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SLURRY PHASE POLYMERI SATI ON PROCESS The present
invention is concerned with olefin polynerisation in
W@ k61056763 suspensi on phase | oop reactors. Sl uPCGBR@SH04487
pol ynerisation of olefins iswell known wherein an
ol efin nmononer and optionally ol efin conononer are
pol ynerised in the presence of a catalyst in a diluent
~in which the solid polymer product is suspended and
transpor t edy; RSy pRYAH: PP ¥ ANSRAGL FIGRIPROLSSY ed to
pol ymeri sat i ) arry is
Ci I qieadr@dni Mveitkon i€ @cha@inddyitls aldfin fojymerdsationin supyivp
or agitator. Liquid full |oop reactors are
suspgnsipe phagel IpoREILOkfown in the art and are descri bed
for i ; : érin an olefin monomer
3, Zg%hgsﬁ JJ& Aﬂg%saﬁ%@ﬁ%lg%ﬂgﬁf@}iﬁ%ﬁ@@ typically, )
ané aptioediyaléfintomenpeerarepelymenisehin tha prsesE- 2metalysy in a diluent
. at _pressures jin the range 1-100, bara. Th at al yst
in i BaROBOPAReE GG o SPIeal 1 GOSHORet ol el i n

pol iRt }rﬁ%ﬁii&pisssﬁgaﬁéﬁlyqjléfa@éa téPolyhElesatidh @k &fopNeidtar where the

or neta cene-type cat'al ysts. The product slurry . .
shenniscisilatdioltyereactortypiclly bymmeans of 2 pHmpoyegiagkd-iquid full loop
reag:zgrgl ¥ igylélgglir nme n%yrrvl%éﬂ ?{]esarggnr%n%%gcrfb%ﬁ for example in U.S. Patent

ntinuously,

Nlﬁﬂﬁérg@ﬂ'sbym?@,aaz,qsmaﬁm,m,m. devi ces such as
ydrocycl ones or settling |legs to mnimse

he o
quarRdlymens$ationds tpicsily lsariodrouhet (§MPSEANYSS rangg0-125°C and at

| .eact ' i :
Pr%sgo F{Hg ﬁf? gr?iége' f’e@é tb%a\?\ggé Eﬁ#lg/rgtsléstfg ?rp% gé Fl%}ﬁ ?e?tﬁl\rygt‘r:t?il)iggllly used for
olSBEHbIY AR ridabreduch @8 Shroiiom dxide, ZxapiqtNattzoarmetallocene-type

horizontal sections. The heat of polynerisation is
cataysits aT]lglpltodﬁﬁ\,Gél@Tjﬂg@m@‘lﬁl%p@]@g{&té@éﬁﬁ%@ anqd I most cases catalyst,

S HATE O TSI R oS ot

optieRRlly W§ifg cohdeiratig 8dvicdsaach achyirocychares va settlingtlegssto minimise
typically in the range 20 to 120 nB the | oop reactors

the fruantity oif Sxedsrwithrawn vtk the gOlymehi s generic type.
Maxi | al EARBG4thicEidn BBMPrising at least two, ,
i ncr ésqé%%g?%g% lsyf%\ggllrltﬁ%lﬁgg)%gr s. & ov(\:/i nn opgr at .lgng )

foe ¥ RaNpIRToEr, Svtical feetibieindfaelvastevay 3 examplaipur, dorizontal sections.

operation of jincreasingly high slurr nd, nonomner.. . .
Tishest A palymspisaion i AR EABTOROSEL usipg i} G Lae with a cooling
i I ' Brt € ficetubelatisabiion loop.
mlgérl%(l[:ﬁrnéﬁge @%ﬁﬁ%{‘?@ﬁk%?‘é‘g?‘ﬁﬁé g%ﬁ?ﬁged for exaa | e 310n ooP
Thyvdlugker themopaeactorean vaty on iptypicaliz e therrangg 20 mnﬁzo m” the loop

circulation punps as ill rated.by EP 432555 and EP
ropgotiGRS the RESPHAPUSERR et IS B e G W En

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 increased velocity and head
requirement has led to increasing energy consumption as slurry concentrations increase.
Despite increased operating experience the volume of individual polymerisation reactors

has also needed to be increased to accommodate the desired production capacity.
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requi renent has led to increasing energy consunption

as slurry concentrations increase. Despite increased
Wop@casi7eg) experi ence the vol unme of indivi dual PCT/GB2005/004487

pol yneri sation reactors has gl so needed to be

i ncreased to accommopdat e the desired production

capacity. Constructi on and conm ssi oni ng of new

conmmercial plants is very expensive and therefore new

desi gns seek to achieyv n j: | e- i Dot d theref
copsifg g gRoPLtsRnGY hy iU AN PACR Frb Byxdisive and therefore
newidBii By Bekk S adllevd dhysegaiasisscale-upniarcapadity whilst kbanging parameters
Typically reactor |oop vol une ﬁl’z been .i reailgrgeactor

uni t.
thab presefd imHgimag sk te the sucesssiuh opgalion et thgPewait of YN

loo%;\ioﬁv & hg)sybée%xﬁéér@gseh ra%ﬁ%%%é%%%hmﬂ&lgtﬁ’&?&ﬁ@tﬁn@’ﬂéh&tﬁf loops or

ai ni'ng react nternal diameter at .
evalBtliniddy (6O exiniihg lovet ergsiheowhiist meintafiieg ithrreaetseloon internal

ti I | bV | : | h .
o o D e OG0B R R oo
incg%a\?gllgslgxg%tg B £ Fixb@APnRAGIS4s S0 SteAREy indidsinBebsilGle&and even

unption). Increasing the dianeter of
spevifisjRop plessralimps et bersfare ppwer eensempéias)-or vol une

has _been,seen as qi vi reat | e- 5
e cons GP iy P EE PR o lad o yotume has

bebil S¥n Ia§§iv*?§§ Breafes Q&1 B disMiiiah tBanescidtedWath increasing length. The
mai nt enance of good thermal, conpositional and

inqreased cblehati leteniassaciased with sercertreoves maipenacs of geed thegpal
W t hqut ~excessi yvely, increasi _dabi : ivel
oSt 5 S BIEEy BA S0 HERI RA68 it wiout xcessivly
indE QR devRilerdde (Elecipalipimietaitypand asspciated puiesyutdrop/power in the
cross-sectional distribution could lead to creased

i
polyaudrisation loopu deelequate crosasegtionakgistribytor éalﬂﬂg?a;ﬂr{‘s focreased

roducti vi nd it it LOR .
rolfi e oy B R0 TRARAR bolile 0L Ry, SBaBIRISncly.
i nt gp Rakitdharsters &t oppichllyhiesigned aml tasppctesd 6t a équstant internal

exanpl e where fittings, such as the cirgulatio upps .
diathoiebaround terantr oD PiseBidPT SFATSHIEWHSHS HHingRtEh 25 {Heirculation

pq%ﬁ{e;g&i%{éage 4 gﬁ?e&élﬁg%a%gﬁ{rio? sﬁ@ﬂ%li) Qi fier £ aSPEeifid T&SalotvBt abarticular

n-an exp on t varying the internal
reshoR B¢ WoRld\esr Hean amxapqitaiontibatwarying e iategnal diameter between

fopaaslo thecrer e ani et secips L iooy 10 KRRy Ram Y We bave

fo%&ﬁxa{ﬁ‘n?si@rn%f‘ﬁ{%tcaisé‘.venti on there is provided a process
conprising polynmerising an ol efin nononer optionally

t ogdhhecordande with thegfresent brvemtgoretheteris phevi prpeessgomyprising -

pol ymeri sati n cat al ent
(&

st .in di | .in _a,loo d
PAAHNRIES RS AHP _léén%’%om%ﬁ’ﬁm lﬁ'otpg?tg?ﬁ \g}thgg&lel gln‘gongn %get? in the
pre&dsd offa ﬁ@lryhie Rhti HECHAIORSn b AilRERFHEQoGh Fabof Which comprises at least
conprising“solid particulate ol efin pol ymer and the )
2 Hotiaoandl sedtions and ahleagt2ocetiécah seetions forpradicensiurTy gomprising solid

B2 00 b SOEHRER A SRFEH o 200
the length of the vertical sections of the reactor loop is less than 85% of the Froude number
in at least 20% of the length of the horizontal sections of the loop.

Advantages of the invention are that the residence time of a given length of reactor
is increased while simultaneously minimising any increase in risk of reactor fouling. The
invention enables design and operation of vertical slurry loop reactors with reduced total

and specific energy consumption.
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in at least 20%of the Iength of the horizontal
sections of the | oop. Advantages of the invention are

WO b@b/05¢163 r esi dence tinme of a given length of PERGBI05/004487
is increased while simultanegusly mninsing any
increase in risk of reactor fouling. The invention
enabl es design and operation of vertical slurry |oop
reactors with reduced total and specific energy

CoNgIPhLLQRioheRitds Ay 8 Mdthéd &R @patatisofon cd)\fﬁﬁhmds polymerization of
apparatus for continuous pol ynerization

oqums;‘ me&mbyy alpbmmoverdclgnsdnianigrtical loperted Bl u?aé ﬁ%%‘%?f‘%tb"n zove.

The 6)?#}'112@ d%g? inilggsg ?@e 2%1 TJﬁ?ac?eltdg\gAtgm (ef atélZst C1211ta6111ydrc%carbon
dﬂhéhta T o a@N poliyhneeint to fOna aghmoyref {aljd muwetmps»

su$p% Lég‘gmggéj;%m%fgﬁft?&fgﬁgg%c u{“e’a‘i Pﬁg}}{m rlfﬁﬁe ﬁlventlon is related
to rggclggﬁu 1'3{ Here tllléjlg oufy n_Eﬁ‘lel” vhded #b@iEMe 162 Process

roude ‘nunber varies around the | oop The
Fr oufde Froiheiunhiserds alidimersionidse parapetearindieativerafitbebalorce between

RSN A T e e
me%aﬁln%tdf Yie %ﬁ%ﬁ#ﬁ% ﬁtmstf&eerPéE@ B W ipeanall BonPpaticles cbmpared to the

m particles conpared to the flujd
ﬂd;@v\Ebwvmalrm offthe Froulle ounidenindisefe sieageraratidevptrlative to fluid-

ticl | |
A S RSP L i e 0
velt gts;%f Yhe s?utrr:f‘eg i‘é%@gﬂaVMaﬁHnal BéhsEdnk sy the%ple&ﬁt:l”geawty of the solid

itational constant, s is the specific gravity
andi®issthé plj)eahnind:lelr 'Ehe mcﬁiqﬁamyaﬁ@ﬂlg solithRolypicE V\fhlgh 1s the ratio of

B el e RO AP SRS et o
d ?&g@ pelglﬁe? SRS ados%ﬂauy &le\flflatilﬁed de@anmediapady prier to any

I'ng substanti al lf/ devol atilised and
extnmmdlaamayurpdusingmﬁtm@/ KXk 1834 on as nmeasured using

183 T.h
t he hﬁ%&ré&oc%%PmP er Q}gar‘t F £ gg foiih}]ele\?d;i‘tzgaé %gcr{?o% of the
1eh@8PlobP i RESthhR as%s&%@irrddae nlﬁmbaﬂlm ammsem%mfahe lengtht of the

20% of "the I ength of the horizontal sections of the
hdrl:zoptaTh@tlan%@ l@mmoude nunber inthe |oop will

P &1 BNk R b 860 Fhe Bbp ARl b sEALLYT B mB TR Sat or below

e range 15 to 2,
20“?616&4@[1@1@&1&1&& Yarigé mhe 1r1aa@mb1;@m the Bangeyipi toél, mpre preferably in the
the sl urry polynerisation process of polyethylene, the
raggeit® {0 3-n the reactor will conprise the particul ate

2o T R S5 PISRAE Sheppmnatd a0
reh &BE Wil cadpiide the particnlate polymer, the hydrocarbon diluent(s), (co)
monomer(s), catalyst, chain terminators such as hydrogen and other reactor additives. In
particular the slurry will comprise 20-75, preferably 30-70 weight percent based on the
total weight of the slurry of particulate polymer and 80-25, preferably 70-30 weight
percent based on the total weight of the slurry of suspending fluid, where the suspending
medium is the sum of all the fluid components in the reactor and will comprise the diluent,

olefin monomer and any additives; the diluent can be an inert diluent or it can be a reactive

diluent in particular a liquid olefin monomer where the principal diluent is an inert diluent
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particular the slurry will conprise 20-75, preferably
30-70 wei ght percent based on the total weight of the
wakwege76d particul ate pol ymer and 80- 25, prefRCHGBI005/004487
70- 30 wei ght percent based op the total weight of the
slurry of suspending fluid, where the suspending
mediumis the sumof all the fluid conponents in the

reactor and will conprise the diluent, olefin nononer
any additi he dil.u

an es: .ue j j ;
theghetin mpagpin il SBisalty Semarircanp PPl Senfprbtior e
Sl\-llg#’efl n nmonomer where the principal diluent is an inert
luentthe ol efin nmonomer will typically. co

2.2 The lpcpl?edseqoamryranion an theisiprey 9ethe spetaspvifl ﬁ@r{g#lbf‘%ﬂbove 20

e ,solids .concentral | b '

ol A e PSR S SRk vy 255

voldfhewgwiiRe Yolubrvsex Foqhlesokiind 6f thelsitrey Yivolpmef efitbdbyspending
25-35 volune % where vaolune %is [(total volume of the ...

medimn);‘](yotab‘mlme of therlurg ) BE0g; Th ol CRACPRIFBHOR MEASf e welght
aor_the r. . ) i . o

re i FAENERo TRR Sk s GRR el econtin

to e PdWmest preducel buemper peticdgdy aédordivg tythecitloel ysgd  Where the

po]glgleqr ggol ng%@%o?% X gnq%tgg Elﬁggrggstf L g%::, %)5 %%%rg{)gigg&utane itis
preff 2 O%cﬁt{hg‘y e 161 ANk Bfrfioh Y8 Movie 08ReightTATer &:6ims1¥ dfhle@ange 40-

ne it 1s preferred that the solids

‘60CsBfertily 45%055 iweighbbybased ondhgletal seight CELARIWEY4 n t he

range 40- 60, prefer 45% 55 ight .9 t
ot 3 is agrepgRureRe ity pisentonybtig i (hOERGH of hlsffry phase
po G SSERhbleN¥RRIrhRY 16WEoRRaAibepdebldshBe fdautor Yo be run at
ase polymerisatfon at variable, preferably |ow

higﬁsfmqﬁge lclmdiﬂ(?a u@spmfm@ld@?lhddém?lé@cfﬁhﬂ Pregenb EVieBHOES PTGRCSS

sol.l ds ading. A preferred e ' . .

compae e resieitlooh s AREAH FERyRE: i PReaP el tene

op&iQﬁeﬂly" 526ther with af LRIt JMUHORRS in the pResehecol Bipolymerisation catalyst
et hyl’ene, optionally together with an ol efin copongner

in b, parowlaUE obUBnpdD piedcs ASTEFY CHREISEE SqlKl BRrticulate olefin

i | uent,, ticularly..i 0
R e
veflidal 8t oWNST @ik Redch 166PIsdesshiarb®5%iof that Foads huidbes infat least 20%

the length of the vertjcal sections of the reactor
of throlength afdkshenizontad sestions ohBeAPIRIde nunber in at | east

20%pf. L Qgelnlé gr{é/%bttforf){s é%%%f) n‘?§ LARRA ?ht 985k OMifmRter kR tors than are

| oop . i nv IS preferably carried out
poggzrgﬂ):hgﬂg Fﬁbrd?f/[&hgfy lg??éﬂfaimhﬁm e pis neastars basing pverage
intenual digmsoess e S B RERe Ll AR e g oyt dggor SR8 bEmeen 600
AR 88,2 B0 08 et i et
thitHigh slirgdsacdmaeions attralativelyewtcironlation veloeibies ppd/or relatively high
reactor loop diameters can be achieved. A further embodiment of the present invention is a
process comprising polymerising in a loop reactor an olefin monomer optionally together
with an olefin comonomer in the presence of a polymerisation catalyst in a diluent to
produce a slurry comprising solid particulate olefin polymer and :che diluent wherein the
Froude number in at least 20% of the length of the vertical sections of the reactor loop is

less than 85% of the Froude number in at least 20% of the length of the horizontal sections
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that high slurry concentrations at relatively |ow
circulation velocities and/or relatively high reactor

WO owp/0skizedret ers can be achieved. A further enbpdi/GBRG05/004487
of the present invention is & process conprising
polymerising in a loop reactor an ol efin nmonomer
optionally together with an ol efin conononer in the
prezence ofI a poI yrreri sati on catalyst in a diluent to

uce s urr i

ot s OHE R =¥k SR Bfbtirfh RALEL fuh BeraRbeb0n750

mlﬁtméte@st 20% of the I engt h of the vertical secti ons of
the reactor |loop is less than 85% of the Fr

i n dihelaxergge ;_xg%né]c dipmeterseithe Vericplsscons %?F’Fg e same greater or
lesy ?l‘fa%‘)h 39k P%?ez{t&oclﬂaﬁ a%@&g@YrﬁéﬁGFdlbﬂﬂe&E Bathedioireh@l sections.

reac e range 600-750 m|lineters.
Typlvallpver lagizontl ecatiahs wiilh hueearsawtageheteu@ﬂ diamgter in the range 500-

sect.jons can be the sane
08 allunge b e 1 A aseb 0 e pag BT R ot Gy el gpetions will
tyftally e %'a%&%gél intS9Gt digMSter Txmleqakgeyéaoh@)m i cxaniphd 650-750
secti ons wi | ave an average internal djaneter in the

millametees50be axm@gennmmatehare@elf @freaéh aﬁ&eélqrﬁomﬁbsqcaﬁ@%and Feach of

the? g%pt ais?%?qp%n\glgxll kﬁﬁgr SR qe ﬁ%r A ;_[‘Iflg d’[lté&l%% Hl%%teWchlll remain the
safn@ 09 9a§ oD sin Erho@ii@ﬁﬁl &r Welpfical S€ctivn| prefihtslg st refifagns the same.
averageé internal dianeter of each of the horj t al
Thsauvisantemal Gaviieot vy Fesons 40 P R4hB pate 5-50 1
oo 9 el oL CREL ol BUBLEF 0P8 BB sction.

s eCtV&ﬁcal%ﬁflﬁ)h%bﬂltﬁl $Hallftﬁﬁ‘ﬂtdﬂ8to niensabsantibly vavterahged
internal dianeter of the vert.i cal ff‘?tlg s can

subsjaggilyrhorizentabisspectivsly which forexamplg wil @%g@?ag%"t tgpn 10 degfees
an,th
e BERLRE SYREAE SRR S Bl el gR0 i horizonal
reg‘@aﬁvaylbst antially vertical and substanti all y
hori zontal respectiyvely i ch

Q1 a1 P A ICH S O IS LA TROgr i BPBRAbnd the
reﬂa%%l?esﬁ{ooﬁl{ ?Qﬁltetﬂﬂleg§gf6§trédcﬁoﬂ ‘§§f§té1ﬁ%|t Ry ISR dufficient to (i)

espectiv he” pol ynmerisation mixture
méintash therpolimer ideiispeadioatin the)shirsy puch@Bdo aradntaia acheptable cross-

relatively spooth dl ess.| oop reaction system at
segtiQnad CW"*B‘E?“E‘P%%“‘%@W Jf?a@mg gradi ?T)Spmal ntain t h)é

POl iRk b&nSoaRE ﬁlsa't QBticAl debifor oféattddNbogs thiy b®operated with

mai ntal n accept abl crosssecti onal concentration and

Freodé tambaradi the @nmiiil eertions pf thh aeackudhatfase signifigantly lower than the
mYm?{n}g]}ng%lgmgf m}ﬁ.ﬁzprslzc?rﬁa as%}ét?c{})él O%Eaixftga Sﬁ?ﬁ’ég geeacﬁ)tr %ﬂeratlons.

- WhARCthE ndnidHtun tPanSfed Btd‘cbé%&ﬁttﬂlé/{n!pewlll dﬂpamdlés&emune ol fluid is

required I n the horizontal sections to nainta
clealyi sag)ﬂuﬁcarﬁbctteduchperthls icasesit has been found that acceptable heat transfer and

heat transfer coefficients may still be maintained without affecting plant reliability.

The Froude number in the vertical sections is preferably maintained at between
15% and 85 % of the minimum Froude number used in the horizontal sections. The
Froude number in the vertical sections with upward circulation is preferably maintained at
between 30% and 85% of the minimum Froude number used in the horizontal sections.
Much lower relative Froude numbers are possible in the vertical sections with downward

circulation. The Froude number in the vertical sections with downward circulation is
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Wi | st the nonentum transfer process to the pipe wall
of particles relative to fluid is clearly

W@ k@niosd7eant |y reduced in this case it has beePCT/oB2@S/004487
that acceptabl e heat transferg and heat transfer
coefficients may still be maintained w thout affecting
plant reliability. The Froude nunber in the verti cal
sections is preferably maintained at between 15% and

pr E}%L,Sraf{i’ % 15%?ne'&'z{ﬂ‘b@%%@ Eﬁg»@&@mﬁ@%@mﬁnmwmu« number used in
for nt Sections e Froude nunber in the vertical

theslm?rtzloﬁtasswubhs upward circulation is preferably

mai nt ai ned_ at. bet n.30%.an % Qf th :
ol enmaRBelOL T 1 IRYRItHD fhegpas nunge i the Hfzoptal sections of
thd 1%? tlihEodiswud %&?d'mﬁﬁf?tes@&l@alpﬂﬁ ;snd:st prelféiabllydess than 10 and

ver sections W th downward circul ati on.
thd:qude nunmbbxen thewarhical\seetians a meistaineshbelapvi2?, Hﬁfﬁfﬁh‘é’ dess than 10,

circ n,i spreferably maintai ned at between 15% and
mogh g ?rat’]ﬁg’em%Srmm Froude nunber used in the

hor ifg Qfiréferr@ einbofisnent bf hieenesrtioditeRioudé niunber in at least 20% of
i nvention the Froude nunber in the horizontal, sectij.ons

thefengtheof|thopertisalsagtiangioh he Tsarteniogn Wil daveywydpicpiation 1s
meﬁﬁﬁbrgg%t hes§ ﬁgn%%@f §F t%? Yo stﬁnﬁtl@?re]sgnﬁl di fh& ﬂl_')‘%’ HEl@e length of

ver sec ions mai nt al ned bel ow
th@Pertipsleteiank of thedosp tthupithrd obstlatioref er abl y bel ow .

e A alemeLye 3 PodemRRb Pt B8 TYDHGR AL BFStEb EIHE IR of the
veft?c%ﬁ LR ?g? Iﬁ% %@ g?gcftﬁ @;% ]ﬁéa\%qigé i gl?al g@%‘-‘é@d’t%nﬁl 4o hAehR3% greater

t he Froude nunber
thid &féezn’geSt finteinal e@ss-s@fivnafar¢that ervgtsatddast Heo\odithe leagth of the
sections of the loop with upward circulation. In an
hogizpatahgactiges ®Went of the invention at |east 20%

of the 4,606t Qn@édntngﬁﬁ yaht iRRhtiSeHe RBSdAuh bt ih atlehf20% of the

| oop have an i nternal cross-sectional area at |east 5%
leggth af eie \telnmml seiohapftetredantrdpog withrdoyarvned tirewatiomjsgpaintained

at %f c ov5 8 S¢ &&ﬂrg ﬁ tlafrglg/é}){ %E?stgggm al% ﬂe%g{?(%’t ﬁg}e length of the vertical

filiNgowatMefti@hos ne Froude number in at
5 east f%o??hﬂgﬁp l ength of the vertical sections

of
t he Prefridy tlhedmcplzwmt sentignaeensist of oo mare grni20% of the reactor length

Rt o mogsen 3% ke ekl ST he ver ti cal
sect jy ?ia‘%'irﬂéulﬁﬂ'@nb&ﬁﬁxeﬂt hb dupna flbwiigl setiiemis sized to maximise

. Prefe the horizontal sections consist of _no E%.re in thi
reacnanvcﬂom@ndtch@lyrs‘ep@dwm@n gven thauplvthedsat ranstrr opdicient n this

209 of th Lar -
B

dmiﬂi%wmgvertlcal sections can even be less than the minimum settling velocity of

the particles in the reactor. In a preferred embodiment the Froude number in the
downward flowing vertical sections is maintained at between 1 and 5, preferably between 1
and 3. Although the total reactor length in this case may be higher than would otherwise
be needed from purely heat transfer considerations, it has been found that this design
methodology leads to a new optimum design point that balances catalyst productivity and
pump power.

As reactor diameter for a fixed reactor volume increases so the available heat

transfer area decreases. A further advantage of this invention is that it has been found that
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reactor volume and catal yst productivity, even though

the heat transfer coefficient in this case may not be
wa@sgookiogdtemns nornmal |y expected. In this case theCT/GB2005/004487

circulation rate in the dowmward fl ow ng verti cal

sections can even be less than the mninmumsettling -

velocity of the particles in the reactor. In a :

preferred enbodi nent the Froude nunber in the downward

.flowi ng vertical secti ' i i .
i OBy 356 | B8RS TS LT R A A RR Ay ow
cirEw?Qﬁéfofelb@igé, has bigc%lhlﬂfléh @eﬂsﬁtimfd!ecb@sh 'sctgtueurdd%'eh heatwembigr coefficient
ot herwi se be needed _from pur e e ansfer ... . :
(albothet Bingstheingscquph)- dten Rsploy gl ﬁﬂe giilaétc{"taﬂ‘iageso%f@’dﬁn"emmn any
i _ . . . b
A AT 0 RO g o

tinieepiekddimidédy kit ereahthatlofiex eatalystuesiduals chu e athieveddbagin an
so the avail abl e t@at.transf r.area decreases. A

eqpiypleRbieagiay desnsd BIPIHHAL st on | s that it has
beery ﬁ%‘%@n?@@dﬁlm 2dt4is ¥%n B AEE PAE P ddperftédatipecific pressure
tolerated 1 n large gl aneter reacfors at relatively | ow

drep bethlpat imin reaeton dirgtleand pes nwiss ofibelyimen apdtaselipressyre drop for the

decrease so top daes heat. t sfer coeffi.cient . .
o R Ren 0 68 S S AR RO Pl hi
in@éi’x‘t’i@ﬁfp_@ﬂﬁﬁs faftaltl&ps%rbﬁ\a&n&ﬂogm ofRRYs thaad{3War,dgsically Jess than 1 bar,

nore fikely to bé 'heat transfer limted than catal yst

prefentliciess/ihay Ocibas greencfor pekymer pragdurtien rases ofiahpee Ao Lgn above 45
that | ower catal yst, residuals ¢ Iev s

oS oL i it Positls 5t TRy SRE SR g dle MR i o loop

préferdb@PoR 88 of MURChdriiahtal S@tions sthesdicdnebedesateden tiarmime horizontal
operdated at specific pressure drop both per unit .

sectecacerom didigramb sephign drhepyap @fpws}ﬁ@g,beéﬁ {hg samyq diameter or larger
pressut.e drop f.or Y . .

or i i B Beoly G Bftne Sl AR o Plerhl i@t th secion

ofdhd readtol Svhiefe B8 gh@l@ RPufips ard lotated | fdp prefasblerte edipbyysa single
of less than 1.3bar, typically less than 1 b

r,
- puprednst bk 3/ featie of e presepbiay crtipghaldrapETR TS for number and power of

p%?}% :1%'38 :aglél%tllg ﬁ}aglrfgla cgl\(/grﬁ%&al Gifelssabove 45 tonnes per

POSS oy one punp or pore than 3
one Redorisizetibeydiadly qveet@manl parteulaneven S0mdfer example 75-150m

"~ horizontal sections ; ,these can be |ocated on the sane

prafsFably iy the rarget i09nl29m on di fferent sections. The punp’
o ifi $ecllb bles 1
pﬁ@fv&ﬁ%?@e&&e gﬁpg‘?’g@fﬁdﬁlﬁ%& {n @k veAicdBSectbns enables larger

snal I'e I pre the sane di aneter as
retidter diatnetenato toH comsideredaihdiehablsersation volumesefor example of greater

wher e st h unp o pu are located., It is prefer
npr 07511 e ol Hh s SR 1 £ esenioga] hanp el fss than
500, @ge?é}%?l'yflé!%ft%hé’@od RitlexfBA14I 1EQTRIH 350, ORedU¢HBR in AAA6tor length to

power of “punp(s) Is less onerous than for conventional
averagedstsaml dimétdaaiie orinisiises dospoyipionall grgdignie arameh thyreaction loop
an%aern% lcc:alsJ lplgordugt\{grrl ra gsrrg g%atgrxtﬁaq? 5? te?l?r_ f%? %mple greater than 40te/hr per
reactor to be achieved with only a single point of reagent introduction around the reaction
loop. Alternatively it is possible to have multiple inlets into the loop reactor for reactants
(e.g. olefins), catalyst, or other additives.

In a preferred embodiment of the invention the loop is designed so that the Froude

number in any vertical section of the loop within 5 pipe diameters, preferably 10, most

preferably 15 pipe diameters upstream of a horizontal section of the lpop is maintained at
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preferably in the range 100-125n8 The ability to

operate at | ow Froude nunbers in the vertical sections
wer@bloss6d ar ger reactor dianmeters to be consi deCEAB2aE/004487

enabl es reactor volunes, for gexanple of greater than

80 nB to be built wiU reactor Iength to average

internal dianmeter ratios of |ess than 500, preferably

| ess than 300 for exanple | ess than 250. Reduction in
no'1&REh 90% "kﬁ’eféri&%' A¥EKtA06%4, b SieFabudb afBbetin thait horizontal section

m ni m ses conposi tional radi ents around the_ reactio
of pipep Thiris ém ahsuee thet a@mq? bas teaghed a@prcam@aiebf thesame andmons as

in 8 R oL RPR RERT S HERRARE REBE ont © *°

' nt mﬂq&édsﬁﬁ aHisloned inhhe twads sufficleodip. maintasn thet iegaion system
possible to have nultiple inlets into the

‘llq@d@]éll eft]@)q— d@%%fe@gf@s g e. mogpplﬁgs) andég]lag} gqnna{ﬂr% substantially
in a%w\’ghc{ Hﬁ)\ﬁ%? %ﬂas?ur ﬁgeﬁ LiEokrREhP 108 'HaraOfpréfBﬁbly between 30

esi gned so that the Froude
to 50 HaRY Ih mtligimme\mﬂymelaiatlsa ¢hd ethylefie paréial prepsui istnest 9iten chosen

d fe f
5 Bkl M ageFsshiy (T 0P PSR ahoeer ooy HpA-FABEs MPa

, T}%S(E‘)lﬁ}?éﬁ#ﬁé%%‘ijﬁg@ e lsE3Sthh\RiBsARGAIPIESEHS %Wrﬁél%éduced is

e nunber in that horizontal sectio
es@efntlplljo e) infhorstacky tand aum—aggomhmtlvc lselid p@ntlgu]@gps or@@@ﬁég) insoluble

1n2]ggé1 n&tlpeog%lymlé? n%gt%?‘zﬁgrla ¢ 08 e%?g gléhﬁ}lcﬁ%drﬁsgrpaﬁl!\ent chosen
anB&ﬁé?&lPﬁe?HHh@X;%’ddc@dt fifethpleRe {)@lyﬁl@hﬁaﬂdn&ﬁ is ge(nerally below 130C,

mal n n the reaction system' d ful Pi
typlichllebetwaen 50 end 4256, greleea lﬁbﬁ@wgn 75 and 145G Eor example in ethylene

A b AL S Bt by e
raﬁgé YR80 baf, {He Iy1BAd Partislpredstipd ie pRefp@blyniarthe mﬂge 9.2-BeiPa and the

hyl ene parti al pressure is_nost often chosen .f ”ﬂ b
pdlyrherietion traperpiueé érlablnq/raﬂ%?é@léctBhﬁzsmﬁ%ﬁW%ld which 15

ticularl 0,4
prbfof dofiar oLl ot 8F ep iy it PR Rt the present
inPEHIONES iPfHe a0, 1. ep@eaaablglowom)tom/homm tac ky and

non- aggl onerative soli1d particul ate fotiuranand (t ¢ tons
| nsoThﬂ)P@Cﬁﬂh" a@ﬁ@rdmg feahe Invepon iR q thy Prghyration’ of compostion:

’1%%2’ elpﬁ(ﬂ &%?etﬁ%eﬁ%g)ﬂrgé@%ﬂ-ﬁ Md%ﬁﬁge G @2 8humber of

olBﬁh hBﬁbL;ﬁﬁj‘rmem aintl/dr®ng ene hambyr dsfeiopmlyh&@i: The;momai hgeording to
bet ween 50 and 125C,. pref erabl y bet V\%ﬁe%% and Ci olvmers.
the dnveatign Rarfieilatly syigsddo ton prmifaciurg X}eﬁl%%‘mrgﬂ% ene poly

E@xlyL gg r@é%(])l F}ft{yﬁiﬁ%ﬁ%%o@ﬁg%@%{gﬁghi‘ Lolefi® ih @QRrikBle amount which can

ara, the ethyl ene
repéed ll%lbymﬁghn,l peefermblyr ﬁedim 10ctbtoy6 % rbytvlvmghtaﬁg@x@mplez@mamlmately 1%
and, the pol ynerisation tenperature is in the range
byyweight.5C The space tine yield which is production

rat el 4 a@ )‘rﬂ}f}f ﬂ@fin %nbnﬁfs dDeRIN A 8¥edVial suBk rdadtions are one or
the proc e present

more 1-olefins having up to 8 carbon atoms per molecule and no branching nearer the

double bond than the 4-position. Typical examples include ethylene, propylene, butene-1,

pentene-1, and octene-1, and mixtures such as ethylene and butene-1 or ethylene and

hexene-1. Butene-1, pentene-1 and hexene-1 are particularly preferred comonomers for

ethylene copolymerisation.
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invention is in the range 0.1-0.4 preferably 0.2-0.35

ton/hour/m 3. The process according to the invention
wappeiosses o the preparation of conpositions cOPCEGBR0VG/004487

olefin (preferably ethyl ene)gpol ymers which can

conpri se one or a nunber of olefln hono- pol ymer s

and/or one or a nunber of copolynmers. The process

?ﬁcordln? to the invention is particularly suited to

e..man I

Er ng PO S S B P

hydrBeabotiHaslges t@nm; @tefmﬁabw (620 caﬁmnhtcm@/pmynwéclglm such as linear

alkat;rgqgisggr‘(}? g%gr@;él?e;n qé)% pg:e/;%(alyeﬁg@ rgﬁiﬂll%}{e%{q &ge!fdealkanes such as
1so%ﬁﬁ’ﬁ§o§)i§tﬁqg ftélltlle Mo, §50cNE dndl 0,23 WfiRethPRfdja8Sorasyeloalkanes such

I ns aV|ng up to 8 carbon atonms
as cpll@rulage andl cydolmane bi ﬂxglrmelatlms tIngbeieasp|od eggfﬁqunerlzatlon

e g RS B B S P L ymerproduced
(suEh %4 Hgﬁa afl Hzthca%ycﬁbﬂl/ﬂlﬁﬁ@ afd Srolistie m§dibcarbots )yl ®temmrature such
ex utene-1, pentene-1l and hexene-1 are

thaw ar lbast GD%r @yefmabfmtrlwt 0¥ Abihepolmesr fermgd @ﬂesoluble therein.

nerls
Iso, P aeryn grg rslﬂélg ds %@lﬁ%ﬁ’fgﬁéﬁy ﬁg rocar bor}gnerlsatlon

hav ’111’19 oﬁeﬂaﬁné- SondifiehLeanlilyo B suoh Ehat dm’xhommens I(eg pibylene,
nol ecul e, such as |inear al kanes su

propyisweesd o3 ctiasingl averen SR preED OB R AL HoTe AFiedAag called

uch as.j i

bu Iﬁ)lyra?rhsgfﬁg ﬁ%oracggsaers] e’fﬁ@ﬁ @ ceflﬁgt%kggl?rgﬁcbé %Pgéslhﬁﬁ%e?d&t have

be@ﬁlﬁiuﬁ@ ebeulsle &nbe amimﬁdepmdmlytdfemlemla«tmlgbt off suspénsion
case of ethyl ene polynerlégtlon t he di

m@]@lﬁ@ ead Whethsethe swsgq;ps]fogsrg pmyis e or 6%a(cg| g,;\fqulg or supercritical.
er},?quxgr?otm&rig cﬁﬁﬁl&t | RERALE 8 ihb SGEntFor bl‘o‘ﬂ&le‘ﬁe polymerisation.

) cyc c and aronmatic hyd rocarbons)
at Métﬁﬁ(ﬁmi&huleeulauwblghhmguwtlohwskn6‘®ﬂ/dr( fheetreangbnegd a0t be

| east 709 f th
B il VSR SPBRIAT-pRet Srtiposts e CiGull R fenstion
o LA IR G08 gt oy e g v
loﬁétgavlemge maleaar weight. adthemusing gh@mm@ tppg ceggﬂggfénmlﬁ@lerlzatlon
medi um or Il ed
By iER PR PP 50 de e AT U Encent rat | on
' lbl th%ofn'iheY&la ﬂéeﬂl‘é%hlct&i’a\(@p&Wﬁier fs@epatated fhem alid dildentin a

e applied i ndependently of nolecul ar wei ght of
manreparchitbat thedilumt amptwmeoseérto eoRiABINFHENR §P 8h IoREMitieckcle of the

NECTW I e
palli Qe ?&?fﬁfé@ bMHﬁEé& atihgthe potdiods tiefpreleheinvtntiondroglthe diluent

regul ati on are known in the art and need not be
typically can be by any method known in the art for example it can involve either (i) the

use of discontinuous vertical settling legs such that the flow of slurry across the opening
thereof provides a zone where the polymer particles can settle to some extent from the

diluent or (ii) continuous product withdrawal. via a single or multiple withdrawal ports, the

' location of which can be anywhere on the loop reactor but is preferably adjacent to the

downstream end of a horizontal section of the loop. Any continuous withdrawal ports will

typically have an internal diameter in the range 2-25., preferably 4-15, especially 5-10 cm
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described in detail. Wien using Ziegler-Natta,

nmetal |l ocene and tridentate late transition netal type
we a10al05s3, hydrogen is preferably used, a hi gPer/GB2005/0044s7

hydrogen pressure resulting {g a | ower average

nol ecul ar wei ght. Wen using chrom umtype catal ysts,

pol yneri zation tenperature is preferably used to

regul ate nol ecul ar weight. In comrercial plants, the °

ar élilhrkjd éfetdbl

e L N D B A L

hydmaylams"(aimgmmrsm tleescase ofimultiple he@yoeycéomars in n'eral:lpl QFesgties), further

to the pol ion _zone wt
cnlies e SO SRR AG PR i PR gt safy Ygpificant pressure
re EQ&P&@VASJ%h@&lJnhﬁré’é&@%iﬁdlﬁfenfﬁ%v@fd@&ent i nvention
romthe ['uent typical Ii/ can be by any nmet hod known

i n ftimsdeen fomnd et ppthethets cqnqq@ra‘t@n@ptiﬁ]@erm(mpugrh%cceptable

use of .disc ntln Quys vertlc
e o 5SS G Gt A b S g P aPebbe e s
and@oF MRSaRE ﬁzé BRuTRkiBARI thRapdwddr Qﬁtl@mmeseadtdmdobpl Hmmmmpal
extent fromthe diluent or (tl i) continuous

deteitnindntofthe awr@geapagtlﬂg sizeo thgipQwesrds thetrﬁ%ﬁ‘ af “}?o'r“ttge reactor.
the | ocat i luding th
1o Bl 0 g S 5 ARG by 8 s
pafitte §fe @sﬂibﬁltléﬁ) of thke catabist ﬁerd «ofthet teactonahe 1nm':;l and average catalyst
conti nuous w t hdr awal ports will Sz%glc “ﬁ ? ve an & ot
activitye theaiobustagss & hej Gatalyst spppryband Hity of fi5 Rpvey o fragme

%Slprggét%lnl c¥>n tl%gs E/)arﬁ @Jl{: I@ : é@%\yﬁf&ﬁcﬁﬁeé)r&n be used

yner era ydr ocyl ones
on(tbé slghe vmhdr:mﬁ ﬁem:tas eeaxntorriubp topfiuethbryabsistipgdoptrebof the average
parallel or serjes), further enhanc the,recover
oyt an e RoEitls §7° APFIGHBROL BTk P Feactst. {8location of
ik iR d P sichdndUpeddting conditions
th® W WEEBbinPHE MR dhob eI 0iAHA RS aRludApeiting
of igd dorichstratingrdeyice systems pfirably dhelattlpast ahshydragyclone recycle loop,

accept abl e Frqude nu tor 0
B i G
coﬁ&gp&f. 'TE@ abéh éﬁdrﬁcl%'s?z% igl Eﬁéféﬂa@l@tﬁe%eﬁflot)ﬁﬁdﬂgm @ficrons, most
wthin the reactor [oop. The principal determ nant of

préfeeablybetagen PE0 andc1 @O0smicgonst. t he powder is the

resi dence in th act or i .

di st Fi%nt h(a)rﬁwafm{ah\:g @mb Yf,g?ceggﬁteg,e}? 3@1 {1&1&9 gszc?er%essunsed, and
op‘h%ﬁ& 1% ﬁ’ea‘t&? kzﬂgf dAnkrbeudtiRdhlih®! Lprith&§ AHsh tvé$sletT1w15tfﬁ‘am is ‘

t he cat al fed to the reactor, the initial and

prat‘bﬁabdugheart@taﬁqtﬁﬁpmeﬁurl&ﬁ@?ﬁl the robustness of the

cat t and Sus t

fr a%(ﬁll ggrfcf %Ilgég?]imd‘lﬁ g% Ijle%%\ée\{e fn tflggrn‘ﬁ agéstlﬁ \E}éssel are
ty SRl @&&ﬁssah prRSeriiyie rvﬁthtﬁit @@@ﬁ))prmiﬂ)nmd wesed umtlterm)lymerlzatlon

slurT drawn fromthe reactor qul@i)o furt

praessh s%hﬁ? preéﬁmt: pbthegrimary flashvassel is grafeigbly CQHESHS‘EEP Fiable

co?@r ; I éaerle%%lg{ %I{\Jgﬁ%lf%gﬁﬁfl%m}r{éﬁ dﬁ?g%@foggﬁ w&?er) of essentlally

alCoMBe ﬂbékﬂ{'aﬁ@@r peu toenginecdnsreskii, gypicaily suplke pEﬁ:SBllIg 1n sa1d primary
condi tions
flash vessel will be 4-25 for example10-20, preferably 15-17 bara. The solids recovered

from the primary. flash vessel is preferably passed to a secondary flash vessel to remove
residual volatiles. Alternatively the shurry may be passed to a flash vessel of lower pressure
than in the the above mentioned primary vessel such that recompression needed to

condense the recovered diluent. Use of a high pressure flash vessel is preferred.
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of the concentrating device system preferably the at
| east one hydrocycl one recycle | oop, also enables the
W@arobiosd7e3 si ze and particle size distribution BET/GBR05/004487
the reactor to be controlledjj The average particle
size is preferable between 100 and 1500 microns, nost
"preferably between 250 and 1000 microns. The
wi t hdrawn, and preferably concentrated, polymer slurry
The i){rcgc%gsr 5&%1{[1{1? &ffthe Mnﬂgﬁ baﬁf‘@é hedhs "ﬁ&fﬁce Pdshrwhih exhibit specific
roduction Tnto a primary flash vessel. The stream
denﬁtyphe]fl@raﬁgb 9.896a0 6934f(tosr detsisyk Hs230ite £ 946r(medtian density) or
drluent noner vapors recovered in the
| H@rvof@%fr are typically condensed,
pr efﬁfe?ﬁbé/es%&éb?&ihg rt@ﬂféﬁﬁ’sfe@ﬁ%h @ rokvdnt RUSESefin pblyeerisation
pol yneri zati on process. The essure of the primry
cafalyat by stezss; phrticslaglysheseabbsencisrrortas Lisglardyrmeaslysts, in particular

on.with a.readil
th((sggl%{%%(f frﬂaa r‘}%{nér]tr) Zjpporg Ssec%tvlgx y gah% ﬁ)cgﬂ lt%é?&]gpgg tfited silica or
ind@RALE SupPdrid dheordltyh 6£100 BREIHSS a0 frony metaﬂ]olcynestypb catalysts,
pressure in said primary flash vessel wll 4-25 fo Of ¢ of
mesxlrmshe being@ cygloppeatpdisnyl desivativesel aatramrré)nslar‘iaa dn particular o
ttrecovered flromthe primary flash vessel is preferably
lﬂgg@od 75° 1%}1u§1econdary flash vessel to renove residual

vol atéh-Bitifg é)@&iﬂ;ﬂés Niébyglehwpeldataﬂystsmy thecquagzsmds tomprising a
flash vessel | ower press t t he b(%\%el
trapgition sprial Céros%ﬁg)m\%@%r 118, iﬁﬁe {éﬁ% HE&’&P&’B% adle,
m{]ﬁ%%ﬁ%ﬂx i £ Hﬂgg{l‘?@%alﬁgd b$ RYi5ESdnstdedRid corSSurdiwith a compound

pressure vessel 1s preferred The™ process
ofalse:@mcblﬂitgl inetal hed b hulegenaml ampduadutkehalogpy @aupsionally form an

infyza pan o1 raymasRas o EORBTOr o Cenpidh s £
den SM%ya)lloQ%neOtlyﬁé Qatta n?aépoé ﬁbﬁhogﬁfeﬁ 'a&ﬁ’\)atedTWeM{e@ afafimoxane
or nt

acc Is relevant to all olefin

orfhy! anrieniziat agent mdeabxylsatd forsxemple, paP@tthAmll%tlﬂmEBeSOO 944-A1
chosen fr t he ér egler-type catalysts, in particular

(Mg d ogish (hemi¢alYm ti t ani um  zi rconi um or vanadi um and
frony{-bREt '@Bé atAGhth x@txﬁ&st Shdfbieed. AmbROTHeas) ipartioulp @Kirﬁﬂles include
chrom Gm oXi de catal ysts and from netal | ocene- tﬁ

at tetsabyestrasitivet mbtabclmsen ﬁem@oapeuwdb’é%t\é% il yiIB, magnesium and

f t It 0
stk b 6rt, CPOSTTON: RTPTEY i PelYebisiiely 8 10 o 30% by
wé?ﬁﬂ&ﬁ?aﬂsirtﬁﬁf‘l LB pYsTbBbB Rorh 18 16 QW@uyldelgmnpr i si ng a

ansition nmetal chosen fromgroups I11B, |VB,

VI B frbmt 2storfil% bulivightiof balogeny rﬁb@}/&lﬁ%ﬁﬁ@!ﬂ&%ﬁﬁ@f by weight being
ta ned by m xi ng a magnesi um conpound with a
ﬁ’ﬁ und of the transition netal and a hal ogenated

- conpRER.5 TheoRadogephteimadicsiong usyalfyofromalnto 10% by weight,

from 0.1 to 10% by weight of aluminium, generally from 0.5 to 5% by weight,

the balance generally consists of elements arising from the products used for their

'manufacture, such as carbon, hydrogen and oxygen. The transition metal and the halogen

are preferably titanium and chlorine.

Polymerizations, particularly Ziegler catalysed ones, are typically carried out in the
presence of a cocatalyst. It is possible to use any cocatalyst known in the art, especially
compounds comprising at least one aluminium-carbon chemical bond, such as optionally

halogenated organoaluminium compounds, which can comprise oxygen or an element
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integral part of the magnesi um conpound or of the
transition netal conpound. Metall ocene-type catal ysts
woreyehss7aet al | ocenes activated by either an al PODKBRES/004487
or by an ionizing agent as described, for exanple, in
Patent Application EP-500,944-A1 (Mtsui Toatsu
Chem cals). Ziegler-type catalysts are nost preferred
Anmong t hese, particul ar exanples include at | east one
frc g{&%h% I ﬁlé‘%é&i%}dl&ﬁeﬁe d SIRAAHES PhiticBlar b¥BnplVBwanld be
nesi and at east one hal ogen. Good results
ormalohnmnmbmpmmas mfsnalkmpmlmuny such asrtrighylaluggnigy

tnbl;;eqﬁ;l&%flmw gﬁﬁl:}t?%sotgnlésrgg%g%eg ol iRt abl(% b O%Jn Jn?ot{o- ﬁﬁ&) dhalkoxides
su?él?és“tﬁ&hgfa%ﬁﬁ@mﬁ QRRYADonB! &t dlhﬂbgﬁla@édi‘ilkylb&ﬁmnfmch as

0% by wei ght of magnesi um usual Iy fromlto
dldtﬁy/hhmlmngmlpnd%@ik}@alnnmmumowllw apd idgntdriges sUelASni um

@5?21@[“54 %hﬁ‘ﬁ‘% R %%gﬁ%ﬁ fv{ﬁiﬂg? p&ﬂﬁlfs lrinﬁ?ﬁﬁlg lithium such as

Llﬁ'l(@q (A PS Oﬂéﬁﬁ)afdiﬁmhﬁﬁ compauds psspediglly fhd)@dﬂ whschcae hothalogenated,
hydrogen and oxygen. The transit metal and t. ﬁ
artywie guitecaTeicfydslamaniy gD Oy R R petially advantageous

Pol
a(r) eyﬂ‘ﬁ) :hi E‘H@H %gsre?l?cre gdl%éﬂ %?éljefér%g ?% thél ﬁgée & g&ﬁ)%?teg BR®mium oxide

caf@Eh@iNg b titddialcentpitisg hippottofonskamply acoogioalty silick n@cw;xtama
in the art, espeC|aIIy conpo nds coq§r|5|n

SuppRrt o) DAFATIaRY (as BBAC ENORIERI bageheRta H&Ha%\go%}&‘il?eoﬁ | to 5wt
%Qﬂo%%ﬁ&ab?&eﬁﬁﬁﬂﬂ%ﬁ&‘ W"’/ﬁ‘ Bheb! U as\09 ¢4 9F tiromium based on

onpri séroxygen or an ementfrom group | of the
the efeight oﬁthtewbk@mmdommmgmmsm@mppoummpr@mﬁﬁwég2 wt %
ound

Id b |
e T
tfa{uluﬂ'J #e0Y LAY S BiUDEE B Ehrofuh dohBRRNnS RLAKs A MBRIcAtdhium-based

m ni um nono- and di al koxi des such as
catilgst mdyadlaverianspecifie shidxdeceea offham 28Ado d0G a1 &g@%&, oeeferably from

al kyl al um njyns such as diethyl.al u
oG e RS S A L T Dbty fom 2 03
%butylalunlniun1hydr|de and organoalunlnlunlconpounds
nprising lithiumsuch as LiA (C2 Hs

) 4.
Or gaBitiad suppoirtethcbompivoneigalyss @r@dmpalizy subdecied e avinifjab activation

B B SRR T P i Rty

rahB& fdth 300 ¥reh@aestes at ainvsd preferibile 560 It@dS(D degremﬁi ise a
stpported chrom um oxi de cat al yst havi ng

Li t afbesegcint kiopiingrafoishbiused fomaksani-g1gaL Balpmsrs: dThe mult-
meﬂ%}laq?yap]a{] ggtgljé]tgalg!%‘({a o] ;g{f&%’areaﬁgggg %ﬂslgﬁ:l'{t?ﬂ i Yeggfo‘?g efl{eel‘éactor loop

can comprise one or more loop reactors connected in series or in parallel. The reactor loop

may also be preceded or followed by a polymerisation reactor that is not a loop reactor.
In the case of series reactors, the first reactor of the series is supplied with the
catalyst and the cocatalyst, and each subsequent reactor is supplied with, at least, ethylene

and with the slurry arising from the preceding reactor of the series, this mixture comprising

" the catalyst, the cocatalyst and a mixture of the polymers produced in the preceding

reactors of the series. It is optionally possible to supply the second reactor and/or, if

appropriate, at least one of the following reactors with fresh catalyst and/or cocatalyst.
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% chrom um preferably around 1wt % chrom um such as

0.9 wt % chrom um based on the wei ght of the
W@ bwoefsares cont ai ni ng catal yst. The support conpeCT/6820081004487

least 2 Wt % titanium prefeqgbly around 2 to 3 W %

titanium nore preferably around 2.3 wt % titani um

based on the weight of the chrom um contai ning

catal yst. The chrom um based catal yst nay have a

| i atflysd BxdudiGely into the

A e G e v T
fipoeagot y of greater than 2 cc/g preferably from2 to 3

cc/g. Silica, supported chram um catalysts _are . .

Cypi 18489 5358 NRBCPEETS ARPARSIIE it {ULier SR o giss, he polymer
of@ﬁgheeémav ifle YAl B RAYEALS IBWeltanBleindex tan bd Pioduced in two

activation tenperature preferably ranges from 500 to

adgfsentte groeadjaCent nvastersin deseaiss. JHplogangs reanigeigd @b (i) elow (or

The reactor |oop is_preferabl S . "
seiencengaar pory merut gt gAY Reular et component
e.8B38rdgen ?e&bﬁlﬁh@s SR bedWedn0-01 ¥dl pb end e@i) avery High

r eact or 100p Can conprise one or nore l o p reactors
conormitipr én the reantorés) meanufetirangihe dpw mglerWlaavgight oggppuents ¢-g.

Flech b el GEHRERT 03l Ro] Cthe Mo R TR TG raced o

pro@ideQssentially teSsandeolfrhestnelt fatek dn sucedsine sactorss i s
supplied with the catalyst and the cocat{al ist, a tional
eac hParigHaeBsitiviE 4 INSFeas e IEAGHT; dagmGieEs and, psspgigiad cross-sectiona
& ' i i &@BebA € related to production

FHRALEHR, Fhlnl 5 R A B BRI el oo

ofRanbresigs Whereqailphyssf eitheehighoaiah yslecatat veeightaesinghas been
of the polymers produced in.t hg ’gr e‘cagldi r eaﬁt ors olf mers of

kneffen todeadeie mereased TopingFRRCPpS pBadicplady rgren pIRTYFps ROl

m?ﬁeé&l?fojwfe%fst 185s BRGS0 kDaltbnSPRIORE! BhE 15@kDae ahesshceins have

ng reactors wth fresh catal yst and/or L
paticulidy et ddnfiemed fo b¢ acceniurtetier kv polymer selidscpneentréions in the

catal yst _and the cocatal yst exc] usivel) to the fi
reagtqk {08p- Vﬁxf:nt H:F@Sg%}g%p eLs ?ﬁ%‘okf”’iﬂ{ WEIZIIS. e?etba%ﬁ) ('le<b$¢ﬁtons or
gxtre}gl]@?thtawn 206 &PA! RIrSndIDindek bERw ‘@.lh"ﬁn@ ghotEEI0) @4 1@ BRGeter reactors it
[

ex and the polynmer of |owest nelt index can be

hpprimtesedsurprisingly ddpm disnovesed thohfouting tsedecraased whew solifs loadings

t he serijes. ro is maintained,at (i) a low (or
arg é‘i“‘é?asﬁé Fﬂ:@fﬂ% gtoi ‘gﬁ% Halitlﬁﬁfaaxgb%er %@‘Yow‘x’a‘n uf acturi ng

the hi gh nol ecul ar wei ght conponents, e.g. hydrogen

percent ages i ncludi ng between 0-0.1 vol %and at (ii)

a very high concentration in the reactor(s)

manuf acturing the | ow nol ecul ar wei ght conponents e.g.

hydr ogen percent ages between 0.5-2.4 vol % The

reactors can equally be operated to produce

essentially the sane polyner nelt index in successive
reactors.
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Particular sensitivity to increasing reactor dianeters
(and associ ated cross-sectional conpositional, thernal
we@eroopasd7sxul at e gradi ents) has however been toPeEGBR@®E/004487
to production of polynmer resipns where pol ymer of
either high or |ow nol ecul ar wei ght resins has been
known to lead to increased fouling concerns.
Particul arly when produci ng pol ymers of nol ecul ar
cl |ghts | ess than 50 kDaltons or greater than 150 kDa.
8se concerns have particularly been confirmed to be
accentuated at IOM/ponner solids concentrations in

the reactor r.qd
e resciar Loope M Becie R LS D g v
ol%tﬁ'f cofitdrondeR Pthe ?Eééé%@otia Qméﬁ%ﬁ)nft@alyd@ ih @dg@ent in a loop reactor

aneter reacto It has wever surprisingl been
wihiéls conprisesl at leat thmizongil s&pt@e%al@h@é@ﬁsmﬁ aprticg] segsions to produce a

Slllg’{%&c;)lérrl] %r}%%g)h(ng%gtmi i)'ie a;%?y\érgerz dtﬁé dﬂu&%%ﬂe?éih%é Proude

nulfeY T4t SIsPRO%R B f ﬂh@feh@thr@iﬂémém@emsb@fmls on tlieaged:tbekoop is less than
with an ol efin conononer in the esence

85pobftve Froudeingmbeaimutjgest 2A%e0tdhe @@ﬁih qfﬁhf‘ah%%fﬁﬁ?léﬁi‘:ﬁl%’ﬁ of the

] whi ch conprises at |least 2 horizontal sections and at

OPRsast 2 vertical sections to produce a slurry .

2.CONDK bfdcBS @fihied ipatdimcluivateinthe bveragoFtoude namdet ethe loop
di l uent wherein the Froude nunber in at |east 20% of

readter i ngﬁthmﬂ atprbelewiZ0cal sections of the reactor
I oop, i s I 9 e loo
5 p0onaPRaoRE PAERAR Yol 4 bR R Oute b She loop

rehAOMis n?amtémﬁdﬁceﬁ&a@gealmw in claim1 wherein the
average Froude number in th

| oo
4.rai rA Brosess asiclameddn gy 98¢ o claw%, cgg"il én ﬁ}eaF rﬁg%e Plhmber in the
| 30
ve%!l&'l géc%loﬂpgf &k C&{'l% S%F mﬁlgﬁ{aﬁggcd%%@gﬁ éﬂaﬁrjrtbﬁﬁd a@Between
mﬂrmsﬁthasnmimrmﬁoude muybemlsed)m tbd: homnlaltsecmonmer ein

the Froude nu i.n the vert. cal tions
5.1 each OGRS 35 ﬂ%mﬂdn@py One 8% Flaﬁnq whered ’P\@}f roudé RRber in the
v&ﬁéa‘fﬁ@c‘ﬂﬁﬁp ofhd 183788k tok REthaoN AT Eﬁ@iﬂ&ﬁbﬂﬂs ﬁbﬁhtah&ffdﬂcht between 15

orizontal sections. 5. A process as clained in
toazm% of the afinmhwan ﬁmoudarmrmbmcbmrth@ herizongal gectioi¥ber i n

e verti cal ections of th rLeacto -

6 donrbetreees] FRURTHSR 208 oph G R e Proude gramber in the
%%elfat sécnsnms%mferdmeunber used in the

ori zontal sections. 6. A process as clained in

7.0ne Afprodves pr daisttidrig any angof thedrredigelHmpoaherein i Eroude

nuhn%ér er? te,z%/lertlc fsec? %%s Essmg%tarﬁtle%f be%{iv 98' QW 30.

8. A process as claimed in any one of the preceding claims wherein the horizontal
sections of the loop reactor consist of no more than 20% of the total reactor length.

9. © A process as claimed in any one of the preceding claims wherein the total loop
pressure drops by less than 1.3 bar.

10. A process as claimed in any one of the preceding claims wherein the reactor size is
over 50 m’. |

11. A process as claimed in any one of the preceding claims wherein the average

internal diameter of the loop reactor is over 300 millimeters.
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7. A process as clained in any one of the preceding
cl ai rs wherein the Froude nunber in the vertica
W@ ewbiosd163 i S mai nt ai ned bel ow 20. 8. A pr ocessPE@EGB2005/004487
clainmed in any one of the prggeding clains wherein the
hori zontal sections of the | oop reactor consist of no
nore than 20% of the total reactor length. 9. A
process as clainmed in any one of the preceding clains
12, Wh € r& ?Bbc%%eas ifed 12 ORiMNE P Sin WORZriRE 1ht%§1¥al tdhanetdr oF the loop
rocess as clainmed 1n any one of the
rezmtmemlhg ra:dwé@@ tof760 enitlithétersr eact or si ze i s over 50

13p re c‘% @T(WQS ?t}e}gisegﬁé Fugqlz arln{rﬁ thlg‘?)ée%gé@g r(‘:ﬁqngs H&g}ré(re%n the 1iatio of the

re&ftor 1Bfgth Q@ﬂlera%@&tgg 'intbﬁlapéﬁ%meﬁa@%f Md lbbpBatos islss than 500
process as claimed in claim1l wherein the average.

prefer@ﬂjnhbs‘dhaaﬁé@er of the loop reactor is in the range

750 : ¢
any %oporpa ﬂ%Oflpq, %(H’lglal]ua&S %bgﬁlﬁg %r%?tzci)rﬁéqrﬁé 12% G l'eQ%t two
hor¥BntaBaetifhs dring dust fvd Fetisal geams iwHeedin dle idieana tcevsséctional

the |l oop reactor is less than 500 preferably |ess than,
arg50f at lepst 20% o8 ther vartead seqions iahleashohareaiah %Fhe largest internal

cré%g?%tzq%% %r%g tha{t) n‘&%rg asthOIVe?Iﬁfr:x ?1 z&ﬁél' oA

eas WO ver sect1 ons erein

1% he Andsy eadto£isnd sinsicinicliial lﬁwhaeMthaavéremmt@ﬁ%dmmeter of the

the vertical sections is at | east 5%qgreater than
vertiga sestionsiseit hgst ThdEeAleBIn BieAVeHEs il Sepistit Of ¢ horizontal

lﬁ&?st 20% of the horizontal sections. 15. A |oop

sec

reactor as clainmed in claim 14 wherein the average

16.nt eAnedp actorbRd caftituoes tbuidr canstsetion owmpnsngtat legstgwo
t he average internal, di.a

0,
cg'é:ogég ?écggnégrg{l atdepst twe ve cgl&gﬁthnéa’g]}ea?m 4 %verage 1npemal diameter
ofctﬁg hOVSallsebit R is S Y084 g&gﬁe’r %nocﬁméﬁgé‘ﬁte@ﬁal' (ﬁﬁﬁéter of the
two horizontal sections l east two vertical
hc&mohtad)mtmher ein the average internal dianmeter of

vertical sectjon 00/ eater th
hyer AdBoR freeton i CBIREPATaiBY 1§ HAHBTS et SRgppfameter ofthe
hokfzonfil 5Q8BnE RAA Y raﬁge §OH@I70B thillPn&tbrdialyl e AR ifitekid diameter of
average 1 nternal dianeter of the horizontal sections _
the weitival feetiomrigén B@0aTg06G0-P0¢ millimeterand t he aver age
internal dianmeter of the vertical sections is in the
range 600-900 millineters.



