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SLURRY PHASE PCOLYMERI SATI ON PROCESS The prese n
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slurry phase loop reactors, in particular in

reactor systens. Slurry phase pol ynerisation of 191
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presence of aSKERBMRHASEPOLMNNERATION RROSKESShe

solid polyner product is suspended and transported.
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- operation of increasingly high slurry and monomer concentrations in reaction loops. The
increase in slurry concentrations has typically been achieved with increased circulation
velocities achieved for example by higher reactor circulation pump head or multiple
circulation pumps as illustrated by EP 432555 and EP 891990. The increase in solids

loading is desirable to increase reactor residence time for a fixed reactor volume and also
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‘the energy consumed per unit welght of polymer produced) of the loop reactor is reduced

whilst maintaining a given reactor residence time and avoiding unacceptable reactor
fouling. The invention is especially advantageous when it is desired to design and operate
a-reactor at high solids loadings when it has previously been considered necessary to use

what have now been found to be excessively high loop circulation velocities.
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at least 20 volume %, more preferably at least 25 volume%, and most preferably at least 30

volume%s, where volume % is [(total volume of the slurry — volume of the suspending
medium)/(total volume of the slurry)] x100. The solids concentration measured as weight

percentage which is equivalent to that measured as volume percentage will vary according



contrary to what the man skilled in the art would
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gravitational constant, s is the specific gravity of the solid in the diluent and D is the
internal pipe diameter. The specific gravity of the solid polymer which is the ratio of the
_density of the polymer to the density of water is based on the annealed density of the

degassed polymer after being substantially devolatilised and immediately prior to any

extrusion as measured using method ISO1183A.



tendencies of particles in a slurry. It provides a
relative neasure of the nomentumtransfer process to
the pipe wall fromparticles conpared to the fluid.
Lower val ues of the Froude nunber indicate stronger
particle-wall (relative to fluid-wall) interactions.
The Froude nunber (Fr) is defined as v2/(g(s-1)D)
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dimensions places constraints on the operating window available for each reactor, and thus

on the ability to balance reactor activity, product quality, throughput and cooling in each
reactor. It is generally preferred that such reactors have the same average internal diameter,

it is most preferred that the reactors are constructed to the same dimensions.
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single point of introduction for each reagent around
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A further independent aspect of the invention provides a process comprising
polymerising in a loop reactor of a continuous tubular construction an olefin monomer

optionally together with an olefin comonomer in the presence of a polymerisation catalyst
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activity, the robustness of the catalyst support and susceptibility of the powder to fragment

under reaction conditions. Solids separating devices '(such as hydrocyclones) can be used
on the slurry withdrawn from the reactor to assist in control of the average particle size and
the particle size distribution of the powder in the reactor. The location of the withdrawal

point for the concentrating device and the design and operating conditions of the
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The multiple reactor system can be used to make monomodal or multimodal,

preferably multimodal polymers. Preferably the process of the invention comprises making
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polymer is a bimodal polymer made in two reactors in series. One or both of the reactors

may have an internal diameter of at least 700mm along at least 50% of its length, The first
polymer made in the first reactor may be a low molecular weight (LMW) polymer and the
second polymer made in the second reactor may be a high molecular weight (HMW)
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the ratio of solids concentration in the first reactor to that in the second reactor is
maintained less than 1.0, preferably between 0.6 and 0.8, as this also assists in maintaining
the activity balance between the two reactors within the desired range. Generally the solids
concentration in the final reactor is at least 35wt%, most preferably between 45wt% and
60w1t% and the solids concentration in the HMW reactor is between 20wt% and 50wit%,
more preferably between 25wt% and 35wt%. Under these circumstances it is preferred to
concentrate the solids transferred from the first reactor to the second reactor using a

settling zone and/or hydrocyclone to concentrate the solids concentration. A comonomer
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The pressure employed in the loop, or loops is preferably sufficient to maintain the

reaction system ‘liquid full’ i.e. there is substantially no gas phase. Typical pressures used
are between 1-100 bara, preferably between 30 to 50 bara. In ethylene polymerization the
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preferred that at |east 50% of the total length of the
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13 Gscprlrleta{n%,% %%g)g;ngxg P%EZ% ecg 8ta%gheed !a.lﬁa.ngse Qx% gsl 1L%ut2§el isopentane,

isooctane and 2,2,-dimethylpropane, or cycloalkanes such as cyclopentane and
cyclohexane or their mixtures. In the case of ethylene polymerization, the diluent is
generally inert with respect to the catalyst, cocatalyst and polymer produced (such as liquid

aliphatic, cycloaliphatic and aromatic hydrocarbons), at a temperature such that at least
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and 125C, preferably between 75 and 115C. For exanple
in ethylene polynerisation in isobutane diluent, the
pressure enployed in the loop is preferably in the
range 30-50 bara, the ethylene partial pressure is
preferably in the range 0.2-2MPa and the

pol ynerisation tenperature is in the range 75-115C.
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pol ymer per unit of Ioop reactor volune for the
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CORRRAMB LR ofy%m%tw b @B itk RRQYIBAdySatifi@Ron. 6pirsidk the
di | uent s enp i n_such reactions include

hy argedatperEne gmdﬁgjd?y {hg prpgess oltz)tih% présegblpypngoxl %org the diluent
ca &;ﬁwauﬂaams b 8y tHShoRAGHbveh inftig arteRsPeXRtple hiti caleamaé éﬁa&e{s the
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or S aiEo R et s R AR o030 AR 08 opline
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i qui I phatic, cycloaliphatic and aromatic

hy dyrieedly b@ssal integpal fiamgiRia fherinee 220 HefERRY 406, ?SB%@FS 330 cm
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pr SFRONFTS FpqRiEeTieRis- dhy QREFROR %ﬂaféft ﬁwgﬂéeaﬁwri/wﬂﬂy@aﬁo fidsn. |
Th &o@@sﬁa%hﬂg tKéQHﬂﬂytnhlﬂﬁﬁseﬁﬁél qitinGi9 ob e privdipat fiRienttwidrawn from
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pol pyrereablg aydredyclpiieaesgdes in fhiaease of multiple hydrocyclones in parallel or

series), further enhances the recovery of diluent in an energy efficient manner since
significant pressure reduction and vaporisation of recovered diluent is avoided.

It has been found that the slurry concentration in the reactor loop can be
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slurry concentration limts in volunme percent have

been found to be able to be applied independently of

nol ecul ar wei ght of the diluent and whet her the

diluent is inert or reactive, liquid or

supercritical. Propylene nononmer is particularly

preferred as the diluent for propyl ene polynerisation
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di V. i. -
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The process according to the invention is relevant to all olefin polymerisation

catalyst systems, particularly those chosen from the Ziegler-type catalysts, in particular
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~the powder is the residence tine in the reactor. The
particle size distribution of the powder can be
affected by many factors including the particle size
di stribution of the catalyst fed to the reactor, the
initial and average catalyst activity, the robustness
of the catal yst support and susceptibility of the
powder to fragnent under reaction conditions. Solids
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trialkenylaluminiums such as triisopropenylaluminium, aluminium mono- and dialkoxides

such as diethylaluminium ethoxide, mono- and dihalogenated alkylaluminiums such as

diethylaluminium chloride, alkylaluminium mono- and dihydrides such as
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those derived fromtitanium zirconiumor vanadi um and

fromthermally activated silica or inorganic

supported chrom um oxi de catalysts and from

net al | ocene-type catal ysts, netallocene being a
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hydr og e‘ﬂheﬁeﬂzt&)éym{ban EtiBprisé adsdr ot lospRt@toradtndoird in series or
hal ogen f&ﬁ@ﬂ erably titaniumand chl ori ne.

LEFie

Pol Rl MEEfYicul arly Ziegler catal ysed ones,
are typimid tage clrerdsechctont a fint edver oftheserciesupplied with catalyst

| Tis
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the polymer of lowest melt index can be produced in two adjacent or non-adjacent reactors
in the series. Hydrogen is maintained at (i) a low (or zero) concentration in the reactor(s)
manufacturing the high molecular weight components, e.g. hydrogen percentages including
between 0-0.1 vol % and at (ii) a very high concentration in the reactor(s) manufacturing

the low molecular weight components e.g. hydrogen percentages between 0.5-2.4 vol %.
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di et hyl al um ni um chl ori de, al kyl al um ni um nono- and
“di hydrides such as 15 di butyl al um ni um hydri de and
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preferably in series. In the case of series reactors, .

a first ASFIIoBHY B‘Ftei e e aguaniages,of ths TgRticR i fat cross-sectional
C at gnySdoncentiflioh AR bOKAL Sdnybs imairilaiddhithinGBesp@blt Bperating limits at

di | uent and. nononer, . ea ubsequent reactor .is i
S bR et ey o1 32 B S SO A e e oo sor
et hydnesreratiomdiisiitintiort i eotscasurapleatiiestiynyt btherpagmesrseerth mepsured
react or. of . ' 1 hj i xture conprising the
catg %y%ﬂ%&(%@{gbggeyg@gﬁg%&%m xture of the
pol yners produced in a preceding reactor of the
series. gtaNpr@ptionally possible to supply a second
reactor and/or, if_appropriate, at |east one of the .
f ol | owi rifthefelioptng Bxapmpleseiivieas agpalyrepisqd in ey rgpotors in series. The
coc ﬁfsa{ey&ctr-hadrbvﬁ&sh ¢ of 96in’ hifdl aﬁﬁﬁ&lﬁﬂ@_ﬁhﬁ'f& ﬂpﬂgravem?mf ith R@gth of
cata] yst _and the cocatalyst .excl usive into a first
en it TR SyNe b7 ab G Tpe it apispul defned
ser (eslymdthePPploiteon afe / Moihesitf siney exitingdeceatod), white
pol r of lowest. nelt_i x _can_ be uced i two.
b YEBhe s PE R i e n P e F P B TR Bl e
Hy dteagier) dessiiymf BEJai ned at (i) a | ow (or zero)
congentrati.on in.the r L mnyt act urj N6r:
R ot S e
per pedbdigesatd ncl udi ng

Volume of liquid exiting the reactor = [Sum of mass feeds in — PE mass production]/

liquid density
The PE density is measured on dry and degassed powder.
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between 0-0.1 vol % and at (ii) a very high
concentration in the reactor(s) manufacturing the |ow
nol ecul ar wei ght conponents e.g. hydrogen percentages
between 0.5-2.4 vol % 16 L The reactors can equally

be operated to produce essentially the sanme pol ymer

melt index in successive reactors. Particul ar
sensitivity to operating in large dianeter reactors

(and associated cross-sectional conpositiona

! Ofide e b s 1 G R ez e nggq?%rq%er

of tempdrdtee ahd grbssae). | ow nol ecul ar wei ght resins has
been known to | ead to increased fouling concerns.
Particul arly when produ0|ng pol ymers of nol ecul ar
melght‘ gatsonipmp pé ené or greater than 150

I
C oh | :3%:' eéu&%%gnt g%@lg %1?%1%%8%% gﬂﬁé tlhg F) ﬁéeaé/tmklg g%:cted not only
c obicthppressiie oh e flawiivgalpelycholuny cenwrm gradisaly Hiiypgrticularly

POdeydBYeSo &ne %Bgrﬁienvwdeam@n is Esoted 4128 abag uk@alowmctor
or greater than 0 kbDa It index bel ow

abBhee Berp 15 ot Higedero by Fe&ﬁeéf-té}n of éaélowr whiph cayges Vﬁéﬂ%é‘? the
S Uﬂdﬁ&bﬁdflﬂ@' sl @eig fhicfie@VWhae thefead htﬁafdulul@ana%ocdﬁﬁre@a&aoh

lids | oadin e increased above 20 vol %

D PRHIAY PRy R e AT ERRRPEEEIRE hPatt BHgiS) bover
st adestlrrer EEQuﬁefmetnhﬁ tichnanpt(pigtes] ash rdldt®e valverathbrhan absolutd tover
cross n n

a p%no‘a ﬁg?nﬁt%ag‘r for t%e %I%Xen%&gggg#a%fpgeolg 'Igers aairm{m%uﬁthbxgnnl?ere is
at grettmgmmmbih@rexnhcaﬁéqr@rpsre selyem, oyt s ﬁpVhfog hpdnmrdasntamng
Io I o
co%cen??g?ﬁgﬁhgﬁg#?#Bﬁ%%%%mﬁgqﬁgggﬁgagdgg%¥% directly,
but ot her paraneters can be neasured as an indication
of thelﬁg&gg&m&hhmfof the slurry. EXAMPLE 1 In the
fol |l owi ng et hyl ene was po] ynerised in two
et BB SL et P s B repicy Dok B e ol B
96 BEncadifitiGgrhdidr.r Abablute i Idfffé&heers uain@d’?.@red)tempeﬁﬁ%)aﬁmfﬂmhﬁt points in
l-l-ﬁg ?t?gtlog%ﬂtb{? ﬁl&e tg glf{:r aen%es b cé'lﬁﬁrat(i:gnm ﬂhe\é\x%cs)co%&es? §0V 1n orc{)er to
( Vadeutifigt‘repl dFEerqueadnenpentureathe viriatiod duniag o fengpkuaturetransition is
eX|t|n r Fmgg r , [

easuge(iEl?lﬁan l@ﬁ%&%{rﬁws _dﬁle trgﬁ)cLé‘ng%}]x eténcr%]gaeg‘st:ur? &%\%Hl%xtlsl Wdhid

ex |va11yn1§:;gur1= @ sl sigh acteapsitiquyfoxsthe Pﬂiymwmmf Bramplayk. Figure 2 shows
ex 'ﬂgalt ﬁ%xgllﬂﬁle n %%ﬂﬁerﬁury%ﬁé%n %nci 1% géﬁsgnﬁ?ﬁjoﬁ éhB& tHe reactor,
volunetric” PE production rate Volune of |iquid
exitdifRjing BeodrhoBEEBFit= [ Sum of nass feeds in - PE mass
production]/

Heat transfer coefficient at the reactor wall
A significant effect of fouling of a reactor is a change in the heat transfer coefficient across
the reactor wall, The heat transfer coefficient can be measured over a very long period
(many months), and an absence of any reduction indicates that there is no build-up of
fouling material over this time. Figure 3 shows the heat transfer coefficient for Example |
over a period of 250 days, from which it can be seen that there is no long-term reduction in

the coefficient,
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liquid density The PE density is neasured on dry and
degassed powder. 17 f~ The density of liquid is

cal cul ated based on any suitabl e nodel (using
conposition, tenperature and pressure). Circul ation
punp power requirenent The power requirenent of the
circulation punp inside the |loop reactor is affected
not only by the pressure of the flow, but also by the
slurry concentration gradient. It is particularly
sensitive to concentration gradients because it is
Ioggggﬁlat a elboglin the |l oop reactor, where there
i s” DS HF@“ %rbegregation of the flow, which

causes._varia L0 densi t f the slur bei ng
ptimed Pt Pt PRSP e Fhvgente g e o
C i vontiduats tobulardooprredctt bf/zahg/ltxpie metafﬁystmir@noxdﬁmethﬁ\xﬁm an
ti e, L hows_.a
curr enct% ?g&gi rlgﬁniiéar]i’tI esg‘# ? fiiaep - twi“ o? %‘% maas&)]gl\é\rﬁé BTV Euce 2
v adlerey qu‘Pﬁ@Fg sohid pattipase elefer) pqiimeqr amhdli@emti wlepreyd the averdge mtemal
f Ofiathd1& oP R 13HIES) d%@ttth@tﬁtaplgng@fm SnfnuolEbHA1d d(ﬁtréagﬁr is at least
shown here is greater than would be expecte
puf®msp| vent, but is |ow for a pol ymer-containing
slurry, indicating that little or no segregation of

A AR T LR R

i Stuain&Qo@frf:seﬁir @ht Ryist R0 Qoleh & 7, YrefeMRCR bt 86 €lme%, most

gra e Qifferences I n measured tenperature
atmﬁeﬁgg EQQ§8%V a reactor can be due to

di fferences in calibration of the thernocouples, so in

or ge r tﬁoceés%@&%&hfx%’ to Ha%ﬁ Il wlgeltécu]i EE LS 1ﬂt§nat1 gﬂpxgt%la(}f YE fast 50%
the variation nperature transi

meekthe o] lengih gfithe mm@nwéwb@alslogi TQRCky ist o teaat f/‘ é(imn,@refgreidh at
teppgkag s e transitions would vary. Figure 2 shows

such a transition for the polynerisation of Exanple 1.
Figure 2 shows that in Exanple 1 the tenperature

transi tFr&i%sstaE:&fiﬁii.n & 0 prtaiiy claih Gildﬁl‘k@i%redtd'ﬂ €hah 90%[ € ferably

i ndicta 00 en Heat t

OB LR ti?%temflgg%i S ap R B apmetopp g oreral
ofdﬁﬁﬂhrmgmaﬁoanmeactor is a change in the heat

transfer coefficient across the reactor wall. The

heat transfer coefficient can be neasured over a very

| 0dg pebroass actording tadaitisyherein dreater thiss¥iiG grefiablrgreater than
re %F‘? to!f @1@ tdtzﬁ %n to?‘?he cgl@cnu&ﬁ%b%lalr_ﬁ)&ﬁ Q-,aab'rl ﬂfgarﬁiﬂte&fal cﬁameter at

ur e
heéﬁtastt7i5%m1§flﬁﬁfe@b]éfaﬁ 1e@ﬁt &¥pmnf.or Exarrpl e 1

6. Process according to any preceding claim, wherein the Froude number is preferably
maintained in at least one reactor of the multiple reactor system at or below 30, preferably

between 1 and 20 and more preferably between 2 and 15.

7. Process according to any preceding claim, wherein the total pressure drop in the

loop of the reactor is less than 1.3 bar, preferably less than 1 bar, and the polymer
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over a period of 250 days, fromwhich it can be seen
that there is no long-termreduction in the
coefficient. 18 b 1 Statements of invention 1. Process
whi ch conprises polynerising an ol efin nononer in at

| east one continuous tubular |oop reactor of a
multiple reactor system optionally together with an
ol efin comonomer, in the presence of a pol ynerisation
catalyst in a diluent to produce a slurry conprising

sol i articul ate_ ol ner_a [

© R BR st BT i 20 PR PR st b N B B

tdioad | ength of the continuous tubular |oop reactor is

at least 700mm 2. Process according to claiml,

wherein the solids concentration in the continuous:

t ubul aProcers pecortingtto anyimecading daist, Whegreip 61 lggse30gt%, preferably more

p rtﬁ %g%'o yof%e tb g'n‘?e{’nr\s&ltcg(ﬁrﬁl@e AR8ble rdabtef @Et@fg iYmeAE in said
Vol une Process according to claiml1,

wh@m@wnmﬂh@ﬂaW@WSQ@anternal di aneter of at |east 50%

of the total length of the continuous tubular | oop

reactor is at |east 750mm_ prefer |, east 0

4. 9-Pr o PESEss 46OFRH t gy 166“-391“9% P & Ffﬁ ﬂu depsiy %@?gﬁ ﬁm°pymef

g r ﬁﬁJd@:rpatttbwa (8% 43 hiefabsontd yaluegifﬁ&tdenisuy RififareB&%h @fmt broween

I th f.th t t |
awrz}egg wﬁg?f t%lea]i?oéf%?etrn 8| 4d gsuefsx(letlélg { %&or Qfﬂ’gplrﬁﬁg Sl rabove
aCDQXI glidnige dveragd deinsity/hf thetmetegialw iy wratick sizefpalow T ) is below 0.005,
4 in
tp Ir,]gre%glﬁr t}élogvr(? %S%U{eg?e@eira 2}5{&&3 0 b&ﬁ {29& Bteféra%ﬂgc;eﬁwcﬁ 0023,

| nuous p reactor as an | nternal
di aviieh B0 and DI0sas the AB0etRS updas pbich BPYp 2pd 90% Bsyeig grfpsctively

thef%g%Q%%%qgﬁgmgk&g to any preceding claim wherein

nu I's preferably nmmintained in at
| east one reactor of the nultiple reactor systemat or

be llf pw 31%rce9§b LE&ERR ky/any PREVERT1akm At re2Otha paltididsie: distribution of
preferably between 2 _an ce s
an)the;?Pb’E‘@BPaﬁ@d‘Ef‘ll%ﬁ“ﬁﬁ W@P@HOY‘R@P’PE s%ﬁa%ié’q%smn 13
in lﬂd?@preﬁeﬂﬁ‘@ 16f thah €. 2r1ﬁa<htoh iD10sD$0ems D|9h ama tl:b dBmeters under which
bar e r 19

pr C}B%’C ;6 draggt/céby weléhrt éeggectwe (gf::] thez%g%g{s] % é:glgslé%éﬁrﬁ our
preferably greater than 45 tonnes per hour.

11.  Process according to any preceding claim, wherein D95 is less than 2000um,

preferably less than 1500pm, more preferably less than 1000pm, most preferably less than
| 355um in which D95 is the diameter under which 95% by weight of the particles are

collected.

12.  Process according to any preceding claim, which comprises making a multimodal
ethylene polymer in which a low molecular weight (LMW) polymer is made in one

reactor, and a high molecular weight -(HlVWV) polymer is made in another reactor, the

polymers being made in either order and the second polymer being made in the presence of

the first.

13. Process according to claim 12, wherein either:
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8. Process according to any preceding claim wherein
~at | east 30wt % preferably nore than 40wm % of the
total polyner produced in the nultiple reactor system
is made in said continuous tubular |oop reactor. 9.
Process according to any preceding claim wherein the
density span of the polynmer powder particles (defined
as the absolute value of the density difference in

g/ cnB betmeen t he average density of the pol ymer

t I th
F[))SB Ialcf:]ot fflﬁgl g'c]l g‘é‘gelg’é{ﬁ’ QHSP\MF‘P%Y E:g ter tﬁa 040 !k%/ﬁm ROV et
pafiévw Bldex 1i; € 0108 koosty ngDﬁJ)n sasd tiryleny Iﬁlyﬁ'@ﬁqomppﬂgg_e rably

A

t hpolgptitigieee én@lou Memg amn@m Oiléi%aatﬁ?éo gos’ Byd ateetgiew fndex M of

re | the particles are collected. 10.
03{11 OJ Y
Pr %@ggé Ofﬁcorla % to any preceding claim wherein the

par ti clfeoms0ste 3awest.bpsed PR 6?. togfl weizhiep! ths oLy hyl e aglymer,

: s oﬁéiée EJonfd %algretﬁﬁ@& @cﬂﬁ)&?&%ﬂ@dt@&&@ﬁﬂﬂ opfisrafienaiblsyol%
€ess nor e retrera

e MU TR I S R R R e e R LS

10%ae2 ) aFmeds B0 dby10aeh;aht respectively of the

parti cl r.e | |, ect ed 11 Proc
pr ecedi tﬁgmgll oﬁé% %}%181?6 é)Ol s de %% %et?% 91%% hrgi%r%b "Rg/"i}fa Xnd a
pr efettri iydek 845 off hiata 20 §O0min, meehxbanebe\mbﬂ opmbmsiBg: t han

t1 ggodl aner e e Prﬁﬁ% i eX haigz%}& lm%giﬁ%gtﬁ}ﬁhnwﬁ&%“% fhrst
parpblyetipsneciiastionduivinge ey of 2ss o B GEGF BF Gow dndgpl of

prea ggtlilgﬁﬁ+§1%‘h adVhi ch conprises making a nul t| m)dal

et hyl'ene In which a | ow nol ecul ar %1N%&n
pol yner fpwm 7ﬁﬂd@“ﬁ% eprd onytiedpiplgyeisty Afhe mpylt 18 RQpymet
vei cgiafse&)ﬁdlﬁ&&&hy&% $i886n ESnpABEE uiil ofetaylaeR] frmac ttmq molPieof an

pol ynmers being [ t her order and

pol ﬁlﬂéélcﬁ‘ﬁalﬁléﬂ °‘|’“ﬁt‘?ﬁe BERARETGR moft 8Wf1| rs?’ﬁ 2 Qf Jess than
Propessmagcording to claim12, wherein either: 20 the
nultlnndal et hyl ene polynmer has a density greater than
940 kg/nB8 and a nelt flow index M5 of 0.05 to 50

g/ 10m n, said ethylene polyner conprising from30 to
70wt % based on the total weight of the ethyl ene
polymer, of a first polyethylene fraction having a
density of at |east 950 kg/nB and a nelt flow index
M2 of at least 10 g/10 mn, and from 70 to 30w %
based on the total weight of the nultinodal ethylene
pol ymer,
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of a second pol yethylene fraction conprising units of

et hyl ene and optionally up to 5nol' % of at | east one

ot her al pha-olefin containing from3 to 12 carbon

atons, and a nelt flow index M2 of less than 10

g/ 10m n; or the nultinodal ethylene polyner has a

density between 900 and 930 kg/n8 and a nelt flow

index M2 of 0.1 to 20 g/10m n, said ethyl ene polymer
yng: from30 to 70m % based on the total

wei ght of the ethyl ene polyner, of a first

pol yet hyl ene fraction having a density of |ess than

950 ko pihcagtdoncdtBidilifd SWuird $axsete) pblynittish in the

g/ 10 nigﬁ)and from70 to 303?@6 ggség 3h_théﬁ?§?g%gsmt

VISESERES offa pc kmptisationsaialyse e heenmpsises maintainiog: the density SPAN

SR RS R TB UPS UL St irrnc
cian @h Thedgednrthemerage dedsie@o DB palydnes padittbsaxitiigtthd fe@Wor with
index ML2 of |ess than 10 g/lomn, 21 b CLAIMS 1. A
pt?%*e‘ﬁ% si7f 8hove B0 814 P §veaagq dansly phifs engterisd yith particle size below
PO 0) BRI 80D O brOle PBES el bR (LATS, ke 1 10,002

pol %ﬁmsri sation cat al’ys? , Wh(lytf:gh con%lfe;ré;rg%?fr?%ll%m%?%éﬁénw

t prefeckbhs belgw OFMIN3. of t he pol yner powder particles

(defined as the absol ute value of the density

difference in g/cnB between the average density of

the pobpsbet abiding k@ 8slaRX i1t WhGeli8e bRl zeWiftAbution of the
particle size above D90 and the average density of the

niealemerparigleis sagh that @ %R 0)HS Gy ledtign hereforablydes, than 1.5,
0, Q0 : ref-era bel ow 0. 0026,
BB L W T wBG S B0 B8 YOI, B dhispilgeer

Clvhictn1 0%, B0 Bidm0thBy peldht fdspedively dfitled parbitikd 08 cofledibie
pol ynmer particles is such that (D90-D 1 0)/D50 is |ess

than 2, preferably less than 1.5, nore preferably

£ Dt 0L 0,1 B 0 0y .

I RSPREH T YLivn, Ghort PeefBablyl 16dsaBard I G0RE, st Bl ferdbly less than 355um
Process according to claiml1 or 2, wherein D95 is |ess

t Wawhicp D8 iis the dfamee yndet wBisht9nbyl sehnef tho particles are collected.
preferably | ess than 1000m nost preferably |ess than
355m in which DO5 is the dianeter under which 95% by

wei ght Ptedshecqaingitc bep peteliag tlaigsligvhicidan FERE 8fBomer is
accordLn%_to any precedi ng claingiin whi ch an ol efin
rBHEMERSTIN Bblegihont SeRHNUAURIUDIA QOPIRIIGH I GRS reactor system,

U $Rndly logefef §RA LRI BnlBHohieP!iff HERELREe Y, D& Pherisation
catalyst in a diluent to produce a slurry comprising solid particulate olefin polymer and
diluent, wherein the average internal diameter of at least 50% of the total length of the

continuous tubular loop reactor is at least 700mm.

s. Process according to claim 4, wherein the solids concentration in the continuous
tubular loop reactor is at least 20 volume %, preferably at least 25 volume%, most

preferably at least 30 volume%.



optionally together with an ol efin conononer, in the
"presence of a polynerisation catalyst in a diluent to
produce a slurry conprising solid particulate olefin
pol ymer and diluent, wherein the average interna
di ameter of at |east 50% of the total length of the
continuous tubular loop reactor is at |east 700nm 5.
Process according to claim4, wherein the solids
®ONCeFsdbs Mtotdng ' iﬁﬁ&
is at |east 20 vol uﬂﬁn%&%gn p‘ygﬁﬁggé %!tlglgggw ﬁl ¥ at least
\ﬁ@f%uﬁ%@e taigdengthoéthercabtiyuats thisdst loGPreacton ivedtlca?27 Mmm,
to claim4, wherein the average
rredﬁgla%geagﬁg?d&?mof at least 50%of the total |ength
of the continuous tubular | oop reactor is at |east
750mm_ preferably at | east 850nm 7. Process
decor dITPRESE SECAFRIN Framyf ong| of C#Bm& 4tto 66Whvmmrg£ﬂatteg1thelat7 895,

t 9% | 85% of th
e L T T T

|antlet|emal dldmtmtaekeasiﬁot)amt 700nm 8. Process according
any one of clainms 4 to 7, wherein greater than 70%
preferably greater than 85%of the total |ength of the

®ONt i MYGUeSs hddBriAE ah POR: §EASHRI4 a7s wh@{é[lﬁ Qlte? eg%.n 70‘%9

di ameter at |east 750mm preferabl eas
IWQf@@bb gredor @ﬂﬂ@DV@féhthMdemgth of ’é)lemsntdlmious &buldrés®@i ractor has

Iaélan m%ﬁg %&agl:eag%bpﬁ’éfferé ?lvgﬁl ntg dylspezrint at or

bel ow 30, preferably between 1 and 20 and nore
preferably between 2 and 15. 10. Process according to
any or@OwES 2¢cATHBE I any e ofielaies ¢ to Bewhoreil thp Fesslgmember is

g;&?grogbrpgﬂfaulle%q ﬁignea%th%n rgaac?t gyrf tl;)]es mI gip?ﬁ,ﬁg?ctor svsterr? at or below

BOppitefiratin bewieenilsangROaing rmdh’é mf&ﬁbtyqrw&nminmw r
preferably greater than 45 tonnes per hour.

Process according to any one of clains 4 to 10

vier eippo@ls h&@sding %"én{" on Q)rfecgaqﬁl@lgfltﬁ 9”R/B$rtemqge tcﬁolvwro%},lre drop in

of the total po yf’rer duced TR 't ere
éb@b@mof thermaalor i lsarthhnclolhbam potfisrablybeds allianl 042, and the polymer

PSR Y 1o R n g St ek B T BRI BREHBRY 4B fonnes per
inpumhi ch a | ow nol ecul ar wei ght (LMAN polyner is nade

in one reactor, and a high nol ecul ar wei ght (HWYJ
poI ynmer is made in another reactor, the polyners

q' ng P?R%@s 5&0?&1}19?ran%r(gneero c?alms tﬁo 8 Cv%]e(%el ltYegEtrmwt%,
preferably more than 40wt%, of the total polymer produced in the multiple reactor

system is made in said continuous tubular loop reactor.

12 Process according to any preceding claim, which comprises making a
multimodal ethylene polymer in which a low molecular weight (LMW) polymer is
made in one reactor, and a high molecular weight (HMW) polymer is made in another

reactor, the polymers being made in either order and the second polymer being made in

the presence of the first.



the presence of the first. 2 3 13. Process accordi ng
to claim12, wherein either: .the nmultinodal ethylene
pol ymer has a density greater than 940 kg/m and a
nmelt flowindex M5 of 0.05 to 50 g/l 0Omn, said

et hyl ene pol yner conprising from30 to 70wt% based
on the total weight of the ethylene polyner, of a
first polyethylene fraction having a density of at

| Bast BoCeskgédvrdiapdo dlaffBllL, Whenid &dex. M, of at |east
10 g/10 mn, and from 70 to 30wt % based on the total
wei ght themligmogal qthﬁﬁwolbmﬁyhmderpny yerater tipin 40 kg/m” and a

r n 0
SR RORMATITES | SO ORE RSB AnE: Shongisine-
ot her fabmpBa-tol7ekiu, k‘med ah l’heﬂ@tzﬂ wmﬁ otfﬂqelezhﬂ@debmvmer of a first
flow i ndex M2 of | ess, than 10

GO Mo ToE e B o) My hE>pise prand RASeIafiow indes M1

demsidayt e/ VS8 2PQ and 930 kg/m and a nelt flow
index M2 of 0.1 to 20 g/10m n, said ethyl ene polymer

conpr i BemMg0 t6 BEWI%B0based B totdd awight off thehaultiatoabl ethylene

T T O —

aﬁﬂtolﬁgﬁm Mls&sﬂﬁ{ntotﬁér(h Habs\8%n Mbriainle B#bm!38890
g/10 mn, and from 70 tow)SOvvt%nbasglé1 on trﬁeg t ot C%Onatoms

vasdgrmels flowHadex Mi; ofdgssl than wgélrﬁ)mmmrl ymer, of o

secondthpgl . uni t
et hyl en u%’ ?%?na%%%%’ Jne%% dn‘?@r eg%{ynl?eﬁwge ?Oé)fz}nﬂ 930 kg/m® and
cmemﬂmmgdéx ®ih &f 0.0 td 20 gaomﬁ s&ﬁcDéfﬁvleﬁ@ HolRmRBLdmpri oM
i ndex % b than 10 g/ 10min. 24
from 30 to 70wt® based on the total weight of the ethylene polymer, of a first
polyethylene fraction having a density of less than 950 kg/m?> and a melt flow index MIL,
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, from 0.1 to 20

mol% of an alpha-olefin containing from 3 to 12 carbon atoms, and a melt flow index
MI; of less than 10 g/10min.
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