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SLURRY PHASE POLYMERI SATI ONPROCESS The present

invention is concerned with olefin polynerisation in
wabwsogerphase | oop reactors. Slurry phase PCT/GB2005/004484

pol ymerisation of olefins ig well known wherein an

ol efin nonomer and optionally olefin comonomer are

polymerised in the presence of a catalyst in a diluent

in which the solid polynmer product is suspended and

transport edyy JRRY PRANE POT YSIERRATICRIFROCESS! ed to

pol ymeri sat ere e slurry is

cireulated in the reactor typically by neans of a punp

or agitator,, Liquid full |aoop.reactor .
par (ihe reseRyimyERiony soFermed ish SfEn Belydrbation in sty phase loop
rm%gg&exanple in US Patent Nunmbers 3,152,872,

42,150 and 4,613,484. Polynerisation is typical
car Sleuly pbasepolymesrisation of elsfinmisywell kngygew eteh!lz%}@a’ﬁhﬁ monomer

t pressures in the ran - | . .
o B EIR EabnAal JROFO LA B gl e
in RAEHE ssid pOIPmeHpRdast is bigpehded amd wmspdiitelyl er - Nat t a
or netall ocene-type cat al i/St s. The product s

conprtiisinvgnties i seeciferdlyde afshio pohpmestipp i 2 lf)g{grgéactor where the
cat.al yst, . al.efin | . .
st et POl By TR TR pufior Aiator Liguld fullloop
redd;&%rtﬁ lﬁr@ﬁﬁ‘fi@ﬂhﬂ)ﬂwiengnd%iiﬂ ¢ @tai] ars deywlibed Yo exaawlern U.S. Patent
se in egs to mninse quantity of fluids
Numbﬁrﬂﬁd%ﬁ,&ﬂfat %%2}(&5%6‘]1%/%?5"1%19 | oop reactor is of a ‘
cont uht . t s 1950
B A R e e
présdtes il theaxaga] 200 bam, Thocatalyst eded sewbe amscatalyst thpigally used for

s . , . , ; ue
ol PRI IOR 9o BEP R Zectravalth o e feheipe
ca{raz}gé‘{. g’?h@%ﬁﬁ&%%ﬁgcﬁplésﬁgé Pol@ﬁfe& afd dilikt taaduh afost Oaes catalyst,

i _ e vo o0p reactor can vary but
oléfen tnppbmet hyd camorvenar zay be Aischarged Mntemittently org@ptinuously,
reactors of the present invention, are.of j .
optippily lRE FORFREBH it it i B cldisabf 1UBEIERA minimise
thé“gﬁéxﬁ%%ﬁﬂﬁfﬁ%@l{ﬂ&av@ry%htth@pa@a{ei- Growi ng operating
eXperience over the |last few decades has led to,
operBhé kopaéactards efis corginpons gbvuldr gppsfrugtan RMBFHERS at least two, for

conceptrations in reacti.qn | oops L1RG 0 .
x3Te Preoyan retiobha hugoey AR o fu BERGy sl spgions. The
hela{6f ﬁcﬁﬁﬁ@r&{tfoﬁ% Blpicly teheotd iasg Aulieerwedhime veidaapbeling

by higher reactor circulation punp head or Itiple
medinoy peeferahlypuatps iminckets gure #hleasppart Qég% taﬁﬁafépop reactor.

Tlr?egx}pgigrcr)lé onll?e 1iogf): iy ciarrl1 VQSJ ﬁucﬁs &B?o‘lll?% 1) range 20 to 120 m’; the loop

reactors of the present invention are of this generic type.

Maximum commercial scale plant capacities have increased steadily over the years.
Growing operating experience over the last few decades has led to 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 to reduce

downstream diluent treatment and recycling requirements. The increased velocity and
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desirable to increase reactor residence tinme for a

fixed reactor volune and al so to reduce downstream
walzdoagemtret r eat nent and recycling requirenent s. PAHEB2005/004484

i ncreased vel ocity andhead pequi renment of the | oop has

however |l ed to increasing punp design sizes and

conpl exity, and energy consunptions as slurry

concentrations increase. This has both capital and
he&ﬂ%éﬁ’i?étﬂ&lt%@?ﬁe 1088 hh§ BOWARS ledHoSh@basiag pimp design sizes and

circulation velocity 1n the reaction |oop. has )
compleixity) dnd dnergy crmsimbEent as slusnseneeniEAtions ingigase of hijdyg both

t.hermal , conpositional. and particle distribution
CQQEEBEEOPﬂ%qugﬁ?HPP $8985 section, particularly the

av OirflEiBalsf the @lirfcdmtiss VElotigin tht adactiof lanw has typically been

characteristics, or excessive solids concentrati oné at tribution
maxfpispil peensard mattenance plgpoddbrrawd CFRASHIRR @%&a& g pptrbutio

drop/ power in the.pol i.sat, . WaliRe, stable fl
acr@?%&-rgéﬁ?ﬁ BRA &glflgr?’rﬁéggcﬂ%ﬁ ﬂclg gYégaﬁlgcae ddf{%ggﬁ oreaged
chirabteiifths, seshiessvdr@dids commeafrationsrat theepipe wallpathynihan reduced to

productivity and honpgeneity. .Construction and
migtmiee FESHHE SEORIPOWRIR PRPUFAUONIPOR i s very

expﬁﬂgcle\é aﬁ% o dsNEL &S BisRiNIR SbAAIefPRKnéRaRYToElin, reduced heat
mnimse ¢ t

anges to operating parameters that are seen
tranSfel Med @daeed palkmboptddectiitycad tomogepeitat Corstwtiemand -
new unit. In accordance with the present_.]i ' -
CommISEORIEE O BWd‘»@Hl%erﬁ%aEB]é%@ BB FRE Vepa&}d;}}égljr%?‘g P He designs
sefk {OQéR’Bi({ &]alﬁlrﬁﬁli@bh%gés' 18 oPRBORE paraRicte? BHat Yretse@@tcidtrease risk to
Wi th an olefin conononmer 1 n the presence of a

thpsicyesfil opeiationcdtial gt wiih a dil uent to produce a :
slurry conprising._solid particul ate .ol efj. ‘e
B SoBR A 5 PR B PEREE Parng

pc{i’}ﬁn&%ixﬁ%ﬁ@ looﬂ}_@a&&"eﬁfﬁl@ﬂ?m@ﬁoﬁ@ﬁpﬁicﬁﬁﬂpﬁogdﬂmrWi'ﬂDam. olsfin

at t specific energy consunption of the reactor
cofrionemet rethepresgpce ofa polnerisation riatal v plgp,fiﬂB?ntﬁ% pyﬁl‘gpe a slurry

oot ol SRS OIS PNt ghe T oot Bt Froude number i

mhigasherat bpBkiowe20.The invention is ‘especially
advant ageous when it is desired to design.and operat

e .
a pl@nt adwantaggtofdles prgsent ga/@pwggis\,gh@tﬁh? BPYRHIC FpeEey gqu}lgylptlon of
been consi dered ne I . .
5RO b e
wHiBdt %iﬁtiaﬁﬁr-flg d @i\&nir&\tﬁcﬁﬁrbﬁﬂer{ce ltiarieeamndt avodding uhfmte_pﬂable reactor
appar at us for continyous pol ymerizatian, of ol efins
fopﬁeg.e’rb@uy/eml@w arpRoAlb hRHaEeqUA Shenct &f&ﬁ%ﬁﬁ dibigngnd operate
| o .1,00D. 8 The. - i i
R BB SR s
whit lRvByewdeah feimdiol beestessivialy hiph tovgr diulasivnyetacitss. t o

forma slurry of solid part; C%il at e PO
This invention relates to a method and apparatus

li%m:ecgntinuous polymerization of
olefins, preferably alpha mono olefins, in an elongated tubular closed loop reaction zone.
The olefin(s) is continuously added to, and contacted with, a catalyst in a hydrocarbon
diluent. The monomer(s) pdlyinerise to form a slurry of solid particulate polymer
suspended in the polymerisation medium or diluent.

Typically, in the slurry polymerisation process of polyethylene, the slurry in the
reactor will comprise the particulate polymer, the hydrocarbon diluent(s), (co)

monomer(s), catalyst, chain terminators such as hydrogen and other reactor additives In



10

15

20

25

30

suspended in the pol ynerisation nediumor diluent.

Typically, in the slurry polynerisation process of
w@odogesdtgl ene, the slurry in the reactor w || POIOGBRES/004484

the particul ate polynmer, thg hydrocarbon diluent(s),

(co) nononer(s), catalyst, chain term nators such as

‘hydr ogen and ot her reactor additives Inparticular the

slurry will conprise 20-75, preferably 30-70 wei ght

Hﬁéﬁ@i K FgiBly aD-toheeightipdryernibased on the

pa%g{ru%f@%lsa polfglbrr%?ﬁ%\etngb gﬁg, %%@mp?ef er abl 3% t;% 30wei ght
totglave gittof e drrgiof t faeticwdate polysiey and §0-25h draferably, 7¢p 0weight

perS e e e PEISH SLSOHER S SO ik LR IR e
su%ﬁglaélﬁ{lg REAnS & the uli dfuBinthe figldedonipoients i theareaktangnd will comprise

ves; the diluent can be an inert diLuent or .it .

theodilueht ofefingmendmer aid|angadditivess dhe dikigns pamb fifyiperf diluent or it can

ol efi.n noner ;. _where_the. phrifaci Ll - inal diluent i
v e RS eI I EE R 8L ol et s o
in&OMRlchBfie 21ckth mbheker aill wpikall comprilt 21261 prefitrablfy 4 Heweight

total weight of the slurry. The slurry is punped
pemeoiurfdhe tosalvedight afdhg/slyEyot h pat h- endi ess | oop

reactl of VRt | ely fdHCéRMss 160y dehets

mai isﬂurpyhlg pglﬁp%ﬁea%%ﬁl qlé%g%%ﬁ)selwoﬁﬁ?ﬁl{tp %te sl urslrS y _aé]@? eron
syétbin)at Fleid Wil odiaéssudficient talfl)enaintessths @olyinmarah suspension in the slurry

b SR P S MR s

di St | gq{o&@ﬁg‘eﬁ%ﬁnﬁ W SRS 84 dPbnb 10Nty Bondeh@¥tion distributions (as

variatirons an eat transfer) can be maintained .
evitichbdbyefouting athwe vapiatiatsiand/ok heattisnsfier) can begnanigingd yithin

t he Froude nupber in the. react ooR bel ow
acpethle SBATS iR DG M1k g S gl Pt R File feagtor joop below
ZO?Egef%rg?ly%t\?edénb% 15 st gféfé’i’ﬁﬁty HeRediBNariki 0./ s isrcontrary to

r elieve to be the'case in the |light of .
whanenta skillbd jir theesswodd dietievsrte baiiks ease e therlighi ef conventional

nunmber j.s typjcally abqve 20, for.e I ' ;
progRsF sendigonshaie tapats Guber i+ Rlpi I Hhats ZBLKE eipple above 30,
tyﬁ%al‘i‘ﬂn'ﬁl@'k satq@r below 20, for exanple in the range
to 1 preferably in the range 15 to 2, nore

pr ef Biieslfiloydé number wilhgemaintainedzat ot belosy $Qder mqpplp i the range 20

N

'mﬂ@etriisci BndRicRlSS Phfavhetdrtindicaitieddshebal et betweereths ungpension and
0

the nmonentum transfer process to th

. : ] pi pe wal | om

seftting tandenciesoofipardeles i & slarry l}imwlé%we?e?%iel}a%as&ﬁe ?*{%ée momentum
Fr oude numnb i ndic t Lo i . 1 £h

o v s PO AR g, o e ot

FI'EMH@ﬁﬁm()é'_rrilhdiic_§tte<iﬁ{)'fhgiﬁﬁbaﬂ$cilw-ﬂdaﬂqtﬂat.hbetiz) fhtidveall) tlmtslgaph@ns. The
average vel oci 0 slurry, g is.the gravi i Qna

Fode namber () 8 defiaeds poey @D ke if CERegr VaLoefy of the stury,

g 1ishtﬁe %{ra!vﬂgtri]ct)na? @gn&)aﬂt,s 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.

The solids concentration in the slurry in the reactor will typically be above 20
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A prebutidramodimentf the E@é‘i‘ﬂt IMVEREAR iHHPEOSC

the internal pipe dianmeter. The specific gravity of

the solid polyner which is the ratio of the density of
wo b@ofosd7gner to the density of water is based POT/GB2005/004484

anneal ed density of the degassed polyner after being

substantially devolatilised and i medi-ately prior to

any extrusion as neasured using nethod | SOL183A. The

soI ids concentration in the slurry in the reactor wll

o4, vaRahé 963 Profolablye25-35

volfY UGBty B8 A0 o PR 0 2Rt 28 Jroisie
VoMﬁie%m%tMmﬂmnv% isnfétotsl iveluir(e aftthe slu arieolwme of éhesﬁuﬁmdmg

ST SRS R R L Bt B e g v
pel‘e@ﬁtg%% whithG§E ﬁgﬁe%%‘aﬂrﬁeaﬁt‘éd‘é@ b@%dﬂr&dhﬁgemﬂmy decording

as vol une percent age wll vary according tg the
to anlpptmnermro@lw@é dubmorgrparticary peagrding yo &é’r"&?%e@ Where the
he d| d... Where it
T

réf@&é&*&@f‘@ie'sbhﬂé%dﬂc@ﬁt@&foﬁds hib@te 4()”1\ee1gbtl Yoder example in the range 40-
concentration is above 40 wejg % f ar % Ie in the

60r1an§eeabm 45%55 pieiahé ?/abqtsyd@s@besetweg%h H¥n t he
t ot of {
7 i SR B L M e ke R b of p e s
po@lﬁe&ea@@i 1B Eratdonumbers enatfesthe ecantorie be renaidligh seliss loading.

reactor to be run at high.soli.ds.|oadin CBFngr ef eﬁorlﬁgensmgma

1"??0 ”E&o? b Qleﬁﬂ'r%{étﬁ?d u@ar' eemeﬁee %ﬁ&[all@rfto 8dtRéri with an olefin

ar e yl ene, fional |y together
coﬂiohbmaflnﬂihefpr@eﬁwnﬁmrﬂymemsatlba cp’talw’em 1(1)ueng, particularly isobutane,

pol ymeri sation cat al in.a art| r
top € aﬁgurr& qpnmrm&%ﬁlg % rﬂeér aélgl%g ili¥ent wherein the
tllgﬁﬂlg m% LfdihOd ROSHHSRIw 80 %a&ﬁ@llﬁl}i HEhE raMperetort Otdnd the solids
I's nal ntal ned at or below 20,
coneerrﬁraauhm t}y: reamtmhe in thegeng® 2033% vlume he sol i ds
concentration_in the.reactoy.
VoI s a er featpre 8? theyresep VFIé‘uo&fth'frfth e?alﬁg)glecﬁfﬁhggl@cess can be

St ?&r HatiaROLF AlabRfs Bhn bféeboﬂf/éiﬁﬁﬁﬁlly aredia shary i ed
out In er dianeter reactors than ar

potymenisation wethoyt mesigmﬁcsmm@le@é p%erllaélatfr% foylingt the reactor
Wﬁ%Fpre JIRA g,%gz}lcltgrr bl ﬁrgrgl)l(tgﬁ%aﬁ chamregéér%: g%r;ﬁt@ g&ﬁﬁfn‘efégs 3 particular

oveP 660 A exHinPIEbNvEerPEEY a5 Ninillimerteea, be used arvltelrez:his’alrlcally
over 600 for exanple between 600 and 750 m%l i.netre

thererwoule hasebeentiaereasedsppedraaty Jirtheeadyaiags i VB is
R ER B CTRE Popdp b ATy RPc R fyclocis andlor

- reBltiveR 1aEh YRlkor 16v @amewksactandn achleved.tA stleen @ttrxhodlment of the

relatively high reactor |oop dianmgters can lef
pragsini Eventionisra PropRss C@%ﬁéﬁn&&%y%?ﬂsﬂ%mﬁr {88a ffactor an olefin

mpg(\érggrﬁ c'g)aﬂ)tng rg%ﬁfég %\ﬁﬁl £O5TRfih SbA8n ARt NiHRA ﬁt'e‘é‘éhcb R_fa
polymerisation catalyst in a dlluent to produce a slurry comprising solid particulate olefin -
polymer and the diluent wherein the Froude number is maintained at or below 20,
preferably 3-10 and the internal diameter of the reactor is in the range 600-750 millimeters.
It has been found that reactors can be designed and operated at specific pressure
drop both per unit reactor length and per mass of polymer and total pressure drop for the
loop less than that taught as being required, particularly at high solids loadings and/or large
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nmonomer optional Iy together with an ol efin comonomer

in the presence of a polynerisation catalyst in a
wardogesizet o produce a slurry conprising solid PCT/GB2005/004484

particulate olefin polynmer gnd the diluent wherein the

Froude nunber is maintained at or bel ow 20, preferably

3-10 and the internal dianeter of the reactor is in

the range 600-750 mllinmeters. It has been found that

a

reagE Sl Th PRI mAr Ry RGHTbRR diBTRE g fhan 1 3bar
paitREErl9fless shatnebarcsven tfor mlymemsdumo@rreps b abqwefﬁ 6% above 45

| th th
R (AT T M
on-glﬂle zc')r tn%}‘ceff&ﬁé%rﬁtaﬂ gééﬂcﬁé El%ts@l:aﬂ RORcREE DR lﬂl‘i@saﬁi{@]ﬁlﬁlza)htal section or

particularly | ess than 1 bar even

' onfdﬁ)ﬁferpnﬁ symmnspﬂ'hel pumpen pusipe sarobe abibe saps dissweter Qrjakgsr or smaller

dlqigqt%rolﬂgfgppb gf E}%%mleﬁhqrﬂeet 5 %sob %rlnglr &%1?1'&3{%% Rf’{gl% es@%trlon of the
red TR SVIROE R P oSRAPLORE Iocatdde Sﬁs efablel towaipddy llSlIiglEEpump and

sane horizontal section or on different sections.
it iparfpatare oftippresent ilveendipn thes reguiremEnts et BENBST 4 rpg’@fﬂr 8f pump(s)

mal | er ter t he same di anet
ls eﬁ%"’?eﬁ?‘ésrdthﬁlﬁ ﬁgﬂg?‘g f‘prto eeS‘°)ésSect| on of tlhe re:{:t g?
wherggab e sb iPty@lcallyimRer Z0i6 ingastionthr ovbt 508 forekemplsl 25-150m’

to enploy a single punp and it is a feature of the
preferdlbnin t mu@@pﬂgﬁlﬁﬁat requirenents for number and

c omﬁt({%cﬁg%py(cﬁ) an o eralti’oni 1915?\& QHRW PRJUAE Alimbers enables acceptable

processes. “Reactor size is typically over
de3@Mbhases HF Tak gat rédctarham EOmth be defimtp| Fhisenablesreactor volumes, for

exg%lg{egz)fagl!ggwlr M%§P%e l%lggd%} Sqr:e{fﬁgtgf gengﬁja gée}fna? 1ameter ratio of
le§sctﬁ%|£§(g)b p?efgrgﬁi}%lﬁsmaﬁ ﬁg? ﬁforel: 9&5b15/€I@s%ttden Zlﬂ(ﬁrmécﬁ{cﬁon in reactor

IS enapbles r act or “vol unes, for
lefutR iPingerad] dianatee fatiormmnacsesreomposmteormm tadients #ropnd the reaction

t | th
10[;,1@6)815 %{a@fe(eg g%cﬁlipttlgglggtte? 1r% egft@b &g t?)ligrge}s Iéﬁeg%%@ct?z of N3 to be
ach{}98d 4o rnngg Hﬁl%l ihfoffifR6ARkioh Eabh kéhgeAl #6mad the reaction loop.

Ianmet er n1ses conposi tional gradients
Anérﬁhltlhxd:lﬁ htés pmdﬂe tnhdveopultiplt isletsintesthe lenpueastenior sgasants (e.g.

reater th tonnes (per reactor) per hour to be
Olﬁﬁmﬁgéﬁ@éy%?l}f’ ‘?ﬂ dfVeFngl e point of introduction for

eacl S e‘égr@?s'ﬁge %?H’@'gd Eﬁ‘&eﬂ@@}?&[lpge Lsipien®ol iesinedin el rgaction

. o"have multiple inlets into the |oop '
syseac tliguid fll’ i.eathererns gul(s@anglallyj n@gpﬁpl)asec gw}o?gpres%\res used are

ot her tives ress
G 308 b S R R STREL o S S aion e
eth lbﬂé'bﬁ‘tlﬁl%ljessuke Rill typRdaflyibe 1§ﬂfé&h 0.ald § MBa,Qﬁeferably from 0.2 to
ase. pi cal pressures used are between 1-100 b

2 MRa‘ aroaéz)pgmbelav]géi’pr@@ 4t I5pMP4gy dLhetpmpeiairehe ec’ceda are 'such that
Slﬁ))sta gg‘l[y eﬁf‘of e popymer produced is essentially (i) in a non-tacky and non-

agglomerative solid particular form and (ii) insoluble in the diluent. The polymerization
temperature depends on the hydrocarbon diluent chosen and the polymer being produced.
In ethylene polymerisation the temperature is-generally below 130C , typically between 50
and 125C, preferably between 75 and 115C. For example in ethylene polymerisation in
isobutane diluent, the pressure employed in the loop is preferably in the range 30-50 bara

the ethylenie partial pressure is preferably in the range 0.2-2MPa and the polymerisation



10

15

20

25

30

et hyl ene partial pressure wll typically be in the

range 0.1 to 5 MPa, preferably from0.2 to 2 MPa, nore
w@asobiosatbarly fromO0.4 to 1.5 MPa. The tenper apCr/682005/004484

sel ected are such that substantially all of the

pol ymer produced is essentially (i) in a non-tacky and

nonaggl onerative solid particular formand (ii)

insoluble in the diluent. The polynerization -

rafurg d 3 t K i dHR Hroduteis g Rate of

e RRERE B RyEREDER L0, I, A BREVA it R Brodlagbanate
pob@hatpRt iisiabf pop réeetdrembenafarthe procgwsreditag Prpsens R¥ENESHES 1N the

, typically hetwee d 125C, preferably between 75
ra‘@?ﬁﬁ‘@%”é‘é@%%ﬁg%ﬁﬂ%‘lr %‘eneppol ymeri Zati on in

I so blhﬁea;ﬂgce%% Lléb_%ﬁiin% theRhRISIoh %Bﬁlﬁﬁy 0 reparatien bbegmpositions

is preferably in the range 30-50 bara, the ethyl ene
copraittingblefinépefirebly sthylerfeg pakymers whichean SAgeTiee oneepnumber of

the ppl yneri sationtenperature s in. .t <k

o3 SPEUELA LSRG byt 1 SGRaA st e
mARIEYAIRE of ethydktpoBimdro aRd pRpSlene peBmure Hihylehdieopolymers typically

process of the present invention is in ther e .
cofptis® au alphefodefirbiny Girizbly, mouns Wi Ganfeach }ﬁ"(g%%r“éed%‘%tspfef?rably

accor di to t j ti ¥ 3
g ouAE by Rk R SRR o BRR LA P e =t o7
et hytigrngphpabiseleginibedmas genaaily employad irsuch mantivas are one or

of ol efin hono-pol yners and/ or one or a punper of
mersoblpfins kaving up & §arOPR A0 BET gxgﬁ@cége @rg{] lgqr:granchmg nearer the

dogg{é)%@;&;t&neépg Ell-rﬁ)tsm/dn? ggPEQﬂ mgesﬂﬁalu & OBRYIeBBSoropylene, butene-1,

ene copot yners pical 'y conpri'se an
pedtepba, abaihe i andeocteater B hind nainbues sushas bthykene rad bhiengd or ethylene
eferably from0.5 t

by wei ght 6% by wei ght .. f
anéﬁ@\?ggqlwgl ~a§k}%§ ilrBeeRe-1 %l‘gl}h%lilegﬂﬁe pﬂl{éc\ﬁgrbﬁ Brefem% comonomers
fo@ﬁg{e%%f}&y@@fi%h? general Iy enployed in such

reactions a one or nmore 1l-olefins having up to 8 | ,
car boypied] diteeypte emphiyed ih sudneactnb irheds yglrorasbans haping 2 to 12,

prg %g%h g 3 k% gg g %tr an,c}tg,glg &g{/ %ﬁ%&;leg r&r@%égllffealbéeﬁi( glgg.{l%ss:uch as propane,
n-g%ﬁgﬁi-ﬂeﬂﬂg aREh8RBrahe, FMHadthyd HIkaResSHeh adtisoblifa)é, d8&entane, "

utene-1 or ethyl ene and hexene-1l. Butene-1,
tohent gsecianandd R emethylprepaner o1 eyglaatiapepsushas cyelopentane and

YRS dhiT gy T8 e Se ot TRLEEE bhiSRicr ¥R Me dituent s
géﬁxﬂdirrlgqgér?m BReENS tBe tRall, covaefipytahll poBmie ploduwad (areh as liquid

ato er nolecule, for exanple |inear alkanes such as
alipheparegclonliphatigraed arcrpaticdisiregrabanshabe éﬁ%?eréﬁur%ﬂ}&%éh@&t least

| kanes .such. as .J.gobutane.. i s t.ang; . :
s SERTanRY 2hisRS, 79PBBE Fov pRE B RisR 26 inshpbleBFrein, Tsobutane s
pattiéllads pR¥&taatha udan forcstkylohepsinmerisationei 1 :
m xtures. In the case of ethylene polynerizati ?n, tﬂfgel
s (e.g. ethylene,

di | uEhe opesatiegranditionsicar plso ke tsHcl Babibiemenomey
prcf:)gt l{l Sit 2 SRS HALNSE 1808 R KR caRbPHMK P iiHAIBE processes. The

slurry concentration limits in volume percent have been found to be able to be applied

independently of molecular weight of the diluent and whether the diluent is inert or
reactive, liquid or supercritical. Propylene monomer is particularly preferred as the diluent
for propylene polymerisation

Methods of molecular weight regulation are known in the art. When using Ziegler-

Natta, metallocene and tridentate late transition metal type catalysts, hydrogen is
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al i phatic, cycloaliphatic and aromati c hydrocarbons),
at a tenperature such that at |east 50% (preferably at
wo e@ss67629 of the pol ymer formed i s insol ubl ep€TreBei08/004484
| sobutane is particularly prreferred as the diluent for
et hyl ene pol ynerisation. The operating conditions can
- al so be such that the nononers -(e.g. ethylene,
propyl ene) act as the diluent as is the case in so
! bl $n a IderShvefagy molecular weight.
P réggiﬁlg%%%gt%%F?ﬁﬁg@nﬁr%ﬁﬁﬁgrﬁ%em have .begn f imd ©
When being bhrentiombigpeagaidly s pomegéz?dienwtypﬁﬂt%lse%iﬁe@g used to
i ght .of the .dj]uent and whether the diluent is inert
re%ifatgé%%l?‘?‘{}%r,w?lg fui d or supercritical. Propylene
NONQRGminSerBRl plabitd] 6 pirtRuBkEp6I9thenss deperathidl franthd dituent in a
. propyl ene pol ynerisation Methods of no| ecul ar wei ght
manmguibechi that the dilkens dnnatiexpesedde contepinatioaisAgs 1 %iﬂ@? recycle of the
Natta,. netallacene N : i tq 3
dilyent o t]ilgl B%Iyglg{lg?t)llo& 204 Wit AGRERE & alngk)ﬁnhf:?fbﬂ. Seg’Qragng the

S, hydrogen i spreferably use

- pabti@RE pBlyaeR PREUUREE BS thieeprdessi bf rgpresentinivomion fomrthg diluent

mol ecul ar wei ght. Wien using chrom umtype catal ysts :
typioaljineatt baby any method kapypdn the Bt éF%P&vﬁ if ediy iqvgive either (i) the

regyl . i . - .
ush §PHIs BRI S 2 SRl s bELIERETTRS HlOR| oRIARY Burolf¥h opening
thérepNerovides i Zohaiwheleethe pblyarer pasticiustcan sgttls éalsame extent from the

contam pation so as to permt. recycle of the.diluent

ikt a¥edi) pYBIONS BEAYR WYL HE Rl Pr EDPHE’A?/W“HSM‘W‘I ports, the
ol £l ' Lioklbat B pRELBBY adjacent to th

L g s A L S v A s

ddviistrdihuwadtof ayhpricantalsection bithbyoem yAnyetongguusowithdrawal ports will

the art for, exanpl.e it ¢ i nvol ei ther (i h
(yBPalY Bttt iRs0S arer R e B PA e | RSt i 1 ey s-10 om.
Tiki %e\%ﬁoﬁ é&:nﬁi}és [fgeQe fle BRARRHIADrdabRr LR beipRYdtelE with low diluent

zone er polymer "particles can settle to sone.
reeoctee néquirenyanish el i dpgeationof 1qree Wiaswser raders YiHolkigh solids

wi thdrawal, via.a single or, mul'ti.nl e-.W . .
AR et R B AR BAT Wi
fr6Ahe ?Bly?liétrisht%IPIBS eRbby cateaeaiis devided endiswvithdam polymer
end of & horizontal section of the I qop

. _An ,
slawpt prafevaldy Wiy diodylanes (single e iwthep casg oif amliigle %ﬁ@]@cgﬂones in parallel

i nt.ernal .dianeter in the r 5 :
OtSCHED; T gﬁa@cgshﬁhe Triod eriy%{/}gﬁ]tuf%%ﬁgﬁg r%g@@eﬁrfg%%t rgc ai g Stmee
siglﬂh)éﬁiﬁrﬂr%hf&@dﬁcﬁﬁta@ﬂ Sap&ridation pE texbecredidilhedtasavoided.

Il uent recover requirenents. The ‘operati

| .
di antithas beenfiod shakboth the GRIYSORERALAGABERE gt ffmber i the

h | by e R T -
R IERan T T —
siEOaE R HutiahioTghaisowdee svithin tHeeeadtsidop\Thepmincipsd dstermingnt of the

aw%gfqeéﬂ?gclzlﬁ y%%g%%yég%&?g? ilq(a]t%llﬁ gg ; qng{: tilmrze i&xq}?e ge%ét%r.orl"he particle size

distribution of the catalyst can be affected by many factors including the particle size

distribution of the catalyst fed to the reactor, the initial and average catalyst 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 loop to further 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
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or series), further enhances the recovery of diluent
in an energy efficient manner since significant
wW@e@s®sn7el1 r educt i on and vapori sati on of recoveP€rGB2005/004484
diluent is avoided. It has Reen found that both the
slurry concentration and the Froude nunber in the
reactor | oop can be optl m sed by controlling the
average particle size and/or the particle size
théjr%cﬁ{céﬁtpdfﬁfg%v?% s{y@ﬁmo gi@&% tﬁé‘hﬂe&s‘@ ®né ﬁ?&b@clb@@cyele loop, also
e principal ant o the average particle size
enatbled the pprtvaile gize and pa'tmbssummblﬂu(vmwﬁhﬂt the reastps i pe controlled.

TogreE R oy ISR ety REL SRR, R Beferably

bégm§hg5b%haq@og&n&ﬂﬁmcataIyst fed to the reactor, the
Initiral and average catal yst activity, the rohustness

of tFhe wﬁh@ay@t andipisérably Aencsntyelegt pALYIEE Slugy if drpressurised, and
t
onBPilPfes BT Eobe P EiTen i BER AR ANCh LR TROIER 1

profRrdbiehéated éﬂeﬂ/&e&oﬂ@é@maéﬂ omthe reactor loop to
further assist in control of the ave

: .
and Theedipient fied ansmPBOGELYAPPIULE BT m&ﬁ% gar I Cbaﬁlﬂi‘l’ezsseel are
yylﬁ% }; go%%teg E‘]:?ella tﬁHﬁt PJ oﬁﬁ)?es o‘h%ﬁef)é‘@ed@@ﬂ{étpd(lﬁﬁenzatlon

concen |ng vi ce an desi gn and operating
pro gl Th@pfbsﬁirb lmétlmmﬂmyrfhsh ngssdlav iprafeapiit @:mtrolled to enable

Coglhgtf@géggggq){@;ahqeeﬁgit )bqulf fg]egcrc])g 112 mgﬁa%rg lge? g Ie (?F’EE W, ger gf)e%SenUally all
ofthe R4 g)ar tp 1t 2 a[ﬁzf g@?}gﬁﬁ%ﬁ&f t}Iﬁi’chl?y' steR bféébdr@(ﬂn saiﬂil @rimary

aver age e sl preferably between 100 and
005501 oilbbs A- 26 Sor erefpls HbPY, trckerebiy 153G baral Thegolids recovered

m C he ns Thﬁ@%ﬁ yt'eggea Z%’B@geé;%]ﬂy gé%]; abI %cgpg%rﬁrgtﬁtsfl @%&gl to remove
re@ﬁﬁgl%latf}ﬁé NltdrRativaly B Hﬁl.tn‘yQﬁa)’ 5 as@ed’fd AHash Ydsad lof lower pressure

vessel e streami’s preférabl eated after
thele fxr ths sbove atentionedTiprématiy|vigesst s h@mycqmnr@ﬁ@(pn %ﬁglgii o condense

recover flashyv ijcal l'y

the seree F\’?adh “ﬁP%E‘EF F‘Eia g)&i/ ssafe a5 Veg‘lfecles 81;1&%% d reused
in tige PR c¥§@idcéﬁ‘ﬁ1h?fb tRé AfRfASen Jdﬁﬁ)dliﬁ&&@l pﬂ)d‘nf:e tdsms which exhibit
primary flash vessel is preferably contro

sendiol densitniheths aangsrD-§9@ to (O 0ot dgnsita; 0- 8%@ (] %é%ﬁ’ (pgdium density)

Ling.water) of essentially all of the
0%%‘%@%%‘39“6388?51%8 any reconpression, typically
SUChTRE BfoeesseadcBrdiig t the irventor isaslevaneits all ohéfirl pdgmerisation -
4-25, for exanple 10-20, preferably 15-17 bara

cajalyicystems opastiedlarly diase ﬁboﬁﬁfl et wefiﬁlsglﬁr-w&%rahrsgs  particular

t é%&%rv%? ggqrg %i%rﬁgmr g\??‘g ! ntglil ﬁ{g iﬁ)é ﬁxeinsﬁlgyr a}c;lvated silica or

u@gaﬁe@l chinéufnl cﬂﬁ(ha m;m aof frbmwmetahomttype catalpists,
|n t he ove mentioned primry, vessel such t

metdlopgnedisingn creleperadienyd darwiye ﬁéralné’é@%?é?%@ in particular of
U%ngﬁﬁ}z%#éﬂﬁuﬁf a high pressure flash vessel is

Non-limiting examples of Ziegler-type catalysts are the compounds comprising a
transition metal chosen from groups IIIB, IVB, VB or VIB of the periodic table,
magnesium and a halogen obtained by mixing a magnesium compound with a compour}d
of the transition metal and a halogenated compound. The halogen can optionally form an

integral part of the magnesium compound or of the transition metal compound.
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The process according to the invention can be used to
produce resins which exhibit specific density in the

wWo a0ge506890 to 0.930 (low density), 0.930 to BCREB2005/004484

(medi um density) or 0.940 tq 0.970 (high density). The
process according to the invention is relevant to all
ol efin polynerisation catal yst systens, particularly
those chosen fromthe Ziegler-type catalysts, in

party.cul.ar those ' ' ' - Z i LI0ANd: oxane

U RS P o SR Bl i 0

oribyQhdaiibig g apemaistdescritedofor erampledia Raadnd|ApplisatiordEP56H944-A1
nmet al | ocene-type catal ysts, netall ocene being a

(Miigei Spaisn GhemidlS)deri vative of a transition metal, in

RALE L b by AR hilafkd include at
ZiEReh P cRlalyRls drt X BBt WY e, PRIowafbkdnfidles include a
le&0P¢ irsnsitiprametah nbosen drommetoaps SR SIBMB,TVBend NdBp s1agnesm and at

| VB, VB or B.of th i odi.c . | e, i d
lehsi o BHoOGE: SoRddenytrms st sbiBeR sRERERing wth a
C O”Dfﬁ&ﬂgo% 3b‘9@b)f QRIS b BAndiBd Al Gréfehdlpgemat £ 20% by

compoun The hal ogen can optionally forman integral
wegight, , of t he magnesi um conpound or of the transition

netal c 0 tall.qc -t C I . :
ot o RSO0, b B AR R R B B 50 R sy g eing
pliegalgliegi ng agent as described, for exanple, in Patent

Appl i cation EP-500, 944- Al (Mtsui Toatsu Chemica 8) e

Zi egfrem-0.5 19e2 @%by wyeight efrmagnssimp peaadlyfeem lﬁtﬁolﬁ’gjf’ weight,

t hes I gl ar ex. inelud . )
oGl L ORI D g el R 9 G vl
VI B, theBaRass seherdltly ednsiseasttelanentharisige fromGhoeprodstd yssd for their

are obtained with those conprising: from11l0 to 30%
mapifgettreg fuahragearhane By diogan ?ndp%‘rgénaﬂreytrzqug}ﬁnlxgegagarg%e halogen

b i_aght . -0 60% by wei ght of hal ogen, the
a@ér%%ag&tgmg@ég@é@? wei ght being preferred, from ]
0.5 PpelyRRu¥sdonsepgtitulafly Dieplaitatysed sued, lbaye typiaily cemied out in the
10% by weight, froamO0.1 to 10% by weight of al um niu .
pigaense af p gogataiistoltgs bt Bk Fpcaiglfe Iyt i, Shecially
c gcg,[n%% kéfmﬁﬁ%}ﬁ? af i%aﬁtforﬁla 1in-RAbdh REehi@IbORE such as optionally
product s use

or their manufacture, such_ as carbon,
hilpgerapdrorgabahmyipim cinpotndsnwhichean rematisaodygener an element

NEEE TR CE TR —
offaflod ¥Rl E@h | nfpRUhIE bf %’i’e{lk}lﬂhﬁﬂ?ﬁums such as triethylaluminium,
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
dibutylaluminium hydride and organoaluminium compounds comprising lithium such as
LiAl(02 Hs)s. Organoaluminium compounds, especially those which are not halogenated,
are well suited. Triethylaluminium and triisobutylalumihium are especially advantageous.
The chiromium-based catalyst is preferred to comprise a supported chromium oxide
catalyst having a titania-containing support, for example a composite silica and titania
support. A particularly preferred chromium-based catalyst may comprise from 0.5 to 5 wt
% chromium, preferably around 1 wt % chromium, such as 0.9 wt % chromium based on

the weight of the chromium-containing catalyst. The support comprises at least 2 wt %
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presence of a cocatalyst. It is possible to use any
cocatal yst known in the art, especially conpounds
weowpsEbng at | east one al umi ni um carbon chenPCHIGB2005/004484
bond, such as optionally haj@genated organoal uni ni um
conpounds, which can conprise oxygen or an el enent
fromgroup | of the periodic table, and al um noxanes.
Particul ar exanpl es woul d be organoal um ni um
. C 0 f FEISY EDhi °
titgHIR b19 frdunli 3! 6 {BhiE nfd#6 Preférably around 2.3 wt %
! rl gtﬂﬂ%?egflu%aﬁl um tri‘gtw;ﬂrl]yllglﬁl;m ni iarrs ‘sugh as . - 0‘
tit%ﬂiummperd)mﬂmlvmighhom‘ithﬂnhramm epaiginirmestalysigThe chromium-based
i al koxi des such.as di et hyl gluni Bj i de, 5
ceh BRI R B ST AT N LI UG Suf 2 /g Bierably from
40g!tﬁ'5§(?f LALHD 1 44D L@k GBrosatl koY kfdatetititindwafp preferably from 2 to 3
i hydrides such as dibutylal um ni um hydride and ‘
cctLg_'.%lanoal llil\[sn ni um conpounds conprising lithiumsuch as
- Li . 4. aneal um. i ; iaglihi ivati
thostig s kor LRI Bl LS OB (bl SRARG il acivation
stelf ih%‘iﬁﬁ(:aléﬂelw(%féd wativdidnttemips@ahue YT astivatiamtesaperature preferably
éspeci a advant ageous. The chrom based cat al yst
rapgesyfra é@g 0183 bdegsepp - JBOLS pgg‘%ba&?x é@dﬂ %@rff%ﬁ‘?eo i'de
cat S ' I - t-ah i r
excanpyateatBtien oty bt bR @ Rl AR BEROTImOAM for cxample
bipHal, pollyatery Theahalti-mddapodymensichmbe thadaimi yiwglewggetor or in
conprise fromO0.5 to 5 wt % chromu ref er abl .
mBNBUABAGRES. SREAFRHATNS T £33 RIIEISE Off bR 93P 17y ggnnected in

_ ase
00 L8 Wl RtTIR e ddiG 16Bh HHyHRERY WiBbdledr Ellctesby a The

Seslu%polrt?lagonprjfsgg at Iggst 2 w9 itar?i u?n preﬁryaﬁ)l y

palymerishtidntreacBrubatds nottaloopmeacksr e pref erabl y ar ound

2.3 Wt _%titagni um based on th i ght of. . QM. |

cont Ky the (;;@’sel _ts‘arll‘iﬁer"}é‘mea Eiﬁsrt 5&?{%@}&% glgee%ng% %Zﬁ“;’g[lgw catalyst
aflOhE c@ca?:fig&'ilfl h@difibh {PAEe dlueA: A rhémet Odhdt cack §Gbsequent reactor is

m sup. 2 , preferably from400 to 550 msup.2_./g an

Sl?’Pliedl with, pdeass intgnanergingzaréeulartilpylonccadgigh dreeswisy wlgmg from a
rom2 to 3 /g..Silica. ted. '
e L R
miviu Jf (RS pAPmetsaadRedas hiprededig reanmresfaheiseriesTlieis optionally

activation tenperature preferably ranges from 500 t .
p@Siblattegupply aSecontbieactor andipr if 3preeiale, aylsest png ol dhe following

repoTS FALELD TR Rt GolP A o, P GERbleqb introduce the

- cdiybt mATEREo ARl psIBEGuasly heomEfitet feactar.si ngl e react or

or'in multiple reactors. The r t t . ;
o o o g o e SR e pobm
r. N, para | . T
offich PRI g e PR aaPaTRp RS Ridsedsd o
adjasit beAGH-adjacdnbrdabreasthe séricseHydmger ianeintined 4t (st low (or

reactor of the series is supplied wth cat
zero) concentration in the reactor(s) mam?fgctugng \‘éﬂe lPlgh mogllée{lﬁr 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 %. The reactors can equally be operated to
produce essentially the same polymer melt index in successive reactors.

Particular sensitivity to operating at reduced Froude numbers (and associated cross-
sectional compositional, thermal or particulate gradients) has however been related to

production of polymer resins where polymer of either high or low molecular weight resins
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-and the cocatalyst in addition to the diluent and
nmononer, and each subsequent reactor is supplied wth,
W@roob®s&61 nononer, in particul ar ethyl ene andrP@i/GB2a0®04484
slurry arising froma preceging reactor of the series,
this mxture conprising the catalyst, the cocatal yst
and a m xture of the poI ymers produced in a preceding
reactor of the series. is optionally possible to

ha? YoR! %o@vrrc‘ﬁclggkﬁtor 1?1@1{&%&& f@ﬁ‘lﬂ{g%oncblfns aPﬁft&BIa!rl@*v@hen%iroducmg

east one of owi ng reactors with fresh
pobatat pf modevilaprweigltaileas ﬂ@n 50Hdyadtons or greates ttrgtpelfSQ kbaliens. These

to introduce atal thec )
coppubiGag el Botim el i eopifkdal Bhupclpmer sotias -«
cohé%uah@ﬂsi inCBERACER JodP? fWhEﬁl Brodudihg' &% o indlevaldressights less

the pol yner of highest nelt index and the pol

yner, of ) *
tharp@ kDaliestst ori grersse tlmZ%lea daueelf index lwéo‘a&r h%rgineftboap 50) in large

on-a ctors in.
GRS REE AT RSHEVeF sPribpEL e Bcol Ul B Rufhe is dpcreased
whedaolias (calinss %bkf ﬁl@fdaéddﬁg abbee PO ghl%;tﬁaﬁmuﬂlaﬂy at@ivg B0 vol%.
conmponents, e. hydr ogen percent ges |n Hg &% 1
b ot VR bgoion VBl o he AR by TER A% s oloNing example.
—i#ﬁiﬁigratlon in the reactor(s) nanufacturlng the low

ar wei ght conponents e.g. hydrogen percentages
bet vigemn dofzatedclused 180p fbalar mtcm ﬂmvmgmnenpmmal)dm;geter of 711

rated to produce esse same
millmetees W%E@@%Ffwaﬂ’é%ﬁ %“lr@ mpaﬁt g ps @%ﬁéﬁ?ﬁﬁnﬁw“ hexene-1
atta(%erﬁgsra&fré 88s gt%?sulrzé SESIE b TR Bobutafd s A€ bad asing a
crosssectional conpositional, thermal or particulate
Zlggladi[\hfth shtahyas thoredvera dwetymm Thedttoude Nnm@gtwa@mamtamed below

R ATt PO S s 350
Thdie @t@?@i‘f’cﬁé’(?dﬂ rg\ﬂnﬁ g@&@t" J&SmeeP afeldi sy4the by teducer on the pump motor

pro uci ng po f nol ecul ar weights' | ess than 50
cdnﬂal $}C$t$n Ggee Q}abkt b)ranti heading@volipgoaighe meterecopBaksistsm and heat

Lcul arl confirnmed to ac
e e S R S A
te)ﬁ%@ﬁmﬁﬁ Q| bl NDrHr T RI18acdr tBRIpERUIra ferdEinah itableas swtlﬂmm/- 0.6%
kDal tons” or greater than 200 kDa (or melt index
artdlet/o 606 fespetivabo vrdiguingithat tqrg avag narsistastablectouling f fhe reactor as

e P AR SRR IRtk
arfRYe dl%QlB(i@é(f/as @&déﬂc@dlbyafﬂeystzﬁb@pﬁmﬁ Powet Peadifige.

invention will now be illustrated by reference to the
fol |l owi ng exarrpl e. Exanple 1 In an el ongated cl osed

| oop tubular reactor havingagdpternal dianmeter of 7
11 mllimetres and a vol urretrlc Capacity of 62 n8,

et hyl ene was copol ynerised with hexene-1 at a

t enp sure of o0 ara I n

i sob ! 3551 g% R lchbaae 09:00:00 5.5days .
amps 32.18 32 -0.6%
solids, wi% 44.5 445 o

This provides evidence of heat transfer coefficient stability and pump power

stability at low Froude numbers.
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Ziegler-Natta catal yst to produce a copolynmer The
Froude Nunber was nai ntai ned below 10 for a period of
W@ R06ms07s1 Wi th a essentially constant solids POHAGB2@S/004484
of about 44.5 wt % The reactor circulation punp power
as neasured by the anp transducer on the punp notor
control system (see Table 1) and readi ngs of voltage
at the notor control system and heat transfer
1? ficient as neasured by nonitoring cool ant water
w and cool ant water tenperature change conpared to
reactor tenperature renai ned stable to within +/- 0.6%"

- 0.6% t
Lo, dAPERTREFEPOUTE R iing f ddis ok 2 olcHlofier optionally
to?éthéﬂvﬂﬂlﬁ’ aR® blefi@l coninodier irh&le\mésleﬁceacﬁf_ 4 ﬂmiymeazzttmn, caaailyist in a diluent
hat fl ow was stabl e and wel | ttj’l ted as V|d1 dh 1 th
totpyoduse asiurky @orpmmngmqu@@é#tﬁ e mr%favlé‘e&alﬂﬁis diltieit Wherein the
Flg){,lg%qu's Y ?Iﬁgl%eg t&e@etlo&lﬁ nsfer coefficient

y "an power stability at |ow Froude
2.nu ﬂbﬁr;ﬁoéasaamHaﬁned%nmlaimeBwhemnpﬂmﬂm@qamnybm ii$ i thg range 2 to 15.

3 3\” lt ﬁggﬁgégétﬁf &amg ﬁﬂgqgg{ ‘glteg:[g \?.f{js:rlnﬁbetéqgm tﬂe rage 3 to 10.
QFL¥ A b&Rk EQQaﬁﬁéﬂrﬁyﬁg oinB ofi i L}JrH@eQﬁn%( Qaii OFH&BInAhe solids

conprising so particul ate ol efin pol ymer and
cdnientlitionafthaieneiimtheHeop reacide isiartherangs 40t aeighi baged on the

or below_ 20. 2. A process as cldinmed in claim1l
tojih ayeaghy of ﬁ?%ht‘%de nunber is in the range 2 to 15. 3.

5 A p r ﬂﬁﬁéées?ﬁs Elafhdeth dng onk %'f @la?m’é\'ﬁ‘ 86 8ivwherif th §)idle concentration
Is I1n the rage A process as cl ai ned

of the aluyryanehenfooph&cmresHdﬁhngartéeeﬁ5ﬁi5%ﬁb§r‘@11ﬁn¥ he solids
concentration f the slurry

t h
67 pe KA B LA RS Rpl b rescor
h&sfh% lﬁlekﬁdman%?etefafnm@ 86 mildinfkadbmed in any one of
clains 1 to 3 wherein the solids concentration of th

7s| ur Ayproeess ke clagoed neelainod whereim therjaterng gianeieris dg Bg? range 600 to

6. A process as clained in any one of the
7%@%’3‘5&% S:cl'ans wherein the | oop reactor has an

81 nt epngbests afelahe®in aﬁiyﬁfnew(ﬂle{l‘:% tédiRg elaiins Wherin total pressure
process as clained in claim®6 erein the internal

dmpa“ﬁ‘eelpol’sethlﬁﬂ@sf‘@ﬂg]@ b to 750 nmillimeters. 8. A
%g?& ];Ho?egts élﬂr‘ Aoy bl e%rfl(?he ére&&ﬁ Eﬁﬁﬁ@%greﬁ{ le¥Bactor size is

pressure rector is less
gichRpthhnFobat..
10. A process as claimed in claim 9 wherein the reactor size is in the range 75-1 50m>.
11. A process as claimed in any one of the preceding claims wherein the reactor length
to internal diameter ratio is less than 400.
12. A process as claimed in claim 11 wherein the ratio is less than 250.
13. A process as claimed in any one of the preceding claims wherein the space time
yield is in the range 0.2-0.35 ton/hour/m’.
14. A process as claimed in any one of the preceding claims wherein the olefin is
ethylene.
15. A process as claimed in claim 14 wherein the comonomer is at least one of butene-

1, pentene-1, or hexane-1.
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9. A process as clained in any one of the preceding

clains wherein the reactor size is greater than 50 n8B.
waewelsg@spcess as clainmed in claim9 wherein tPET/GB2005/004484

reactor size is in the rangg 75-1 50n8. 11. A process

as claimed in any one of the preceding clainms wherein

the reactor length to internal dianmeter ratio is |ess

than 400. 12. A process as clained in claim1l1l wherein
16! he A Bldebssias clmed ihawy SR0of cldmsA4prdsestsereis the dilued is

in any one of the preceding clains wherein the space
isobutapeyi el d is in the range 0.2-0.35 ton/hour/nB. 14. A

process as. clai.ned. | Of it [ I3 i
17 orRPrre RS sPupEn o B Ptais B9 RURAEH! 0O ofdilifpropytene
18¢! aim?fbcbﬁ #8lchiifed 4n Wie68d Of the prezeding olabms wdesdin Hegurticulate

one of butene- 1, ﬁentene-,l, or,hexaFe-.l. 13 16. A
pobes a% withdrapingfiom dhe Fagiey ik eoWMUCPLfaiRion, or 15

wher gi hds in by | i i $in @ catalyst is
1971 i hpEpeb g iR iy pPREMERceife ARG MRRMA Mo cataly
choseaffonZieglepr oypel candystd Snorfaic supssted shisnziumeekide catalysts and

one of the preceding clains wherein the particul ate
me3pllgrgas - e kpRhESawn from the reactor in a continuous

20f ashh gfbcegs s fhifleAGE a8y 88 6F b PRéteding MmO Rehe@din ttlkeloop reactor is
precedi ng clalnms wherein the catal yst is chosen for

ongiof eve br mote/loep cedcidry sosneciaddngetiése supported chrom um
oxi de cat al ysts. and netal ] ocene - type .
213 St T R S PR EorspbRth ERARINERL B e two

“ho 1,8htBsMEALinA dt st BRPvdrtiad se¢tions femanging swt aoprooms es claimed

oop reactors connected in series. 2 1. A loop reactor
inahy ane ofitlpimsolity 2Qibul ar construction conpri sing at

| east two horizontal sections and at |east two

vertical sections for carrying out a process as

claimed in any one of clainms 1 to 20



