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Case 001 11(2) 1 SLURRY PHASE POLYMERI SATI ON PROCESS

The present invention is concerned with olefin
w@oaloymssiksati on in slurry phase reactors, and PCF/EP2008/061370
Cspeoifl(zal |y in multiple reagtor systenms. Slurry phase

pol ymeri sation of olefins is well known wherein an

ol efin nononer and optionally ol efin conononer are

pol ynmerised in the presence of a catalyst in a diluent

in which tIsLBRRVWPHASIITEOLYMERISATIONBREOTESS and

transported.. Polynerisation is typically carried out

at tﬂﬁ@é@sgw%@twﬁ 1§ FRNCEENSE @lmlqéswlmnﬁtwpmg@wa@ase

used can be any

reé:cgkirgr@gt I#‘ngy E@é@m%pg??eg?é% g’ﬁ& ymsri sation such

as cﬂimmyrplnm @mly@k&nsﬂuc&gd:f&ﬂeﬂxﬁtli wel rknﬁmh altetdde Be oleyip@nonomer
mul tiple reactor ,systens enpl oy

ang 3&@% x 'l%ékhﬁa OIS rep L BRTRIF o Germeenes of a datalystin a iluent
Ll )] exanpl e
in ?‘% un?l tﬁv géli(?%blfrﬁ?;%r? ?%dggs sg{rﬁ%&ﬁ@& talé aﬁ%sp bftka for exanple
fou rPOllwmrzsa‘nmais tgmcallyorasriedTtg ah@atpeuﬁurpmiwlhe ralgatSOeiris Cand at

pr!%sglglte%/ ﬁjlgt%ﬁé f@vedae Lﬁnlﬁlré tahg? Ly %ita]i).' g? g{‘fga?éyst typlcaahy used for
ozamr}fcwﬁ@hmo@gudh%%hr&@ﬁin Hidd, %@&wmrorhﬂa%c%ﬁ& e

The vol une of each [oop react or a nul tiple reactor
caigystsem can vary but |s typically in the range

10- |ca 50-12 rea ors,.
oo Gy BBl B Bicimt PR R renblie Hith &85 EhEpTmous
tuiigreondipetion kbyiprising bileas |t\k)6 rﬂer @)&h&ﬁl@ Fdus afertial BEcPi6BS nd at least
of pol yet hyl ene for exanp he slurry in the reactor
twQi 10T exdmRls favs ?ﬁéorﬁ%xlrSF?t&HS e et gFratymenisating i typiee b removed
i
usitglg rlﬁn’c]ﬁ%g% %%Célal( 1tﬁTQ @ﬁ&%{%rﬁ%dmﬁa'@r%k%%ﬁy v&%gegc ackets surrounding at
leaadp‘birt cbﬁiths tubalap éx)‘dfpl Ieadtﬁrr Thbl eolsthidard’f)ﬁaﬁﬁﬁp]% r&efor a@a&ﬁlluple reactor
ercent based n t he tatal ;wei ght of
sy Ry YRS U Bt Par DB -S4 S0P GymieAghaD.120m’. The loop
1ea@€o‘r§€rﬂbio§@@frﬁﬁe Efbs&ﬁ?n\te%h #af’éedfgﬂts gﬁerfcr} slurry) of
suspendi hg medi um where the suspel‘ci’r in d| umis the
su mTcyplcall}', in b dhingy goltymwpsm@nmodeas d)ﬁ;mly@hydmm foamgample, the
rise. ent, .ol ef

sty h 5B il s st GUSTE oy ey Bri pg dityent(s), (co)

mddthel(§), BataBAC thM B teHiest shdh zﬁ@fyﬁi‘cfg%h @hd Bttt AMEEr additives In
ol ef i n nonomer; where the principal diluent is an

pastigaler theisiurseonivisen @B aigh @mcn%hﬂedwph@wtalywmght of the

ERBE Rl SR 0 ARG G0y reor

slustypof suspaidingemediess wheeihé eapthdis S¥siudMsake §L{n§| bﬁlan the fluid
velocities sufficient to namintain the polynmer in

corgpYKBEdn dhe Teacteh@dsy ik goynpsisd 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 the olefin monomer
will typically comprise 2-20, preferably 4-10 weight percent of the slurry.

The slurry is pumped around the relatively smooth path endless loop reaction
system at fluid velocities sufficient to maintain the polymer in suspension in the slurry and
to maintain acceptable cross-sectional concentration and solids loading gradients. Slurry is
withdrawn from the polymerisation reactor containing the polymer together with the

reagents and inert hydrocarbons, all of which mainly comprise inert diluent and unreacted
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to mai ntain acceptabl e cross-sectional concentration
and solids loading gradients. Slurry is withdrawn from
W@ bwopdleydrer i sati on reactor containing the pol BGEEP2008/061370
Cise@oltige) Wi th the reagents and inert hydrocarbons, al
of which mainly conprise inert diluent and
unreact edCase 001 11(2) 2 nononer. The product slurry
conprising polymer and diluent, and in nost cases
mERingdry The peidati Surip BOBIsiANHol¢REPANE e RAn® fr most cases catalyst,
di scharged intermttently or continuously, opthnally
ol¢fy) mgneBeicEdcPRIONAeHean heatischarged axermyitiebyer contiguasly,
orfFH) B S0 AR BE b, BB Iohefbn e o minims
thewyatmticasftrids withdratvn voieh the palyaiee dTHe 1@ dnbeandalyyreRarbdAdneed to
econom ¢, safety and environment al

df
be[sg%%‘ﬁeé ?foah@lg PARS ABE ExeuYed Hir capAraigi sidety And ewyigonmental
redSBRMANnd thahl f?rcﬁ:%&ses k %%ﬁileQirng ¢S ﬁleesiq%ﬁgﬁﬁﬁllé ¥t I TREQ Yocesses

depressurising and devol at’l i'si ng
gepokiymvolverdepiessuniying and atevelbtiléying the pabymitee enntairtifigl steasm after it
fromthe polynerjsation reactor. T i,l uent and
b B R HTe e By PR P teior e ULl A ERr<psie monormer
cah it réQmiPradaed bakyial SR m a‘ﬂﬁ?ecéjafedrb%?lg hﬁé} theMahdtSE whilst
the solid polynmer can be transferre or turther
thpsadideodimgy cam bauslahstkmedifor dindeed pencessireg. of t he above

P oo el By AR, S5 15 Brach oot opa repuing the
liquiil dohglonegs eADELSS MG ttherahiackith mébdz%qgaﬂ id thR FBoRipk&Sing

t hey have been vaporised in the separation process
thema Bapkriate lipwd fogeraflsy EreyhareeenTanerisedrin fiargbaratiemptooess

iR A Lt i R N

praposgbsrehbs i 89/4%Rs Wivhére theempiotinnef tha liguid @Bahah&ds Wwithdrawn
. Llash tank at a tenperature and pressure such that

wilyfa Belime BreseRyAge iid 8 dlaph@nik pha teeraiye andl preseire such that they

oo BRI RREL S 0 AN RRIER e

cothpersmtst rat kenogred dtyi thiy mdéceas &mwgrarﬂe@ﬁﬁwﬁeeon@ﬂlds%ﬁﬁls ﬁperating ata
need to be reconpressed in order, .to be recycled, The

oV, s e sl ke ompiereA if @rcEfoshe eavales. The advantage

of 1Y RobRE 1\hicR S rdferfRdb UM RHhaSSH S hdAsh r&Eﬁg%@h’j@cess is
that only a small proportion of the vapéklse I q ’
thag ey lpropastion of the vapeorinep ligssladriponentd eeed to Heeecompressed in

ed, ilst the above "nedi um pressure fl ash"
Orc%r?gog%grgg nagn%;\éi\gn found to be suitable in single

r eatiiolst delapowrd fraedili@tessire flaSh’NRWessk N8l B&ch HERERA Yuitable in
. for its success on the conE03|t|on of the slurry
singjerrgastorel rpgiations. itdnpesrthelpssidspendedt fve pis evsess wethe

= [ .RWF ogen is added to the.

c° rgoac ﬁﬁgonﬁﬁé%igﬁpw ?lntdg ol %ﬂ{‘e %}aﬁﬁﬁ?%ge&’i’ and ér%”ﬁ%sﬁﬁ?s,ed' In some

polydriegiens Apdtogéhieadti¢diotthe AP Bhd ifithe &difer o iihidtacted
vvithdLa fro tge[eactor is . _

monomer, hydrogen and other light components in the shurry withdrawn from the reactor is

too high, it will not be possible to flash at a temperature and pressure which would allow

both vaporisation of a substantial portion of those components and also recondensation

thereof (using an economically viable coolant such as water) without compression. In such

a case it would still be necessary to recompress and/or substantially cool the vaporised

components in order to recycle them to the reactor.
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too high, it will not be possible to flash at a
tenperature and pressure which would allow both
W ap908®at i on of a substantial portion of thoSRCT/EP2008/061370
CaSo0panent s and al so recondensati on ther eof (u5| ng an
econom cal ly vi able cool ant such as water) w thout
conpression. In such a case it would still be
necessary to reconpress and/or substantially cool the

vappg hﬁﬁ%a &'&E{@ﬂﬁ eh@at%@' Qhe EQnp@SI &F thO SN WittkGawn from
react or se 001 31n mul ti'pl e reactor

thepféna) ragios denemds on m?@y cf’éﬂ’ﬁ?fé gpart Gamghe eprapeditiem ¢f the product
act&l@%&lgﬁﬁgnged 1H]ftlﬁ%%13tl ﬁéeh%coé nlg olg%)ﬁ G(Ijl%g gn ﬂh cf‘)egrr o4y u%gz%l product, and

theaeidﬂ@hlcyntﬂmbumfd 18R ve propbRiont B&prodeas irsriy dstradrh @eactors. The
depends_on the desired final product, and the reaction

reae%%?qqdaws5%111ieé|nafhe\f§mbfe@bt@f piecse afecise aihe Eartiprgapditions
in ﬁlp%%%lﬁq cﬁﬁ“@ K Slarl ﬁe ﬁg&g??éﬁg?gﬁ%&d&ﬁ%ﬁ{' tslfrgﬂn'r&ctors

ctor a
on tlendietago lastvnty poedtiad amdelr dawhsiresm maa:ttdncnmhd!tﬂoyls tTms the control of

act of catal \ I N upstrea reactors
the&g@%%o%;tg@ew@rp@p %}9’ %‘? gﬁ‘?{’;&ﬁc‘f%gf@ra I3Rothf BFqeesssonditions
assoBael 1R RRH hbRNS W?T%aﬁ Reme %Hero‘? ly B 15 REctdt. gfcfr% qélenﬂy

corrp03|t|on W t hdr a fromthe final ctor an
ensunisg phab@ ‘sedoon dicssuoe Sashd poodeat e Ctmmt@mthhutlthe nexddor

recR R B et iy NaRed PG e fathe, sk B s PG S mpre plomati.

WORAeTEIdCRR B1RGE ﬁﬁrﬁctﬂaﬂf/\ Sl cabd® RERHed Bl of LR BER L eTHLARdal
of the liquid vaporised in the first flash tank is

polérqftl}aleny istppde lpraé agifwpireactans ihgeyies,fwiting highanoleenlar weight
i #%@ﬁ[ﬂ) # %ﬁlse? oﬁen regalcny éT%r e{ R, g{égtll\é\h\%r f%? (LMW) polymer

ene 1's na e In a eas

bemg acile Eﬁaﬁdﬂh@&é&cﬁﬁr Owé txaniplbbgkuchial Retsafls dmgaw i AN
made in a one reactor and a | ow

}3 &er bei ng
05 P Hawere Wheaerugd et Prerelibeanyrokatidieirercting crditions in

SRS D v B A AR A, (R85 i Bl Wbe
op@ratnd mothoof tht heed an:ctuompmssmd ioff tlmis;uumvaqmﬁhectmsths firdt flash tank.
possi bl ensure that a. "nmedi um pressure fl ash" )
pro Swg%a 2 Tyl agpechibe inieatonpion iiss a@ﬁ@eﬁk’%a pPrsucing a
mu}lt?ﬁ%ﬂ??@@%ﬂh?ﬁn@fin hEask Wf&c%?s%ﬁhé&éjd fnnsefl f111§e Whith 20-80wt% of

ank. "Accordingly, in a first aspect
a firsipelynico s lpadmnosasp@asqgnm eﬁsstfrcactqm rand Bﬁmﬁ)g/t% of a second polymer

.yl t.i nodal et hyl | east t reactars

is R P R LS pestnd fothirthe G Smioiats B3¢ pely e, and a strcam

corhiBBhe FeSulBE Qolyes USHBRELRA fioth Melsbéctll rELAG AN BRGFerred to a
80- 20wt % of a second pol yner is made in suspension in

flagh té@@mﬂyatma%tamresswetané t?if}l@%@tn@esluéb thap et Ieast §Pmptiioyitire, non-
oo S T R SRR BL D 3041 HiR S PR B o

vagfolia siherdn khm&aiﬁaiﬂgn &t the speas shfefin@ it ARAPAIkaWoponents
such that_at |east 50nol % of the nonﬁol yner conponent
havgng 3 Rolesplag He e telorm ¥meLiGrasmolink sridsfigs thegrdaarion Crigns <7

+ OLVRART T 9 32— 0.9) - 7(Cua/Cre) where T and P, are respectively the
temperature (in °C) and pressure (MPa g) at the location where the vapour withdrawn from
the flash tank is condensed, and Cyp and Cg; are the molar concentrations in the flash tank

of hydrogen and ethylene respectively.
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vapour, wherein the concentration in the stream

entering the flash tank of conponents having a
worploeoslesy wei ght bel ow 50 g/ nol, Cughts (ol %CT/EP2008/061370
C8ap0Bfl(®s the equation Qghtg < 7 + 0.07(40 - Tc) +

4.4(PC 0.8) - 7(CH2/CEt) where Tc and Pc are

respectively the tenperature (in 0C) and pressure (Mra

g) at the location where the vapour withdrawn fromthe

f 1 aghsub@yineipdlmRdRRERsne @t?éﬁn%ts@ﬂéjre%r & z?slhf}? SMRVRER the

concentrations in the fl ash tank of hydrogen and
nop{pgiimes ompepwy i nethy liguidehes1 By1liolims theswrehinyentdre the flash tank

Sl e (e,
| i qulxdaltﬂmmlere efpotiingenit bﬂﬁe&af&%eﬁhﬁﬁéﬁﬁbﬁ PtRliGestatBoddsadp

nl ¢ however, nmost if not all of the non-pol yner
P siclile tlﬂ@dﬁhquﬁﬁhwlﬁ%@rat iaaisavo rageters cennpgtddve series, in which
20RTARSL REY o ORISR NI 2 DU 2 05RS v

redctoy ané ﬁﬁﬂﬁm%dﬂmﬁ?m @kl ipplysthyieas of b Beasd Gbly2ier 8Oimkde in
rst polymer is nmade

based on tota yl ene of
SUSBNE Q1L Feh¥°8 ﬁ%c f?ig Presenged %f‘atjri]‘iﬁt i ymeihasd psLEY containing
thd &Eﬁ{iné’ﬂélyfﬁtepiélv@iﬁﬁir%n FoRfhO 9&boRE RS ahd hﬁﬁs‘}&é@ ahﬂash tank
suspension in a second reactor int presence o
opériating atmcmymre armlrtdmaemtlw Slwh(thra”(taaleastlf@md}]% afelsailiqiid gomponent
r eact.or., and

ot PR hERes PR P Mo P o o EeiPig aerein cgpyration inthe
siu@ﬂr@nt&ﬂi@@ﬁ@ﬂ%&aﬁ@@ﬂbcﬁﬁﬁhelﬁﬁ hhAAsh nﬁﬁé@ﬁ‘la@v&gl%ﬁt I%%low 50 Clights

1 quid conponent of the slurry i3 wthdrawmm Tromt
(mpl" pattsAag e@guamna@@wd WHEOHAG - Thet ¢dRerl. B)an(@mmgg where

T le}ﬁe %Me{iyat %Htt rgm}re gﬁlﬁ @ hd %ﬁpg)gr (i; 1S t%n‘%?egss%rtﬁgll\% g) at the

I‘V\BI

locatibn thbxeshé {?@o&ﬂwathdﬁﬁrncﬁdrﬂ eStlash ?arik i9 c&?deﬁ@ed‘ al®€yzrand Cr, are
thetlgg,lépc_ CH2/ CEt) where Tc is the condensation

E?Oalca?féaﬁeeﬁz)n G flagh tn g BydrogeandsthHengyesnpstivaly.
( MPgpg ):al@élf;ﬁ&ﬁof € de%?u ﬁe fx@gd\é Wof @1% é%trry withdrawn

fromthe tanc:ls con ens
fromrhibe fipélatark ene empavatis lsed omtteiuid (aﬁiipdnaﬂkofﬁfle ke Q9@ reactor
nd ethyl ene respectively. The cal cul ation of the
Xfa;roportl on of the liquid corrponent of the slurry

Wi t tds pierfdaQ Rt feald Qﬁllibl [ré'?l re?eréflﬂ? @ﬁfnoi“}%, Bﬁﬁﬁgef‘gﬁbly

the 1iquid conponent of t at“the react
95raei’% of the hqglqmoaﬁzmnaetobftthmﬂumy id \emlsctra@ﬁ tﬁnmh%herfmsletank asa

r ef er.abl f er,abl 95rm|%of th
VaHOUG GRS %ﬁﬁpﬂgﬁ%aﬁ{ Sopolopar & ﬁﬂ'r“;‘} SOPRNTH AF R4 A gavithdrawn
frofl 186 Aadtatakk asa @aptapour . Optimally at |east 98nol % of

the |iquid component of the slurry can be w thdrawn

f r oirhe ROVEIPARIesE uskhepotantied poenableTi deaab®Rreolps, prefemblyas least
98.%@2?{39&%%&% lpréfgragpyagllgas%Q% I%, o%%%oxlz;{)oup wetggrra\?v% f}/onrzi1 %he flash
tank to be condensed at a temperature of between 15°C and 50°C, and in particular at a
temperature of between 15°C and 40°C, without compression, after which it can be
recycled to a polymerisation reactor. The above temperature is the temperature at the
location where the vapour withdrawn from the flash tank is condensed, T-.

It is preferred that 30-70wt% of the first polymer is made in the first reactor and 70-

30wt% of the second polymer is made in the second reactor.
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98. 5nol % and nore preferably at |east 99.5nmol % of the
vapour withdrawn fromthe flash tank to be condensed
W@ 2009/ 0swwper at ure of between 150C and 50C, andPGCHEP2008/061370
Capaotila@ar at a tenperature of between 15C and 400C,
wi t hout conpression, after which it can be recycled to
a polynerisation reactor. The above tenperature is the
tenperature at the | ocation where the vapour w thdrawn
f r oWdnkpnbhtashideanliry whicRheeNs fdlectdr whight selswes‘oeg/m@ﬂ are
that 30-70wt % of the first polynmer is made in th
tygieallytall hydeqegrbonfeniponersp sugisma3rarkascaserms gble%@rcm@ng

lg?éi% ) 5 Components
o ghﬁl{]gﬁglﬁ’% | ch&ﬁavés{c’p%ﬁldq?%| ght bel ow 50
g/ milhe amentlymlscmktﬁqulaly sulityd comalthoiiaC eapiess®ms using the same
nt ai ni n 3 carbon at og;_ aor less, including ethylene,

Cafﬁf ébwé?fé HANARS 0PIl fieoprissathist myalk rsgers. Tihe addition
of HAMEM @ hal §r ARLAIGH lcgtﬁityﬁt R HoWaErd f@:”:lﬂrﬂg H8lvever all130 within the

reacti on systens usi ng e sane cata N nore
scapeef tlaa otvention ek prefirirgd thheths sati Gfan&mls ptataliystahtroduced into the
Itlan

ors The,. a res ddi tion I
EriFeRI RS v ey o et B L B e B i ermeln e the
rat?) SAnis bhp@iﬁrﬂéﬁyﬁﬁﬁgﬁ RAfthd ﬁfs@rda&\ﬁ?fg QR of Ipbl}hl%:r produced in all
preferred t he ratio of nmass of catal yst

the ngeeterd (B &pd; pfﬂf@ bl lic/R t isbetreaenrl 2 anddaSs of cat al yst

i nt C t he reac OI‘S reater

e o Gt Qe REF Bl Bacraloblon St Asitopls hivine
mdl@aki Weidhd bmsssm@xrm ry e nshﬁfy%img@ thé fladhl tahlP B controlled by a

reactors (RIp); preferably RO ¢c/Rip is between 1.3 and
post-polynpeyisahien BRABENEhYhish thawoniditipapbetieen theesecond reactor and the

ﬂag‘pt{ﬂ c%hﬁrgf}?ao{o eﬁ%ﬂ@ﬁ% ﬁrrfhfp gg 15 Il"lgaéfrg?]ﬁ pfilaclgvl\%go%% entering
thei fash eandky tbief@gi chysuanipg sémp ol fheebinatdr@nhivirgod AdMculak Weight

h th O%Ltl ontil bet ween the second reactor and
be‘PWe‘r'c ﬁ 1;%5 Jegt Bt {5 RETtoPe vy ctithtion siige i th Fedyca theegncentration
of &%%dﬁ%ﬁﬂs %@WEE% rh@l%@tﬁarmvé fit IQ:TJV? 5153 ﬁﬁ'ﬁ]&qﬁ ltl{kgslﬁljt?\g W;l]ﬁlgtl%%lgmmlzmg

hereby consum ng orre 0 onen
theeeffeol cm:iﬁnb éinalmnogtxtt poedecties5The /remxiencél’ hmeptbn'@etahﬂrfa ahdhelurry
S to reduc

{- t th .
velBg Rt epifals S@PE@” SR g?ﬂllgﬁ%{ﬁqﬁae In 53¢ Gerpearatign githese
co@?&f&ﬂts»ﬁﬂn% BRliding b‘lJJz‘F{a@é S foM1i¥¥¥nl BE p &%bl{?ﬁﬁ'rﬁgnérhﬁme In order

ect on the final product properties e residence
to aohipwe theaepeirest dageeeanipobmuarisytions litds prefersadethetantthis kefnbddiment the

red tlonr |red|nt e _concentratjon
res B €Y bR oS on gt eizas i wecond ector
and O lflastgtahk id S8eR030 sd@@h&d@fdfér@lﬁly(aﬂleéﬁﬂﬁnﬁiut@ﬁrﬂierﬁoﬁe%referably
achi eve the required degree of polynerisation, it
betpieat & AR 40 prmites. A ypisrby.aptiduicaiimes ohid- il@gmép@m@:@eempmed

of | e at.ion z on bet
e TRERS b D RallE AR SHETOLE R RO i e
howeeoitdsmoprtferebihat itis ireihs fordn of Mixpaiddird d@f&er transfer line
referably
beteleen t%e second reactor and the flash tank, which provide essentially plug flow rather

than “continuous stirred tank-like” reaction conditions. The volume of the expanded
diameter portion of the transfer line is typically between 1m? and 35m°, preferably between
5 and 25m’. Its preferred length to internal diameter ratio is between 100 and 1000, more
preferably between 250 and 600. 1t is also preferred that the internal diameter is between
200 and 1000mm, most preferably between 500 and 750mm. The residence time
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between 2 and 10 m nutes. Typically, residence tines
of 2-5 mnutes are enpl oyed. The post-pol yneri sation
WQ2me/03myS be provided in the formof an agitatRCI/ER29RS/061370
CabopeMer2)it is nmost preferredgthat it is in the form of
an expanded di aneter transfer |ine between the second
reactor and the flash tank whi ch provide essentially
plug flow rather than “continuous stirred tank-1ike"
preff@l@Elty' RBurs APsttdabPHSa h)@?&}’é@ﬂ@ Re Qifurrtyrb‘?es‘é%%%'td&gvn valve and the
di améter portion of the transfer line is typicall
in-bae Heeh hp'@fﬁt ahie demByelpeitf isrthbpast belymseratoreavde 26preferably
[ ts fer ength to internal dianeter ratio is
be%v mggﬁ %Egﬁgwg 1000, nore preferably between 250 and
600 n b altSnath@@eniodiméit od tHelatentibg, the baideatratdinddfbRponents
i s between 200 and 1000mm nost gleferably bet ween g

haying a Pedeawlar Tragltdbslave e é/ntql aie thesarpoanter{ng) the flash tank is

coBfLTAL RO PR RAL 8 LS, P g e

trahefat late. befheensthel second edaowir ayd the flable tapR sdndpsd }:W'ﬂﬂﬁﬂsiiﬁg ti@¥kolids
one ef erably. betvveen |l mMs. and 20n7s.

CO%qef“é#éwpf{ﬂée UHBY @ Heapsen throwgh sail/Emsiss rlﬂnemase additional liquid
f:
whmr}ﬁmé fi‘ﬁﬂoe s 9%921?‘4;1; &hﬁm%% Istwhe ascrc])ﬂt@éarﬁj{%ﬁon of

bel ow 50 g/rm ry enteri
comporsotst haaiﬂgeadmelet:tlﬂer whight belowd0@/mol @hlghs) thandiat bf Gueisthrry

e o b AR LSl LAIRL ot e ey

itsdy TREICHS |o!f‘ﬂletéﬂlﬁltﬁﬂlal l‘i’cﬁn@ Q%@f@fa'bﬂl TeQth R 1508 o,SﬁlHitr ef@ﬁtbly

it passes through said transfer I'ine. The addit
Ompl%guTiee sahide homytraieon oftthoguee thaydeudiiatedybyi mlesmg the slurry
havi mol a ¢ang |on
thrgﬁ%,pe{ah dr?csyc}]og\%/ilﬁcgategi 1%]|1eet3ﬂ}sgﬁr tgmol rrbcw s%‘@ata/i%?ssed to the
flagtGahlg Bidsthe kbads-ehakirain {she é@ledreﬁthewﬁsﬁgdrﬁwtﬁertﬁbﬁhﬁef‘ﬁne or back
reactor, and preferably a ghts that is 25-50% of the
o eiestos- in the slurry itself. The Qghts of the

A ne st
05 ol Sk AT ALY 5o IR LB o o
sIquf lhﬂfavm gtﬂay sdrend tgaosir ethibyt uasisieng indi€iss theraﬁ&ratgb Begl ia the

(ﬁirocty Lone |ocated in the transfer I|ine:
SGCQ% Fe3EoF P¥ Hicssas g e @lwa%%@nt‘f%erﬂﬁ@fﬁa&mt& Salﬁk agpilylene

witB Gt c@ﬁl (ﬁﬁﬁll‘%‘tﬁ? gato a%s%ﬁh eﬁ‘ggsk&f'of#ﬁé hg@g\’?&b&&ﬁ% the first

transtéer lin tor
flashrthld Ipﬁﬁmlklﬂtyfwltdnenmkmglw\r molecnuniveighgp@lesiersrie alet @xond reactor

treatrre f the rrry |l eaying the second reactor
WhFF&p?eSIW §I?18P’%t$l FIWéF%%f fieseller age activity in

t helﬁﬁpﬂﬁﬁlﬁleéﬁﬁ@bre@%éd%ﬁtﬁﬁ%&ﬂ t‘h@ %oﬂ&ﬁﬁ@ﬁﬁﬂ @ftdoﬂ{bonents
therein of reactants such as ethylene, wthout

haviegpmeldcylen gfetghé belo G g/miobirethe sy eotemng dhes flash taik ishe
f irst .flash

corfoied R KPREiBE ek o ohdh thes B Ree. RRcorEy
prefeeeednight ltl@ci‘dn@éntratlon in the second reactor of components having a molecular
weight below 50 also satisfies the equation Cigns <7 + 0.07(40 - To) + 4.4(P. — 0.8) -
T(Cra/Cgr) where Ciights, Cuz, and Cg; in this case are the concentrations of components
having a molecular weight below 50 g/mol, hydrogen and ethylene respectively in the
second reactor and P and T, are as previously defined. More preferably the concentration

of components having a molecular weight below 50 g/mol in the second reactor is the same
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where a significant anmobunt of hydrogen is al so

present. In an alternative and preferred enbodi nent,
Wa b@oosneeent rati on of conmponents having a nol eRCUI/EP2008/061370
cagoghti(del ow 50 g/ mol in theyslurry entering the flash

tank is controlled by controlling that concentration

in the second reactor. Accordingly it is preferred

that the concentration in the second reactor of

I lar j I -
Y R R e m SRL A GO G entering the
flagh nle. C- 0.8) - 7(CH2/ CEO where Q ghts, CH2, and Cin
ncentrations .of, conpone ng

a o 88 PP Gt BERB A PG BB an ek andlor

se€ink bR o ARRAGEH MBI, {ths éé’l‘l@reﬁ zb(iﬁéﬂrré@ﬁféﬁ @k c@ﬂ&nﬁaﬁ&g of
Tc are as previously defined re preferably the

COFHAREIY liléa‘tllﬂﬁmm@ﬂ%@bﬁt}’@r@h belowa ggobsatisfiescthi aquawgmg}rgms <7+

o RPN, PUBL 8 BRI IRCL O 8L B RERESRSE oo

prmmlmm rafer wthghb tealcomid@a@bmay! th@ﬂh@fthﬂgdéﬂaﬁdﬁqg@ahhe
enbodi nents of the invention, and

Pa‘ft’é‘F‘E’f FiR @‘%é?eph%’?thﬁ &PMEHBOR | ash tank and/or the second
reaghQtr, ﬁléfotﬂ% gﬁ{ﬁ?@??% %Q%}éﬁlgléﬂ% ghi a ?l‘?e@ﬁ fa?i:oln%f ag fegdirsr E&erally

that the
betvgierd Giland SQedrghtrefoedbbyb i@ egy Irbdm(Bm i BY 1‘£ﬁaﬁ1’ﬁﬁo’eﬁuﬁdnoﬂ1e ratio

ht.s, < 0 4. 4(Pc -
of B i frsl e RO of Bipotatiponsia e of the belseibiisge. The
HIVIEMAOVS] oo Rsi88 SEcoflib D & IWS&H@M&Q??{‘% d t%ﬁ‘%%%rfurg 190°C

the flash tank depending on the particular e
usigg lodde of Al.6kgiand SkPrespectnvislyy MIh 6 simiitilym@adured but using a load of
21%9( yet hyl ene has a shear ratio of at |east 15,
iglerally bet ween 15 and 50, and preferably between 2

1 amtle 38.MBYyf the hﬁﬁﬁmb@dlﬁ@ yeﬂ@ld?i@%ﬂﬁuﬁgrﬂﬁe fn‘?&l irQacfr il Ei%ferably

gh load nelt index HL he pol yethylene to t
betmesn éfanti AE0 sAl0pER.yK anese pmferanMet\am M8 4 g1 omias ur ed

ard at_ a.te er at
T S0LALREh Py 32 AN Mo b T redydr ARR il Bl redypat the
mulmnsdmbazethwme as;a:bm@bdaupoly@neﬂma@e 0@ redctars 10KGies THSwever
é of the. nultimdal yet hyl ene exiting the final
thiy dogsingf excludsthe B?%Wtya&tméﬁl wih@f 2 tlgrdype lppmerimag e made

betWéEI? tlﬁrt@t)g‘éﬁ%rél. nglts%ﬁ&‘ ot 80 dOing/ B%ﬂlﬁ%y cﬁ'léjo ou%llqsa{.i(t)n taking

eilnnoret two react
plapqs guﬁ@rtpehb fitsateattoe, fouddatnpbetial a pepylenbytRI0e réftidn. The first

polsgva ind Fop ée”ﬁ?ﬁxtﬁéx%“%@éveﬁﬁis?@g%%sﬁf (0 ormstymgs and he

s it hceid Nt 00 ISR RGR MELSER
polgmep olnwmrenmmmnt,t HkVhgt% and more preferably 40-60wt% of a low
molecular weight (LMW) polymer is made in the first reactor, and 70-30wt% and more
preferably 60-40wt% of a high molecular weight (HMW) polymer is made in the second
reactor. The most preferred range of ratios of the HMW and LMW polymers is 45-55wt%
to 55-45wt%. The terms “low molecular weight” (LM W) and “high molecular weight”
(HMW) are intended to be relative terms, in that the LMW polymer has a lower molecular
weight than the HMW polymer; there is no limit on the absolute molecular weights which

may be made in each reactor.
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place prior to the first reactor, for exanple in a
prepol yneri sati on reaction. The first polynmer made in
wWaQ bwN3aes: reactor may be a | ow nol ecul ar wei gh@T/ER2NY/061370
CaBObymafz)and the second polyngr made in the second
reactor ‘'may b e a high nol ecul ar weight (HWN pol yner.
I n one enbodi nent, 30-70wt % and nore preferably
40-60Wt % of a | ow nol ecul ar wei ght (LMN polyner is

or o b B Rbe Bl Apt g S, dilide DA e gy the fs

reqotir pne thei IsMWa delyimer tshaadaaem(sns’penﬁaxm frothe sddoad mestor in the presence

o e %l ARt B B SBELTE
resyBtBRLy. The Movﬁﬂ@req?irgﬁeﬁ'f@ Iaﬁﬁl?'t@fhié’\ﬁhﬂcmlmeﬁ% are

intended to be relative terms, in that the L pol ymer
h as IlathlmvebOdmle@thﬂthq: innentét (“HIVEW - LISV F—]Ml\/ispmjexjﬂmﬂrly ensured that
her e

e Rkl B biner el ARSIt Tela M 2%) B shgpnd renctor
satﬁ;lﬁeaﬂie%ﬁ{ﬂﬁldn\@,glﬁmwd-l OTBTHO - trher IZMSP-?(?] I\%/\/ﬁ/@{.{?}@? ehihrmg the

suspensi on I n the first reactor an pO yner 1s
ratigefdhe ﬁveie,%g@ﬁ@hgﬁ%m the seaead $ MEWHGadterlettbe avenagerpstivity in the first

HI\%PI%EE}SES% Pfé { a a;r}ﬁsitﬁ %@e}?%g ?Btn}lg; 18 nyg)t élagl%rshgéaeg?n Hle first reactor

ol ynmer pre béi'n

(Whﬁs Reopolymkyis u_ﬂilaﬂlyflﬁhtﬂm obehitt ERUHVIEVBRIdSCE BiRinyin tiee debbiid
nbodj ne only. In this enmbodi nent of the invention
feaetoril mOPPIymer BF Elrgérdﬁﬁfflv ROMGRETCE sl mads to obtain the LMW

prcﬁiﬂ@ﬁ %Hrv@é 1R f@ﬁn&tﬂ%@%@%ﬁ?&: @Pfdqul %glwf %.Gﬁjg eqélll}gzltltgégtbetween

bel 6w 50 1 n the sec react r sa res t ion
the@agmrs hes 0 be ©@nGBADwithiidhese rangé B @dedto&pontrol the concentration of
ensurl%% the ratio of the average

b
lighy C(OW’OPV“% %ﬁée‘?@% "MV reactor to the aver age

act 'TMéE‘Y hdr dchoith i Sdeh MM I8 '
L oLy b B MG B o B grosecd

in tlhé é@lctﬂf (K b / et dpd gamsentiagion &uﬂielryaamC{mdl%) ghbtsidance time in

e A REPEA e LAER D0t % eEo: 585 O G e

addeldtt@iie %é@ld&%&f Qaheg Calculdfif I8 ray6f HvekHdd abiidtticPSe Feed rate of
consequence the ratio of average activities between

catplyet 1pigdbe Brasrepeerstis corsidesert fodicitheisana. I arlditimebeatapgiasadded to
the s@co‘?ldqgﬁct&oth%w &lte &Poe%lgggco?l?tréa%ﬁfopco s1c‘fege§hto g&t}?qﬁw of the

ents’ econd reac ver

ﬂowrateaaitdmtaiga@tom thleﬁirﬁt&ﬁadﬁ@qﬂﬁsthé ﬂawlfzﬁé of addinelay elebly £M19st
c@r oduced. i n_the reactor (kgPE/ hr) [ et hyl ene
added fuerthy 1819 bR spepndAeacida %’fféﬁﬂat(wﬁ%}’ %ﬁtlwty sgagle frastor invy be

calélﬂatEéf' Bade§ %ﬁtcgfa )fspﬁé{dﬁ)ﬁ:i th ntgggggfnt@f @'ﬁgpce%q %}1 {ea!l:tg}, Us is well

he reactor
kn@dd@ddﬂm whmtﬁaﬁorwlmEmﬂMtMen cal culating the

TR X RN RTINS NG A
outpéidfel ¥ RBlynfeR EdhY fle rbtAYREH)! B a case where polymer is recycled back
into the reactor, for example when a hydrocyclone is employed downstream of the reactor,
the output rate of polymer is the net output rate (ic polymer withdrawn less polymer
recycled).

This preferred embodiment of the present invention is particularly applicable when
the polymerisation catalyst is a Ziegler-Natta catalyst, especially if the overall productivity
of the process is at least 10 kg polyethylene/g catalyst, preferably greater than 15 kg
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t he second reactor, the flowrate into the second

reactor is considered to be the sumof the flowate of
W@ 21090345 from t he first reactor plus the fl owWwGE/EPHS/061370
caddotiienal fresh catalyst adged directly into the

second reactor. Alternatively, activity in each

reactor may be cal cul ated based on catal yst residues

in the polyner produced in each reactor, as is well

[ [

P P Yo Tht e B ) B BB Ryt 1 the
pohwieyisation qatalyss iy 2bistCr mételpéanh eatalysh ntost pricerafly pbisyner

teieh oI E P hortp R i qrttefl PR RSB iatER g s case s
préfyebBGY tadnekd §ol?8ﬂﬁ5(l§?ri§’§ cHanRs %)ftﬁﬁﬂb@fgr&ﬁ@r th&6 ke Ea?liygthylene/ f

the output rate of polyner i's the net output rate T
catgbysty mast pviefanehl n ereates shangdsl kerpalyetsd gy @ ohtal yTthIfghe polymerisation

err e ' of . .th resent jnvention .
co S TR e R R e R PRLPRGHS) otramety
"’ Caliipgstadiefyld dZh@BYIRi laNRitARua A} . Y SEnta SISRE Shdbie¥all {noductivity
the overal |l productivity of the process is at |east 10
of thy prereyentlisensy ig p&fcrab%@ﬁ leapir Bk epeliptthylgne/gicatal yish prefémbly

e b T

polyefhlylehbg danllyserer i sation catalyst is a bis-
met al | ocene catal yst, nost preferably a _
bi sfepidghipacBicne dinaboyartp of agresmertivitins, ibispraferred that the ratio
L\ ' ' se. is . preferably.
of BHIRHE 4rthfuft (-DBOREPETAS wclind ReSiof BBl Rafl BB s s o
lesgrRrefeeblyt thamatho M@tmﬁneectdnyérﬁmﬁbg lin:ﬁ;te ﬁk(l}(ﬁflﬁ ,r?dmﬁtto t1|1at in the first
ref er abl reater than 15 kg polyethyl ene/ g catalyst.
fea?fr—"f f%%%‘&%/sy %%‘f’f“@é& PisFrraly aisy%tle$sl¥[85qﬁ§ﬁ%13@b’ both ethylene
HERhRAH RAGERS asPh b ¥ acyi 8" 5 )
CO(t et r amet tlwyla- h5 g?yagflg%iﬁlgé%ﬁ%ﬁ%%i%?%éﬁg& ?dgegl%)'
si | &ntbis KW VIR ethbGdipeent i dh aterred tieat theercalal concentration of

o U e PSSR L [ cose 2 pralarall
sat@rReh ¢ leveNefprOdik@ivRe] 1ed Avd Efé%rﬁad‘%ﬁét%él/ ShylelP8bncentration is

preferably gr eater than 15 kg pol yethyl ené/ g catal yst.
grepigr Hhag drSmaq) 7a priferablyt greateribae2 malth ol hef coavantmtjen of hydrogen in

fwities,. (1 . f t.hat _th t f ethyl
3Gl b S et BAR g IE kBt BA0 55 Bl EPE e
ratiorof hipérobén St ethifand 8hréferablyd-05ess/mélr ef erably the

ratio of ethylene concentration in the second reagct or
to Vruallyisach petheirpagfors basandntermal 3olymel greaser thaw 1 frot, anore

r 3 : lyn oth .et-hyl ene

colfSAETROE a2 0f R eSS POt M B

200me camidmeore phticataelySQ0H e dintopg ettsiim oflthe HIMW-HMW lcMBbdiment
nmbodi ment it is pref rreﬁl t hat the actual

of (B HEERIITLIE SR RS A othpiehs Feae e cerlovidl diappless &an 10%, and

it id Rl Mkt 8118k We VIPNRY, §Endil o] @8Mefel oLMR YR 1S employed each

independently differ by less than 10%. Most preferably in this version of the embodiment,

the reactors have the same dimensions. For example, where a reactor system is designed to
operate different catalyst types (eg Ziegler-Natta, chromium and/or metallocene) or a
catalyst system where the average activity or production ratio required varies significantly
between reactors under different operating regimes, it is preferred to employ reactors of

equal volume reactors in order to accommodate the entire product range.
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satisfactory level of productivity, it is also

preferred that the ethylene concentration is greater
W@ papo0edhol % preferably greater than 2nol % PFEEEP2008/061370
Ca8@0¢eNtHation of hydrogen inghe second reactor is

preferably l ess than 5nol % nore preferably |ess than

3nol % The ratio of hydrogen to ethylene is preferably

0-0 5 nmol/nol. Usually each of the reactors has an

i nt ,

ar catos 1} K TR BV oAy R TR i Rl B TR i i
rea'ﬁym didifer namjme &y eo there 200nBvalie, inismpeefpaed iochdlarck yhe activities

g PR 11 G InE 4B LS OHET gy G lorperature
of ﬁi@ﬁir@b’r@ﬁ’ct@ﬂ Bt@EcrtBn ArRiSss ChaR kN baRdeh b0 laid BORS, %ﬁﬂ @fsome

that all of the volume, l'ength and di ameter of the

cagep aie higher thap785@dItdnialio pr@d@p@ﬁb@ﬁm yatigiof fselndsmpnt@ﬁ@tlon in the
b h
i@t A et e OB AR D B B inbeolachervcen

0. ceafﬁrtp$ s thib el agsidteaChahtaidifs O bafhn6esf BResket0ti PPEbA8en the

di fferent catalyst types (eg Ziegler-Natta, chrom um
twa Fraetors withizy the desivey r8i2ea cat al yst system where t he

ave@g?rggg'h? MtV - RTROMG lﬁdd?lﬁeﬁtaoglt}?e 1(%;9?[# ogleg][e VL4 ESs

S1 gni betweén reactors un

comq@etratﬁomg thee@nmaw teactdr j3raefeastrisehi Yo nRePpreferattabtivesn 45wt%
reactors iin_order to accommpdate the

an@ 0Tt 300y R GIIMOR TS HNVB oAEE F Riween 24pitss and
SOW&W 2tetal] & 25\1}‘@/ %t%r)]opfhﬁos?léﬁshﬁo é@%@ﬁf} fie

t he reactors iffer In vo
avéragd weighedfgrolyedertrolab ad mwthe tctti{iemagl’(tlaﬂt}te sharrpahukie nadslitis

prdire Giennig eisdSe R Py pEoGROmHBE Ry ERCos 46 fhgSoond reactor
umﬁ@h\é@tﬁ[hg%n@ ﬁﬂd@?@ﬁr@&ﬁﬁcﬁ{eam yoﬂ?@r{o\ﬁ?e?fﬁ'e@%ﬂ%@ﬁ B rmay be

in sone cases no Higher than 75C. It Is also
mfmdéqi@rlm@ﬂeam af theﬁwdrcwclon@fo rsdihdedhe popodivnraficomonomer
eactor to in the. second reactor is
ta e e SR B P s s B T Phstef RELR molnes papduced
in Be3MW@srehdibs al so aSSIStS i n mai ntaining the bal ance
of average, activity between the two reactors within
t he ByaRairigmingihg erelemebratip of avq#agmhmwwumer}m@gqvmmratm

ratff%.fbewgeﬁﬁg &Y fe%‘tors 19%331%\/1 S[fl\g[g‘g vﬁlﬂ/g(ﬁlﬁ}eh éshoel% qQ achieve

reactor 1s at era

hlgheivmﬁmp%/btr% guettls G Qufiriéd an grddoetiGobdf sy émﬁe;@llf Ié’drluﬁﬁ volume of
HWA/.r eact s between 20w % and 50wt % nore
feaBTPQfﬁélﬁ&BPWS%W %ﬁtlﬁm%%ah%@m%eqmﬁ@n@m phidie invention in the

ﬂas‘?ﬂ&%@ %@%%ﬁge Spact hge@{aﬁ ig{ﬁbﬂ 9:{1[3195& %ﬁ? be Maintained at

relative to the tot urr%]l
gregtas than tl 00 &gfom ' éf, enare Qrdfcrabbfrgrmﬁerrtharel 3(fg/ra0h,i e most preferably

t{a@%fa%@ggq fromthe first reactor to the second
ETopEL WJha settling zone and/or hydrocyclone. A
CONMHBRER; Whe@ ailhii BAd b&d' REFhEPY dMrate a single catalyst or product
type, the volume and dimensions of each reactor may be optimised individually for the
principal grades to be produced, and thus the two reactors may be of different volumes and
dimensions. These different dimensions can be utilised in order to obtain the desired
balance of average activity between the two reactors in accordance with the invention, thus
providing greater freedom to vary other reaction parameters. Thus in order to achieve the

desired ratio of average activity between the first (HMW) and second (LMW) reactors, in
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i ntroduced upstream of the hydrocyclone to reduce the
proportion of conononer transferred to the downstream
WO 200645 t hus i ncreasing the density of the pRCHERI008/061370
CaBé ogluged in the LMV reactor.;jBy maintaining the
preferréd ratio of average activity and ethyl ene
concentration ratio between the two reactors in the
HWAV LMV enbodi ment, it is possible to achieve high

an quaﬁ@ﬁ\l»e éﬁ@&ﬁnéﬁtr@ tiyd BMEG- mw bRk AShPHOMT g{é bt (avw)

polymer in kg/h per unit volune“of reactor
reagtor imaytlians a\&hadestHnSYlleldl (defrserasipngfluctien f ]gzﬁymer in kg/h per unit

ol GG sl bt G 1 Ao pisliebb S e a0 m. ane
mdé@pr@%riﬂl?@f@ﬁér AanW5ORE/BL/H. NARLIL O8ekBd fé@i/otbf s{ﬂ%%%me yield in the
preferably greater than 150kg/ n8/h, and

firgg (EMEW A bagtog tce&tpéﬁcqnﬁéhl\@@mﬁ'@ﬁw gyl be lgovetar dhan Ibefor example

o 25 HEER 55, NER 5, RABAALS B DAL s

volueaChais ﬂ@ﬁld@@ﬂ’@.ﬁ@ﬂ% %%ferlaﬁlg'lbétvdébﬂUOW(ﬁ’/@ rantifore preferably
princi pal grades to be produced, and thus the two

ApRTEREHASTTE AP OgfhegioR¥Es Bhhe sercidbMaNAraaFng s i gase it i
pre-ggfagiﬁﬁgt' tﬁufz ﬁ%i%'}}f I%&?fgfﬁlsdl%étep ‘TELUDS/) 6 Hk! firétsr fgcuji’r{lf/ g{)eg e\%géa% 500,

esire ance O erage ac
prefftrebllywetweea 50 ad 300G aad rrd:afnmefmﬁljﬂ gtela&r tave00] adilitionally or

th di domt ot her_reactjon
alt%ﬁ%ﬁﬁ@ﬁ gt}elsraltlg-%ﬁ gy 3% g‘&ﬂérgftﬁtg@t%ﬂ L)@ thecsepnd feacior arester than
1. 50&0@/&&@%1)@@&5%& {4n REUNRRD - RG; Ebﬂ%rét{d%e%@gragg G time

reactors, inCase 00111(2) ternativ
yie rnamars sbmbined EaNheviiaspedtat gfeaten thanr6e idofmifh, thive

€. b ti |
Pref T St B A B T b 0l SR R eegier bl
I / \
) é?ef‘gf?%‘éf‘vagﬁﬁ‘i?’ﬁwﬁﬁﬁh%é‘@@ﬁé’%ﬁ‘@ PR anlTREEHMW polymer

E &¢ceRg mayt%lilm fetlowingeqEtiagntBdply 10rthtsmﬁaodalsalttohbz

r at f i€l " n (H
e R bbb Ea LN RS St
thefoﬁﬁcam(raﬁ@i 6f @ngaineits ﬂlbﬁﬁg 3 rolectilrSwdiBit eRvashireihe @e&)ﬁd reactor
sanisg tgnl ng the first reactor wth a volune that

© RSP st TR Ry S 4 B el I By dnsuring the
RS St SRR ol W0 06 AL o

reatthats frdme 1r5abi0250The enghge dodiviliy anedchredctdrD definetihe the amount of
tor,.is greater than 500, preferably. between

polyaVlants 2056 e iroat (52BF b KBINeGKeRT DI fin ogrcior
(mcﬁ%j ixtreQB&H e Yin®y mafhé Fera&a {h\r(])gﬂ"sg gc\%ég%ﬂro%tcht% 8@? mltfl%e%toi‘ Eg%] If no

first reactor to L/ D of react 1S
addnikrmal qatﬁystn@ sddeprteﬂ@mbcbryi gecar, sthen balouldting ﬂnetrlmlcSof average

or. co tion he avera ce tine yield in
coty 8 PR EEPCO A Bl by ¥R Rearfidaalo G whsepe. Tre
residBise tihaiskfiA& & thB®i=8s of the polymer in the reactor (kg)/the production rate
of polymer (kg/hr).
This embodiment of the present invention is particularly applicable when the

polymerisation catalyst is a Ziegler-Natta catalyst, especially if the overall productivity of
the process is at least 10 kg polyethylene/g catalyst, preferably greater than 15 kg
polyethylene/g catalyst, most preferably greater than 20 kg polyethylene/g catalyst . If the

polymerisation catalyst is a bis-Cp metallocene catalyst, most preferably a bis-
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preferably greater than 200kg/ nB/h, and nost
preferably greater than 300kg/n8/h. Aternatively, the
warmpleyirer is made in the first reactor and REEEPHNG/061370

CaRObYMBf2) N the second reactqp. The following _
redﬁirggents apply to this enbodinent only. In this

enbodi nent of the invention ("LMMHWN), it is
preferably ensured that the concentration of

e ATRRNRB (PRY) Qlnufil B6 KB ofARLEDL aBRIGH o doPafdiinw

reddtod Tq 4krageke)ivity th thé Byt IMMB) reactt'n’( EpPéfaably Yeywesnsus and)0.25, and
h H

TR S N T

catafysf fé@%r&bl? é‘r&t& tRah 6 E%‘Eo@%t%@ﬁ@/ %ﬁfal%t tn5los't re?éfﬁl;ly greater than

reac or is fined e “anbunt “of pol yet
15 Llfg@éh@é‘lﬂﬂnﬁ/ g ChiéalY@aTé tler pol kg &iBatipn [)?Ealbryﬂ ie ﬂalono Cp metallocene

RS ATR C ee .
Sﬂz{n%ﬁféhﬁﬁn( )13 ﬁéntzﬂﬂerédﬁiﬂetrét Cuﬁvgﬁ.ﬁrg@la&ﬁht i tl?éj grg& BMW reactor

he second reactor, when c ng th
to mﬁetr@gletlatjt mvthé e Iﬂ\lﬁ‘é’ nsedtohik pedferabltyad eyxﬂéenl N5 kie0.2%0and the
[ sidered taq be the The resi dence

vl ot Hahe BOoFIAn s S35 S KR §ienstSrignedyethylene/g
catﬁ@@tc bRferfi9etdhe tﬂz{rﬁﬂﬂg Bblgr 1%11@/ %.taB@t Hqif plefGARY kereater than

I S enbodi ment of vent|
15bampb@ﬂn¢mk%gQﬂ@h@tcable when the polynerlsatlon

t ta_.catal ecia
© he 2ok eracBinGi it Boi e o R g i P puplerd et o ratio
of Btﬁyl@ﬂé yHcbyt-R108/ (th £8194) M3he sdebel %&Bt e ﬂﬁteiﬁttﬁé fitsPAAbPis 5 or
pol yethyl ene/ g catal yst, nost preferably greater

lest ‘Pﬁt preirgblydiofieethylenn egngentzationystio and fatip Imé average activity

i %"Se%tah&?“'d&?"é?*é?fa%tefmﬁté HealB of i lepp Egation in e

secoad f@hmd tooihacienyé fitst Hakto @PeUBS, atd@ofAdreratly a\elage
activity in the second HWVreactor to average activity

i n (hesHMY-HYAY pabedisient i igsrrefeapd Biay thseaciuab poneestraiion of
eth?%eﬁém @Bdedong rQa Fdrr% E:F?{hgg 'gﬁntéﬂ% Iliéwg\]:er"ntﬂﬁ {Eyﬁ.%léﬁrel al

I's case IS ast ne/’g
satisfacairy &tvel q;ﬁpeéexca:bity, grxeﬂk@pre&hﬁﬂ tﬁatligls rg@éay@tthaﬂ BNA6IA The
greater than 15

|
ot GhE LGN EROR S B et n O SRy ey |8 femesptration of
hycﬁ@ééﬂ ﬁristﬁe deBo f@ﬂ@t@r g%r@ﬁta@h} R&EREn §AbRK YiSbre JTBREabIy loss than

preferably (t-butylam do
3mptet r anet hyI h5 cycl opent adi enyI ) di met hyl

si | ent the ratjo

e RGN O Wi LS R e e han Leh awee
COIﬁIﬁth'gtréhtérﬁhﬁ‘%rﬁq il in MY RAGE@ter tlfan@roﬁpe'fﬁﬂl:éd ranges are 75-

between 1.5 and 0.25, and the overall productivity of

204y eandraere particalapli 1§00167§é1 i 19:1 C}ﬁﬁe‘ﬁer@b}fyh@LM\HﬁMW ekgpodiment
ot BB 8908 REUAHY Rl SLTE TR AL FR LI 2 s
thad $0%g afnbit ygirhﬁeheﬂ ey all @F ﬁieyx&)llume length and diameter of the reactors
employed each independently differ by less than 10%. Most preferably in this version of
the embodiment, the reactors have the same dimensions. For example, where a reactor
system is designed to operate different catalyst types (eg Ziegler-Natta, chromiumn and/or
metallocene) or a catalyst system where the average activity or production ratio required

varies significantly between reactors under different operating regimes, reactors of equal
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In order to achieve the above ratio of average

activity, it is preferred that the ratio of ethylene
weameesissati on (in mol% in the second react orPEDEPI988/061370
Ca%nxh@@gﬁirst reactor is 5 onzless. Mst preferably

oth ethyl ene concentration ratio and rati o of average

activity requirenents are satisfied together.

Preferably the ratio of ethylene concentration in the
voPEEQ0A G SR FhicA b8y el REnckhoabiRR6e it By Pl e
existwhadifivech extermaRy pnpdsed readtol Haheristoas attcesadonstraints on the
orf GRS RS B Shah5EB5 Ut e racor
avet@dd RHRY, Yrdduce@d1itP iR gEe bhy Edlinglih chch rRAGS: whilst at the same

preferred that it is greater than 2ol % The ethyl ene
timeoweg eininirg the onesnprisdresfdighy cirepavsats Qigarieldy thel 1egel Tewymired by
ﬂmcqpcgntration of hydrogen in the second reactor is

d?é?‘?%bly | ess than 5nmol % nore preferably | ess than

3noirfhs W@l MW eaoIw @inbbbndne aEthe fisvenaen,dn thddas WRkre the

vol unme greater than 10n8, nore conmonly greater than
reapiopsadifiacin velyae by aemore fesdfeel % b p@%@@d tpyhelapge the activities

BB 28T 3 A0SR TR LR Oty 0B

of ihe Viesi réetortbieavesal 70rd afl 0 erefeablyoeswesripd (atridl 0@ac h It is also

i.ndependent | y diff,c?r by I ess than 10% and it is
prefrreeddhatdbe atigrot splidsponeengralion tniBe fird repckpr 4n thagineihe sesond

. ' | ' r .

Pl LR BEAENG 5B DXeascerdenmatiat o ! 7 B i
assestdiodnaiemining the balkeacd off setage ectiliy =tneendhaensicani®rs within the
d exgn%gg, where a reactor systemis designed to operate
CHPE f81%Ent catal yst types (eg Ziegler-Natta, chrom um

andGeheri®y 7 tho ML HM WanBliRhts b BShERMASHE sbIftR
average activity or production ratio required varies

consegfrationdmnadhyrepuome ehleng 36 wifosmosideefedibly betenen 45wt% and

operating.regines,. reactors ,of .equal Case. 001 11 13
5B i PRAL TR Rrn S fi Sl o B er PR oy bl Wt of the
sluggClRRdadedt shReeitd Iecdicatdutd B 86lidsTieisRxied HRIAE theTrst reactor

such externall'y inposed reactor dinensions places

to the APORATIRCET BRNE lBseBieg zone agd/ar hbacwlariel dbhedrpgen-Beediluent

. il t
T T e
hydrogdni tregisfeired 3¢ therdoagis@eannhoatdt. Ials théwe psdereed folfRish or fractionate

mai nt ai ni ng the concentration of | ight conponents
the Gyt raggieas indesespar (HAGYD Feaatop ydmreyslensiorén o wrnize the
hydrb &n%?EMWeWWIE'&%%Mr E:to?.h.e invention, in the

ca%e ere the reactors difter in volume by no nore

t haHowova] $hhereta flant prebenrdesighal foalparstea tinglcaatalsk b gaduct

DB e Ao Rt T ok o e A EedMauatty for the

principal grades to be produced, and thus the two reactors may be of different volumes and
dimensions. These different dimensions can be utilised in order to obtain the desired
balance of average activity between the two reactors in accordance with the invention, thus
providing greater freedom to vary other reaction parameters. Thus in order to achieve the
desired ratio of average activity between the first (LMW) and second (HMW) reactors, in
an alternative embodiment of the LMW-HMW aspect of the invention, the first (LMW)

reactor may have a space time yield (defined as production of polymer in kg/h per unit
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of the first reactor between 70 and 11CQ0C, preferably
bet ween 80 and 1000C. It is also preferred that the
WO 21000300685 sol i ds concentration in the first reRCI/BP2008061370
Caﬁ)g@llilg)t he second reactor ijg maintained at between
1.2, preferably betvveen 0.9 and 1.0, as this
al so assi sts i n mai ntaining the bal ance of average
activity between the two reactors within the desired

voluf 4} r&%ﬂ% gllﬁ:ét\élé J&l’{%{lggs kg}r}gy/}ﬁwgr? % Ia %Caﬁér hde 00kg/m3/h and

i nventi on, ritratfon I n reac or =1s

moat prefoastily @fmﬂte%haﬁ%f)kgméﬂle redslajsolpet fepedinibist st the ratio of
55w % . The solids_concentration is the weig

PRI Gh B T et 49 isr et (B Wh gerstanis grestppthan
1. 2t Riost Iﬁ@f%ﬁa CP; %I‘eﬁtepf flqrff ﬁzstrﬁafﬁ’@&%@v%ﬂ%ﬁ d%%glélgg C}Jléjﬁrst (LMW)

fransterred fromthe first reactor to t
reacwastibra wedumeg tlmt satot thoreghazo? (o grdfeoabl hyelweery 80-G0%, ad more

pre 015 SERon IR A b R e bf B seran ENEP sepetaroly his

casefit D PEHTOGRNhE BB SR & fqéh dtltd Jl%ngt%y\‘{ﬁ’ﬂ) %P{Herf?r%%é’cfter ik ?reater

is nost preferred to flash or fractionate the diluen
than@fisreferablly baswetre4@bashni)0; pidifionadlacr elterngiivay,)tbt titie of L/D of

N T LA N

thag@si gned to operate a single catalyst or product type,
t he voI ume and_di nensi gns of each reactor nma

be
opt £ ksl of Hgiabparembgdimgnts of thegnyansipp SOV SV piad bMW-

dRY.

A e AR LR B LAOEL RO BBl o e e

readﬂonﬂ’mﬁlﬂbjn By@&)’dubt%supprds!;c&e chaiyhe @UdaY, picderabiiyas the INIW reactor.
Iance of eraeact|V|ty bet ween the two

Adﬁﬁ@’eiﬁl Wﬂ%& caalistiny alssveradded to thggecond reactor in
ordef Q)Vdoﬂ{rﬂgthg %@&5 athv?c?%gﬁhéé) Wl?iryog\% ?% I-ﬁ\geSI 'rl\ﬁ’ﬂf Pgurauon it

par anet ers. |n ofder to a
is pyéfeavcétoa@@uhﬂat iuge t)@/arbmitl\mﬁg enldneerfin itlsd HM\M&acﬂmhnﬂeﬁ DMIW -

r tors ernat.ive enbodinment of th
HM PR 2R e B TR DI HE: Pt B e pmimimise the
corlcB@e4tdn df%n@ﬁié@s RqEHPRLCH tﬁé PRIV eActor{ dgfid RAE-@%he downstream
production of polymer in kg/h per unitCase 001 11(2)

degaaswg)mmwmuma@ttar) greater than 150 kg/ rrB/h nor e

S{ :in:e[rlggm %Es ZJ? tl‘{eﬁg{r‘en%g %f'r-ﬁ%yl%it q%{thq @V&l}tg}g is that the

opthightesy ﬁ&eadtbrtd?bﬁxgé agtrityalankb B epictthe Ofkl@ERAG Roblk
yield in the first (L reactor to the second (H

reqriggRents, Whilsgtdhe ayme s minpuisigg e Groes @napityatign émtherilash tank
S0 %E%&ﬂ@he J&Id%o P&é%gr&g h g&’sq? Hgﬁ(roqgé %:i%%lengg ?ﬁls 111@8%}01’1 can

reactor wt I'S NO Nnor
enabfeaﬁmcﬂinér}eﬂﬁmémmf%hsﬂ%l QUtq gamut &l lyplesf MR bIoy and preferably less

0-60% of the volune of the second 3
thep m@ gaeﬁks%/ve IE¥eR} WhHED emBlOYINg § spacs ng yreddiof #deast heOkg/m™/h,
mofe%rbféra‘?)fly ‘l—ltqgﬁi 518t ATBbE prdtbhbly Rieabhokk/nsVn [PRSH Uactor.

is greate
By “monomer effimency 1s meant the weight ratio of ethylene + comonomer consumed to

polymer produced.

In the case where the catalyst used for the polymerisation reaction is a Ziegler-
Natta catalyst, in both LMW-HMW and HMW-LMW embodiments it is preferred that a
single activity enhancer and by-product suppressor is used in the LMW reactor . An

example is a halogenated hydrocarbon, and more particularly a chloromethane of the
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t han 400, preferably between 400 and 800; additionally

or alternatively, the ratio of L/D of the first
WO 2wens4i o L/ D of the second reactor is greatRCT/EPRANS/061370
Cade S01170@5t preferably greatersthan 2. For both of the

above enbodi rents of the invention (HWWLMN and

LMAHWN , additives to enhance average activity nmay be

added, preferably to the LMNreactor. Equally

t d

ARG PURPLRSSORRAM S 305 pRLEETARL Y e
chlomtfainy SIHGRYTlal sn0the oﬁﬂdegbmtedﬂiyérosaﬂ:)on ddaicehs besediom the amount

ot 5ElekeNely SRRDPL B0 EcriGepoich ot 119 ol BB e igPeensted

hydr¥@drBort fRlel wt&fre@ﬂoﬁg ttﬂtéfﬁﬁrﬂ 28D G rehdtof Rerddthan 0.1,
reactor and in LMAMHWMWV configuration it can generally

prefiesatzly bicitreagn Okboansh/br Thansdhel aﬁyé@gem@tedhmdm@éon kseparticularly

he
desﬁ%ﬂl% W e(rtj'lﬁutéleé‘&s)ﬂ]t %&131818 Uoi %Vrlté §ﬁf g{gggg = n 5 g}té))?ww en%ances activity

and QHPdsABIE Shaldfosthhti@TBQU mégaematﬁh@taly@t@ Mt is Qo 1@6@1 ina
benefit of the invention is that the optimsation of

reapten BOGHCIAg &9va golecedaryyaight palyaiee émcg pdee thej opmbjned) effect of
e 20H DA S SR GO e A SRR o

corpentagion®{dighi atdnes ineghelrdactor, e dlpy @akinglitvace difficult to mamtain
i mproved ef |C|enc Thi s invention can_enabl e mononer

thesphiegiatien ekCipns NABS foeimthe psistank Selrathe Jovebequpidhy the
invintibh. @ﬁ’aﬂy f@frﬁﬁtﬁm Mhnlbe §.rtfc'ﬂ rrengyl éaltn ?nfht‘iﬂ g\{&g molecular

even when enploying a pace tr
Weig@Zk@ymm pampldaﬁy eflodadgey ispresenn sWheh ObadrdngBloty, moksitlar weight

r1BE SR KR g5 R0 Rirlicblet i SoSiE o TRt (e agtiviy of the

catﬂ%ﬁ)éirfé@ ShetaeUTRIOSRALy 4 QRS tHERAH gy(ﬁeééﬂ%cﬁ{tféﬁ%lﬁ 86th dftribute to
e case where the cat al yst use for th

a rqﬁ@pﬁ}omma@é)ﬂn@*rsaﬁ@a@quvm lageited hﬁdmcfmb@ltsasuchiaatMeltofonn can

tnelsForp Bl ARG B BN GER RUT RR b pimising the

coﬂaymmmdtwrt:,,ghgnpahesé@ihdlréactbied in the LMNreactor . An
example is hal ogenat ed hydrocar bon, and nore

parkt |1s:m1e€ﬁnregi igald ﬁmﬂe@rﬁéﬁlmﬁéemmﬁh@@a@@a@gnslarqt‘lzqwi5111” in
1 to.
ot S PutB o ot S Aol i Bl il reaco.
3. Khﬁei’an‘adlt}q)e of rduatod gﬁﬁﬁd&’dr ihy @bg@x&ﬁ‘i@@ﬂiblﬁdd &hidisall aspects of

based on the aml)unt of Ziegler-Natta catalyst, and is
the &v&p‘g?%ﬁqefpg § 15 21 logmEsactar, avhichisjagogtinyqys tubular construction

coniH QN A LRy ‘i}&o&ﬁﬁgfg‘t‘oﬁp JedichOseb iR G} ﬁ;ﬁsntttg/.ofor example

tltanlumaddedtot readtor I's greater t
fouphesf zemédd kgctions. \ierhedt of ml'bdnéhsaffditms ugscaly rmbatdgsngirgtiect

bon .is particul
excﬂxg‘gre%lﬁ{ a cooling Igec{lum, preﬁara@fy water, in jackets surrounding at least part of

the tubular loop reactor. The volume of one loop reactor in a multiple reactor system can
vary but is typically in the range 10-200n2’. It is preferred that the polymerisation reactors
utilised in the present invention are loop reactors, and further that the loop reactors are
liquid full.

Typical pressures employed in the loop reactor are between 0.1-10 MPa g,
preferably between 3 to 5 MPa g.
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desi rabl e when used in conjunction with catal yst

systens where it both enhances activity and suppresses
waQ bwoesdede formati on, such as Ziegler-Natta CRBEEHERRDI061370
cabdodig1ghso useful in a reactjgr producing |ow nolecul ar

a\NEI ght époI ymer since it has the conbi ned effect of

enhanci ng activity and suppressi ng ethane formation.

Et hane formati on adds to the concentration of |ight

rea HRAB YR vt i it

B e L K B rpor ol compositons
conthlezrfgeae]niylezte hdmm;follm:sdfrs tuath bopoénoas thhyllem/aipoftmmrs 't)@mbaﬂiy

t he invention. formation can b articul a h
coP R PO RABH ARG P SRIFHOT BEQTE T GARICH [ by weight,
pr&&ﬁﬁl&‘ﬂﬂn@()'ﬁ’to 6B W%@?%}‘ ScalipRSEphoxivhRYy MAK eIEH’[W

nmol ecul ar wei ght pol yner in the sécond reactor it

aI s dhpalphi ovnardighiyesnembs genaalipesploytbinauch watcyomsfare one or

.t th f t h t al yst
el G e 05 8 ahdPa s b el i R olg Kearer e
dowtelbeAd ®in tHe by, I TI§'E Hchi0dk aflds Vhdlide dtRYI08E PASSALne, butene-1,
hydr ocar bons such as | orof orm can therefore provi des
penfengoliicscnsehang ectensyl, o srixwgessueh 65 ethylervand bijters-1 or ethylene
an(ml&'eﬂé 3! ' %téﬂ%—el,% 1‘?&“5 ’ 13{5 h%Qer?a{ 1 Sreg)tﬂ}tfcuiarll]fytg{}gfeﬁ%& ggrgonomers
reactor. I's’preferre
forlethmtelcopolyh&hsdtfm reactors are "liquid full": in

ot h r ther IS, substantially no gas-_or
vap ec%%ioaiﬂlﬁﬁrﬁ #é%lagﬁa@@ fhg pply@lqré%%x)@wethﬂene resin having a
deﬁ&?{?ﬁg{eﬁggl o?ggt whi c%{nai :Méé’ggg?ipg’ff t %él?nr%l&léﬁ?q o prising

fromwr 3 tadlwitabf &firs palykihglene dactiar of high ololdcalanweight and from 40 to
st.ruc east

R e on ol g ol Teeel
fraétm colPrisBe R r fo%“dielﬁﬁj}? F@l?@ﬂﬁ ené ﬁ&‘hh Q%lens]_%% ‘ga% 984 kg/m’®

y renoved ng in

nerisation is typica
ancg@(t%hﬁ@@f\lﬁsﬁ hea 10@ é%mmg an@ﬂle@mo@rp@ﬂmww fygction comprising a

ich FEFY PR o b ICb Bl 5 B By PR

kg/ff ptdoim mﬁf@mmnﬁaﬁm HUOminS aﬁd/me@al)lemwéhetrbﬁn range
10-200n8B. It is preferred that the polynerisation

r eabYRIFY dijupnts §adhe sspersignsés exnh rERpl@rinelvde Aydrosasbens having 2
to {Zegfeg'%ﬁl?laﬁatﬂ% f:é‘f[)&li] Frron'fsgnséﬁltroggufg ﬁﬁﬁ%?{n{%%ra&f%les such as

prop&seg hdlutembﬁn—he,tame eﬁd Q- hbpﬂa@e M?&rzglch@:[ ﬂk@{e@ Rliyh %ﬁk&ﬁm&
to 5 MPa Case 00111(2) 16 The process according to
SOpFNANe RPN - ltlbépltoaeéneppéﬁ»\éﬁl%a kags gch as cyclopentane and

cycﬁﬂfé?ﬁ%‘ JritRSmeanal i Mg CE eWeﬁ@%@%%%r%ﬁSﬁ tﬁ'@gﬂuen% is

copol yners. Et hyl ene copolyner y corpri se
gengrallyorat with hr&pod:tetb rthescatailysm, ovasthlybl andqobyndr pabdwekd ¢alh as liquid

R S g SR S 8 Sk Rt o

50% (preferably at least 70%) of the polymer formed is insoluble therein. Isobutane is

particularly preferred as the diluent.

The operating conditions can also be such that the monomers act as the diluent as is
the case in so called bulk polymerisation 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
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The al pha nono-ol efin nononers generally enpl oyed in

such reactions are one or nore l-olefins having up to
W@209080#5 at ons per nol ecul e and no branchi ng PEEERI008/061370
Cakd1§01dephl e bond than the 4-pesition. Typical exanples

i ncl ude "et hyl ene, propyl ene, butene-1, pentene-1,

hexene-1 and octene-1, and m xtures such as ethyl ene

and butene-1 or ethylene and hexene-1. Butene-1,

Penhedissdl o@%l&%ﬁ%ﬁ"%léht %g%ld%&hta'rgkﬁji@m th thE Fﬁ%@ﬁj using Ziegler-

conononers ftor ethyl ene copolynerisation. I'n one
Naén,bnctalhmwne aiid trhbnﬂam/lewmaoslnon hmtq:b typermatalysss, Aydrogen is

or e Pk SRR Y Bk bR st ol Steree tafegutar weight,
Wi%hrﬁéfﬂg&ihftgnﬁl 8 0athRs@0pIMibePfatidn fténgﬁératﬁféj iy g?#%&lagi &ised to

fraction of ;?3 nol ecular” wei ght and from 4
regplate mplegulsewe tpol yet hyI ene fraction of |ow nol ecul ar

wei Ien fraction c ri [ a. .

1 St beils, P ablloto B e RE Gisne e S ERe By Wipiygm =
mahfer$a&h #gt 18 dﬂﬁ%taﬁndﬂleb(bo@ﬁ tb esRathh@tfiod s@4d O Pehnit @élﬂ/cle of the

t he second po] yet hyl ene fraction conprising a high

dilenh & g Bbﬂf%ﬁ‘éltzh‘i}q’weﬁ’ﬁﬂl myumakié Ay pyrifigatian. Sepasatirggbe
PR o B 20020 A B 0

Q@ﬁwﬁycambﬂbyHmmﬁﬁﬂhdmmbWﬁlﬁﬂ&p$M$raﬂﬁmﬂﬁﬂ&@ﬁhaﬁﬁﬁﬁ&ﬂ%w@)ﬂm
ude drocar bons_ hayin preferably 3 to
“S%O%S&PB O3t SrRicpeps lege pieh th%tﬁh%ﬂ%mﬂf gluptyisgiges the opening

the?éolf RRAS ‘d%n@%h@fe‘m@g&gnﬁr MieRe Cﬂ{‘seﬂfeﬁ% Q;Em% NWtent from the

- hept ane, br anche es such as 1 sobut ane,
dlhll@b pleﬁmt) am@muosa podactevidinbta@alAdala mng]e;dr prdpple syithditawal ports, the

nes S C entane n c C xane or
oo RN E R e SELETOR B e WEISARD dasarbip the
dow ireginl cug rd)‘f alhﬁngﬁﬁﬁrs@l:thdh éfriﬁé foopd e & dfe?é%ﬁ)‘htoftl'& L Bmeter
catal yst, cocatalyst and pol yner produ suc as

reaptoguidh highshlds ce,oncmtmu@m lnﬁhasluuyaﬂmdlrmsmihe fuantity of the

Pnlsupgﬁlg‘g?% l‘%{/iﬁ‘x)a a fréa) ttsgg/g &%}%H%%Igngg?h%t .T-,e q &troprlg%l SL.mg gevwes
on thesaithdpdven pdj‘l?frﬁr ﬁlurrh;slﬁ’@fﬁ‘eaﬂﬁhyc&oﬂ%ﬂds‘(ﬁhgl@oy 1rpih%fc§§er &Qnultlple

as the diluent. The, qgeratlnglcondltlons can al so
hydspesiglanggin R%‘i@l%h ARes the reserery s dilseltth@an energy

efﬁE §Embihes Qinkab HicQHt] é?eﬁﬁ{eylg&{clu%ﬁtah@ VR4S recovered diluent

urry concent atl on percen
is alvenelad ﬂommaklmg)thb eondeneratian ﬁl&a&@pbdrﬁlﬁnsmté&m&[}ﬁﬂ&ﬁbyfoﬁéxample

] ar ht of the_diluent and_ whet her the
thf?ﬂ%@ﬁlﬁww o o IGFYaIo g qqn&élpstr?aauvﬁthshygwwlew isiadrther

mefrfs%@élﬂ%ﬁlﬂﬁqﬂ@ HEé'raﬂlﬁg RRIb WS fidal RE o?raflgg 1(%?1{1%'15&17

| uent for propyl ene polynerlsatlon
conmtrmB obfmompiner déraesswaseghio theegediamipoessanedldsh cank. i n
net al | ocene and

e BERebe R R P ftearor PLETE RrPgR fegctor, the
withteWAaeA préferably concentrated, polymer slurry is depressurised, and optionally
heated, prior to introduction into a primary flash vessel. The stream is preferably heated
after depressurisation. As a consequence of the invention, the diluent and any monomer
vapours recovered in the primary flash vessel can be condensed without recompression.

They are typically then recycled to the polymerization process. Typically the pressure in
the primary flash vessel is 0.5-2.5 MPa g, preferably 0.5-1.5 MPa g. The solids recovered
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preferably used, a higher hydrogen pressure resulting
in a lower average nol ecul ar wei ght. Wen using
W@ h0d/asoews t ype catal ysts, polynerization tenpePGE/EP20$/¢61370
Calf ®f181@5! y used to regul ategol ecul ar weight. In
commer cial plants, the particul ate polyner is
separated fromthe diluent in a manner such that the
diluent is not exposed to contam nation so as to
froﬂletﬁgbfmfag}gﬂgh%eg{el Eﬂ}é%sgél )ﬁggedttg alsB&rRAVARA vERE] f?)rtemove
zone wMth mnimal If I Tication. geparatln
resplank vadatilet e pol ymer produced by the process of the

tiqn f the dil, || b
R R e Rt L A e
cat@ibzﬁt@?ﬁteﬂs)pah’ﬂﬁﬂéfﬁeth%e aiﬁepﬂ&mrthﬁegtéﬂﬁe%tm% i pdfcular

such ‘that the flow of slurry across the opening
thosth re@ﬂ fyonp (itag e, girzomsmreiapaditie apd rﬁmeﬁlepmtlty aptirgted silica or

inof i< hboled PuBl: RG0S Th Bou brlfRer St

meWwillbbdhcdoils Wclcﬁmnﬁaﬂ%n&l‘lf‘e@hhm offa tmkigidn @@dtalbR particular of
anywhere on the | oop reactor but is prefer abfy

UmﬁWPh@eﬁFmﬂﬁm%he downstream end of a horizontal section
r

ﬁ@ﬁl éﬂﬂﬂ% Fﬂé@plggﬁf; Z;i% 1gf )&]o ﬁé@fy@% aﬁé ﬁl@%%%lpo{u%ﬁ cogtp%smg a

tramtmm‘nsta}scltobm ﬁfonanrg:romgs IIIfB VB, YBicrGiIBadf thk b&tﬁﬂﬁc table,
wi t hdra %rontt nerlsatlon | gop. Use of
magnesiih i PHgsHe teéed DYHBE HiMASHFANR CRBIPPHRG With @rdetppound
r

O e B Bt cfind T halen £ Bprinally o an
inteend paced tltdmagrwsmmeccynlmfundlotr oéihe tﬂansmnn arveal gympound

ef fjcient nner nce Si n|f| ant pressu uct i
VAT P e B B e cte P ety o Gy an alimoxane
or By BARInthgbie sCREGRRAS Bt b}@e@mﬁé iR &P J0098HR ?ﬁf‘t%ﬁ'lbf@atsu

conponents, for exanpl e through addition o
Chemaiggle)- e dlluent upstrean1of the hydrocyclone is a

fur iﬁgfer cat a}?]s ear}Qanc wg gt}]"é"gﬂc%g%r exampﬁs include

fina Fadiie

at mnmmeurar@awmﬁamme@h ﬁ‘@nté?@JﬁiﬁﬂBUW]@ res s &/18! A%Bnesium and
ank. Were the final reactor of the nultlple react or

at le%@lﬁﬁql%%ea G@%rqséléﬁc@ré obtained wifh thasesomprising:
Pr ef&hLAR! ¢y 366)”1%?&5{ ?ﬂonaﬁto%qﬁ%g%lfé%’f{r%wm m 15 to 20% by

depressurlse
wenght,roductl oninto a primary flash vessel. The stream

referably heate after depressurisation.
n§ Brie Q0% v Wiz, Q85H, Prefreatiy frgento té’niﬂ)‘)/ahywmght

mvnfmaro ¥ PR By @h%@ftﬁhelﬁb %sﬁﬁlhf@S%_llhtloal%t% ¥§93fht,

can be condensed w econpr essi‘on
t y pireml0. i to Hi3h by ecyghit ed ahlm1mhm perieyaibr fraati. im) P dmge&sght

ical l ress re in the primry flash ve
tho GBS aenipall) §oRTR PP e (ls risn Fomhb pep it arssd forcasic
maf FERel QREaS @az@@ﬁ hAfen h8d bk Rnt ke Qéﬂsﬁﬁfrymgtlapé{ﬁ the halogen
vessel are usuall K passed to a secondary flash vessel
are prslerably\yiganium and chlorine. Most preferred catalysts have the following

composition:

Transition metal from 8 to 20 % by weight
Magnesium content from 3 to 15 % by weight
Chlorine content from 40 to 70 % by weight

Aluminum content less than 5 % by weight
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residual volatiles. The process according to the

invention is relevant to all olefin polynerisation
W@ 210903845 syst ens, particularly those chosen fPORER2088/061370
Ca @gllqs{zgtype cat al ysts, in gagrticular those derived

romtitanium zirconiumor vanadium and from

thermal ly activated silica or inorganic supported

chrom um oxi de catal ysts and from net al | ocene-type

Canbisih SrodRI BhiAE RIEHARUDY, By Reflrppent adi eny|

derivative o atran3|t|onrre npartlcular of

tit Enliyuwnsertiomismamiritﬂm'iy Kepglet cmltyserdg)mx,amwtmﬂ;aﬂy carried out in the

' d
SR B ARty OB S i,
coﬁ{ (B..inﬁg c&rﬁ riffg hodhs oﬁé‘Qlluﬁnmﬁﬁl%%de’Heﬁﬁéjal Boﬁ@lsﬁaﬁﬁb optionally

tained by nmixing a magnesi um conpound
hal@@fm@ttdmdg@bahlhenmmnmuods et caarmrraorﬂsa bmmnaxr @ul element

d h | |
frof BT 6 é B e ST S8 RBeaER i Rr b Fia be
orgaBdAkmEMITR ebM@oudd! &f tHakeRAmhYREnLALR |aér’ StethyTRMmASum,

net al | ocenes activated by either an al unoxane or b
md@v@%@na@@wcbgs aémm@mlalwmuem&mm@mm MoEp- an gialkoxides

suc?%??%é?{lélb@?@ﬂ er r o aalkn%lt)%s;{ Eesazlgyﬁl% mu guch as
d1eﬂ))yba1‘qnh'ﬁl$urh ehlotide, aaltylhlaﬁ;smumrrﬁoﬁd~ ans tlthydﬂdm?siuah a§ h osen

groups I11B, VB, VB and VIB, Ll§l%nesl um and at
dmp@fi@é‘ﬂﬂl%@n fiddesnd g af N L CURROUHE SPTHBISINE fiffiium such as

th%l a%{;s? CI nﬁéﬂtugﬂr,lluﬁf gﬁeﬂogﬁf@ eﬁﬂzé?a!ﬂ %Q]B%#){) € not hal?ﬁenated

arefwaik'ﬂuﬁed t Dricfiofaloyninemgintl tnfsolblayltagmnmum ﬁfeeslaimiallyfadamtageous

fﬁﬁ%‘?lﬂ% b‘ﬁgm’gfq%;afgﬁ%m Pr?’gﬂfg% O%E{éﬁe\l\e' %Sél?%ﬁﬁ@qwm oxide

catil?stllgﬁh@)é ti’t@rh%ﬁml@fm@é S0P 5 Ut} e&%ﬂﬁé Q'c!)ﬁﬁpfﬁl%l%&%ﬁ ®itania

by wei ght, the balance general I'y consists o
Sup@blénémaﬁlcalarbfl prgfefred nlnmmeurpfb@emiocta@lm ethyfoomptrise from 0.5 to 5 wt

S TR T O R T AT M

thetvidi gHtiol ReafhtborBiiPEbMEninYRStal qutﬁfsﬁﬁ%r@éﬂ rYs%E at 1@@@(9 wt %
thefollovvlng COS:;EOSItlon ransition metal from8 to

titapignmgyge W}blgmro 1255 Wtr%:fetﬂm@m m@meﬁerabimsnmd@yf% wt %
tltaﬁﬁ%seggﬁ ﬁ{el Q&gﬁt"d’fﬁﬁé‘éh&&% éc?nt&?u gocal/ ol)l?s\f %I omlum based

catalyst may have a specific surface area of from 200 to 700 m*/g, preferably from 400 to

550 m*/g and a volume porosity of greater than 2 cc/ g preferably from 2 to 3 cc/g.
Chromium-based catalysts may be used in conjunction with activators such organometallic
compounds of aluminium or of boron. Preferred are organoboron compounds such as
trialkylborons in which the alkyl chains comprise up to 20 carbon atoms. Triethylboron is
particularly preferred.

If the catalyst employed is a metallocene catalyst, it preferably comprises a bis-
tetrahydroindenyl (THI) compound. Preferably the catalyst system comprises (a) a
metallocene catalyst component comprising a bis-tetrahydroindenyl compound of the
general formula (IndHg);R"MQ; in which each IndH, is the same or different and is
tetrahydroindenyl or substituted tetrahydroindenyl, R" is a bridge which comprises a C;-Cy4

alkylene radical, a dialkyl germanium or silicon or siloxane, or an alkyl phosphine or
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Al um num content |ess than 5 %y wei ght Case 001 11(2)

19 Residual organic content |ess than 40 % by wei ght
WlogeskSat i ons, particularly Ziegler catalysedr/Brasgs/061370
Car®itypjcal ly carried out ipgthe presence of a

cocatalyst. It is possible to use any cocatal yst known

in the art, especially conpounds conprising at |east

one al um ni um carbon chem cal bond, such as optionally

amih@ r/HeN N ERh ‘Bﬁﬁg@@%hb’éﬂtﬂ&b&‘ B QM’BQHHI@§ MRk @}oﬁiﬁw metal or
conpri se oxygen or an el ement from group |

varpémnbmdceapb& ig hydvegadlyLipavirescbive) caﬁ@sm jtems gr h@ﬂ&ﬁm rag(b) a
um C 0

coc?‘%r?lyysp Wy cgl ﬁlesu #}lé r(patg é/ﬁt CONT u[nﬁy(ih ‘flfj Fﬁnﬁl}imﬁmndenyl compound

may bt alYsenydBinUA finkwas blﬁdfiffaﬁently iffoROOORRMEr at SHB dtirhidhe
al um_ni um nono- and dj al | coxi des such as

posgfiags iy thalciypionenipdieny sigdde chdakexearaing sl thy eihuleag bridge. Each
subgti égl%lt%r% 1 B’é nﬁi%gé}ldgﬁt d)dfg}&{]sy 4 ?4&1%&' ()Lf'ﬁ)ﬁlmlg 5('19%.’1 which X is

m non es such
chogérbfiroml gadwViB Lonylgrd tidrheitrageeh amidgacioR|is thersammo@ diffeendad

ChoB BB YRS hPEOREBANES o8 bt 74 PHpok HloEs oA véh inihe valence
of }QOFK i8 ?1‘6‘?&%‘1 @dIf tRe Evc ehtaﬁiéhﬂeﬁjn il Flﬁsfntﬂl)‘flatﬁlﬂé T HABnt groups

I i sobutylalum™iumare esp & a advant ageous
mtlﬁflmt b¢1 smhulhmbawﬂactaim«ﬂmsmon of the efefin rmnhotmr ootip meta M.

SR B PRy pare e ot kel & L drabe Gl More
preferdbl @t Rk drietadBingos6 piRRABLy bOhRFEIobEMhAEAM rﬁ{g@fa&n{rﬁﬁbsumted
chrom um based catal yst nmay conprise from

In w/ﬁaétltmtb@ﬁxmne qmeéfeérb@ﬁlwﬁnér’cmnmdiwls %eamswmmumd Ridhpeegerably an
{
et R B R P ERE R Aub ST Blsmit MiB mpstpicbly pooniom.

haﬂuﬁﬁlsdr tRaitim Yenlobt grfetibly HiF@hRina bEélcha(% 4Hhe s@mé Or diffkenYand may
titanium_ nore preferably around 2 % titani um

be plxkeraghy! on Bydherghexoradicakhavirohi2( SwbonETS qig halogen. Suitable

R (LT

halqgeﬂf Etlaidne Hls(émﬁ}ﬂ@ettahy&ﬁ@ Mdegyapitccnivg Hiﬁﬂi&)rﬂiéﬁ@& ph¥icularly
preferably from2 to 3 cc/g.

eat er. than cc/
pre%ﬁF%hﬁJﬁ?%’é@%“Wé?V%ﬁ@nﬁay be used in conjunction
Wi tilll@@édr%}’)@fté’c[ Shrdkih 95‘[9&91? i chﬁy SinQhitial activation

al um ni um or of boron are o gano oron
stepciorproal ad slesetetl aatévation adrkpdritoreoiibe ketivation kentfeeatatekyréferably

chai ns I Se up to 20 carbon ons. Triethyl boron

ran$e§%|p9 tsﬁéc){ﬁp%'q § g}gﬁé@aﬁy ??00%730 gsal yst enpl oyed is
a neted ﬂ)l@@@g%fﬁﬁtlﬁ‘l’éﬁﬁﬁm f@ﬁ%éa%&@@f&é%%ﬁ@gis%ﬁﬁpl?ed with
bi st et r ahydr oi ndenyl ( 1—II) compound. Preferably t

catag vl and/die cogatelashiv eAditios txsthedjluentped aldnovenend seel s}l@sequent
reac%?ﬂ? glgj%rlllted %VO{EE) b iseésrt] grngnokr)rllesr 1Inepta{'t1acrga¥ar e&yléjn%na%d with (e § urry
arising from a preceding reactor of the series, this mixture comprising the catalyst, the
cocatalyst and a mixture of the polymers produced in a preceding reactor of the series. It is
optionally possible to supply a second reactor and/or, if appropriate, at least one of the
following reactors with fresh catalyst and/or cocatalyst. However, it is preferable to

introduce the catalyst and the cocatalyst exclusively into a first reactor.
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general formula (I ndH4) 2R'M® in which each IndH4 is

the sane or different and is tetrahydroi ndenyl or
wWa w93t ed tetrahydroi ndenyl, R' is a bri dgeP@WERI#08/061370
Case0RNi@§s a Cl-C4 al kyl ene padical, a dialkyl

germani umor silicon or siloxane, or an al kyl

phosphi ne orCase 00111(2) 20 am ne radical, which

bridge is substituted or unsubstituted, Mis a G oup
EXAMPRER or vanadi um and each Q is hydrocarbyl having

0 carbon atons or hal ogen; and (b) a cocatal yst
whi The &dioweg Bsawzbies d@t:rabq/ﬁm nwnfﬁ@h:@m tf a Eergposition comprising

t d d tit t
ctnfiefe ANERINRE A wrBRTRT o sFme Tttt Rep THEn af el
volme@omtddl 10 R6ridsN54W€s 67 £ hippendiachilfRydighitieRglerdeEhexene
cycl ohexenyl ring and the ethyl ene bridge. Each

copolipatri wasenddegn dinplinghippeior aibamtianieryeddn dheesecerdrpactor, where

4RO Rl IR 1ele® w [3M Ebloh Hotbolel WA RRAE, THeQM R hiployed was
a Zikigldrevantcatindt chropeding, benvdiylar D0en; O 4hydr.ecdbyl of
from1l to && car n at ons a&i}v+1 |s he val ence of X
ﬁeblﬁﬁfaﬁ g e’ieFle:t tHgthy ®syboYs griplys were
corﬁ1'ﬂ§§ﬁs'l§ fhttl%QHcédtiﬁtoSth fikd gdb%rﬁac%r ?%htﬂ}@fﬁi@l?éatigﬁ of Qtrlrlglrene was

as to affect coor ation o I N nmono
cartlcﬂ mltten thes adixtivie i8uwibddrite foemt the oopdlirecciyA)! ‘Bivie miiathire Aydluding

rin ref erabl y hav a rogen or CH3. e .
conph@fallafr i Brtnglel SEtanh HELHe sReeelm g gorpuced intoa
secb¥EloBp QéHc&Q'o? e safde%ﬁm@é £ B FIST ettt g% a Itcﬁnﬁ’era’zure of 90°C and

partlchgr é preferred embodi nent, both i ndenyls are

a PIgARIIDS g, arthe ssmsrtimeasiidyogen aad hgditnealtstiyizne and

ol Py PRt i i ARG el i DR erto i
polpﬂh&xf (@’)ﬂb&)lyméf E®oRsiowbas Rl Weilghefr $3108 coftaflifd &8 -hexene

and may be a hydrocarbyl or hydrocarboxy radica
Cmﬁ%%?ﬁﬁﬁWWQ@wéEﬂH@ﬁmatons or a hal ogen. Suitable

WA I I ; | ar vl
o EOABR TR 1 o sl con Bt R in A KR8 Yagror o
thatinslietfifst feadtot etas By dfaﬁ 5| andl’lrdaﬁméd cistaQhd Bokeqiidmlyi theratio of
is a particularly preferred bis tetrahydroi ndenyl
the é&‘?fﬁ%‘g%%m%u“il feseepdgsratado i W%aéta‘flbx pdhe ﬁéﬁt geactor was
betb ¥ €85 byd $. gbﬂlvﬁ&%%%ltage Qalvﬁtg'lﬁ bah BkdrY Ighéﬁlﬁl?ﬁlsés%ﬁe hflount of
air at an elevated activation tenperature. e
polgathylozt produdednp ﬁreat:autm (]kgEE)a/r [atilylene angmtrﬁm@mnaﬁé)rdaotor
process of

s f.
(I BHER e M0 Tehoi0 (o o8t of ReeBsi Pags Teacior (9], The
am&uHe B tR28 v ih Badakad st afnd shhe a&d’&ﬁﬂ@{h)é%foﬂe%qugdrtﬂ Ofhus in

to the dlluent and nononer, and each subsequen
Exangrde d der mga@q@pmﬂvetor inraaktor étcou@dmconndmdes 166/(2.42x 1.57) =

> A S ENaop 2Pfa Y sPpited iy s 7 g9 =26 el
ratié @frﬁmiVﬁ'}fﬁﬂ tHehecailtrehdts to thd1@etivAg &l )bt réftdorPofMed/us. ¢ = 0.6.

of the F yners produced in a preceding reactor of the
sertabde 1 pglopcontains the polymerisation parameters which were the same in all

three Examples.
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optionally possible to supply a second reactor and/or,
if appropriate, at |east one of the follow ng reactors
wawraonosawesh cat al yst and/ or cocat al yst. HowevePCT/ER2008061370
Capy @f1en@hl e to introduce thepgatal yst and the
cocatal yst exclusively into a first reactor. Case
00111(2) 2 1 EXAMPLES The foll ow ng Exanpl es descri be
the manufacture of a conposition conprising ethyl ene
TABIEMErs carried out in suspension in isobutane in two
| oop reactors of equal vol une connected in series.
— S5aw g af T ot gcutar —werghtyethytgne/ 1 - hexerte
de.dn.the first lreactor and t hen
t r anshegpesduieo t he $econd’@ eact gr, Aherle 46wt % of a

|I@}’Mr8§én?&l&‘}lé&{eﬁéﬁbgh‘ etﬁ%/ﬁlﬂ? pcI BO'TWS Waf lmad;a The
C 1S a7 - ata S
i‘hﬁx%@}eﬂﬁl nm m. ght- mpfmﬁiye' Ndi ?{f LA| ; ﬁ; My: 5.
I sotllﬂsai@ecefemhyl enel 1- heHene trlbﬁﬁyl al um ni um and
the abgygvgat al yst yer egqonid nucusj_yzi ntroduced into
The 1173t _Toop reacjor and mﬁémari sation of

s carried outk®ym th| s MREurle in order to
formthe copol ymsr A). This mXture, ijncluding
cop cont 1 nuousTy W thdrawn fromthe
4 .a&%}cégr' aft—ttrodueed—+nte—a—seqond | oop
r eactlempefatirhe sane|vol uM€ as tHe 0rst|, operating at
HIRIRA AR Bfio IOPC andyRopregsusggoll 2.1 Mra g, at

I alT lll:‘ as NYyUrogelrr ang agart mal et hyl ene and
i]ﬁﬁ’i Q_)ég}'_ﬁ’ﬁ ywnl?ﬁﬁ‘ﬂva tidn &Pt He ethzlene

car rR%diemﬂtlmher ein|in orHer to |foré2pqgl yner (B).

Pol ymer ) was a I bw npl, ecul ar |wel ght |fracti on
eont-ain 1\&15 sere—1—hexen Il@’é‘mf' eg oé.'g firom the first
reactor MlLn all thr pe BEyapmlres tlheppatifo of ethyl ene
concenfration in the second,reagtor to|that in the
first PEMWHr was | bss t 5 add 2#B8nilned const ant ,
and consequently the ratio of the avergge activity in
t O8IcRRRANArdRPGLOT O the averade actiyity in the

— fTTSL reactor wasbetweenm 0725—4md—1—5:] where average
act iDNIW- damsidach rehct orkgim” def ijne®72as |t he anount of

pol yg{Wgﬂﬁlpr oducgd [Qléd% recctpgo (kgPE) [/

[ernyrene cofcentraft+ot—t+t re—Heaetof (rml% X

r esiM¥he€otinavepi n t he reptktor (hout&) wei ght of
cat In.the reagtor (g) The upt of catal yst
A FRLliQn, waslihe \.&841,; and f%?d therefore be

[ gndrM(W frmm i n Expnpl ewdl%sf or ilnsdgagce, activity in

reaCtP?5du§t19 I'd be “orlﬁg'P%?rc% as ]‘f]bf(‘ 42 x 1.57) =

4. o 4 ~t A

atrt—tre—acti-v =y eattq Z—eotl d be

Awmgffwamr%@mh 4 x 1.02) + AB60 giving a ratio

of act|V|ty in the second reactor to the activity in
M::vgelflrsg actor of 26.4/43.7 = 0.6. Table 1 bel ow
ntarns 1??1 poF8Meri sation paraneters which were the

HMVSEREhikh rrﬁilécuiar weight

Melt flow indices MI; and MIs denote the melt flow indices measured according to ISO
Standard 1133 at a temperature of 190°C under loads of 2.16 kg and 5kg respectively. Melt
flow index HLMI is understood to denote the melt flow index measured according to ISO

Standard 1133 at a temperature of 190°C under a load of 21.6 kg.

EXAMPLE 1

Table 2 contains the polymerisation conditions specific to Example 1.
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t hree Exanpl es. Case 00111(2) 22 TABLE | : LMWV = | ow

nmol ecul ar wei ght HMW = hi gh nol ecul ar weight Melt flow
WO ppos®4M and M5 denote the nelt flow i ndi CRGI/EP2008/061370
Cad®e@3yr@y according to | SO Spandard 1133 at a

tenperature of 190C under |oads of 2.16 kg and 5kg

respectively. Melt flow index HLM is understood to

denote the nelt flow index neasured according to | SO
TAPIanglard 1133 at a tenperature of 1900C under a | oad

of 21.6 kg. EXAMPLE 1 Table 2 contains the

pol ynmeri sation conditions specific to Exanple 1. Case

80132 —23—TFABHE—2—TFhestuspensi on contai ning the
QRlyner lwas contli nualisly withdrawn from the
Baglendcoreatiaionand moBasflex42d to a flash tank

Op?ﬁ)ﬁhét% akca pr eswhe qf 6% MPa g and a tenperature

+o—as—a resti VWHbH +00nol % of the |iQUid
o olidoncetiaton | adhedV%i | Hhebe were then recondensed

at a tenperature [of 25C gnd 0} 8 MPa g wi t hout any

re fﬁ?ﬁk@n- THe solidd recpvered fromthe flash
Veggg; merepassgct—to—a—geconpary flash vessel to
Ethnlenecqnotrtrationl |r elimdlial} §61 htil es and t hen

r epRBEReh ratbe pql ymen satimgn| conditions are shown in

bov e hyd T 7et hyl ene nol ar ratio of
,ﬁa%ipmflycg%l@t\qa %'a %ﬁ e desired product and an
eSHid apneentution ccncewt‘f/tratl 8% | n the second reactor of

5. 4ol % was chosgn to sat|i sfy|the present invention.

Ti-s—grves a nydrogemn corntent of 1. 0nol % This
conmposi tion was unchanged when it entered the flash

t ankhe ﬁi@peﬂsmnemhta&mng &@U:it}i ﬁletpiwylﬂﬂw&isi Atisdug it witlidrdwn from
+ 0.0Q7(40 8) - 7(C H2/CEt) to bhe
fheé%qorl fastpr aPé Frénsfeﬁr¢cbwtasﬂ%a§aré: PPt atra Pipasro9E0SdPagand a

b t
o828 3 Gy AR, 41 U0 PS5 o
Theshiwele then Gicogddnsedat/a tﬂ:m@Sraturd oBE5°C #hdAb8 Mg without any
reo QR RER b e AP0 GHCHTOR A 67ECk HErS R R secondary flash
vestd] @S AVt MetiBiA voRRRAShE ifR k&hveha, f1ash tank

was recon ensed wi t hout the need for reconpression or
S u b"éheapﬂlmbﬂmon conditiqinese eniwn b, Birsl 2atpfvet. Tbe et wgbakthylene

molat BT5H 0o 8o HRel P FRORE 14:5RT B ey i ndena Polag
contERRIPA @6 S @BcdAdF¥ARG O IVMNITEY Was chosen to satisfy the present invention.
This gives a hydrogen content of 1.0mol%. This composition was unchanged when it
entered the flash tank.

The invention requires the equation Cjigys < 7 + 0.07(40 - T.) + 4.4(P,— 0.8) -
7(Cr2/Cry) to be satisfied. Here, Ciignis was 6.4mol%, T, was 25°C and P, was 0.8 MPa g,
meaning that the equation becomes Ciigns < 7 + 0.07(40 ~ 25) + 4.4(0.8 — 0.8) - 7(1/5.4)
which is Cygns <7 + 1.05 — 1.30 = 6.75 mol%. Accordingly it can be seen that the equation
1s satisfied. In this case 98.2mol% of the material flashed off from this composition in the
flash tank was recondensed, without the need for recompression or substantial cooling.
Thus only 1.8mol% of the material flashed off from this composition needed to be
recompressed. The low proportion of material requiring recompression provides two main

benefits. First, the size of the equipment required for performing the recompression and
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benefits. First, the size of the equi pnent required

for perform ng the reconpression andCase 001 11(2) 24
WO 2wy/0shomy st ep, including conpressor, punps, BEHEP2008/061370
Case@an gRh on devi ces such as distillation colums and

menbr anes, can be reduced. Second, the energy

consunption for this stage of the process can al so be

significantly reduced. The reduction in the size of
recydIRgGRIPPIRARN é&nﬂ%@isbf b %d@@lﬂﬁfiﬁcﬁl' &Iv1ce§§udht asldstMation

very expensive piece of equipnment and uses a |arge
columngipitd Bpmbraes gan BXmdpLE. Seqtmdsthp Ghengs ppmmmn\ﬁarsthls stage of
the%%ce’ss?&g%‘lj 0. b%ns?%‘%ﬁéa%?l{ 16 c{‘rgeéoﬂlFﬁcééucﬁéﬁ i}igﬁe Ske of %‘18 dompressor is
partionéndy benedicial)es &t iy veReexpehyvesictass egRiphicAt!QuBhsgs a large amount

wi t hdrawn fromthe second reactor and transferred to a
of ¥k tank operating at a pressure of 1.2 MPa g and a
Ezﬁggggiﬁgure of 78.5 0C, as a result of which about 80

0 the liquid present were flashed off. These

wer Ehis pelynreeativhensedinadd eutuedgrehatanieconiditdmd @ Brainpled, as

MPa. g ,wi ut _any, reconpression. The solids recovered
mmFPﬁH%@H%&%ﬁS§E W%gsel were passed to a secondary flash

ves I [ (ﬁﬁﬁé I

recgei?%%ﬂﬁThe ?ﬁ@gﬁgpﬁﬁﬂkégﬁﬁées ﬁﬁﬁ%égbgkﬁgﬁgngﬁﬁﬂggnﬁDnl
the gecpnd réuct7 (4@ tinyferreditosy fPasti-tartk @erating(@ChPreSEY of 0.20dPa g and a

tisf 25 d P
remaish e 5F 8.5 1T S il o PR b S maRgent S
flashedoff. Pidsd Yere e recofidéhsdd & a‘te&g%)aﬁﬂe Zf 515"@ é’r)d WRiNEBY ¢ Sithout

Cights <7 +1.05 + 1.76 -
aﬁYAéWIﬂ‘PW@QTy Tihe selids recayerddiom ﬁwtﬂaSh e’e@qhwenemsseﬁ to a secondary

il the materi al
flash¥ebeel oS Emol € phidh ot 8Rap Senki B s fen FEGVIRRACT, Tan
wasrmeemoadm&e@mttm:?;aﬁ@ec%@d 7400. ovmormy @53154(19{1— oR) -
substantial. coolin us only 1.3 nol % of

7(Craf-ey foabpe satigherd é{eé%fcirémd&‘ﬁstQﬁ%OIc{@ Ep@@ﬁ 20 dn %Bd@as t MPag,
meﬁﬁ?%ﬁﬁ%r SRR e é] < b0 & g8t @g e’ﬂ(f/iﬁff)

t
r conc nt ration vvas‘gf“sncr ease ﬁ'z{zeact ors
which ip@ized< Ritt h0fxdnfd 3$.30 =ah bl gholfot hcmrdmgrmg tdipgbd de@n that the

e B U L 950 Gy L8 20
conORUEIA P 3L S Bk B 68 A B0 g o
subientoalc@ge. Tous drily 2)3 B6IYT ABILE n&ttenal ﬂashed off from this composition
needed to be recompressed.
EXAMPLE 3

In Example 3, the ethylene molar concentration was increased in both reactors
compared with Examples 1 and 2 without changing the catalyst flowrate, hydrogen to
ethylene ratio or residence time (as shown in Table 1). Therefore the production rate in

both reactors was higher and the weight% of solids was higher too, as shown in Table 3

below.
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The downstream treatnment process was the sane as for

Exanple 1. In this case also, 100 nol% of the liquid
wapnsmshed in the flash tank. As a result, iPCOUEPRRIN8/061370
Cade®@os@f(2pfy the present invepgion the nolar

concentration of G ights conponents al so needed to be

the sane (6.75 nol % . However the effective value G;

ghts i this case was 8.4 + 0.18 * 8.4 = 9.91 nol %

Theygigpeszt his Exanple is clearly outside the scope of

the present invention. As a result, only 95 nol % of

t h@REpARCIHORN fl aghed of f {fromthis conposition in the

S._cdn d hput the need for
éth@%ﬁepé&@égd‘!%%n NOONRTC | 4

FesStof—angt-ot—Subst-ant] al COOling. ACCOTding'y,
5 Rioduetpn 3@ natler ka(h f 1lakfel of f fromthis

cSutplosintémmntiogedqd ta%pe |r @gohpressed - al nost three

times that Th Exdnple 1. }The penefit of the present

rention—can—berseen—ct aliy frOﬁ]COﬁparing Exanples
i\ need to recanpress or substantially cool

ke ElcBgfatiohar 1o @mpl Yo @k fhe streamw || require

EqUT QIMENt _capabt g of 1ramng g al nost three tinmes the
Vot mlarly large increase in

dntd grodoomsumagst | dn. Gghe QOMY 1(2) 26 dains: 1.

ReiEncdi@fatiph 0dUci Rgea rulti hodal pol yet hyl ene in at

FeasTtWo-Teactors connedqted j n series, in which

20-80wt % of g firlst..polyger | made in suspension in a

first reactor and 80-20w % of a second pol yner i s nade

in [ i r LNt c f

 nePHREPL R ot SRR FRT O L P REEREI i o
alsd, N60 tredil dfithngliquat ywae flabisedvh tHedl aarl amatrbelis 8Beadelr to satisfy

reactor and transferred to a flash tank operating at a
the preseatinengag thegnpler sanseriraioarpf Chiats compeneaty alsopasiod irbe the
i o ry,: ; | * =
S TS o ) FRTRREER BecthaR ahle i in iy LR PATRP UL 8.4
9.9 irtoh &s. Awarefore thit Beambhgh cleathik o@sida theagaope of thh @regeimt ihveation.

concentration i.p the streamar, sl ur ntering the.. .
O S e T Al S 08 M i e
flasR @AW 20 B Bk d wHhS 0 e GBXH £4 rec%ﬁ%i*e%gibﬁ Snd/e siftiallIQBoling.
hts < 7 + 0.07(40 - Tc) + 4.4(PC 0.8) - 7(CH2/ CEt)
Aca%h;gn@ly:r@ matith FPdheameteriebilasbed offifsont thés ¢cormpreiticnureeddd to be

oo SO LR A P T PHASe{ ki bl RGLR B ypntion

canBede@neledoh! fram & ohiparii® EREmFIeN ¢ and B At hdied itd rdcbBiptdsash
t ank of hﬁdr O@en and et hgl ene respectively. 2

subpipgipdlycoakae s riherdhas h¥mols ofihersam avili requiim aqyipment

' I I or Lar ferr to. a

oL DER RN S0 o SR TR Rl STBSH A e

incisiehin thaty abndueasion50nmol % of t he non- pol ymer conponent
of the streamentering the flash tank is
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wi thdrawmn fromthe flash tank as a vapour, wherein the

concentration in the streamentering the flash tank of
weavpostest s havi ng a nol ecul ar wei ght bel ow 50PQY/REP3008/@1370
CaglUog 1(@p! %9, satisfies the gguation < 7 + 0.07(40 -

Tc) + 4.4(PC 0.8) - 7(CWC ElI) where Tc and Pc are

respectively the tenperature (in 0C) and pressure (Mra

g) at the location where the vapour withdrawn fromthe
Cidilgsh tank is condensed, and C 2 and Ct are the nolar

concentrations in the flash tank of hydrogen and

et hyl ene respectively. 3. Process according to claim
1. 1, Riveessifor prodhicing g mgtimbddl gobwrhylanenn ehleast e nehctors connected

. reactor.and transferred ta a flash, t.tank operatin t a

in RS chraR i SBARL LA feb et iitetelf NwlBRoBh fsf ipftor and

80-2b@t% 0@t isébon@ FBAMRMs Rhdd MESuSPhEIoH ih & s¥dohldERWR i (iR Presence
the flash tank as a vapour, wherein the concentration

of thp firsh @olyimer r andemitispinmy shimey dontadhing thelkeeafltinppgpmentsgvithdrawn

' I I i ght ,Cughts, (nol 9
o354 0B PGS Uh G LA o 000 o 0% o f Rl e
temtpefifiRCsuch Bt at IGHEHRACES ) f BB EId Colrpohif of @Rd@rSHA ol @ non-
tenperature (0C) of said_ vapour, Pc is the pressure

polympacegyponent ¢fdhe e gHe & flepletaplsge wiithdarrolienrihe flash tank
o PR3 Rl Rublm A gal B cSRRAE ARl Bt o

commientgfhahimg mgﬂncmmvﬁgmmvie 50 gﬁpﬁz(}iig\(@(moll‘;/é}, sdtisHectds
accordi ng to.any preceding claj rein the
ca @3 Grvew 311 OR TTH TG SAckRc PRAC TG oeshage keGP are

Iz
A5 5 ERGEEML L) 4 LRI ) 3SR gl o
withdrawn /(o Yhe fldsh tankGsgdnden®dOnR] Carmhd@E; aterth¢ miokar cas@ntrations

. .are the concentratiqgn f conponents having a

n tﬁ%ﬁ%%{}% Of@fﬁ?ﬁm@é‘ﬁ&% CIEPEFISESh and et hyl ene

2. I eSPReds\uBtotding tb bRire 9CRAGkelrOARR is MThITEVRREMRh@E&ond
as defined in claiml1l. 5 Process according to claim

reagfor ysirasisfericdo e dlagletank apereting ai apressyre aditemperstuge such that at

B N T T X

with@gwndom He Lo ealias atvapsurOihEd e efnceftr SR eh@sttbam
conponent s having a nol ecul ar wei ght below 50 in the

entgiedhe flpgnighle pf canpmepisdseingaduelacHey weighihelgpy 86 @dnelg Cighs
iy . o . .
R e R O Sl e R

e I n su Int I r
T. amil Rz ard @epentiivelltthe teMpfrapot YimeC) isd preskerd (MBagp&nBe RRation

WhesB o i Bt BEgHel R b G aPscand e Br s e he
T e oo K ekl el

3. r edtioogss ascordingit®clatn dyrethdref, a shivey & withdrawn from the second
reactor and transferred to a flash tank operating at a pressure and temperature such that at
least 50mol% of the liquid component of the slurry is withdrawn from the flash tank as a
vapour, wherein the concentration in the slurry entering the flash tank of components
having a molecular weight below 50, Cygms (mo01%), satisfies the equation Cligns <7 +
0.07(40 - T;) + 4.4(P; — 0.8) - 7(Cuz/Cgr) where T is the condensation temperature (°C) of

said vapour, P. is the pressure (MPa g} at the location where the vapour withdrawn from
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average activity in each reactor is defined as the
rate of pol yethylene produced in the reactor (kgPE/ hr)
w0 2qoepdngiene concentration in the reactor (nolBgT/EKP2008/061370
Cadea®ilgepage time in the reactgy (hours) x feed rate of
catalyst into the reactor (g/hr)], residence tine
bei ng defined as [nass of the polyner in the reactor
(kg)/the output rate of polymer fromthe reactor
the (FlasH Bink s cohdef¥e@CARISC:AGRACYE| 29 thedm6lapbdAcBni@itiohs in the flash tank
wherein the ratio of ethylene concentration (in nol%
of hyslregen asd eBrvieneserpedivelo that in the first reactor is
5 op. f I r less, .and re preferabl
3. 5P BRaea BRI frcfedthe KRR, wPEn IR SopRBifiof g econd
reaftot 6f chmpaherite havihpa nisleadatwagit®elon SEhIBY kftiEes thetdgBation
econd reactor is | 8npl % preferably between

h
Cats 1701 9950 bt (o O} 0dkss) e BRER fgesaCum g e ibfhis case
areglll dﬁ%el'iltrattign§%ié | dnkehits %abiﬁ%’%'}?ﬁg&#ér%eiﬁﬁ'b%% g&%rogen and

olyner 1's ma suspensi Irstreactor ‘a
cthhleghrespdctivellyan theesegitd ey apdTy mel P e andfined in claim 1.
suspensi on in the second reac%or in the presence of
> the ‘PF?%S@C?&HH%? e d. UBeFHy 1By couceniyatiqn iy (agsiream or slurry

ent@afhdinaeh ik 6F Bldtbidh, MhYRNEAY E%é&hfs%a@fngtar}ﬁﬁlgcular weight

average activity in"the Second HWVreactor to t
belaw dPagtheasme vk the doncaritatibn pEhydrddsty ethgleoe andcdmponehtsdaving a

nd 0. 25 ere.average tivity in each reactor is
mogagﬁaﬁ‘é’algggg\@ﬂ‘@%lo%gheo%c?fgqc’&?@?tﬂ?I ene produced in the
6. I eaRioRéss GKEITEINBRY ahy pRESNAEEGInG GNEREh adi $10Mol0ulal ®eight
reactor (nol% x residence tine in the reactor (hours

_ eitie mafle dmsuspgrsion intle firsbronetar aust a logy mojdeular weight
AP RRERSE it e P BAe R AR Roor a3 b FePled e i

polifer.reactor (kg/hr)]- 12. Process according to claim
10 or 1l15wherein the ratio of ethylene concentration
7. (i nPiesswpcsqidingdo glatp RaWhersby the ratie afiihe avoragerstivity 8y the second

AR5 Bohed SRiRAEAENNG B F RSSO 3 v
aveodgecakavitgsinkdch matdy isvdedined ns thheate ofipelytthaleheprodiced in the

readiprokeP Rl Vs ol e ontoIaf s (B PGt EMo V) resience time in the
AL f &y , r.ek: . .

e entT gtf%égn@%%/ofgotﬁg R ﬁ%@fﬁg(g/yﬁbrﬁgg%rfcg%m&?eé% defined

as [bekoef 5O polymten én i weacior dkg)éhe ngtpttiate dfgohyrbarfkom she reactor

(kg&%ﬁtrolled by a post-polynerisation treatnent, in
th the conditions between the second reactor and

8. t heprocess according to claim 6 or 7, wherein the ratio of ethylene concentration (in
mol%) in the second reactor to that in the first reactor is 5 or less, preferably 3 or less, and
more preferably 2.5 or less.

9. Process according to any one of claims 5 to 7, wherein the concentration of
ethylene in the second reactor is less than 8mol%, preferably between 1.5mol% and
8mol%.

10.  Process according to any one of claims 1 to 5, wherein a low molecular weight
(LMW) polymer is made in suspension the first reactor and a high molecular weight

(HMW) polymer 1s made in suspension in the second reactor in the presence of the first

polymer.
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flash tank are controlled to ensure that further
pol yneri sati on takes place before entering the flash
W@ 200R/0306%er eby consum ng sone of the conponent BCHERI008§061370
Case (TRl 8@yl ar wei ght bel ow 502815. Process according to
any of clainms 1 to 3, wherein the concentration of
conponents having a nol ecul ar wei ght below 50 in the
slurry entering the flash tank is controlled either by

11.1 nt radbsss Recordidp td O1aRh 10] Wkdreinithd @itib RE tifd dverfage astivity in the
passes through the transfer |ine between the secon

secprhODOW raprdon thdhe avesagetaghiily wribie §rst b Wdeeeier isgropnéS and 0.25,
I t. ' . ' .
wh?r% rag%rg.ﬁg 24K gtg} i %gléh? ac:q{)ri 1% g.gﬁlielgfjars@e Are éftpoKf@egfr?)g?%e gprP%uced in

Sal transter rocess ac

theauetpegtthn g [ethalend coMtent@itivntif eheaqact (mwl Y stirasitierice €iffie in
the flash tank is cooled to a tenperature between 15

the zppgtas dbrairs)os &pdFaip PjcaeyHdaie thereariar tedud, reptdease (ipe bring
S L e UL AT g
mmmbe&@ﬂnﬁthe.reactors are loop reactors, preferably
12.| | q#rio(cj:esfs %lcéorlﬁ(r)lgeo E: a?rﬁtlgro?' 11, wherein the ratio of ethylene concentration (in
mol%) in the second reactor to that in the first reactor is 5 or less, preferably 3 or less, and
more preferably 2 or less.
13.  Process according to any one of claims 10 to 12, wherein the concentration of
ethylene in the second reactor is less than 8mol%, preferably between 2mol% and 8mol%.
14.  Process according to any of claims 1 to 3, wherein the concentration of components
having a molecular weight below 50 in the slurry entering the flash tank is controlled by a
post-polymerisation treatment, in which the conditions between the second reactor and the
flash tank are controlled to ensure that further polymerisation takes place before entering
the flash tank, thereby consuming some of the components having a molecular weight
below 50.
15.  Process according to any of claims 1 to 3, wherein the concentration of components
having a molecular weight below 50 in the slurry entering the flash tank is controlled either
by introducing additional liquid into the slury as it passes through the transfer line
between the second reactor and the flash tank, and/or by adjusting the solids concentration
of the slurry as it passes through said transfer line.
16.  Process according to any preceding claim, wherein the vapour withdrawn from the
flash tank is cooled to a temperature between 15 and 50°C, preferably between 15 and
40°C, after which at least 98mol% is recycled to a polymerisation reactor.

17.  Process according to any preceding claim, wherein the reactors are loop

reactors, preferably liquid full loop reactors.



