornmed. i n
hBRlyEerisafign Soey”astcﬁ%le PHtr‘F)?”? E‘é?if‘t“%d‘h‘”ﬁif&‘f’ P Wﬁs
hesth&ysblyshier ( Q). 600 Gixthifesd diedallptorh d;msﬁqgttﬁérm rf( &Y, was
45 mn. The resulting brown solid was decanted an

WERHEEO RGBT P Hhe-pid [reRstoneBg iite subigcied tp  reduction in

I BIRRVE @504CeBSIMPD, 96 Rfto tdhtove 8RRkt APoRbn RE ARAUGHSR en. The
present in the supernatant solution. The solid t

csrylang miktweahlqapigragindly dagdasend of brifrpeaewag %:byomém@m})
Tintro&?oed (o a %on&bolyl%enﬂgon feactbr, af t‘ﬂle ¥€H§J ﬂltﬁ@&é &Hylgﬁe hexene,

manuf act ure of a conposition accor |n
i wolyiarieand Wedrogems andetge eepolymerisatgnen chdh:nﬁ nndnl@z(amewwpamed out

W Rrel PiARrde Fﬂ?fo%%heoéth)){@leﬂ”ﬁex%%) g@@ﬂﬁ?’@LThe SUS%CHbl)(/)n gomprlsmg

respective onnected 1 n serie arat e
dehe |cglepmmnrpgmpn81pg sthiylshe pelymers rwais nqmumbgslscwithyawm from the

r ?qulé:c{]ﬂe? 1Jar111d RS %F%{oggg%gﬁgcﬁ%t t{g)égfﬁlqgred{ﬂé{%n%g IgsS(ure SO as to

P ni um ove cat
mﬁa% tkmmbutamo asd theirerctanthpresenti (thpletd) detdne and h)ainq)gen) and to

r Fe%g\;e(? Ehe%g%pg 1o 191|tl¥en}:f‘>r h% ?g Idl(':)ynpo%s]:dere { '}Xch Wwas subsequently degassed to
pursue the removal of residual hydrocarbons. The other polymerisation conditions are
specified in Table 1.

200 g of the resulting powder were introduced continuously in a grinder Retsch
ZM1 provided with a sieving grid calibrated at 0.20 mm. The stirring speed of the mixer
was set to 10000 rpm. The internal part of the mixer was checked after the grinding
operation to ensure that the entire sample went through the calibrated grid. The powder
particle size distribution after grinding was analysed by sieving technique and the results
are summarised in Table 2 and Figure 1.

The resulting ground powder was mixed with 2.25 % wt of carbon black and
Irganox® B215 antioxydant, and then extruded under different conditions on a lab-scale
DSM Research 15 mL Micro-Compounder. The extrudate of the resulting compounds was

recovered and examined by microscopy.

EXAMPLE 4 (comparative)
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withdrawn fromthe said firgt reactor and was
subjected to a reduction in pressure (~60C, 0.06 MPa),
so as to renove at |l east a portion of the hydrogen.

The r eﬁiélpb{vﬁ& dbtatddrRfor@brind fh E%@ﬁxble@ Wik HREASHR D 281% wt of
hyd en, was then continuous i ntroduced into a

lagkjapdrieanoxi®) B Srasgiexidant, aafi tlteﬁéxg%ﬁ?é upflgpeliffeyent conditions
e&myias Reale DYMVEREealdB X SRE. ﬁmo.b%gﬁ,g PelidiSed extrydate was
copol yneri zati on of ethylene an utene s carri erg
ogtoverrdraail pxdnpinggd pemicrescoémr m t he et hyl ene/ 1- but ene
copol ymer (B). The suspension conprising the ethylene
pol ymasy COBPRASI LiQMiNES HORVEMMAYS! Y Wi thdrawn from
the second reactor and thi's suspension was subjected

to a f’ll'héalhanﬁﬁdtmed dfconipofities sddbrlirgnd thednBdniaivas carried out in
stri

SO as .to evaporate the re nd the
S %mab%ﬁﬁ%gm loBh reRaeT BRI AOT And AL ssarc el
acdihﬁl%ﬂ&l’ in sWidsGRd Yeparatddttiyecde®ide haking it fREibIE kY bdMinidushy carry out
fluid bed dryer. The detail ed pol ynerisation
C%WSP‘NOBh%Pr&?Sé‘“’speC| fied in Table 1. The particle size
di st rijhybutaqe eﬂﬁﬂgﬁt Wd%é&ﬁ%@ﬁﬂyl%lu%}{hlﬁ @@bﬂin‘ib%d i Gtalyst

t he powder norphol ody I's ¢ aracterlze di an
dprapasedein Exgmplsfl I}I@-rﬁ@ﬁn@wsbf 1Qtr@m]gecung)(t¥1e [)‘st oop reactor and the
COUTRRL; 61 iy} wRi3TehiFic® butift i PRk iy bRBRY form the
conposition, 0.3 parts of antioxidant |rganox(r) B225,
Ohomgpahymer oh). aap mlmesacwam@léy enmeprzing3hplgmeepobimes 4A b ovas
béﬁlﬁh\éﬂ@ﬁfy%lﬁ@% frém he sgﬁll'flirgt' rQ tcﬁ‘%?@ %E Ed gé}te\ﬁ@c? a reduction in
extruded on a tw n-screw extru conmer
Veressore((-30°ZSA 6P xsoragderemaye apleass & portian ofithe hydrogen. dhe

4 .
Rl BATES  rcadbaiaak SRR n@I6edh, S ABconipuopsty
Timerothledi efisa s:&fcondlpolym&udatlomg:anonmnhm slsnaineay elryerer bekene,

I’S u?xgzxyn% Eydrogen anstEe cop(o?ymrggl%({tlac)tn of et)hyﬁne (fheXXne was carried out

therem in order to form the ethylene/1-hexene copolymer (B). The suspension comprising
the composition comprising ethylene polymers was continuously withdrawn from the
second reactor and this suspension was subjected to a final reduction in pressure, so as to
flash the isobutane and the reactants present (ethylene, hexene and hydrogen) and to
recover the composition in the form of a dry powder, which was subsequently degassed to
pursue the removal of residual hydrocarbons. The other polymerisation conditions are
specified in Table 1.

As for Examples 1 and 2, different compounding conditions were applied. These
conditions are described in Table 3. The pellets of the resulting compounds were collected

and examined.
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Table 2 and Chart
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The resulting ground powder was mixed with 2.25 % wt

of carbon bl ack and TABLE 2
EXAMPLE 1 2 3 y 5
(comparative) (comparative)

DS, um 66 75 57 68 75
D10, uym 75 90 67 82 91
D50, pym 115 202 95 220 130
D90, um 170 495 145 690 180
D95, pm 200 608 162 840 222
Span: (D90-D10)/D50 0.83 2.00 0.82 2.76 0.68
% wt> 250 um 1.9 38.8 0 43.4 2.0
% wt > 355 pm 1.2 23.6 0 304 0.7
Bulk density (kg/m’) 420 430 390 380 406
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out thenein in order to formthe ethyl eéne/ 1-hetene
copol ymer (BY° The| susP@nsi on cOpti si pg t B 74
conposi fi on 6onpri i ng3et hyllene opol yners was 5.4
cont i nugustygyw thdrawpgkromrthe g3 1627 o1
60 300 0.267 1638 7.3
60 333 0.284 1107 7.8
5 30 333 0.430 30 3.1
30 300 0.401 26 2.8
30 265 0.376 47 33
50 333 0.321 90 3.8
50 300 0.307 125 3.8
50 265 0.289 40 3.1
55 333 0.306 35 4.2
55 300 0.292 85 4.3
55 265 0.273 90 3.9
60 333 0.295 80 43
60 300 0.279 80 4.6




second reactor and this suspension was subjected to a
final reduction in pressure, so as to flash the

WO 3obut7ame and the reactants present (ethyl eneeCHER®OE004429
and hydrogen) and to recoves the conposition in the
formof a dry powder, which was subsequently degassed
to pursue the renoval of residual hydrocarbons. The

other pol yneri sation condi tyomsgare specified in Table
As for nd 2 different conmpounding
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show that the particle size distribution of the

i nvention can be obtained in nore than one way. Tabl es
3 and 4 show how the above particle size distributions
affect the appearance of gels and white spots in the

conpounded resins.
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1. Unconpounded pol yol efi n powder having a particle
size distribution such that D95 is | ess than 355nmm and

wQDBOABT®3 / D50 is | ess than 1.2, where D95, DOBCT/PBD07/004429
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and Dl O are defined such that 95wt % 90wt % 50wt % or
10wt | % of the pol yner particles have a dianeter of

| ess than D95, D90, D50 and DI O respectively. 2.
Wcrimgunded pol yol efin powder according to claim 1,
which I's pol yethyl ene or pol ypropyl ene. 3.
Unconpounded pol yol efi n powder according to claim1 or

2o e 000 AT B 5 s

Unc onmixolasscbah 356 Lusncing (DHO-RAVHBE0 adess tichnrig?, whesrly9s, D90, D50 and

eas oo sl B op 8B o teih o 10k % of e otymer
Unconpattiode Havel disth&érd 0T 1630 e DBCD0, d)30GinH ® 18R¥spectively.

preceding claim having a D5 of at |east 50um
preferably at |east 60nm 6. Unconpounded polyolefin

W e @6k peRidEdpdlPol ety pdr RE 8RN Clo 3lath 1WIhfeh id folgtthylene or
mul tinodal pol yethyl ene. 7. Unconpounded pol yol efin

powdePOlBIBY§%hg to claim 6, which is a nultinodal

et hyl ene pol yner having a density greater than 940

kg/n8 and a nelt flowindex M5 of 0.05 to 50 g/l Om n,

shi d éinegmpermdedbpalyrdeficpowysier s¢cnghrrgatmc®®ntlcpr‘zommg a D95 of less

based i B! bAoA ahe Clsol il BYGRReROL IR hay Ol 0um.

ract|on avi ng
| east 950 kg/nB and a nelt flow i ndex M2 of at | east
10 gf based t ot al.
& SnDrsPPanstifeg {alpo bbr il 85 e Sepe ook bine o soon
pol yet(h90 eibd 0/ DHOtaf ta3s thaplo, prefegablinietssthaf 0.t hyl ene and
optionally up to 5nol % of at | east one ot her
al pha-ol efin containing from3 to 12 carbon atons, and

a. mel Wnkbmpoundelepolddiefirdpowdes sccofiiy th@ng preOding Haim, having a D5
Unconpqunded_ pol yol ef i n powder according to claim 6,
whi chof at! gashﬂ(f) PEefegably at least 60pm.

6. Uncompounded polyolefin powder according to any preceding claim, which is a

multimodal polyethylene.

7. Uncompounded polyolefin powder according to claim 6, which is a multimodal
ethylene polymer having a density greater than 940 kg/m® and a melt flow index
MI;s of 0.05 to 50 g/10min, said ethylene polymer comprising-
from 30 to 70wt%, based on the total weight of the ethylene polymer, of a first
polyethylene fraction having a density of at least 950 kg/m® and a melt flow index
MLI, of at least 10 g/10 min, and from 70 to 30wt%, based on the total weight of the
multimodal ethylene polymer, of a second polyethylene fraction comprising units
of ethylene and optionally up to 5Smol% of at least one other alpha-olefin containing

from 3 to 12 carbon atoms, and a melt flow index MI; of less than 10 g/10min.



et hyl ene pol yner having a density between 900 and 930
kg/n8 and a nelt flowindex M2 of 0.1 to 20 g/1 Qm n,

WG 2001&t78/1 ene pol yner conprising: from 30 t o MOMEPRA07/004429
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based on the total weight af the ethyl ene pol yner, of
a first polyethylene fraction having a density of |ess
than 950 kg/nB and a nelt flow index M2 of at | east

JsO a9/ Lﬁcdsmpbunambdlméﬂn&v&d@r aQvdd%g tb aﬁﬁﬂl 6ooahlt:m al B6l8modal
ght o mul ti podal et hyl eneaﬁ fy,a second

pol yeFW{e{éﬁ%‘SW%’vﬁ'ﬁ adsnpwitsrtrgn QA7 y4ng fanelt flow
from Ghadx mﬁ)aﬁb ] 26 gio@a @hcpaﬁyleleegolﬁn&eaﬁqalkﬂﬁhgg from

3 to 12 carbon atons, |'ow i ndex | ess

than 10 g/ fromi3A.to Pwith @@Wﬁ@u ilepetatapwpighteaf theostidene polymer, of a
q . . .

donet ty (it AR REREa EhlIRaHIL 15 R o3V hEim’ and

gr eat er t hmplt 869 ikdgk 8L, opatdéast Hbg/YO grimanér t han 380

kg/ 8, m)S’}ro : Eftoe S@vptl%y b\?\ﬁ%m%%rl]e tg'glpwg ggtt (ﬁ'@lge mg{tlmodal Oeghﬁllene

Unconpoundé
claim whi pﬂlymhenf a:sznmﬂipmdlyaﬂmd kaabmnm:omph@mg uﬁiﬁd)dsfmthylene

huber of GRnd T ERa et R SBhef B Binetorh d fo 1 2 rvon
film of |aemstahda nEdAowineéeraiifVess @ma 10RAOMA0, and

nore preferably less than 100. 11. Blown fil m nade
froma polynmer powder as defined in any preceding

®l. ai MUnethgdunt dpcﬂyrﬂ&%%&ﬂ"ﬂc&krﬂfh So fiﬂyl ﬂfbd&dﬁlg@laﬁl@' which has a

count, expressed as th gel's |larger than
200nmPpEdergydpcsortingrte ASTM Dr [R95gpethed 4) P%gﬁatsrdban 350 kg/m”,
pref e?ﬂ:‘géré[blir efeatel than 32@9%/marfﬁosfrp{e&rmyef>&we&4 300! 88360 kg/m’.

t han 12. Pipe nade Troma pol yner powder as
defined in any of clains 1 to 10 which has been

GOMPO YRS Hpovhded f&ﬁﬁ&gﬁwﬁ&r acBérafysd 5}3' FBced G IRAURERH when
ponoIefln powder as defined in any
compounded and blown into a 200um thickness ﬁlm has a gel count, expressed as
the number of gels larger than 200pm per square metre of film, of less than 500,

preferably less than 200, and more preferably less than 100.

11.  Blown film made from a polymer powder as defined in any preceding claim, which
for a 200pum thickness film has a gel count, expressed as the number of gels larger
than 200um per square metre of film, of less than 500, preferably less than 200, and
more preferably less than 100.

12.  Pipe made from a polymer powder as defined in any of claims 1 to 10 which has

been compounded.

13.  Process for producing an uncompounded polyolefin powder as defined in any of
claims 1 to 10, comprising the steps of performing a polymerisation reaction, and

then grinding the polymer powder exiting the polymerisation reactor.



claims 1 to 10, conprising the steps of performng a
pol yneri sation reaction, and then grinding the pol yner

wpmndes77exi ti ng the pol ymerisation reactor. 14. P(AVBE298TE004429
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for producing an unconpoundged pol yet hyl ene powder as
defined in any of clains 2 to 10, conprising the steps
of introducing ethylene, a polynerisation catalyst and

ot i OPdckss fBNpralRies 291' Wwkbip &B@E@?ﬂ&éﬂl@lér{e%\ﬁextﬁ d\lzﬁned in any of

carbon atons into a first react pol ynerising t
et hy| €lams Htosk), gornprising the stepscnf intepdigingrethylkene, stpolymerisation

pol ynggtalggtgﬁ gﬁi}gpg F{i/ él?ge\al\gleml %§I{{£lﬁ]ﬁlg ?1]5%{ % ﬁ)' % ?b%l %toms into a

pol ymer ere merisation
t akes fipit zgaetor, cmb'inmniaingyhd qthytlére ipsad Erst e:acxbr ® oo & fiest polymer,

al pha tf%h%xfahﬁgﬁlg%r%}x@drg gomPr smﬁ?’san V@?}Z ec%'%lr‘l? 2: c\%g?ygﬁ\zvhérg further

forma secon
ratio polfyrrlsehsatxbmkpnblyme Dptl(mﬂllj( BiCh¢ prest@ye ¢{70futtherdpha-olefin

15. P to cl 14, wh fi
ool ymEP R Ty il SR R B SHEN g pRver, hercin

seconthepadightedtid of tike flogolyidreB@io 208N 3pp! yer (as
determned by GPC), or the first polymer is a high

mol ecul ar wei ght pol ymer and the second polyner is a

l1BW NMptRRedslaasortif ehélaifP] 4] MBkreliPthe Bk BSITInBLEH alldw Ftdcular weight
16. Process for produ0|ng an unconpounded. polyethylene

powde PO@eHwTd the secppd palymeris a highpeoleculas wegght pelymer (as

Pr oCegstemasd 1539 GBCY, @r ﬁl@)ﬁrﬁ'}%lyﬁlﬁer Gl a&i PPmrc 18 velght polymer and
conprising perform'ng a pol yferisation react i on-usi ng

a cat H1op8¢ondpetyaier iscigpinmelagylar weight polymer(ey determined by GPC).
whi ch conpri ses magnesi um at |east one transition

netal selected fromthe group consisting of titanium

aifd  z Prasessi fgmromg@nhab@gmundm pqivatisdensyposderassisfine ip any of

r ea%féiM to 10, &r J f)x%)%ss g c%pdn%t%)'an né (?fac%ungn? to 15 coraprlsmg

magnesi um conpodund oxygen contalh
or ganperforagres palymensrporuredstioni using atcatabyasty stemecogpnipiog nd

(T) s EA)eCt g gatglpt?&othla%vh%h é@g’?g&%{l?@nﬁ&ﬁ z{t least one transition

oxygen-cont al nf ng organi c rava ani um an
Zi r coni um metal selected from the group consisting of titanium and zirconium, and

a halogen, prepared by successively :

- reacting, in a first step (1), at least one magnesium compound (M)
chosen from oxygen-containing organic magnesium compounds
with at least one compound (T) selected from the group consisting
of oxygen-containing organic tetravalent titanium and zirconium
compounds, until a liquid complex is obtained,

- treating, in a second step (2) at a temperature of from 25 to 40°C,
the complex obtained in step (1) with a halogen-containing
aluminic compound of formula AIR,Xj;.,, in whichR is a
hydrocarbon radical comprising up to 20 carbon atoms, X is a
halogen and n is less than 3, and

(b) an organometallic compound of a metal chosen from lithium,

magnesium, zinc, aluminium or tin.
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conmpounds, until a liquid conplex is obtained;
treating, in a second step (2) at a tenperature of

wbnroem 337180 40C, the conplex obtained in step @ECX/BR2e01/004429

a hal ogen-contai ni ng al um nisc conpound of fornmnula
Al RnX3.n, in which Ris a hydrocarbon radica
conprising up to 20 carbon atons, X is a hal ogen and n
is less than 3, and (b) an organonetal lic conpound of

t chosen from|ithi . nesi_u zi nc, o
Y BresmmgEe S oL B dbrithh Hpobmeisption
cl ai Mprkassti®p elﬁmnté‘@ﬁzﬁ@% 51cattilsm@@lsﬁéﬁmmaﬁdscarprm&ﬁﬂﬁsoﬂa$ least

a

performed using a catalytic system which

pr oduéPP4g rojyadsingg of Céé?btst wﬁ@gblw 8t et é‘P(?QQg gowleﬁn/g of catalyst.
catalyst, preferably at |east | OO0y polyolefin/g of
catalyst. 18. Process for making a filmor a pipe,

clnpr iPsdcass fpemplongr fin ar ppipe.compasing pérforadng spraeass ef defined in
cl ai e
povclor™ St 138 LT R Ay AE SRR A BB

t hen fompoungingHlee Mdeetcsfonnpdleas find tﬁmmfonpirgehe mﬁbtsémn a film or
tea:r ; %o%ﬁ%&ﬁng}}ete & f %{Jlrl%g%blfé eks uél‘:l'lé sgg{) gc ﬁrber%?f no more
t han had@.40WWhlg, mefdrablyrme mdSreftlﬁtha)tﬂO)kWih)’kg(mm& rrtdﬂapreferably no

et oSHREER A2 FNTE R pERRtchell pECEREMIR Faletfe tme in e

nmor e ﬁ;bmlsé%n&e&muﬂss ndh e @izl S\secvndsTPEertblgmo Jfbre than 30
seconds and B ? q)a?lg Ieg& thqp 20 seconds.
seconds an more refera ess than 20 seconds.



