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WO 2008/043473PCT/EP2007/008602 1 POLYMER STREAM
TRANSFER The present invention concerns apparatus for improving
the degassing of polymers, particularly olefin polymers. 5Polymerisation of
VERHE A KRich an olefin monomer and optionally olefin cort&idrREN0ZFE8602
polymerised, usually in the presence lof a catalyst and/or a diluent, is well
known. The polymer is withdrawn from the polymerisation reactor together
with the reagents and inert hydrocarbons. The reagents and hydrocarbons
need to be recovered f j fety.and envi ental reasons,
and many processes fmm%u Kt .urﬁgl%g#ie art. These
processes generally involve depressurising and devolatilising the
polymefeariaining SiRAMN ALY %&ﬁ%%’i"%ﬁ%‘%ﬂé%%@‘d ssing of polymers,
polymerisation reactor. The volatisation requirement isgreatest in
RirgeRELlinRg BIgiher withdrawn from the reactor with high absorbed

or f(rje@_B%iférlmd&p@fEwﬁwm%ﬂﬁhﬁe&%ﬁﬁ?ﬁﬁ%ﬁmmﬁ &8y olefin
roaucin olymers witn a signitcant Iow density component or . .
d%r’ﬁ‘S?BH}S’%gigﬁ%’%@\iﬂge%W%&é%é%?&ﬁ%ﬁ%‘ﬁﬂ}é@&é@?ﬁ&ﬁ%@%?%%ﬁS well
lproeesJhs pdhﬂmﬁhgvﬂmyrp%iﬁ@mme@dwﬁiheaﬁtﬁs&aegﬂbgem& with the
AERGARARS ARG L INR. 0 THE MEMITHM CRRRC G SOmmMErclal
Scale p ant P1as | crease8 Stea ﬁy over the years, and as produc 10N rates
%avmr@é%@mﬁ@jw;emh@mmpm wanoiiploiticysits Empgeeyvofghies are
1BI6%R $S MRerd!saciopificantly Jortease i IRAGINg 0l QR RO M ing the

20Qunit itself but also upstream and downstream units. At the same time,

RV CFOeRi S EseR ARRCE bradrsa Yo digerundiat Therlishigiyaighreactor

‘Hodids] afvadentrationsndandipga)esf polystessedtharawnpdromereaatarsvl Bdm the
increase. [ its has

solids_congentratiqns in slurr lymerisation_yn .
T e S P A by
raReesisierydhighe pebantos wove sigybivarkwsiassity straieohby &Rimorphous
ﬁé@é@ﬁe@éaﬁda&%réa&?%@nJ&@L%&ﬁ%ﬁ@é&U%ﬂ%@@é@&%;%vﬁaséf@@'soﬁﬁner is

it increases reactor residence time for a fixed reactor volume and also
Reyeed g dhereassant ol digHidiaakioramb arreasiBimer iegbirements.
HoweRrk thairansfempatiye progieaiighisoigs Radingsaisdnesfiily over the

roblematic and careful desi ractices are required fo

§ge\%slaarr% |§/SI’TIl)é?' uction ratesehagg ig&gaggf Eﬁ‘é‘ ggtgntxa} cost impact l%lunre{iability in

any part of the process has also significantly increased, impacting not only the polymer

unit itself but also upstream and downstream units. At the same time, growing operating
experience has led to operation of increasingly high solids concentrations (loadings) of
polymer withdrawn from reactors. The increase in solids concentrations in slurry
polymerisation units has typically been achieved with increased circulation velocities
achieved for example by higher reactor power requirements as illustrated by EP 432555
and EP 891990. This increase in solids loadings is desirable as it increases reactor
residence time for a fixed reactor volume and also reduces downstream diluent treatment
and recycling requirements. However, the transfer of the product at high solids loadings is
more problematic and careful design and operating practices are required to avoid polymer
fouling and blockage problems that would not have been experienced at lower solids
loadings.

During, and as a result of, the process of depressurising and devolatilising the

polymer stream withdrawn from the polymerisation reactor, the temperature of the polymer
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fouling and blockage problems that would not have been experienced at
lower solids 30loadings. During, and as a result of, the process of

depressurising and devolatilising the polymer stream withdrawn from the

YRR SAtoN reactor, the temperature of the polymer WOFYCT/EP2007/008602
2008/043473PCT/EP2007/008602 2 Reduces. It is well known that the
process of devolatilising and desorbing the polymer is significantly
enhanced by maintaining the polymer at as high a temperature as

bl i shiny | processes the fransfer line between the .
B R sAE R e
poviaentiyredienied Sy aliyiteiaiod. s ralyBexarapls gif attypicatproee gosiible.

WQ,%W%?B%W&&%Q %%Zéﬁ%é%%ﬁi@gnl iﬁlx_% H&%@A@&ﬁ’on re%ctor and the

olymerisation reactor comprises a flashline containing’the drawn-o

PSS Ui Msgas iRt uerehforH e presisteermith ustrekibertrd dAsuem
AP PRSEHiBaSiratasN) BraaD AI9Yids iINge) DsaURE AP dha ALY line from

owev?r it is, also well known that the stickiness and susceptibility of

B BB G RSRESH RIS AT AR RS SR RS SRpadrersm it Sy
suesseided dryer atiydnisrehipb S spitbvidepeteiueeasd furieshaoldeuirgsate steam

ASETBIoN @R AeeeRINA MR R e AN A WL E [AReaRlnd SO S he
loadings in the transfer syste% now belll:% UtiNged as méntoned above. As
Bickngrs aadotiscapidhiiitoe finelirmssheiniadrirsfrthe tocigeherisatioandacton!

dadsRriiRes mardetdr aahipys swficient RaUng G alddeyelatiialiQn ¢ fouling or
%gpout risking fouling or agglomeration of the solid 15polymer. A

RECERLON MG RIca PideREESsieh et it dayreersingsriidadesdings imthe

teASs AL 2674, 10w bithpahridusausrpiesesshisveeasileshfgicintRideingh of the
he slurry into successive heating zopes, the secand zpne haying a lagger

e e R e e R i R

Inastegdblgid desolkglisatiRywitbdutitieking Soutmgmbthe 20imtettoimthé thestolid

J&ﬁﬁﬂ@ﬂ zone, indicating that there is no pressure drop between the

reactor and the first heating zone. The pressure at the outlet of the first

heating ZBRRefcXaatals &f BEBreta s fandyrigecrry Bien st pesibedip US
4h2saateinol Hich seeanicirating-2ane ikpeteaafly: Mbdh&aehe Gurry into

successive heating zones, the second zone having a larger diameter than the first. It is
stated that the pressure in the reactor is preferably 10-30 kg/cm® g, as is the pressure at the
inlet of the first heating zone, indicating that there is no pressure drop between the reactor
and the first heating zone. The pressure at the outlet of the first heating zone is stated to be
preferably 5-27 kg/cm? g, and the pressure at the outlet of the second heating zone is
preferably 0/1-7 kg/cm? g.

Devolatilisation of the polymer stream causes the liquid phase of the stream to
vaporise, resulting in an increase in volume in the transfer line and a consequent increase
in stream velocity. However if the velocity becomes too high it may exceed the sonic
velocity (the speed of sound in the medium), leading to disruption of the flow. On the other
hand, if the initial velocity is too low there is an increased risk of fouling or agglomeration
of the solid polymer as mentioned above.

A further consideration is that in large plants the transfer line has to be very long in
order to allow sufficient heating to take place, and the length can be sufficiently great to

impact the spatial planning of the plant. This can create a variety of problems such as
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Devolatilisation of the polymer stream causes the liquid phase of the
stream to 25vaporise, resulting in an increase in volume in the transfer

line and a consequent increase in stream velocity. However if the velocity
PEHEYIHS high it may exceed the sonic velocity (the speRfSESBMIH602
the medium), leading to disruption of ghe flow. On the other hand, if the
initial velocity is too low there is an increased risk of fouling or
agglomeration of the solid polymer as mentioned above. 30A further

onsideration.is that in large plants the transfer. line has to he very lopg in )
B S e Rl BB tni o o . O i
isufficiesatly greeit tosigmbcinthe epatiainpié tri hgreféhbnel fatghhissatisty the heat

i of ] R .
L R S RS ot e e b s
HRY Eoritien erareiesNenslrs haidrsingd rmenaohun i meswseand twitiethea

ﬂ%ﬁ@ﬁ%fﬂ&ﬁﬁ%@@ﬁ%tt@%f@Ei'&‘?d@ﬁﬁ'&'@cﬁ%&%ﬁéﬂéﬁ@ﬁ%&eat input
requirements. Thus it will be appreciated that ensuring that the polymer

stream! 3fRIEE R S HIOGASEH RV QBEBY 5t hralBeidberaphyReALENg transfer
foassiu ecandrustihhie Gissingnuw QflaUingEgale BRLORN it s 9ae & broduct
techpical challenge. The present invention seeks to pptimise heatjn
et S O Uy S DR BTG veguector
ambitag deeassingevtiseel forthaintdimyelmisiaproduct transfer, by particular

constructionpfibetiapsierliog 9@%%9&&?&9&{3@9@%@&9&; ?&Cﬁggmda

the degassing vessel for the polymer stream. 10Accordingly in a first

BlyEE RN ARSI pRO bR ta pr iRk remonrivg eristipmEreestmntainidegassing
sesgelthaimngiiapateiieth Rt aPohsniisaieR EARINIAPadLGRES MMe for the
vt?g,és,eléncfpm I’ISI%}Q@EI%SIH thte stréea#n thmw%gh,a eater comprising }? " ,
Hranster inefor i SPeaP i e dnd o HEEHA TPARSHEF i) the heater 1s
betrepeinSthept s65trprefpbily thevwreatdo imb 8tvger Hhdaanbibe$re drop between
REBBIORINREANPRACE a0 8 Ul A ELIIBLRKERPULS,GOP between 1othe

polymerisation reactor and the entry to t egassing vessel. ~ We have
found tatharrcbowmd Hhas siinethe pressgat dranetiss atehechaaigals wxvethbixed by

{he MBS LRR 0 RANCHIONS « 2EL X CaSAYEH IR BIEIPHE SHOMAGEIRS tABlies a
g.eﬁgter |mJJI|es aﬁél%?eer pressure agthe heater inlet, 1and hence a hlﬁ{]el’

TRETST Rl PSP PORINIBH SReaiAME SHEU! EPrighes tdhmRpdymer-
tenmperag recaftlEhpblghee theaniailirgnpaant dfien2 @stpalterdhitaining stream, the

i C e trea d the heater. itself,,and
ngﬁé[ﬁﬂggf t%%j ﬁ%rs%gé%ﬁ{%%e ﬁtf?f%\%ge Qemv%e %e%@ﬁn ang tlljle%eatelzr ﬁsélﬁl and hence the

] eating ot the stream.
less efficient the heating of the stream.

The polymer-containing stream may be continuously withdrawn from the
polymerisation reactor. The stream may or may not contain active polymer.

It will be appreciated that the polymer-containing stream passes through some form
of pipeline at all times from the moment it leaves the polymerisation reactor until it enters
the degassing vessel. For the purposes of this invention, the heater is considered to
comprise the portion of pipeline from the beginning of the heated section (or first of the
heated sections) until the end of the heated section (or last of the heated sections). In this
context the term “heater” as used hereinafter includes within its scope the possibility of a
number of heaters connected in series. The outlet of the heater (or transfer line of the
heater) is considered to be at the end of the heated section of the line, and the inlet of the

heater is considered to be at the start of the heated section of the line, where the heated
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The polymer-containing stream may be continuously withdrawn from the
polymerisation reactor. The stream may or may not contain active

%Iymer. It will be appreciated that the polymer-containing stream passes
Y EHHe form 250f pipeline at all times from the momeREH/FR(E%0f§602

polymerisation reactor until it enters the degassing vessel. For the
purposes of this invention, the heater is considered to comprise the
portion of pipeline from the beginning of the heated section (or first of the

eated sections) until the end of the heated section (or last of the heated. .
e L R R R B R T s

Wthihany Suopel tredossibitibyedbaB0npenibeg opbbaberscootaneotedriam
Sl RUUIRL Afithsngater (or ransfer line of the heater) is

considered to be at the eRd of the heatepl section of the Ii_ne, and the inlet
of the hB&ISESHEOHOParEPsclisdIanife Ensrpatuni leagtbdsquefiorbbi Bietween 0.01

baemwhe =2tba/hegiete NG BAORQASHT3PGTIE RRIQTAABAD 248 SRR bly

of the line incorporate 6he s%g%lg heater or multiple heaters in series. By
RS (HLARPARY EH O AT CSASESBIE RSP AP pEHEm 0SS the ransfer line are
pulyoseatdeniaihdygrsiydead woctakehgsolidadliguie. and gas The pressure

drop agcross the transfer.li er unit length. is preferably betw 01 .
S SR 0SB APt g och B U8 DATERY 0L DU A higher
Fnsstplesicrbib(ss bcimvpléss 0 o125 iastTadiff @ Dactme B bedshter inlet and the
RERESUEIORS- A5y SRR ARSIR! e, 818 POLARRITARIS 85 Y MAY Jeadh o

to choked flow conditions.  Typical pressure at the heater inlet, Pi, is :
BokrpisranishirailigneRolius setaces g Farmsrastmaranre bavern e salymer-
smallrpigssuia difteienseketwean yhedicaiendtatangdthe 10reactor

outlet, thereb suring that the te rature of the polymer-containing
streamliléﬁS ufaey gaeecr“frtl ettBi& 'S¢t llcé;[w].%hgié&]ée ekt Sr}flgmdé}ét £

differeHde tyefemsdrittite piotyrmerxddng dheipg!l stnedsatandrtaethreatd enthenelijie

éi@QééQiﬂglﬂ%éé}Eﬁé‘ﬁ@ﬁ#&&&t&%ﬂé@&&%?&?& %XH@ %ér]eéﬁ%gc%%{%l valve

preferably 7-11 bara. It is preferredthat between exiting

PBighaiedtes FRetsiE SRoBMify eIl batERtg (o %eendia%, preferably
S0y Bl 8001 tef R IHIGRBINAS FESH HEOMER hOIRISHE SNIPIMRAINEand the entry

to the degassing vessel. A typical pressure drop across the pressure control valve is
between 10 and 30 barg, more usually between 15 and 25 barg. Preferably the pressure
control valve is located between the reactor and the inlet of the heater, in which case the
pressure drop across the pressure control valve is the difference between the reactor outlet
pressure and P;.

Typically the ratio of the pressure drop across the pressure control valve to the
pressure drop across the heater is between 0.1 and 6, preferably between 0.1 and 2, and
more preferably between 0.2 and 2, for example between 0.2 and 0.5.

In the process of the invention it is preferred that the temperature of the polymer-
containing stream at the heater exit is maintained above the dew point of the non-polymer
part of the stream, preferably 5-80°C, most preferably 10-30°C, above the dew point. The
temperature of the internal surface of the transfer line (process-side wall temperature) at
any point along its length is preferably maintained at 5°C or more below the softening
point of the polymer, more preferably 10°C or more below the softening point. The

softening point of the polymer is defined as the Vicat softening temperature according to
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which introduces a pressure drop which is typically between 45% and
90%, preferably 60% and 80%, of the total pressure drop between the
olymerisation reactor and the entry to the degassing vessel. A typical
%ﬁe&’ﬁ%‘ﬂﬂép across the pressure control valve is between P§HRH28Q/008602
barg, more usually between 15 and 25 barg. Preferably the pressure
20control valve is located between the reactor and the inlet of the heater,
in which case the pressure drop across the pressure control valve is the
iffer reactor outlet pressure and P, Typically the
A R b R i Shede ot e e
prevsensatisopeactassnthe depatemis wetwledre GeihpadtGrqoéfredblyrbatweioe of the
tgaills%}qige 91'39 %é?@%ﬂi@&%@?)é! Bg%lr%%nrt%grg ggt éfr%%c égrpgflgar Pé)éymg{ having

etween 0.2 and 0.5. , In the process e invention it'is pre
e 98 FnRs dkam p By RTeEwsenidmirall Seeamratmhis hawteH eximigolled

pagiatAINg dRDONE v PIOIBEQf LB ER0RPRlySBEr PaY B%i%élﬁﬁémg a density
géﬁ‘ggr?gl 5-80C, most preferably 10-30C, above the dew point. The
e

UFEBf thE RReSFRsFUli iR emifea R dre Rirs iprernscdllsichetygnn 80 and
186ipe ratica)b Bt Bharyrp@inindlongrds length is preferably maintained at 5C

b th fteni int of th | , ferabl C
ore o e SO BT 2 SR Vo e ol aAe e e
Gotiseaiuas thehiibat Baftenied terdioqrateiretacacgtioigntm M/Be polymer to a depth
ORISR, T RRAOTAOREN S ASTIRISAR IS0 98, i e

where the heater is positioned between a polymerisation reactor a

RGESSing s setand fs s rimrare sy ated ineprarsurtapelishtion. thatestepecimen,
Whechniay e caasHainad aonye e kamoer Muse IheiFeatda! [R®ldgth, is placed
od}/n’tlert.havin a density of 9&5-9%5%%3 rgwe process-side wall

RS R SR oata BRANRA 7B ARPIZIC Bt so tat e
pasietngsatiel 1050, Hasrapedyweriohalinepa dentiiy 01 55,368 skal M3

i t i ically. co d betwe 0 and..
pesrersrate ol s P S TN
LReorarig S TM Ovesebins enubbit e 33R5pe e hathtiswricrdat a rate of 50°C
petrendestnerde-arnsiriesa shecimenaifbanolmehioadentbtOff ne Vicat

Ilc'ﬂgu undter a load of ION. The temperature reflects the point of softening

0 B8 peen&?gﬁaWﬁeen a material is used in an elevated temperature
applicatiernufdestgpeaimens thbichiddetneenpdsificang hdmrmihickaand

atlsast O, nwidth, n I5:placed in the testing apparatus (for . .
exasmple a ROSAND ,g%%%}@%%ﬁ&%%%& rggr?h%?[ e 85%%??2\ gn%omon s
Pre&ardlwRr Haeda draressetotisher Srathstapptitmed fibstismgiavall of the

Lespeeimed suriasrljeash-LnniiamHReRdas: foia8f AdRNISARRISH 1east
gg#@%e@me . The specimen is then lowered into an oil bath at 23C:
e [

RS UFHTRREBIEEC per hour until the needle penetrates |
mm; thtenpesatsse tthemobrifiis adswisysitke-Wieabsaliaohe average velocity

S %E)"il%gf-containing stream sufficiently high to avoid the risk of fouling or
blockages. By “average” is meant the average velocity across the entire cross-section of the
stream at any one point along the length of the transfer line. Hence it is preferred that the
average velocity at the inlet V; is at least 2 m/s, preferably at least 5 m/s and more
preferably at least 8 m/s. Typical values for V; are 3-20m/s. It is also desirable to maintain
the velocity below the sonic velocity. Accordingly it is preferred that the average velocity
at the outlet V, is less than 80 m/s, preferably less than 70 m/s. Preferably V,, is at least 20
m/s; typical values for V, are 30-80 my/s. It is preferred that the ratio of average outlet
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The outlet temperature of the transfer line - specifically, the internal wall
20temperature of the line at its outlet immediately downstream of the final
heated portion - is preferably maintained a temperature higher than the
WEMIPEYALHE of the internal wall of the line at its inlet immediZEKERRHITHA3/02

of the first heated portion, more prefeéably at least 5C higher than the inlet
temperature. For the process of the invention it is very desirable to

maintain the average velocity 250f the polymer-containing stream

sufficiently high to avoid the rjsk of fouling or blockages. By "average" is
T R SRR R eyl e Aietind SR O i B oreamdeine
atoany Y&/ point Eand theviggtly bétkectrdrkstenline phitaaslit istfreienedand 10,
mg/g}gfgr\ég@\ggtwg%cﬁﬁlﬁ &hf inlet V is at least 2 m/s, preferably at least

5 era

m/s and more pre ly at east 8 m/s. Typical values for V; are
3-20m8 21pisfenses gedipdbnensd thrapnesis el the netation lvetsvs theospnie-

yelRsineAGeHAInBY itisea rﬁraqrﬁqtta%sfgmm@@,@/&@gﬂbg@& 1008818519 and

V, is less than 80 m/s, preferably less than 70 m/s. Preferably V, Is at least

DESHPRURAR A AMMOES it hydraerdenivids wigrdmrstefammthmpolimsasation
Byeragpaatiel &¢0p00840d B3P EalrrMZDMEI8R0% & 48l N dQegassing
average 'nl%t]velocity gwhere outlet and ir:glgt o%%he transfer line are as
PSR H T RERTS A APISRS 5 Bt bRtifeBIt B BRE oS, bebween 6 bara
préier bty whilsonaintAnamglali esnost grgfaratly thetagsh df fhamdader ofdess than

i er-
@%Qfﬁ%ﬁ&%%‘ﬂ%%%@, BKQ&?&S%QIJ&? %Y&@ESBQF%%%@@%‘P%%% fte. It has

5containing stream to be heated such that at least 90mol%, pre

S
‘Pé%%f@%gﬁ%}éﬁa%&eédﬂman?%%@m@f ¥hi phericshistionchinibig reliably

spehdeawret aMhigiesRBSMRKSREONR EQRGIA ORI ALABATR NFROMHSRGhat the solids
befor vessel. The degassing vessel preferabl

entry info the degassin
O S B e R R S oy Wi 0 Boas pesereoly
brareent02/band Ghilsthnvaintaining eapressusehdriopiacrass ithe dtvagifetdred that
rh_per.t of .polymer, most preferably .,
e B B RS e
pEerRlysiaare e P tn o dB sesri meniah Rlianhy operirddteivenrabe

figlealid joadinascahenibuiniaibaneaithisigiofedibathamsolids
ntent of the oltync\%er-cogt ining stream is between 35wt% to 70wt%,
PR

Cc ] / . :
il Praterag SR8 SR AP AR RISt R ihiHis theanding
Hentser Anatdt inaibe prefessdrtnhbi bihkaklacittobéhe: stdasn. at the

entry i n ry. by mare than 15%, preferably no more .
than Sgg?ei%ngyg %%sg eggcrilssdn gé}\%é}./agémsés \%‘gycfﬂs% iCh1 %Fga%sbrgaa%ﬁlte%}leydp omnt

#opy thsilppeticohihsumnsties efshedistiontiuddslvfistake grontetttban 500000,
PelyMBrIRRL RGN BUER hohSRUASIRRANEOREIAToN cambingdiitung s

thgal,expanding diameter heater enables the pressure drop of the heater to
BE Hthimised. 20The average Reynolds number across the cross-section

of the Stieamatatgpany Pepitssurisation of the polymer stream as it travels along the
transfer line to the degassing vessel causes a progressive vaporisation of the liquid in the
stream and a resultant increase in velocity along the line. There are conflicting
requirements to satisfy when designing the transfer line in order to ensure effective and
reliable polymer transfer and heat transfer. Whilst high velocities enhance heat transfer
and generally minimise fouling, they also lead to high pressure drops along the line. Itis
important therefore to be able to minimise transfer line length and the required heat
transfer area whilst achieving a sufficiently de-volatised polymer at an acceptable

temperature.
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along the length of the transfer line of the heater should always be greater
than 500000, preferably between 1 million and 10 million, most preferably
between 1.8 million and 5 million. The heating and depressurisation of the
POYAEPEHEam as it travels along the 25transfer line to the d§FABRING /008602
vessel causes a progressive vaporisation of the liquid in the stream and a
resultant increase in velocity along the line. There are conflicting
requirements to satisfy when designing the transfer line in order to ensure

effective and. reljable polymer transfer and heat transfer. Whilst high .
velocit\ltﬁeég%rrgil n:fn{cg oe’%l%é%thos eolZEl glneﬁ‘ GRISE SR SRS FShithgt #ﬁ%?%\?s%f the
teastes lhi_gk_s prSMtgp@amhg ittletlifiemiités BImDtanitherefore togoeferably
shlea miniis tRslenyRalep@and ey eaited VSRl HAPIPT AR er this
whilst achieving a sufficiently de-volatise pofymer at an acceptable

TR PIiFED WIS Berodien $arsbaaamenaibossoR ? thanReyitidingdhienum

eonstaesitiones terbieatenitonll d s MeiRIeR BN AL IS AADS S s fer line
,l,']”e s.ontlet gltall"gjeter Do to its inlet diameter Di, 11/0/Di, is greater than 1,

profet S0 HMed 1 SR BrEtohiRaMeicoprazsacandlermipbinpe
mMoﬂmwmmaﬁmis Aat@ﬁmrﬁmblmm?wm thamt M%ﬁsfx@elgﬁvely

ore t 2. with a maximuym 5 .9 hein st preferred.
R B3R oGPl Ay lereer
ferBereaibie e dreete pyaihdofigolyiHer wdatainimgesttiearth f cwrates doibyeeven at
ﬁ%ﬁ%%@@t@ﬁa@ﬁé@@dﬂ%g@b@éﬂé’ﬁh’@q@%ﬁl%@ﬁ?f}%@h%?ei Iet gtat-up

%%mits a relatively high velocity even at low flowrates, reducing the ri

FREL- O CRTaTaRS el RIASE FaRsinescharitierd daemetipaay bleckaesisk isplso
pheforedd ity exceatting dhetsoDicofelrCityreniaé KON HaMuates sb1RNIB et of

ch.arange of acities. is particularly valyable during start-up and
B R R e R o Shiea v o s oute,
¥18 dkag drinisrap dliredtarefitet ahefouilet dismieter; Dboos the dralester inlet of
thReis,simatler M%@@Qi%@gﬁg&q{&%g&%ssing vessel. De is defined

as the internal diameter of the transfer line at its outlet, and Di is the

internal idifanat Semedrihefdhaifensfomlintds mefarebinatdgas29mnintad more
wiudBihe-trarafertineaate defined as peaiaual h R8s eHREd am e EREHAIBERR L 0mm

e%ié ermD of the transfer line is preferably at least 20mm, and more
usua Iynbetween 40mm and 200mm. Most preferred are internal diameters
betwed&Bnath &rd hS0water, and tiEhefdength ttanifthéihedtameiadbly at least 20m,

ﬁt@eeg%femm@&rzmwéﬂs%fﬁ@%yrﬁsls%zgéﬁmz. n;p‘%a%e%fﬁf%%g]éyoﬂenghs

least 30m, but usually no more than 600m. A preferred range of lengths Is

i ArArs SR 66, B TiErabAh o APTOM 380860m.

It is preferred that the ratio of the length L of the transfer line to its average internal
diameter Dayve, L/Daye, is from 500 to 10000, preferably from 1500 to 3500, and more
preferably from 2000 to 3000. If the transfer line is constructed from a number of sections
each of different diameters, Dy, is the average internal diameter of those sections weighted
according to the length of each section; alternatively it may be calculated by reference to
the total internal volume V of the line, where V = (7 Dyy.>.L)/4.

If the transfer line increases in diameter along its length, It is preferred that the
increase occurs in discrete steps rather than continuously. Typically there are one, two or
three increases in diameter along the length of the pipe.

It is preferred that one or all of the sections of the line are generally upright rather

than mounted horizontally, so that the line has a smaller footprint in the plant: in such a
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It is preferred that the ratio of the length L of the transfer line to its average
intemal diameter Dave. L/Dave, is from 500 to 10000, preferably from

1500 to 3500, and more preferably from 2000 to 3000. If the transfer line
WOIRAIETR from a number of sections 25each of differenPGERTRHAFA08602
Dave is the average internal diamete8 of those sections weighted

according to the length of each section; alternatively it may be calculated
by reference to the total internal volume V of the line, where V = (re2 .C.)/

If th nsfer line increases in ralon |ts length, Itis
R T R P P2 PERCRARS s s P espotcom such tht he
ipori ﬁlg@udynélfypahalhkyomlghneaamrmﬁ@r linoioopothdedincpeefeasdnhat less than
iﬁ@n}%% 0811 e Iﬁ?g !3%9 %Qnolf()t‘k)eo@ffs ‘len t(')% eegreatrr}gs ert r%?s e(()ﬁ%(%lla? and

e SeC'[I |ne are generally up '[ rather than mount
B ANy lise itheangiaiied sEbstantiridy e footphietimté sskifminiswol a

AR AR R4 (BREMERZAAUPORE 8. canfiguieliARe the 3&‘1%B&%%?Ho9f1y such

the line preferably has its inlet at the bottom such that the initial flow of

thastheii dRry thisugh dhetaiseneaptvardsth seteeflaveliamathrlaatnn
c&@%wﬂﬂﬁﬁﬂﬁﬁﬁf@@h%dﬁﬁ@nmlﬂ&%/@ftm@ @B@E&l@fﬁ:ﬂ’l&H@@ﬁﬁ%ﬂH@% KRries of

h tal, li truct d bstanti II .
S PR el S O A e

dvelateduaelnsfsrtﬂﬁhéoaﬂe)on@memrﬁaad lydsactaghaf thes ndeﬁgowttbmought it

DR NG IS HRNATES ARG ARG RPHIG G HloMe gam R INe S AWURNAL R E%S&? are

embodiment of the invention, the transter line comprises a series of

usuatlp s Eaahind brobrpgssentRe bt kR et {asibany MUt s apb- dnerder to

shadithetiporomNas etk ORHERIT RS aremer aditegs 1iBaIss yamads pfeferred
h|s conflguratlon is,that it 10 fnﬁxg es the transfer line more compacsén the

Fér?{l HRBLSHRHRTISER SRIE S BN Rt P GRS ha bantas:
tﬂ'reaglfdne bztited likéhthienrastpbthef liifplout disuadtyrs initrder itesinsglify dheneter

SRSHYGHORS the Reatek < thsy.ar é?%‘a@?“&ﬁ% '&%%'%&9%%@'&1 b that the

preferred that any expansion in d| eter Ine occurs In an Unheate
AeHENEH RS FhEraseietbracsdbavriatbentan gé ifn a5l tieanfl didst ertferably at the

Siameigranithathedtg eaaeaidiameiridRRGe I MPealNn OF MO Rhis
seelgt?ovrvlg a 5etLe rgg)r%sai%t&% tel‘{gs?efrtll‘llgeellsblggf tsoulgerlllggg éggranon without fouling. The
number of vertical or horizontal sections between elbows making up the total transfer line
may be from 2 up to 10, although 3 to 7 sections is more common.

The elbows of the transfer line may have varying degrees of curvature. The radius
of the curve defined by the elbow may be expressed as a multiple of the diameter D of the
line at that point. The elbows typically have radii of between 3D and 30D, with 5D-20D
being most preferred to ensure reliable operation without fouling whilst also minimising
the footprint of the line. As previously stated the elbows are preferably U-shaped, although
alternative options such as L-shaped elbows that permit a smooth flow path are not
excluded. Obviously a transfer line formed in sections may employ a mixture of the above
types of elbow, or indeed elbows of other angles such as 60° or 120°.

It has been found that the length of any one expansion section of the transfer line
should be greater than 0.25D, preferably between 0.5D and 10D, most preferably between
0.75D and 3D. Itis preferred that each expansion section is located immediately upstream

or downstream of an elbow, preferably immediately downstream of an elbow. It is also
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velocity reduces at the exit of the elbow rather than at its inlet, and most
preferably at the exit of an elbow at the top of a vertically heated section.

W ign of the expansion sections and the bends in the transfer line is
kg}?%%%%ﬁgﬁl)e operation without fouling. The number of vertl%%T(l)gF 20077008602
horizontal sections between elbows rﬂaking up the total transfer line 20
may be from 2 up to 10, although 3 to 7 sections is more common.

The elbows of the transfer line may have varying degrees of curvature.

pré¥erfad iﬁ§t@1{é}é§;ﬁ%¥(§1(§§ﬂ&%méb§lﬁw B PEEXRERSERNRRRs are also
mulg le of the diameter D of the line at that point. The elbows typically

H5¥8'Fadii of between 3D and 30D, with 5D-20D being most preferred to
ensurdiielistalemotiation wihdut decHiogid st s 0 RINIMISING 25the€er surface
footprint of the line. As previously stated the elbows are preferabl
e e DR R T L STt aer o e
tperefited smditholovd psimaretyt eie etede CbviousOartiansfertingly between |
ARl SRAORR Ay BRI ABSLIS Al e AR LR A SR Aluction

indeed elbows of other angles such as 60 or 120. It has been foun
qheelAth of any one expansion section of the transfer line 30 should be

greatey {hprR=e&DnreleRblyheveen AR AR AR QM PEIRIRRNAs the exit
qkéegtg/\avee 0.75D.and 3D. It is preferred that each expansion section is
t

BA YA A HLtraa6P HolHBkaRT S AR 8 G 2prEreling fFom the
pniynedisdeby dewostie g lehan elleois.clisisadsy NAMQ ontal.
2008/ /00860 referred that expansion is
concent el oried i BESE? AR I S R Fesset emry
PPERtEal 3pisiecoirvatin thie thedd esfoftbatsansfer line andiielis itstistitdithe
oNiaeRsahea iBcRptact with the heating means, is preferably at least
O.5m2_"_§)}f heat transfer area per 5 tonne/h of production of polymer,

typically bRABLFPOPFAING 1 FABFEET FOR AN heaimerscs aifgks! sypeunding the
Iprefdiiabhehetyuels inbyardBihedbhaalfiarREiQr3IERRRE, IBONRAR Sleferred that it

Pt ction of.pal r, It is. preferred that the .heater inlet js at ) s
o AR RS B AR oo i
nessedod s whitisamisinkeesegredetiablfivhbisrstasfer lineStomentfreind that conditions

nRlymessationd %ng@%ﬁglﬁ?é%HWé?éaﬁ QSQ‘M@J{%E%&QQ%‘J P .Fcularly

most %referred that the exit of the transfer line (at the degassing vésse

RS SR R g ricR smRBATRa thé Aifered miefrrablror measidian 10°C,
tible o uitke s aff diie pdymeridatios yeac ting hefogawsicieheatiig healtansiehacket

Q? & ue?lyl)\éo%q e rieS(saz?mae. é:ai%%gu rg clenngdtilqgetnqge length of the transfer line, or may
provide differential heating at different parts of the line. It is also possible that portions of
the line (such as bends) are unheated, as discussed above. We have found that the optimum
heat input along the length of the transfer line is achieved with a design such that
temperature of the heating medium (or the internal wall temperature of the line) is greater
at the inlet to the line than at its exit. Accordingly, as the vapour fraction in the polymer-
containing stream as it passes along the line increases, it is preferred that the heating
medium temperature (or the internal wall temperature of the line) is decreased. This can be
done in a continuously graded manner, or in a number of discrete steps by means of
sections of different temperature. Most preferred however is a jacket which operates at

different temperatures in different parts of the line, usually by having independent supplies

of the heating medium for each section where a different temperature is required.
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15line. The heater jacket may be in the fowl of an electrical heater, but it is
preferred that it is in the form of a concentric pipe surrounding the line
through which a heating fluid is passed. The most commonly used heating
Wlﬂ&qg"@fg‘é?ﬁ. It has been found that conditions can be best BEfifRRSae 1898602
using desuperheated steam as the héating medium, particularly where the
maximum saturation temperature is 0-30C, and preferably no greater than
10C, 20 below the softening point of the polymer being heated. Whichever
form it aléesétlehe 'ackéat([na eit?&r provide the same heat input alon%the
entire length of the tTanstarhe. orer%fév)?’btﬁ8{}ic§léeéfﬁ8?geﬁﬂ%%égﬁﬁﬁda ya
differaintcpaptsusinghstdime astd hedsiogossiie that partionamicthaiines (huchansfer
, i ove. We have found that the .
B e e 1 e A e

brsshigmbsnefit efanebliampeniaal f Siatiatsdertitng welitmentie,iftensate a lower
Wﬁ_x%?dﬂ@@ﬁ@tb‘ﬁep@f)tﬂ%xl nehis awratacaiibe m@{etxotmﬁ)!:'&?um%@ }ﬁ&ﬁtér flowrates

exit. Accordingly, as the vapour fraction in the polymer- containing Stream

X85p yESHES R B8 line increases, it is preferred that the heating
mediu@dempertince{sinhRitiararl tmbdempe satme R iR 1883t Sning stream

ecreased. This can be.done in a continuously graded manner, or jn ,
D e TP S LR B PR e S et e s o
NI@Q@W%EF@G}WED%&E ﬁd@h-ﬂlﬁiﬁhﬂp&&i@&ﬁﬂiﬁ?&ﬁ@ﬁhg the solids content
semesiRUHARR MR fhLPAR O hed Ao Sual A BRY D, BAERSNfiEN
supplies of the heating medium for each section where a ifferent

feRTsRIAtiNe devict st the trpeles ing P Aok dp o GeBBaRoLOheat han the
BquielerpekemkodipaaaitobihadRuentiomdhe freasianing dsbeaiad B¥a the
gon%enltric igte using,steam as a eaéing medium. The outlet temperature

T the ARSI Tind KR rsBIT Cont Sheled LAPHaSEam flowratc: for a

given s’ﬁbametetmmwétﬂwigmmﬁmﬁéitmiﬂmbihagtmmtg@e@fdm/ith an
Hﬁ:‘&%&?ﬁ hﬂﬁe\‘}{fﬂéus%r@&%edéé&ﬁ‘ée&% Q&yégtghk%rﬁ% elgaturre e}rle V\émbodiment
polymer stream flowrates and a higher temperature at |gﬁgr owrates
WiiBnrietseifacaiamyikenablehe Menparneraemsigtfomtieththeansfer line to be

iemipR il iReRbinR RRIY eleGMAINBG)sigeam itself at the transfer line
the energy input into the heater) is to

outlet (Ia;?art ffromi creasin

increase %ﬁées%%?s%gﬁ%rﬁ%?fﬁgﬁ LAFRahe aln e dad fribrdstsg to

thalgelidd woiten? klokihe thiream wifhdradat fforathaealymerisadiaase where
otar: ing: [ ncentrating device .upstream af th .

e i i LB neaine

EB%S@%MSW%@@@%B&?thereby requiring a lower input from the

transfemlingeh eatelinegsdoachiey &%@%}Qﬁ%ﬁ"}%ﬂe&@m%‘iﬁﬁﬁ%ream, the pipe is
preferably made from a material having a thermal conductivity greater than 30 Wm2K,
preferably greater than 40 Wm™?K™'. The pipe is typically seamless, although seam welded
pipe is preferred where high heat transfer is required.

It is preferred that all of the polymer-containing stream exiting the polymerisation
reactor is passed through a single transfer line according to the invention. Such a transfer
line may be fed by one or more withdrawal lines from the reactor. The stream withdrawn
from the reactor may be concentrated, preferably by gravitational or centrifugal means,
most preferably using a hydrocyclone, prior to passing through the transfer line. It is also
within the scope of this invention to provide multiple parallel transfer lines to accept the

polymer-containing stream, each of which is arranged according to the invention. In such
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The use, upstream of the transfer line, of a solids concentrating device

with an 15 upstream diluent flush (as described in our patent EP 1118624)
is a preferred embodiment of the present invention, and enables the
WH8HIEH &b ncentration in the transfer line to be minimised,Ptﬂqeyr]%el)ﬁ?/o7/008602
reducing the risk of fouling. It is pieferred that the pipe is easily
separable along the length of the heater to facilitate cleaning. Preferably
the pipe is flanged at 5-15m intervals. In the case where 20heating is
aecfggcttl%ccl %%inlg)ta {?SL{ tct(?fgrt1 j r|r11 a heatgleg fluid, i isoeref.erred that the I
heaflng de 08s RO (?oversaeny gsnrélea.y T SGE N TRAE AT SR time. In a
fardrsfenindtestpbéymbruaivEinng stredms the pigeis prafedebhplimade each of
f ial [ r than 30 Wrii2k4
%ﬁ%&%ﬂiﬁi@%ﬂ%ﬂ%’ﬁ%ﬁ%&?“?#é:%%‘é%%%%mﬁg%g‘%nﬁ%@s,’t*le’ use of

sHIghoAGPRER RS idrieen oBipiinie dsrefremati yitey atvighn ergarzams feging one solids

cEbtieding delfilRPredaredghatal of dhe RabuRergentaining stream
exiting the polymerisation reactor is passed througg a single transfer line

accordig BHREshueti oAt entrdris e orhutebren &' ges are
opétadrayvat lines frostrdine tereioy.athe ssirsadiowithdrnn feaoh thateactahster
may be conceptrated, pref by gravjtatian r centrifugal m S,
S e A D P B ERERt i . The
prefnsfeniinef faih atsustwithire e Seopengbthibusivg prhoante gsonidedingltisleteam

Ravalle) tremsieningsde RGsERk RGNS @&%@E@ V\ﬁ/%%ﬂ’&n‘i%@ Ressure

which is arranged according to the invention. In suc

Bersnsa a8 PsPh RSO OaE2Cior BEsHERURIGE TttAN Brasere itsRom or
fline sataintoec 168 wisackn Iservieeral8BisaREiMR st duT ek apabadisent

tghe gohém risati q}re?ctor hag ?ﬁﬁluraljtg] of withdraw?l lines each(;é . 1
WHRCH 155 RS GWh FANGIE TR PRESIRY ERISA 39540 elGHa fifritatglow into 2
thebpa dhseandéhofdificiencs pavaitel belidy coneenteating detieésatuitbuthe and the

43 ArgNgemeniReing.ans salids éi%g@%mglgﬁ' HAGVICERAOCRIG h heater are

stream of each transfer line. In the parallel heater embodiment, it Is

p : . I | .
RréreablcetRetipte e sreas Wb he tifgls Aretehurbadgnane avisragied above.

Stfeafmn\f&idﬂgﬂﬁg'l@liib%;‘@e@ﬁé(&%%ﬁ&;?@%ﬂ@é)léﬂ&?@é} Eﬁ@?f&é@@&fgfﬂ%ﬂge of the
intaine etween 2 an m/s, mQst prefera between 10 and 7
ol A TR f

R THEC PP L Y BATR 1 R HESGRITSRE TSRy ferably
paraiietersngeludisgpth erdleamobBiidwainto thetheafingbjadkeittd beeaseite solids

0% O8AHRPYHL(AUL) Q4D %&%Fe?ﬁ'i‘n%%%a%?ﬁﬁ%{e ﬂl@%%%@%i@a%@%%% g%ﬁ%ed to

heater and’the reactor pressure valve output to measure low or

hatforintesaaeneandtbetirrenthe rardiSA¥him vé nvelsrebls 4RV flovd SRt oelikde
pRRDer AL ion eachbeaiahr RsHE afdreserclatde aalrilaie R heated

total flow into al% the heaters, and the difference between the vapour

tf@ﬂ%&érlé?ﬁ?é e ﬁ@ﬂ@&%ﬁﬂ%ﬂ?ﬁ&) am&etﬁ @ressure drop between 5% and 75%, most

preferably between 10 and 35%, of the pressure drop between the reactor and the entry to
the degassing vessel. The ratio of the pressure drop across the control valve to the pressure
drop across the heater is between 0.8 and 5, most preferably between 1 and 2.

The polymer-containing stream may contain a vapour component as well as a liquid
component. Typically the vapour fraction of the fluid component of the polymer-
containing stream at the inlet of the heater varies from 5 to 60mol%. In one preferred
embodiment of the present invention where there is a pressure or flow control valve
upstream of the heater, and the vapour fraction of the stream at the heater inlet is between

25 and 60mol%. The vapour fraction of the fluid component of the stream at the outlet of
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15dew point of the process stream. Pressure drops across the transfer
lines of each heater are preferably essentially the same as in the single

heater embodiment as described above. In both single heater and
WhUtB&s4iel heater embodiments, the flowrate of the ~ PCT/EP2007/008602

polymer-containing stream withdrawt2from the polymerisation reactor is
preferably controlled using a pressure or flow control valve, most
preferably located between a solids 20concentrating device and the

transfer line heater inlet. The conjrol valve js desi to have a pressur
B Svamn et B SDe iy S Tha m rrery
gprassthand@@pdbetween the reactor and the entry to the first downstream

vess fer ineys. prefera signed to have a pressure

o He o e R RS B B eRtee.
shressUreoliraenbeansatnae pebersr anerindhehnseds Rk deiteshiosinpatilize liquid
dvesselegrbaratinighthe pressure drop across the control valve to the

pressure drop across the heater is between 0.8 and 5, most preferabl

betwddR9eaHa BT he $hRPoRrHENBRARIFRNS tie i SHEY eBRtaiT el known in

tivapoLB RDIPReBSHRE 3snvelasdadiadih corappnery. iliypikatythe veRRiMer and
Cf)ra%'ggn orfit 8£Ilsjggrg8rtg rg%]t ogl;[he p(?l mer- c%ontainirélg?‘strearln q\tg.he 4
nlet of the NeAtar varies fron b to 6umoidk Fone PrEpREE poiyoiehn and a
c3ebstdodiheartl phhésgireschitdmeanoors wherd!heratis! Bpresshie on fiowred melt
el valve YRSIeRPH e healshuaRchins Ra: fartion.ef fig.stream
0

at the heater inlet is between 25 and 60mol%. The vapour fraction of the
fluid COPSIRERROF HHEY RPEERTATAFRNJUgetsses (ypcally withdraw polymer from the

p30RBA4AIAREIE R2BQTHIA8HQ 4 dah thR SRl LA MR R 78 he present
.100mol%,tLt IS ¥%icall 9?- 1%, most preferabl ater than

00mo re
B e R TSI B SRty g MR S reactors
tyrisebissepyes fhasetisilaty polysatutibe hgdntairting dilpeiyse(smanomer(s),
dhatReesaeRnineRRdio. WRUASURUI NG dRR ERBHTR R barticutar the
Processes for the co-polymerisation of olefins in tﬁe slurry phase are well

skibiiThogreraite 3Pk priséeabbs Vakbesardusteat forsesamibie teial weight of

tHRUEQGHE BT SAgc N ORPNSHRA SR O RIREAIN R ANISE I LA O CaNHINENSN the
I 9R re%:torf@om rlsmg%cpolyolefm and a catalyst for the pol%merlsat,lon.,
SRR RN RS B e e e FFRERSL OB AU i the sum

odefisiy foridhepotyraes at te aptitousnrodiypetien tandilesnpenatinenonomer and
any additives; the diluent can be an inert diluent or it can be a reactive diluent such as a
liquid olefin monomer. Where the principal diluent is an inert diluent the olefin monomer
typically comprises 2-20 wt%, more particularly 4-10 wt% of the slurry.

Polymerisation is typically carried out at temperatures in the range 50-125°C and at
pressures in the range 1-100 bara. The catalyst used can be any catalyst typically used for
olefin polymerisation such as chromium oxide, Ziegler-Natta or metallocene-type
catalysts. The product slurry comprising polymer and diluent, and in most cases catalyst,
olefin monomer and comonomer can be discharged intermittently or continuously,
optionally using concentrating devices such as hydrocyclones or settling legs to minimise
the quantity of fluids withdrawn with the polymer.

This invention is particularly related to polymerisation in a loop reactor where the
slurry is circulated in the reactor typically by means of a pump or agitator. Liquid full loop

reactors are particularly well known in the art and are described for example in US
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Polyethylene slurry polymerisation processes typically withdraw polymer
from the polymerisation reactor with significant quantities of liquid
hydrocarbons, and the present invention is therefore particularly relevant
YPt9eFYrdtesses. The slurry in such reactors typically comBGIaePR987/008602
particulate polymer, the hydrocarbon idiluent(s), (co)monomer(s),

15catalyst, chain terminators such as hydrogen and other reactor

additives. In particular the slurry will comprise 20-75, preferably 30-70

[ ed tal weight of the slurry of particulate
%%Eﬁ%&@ W@%@%ﬁf}%ﬁo ﬁ‘@i&ﬂ%&?&&ﬁt‘%ﬁgéﬁ%?%@%f‘é\’“m
weightcobthesiprisyngfas lispsetvain omedinipl e e @ dhR S yepesting dMae tiskitwo,

IS t f all the flui ts in the reactor. and comprises the
T S S S S B e
g idiraticaniess radotvedinemesion, ascdelighlidvolefinimjoenkesserurrounding at

Wbess the REnainak e RLisanRe stilvani e ?#%{%%%%‘P&Q&WQ‘E@%

comprises 2-20 wt%, more particularly 4-10 wt% o urry.

PRIcAHE R Srrtedditaly Catried out at temperatures in the range

50-123k cantht paepriate e Pasiainge JohRPargephhi-aatalyshd B &AM a
be an cagatl?{st i II}/1 used for 250lefin polymerisation such as
€ at t f%!h uent

it SSAH-NARA BPRS IR CRHATHRG WA 19SS, PRRRIbFSENRLE of the

chromitim oxide,
Gyt tothpasing polyticerzaned dithentnand ifamoptdiasasonatabystadiafime

IBQRY&%'IQ&%%%&?%HEE@&B?% %0%'?@1 & gl%gp}%grrlmgg%r#lagoﬁom the diluent

continuously, optionally using concentrating devices suc

eIy E BraByeddaay mimitesstties ejrampltyibéfiuinsolviehdreanii) the
weitho tlaes RalMBLs QKIS Reventioads nRuigkaY RIS EsIQ-ROMMSLISAION ning
iha (I)(}S%[r) rvegctor where the slurry is circulated in the reactor typically by

ESHL AT A%t AP BF BEEREHE PRINRISURAB Peaneidlare maEnisny foen the
dihowwnon(theant ancapeodesoribbdrforxample ge USmMBle withdrawal ports, the
ﬁg%%%%%ﬁﬁﬂ%%%%ﬁ%?

02,13 3152872, US.3242150 and US
84. The loop reactor is e(?? Q%Chgr?ﬁﬁagaésc%ﬂfb% glrsc‘%)sﬁgj{fﬂéﬁgﬁent to the
MRS SRy %@Iéﬁ%ﬁ‘ﬁﬁ@?ﬁ&l esetinpleffburlamrtibapsedtioss disduasdéaie operation
deRrgeriexampIRfour NOIR Rl SERUARR IS RER! Rf ROWMATRANAR ISs he
tz%lfcag/ r%a;oved_usw@mdlreqt exchange with a cooling medium,
DL RN O REPCIRY \éetgtsmmﬁmﬁgg&?ﬁ%%lgf’B&P%?Wtkﬂ?@l‘aﬁ%‘bf
reactoafihg dolcme ofitb e/ iogpareagislyarn slany Butlisypiealtyibddsingle or in
70 m3. In commercial plants. the.particulate polymer is
s e D R T caReagiRate recovery of
dlynddel 4b arearrifieitohnsenaer o wersigh Byl erofsive diftwetibtoatievaporisation

HalyepesieationgRnevithdpinimal if any purification. Separating the
10particulate polymer produced by the process of the present invention
from tﬁlgiaimg}qtrawn, and preferably concentrated, polymer slurry is usually

depressurised prior to being transferred via the heater of the present invention to a primary
flash vessel.

The diluent and any monomer vapours recovered in the primary flash vessel are
typically condensed, preferably without recompression, and reused in the polymerization
process. The pressure of the primary flash vessel is usually controlled to enable
condensation with a readily available cooling medium (e.g. cooling water) of essentially all
of the flash vapour prior to any recompression. The pressure in said primary flash vessel is
generally in the range 2-25 bara, more typically 5-20 bara and most often 6-11 bara. The

solid material recovered from the primary flash vessel is usually passed to a secondary
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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

B’Qrﬁ{?é@“ééﬁ settle to some extent from the diluent or (ii) corRfntiEEZ07/008602

product withdrawal via a single or multiple withdrawal ports, the 15location

of which can be anywhere on the loop reactor but is usually adjacent to

the downstream end of a horizontal section of the loop. As previously
iscussed, the operation of large diameter reactars with high solids

e ] R R AR s B S aeae st

veitkrd reflerfeopretserp diymieribatibo e opentisecd peonognieasisigubdvieas on

B HBRALRN L ROMIDEL AR AU R YRGMANES (IR0 SHIB AN, e ash

case of multiple hydrocyclones in parallel or series) further en hees the

Yéi’:iﬁ’\l/éﬂ?réfe@iﬁ?ent in an energy efficient manner since significant pressure

re_dUCtmx@@geEMﬂ§?&i99x@frfﬁ§(bﬁﬁ%qmi®ﬂ¥9@%n proceggrfgr which the
withdrawn, and referabé\f/lllconcentrated, polymer slurry is usually

dp .
G BPHORUMREY PIBISBEMS (B HUP Y thereizasiosrehe  piesaneferably
aiplentiondolefipimany 2bilash ¥@ssereferaBiyglbusiph et &op. The

pQUFs. recovered in t rimary, flash vessel are typjcally condensed,
%%e?é@ﬁ yc\?\?l% ngﬁ?sré/c%grﬁ%gret%’s?cr}é et CrteSfJ?s‘g‘éhmatﬁ ﬁg/?%i@r A3 gqrbon diluent.

Eh@éé@%@mﬁésbpegsnﬁe@ftm@m malyfiastsuiés settisulstealyl pontraitpenited in the
sOghle-conseRsation d@"&h&ﬁ?aﬁ{‘é’r@@c@@ﬁﬁﬁw&%%%Wrﬁr&iu%?%'Q(gntrolled

water) of essentialléall 300f the flash vapour prior to any recompression.

Bhe FrResmst A aidhshaar ahd ieeiios  generally in the range 2-25

bara, mﬁae&dk@mﬂ g f&rtZQibﬁﬁa _&f&kﬁ;}?ﬁft@éﬁ&r%ﬂﬂ?ﬁi@aﬁ?% above 20
material recavered from the prij ash vesse] is usually passed to a

T R S S i B 6500 orbad 3 A T o PESEy 25-35
Yélﬂ@!@é/ve'éidnﬁado\l@latiPési.sthmmahéthawbgmﬁemtm@HMg
MRIREhO AN RIRER AN D IORaDRYE MRAIBNR RHMADIYESSElL UGl g
that recompression is needed 10 condense the recovered diluent. Use osf a

PREFTHASEsHRECh A Raveedentdperereesusid arey ehwesripeitpntag e xehpleyof

ioeotyipe; @6 p@lymﬁﬂaafjmwa@eﬁsrfwrmatbﬂimnx&m}amg«@%@ QALY used.

eful Is the continuqus polymerizatjon of glefing, preferably alpha mono
e oS RS SRS & BB S B AP db e et sBpmPle
iFpleutragini(s) igeéamtmmuﬁhy sodidd ctonaamdamm_émtxbdwiﬂm ‘ateatﬁlyatiidsui_iar above
By OEHION RNl O MonemE (lPONERR? 48 D0 B S B0l
particulate polymer suspended in the 10polymerisation meditm or difluent.

YRiEha0E B wWitkaraWaihar pawrie et denkighs sedidt diedings, particularly above

40wt%, reliable product withdrawal and heating between the polymerisation reactor and
the degassing vessel (as evidenced by fouling, flow variations and/or heat transfer) can be
maintained within acceptable operating limits by use of the heater of the invention.

This type of process may optionally be carried out in a multiple reactor system. The
second or any subsequent reactor of the multiple reactor system may be another loop
reactor or any reactor for the polymerisation of olefins, for example a fluidised-bed reactor.
However, usually the second or any subsequent reactor of the multiple reactor system is
another loop reactor. Such multiple reactor systems can be used to make monomodal or
multimodal, preferably multimodal polymers.

In the case of multiple reactors in series, a first reactor of the series is supplied with

catalyst or prepolymer and optionally the cocatalyst in addition to the diluent and
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by a valve upstream of the heater of the invention. The solids
concentration in the slurry in the reactor will typically be above 20 vol%,
referably about 30 volume %, for example 20-40 volume %, preferably
‘gg-%%k{irﬁe % where volume % is [(total volume of the sluF§T/RF3ANHEEH02
the suspending 15medium)/(total voltdme of the slurry)]x100. The solids
concentration measured as weight percentage, which is equivalent to that
measured as volume percentage, will vary according to the polymer
rogr%%edmp&t ot ubrgartlcu{arl%/ Occgrsdlrttﬁle% nt used Where thet cular
polilymer’ pro oduced s p%"f hy ene and mﬁen’t IS S%Sal a(t)rrtlémt‘e1r i partich
%&ﬁml@t@mmlmg prefegédithapthesdulificauncefithationids, dhovex30re

x‘i@n@ fhicklan ahaua 24RMA08¢ IRE BXAMRIS H?ot@@céﬂqg% f)l%c%gtt't‘g(){%actor of

erab 45-55 wt% based on the total weight of the slurry. We h
5 5haltfs PRSP SIS RPAY S Opa rbecier Rl mvmaer.abt@ast one of the

@m@g@mﬁa&tﬂw&kart@eeeattag,m@arbm&mym%@euen ife@Rt¥edthmon to

theg gF srn essel (és evidenced by fouling, flow variations and/or heat

ARG RS B AT Sa RN SSELISILERG BISoF At TRARE by use of

the hebit éreafatkevimre ntio pl 425 Thisptyges aflmmeasmwepﬂmbg ke polymer of
s hraa@rttt RESAAA SHIBITE FEIE RER00G L A SURSEH UG e jacent

reactor of the mu er act rsystem may & anot 00p reactor or an

%a@@o?dﬂ@?ftﬁéﬁﬁét?me@ﬁaﬁnmé? mﬂm%rsenampie@m@)@mww zero)

EERRAatIRHSHR! rdRUAY) ThERRLInd-R RO BHRRERUERT CaGIR  ents, e.g.

multiple reactor system Is another loop reactor. Such multiple reactor

RS HRASTS AR IHARE RS BB A 10T sBRdLAtiid ddicarBigh agRFentration

imutamdaf(pphymefscmnnmttheo@aﬁe,retmuﬂwﬁ@hea@tﬂtsanaﬁea@swd%gbn
react rof sen S th cat lyst or pre er an tionall
A e

my@lnsﬂnrammmwmm I suspgRivereansach subsequent

reactowea%eﬂqgawahS%tgﬁrmewgawepartﬁw@mbwgrgﬂtems% 50

the slurry arising from a ing reactor of the series, this mixture

Eopipns igtFRicEAbaR &P ﬁ&’%&%ﬂﬁﬁbﬁéﬁdtatrre%t}wrﬁa%bﬁmwﬁ garticular
Waﬂm@‘ﬂembﬂfdﬂ@ﬂw&é@waﬁtmw%uew@aermdrreg&tﬁhensanon

/or |f 0 riate, at least.qne of t 55ubs uent reacto ith. fresh
P o e e B o B e
%dtétystnamdrmlemmwatﬂmymawclﬁiweh@mtha firsbleactdrich catrbtherciioeated by
wheribaRlant COMprses alleastiwo reactors in series, the polymer of

highest melt index and the polymer of lowest melt index can be produced
in two adjacent or non-adjacent reactors in the series. Hydrogen is
maintamedmg'@ low (or zero) 10concentration in the reactor(s)

manuf ctu the h| h molecular weight c onents, e.
% yngensatto reactor pol]ymeret 9ng e%n]gne an hexgne comonomer in

isobutane diluent is operated at 41 bar pressure and at a temperature of 95°C. This
discharges a polymer-containing stream which is in the form of a slurry, the liquid
component of which essentially comprises 91mol% isobutane, 8mol% unreacted ethylene
and Imol% hexene. The solids content of the slurry is about 40wt%, comprising
polyethylene having a density of 940 kg/m’ and also some unused catalyst. These are the
same conditions as in Example 1.

The slurry from the reactor passes through a pressure control valve to lower the

pressure, before entering the heater of the invention. Conditions at the inlet to the heater

are:
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hydrogen percentages including between 0-0.1 vol % and at (ii) a very
high concentration in the reactor(s) manufacturing the low molecular
weight components e.g. hydrogen percentages between 0.5-2.4 vol %.

WMHYRAEIERS can equally be operated to produce essentially tHEFE3ME008602
polymer melt index in successive redttors. 15When such reactor systems
produce polymers of molecular weights less than 50 kDaltons or greater
than 150 kDaltons there have in the past been observed particular

roblqms with h reag g@ullng and agglomeration in the heater between the
polymerls%etlon réactor and the degassing vessel. These problems can be
accerftueatect By: high plymer solids concentrations in the heater. This is
anoth@gggg@l@m yghighean be ameliorated by 20use of the heater of the
present invention. EXAMPLE 1 A polymerisation reactor polymerising

ethy|dheyagidsHRebfE: dofddRBHSr in isobutane diluent is operated at 41
bar Presgii 80abch#hAoke BHRIRMAIUSS PTIRSEm IS £ PRIRGHRHRICSRVt% is vapour and

g mer-containing stream which is in the form of a slurry, the liquid
B{pYAB: of which essentially comprises 91mol% isobutane, Sinai%
unrea’cmmfeyleﬂesandd neaih hekeomplibe Saltes ginnient@fitabssisioyigsach of

R FamRrsing peletens hoving adensy el A0 LUmA g o
me unused cata ese are e same Condltl ns as |n

tile @@rﬂ@@hj Arydfpopmet éma@tédbéswstthn@mgheaapnemﬁb%@ntﬂt@r véﬁ(/&mm and
Waearihe aressHre. SHeigre Gatferm%;vb%%%foﬁf AGIYEDHAMmal conductivity

Conditions at the inlet to the heater are:

Oﬁémeaﬁﬂwwia%ﬁwm%aﬁbe?@ﬁﬂ@%és igshecopreakepacppiric outer
tdbedehadialvglsieity YacH Of i gcmReynalesinauiderhlch 2spikied BSahdmeated

Sge%%lqentration of 40wt%,; of the remaining fluid phase, 40wt% is vapour

: The slurry passes through the heater at a rate of 15 tonne/hour. The length and
diameter of the pipe, the heat input in the heater from the heating medium to the slurry, and
the velocity and initial solids content of the slurry are all calculated to ensure that the heat
transfer to the slurry during its passage through the heater is sufficient to ensure that the
liquid phase is entirely vaporised by the time the slurry exits the heater. The slurry exits the
heater at a temperature of 76°C, a pressure P, of 9 bara and a velocity V, of 63.3 m/s
(Vo/Vi=5.9), with a Reynolds number of 3.3 million. This equates to a pressure drop
across the heater of 0.045 bar/m. At this pressure, the dewpoint of the vapour would be
about 60.8°C, so the stream is 15°C above the dewpoint, and the liquid is completely
vaporised with no danger of any condensation of the vapour as it exits the heater.

The internal wall temperature of the heater is between 89°C and 93°C throughout
the length of the heater; this compares with a softening point of the polymer of about
128°C. The heat transfer coefficient from steam to slurry across the wall of the heater is
calculated as 984 W/m*K.

EXAMPLE 2
In this Example, the heater has a lower L/D,,. ratio, but also an increasing diameter.
A polymerisation reactor polymerising ethylene and hexene comonomer in

isobutane diluent is operated at 40 bar pressure and at a temperature of 95°C. This
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60wt% liquid. The heater is 187m in length and comprises 3 straight
and vertical sections each of 58m length, which are connected by 1800
elbows; the elbows together contribute 13m of the total length and are not
WEaE '8 the sections have an internal diameter of 78mm BAS/EBRABTI008602
thickness of 5.5mm, giving a value ofi£/Dave of about 2397, The thermal
conductivity of the entire pipe wall is 46.4 W/mK. The heater element is in
the form of concentric outer tubes extending along each of the 26m

ections, throqugh which.is passed desuperheated steam. The slurry
e ARG RUAIB &P L T (BB eIy igoid

Goohanceter ofttil Eigey ity hempinmstdinthe heaterdrenshrcheatiaged ethylene
' sl and the velocity, and initial solids coptent of the

e T A e B R R st g

ned ysshud s roaghdtmei heefiBf (skeificiedtascensurerthatithedigsid phase

is entirgly M@H?riﬁﬁﬂ ¥ %QCIHP%%‘?)?J%&Xh?&%?xég %ﬁ%@{?élol@%osk%qx?gﬁﬁe the

the heater at a temperature of 76C, a pressure Po ara and a velocity

P 1580y iienbian v pressuay soriel RbyRBIdewRISeresars hefionentering the

HeaisrequidesvionfoRl Exsidia SHOR A oSS hental.pfR:045 bar/m. At this
pressure the dewpi%vueé of the vapour would be about 60.8C, so the stream
e

is 15C aeg‘c?\?éafﬂlée:d oint, and the liquid is completely vaporised with no
dangePabany Bohdldrisation of the vapour as it exits the heater. The

interna&gyg&[tg{;}p%%t%?xof the heater is_between 89C _and 93C _ _
throughout 25the length of the heater; this compares with a softening point

of the PEKAPIER BREBOULIRBEThe heat transfer coefficient from steam to

slurry gersedhecnadtioh hesbeapr ds 4rlIRHaiRtha 28 YN Awto, is vapour and
é%])g’?M,ELE 2 30In this Example, the heater has a lower L/Dave ratio, but
also’d

‘i’Hb‘}easing diameter. A polymerisation reactor polymerising
ethylefideind thekeri@ edmengmendicisaptitane dilsignt dadopetaigdakds each of

52%%% ggggzg%%%%%@%g%gg@gg%@feﬁ;%%sﬂﬂes el\%c\)vs together contribute 22m of
the total length. Each of the first three sections has an internal diameter of 78mm whilst
each of the remaining two sections has an internal diameter of 102mm. The single increase
in diameter occurs at the exit of the elbow connecting the third and fourth sections. Thus
the heater has a value of D,/D; of 1.33 and a value of L/D,. of about 1730. The thickness
of the 78mm diameter pipe wall is 5.5mm, and the thickness of the 102mm diameter pipe
wall is 6.0mm. As in Example 1 the thermal conductivity of the entire pipe wall is 46.4
W/mK, and the heater element is in the form of concentric outer tubes extending along
each of the 58m straight sections, through which is passed desuperheated steam.

The slurry passes through the heater at a rate of 20 tonne/hour. The length and
diameter of the pipe, the heat input from the heater, and the velocity and initial solids
content of the slurry are all calculated to ensure that the heat transfer to the slurry during its
passage through the heater is sufficient to ensure that the liquid phase is entirely vaporised
by the time the slurry exits the heater. The slurry exits the heater at a temperature of 80°C,
a pressure P, of 10 bara and a velocity V, of 30 m/s (Vy/V; = 1.78), with a Reynolds
number of 2.7 million. This equates to a pressure drop across the heater of 0.03 bar/m. At

this pressure, the dewpoint of the vapour would be about 65°C, so the stream is 15°C
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17 discharges a polymer-containing stream which is in the form of a slurry,
the liquid component of which essentially comprises 91mol% isobutane,
8mol% uru-eacted ethylene and Imol% hexene. The solids content of the
VRIPAIF84HB Ut 40wt%, comprising polyethylene having a derR§l/ 20908602
kg/m3 and also some unused catalyd® 5The slurry from the reactor first
passes through a hydrocyclone to concentrate the solids to 50wt% and

then a pressure control valve to lower the pressure, before entering the

eater of,the invention. Condijtions at the.inlet to.the heater are:
B e S S SR GOiR5ER, O T hgror any
CR@@m_@ﬁﬂi@mgfmlb@vaﬁomiﬂbi’q exi_tssbﬁd@m@ncentration of 50wt%; of the
remainiig fllich bhase (V%R YARAY AN §ORAYR IS The: Bglfi‘qufnlgughout

152m in length and comprises 5 straight and vertical sections each o
thelengihh ¢hp hemtrenthiscemmatstadthy: selieninsawintnbtheserismeyetabout
loertiwendar ek ek Rng bk LR AN NGRS SIS MBS Rlter is

internal diameter of,78inm whilst each of the remaining two sections has
4 Wﬁ%%ﬁ %@ e(fBr f 102mm. The single increase in diameter occurs at
the exit of the elbow connecting the third and fourth sections. Thus the

heater has a value of Do/Di of 1.33 and a value of L/D", of about 1730.
The thickness 200f the 78mm diameter pipe wall is 5.5mm, and the
thickness of the 102mm diameter pipe wall is 6.0mm. As in Example 1 the
thermal conductivity of the entire pipe wall is 46.4 W/mK, and the heater
element is in the form of concentric outer tubes extending along each of
the 58m straight sections, through which is passed desuperheated steam.
The slurry passes through the heater at a rate of 20 tonne/hour. The
length and 25diameter of the pipe, the heat input from the heater, and the
velocity and initial solids content of the slurry are all calculated to ensure
that the heat transfer to the slurry during its passage through the heater is
sufficient to ensure that the liquid phase is entirely vaporised by the time
the slurry exits the heater. The slurry exits the heater at a temperature of
80C, a pressure P. of 10 bara and a velocity V. of 30 m/s (V,/Vi 1.78), with
a Reynolds 30number of 2.7 million. This equates to a pressure drop
across the heater of 0.03 bar/m. At
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this pressure, the dewpoint of the vapour would be about 65C, so the

stream is 15C WO 2008/043473PCT/EP2007/008602 18 above the

dewpoint, and the liquid is completely vaporised with no danger of any MCSLLP
condensation of the vapour as it exits thgyheater. The internal wall

temperature of the heater is between 89"C and 93QC throughout the
lengiiMBthe heater; this compares with a softening point of the polymer of
about 5128C. The heat transfer coefficient from steam to slurry across the

wall of e feater %Sﬂ%’%@%ﬁéﬁ@&}%ﬁ@&%&n{\gy@ﬁg 'RahSleh Mo o

1,Process for heating a polymer-containing Stream being transferred from

DPOERsaticrasatto il HegrssintyVeryalipp ettt stsefrelsgige6 bara and
betwaen-8RpFRiIARY AL Be %ﬂ%i%&@ﬁ%ﬁﬁgt@%&ﬁsﬁ%% FOWARRr line for

heater comprising a transter line for 5the stream and means thr heating

the fEgrsReRnfheleieiehepnsrdsstiradiep Bup tNbppiatEic Pseswisci Gy the
a0 RiRIsEaRlY PRIWeS) AR RRS 3V awREheotalal PsesrediBRI pressure

between the polymerisation reactor and the entry to the degassing vessel,

P Rs&YGR diopArrosdspitonirgaiosriktesniy 8 dnegstins narrehdhe
tORISIAS BRIYMGbsaNet tRAAURIPGR ReyaaldR AUMRES 8UASSKIonne of polymer,
cross-section of the stream at any point ] _
and the average Reynolds number across the cross-section of the stream at any point
along the length of the transfer line of the heater is greater than 500000, such that at
least 90mol% of the hydrocarbon fluids withdrawn from the polymerisation reactor

operation are vaporised before entry into the degassing vessel.

2. Process according to claim 1, wherein prior to entering the heater, the polymer-
containing stream passes through a pressure control valve which introduces a pressure
drop of between 45% and 90%, preferably 60% and 80%, of the total pressure drop

between the polymerisation reactor and the entry to the degassing vessel.

3. Process according to claim 2, wherein the pressure drop across the pressure

control valve is between 10 and 30 barg, preferably between 15 and 25 barg.

4. Process according to claim 1 or 2, wherein the pressure control valve is located

between the polymerisation reactor and the heater.

5. Process according to any one of claims 2 to 4, wherein the ratio of the pressure
drop across the pressure control valve to the pressure drop across the heater is between

0.1 and 6, preferably between 0.1 and 2.

6. Process according to any preceding claim, wherein the pressure P; at the heater

inlet is 5-30 bara, preferably 10-25 bara.

7. Process according to any preceding claim, wherein the pressure P, at the heater

outlet is 5-12 bara, preferably 7-11 bara.
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10 along the length of the transfer line of the heater is greater than
500000, such that at least 90mol% of the hydrocarbon fluids withdrawn CSLLP

from the gol merisation reactor operation are vaporised before entry into
W2 48ihg vessel. 2. Process according to claim 1, wheP&H B3P 1§08602
entering the heater, the polymer-con2@ining stream passes through a

pressure control valve which introduces a pressure 15drop of between
45% and 90%, preferably 60% and 80%, of the total pressure drop
etweela the Qol‘}/m%r.isation reactor,and }h.e entry tq the degassing vessel.
Tocess a %Pll:] %g

. Proce S8 SR Y 18 QAT B oRHENEiR 3R prESSiRd B SR Shoacross the
pressureapsferhegiees tiehgdein i acwch 30D/ prafé adlyabetyyeeferdbly

and 25 gg(geeﬁl Bﬁ%%egs%@:g%%m omglr%!m 1 or 2, wherein the pressure

control valve Is locate etween the polymerisation reactor and the
heater. 5. Process according to any one of claims 2 to 4, wherein the ratio

@f the pEessiEe EoRRG RS HNErAIERSE 8 AN A SRINFHORG BIRS]USB the
drop across the heater is between 0.1 and 6, preferablé%nbetween 0.1 and

2. 6. PRAUKSSTAROUAMRERISHT prete BT rith Wit din RS BL

at the hewgdes dhiatal isohB6r Baraurgseferably 10-25 bara. MCSLLP WO
2008/043473PCT/EP2007/008602 20 Process according to any

preceding claim, wherein the pressure drop across the transfer line per

Uhit lendtivdssbetamemp O laprecedid Ockabay hepraferaliynbetweent the internal

0.0125 barrn 3eh0 a bRV M FABRE TR AHERARAVG I AR E?Q%dﬁ'ﬁr%{:@ below

wherein the temperature of the polymer-containing stream at the heater .
exit is 5PPRIEreNerRMIR! 2Ot EoluBEIREBElY BBTS o mHEchrdanthe softening

Processaitoktiag iRy iReasing sfalp ppiaiainsthentemnperdwre afdeening
intnal surface of the transfer line_alo %g%liggth is maintained at 10C or

more bW IHEESAEHFH TSI oY Drdfrably 20C or more

below the softening point, where the softening point of the polymer is

fenned AR IS HealaRRlle g 1SRRI B ACCHER IR REY HOGRam velocity

at the outlet of the heater to that at the inlet, V/V|, is at least 0.8, preferably
between 1.4 and 3.

12. Process according to any preceding claim, wherein the inlet velocity Vi is at least

2 m/s, preferably at least 5 m/s and more preferably at least 8 m/s.

13. Process according to any preceding claim, wherein the outlet velocity V, is less
than 80 mV/s, preferably less than 70 m/s.

14. Process according to any preceding claim, wherein the pressure drop across the
transfer line per unit length is between 0.01 bar/m and 0.2 bar/m, preferably
between 0.0125 bar/m and 0.04 bar/m.

15. Process according to any preceding claim, wherein the polymer-containing
stream is heated in the heater such that at least 90mol%, preferably at least
98mol% of the hydrocarbon fluids withdrawn from the polymerisation reactor are

vapourised before entry into the degassing vessel.
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Process according to any preceding claim, wherein the ratio of the stream
velocity at the outlet of the heater to that at the inlet, VO/V, is at least 0} 8C SLLP
preferably between 1.4 and 3. Process according to any preceding claim,
wherein the inlet velocity V, is at least 2m/s, preferably at least 5 mis and

more preferably at least 8 m/s. Process according to any preceding claim,
whereinsbesoutletndehecity Ma i desdinthaiad, mvbe priefeialy jeskithamit@r at any

SRS ACH ThQTEh U 1RO e BN D DL B e

bar/m, preferably between 0.0125 bar/ID and 0.04 bar/m. Process
-cor to an cedlng clalm W erein the polymer-c ntal stre h
d[ﬁc(? Cgra er%u(():ha]'gﬁagJ at least 9 %rgl’oﬁ)w}énerrg ergt‘) r}%%agto fA of the
;Qﬁym%omtahedg/smeaamdmﬂtmdsmhhcdwatﬁtomhbt@vp@iyﬁm%atmww%, most
3 QR e%/agougéwg)peg%rgseva% into the degassing vessel. MC SI. L
rocess accor 0 any preceding claim, wherein the
Reynolds number at any point within the transfer line of the heater is
fetween tQIMLIONANE MR inE1A68R> RECRIANA QANAARRARG from
claim, whersin the solids cont 5po mer-containing stream w
nh@rrtemq:hesheamepnsrmﬂNeenrmNQa@smgmmemd@t mgram;pfféabb/eﬁsmg a
@8 E{P %1% 65w1%. 18. Process according to any preceding claim,
here e stream withdrawn from the reactor is concentrated prior to
passing through the heater, preferably using a 10hydrocyelone. 19.
Fg OCG%%@&%@%{&E&&Q%@@@%?&Q@HE Wzgﬁ{e'a/ﬁ%?em the polymer-containing
polymer-containing stréam contains active polymer. 1520.Process
doeordingtanangtprecelliitylaim, wherein the polymer-containing stream
is continuously withdrawn from the polymerisation reactor.

20. Process according to any preceding claim, wherein the polymer-containing

stream is continuously withdrawn from the polymerisation reactor.



