WO 2009/127643PCT/EP2009/054438 POLYMER STREAM TRANSFER  The present invention
concerns %Bai&t%slztgﬁmproving the degassing of polymers, particularly 9'8?&]95&@/%%538
Polymerisation of olefins in which an olefin monomer and optionally olefin comonomer are
polymerised, usually in the presence of 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withdrawn from the polymerisation reactor together with the reagents and inert hydrocarbons.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 for economic, safety and enviromnental reasons,

and many processes for achieving {hig arerknowniith etz khgsertocesses generally involve

depressurising and devolatilising the TOpolymer-containing stream after it has been withdrawn from
the polymerisatiort FESEESET HEY SRISHSANGHTE JURERBR IR drounversihsdesastgdmply pemer
withdrawn fam.thereatien pil-high absorbed or free liquid hydrocarbon contents. These are typically

processes producing polymers with a significant low density component or amorphous phase where
the absorption of R?ibf@@é‘%ﬁﬁéﬁf&@%&%ﬁ%@és@@%ﬁ%% ey praprelispleiiced in the

presence ofliguid ReAIRE NPT ARACHNRID) IRGHR prescHRe SPRLMMRICARAGY Al EMMsyeipl scale

plant has increased steadily over the years, and as production rates have increased the potential cost
impact of uReRdbilkySPelippait Bt deus Heshakensyrficataiciaeieasar migsitg not only the
polymer unitisaififdalssunsireanband dawnsiean M%y&wa%ﬁm&% pEHRAADG-EPEsAting

i

10experience has led to operation of increasingly high solids concentrations (loadings) of polymer

withdrawn FEAOPEKe ST FRBYEREE TS RERS Ch GATFRRBN BRFETFR Ty HEHEEHBIS affits has
typically bepibaghigviesawitiriags eH elatiamvelosiie s anbisyad forayanpinmisiighgs reactor

power requirements as illustrated by EP 432555 and EP 891990. This increase in solids loadings is

desirdBle aBabReractainng sieosyalridhies fivrs feitadinug fondierlime g endsadatces

downstreanticihsiat EeRiMeRhRad dROY GHRGEQGHIFRBIRRIES HOWAVSSIhR TRaIRiesoh thepaduct at high

solids loadings is more problematic and careful design and operating practices are required to avoid

polymer foliAt A e BiGeRn oS Bt e th SeWaURIRBEHACE ERREAPE pERess8a PIsHeF solids
loadings. 3gF)dERE: BREAS B eSIunefs tRIegess offepressmisingapendavalaliisipgdhe polymer
stream withdrawn from the polymerisation reactor, the temperature of the polymer reduces. It is well
known that RS prEReELst ERSGERAAITS i g e GGG SheJSIgRRIPRESYRRO¥here the polymer s
2009/1276 43R ud¢E RPARYRRd? isianificanty.enhangesthyduaiataining the polymer at as high a
temperature as pqssible. Thus, in slurry processes.the transfer line between the polymerisation reactor
and the depressuMW@B@%@W&@W?@%&W@%&W@W@%I@t??églﬁéa?’ﬂsﬂéen example
of a typical pracessd ik WEH04/031245 1ane W-050 4487 dithedakaafiing FDMBRASRY in

polymerisation reactor,comprises a flashline containjng the qrawn-off slurry, surrounded by a conduit
Whioh 1 o GUREE i1 FESKER! TR B0 UG B RO e R BRIST 0 URBEiEet heating to

the slurry. Heweselr ibis alsouvatcsnomid thatihesstickinesiotlbepeiines beingdsansierad, and its

ibility t I t d/or foul t fer li Is, Ily i ith i [
romparE s S0 e VAR R FABIEATe SERoLTD 67 GG SPERoming more
significant wihyihe nitirksing Solids-loadingBhnitecisnizfesHysiemcaarabendrnkiised as mentioned

above. As a result,.careful desjgn of the transfer line from t olymerisation. .
'po?ymehsa ion unifs f1as typmglly een aahxeveg w1t?1% -cre%ses cirenfation 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

25  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 probiems that would not have been experienced at lower solids
ioadings.

30 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

reduces. It 1s well known that the process of devolatiiising and desorbing the polymer is



reactor is required in order to achieve sufficient heating to aid devolatilisation without risking fouling or
agglomera%)& gggg)ﬁ%g‘l;d polymer._15De.volatilisat_ion of th_e polymer streag%%%%g%}g%li%uid phase
of the stream t0 vaporise, resulting in an increase jn volume in the transfer lihe’and a consequent
increase in stream velocity. However if the velocitﬁ 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 20 of the solid polymer as

mentionedegr{%gmcanﬂy b ﬁ?ﬁ?ﬂ%&%ﬂ% gg@%ﬁ%‘?i ea%%%%iat té)@&%{;%i%%‘e%ﬁ%%g{gatﬁov?n% -

long in order to allow Sufficient heating to tak canbe su
the spatial piEH#iHysBE@YsIEScT His Bansées liee dstarhstytbe privlesrisativsressioomditicof the
hardware iniiheelantAnd cRAQIAL e condiihs olde heline . Qlieh aiapereagary (o heat a

significant proportion of the transferline length to satisty the heat input r quwements.ﬂl'hus it will be
appreciatede iR asd Brigpiaat RReCERslyim &Y GtRdads ARamd iWie eddlTi ghesset off iire desired
temperatur ?ﬁi@i‘?s g wi ini ' lon.is,a significant technical
challenge. %g&%@%ﬁ 01A d%s%o%ggtg}gcre?c?é%lls%%%W%%&Hg%%ﬁg%%%%aﬁiﬁge tom a 30 high
pressure zohEIRARSIP fees e L ORI pipigad Mt is keatesuiiddd iy aniomimrestiesttans, and
which may & i igmeter;i et i'@ém% | it r.the. slurry are
3-20m/s, ar%%ﬁtgﬁgﬁ?utlet veIoéitig@sﬂ}%ﬁfﬂeJl %{?5%%;% he Iow@%%?gsﬁ%%%g%ﬁ%‘éﬁgg%ﬁgdjusting the
pressure dréfeaERes oielsipviymsy kriamgaastirsdatnl e nvsestikiforisingdenmdraptiodally also by
changing the pugiRCtPTREAIRES 1 QRSTAUAR.S0 A%IBA0N NG AN0HAY BLYBRRN, Jere 1S no
mention of fouling or any problems associated therewith. SUMMARY e present disclosure
seekslf opfiesrsasieatingdniadpipRiems ¢hdeutin s ansas] drovrative mabrrowitierdegassing vessel
and at the saaiae tamipimiseie oS eldalingand mainlialiolal) %ﬁﬁ%‘%{g@ﬁﬁ@d Ry particular

construction of the transfer line between the polymerisation reactor and t ing vessel for the
polymer str&FRted o fotibd fﬁ‘ﬁ?{lih@f@ﬁﬁl Bestisnel WitHoutsiiding oaitbaabimensasioother

hydrocarbops, e 4R pONMIST 48 BIaWE; SYE AT cicnt AELE NI a&&fﬁzﬁ%ﬁ%ﬁtmggffsem
disclosure provides a process for heating a polymer-containing stream being transferred from a
polymerizafitt FsaEBlng arsegkragonionnd Bredelid@ckanmprising passing the stream through at least
two heaers operaiing il.aasallsh 66 beriskromarsing.RL iasiane jansterdiog forihg stream and

means for heating the transfer line, wherein the temperature of the polymer-containing stream at the
outlet of all FRRRBEPS-iEEFHEREIASHE HISERASTHAR Welpoiaths iraswciing andd sersearsaiasraeylumetric

flowrate of @@lwe%m@@iwm&ﬁ@@%@&%@&%@@&f@%ﬁﬁ%ﬁfi%wﬂé@a@E,onic In an

alternative as$ect, the present disclosure provides a process for heating a polymer-containing stream

being trans th SRESRSSR ATeRRRIdR Tenmedign.dehingion soneior 9éHedlennipnidinghassing the
stream thropgiiaiPERIGLEAIRBIGNG idkirAskonREansieming for g sreamant rag%mé%aﬁating the

transfgr line, wherein part of the polymer-containing stream is diverted to a further hieater also

compriding &t 185 SPUR BUEREFAS TRERRTHE &P¥8m and means for heating the transfer line, either when
the pressure drop acfeshdh@fisridianianenceersFO0m prefarahbnsR4:at g 1otel PLesTMlE drop

between the reactor and the_separation zone or device, or when the temperature of the

polymer-cofft&iingy LirafECHE REsHBE SRR TBddhnisn ehcaneyexficigaty st temperature

of the polymepeertainingistieaminkhe Mebemheaias eakeausseoReraingspamliskipthe first
heater. It is fossible t élc}j{g‘:,;li‘ay diverting part of the stream to a further heater until the temperature of the
polymer-coltaing; ARG Mtk saptakeiinsrorktisre vdedecdnsy O Hew point

temperaturgsaidhaeelimacconininingstreaiPerdon offycttansfering ragiRtthapglymergentaining
stream to a.further heater, the vailablegs#%face area for heating,is immediately increased by the

surface are X BPHREHER RS e WHIBR DL AR EIFTIiFE 8¢ FREHES theh M BRIBRHEEBDlied to the
stream, andiiengereiseisdndndnessase ihdhrdpraperaierm ot the pebines-santainingestream at the

heater outlet.. Thus it ¢ 1?1? possible to maintain the outlet temperature of the stream at its desired
level despit@ﬁﬂmﬁ' %@@Wﬁ&%&&l@ﬂ%@?ﬁﬂ%@é&ﬂ%@ fedengSerature to fall. ~ Usually

the above process@RerEpRNheistesBOl protisatinnIaar bt RreRsingii RO Fate, but it
can 21%? be Ué?h ered by other chrfogﬁes such as a reductjon In the solid concentration of the

polyrmaf-coMEhMG SR T 408 BIRSTRERRRPE B SRS B LT e wisd Phig akeb@Pfhrough an

additional heeiergriangeaddn paydiieldastia Hshleatar hihBrvalioavr alcanyrgiskfalisbelow the inlet
velocity VI, or alternagtive if the pres_},s %grop Cross srhe transfer Jine per unit Iength exceeds the
ST

desired maXfritit i<l 591'8’5?}“51 GYPISar ARl eE Yrdostiint SRal XS SIS BediAprising a
transfer line for the stream and means for heating the transfer line. In this embodiment also, the
temperature of the polymer-containing stream at the exit of all heaters is preferably maintained above
the dew point of the stream, and the temperature of the stream at any point along the length of the all
transfer lines below the softening point of the polymer. In a further aspect, there is provided a

process for heating a polymer-containing stream being transferred from a polymerization reactor which
1 iIncraacinA ite nrodiictinn rate 10 2 ceanaratinn 7zone or device which comnricace a2\ nacceina the ctream



4a A further embodiment provides a process for heating a polymer- containing stream being
transferred from a polymerization reactor which is increasing its production rate to a separation zone
or device, which comprises a) passing the stream through a first heater or heaters each
comprising a transfer line for the stream and means for heating the transfer line, and increasing the
flow-rate of the stream whilst maintaining the temperature of the polymer-containing stream at the exit
of each he%ﬁé}ué’fﬂé%@?lfé‘é},eﬂ@ear%ﬂﬁpﬁg I@ﬁﬁrfﬁq@rﬁéﬁoﬁwg?gv B é@ﬁfgacwe%% 1§§gé%§gb{{/n he dew

point of thgsieamhanhiRiMpeiaiyemhinesaamniangherbintatong diddengihof the each
transfer line below the softening point of the polymer, and then bg gasgsﬁﬁ%gart of the stream
th 354 8

through arPREdHh? Ae RS EFEHG AP ABaPAIk HEQXES g Réhter also
comprisingysbrasfatdinefed the-sigam and means for heating the transfer line whilst maintaining the
temperature of the polymer-containing stream at the exit of all heaters above the dew point of the
stream, and the téﬁﬁ‘@%@g of 5 the stream at any point along the length of the all transfer lines
below the softeningepeiatafikedenlysaeks to ofdmee paitigf dheistréamehasibgan tdiveited to the
additional heatey, it is preferred that the temperature of the polymer-containing stre. t the exit of
each heatéf' r%{’a?iﬁ %ln%ro1£ %{H%g&?ﬁ%&?ﬁ%ﬁ%ﬁaﬁ?% e%%?ﬂ%@%%é) %“é?é“%?é%ga ﬁg ré]tf‘{ljleast 30C
above the fleinpoint] of dheastredinble préduelatedséspbgtpefticel presesttdisolmstitbatrowidersiagprocess
for heating, a pol r-containing.stream, being transferred from a polymerisatio ordo a
separatior?b 2%%82/8? e@f%&nvev%?(%% Ocnoﬁ%%tlglégng &g)d%%%sgliﬁl Fﬁgsgrggéﬂ%rﬁé%}?%{?géﬁ%ﬁ t}/%v% heaters
arranged inparéieldtidtehch-compdisiegyat bransishitipedoitieabtidamt amd terdnslforaneeting the
transfer line tgrt%ferggyléghil)sgtg?r%ir?tasiniréglthe temperature of the polymer-containing stream at the exit
of each heg{er abdve'the aew pom% o?%he stream, and the temperature of the stream at any point
along the length oidhredsathitrarisierdinet belovesne doflenngoviftsof psqse ipmwatiaad decreasing the
flow-rate of.e:tcamAn ik AL theeiLehie DeatehRIRREINLERIS SualaiR below
40m/s, and then b) shutting"™down one of the heaters and passing the stream only through the
remaining berter deticatersnNGingrebsire tbhsheabsansly 4 depsh e 45ales ORSEHAERY one time. In
one emb%g?a@& of theiRigsenhdisalosrieidhe ARIYMRNSAQR feasolhaschliralitiabwithdrawal

lines, each of which has its own transfer line. The present disclosure also includes within its scope the

use of singhsasingahslletediiginerdeneiathe Gewmesivkied the R UEICATARGERENTBBMRORE solids
concentratingdeyices,oalef HRsHeAohRREHLARNGoIRELT the LdeRietareH thalky/hgp At least two

heaters are operating, the average stream velocity across any cross-section of each heater's transfer
line is mainteinegtye e efipPLovdnsentaBLpp SRR he fidsehreo Bngs banhed any c@sherally it is
preferred that conditions in all of the heaters which are in use at any one time satisfy certain
requirements. References below to the conditions in a particular heater or transfer line are therefore

intended to refer t6 avelyHEhterPrEisBapEfpbtiectimee providss e Pitsttine RAEGE particle
size of the sglidinplyesis inssdhandorad arsithgihe tetaltimasslawiate apiisiealysirreontaining

stream exiting all the heaters is no more than 15% greater than the mass fllowrate exitinﬁrtﬂe reactor,
0

and that th8 SRS Bty ST RIS FEBhE ARG S SSMPEIE & S3bREdE9s Sl the

length of the heatacparkef srehstrenaiatlineipeasvrediftorntreranstarfline polginer-at the transfer
line outlet, is at least 6 m/s, preferably at least 8m/s and more preferably at least 1O"f]f/is . The
fife Fdthen

minimum veIeEKPBasHEIhE HESERGIR AEREHIRIE 357 6PRAEN RRAIEH 854S order to

reduce the giskieffaslinan@enreral i ilihe ayeragenvaiocine ofither pAyM B gRRIAIRN T GireamB80%
along the length of the heated part of the transfer line is greater than 6m/s, it will also be greater than
mis at the HaRETRITE SHE NG RTIEEHBRE KoAE e MBS BT B SREVEP S FFRehe

disclosure aigDiRNsQRRassesibePassiklity hatdhnelapibaal the aulpslistewesitaamGm/s, for
example due to a particular construction 1tthe outlet, It is f%sgg referred that the average velocity

of the poly FEraEbAAHESF SR 8098 om T e 1o GRS HERED BaPBP R ALIEF fine.
measured frerpnile dhansiendnedaiet Theaquatdplananaater dhardispavaiagenveladiel at @@%raiong the
length of the heated part of the transfer line. DETAI% D DESCRIPE;%{N It will be a%)preciated that
the polymePffainhBosFakHofieles S g et RERS T SRS RE BELI FIFE LT N ¥he moment it
leaves the pehpnarisetignresston untbittgniarsstha degassing e ssaktHalldhe Joss poaes5tbis
invention, the heater is considered to.comprise the portion of pipeline fram the beginning of the heated
section of tﬁ‘éeﬂélqs%?%‘ée(%Ffif‘é”fi’?gfrﬁftﬁt%pﬁ@é%%‘) SBES TP ERREGT ¥ Heated section (or
last of the heated sections). In this context the term "transfer line" or "heater" as used hereinafter
includes within its scope the possibility of a number of heated sections 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 section of the line incorporates the single heated sections or multiple heated sections in
series. In the case where the line consists of a number of discrete heated sections, one or more of

these sections may be separated by a pressure control valve. By "line" is meant any form of conduit
crnitabhle for trancenortina 2 nolvvmer-containina <tream containina enlide liciid and aace Thic mav



WO 2009/127643PCT/EP2009/054438 7 excludes any unheated sections. Thus in the case where a
heater comprises several heated sections joined by unheated sections, the length L of the heater is
the total length of both heated and unheated sections, whereas the length of the "heated part of the
transfer line" is the length of the heated sections on@/. 20% along the length of the heated part of the
ransfer Ine Is 1hui8 204 Alongye- ke RIDALNeReRiGY srclins ShluR? Mgl from the start
of the first heated section. e velocity of the polymer-Containing stream is defined as the
volumetric #iswldalesotians potyhee hediairing sedatal ivieksdsb) el cusfascaisn of thensiieam flow
path. By "ayerage, yelacih s Meant s Avaiade Ve RGINTSASE ONES & Rerigaaf,atd@least 5
minutes but no more than 1 hour across the entire cross-section of the stream at any one point along
the length bfTke teeHETéR Bnandrestmie kedwnnsprarat ohthene inpet-ebpoipmestormmaimitg stream into
the transfe e 5 discotipu, 9 SBsAleamdsifiatdinebaraee fomIR SARRLIRIASRHInG legs,

which themselves discharge into the transfer line only when full. Although the input into the transfer
line can bedsfisdiirag! siptistagraingrusn betlsf Settind ey st chbireaid eivehbrgtempseguence, the
flowrate ang pgnce stream velocity in the transfer line is not constant. Variation in flowrate can also
occur in continuous discharge when the valve controlling the discharge is periodically moved in order
to prevent buildug-sepidiyiertang pessisiepstliag whkushe poimpersaticioreasisitisriameasimage velocity

over a perigd af{ine sAther hanbs, veladlyaLankens Rstanh:A0The.volumeslric daw ratgds the sum

of volumetric flows of each of the solid, liquid and gas phases. The amount of gas and liquid, and their
respective Héitspoascateabaofdhedalyaee-eppropaateresased on thermodynamic equilibrium

properties usuallyieguiriag ieat HalRNERSOPRRIHAN: AIESTUEIANG LamRSIAlHIE Qidhg siieam. For a

given mixture, at any point of the heater, the vapour fraction is a function of pressure and

25temperabGpéctAEramEgsyEsBardlghaelidatirvoirgteaipibe 1slasty atant tombialbpstedetisncind
physical proggrigs\(sQ,d:the.Aresst %@d@%@m%&% edhernass dawithe dealipsisr and the

thermodynamic equiiibrium can be”solved together. The basic equations to establish the pressure

gradient ingkeeedpdBiessied mpsimmytisabiinebaion arelthebbofdeborion widredigansm and
energy eqyatians, 3PINeANRIRYSURLG RS RO MG SRR RIIND A1 Ram AL 8% Al98a e length of

the heated part of the transfer line measured from the transfer line inlet is at least 20 m/s, preferably at

least 30m/&t tWErPhOd/TEPE APy mprTsgs 21 3Be Rl seteneithastra s eiit mads
flowrates of fheRAUWRatSaN RN, FHaamLeitingal Ml AealarRdaNamaR Paparhargater than

the mass flowrate exiting the reactor, and more preferably is the same or less than'that exiting the
reactor. In BhEFHBras 2R PPrefeiony tatensthadiieral Hansier dngebdls thihpspfirringdetaitihg stream

Sbetween Igavipg Mg reactor and exiting the heaters. In one embodiment of the invention, the
mass flowrate of the polymer-containing stream varies by less than 20% (based on the maximum

flowrate) over any™ MHFFBEL ST 18 HHTeR AWt ES AR e S8 RoB ahecniaHbRe stisadisdntD
continuousiflisgbagaiemn o Relymesisationy eastarnshas.aiernafvasmbodinent damassdewrate

varies by 10 1jote hap 2076 (Dased o e MM IOWTale)pCRIRien Wil doggptinuous
discharge frofiy {Hé& réatbr: passing & Or heaters cach
comprising a transfer line for the stream and means for heating the transfer line, and
increasing the flow-rate of the stream whilst maintaining the temperature of the polymer-
containing stream at the exit of each heater at least 10°C, preferably at least 20°C and more
preferably at least 30°C above the dew point of the stream, and the temperature of the
stream at any point along the length of the each transfer line below the softening point of
| the polymer, and then
b) passing part of the stream through an additional heater arranged in parallel to the
first heater or heaters whilst maintaining the temperature of the polymer-containing stream
at the exit of all heaters above the dew pomt of the stream, and the temperature of the
stream at any point along the length of all transfer lines below the softening point of the
polymer, said additional heater also comprising a transfer line for the stream and means for

heating the transfer line.



The heating and depressurisation 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 15requirements to satisfy when designing the
transfer line in order to ensure effective and reliabletpolymer transfer and heat transfer. Whilst high
velocities enhance heat transfer and generally minimise fouling, they also lead to high pressure drops
along the line. It is important therefore to be able to optimise transfer line length and diameter while
maintaining the re/g?ir%d hea})t téansfter area and heat ralnsier coef{icierlt, SO as to obtain a
20sufficiently de-vo atiset %ofilﬁ”lnéern a ré)ﬁ}aecscae%rt%cﬁes %rrﬁ%%lrg G C.'?E]o]ﬁﬁing occurs most commonly
when combinitigniog stetecityeivigh higlicteed fevaturpo Kioagitetermgthoofthebransieclisiasikveral
hydraulic reg}i@u%% gxisé ét)[gtarggdalilt%&gg %\ﬁ%rgll_l (P%% etr%rﬁ‘t‘%rc%%?ﬁriici(%nt between the wall and the fluid.
Above a cdrtan walt femperatL}?e, IC]UIé can noﬁong’er exist In contact with the metal surface, and the
wall 25 surface betpases stircorincedtmpaghtablesvhpoar ditinearhiskadduoegtha b edtanafesfer
coefficient (fim flaw s tupieall stariswuhin. e fist 0% of he lenath of e heated, pagt of the
transfer line. However at mcreasma?y g delta temperature values, heat trans er%y radiation through
the vapourtfitnthxeoo medssigaificamngritichedpeattivx sttt pirgreasiogtagang Astheaydpoenifraction
continues {g. 'é‘a%@?ﬁ‘ﬁ%erméﬁeﬁg’“i §EY r?éf‘e@%'l'g%'[Cié%%_%&‘ipeﬁé‘?%d% dropletsingide §8 nuous
vapour phase which impacts tthe heat transfet coefticient. The mist flow regime usually commences

after 60% obdve teagtiwafdhie dichtesrpant. afththertansperding; ohdst stsemilyabatywpemb60@nd!80% along
the length'l%%%ﬁ o\%vtﬁeze: Qg/élﬁa

7643P P2009/054438 accqrding tq the inventj it is usual that the
average velocity In the mist ilv%%%%%n%lg%\ég%:tsg%%rﬁ?&%%{%agrﬂ%% fthe ifm (I%g\?vnregion. Preferably

the average velodiyrassamy pointfithtrwireaist thovwgbgioaddiivted St/ sirampesl preferdldl/ tatheast 6m/s,
or even at /s, Wh t.al iquid is. rated, a. nvective regime occurs.
SPreferabls B0 e o e R e lengin
of the heatt heating the tramdte filinevio ltsravietagengalocityrmpc200scald i tha Yergthoofdmengeated part
of the tra”%%?éa%lﬂ%t'ﬁl%teﬁ?%ﬁf%ﬁ%@a@&ﬂ%%"Eﬁéeg&%o%l%ﬁﬁlé s%m'%ﬁh% gﬁ%"ﬂ&’g’ ‘%é%{r%% nat e ratio of
the average velocity of the polymer-containing 10stream at inlet of the heate par?o the transfer line,
V1, to its average velocity at the outlet of the heated part of the transfer line, V,, is greater than 1.1,
and more preferably greater than 1.3. Typical values for Vi are 2-20m1s, and typical values for Vo are
5-80 m/s, It is preferred that the average velocity at the inlet Vi is at least 2 m's, preferably at least 5
m/s and more preferably at least 8 m/s. It is also desirable to maintain the velocity below the 15sonic
velocity. Accordingly it is preferred that the average velocity at the outlet V, is less than 80 m/s,
preferably less than 70 in/s. Typically VO/V,, is at least 1.1, more usually between 1.2 and 15,
preferably between 1.4 and 10, most preferably between 1.5 and 4. Regarding the average patrticle
size of the solid polymer in the polymer-containing stream, average particle size is defined as the size
at which 50% by weight of the particles 20are collected using sieving granulometry according to ASTM
D-1921 particle (sieve analysis) of Plastic Materials, Method A. The solids content of the
polymer-containing stream has a significant impact on the heating requirement in the transfer line. If
the stream entering the transfer line has a high solids content, not only is the relative amount of liquid
required to be heated and/or evaporated reduced, but the solid polymer at the inlet can be 25warmer
than the outlet temperature of the stream, and therefore is carrying a significant amount of heat into
the transfer line. It is important that the average particle size of the solid polymer is below 3mm
because the smaller the average particle size, the faster the heat exchange between the solid particles -
and the surrounding fluid. As the pressure drops in the transfer line and the surrounding fluid is
vaporised it cools, whilst the solid particles 30remain hot. Thus it is desirable to transfer the heat of the
particles to the surrounding fluid as rapidly as possible. When the average particle size is less than
3mm, the heat transfer is



WO 20097127643PCT/EP2009/054438 10 sufficiently rapid that the solid and fluid have approximately
the same temperature, and the solid can reasonably be considered to be in heat equilibrium with the

bulk fluid. It is preferred that the average patrticle size of the solid polymer is less than 2mm, and
more preferably less than Imm. The average particlé size can be even lower, such as 5800p.m or even
600 p.m. It is preferred the temperature of the polymer-containing stream at the outlet of the

transfer line is above the dew point of the stream. Preferably, the temperature of the
polymer- co taining stream at the heat}&éexrt is 5-80C, most %f ferably 10-40C, above the dew point of

the stream fOIt S PRERI R PR the rogh Shira b A Relo disnyptrrainediediahgth of

the transfetﬂmlmlntalned below the softenlng point of the polymer, where the softening point of
the polymer is de as th %ﬁ cat soft perature according to ASTM D1525, ISO 306 under a
load of 10N. This “ﬁ?epﬁéh‘?g tﬁﬁ‘&agt e& LYSEi6da e LR fsre ol SIS dRRFFO the
polymer to thieptheatporsuraderta laagheflNaTiad Stemper atrerefpeisiineaaind of softening to be
expected when a.m ter jal is ted te rature application, A test specrmen whichis
between SMTAES ﬁt%fi@ﬂ%t%t i gﬂarrerra?ﬁrﬁe Biidsest the: sy
apparatus (fm@oapwﬂﬁ S RESANR ASP 6 HDTNICAT System) so that the penetrating needle, which
has a cross-sectional area at its ti 1mm2 res on the specimen surface, at least Imm from the
Y0ucge. A load o YGRS LG bb BieP 5Bl ABRIOTHE BEEUHoA AT (oW FePaN BFbath at
23C. The hﬁﬁﬁ&&tﬁg@ﬁﬁbﬁx&x&a@zﬁg aﬁﬁﬁ&m&rﬂ‘mew@qﬁmﬂsaﬁdi&daefmtf@&&mem@mpefatUre at
which this qccurs is the Vicat softening temperature. Heat is usually transferred to the
polymer-contafing Sre &Y #i&ating the internal surface of the transfer line using a heating medium
in contact with thet})pttaﬁﬁgutfmwﬁﬁh&xﬁﬁim&tﬁuﬁ the h@@tﬂp@ﬂhﬁgéﬂ%@é@@tﬁ@uaﬂ@wﬂy adjusted by
changing the ter%)erature % ein I surface of the tra sf line. g& 5 |s IIy done ii[Péchanging
t b

the temperSt T SHIRE HBAHITG HE& ?ﬁ t‘ﬁ’%%%%? '8l Eﬁﬁ Wﬁtlﬁrg Phatively,
the heat inptiita thaistredmg mmmﬂa@dfbya;b@miag&bmﬁmgomem@raatedeateafefaﬁhe transfer

line. For e am le, if the trapsfer IJne onsists of a ber of discrete ?%ated sections, the 30overall
et input KT SRR B PHRoHA IR AN b SRR e i ST PR 2 SHEhvidual
heated secilong tis layigtharfgig:tiok fmiiemﬂm%%&iadlsee&a%gﬂam&wﬂ%wtﬁﬁdae@tdnput on or off
to one or more of. the{} ted secti In one W( 127643 T/EP &%%?544F3ﬁ 1 embodiment,
the overall FEAHIRBEL e Stia | a%}fﬁ%&rg a}ﬁ R NaL §’i§rﬂ€ ACEFHE TtePhal

surface of tHenttapséésrlinb nelbe gortiGn from 60% to 100% of its heated length, or even only in the
portion froma % t 00/ ofrs heated h.Itis a possrbl that a combination of the above, that
IS changlnglt 2 are% |c his Hieated'an Egt‘i’taaﬁ%jv‘?tﬁgafgrﬂ SPERIFESt ﬂ%’éyhg rrr}PSdlum may be
employed. remdinis pietectad tatdhe temperature of the internal surface of the transfer line from 50%
to 100% along its heatle flt%n%:[h is_ maintained below the softenln%#omt of th mer: more

preferably, the temperature of the Internal surface of the transrer fine i erE)Hﬁ}gehou Its heated length is

maintained-BésFEe @dﬂ@mﬁﬁg%dimleﬁﬁe%cwmﬁﬂmw retitotdisingp tireliernpeitiing df the
polymer-copfaining sirgamh ki PeAMmster line. The present disclosure also includes within its scope

the use of single or parallel solids concentrating devices, with the usual arrangement being one

solids concentrating devices located upstream of each transfer line,

It is preferred that when at least two heaters are operating, the average stream
velocity across any cross-section of each heater’s transfer line is maintained between 2 and
100 m/s, most preferably between 10 and 70 m/s.

Generally it is preferred that conditions in all of the heaters which are in use at any
one time satisfy certain requirements. References below to the conditions in a particular
heater or transfer line are therefore intended to refer to every heater in use at any one time.

It 1s preferred that the average particle size of the solid polymer is less than 3mm,
and that the total mass flowrate of the polymer-containing stream exiting all the heaters is

no more than 15% greater than the mass flowrate exiting the reactor, and that the average



outlet above the dew point of the stream, but the internal surface of the transfer line below the
softening point of the polymer, it is possible to ensure that all of the liquid in the stream is vaporised by
the time the stream reaches the heater exit, but at the same time the risk of fouling is minimised. In the
case where the heater is positioned between a polyferisation 15reactor and a degassing vessel, the
temperature of the internal_surface of the transfer line may be maintained above the temperature of the

reactor. FofAOSENATERRBOINE & GOREH) B 688 0us e M e besel Sgdhpannghptature is

typically contseliegubaeinern famnng k30 mcmefaiahihRBbveeRB8oIMd 185 6: IohaRelMmeaving a
density of 955-965 k%/mB the /process-side wall temperature is typically controlled between 80 and

135C, 20 prBHstaly Heti o SoParigraaioEt leastie/ b aRHRPIESRERTHHSY A deatt IOPY&ferably withdrawn

from a polymerisatipnnigaatonprioniaeatsy inte eachitiansier finaand eaghransienlivringt is
therefore linked directly to the pol%merisation reactor. It is also preferred that the outlet of the transfer

line is confeLFaHLERTdERT {67 4% BERdtinG v Sap Lt VR e HREASS YHORFAB B8 maintained

at a pressysglaeh dbatamost atdhe WoQWesad wanessEaT e Gendensadanw iesavaradavithout the
need of a recompression. This vessel is usually upstream of the final polymer treatment and extrusion

or upstreary S ARSI TEH ARt RC 8iseisT heogie Ahthh P bEE SRGRIBIEE R dfdvn from the

polymerisationereaston g mMay:efsMayipeteanianrstivepalionas A0 be-prassure gp across the
transfer line per unit length is preferably between 0.01 har/m and 0.2 bar/m, preferably between

0.0125 bafAtFSREIE ARGV AHELBHE R AIb S B1eR 98 1Safih AR D4USRMPFHSIEAT pressure
at the heatesrigdetsthhh, 4sthedihara, WO 2009/127643PCT/EP2009/054438 12 preferably 10-25 ham.
Pressure at the outlet Po is typically 1.5-20 bara, preferably 7-11 ban. In the case where the

transfer line is poSitid AL BestiEEn %ﬂé&wéﬂ@gﬁdﬁl%gy@ HcPe HRGHSERIE VO e Pressure drop

in the transferdinerns Hpikalyetweear£a pad SO -pisfarahlyhetweaentomnind 3a0erplthe total
pressure drop hetween the polymerisation reactor and. the erﬁ[?/ to the degassin% vessel. In a preferred
8

embodime e SRS T #HRAHFVIARAI, THEfRECIE K af tha HentP s prhtich s Bewisden a

polymerisagign seaetahateraidegassing vessel, the polymer-containing stream is heated such that at
least 90mol.%, preferahl a]t least 98mol1% and 10 most optimally 100mol% of thehydrocarbon fluids
withdrawn from tf@%&@ f peration are vaporised before entry into the degassing

vessel. The degassivigl vesgphrpeeierablyt apesalos at erprasswreBreatpidhandatasiprsiopreferably
between 6 barn gnd 12 bara whjlst maintaining a pressure drop across the length of the heater of less
than 0.5 baﬁ? st a%?sp%%@ﬁﬁsaﬁeﬁa CATES L RIPARR AREAOL BYH peFHEAS and 150.3

bar per te/hdtdaaasbiegn-fesndrhedihimgpinisethiow psegsurehdiopRe isurihalipraoiuction can be
reliably operated even at high splids loadings at entry into the heater. It is preferred that the solids
content of tH&'Bol ?Q‘Bﬂfﬁhﬁf@lgﬁl&#{'@rb el 858 fge%ﬁt@%,s HSP et diastdtween

50wt% andiabvdthwiien tielstieamdniaisit)aheble: canditis alsaddreferved thaighervelocity of the
stream at t%e entry into t ihegater does rﬂ][%t 20 vary by nlorgjtha“ 15%, prefer bl% no more than 5%, in
any 30 sec W%e%%tb‘.’l WA PR fgrghnt%gsg@'h Bedls BAREInG A€EMMESaEFather than
diimﬂtinuamsl?éﬁaggﬁfpm *slahemahmp@@'ﬁaﬂ@i?] @aqiami&u@fh&gl;ef@&dsomﬁbh : t’ﬁgbe@aﬂ;ra;i@@i@(?mbined
Wi e expanding diameter heater enahles the pressure drop of the heater to be minimjsed.
Regarcing 18 COREAH AN i B SO R BRI FGE WS B e oo 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 section of the line incorporates the single
heated sections or multiple heated sections in series. In the case where the line consists of a
number of discrete heated sections, one or more of these sections may be separated by a
pressure control valve. By “line” is meant any form of conduit suitable for transporting a
polymer-containing stream containing solids, liquid and gas. This may include a plurality
of pipes or other conduits in parallel, enclosed within a single heating unit.

When considering the construction of the heater described below, the length L is
considered to be the total length from the inlet of the heater to the outlet of the heater,

However when considering the length of the *heated part of the transfer line”, this length



25transfer line's outlet diameter Do to its inlet diameter Di, Do/Di, is greater than 1, preferably between

1.2 and 10wkypigaHy-i4s at least 1.3, and commonly at least 1.4. Howeventhisiatiolispigferably no
more than 4, and more preferably no more than 2,,with a maximum of 1.9 being most preferred. It is

also preferred that the ratio of the transfer line's diameter 80% along its heated length, Dm, to the
diameter 20% along its heated length, D20, is 30greater than 1, preferably greater than 1.2 and more
preferably greater than 1.3. We have found that increasing the diameter of the transfer line along

its length allgws@greatananae RERomencontaining.sgam fiowrates i he-accammadated by the
WO 2009/127643P-.1/EP2009/054438 heater. A relatively small diameter at the inlet permits a

relatively higfrienseined By wriisaraowrsas, thelraiat e tibe sessuiaghatniritlenghaibyiarger
diameter atibaQuilrt saraveitietiskatihg ylosiyexeerding dha senisMelocii.ayanat igh

flowrates. Having such a range of capacities is particularly valuable during start-up and shut-down

5operationd S8 he fGeetHeT s PRawHE T cdenDiBe kerith rfi§abentadtnarted that the outlet
diametsr De-gidhentransiantineds smallelthan tbe-solidsieutietof the:daoassing vessel o is defined

as the internal diameter of the transfer line at its outlet, and D: is the internal diameter of the transfer
line at its infEPvR&Rtak e ihaditahbemied: $FH8 transfer line are defined as previously described.

10The internal diamtoEibeah thediapsioninedamraisabnal ieashA0nuRNAIMAEsusally between

40mm and 200mm. Most preferred are internal diameters between 60gun and 150mm. The total

length L of A& REHE PRYEIGHIFRPFE RS SkkaT ARadte PEdbe rrys srdmmatierstmamdnstantine, is
preferably at leasti2prmviae ReiRiablyahieasta0MRyt L aiysiallag.me s than,600m, preferred

range (éf lengths is from 50m to 500m, more preferably from 70mto 300m. It is preferred that the ratio
of the 18ngttPESH? TRETRER LS MR 05eithan, b s JRtesn AN paie sFasusRctiomakdieisTeam B00¥o 10000,

preferably fembbaQiong?00] anepoRenaieranind amns3RAIR AW elbiba transignling is

constructed from a number of sections 2Qeach of different diameters, Do" is the average internal
diameter of ASREESERBHE TR B BRI i gHs e aER Se aa dhe ﬁﬁ%’ﬁ‘ﬁdﬁ\‘/%ﬁﬁ it may be
calculated hiiseafeteadeoin the iaalintemnalnalgmesy Rhibe fiRg, e h&sBR0qReliithsrer I the

transfer line increases in geiﬁlrrﬁ%r algng its length, it is preferred that the increase occurs in discrete

steps rathel fHaH BoRtift , %}i’tg??rféaﬂit‘é‘tﬁ6}}?6@6%251?5#@@?%@%@%@33%%stant
diameter. Typinllydheseiags enewbich anihrraiisgeasas Rslismelenalong i lensth of dhemipe,

usually createI%?%a conical c}%nnectjng piece between the two sections of different diameter. It is
A _

preferred that X BRSSP DI HE SO RATB . SO AR AL G ARCHRRLBRFHHBI an increase in
diameter ofdheriransfeidiharicighartranithecuataniiy atibaiiansterinrbletMi3akvepreferred that

one or all of the sections of the line are generally upright rather than mounted horizontally, as this
reduces the fs %’f g‘@t‘fﬁﬂ&&ﬂﬁ%ﬂ?@%ﬁgﬁ”ﬁ?ﬁ?@# fgﬁgﬂﬁng’t‘ﬁ%’ttﬂ?érﬂﬁgqﬁ‘ﬁéta oRSMsF footprint
in the plantzinaseeipeaedodigutaton, ghedd st MOr28R0tkar MSPEIRPA00Y 054 #38mt.
20 The volumetric flow rate is the sum of volumetric flows of each of the solid,
liquid and gas phases. The amount of ges and liquid, and their respective densities are
calculated, where appropriate, based on thenmodynamic equilibrium properties usually
requiring heat balance, composition, pressure and temperature of the stream. For a given
mixture, at any point of the heater, the vapour fraction is a function of pressure and
25  temperature. As the pressure gradient through a pipe is also a function of vapour fraction
and physical properties {so do the pressure and temperature) the mass flow, the heat
transfer and the thermodynamic equilibrium can be solved together. The basic equations to
establish the pressure gradient in the three phase Vapour-Liquid-Polymer flow are the
conservation of momentum and energy equations.
30 The average velocity of the polymer-containing stream at 80% along the length of
the heated part of the transfer line measured from the &ansfer line inlet is at least 20 m/s,
preferably at least 30m/s.



14 section of the line preferably has its inlet at the bottom such that the initial flow of material through
the transfegdinanis, upv@rds. It is preferred that less than 20%, most preferaplydessdhamid% of the
length of the transfer line is horizontal, and optimally the line is constructed substantially without
horizontal sections. In one embodiment at least the inlet 5 and exit of the -heated transfer line are
oriented vertically such that the inlet flow through the line is upwards and the outlet flow from the line is
downwards. In one embodiment of the invention, the transfer line comprises a series of sections
connected by bent$s(piblawsd thitidhe atentypibalivdss shapeds uhthas thedinagelidiesstagk on itself
one or more titmes'iThrf a va?tag.e of this c nfi%g}ation is that i'ﬁémakesﬁhe transfer line more compact
in the 10pl&AT TR &L LS HERSTVESN HE8) 48 G4GR FIREST HE BERUE LS B heated like
the rest of tkecline abditusualtgfetibhyde tHosaimpifydheiconsiaueidnptibe:-heatenr tkiey are not heated.
It is also generally preferred that any expansion in, diameter of the line occurs in.an unheated section
of the L ino MRERe078 EGLIBFS BT AR g GG S e AR RS G BTG SEEE i meter
occuririg atbenesen teormgtibecathormdureittalie hbakthe exit of the elbow such that the velocity
reduces at the exit of the e]baw rathey than at its inlet, and most preferably at the exit of an elbow at
the top of a verticAly He STERPRRFRTO HAE BEbA B ERD A TS LA BB TR BEHIZEn the
transfer lingtisdewitsebabiesahendtin witkwlsiokdngaxlhemnutobesof vestieal orihesipertal; sections
between elhows maki the total transfer line may be from. 2 up to 10, although.3 to 7 sections is
more 20 coMmB O NI STLBF e 1PALIET eI RAVE R IR B e, The
radius of thmunie pelfinediinritieredbron May bizeexpiessaasindny i enadshie wiatmetelcbef the line
at that point. The elb ically have radii of hetween 3D and 30D, with 5D-20D being most
preten i R BTl T T RS T IREE DS FS HSTREES the .

As previoudtymstdtedetioeoelbows are preferably U-shaped, although alternative options such as
L-shaped elbows tﬁiatljloe%mit a s oot{g] f!l%wagath_ re not excludted. Obviﬁ)gsb/ sF trlansft_r line formed in
sections may emp of/: AIXeure of the above 1&/%83 of 8%89&;‘3 briaeet Libaws ot Stige %ngles such as
60 or 120. irdmaébEen fotinditmbihe lenygth abaszyaqnegapansianaéction of the liranséferdwe 30
should be l@eaaggr thcﬁnr%g%)m%%;%g%g% be]tvg:%enloo.SE)t anld 10(?§[renOSt ref al?%/ between 0.75D and
3D. Itis pre erred thaf each expansion SeLioR foch gﬁrﬁlrlr?é i éﬁ/aﬁpg?r%dr%i  more preferably
downstreamregfiametiow preftraldigraddistangetbé mamsferditiean dideMtOensure effective and .
2009/127643PCMP2009/054438 15 from the elbow. t.is alsp preferred that the expansion is
concentric,rg %ﬁ%f(\i{l&?% gfﬂ%ﬁ%@%sgﬁ%%ﬁ{ %%%r{r% ﬁeeg'ﬁél %]Isztogb%ﬁsg?g?gtﬁ: ?seprgPé:ﬁegatﬁ%%l% %rheater inlet
is at approxindagehztiley sarmengle Fativngaththye exitcaatithelpelymedsatidm se akiog thattieh it is linked,
preferably li t risation reactor to the heater.inlet is esgentially horizontal. It
is most prel}%ﬁ?gﬁt a%é{t %ﬁé%l%%]? g]%b?%ﬁrsgfg?%ﬁ% gﬂe?%ﬁ)lenfaségﬁg ?/%éféie %%Qt?]i/vﬁ%?ﬁt) is at a higher
elevation thapinterinigtiof theuirad $feat iredntiorteddutic tuhifie potfiverisatonsreaaitainlhe means
for he%ing ggf}ﬁg n 5é[gglgﬁggdl¥&9g}8r§%i %?ecéﬁ I%L{gl%?ggﬁg the 10line. The heater jacket may

[ [ efre i

be in the form of an &lectrical heater, but it Is pre that it Is In the faith of a concentric pipe
surrounding the lidewhirguesuwhicios trrathogtuidés pessesinghevmasecommidrijgbsed heating fluid is
steam. It hg nb iti .0ptimi i e steam as the
heating medium, pa%c?ﬁgﬁgt&vﬁ?e?%%ﬁggr%%%r%&r%gs%%g?a%%ﬁ%gr%%ﬂﬁ%gg&#@%o%gﬁ%%preferably no
greater thame@dy 15 petosl! thrasofesimgpoint ofithetpotprtizr WelhenHdbtdthigy hibheyerchotainit takes,

the jacket may alibsLRIRM e g sams IEAlneutalong.ihe Ak edenal diba:Lansiardigey o may

provide differential heating at'different p of the line. It is also poss at portions of the line (such
as behdls) atutaehbenericasurssnsse dabatablyvensavditountithaetdvessshimueat trasferput along the

ength of (he,UaNSIR [ nageMad e%}%ﬁg@ééﬁ@éﬂﬁ{ﬁtﬁa%tﬁ%g&m%ﬁ&ﬂﬁegg{ﬁ%ﬂ%@tﬁégtéﬁedium (or
the internal wall tempeérature of the ling) is greater
part of the transfer line. However at increasingly high delta temperature values, heat
transfer by radiation through the vapour film becomes significant and the heat flux starts
increasing again. As the vapour fraction continues to increase, mist flow occurs: the liquid
30 1is dispersed in droplets inside a continuous vapour phase which impacts the heat transfer
coefficient. The mist flow regime usnally commences after 60% of the length of the heated

part of the transfer line, most usvally between 60 and 80% along the length, Thus



at the inlet to the line than at its exit. Accordingly, as the vapour fraction in the polymer- containing

stream as {{, 83356534999 the line increases, it is preferred that the heatingpggisiroigmpgrature (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 25sections 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

temperaturgdsofafidiisdhdnAaieiared embodinent efdneinventioniihrtharsiandingdfepgated by a

concentric pipe using steam as a heating medium. The outlet temperature of the transfer 30line is

preferably CEHEI0T Bighey thandfieiin il iRy regioantaademb iy thgerstans (o RkY #haBenefit of

enabling copirel Rftheniianaiar ieewalltampRelatiy e SRR VORISR, or even at Jeast
2009/127643PCT1EP20091054438 16 temperature at low polymer stream flowrates and a higher

temperaturé %pfigiarn almetdl i iaydiosifuargratity ASTre copysatiyay SIRE RS further the

temperature of th@&%\‘éﬁﬁ‘&%ﬁ%@m}%@@&hg@@ﬁ@éﬁ@%ﬂﬁ@%@!ﬁ&ﬁ&%ﬁﬁ%ﬁ%&%ﬂ‘a&nCfeaSing the
energy input into the heater) is to 5increase the solids content of the stream. This can be done by

increasing e seie Sty plithediratas Darthol e eFF iR By @HERE6 Y s or by using
a solids congensratinengdavigarsnatiea.ef Srersansieeing. The alids cameanraneghaal than the

liquid or gaseous components of the stream, thereby requiring a lower input from the transfer line
heater in ord&¥tb3chieve the desired temperature. 10The use, upstream of the transfer line, of a

solids concentratimgi.ﬁggtﬁgrwﬁhmmsﬂ@adﬂdwﬂgﬁtih@ﬁb%ﬁﬁ@rmﬂéw%%ﬁﬁmgl%m) is

a preferred embodiment of the present invention, and ena%les the monomer concentration In the
transfe? line #5458 Fhitlrh Rl hren PRERI iy AR FRUBE oG S S HEterIas T At 1R PHYStis easily

separable aleng thadansin of thetheaisr tad Sfacilitatecleaning. IPraerakly thaRipe isianged at
5-15m intervals._ In the case where heating is effected using a jacket containir:ﬁﬁa heating fluid; it is

preferred tHafthbhdaBHG AT EREE NoftotelIhe ARAGERICE A& S mEimiSa et tansfer into

the polymepgaaiaining: Sikearsdevpipeiis arafetalkiyvnade fkameormaterialABKing Rihermal
conductivity greater thap 30 Wm-21C', 20preferably greatfqr than 40 Wm-21C.-1. The pipe is typically
i

seamless, ARASHHT EEirRdIAEE ISt TN Hrefs Ae0 AERb Y hrisr HGarleTby brad e 1tis
preferred thaimed wiisbryp alyretiegntainingesieamiexitia g iae golunelisai ohereastonisipagsed through

withdtawal TR e SR TGt L AR 1 250 FEblop RS e obentrated,
preferably hegrasitational 0F gestefidalbreans, IM0Sid 10, most preferably between 1.5 and 4.
Regarding the average particle size of the solid polymer in the polymer-containing
stream, average particle size is defined as the size at which 50% by weight of the particies
20 are collected using sieving granulometry according to ASTM D-1921 particle (sieve
analysis) of Plastic Materials, Method A. The solids content of the polymer-containing
stream has a significant impact on the heating requirement in the transfer line. If the stream
entering the transfer line has & high solids content, not only is the relative amount of iquid
required to be heated and/or evaporated reduced, but the solid polymer at the inlet can be
25  warmer than the outlet temperature of the stream, and therefore is carrying a significant
amount of heat into the transfer line. It is important that the average particle size of the
solid polymer is below 3mm because the smaller the average particle size, the faster the
heat exchange between the solid particles and the surrounding fluid. As the pressure drops
in the transfer line and the surrounding fluid is vaporised it cools, whilst the solid particles
30 remain hot. Thus it is desirable to ransfer the heat of the particles to the surrounding fluid

as rapidly as possible. When the average particle size is less than 3mm, the heat transfer is



preferably using a hydrocyclone, prior to passing through the transfer line. The performance of each

transfer ling,§39098 Mgritored using parameters including: the flowrate, piasguieap@igmperature of
the steam into the heating jacket, the flowrate anghtemperature of the condensate leaving the heating

jacket, or the position of 30the steam valve to measure the heat input (duty) to the stream; the
pressure difference across the heater and the reactor pressure valve output to measure the flow or
flow ratio into each transfer line, the relationship between steam flow and outlet temperature for each
WO 2009/1sathd3RG THpk20e9he 5413 & fhedlery b ephoatance oftih eareactoriaaate iétie total

flow into all the heaters, and the difference between the vapour temperature, at the heater outlet and
the dew poﬁ‘f?lgf%lﬁ?%%}é% Stre S.Ige?eeét&%e 2353%2]2 %nfr%%’féﬁqli{ﬁ%@ &tuélch heater are
preferably essentittlly fhefsasiehahenapesatngicierddbanthnectidpsierdardy haatdghidmacallel and
close to maximum capacit inor.differences in installation and. operating conditions of,the transfer
ines and AGCS I TGRS B L B R A BR D S B AT (2l PrthdSranster
lines having@mhaleneesh #OQswef slurry (loadings). Without correction of the flow partition, this can
result in the transfer, lines.needing, to be commijssioned or 10 decommissioned more often jn order to
maintain each wit Hstﬁg%&?%% ﬁé?gﬁ%ufgr?ﬁﬁfdj 386?& &ﬁ?}%ﬁ@%?ﬁ?%ﬁ?ﬁgéo%mep1‘c??#'§nsfer line
may be autamaiiedilychakincediayitvshdetesinimng e shiefeibly, hougipeachrtrafigier line, then
calculating the avera eﬂowcto all the transfer lines, .a applying a bia gantrol valve
Cmsronm oF ST AR RS b o o P et Ao R et o A o S
transfer lineld® pbigast wlosectanthe average value. Preferably this is accomplished using the steam
flow tg the jacket sprrounding. each transfer line (ie the amount of hegting applied tq each transfer line)
as a r%éans for deteft %Pn%r%eé% u}}rlf/‘%f?g\?ﬁ %?885 é%%ﬁf r‘é#sr%lr‘ﬂliﬂse{%gﬁn régﬁiéesa%%er%a}%@%s controlled
to achieve thixtequireiditénepie ratuneaithecbitieh ot tifediag sténticEthancditheoutiéktethperature is
determined by the slurry flow throaugh each transfer line,.The 20average of the steam flow.to the
rarster IncD R T S R A o B S FoaTh 1B ansfer
line to adjust ¥fidviéxids2atdaS6 ibaemntdenmintdio £ 8Nbatiisg sofie achitearisfe ralivd;iak afersuied by the
steam flow, at between 50% and.150%, preferably between,909.and 110%, of the aver. value. If
o of the e A TR D T P Ul TR B 5 o erit T
primaig 25aentpetdtmnetieieof: tthe feat vikeetong Hthesteansterdliwbsiis toatensiok ikedenetor pressure
by manipulating the, overall feed from.the reactor to each transfer Jline. Thus all th trol valves
operate m 1T B B e e VR e 8 SO, v e
action to balbicketkdel demitdiitite tramsigr imbingilanaieradtivéhentbtivgapntrane Gemsrepistiet

valves in th%ﬁ?@%%ﬁ?ﬁﬁ%%ﬁf?@z%%{:ﬁg@%Eﬁ%@r&?ﬁ%ﬁh@%‘n@}ﬂélﬁﬁgg{é‘e&?g‘@ﬂi@ Ba3Gt position

which is unchang o long as the lo ! heaters Is maintainéd at about the average value. It
is also possibtesteectntallgee s itstipyofbans .otsty thdhetbesombis sakassaireadiel reactorm WO

2009/ %8764%1%%%'%%0&9{8@%%%% to h0§ J:‘;Wel%aﬁh%%ogvé}\i}g%ntEQ'&?JEQHQ%%@“ Adieggatively be

determined ther means described previously, such as fl city or pressure drop. The overall
feed to the BrathsibRlitfes Thapish sonitrolied alirsety Hdtn nenbror prédsheanoedy flonstotasrbim;

the temperature at which this occurs is the Viecat softening temperature.
Heat is usually transferred to the polymer-containing givearn by heating the internal
surface of the transfer line using 2 heating medium in contact with the outer surface of the
25 line. Thus the heat input to the stream is usually adjusted by changing the temperature of
the internal surface of the transfer line. This is usually done by changing the temperature of
the heating medium in contact with the outer surface. Additionally or alternatively, the heat
input to the streamn can be adjusted by changing the size of the heated area of the transfer
{ine. For exémple, if the transfer line consists of a nurber of discrete heated sections, the
30 overall heat input to the stream may be partially controlled by adjusting the temperature of
the individual heated sections, or by changing the number of heated sections, ie by

switching the heat input on or off to one or more of the heated sections. In one



An available off-line heater should be commissioned when the chosen indicator(s) of the heater

performanggyngisategshat at least one of the on-line heaters is at 90%, pigferapiyRR¥a.and most
preferably 70% or more of maximum capacity. Rggharding the definition of maximum capacity, for a

given set of polymerisation reactor conditions and heater outlet conditions (pressure, temperature,
stream composition and solid loading), a limit exists above which the mass flowrate at the heater outlet
cannot be further increased 10 whilst still maintaining the temperature of the polymer-containing
stream at thembuiinktheiheater-alime moewHecint ahthea stermbh avHihatemperaiire of the stream

at any point along the length of the heater belpw the softening point of the polymer. The limit can be
due to valvi BBV RS SO HREA oA T EEAFGEC SR BF AN BT V2o OIS is

consideredithadaagitaysth capaaityodiRerodeionassiawsle; ¢an (/compasedde itaas maximum
capacity floe sanﬁﬁ: actor coqﬁitions ?}g outlet conditions and expressed as % gfsmaximum
capacity. SREHHRE S Hiore HaHaPCL R g an EraREIng HeFeR HalrHafsrE bR fem is

shut dewn wepiag lerstene-efithamtis: tperatngsdt iessihanHaUplpyeferably less than 40% of
maximum capacit)ﬁ\ZOln{)oth s.'éngleéheater and m%t' le parallel heater embodiments, the flowrate of

ar :

the polymer-contaihing SHEEH PARRRFEITRG ?ﬂ%ﬁ%@t%‘rﬁ?@ﬁ%ﬂ‘%%@%ﬂ? &5Firolled using
a pressure 0%l WO elomive; Heast peaieidbly eaiecsiiaivaenSssabdmeqresnsmiing device and
the transfer line heater inlet. Thg congtrol valve is deg i&r;ed to rfveﬁtgﬁ%re [&%:e drop of between 45%
and 9096, OB BTErEIIS 72 A RSB IRE RS e B b R S5/ AP BTRHE P End the entry (o
the first dowinstighwntiadsetteinenbdatetsiansied rtow pHetemblihdesigned tehvam:pressure drop
betwel%n 5% and n7%5% m?st Pref%r bl bqtvvee%qlég anc{ 35%, of the pressure drop between the
reactorand the et 15 TG AeaLSi RS RIE S PRERRY Pf e prisaiie et 853 Eontrol valve
to the pressurietisbpractesithediantétlis betarachud Beint-1Q] mesiqpreferably-hetwrpenstiard 2.
30The polymer-containing str may contain a vapour component as well as a liquid component.
Typically OSSO HBEEN O B Cor GoARre B PO et ELrRal i b et of the
heater varigs faporiSctbtaCivotheltho pecpre feneds WOL2009/8:27 643 RCTERR 094054438 1T _
embodiment of-the present inalelgt%ﬁn wher%ghegﬁ%aiﬁ a pressure or fl vé/?congrol valve upstream of the
heater, and the Vapour TACHon Of the Streat at Hie REster mist ICSEAAE s By BhRAYE  The
vapousifractiantof the fldiezearingorssd ofthiesiseamratahhoitteiafl thefheatdrieanvaty-fiam 70 to
100mol%, it is typically 95-100mol%. most preferahly, Sgreater than 99mo1%,. . This invention can be
applicable 6 ?né%p%ﬁ}#%ﬁsﬁ%ﬁvﬁréigggg é%a%guarg-% }é?%g? %?U?Fy?h% %é)ﬂﬁgh rg}?ﬁfgﬁﬁ% S mer
stream thatS3&eds thghe Hbatem tesvoldtilisellignigaatingid eppiatyrisationlRipaessas fortie

co-polymeri ins inthe sl re.well known in 10 the art. Such, processes can be
conducted for exér%% é?é%} n!fr:ecggggllln%ggrt eﬂggﬁac?m%?%%gog m%rn&gar“ﬁlél iﬁto%%%r?edq%é’h g?)r continuous
loop reactokgie frisimgaestysiifindhthampasiiysidoypimibo honetedibecie SaatdrizBRically

contr@bad tg;@p%%%g{g&{{&g&;f%@g&i@@%amd density for the polymer at an optimum production and

temperatur ylene slurry polymerisation processes typically withdraw polymer from the 15
polymerisation realthemwihsignificzintug sireiie ssok titmidiyyeitcazbonSpand thimresatibinvention is
therefore paL '% |1¥ I(—:-‘LI \vant ta. su es. The slurry in such.reactors.typically ¢ rises the
particulate p_c%ymﬁ, fﬁe%y%ré,car?gog# g?ﬁﬁ?&)ﬁ?& m%sg%%eéﬁlsl#%alt%%??%ﬁgi@ TLéeryr(rgqu‘:f‘i&a)l or%dsuch as
hydrogen afidestheiortuciotanititaton ieasteticl srallve stefeywiifteo therisel 407 Sieprefsfabiin80-70

WGt percerse L A SO AQUI, S ok RIS DAY g g, prferaby

70-30 weight percent based on the total weight uspending medium, where the
susperdingrasdiizadstiaemsmus aithtibal e ofipenesnydrethepeacomanccontepsizbarthe diluent,

dlefin monamey, A amkadl SN dlbeshSARREARINSTL AL BN oLl PARBe AT BRAT G et

such as a liquid olefin monomer. Where the principal diluent Is an iner e olefin monomer
polymer treatment and extrusion or upstream of a further polymerization reactor. The

stream may be continuously withdrawn from the polymerisation reactor, and may or may
not contain active polymer.

30 The pressure drop across the transfer line per unit length is preferably between 0.01
bar/m and (.2 bar/m, preferably between 0.0125 bar/m and 0.1 bar/m, most preferably
‘between 0.0125 bar/m and 0.04 bar/m. Typical pressure at the heater inlet, P;, is 5-30 bara,



25typically comprises 2-20 wt%, more particularly 4-10 wt% of the slurry. However when the monomer
is propylengiit-gas)coapprise almost 100wt% of the slurry. Polymerisatighig %Jd%lg;xéggrried out at
temperatures in the range 50-125C and at press%rgs in the range 1-100 bara. The catalyst used can
be any catalyst typically used for olefin polymerisafion such as chromium oxide, Ziegler-Natta or
metallocene-type 30catalysts. The product slurry comprising polymer and diluent, and in most cases
catalyst, olefin monomer and comonomer can be discharged intermittently or continuously, WO
2009/127643EYCrEBEPRO0S/HA44BR R0 e plianadivsing: capsenfratind-dayices.sughias hygrocyclones or
settling legs to minimise the quantity of fluids withdrawn with the polymer. ~~ This invention is
particularly P&f4ted to polymerisation in a loop reactor where the slurry is circulated in the reactor
typically by meansigfia RaswRRERUatAndagid Sl '&E@@@J&@e@ﬁ%@%@}%&ﬁ&%\%‘?ﬂéﬁ%‘#” in the art
and are descripbed for example jn US 3152872, US 3242150 and US 4613484. The loop reactor is of a
continuous HIBAISFPESHREHATSH - ORBIGEHE drepda hisoranslextinfie ioiralle hrturse &ionshnd at least
two, fosexasoplefririsrzaniasections 35be featabng mg%iﬁm&gweremoved using indirect

exchange with a cqoling medium, preferably water, in jackets surrounding at 10least part of the tubular

loop reactoP HBSSRIIAR SRR RIKLIPe £6i5¢ RS/ dRpHSSTIE KASReRly in the range 20 to 170 m3.  In
commercial plantsirihg:Raeticdlateyodiviest dssepasated femntagiventin amannst skchihat the

diluent is ngt expased to contamination so as to permit recycle of the diluent to the polymerization

zone with mirRIFHI AP SR AN YSEHSARAR GEATERT SRA I SG RS HE Y RASLORSRII¥AEY the process of

the presentigivantian dneaniherdiuentivpieatly Ganbsolnany mathad knowndadhe axt {gg example it
can inyolve eithe%réfo the use o@é;contin O%%g vertical settling leas such that the flow of slurry across
h 400 Y

the o é%ind’lﬂ%tr B hek SRR G ien b e elomerisaiéan from the

diluent or (igeeitiopeusaiedichydidmpahdainalere mugiinie ytadiawal RRESHag 20location of
which can be anﬁvh%%k%’] the loop reactor but is usually adjacent to the downstream end of a
5 %

horizontal sE&6 o AU B AR iR BLrad e th PallFioTRiRsRP bl Sivister 6d@srs with
high solids eah¢eniaaiinhsinHmsiumemipisises theeaniity:e theminaiRal dilentuithdrgwn from
the polyme@':saﬂon loop. Use of ¢ ncgntrating devices on the withdrawn polymer slurry such as

(

hydrocylones’(ShdiE B&% e L RO R FRAt RS RSO E e Ak iy Setnees Csb haspeniaie rethhances

the recoverg dhdilyentdin an pactgrefficianhmansensineasficaspassy sragicyen and
vaporisation of recoveredgdilugéi)&? avoid The withdrawn, and preferably concentrated,

ed. |
polymer sIUFFy S8R G55 iggar%ﬁgﬂﬁrb%ﬁmgﬁwﬂe@%ﬁém@wﬁ@%@m
invention toieppeiierasy BafldshsutigsebntentUfeidipentand ARy oRARRRRUIREE08¥RMAJN the
D orisac 7 oS R RbRY SRRTEE St Bl e SNl When B shoam entets the hester,
and it is also preferred that the velocity of the stream at the entry into the heater does not

20 vary by more than 15%, preferably no more than 5%, in any 30 second period. One way in
which this can be achieved is by using a continuous rather than discontinuous off-take
from the polymerisation reactor, Such high solids loading operation combined with the
expanding diameter heater enables the pressure drop of the heater to be minimised.

Regarding the construction of the heater itself, it is preferred that the ratio of the

25 transfer line’s outlet diameter D, to its inlet diameter D; D/D;, is greater than 1, preferably
between 1.2 and 10. Typically it is at least 1.3, and commoniy at least 1.4. However this
ratio is preferably no more than 4, and more preferably no more than 2, with a maximum
of 1.9 being most preferred. It is also preferred that the ratio of the transfer line’s diameter
80% along its heated length, Dy, to the diameter 20% along its heated length, Do, is

30 greater than 1, preferably greater than 1.2 and more preferably greater than 1.3,

We have found that increasing the diameter of the transfer line along its length

allows a greater range of polymer-containing stream flowrates to be accommodated by the



WO 2009/127643PCT/EP2009/054438 21 process. The pressure of the primary flash vessel is usually
controlled t@&8aRlgspRdensation with a readily available cooling mediumﬁ%%gmgé%ter) of
essentially all of the flash vapour prior to any recq pression. 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 5solid
material recovered from the primary flash vessel is usually passed to a secondary flash vessel to
remove residual volatiles. Alternatively the slurry may be passed to a flash vessel of lower pressure

than in the abave Mentionad ﬁﬂﬂl%ﬁéﬁ@%é%lt%é'i&ﬁ@@%éﬁﬁ@@ﬂ%ﬁi@a Sisesssie cordgnse the
recovered diluept. Use of a high pressure flash vessel is preferred. 10More specifically, an example of -

the type of SIS o Pt Sl R B8 g vdRib A T8lpavaaUaesT darae e tidtéarfitious

polymerizatigh sfcaefiasis efarablysipharoena plefinse HarIRastianRzong: arafaiapls an elongated
tubular closed loop. The olefin(s) is continuously added to, and contacted with, a catalyst in a

hydrocarbof HiN&RECH G HERBHRIAHH derlg e s aedls A s st v aed ket psymer
suspergled dpdhedpayresdisationnaimios tiseat:the @&1&?\@@% drayalptRelymasfrduct is

controlled by a valve u&stream of the heater of the invention. he solids concentration in the slurry

in the reactBFYRiIIFRREE T e ABGVEDH T8 Tsramatins|ihan sir SOidoRIFIE o therdseasaivg 20-40
volume %, pegferablyLfeBRoMalsthe Henhe waekuPe b isditolal valkmaofthe shady: xalume of the

suspending 20medijum)/(total volume of the slurry)]x100. The solids concentration measured as weight

percentage! Hieh SR Aehe B aPEEniBa St A RIS L SThate the Autlilznd wintvArkPaEeBrdiRg to the

polymer progisced difiBoee partisuliidsacaseding to the diluent used. Where the polymer produced is
polyethylene and the diluent is an alkane, for example isobutane, it is preferred that the solids

conceftiration is aBd§e e Hlodi PSR IAIM B % Ueprorcierablath fasi 2t Rarit BOB0 wWi%
preferably 4B mitthasememtbedotinyeignbaiihashry-diehaafauad hatdocdighselids

loadings, p'articijlarl above 40wt%, reliable product withdrawal and heating between the
polymerisaﬁ‘Bﬂ el and the degassing vessel (as evidenced by fouling, flow variations and/or heat

tranflfer) can tf)e NTBlRtE RS denathin, aﬁﬁ@@ﬁ@b @d@ffqg@m&ﬁ@ kiﬁutgdth\ﬁl | BepiRhibe &@ﬁtﬁfsghfa&m invzntion-
30This type of process may optionally be, carried put in a multiple reactor system. The second or any
subseq uenlﬂ?ggg%? @ﬁﬁ%ﬁiﬁ&ﬂéé’é&ﬁ%@%ﬁfﬁwg@dﬁﬁﬁﬁ PSSR Sy F¥ctor for the
polymegisatienalifyalefinsicfataxsiople artefdisat-hat wasi@rh WG 2000) A2 (6ARRC 158 2009/054438

22 However, usu I&%ue second qr.any subsequent reactor of the multiple reactor system is another
loop reacto I%%E% Wﬁﬂg %hﬁgpg%tems can be used to make monomodal or multimodal,

preferably multimddi pelsmetshin theredse thelstigle Tedttor ginsserios s firshreagoneéing series is
supplied with 5catalyst ot ptepolymer opti ly the cocatalyst in addifion to the diluent and
monomer, éﬁrjﬁadne%%h%é‘l”fbé&ﬂ‘@h&%ﬁ@t@%&ﬁﬁé@dRﬁ%f%ﬁeggvﬁ o%ég&?f B%Eﬂ&ﬂfﬁr ethylene and
with the slupneferidingffrona(irec8ding ehetonnifthéisetiesiiismidtiecomphisingitbegatalyst and a
mixtute,of the polymers produced in a preceding reactor of the series. If.is possible to supply a second
reactcl;fr‘0 and%‘rﬁ”,}r])hQ ggﬁf‘%‘b"?ﬂ% el?%”te%léss dﬁelsoﬁl&%g?&&%%‘ée @r%’?%’e?&%f’s% élgl‘%ef?ggﬂgé‘ﬁt’é’@gg%@/or
cocatalyst. ktoweieg it isebargticofivmdnstatiotipsitnadirecbatalysy anddhelencialystexelusively into a

first reactor lgltz% case where th$%laﬁ}lcom]|prlses tﬁasﬁi\r/}v%reactors in series, the polymer of

highest meﬁ%?ex and the %%fi/rrzhee‘F% Wetemartihdex dartBe prdduced in two adjacent or

non-adjacent reactbtbdrirtnsiselies itdydiegen damaintalneg ad (dgshlani{ praferadd that the

increase occurs in discrete steps rather than continuously, with intermediate portions of the

25 transfer line having a constant diameter, Typically there are one, two or three increases in
diameter along the length of the pipe, usually created by a conicel connecting piece
between the two sections of different diameter. It is preferred that the average velocity of
the polymer-containing stream immediately afier an increase in diameter of the transfer
line is higher than the velocity at the transfer line inlet V.

30- It is preferred that one or all of the sections of the line are generally upright rather
than mounted horizontally, as this reduces the risk of settling and hence fouling, as well as

ensuring that the line has a smaller footprint in the plant: in such a configuration, the first



15concentration in the reactor(s) manufacturing the high molecular weight components, e.g. hydrogen

percentagesdngidingsaetween 0-0.1 vol % and at (ii) a very high concentsatioprimtbesaagtor(s)
manufacturing the low molecular weight compon?ﬂts e.g. hydrogen percentages between 0.5-2.4 vol

%. The reactors can equally be operated to prodtce essentially the same polymer melt index in
successive reactors. 20When 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 problems

with reactorfpuling AR RegipdRgAiondn itennaalanbebiessthe Rolymelsaiondeagiaapaihe

degassing vessel. These problems can be accentuated %i?h polymer solids concentrations in the
9

heater. ThishEcasbthe arsBIcR VR BRVGIRSHE MrRenisratd doa) o idanitie mostararmelpiesent

invention. EXAMBYR{ fromparaivel: tranéfért@ﬁe@(ﬁﬂ}@&z@a&%(@lﬁﬂ?rﬁg}w ggagiengdischarges a slurry
containing 50wt% solid oneFthﬁlene with an average particle diameter of 1.5mm at a rate of 35

tonnes/houFARFHHERE ALRS BRSO SOIBERP A SHERFe BrtBRSEhmesrtbritiesh ShFriftficontaining

streamspasggg SAOHONAERH dvalke wRigh: ISR ARa RERsSHNG SQNTHE Atk 3barGed e NP
2009/127643PCT/EP2009/054438 23 composition of the diluent carrying the solid polymer is 91mol%

isobutane, 8#idios BRyTEHEsAR thfomiclarrae hadmesniaumadadedns grabsgeas! dhe stream

passes intogghaatarén, the fermaref aﬂ&%ﬁ%ﬁ&e&%@@&rmg&%@/&fﬁﬁé&&gﬁym&e@ﬁ%@m?{tions of
which are each of 80m in Ien%th giving a total heated 5Ier‘£‘£ of 400m (the length of the unheated
af

elbows conPEeshare Banclicatanes SBFbe) e R e Ak tcthenriisp{ Ao ey SHESEIBORS; or 40% of
the total heatedlengihyds, 7 oiRine Ane.tag diameler:ohikesfinakiiner  eas £4Qms2H89% afdhe total

heated length) is 95mm. Thus the ratio of the two diameters is 1.25. The conditions inside the

transfe? linePkra-sthf srsHeBtaRdTemidbe oS aorrassply stragli Hbsdberisigay behtlrt Ekgth (m)

Diameter (n®)rest of the line, but usually - in order to simplify the construction of the heater - they
‘ are not heated. It is also generally preferred that any expansion in diameter of the line

occurs in an unheated section of the line; therefore sections of the line may be of different
diameters with the increases in diameter occuring at one or more of the elbows, preferably

15  atthe exit of the elbow such that the 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.
The design of the expansion sections and the bends in the transfer line is key to reliable
operation 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

20 common.

The elbows of the transfer line may have varying degrees of curvature, The radiug
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 radil of between 3D and 30D, with 5D-20D
being most preferred to ensure reliable operation without fouling whilst also minimising

25  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 shmath 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 hias been found that the length of any one expansion section of the transfer line

30 should be greater than 0.25D, preferably between 0.5D and 10D, most pre.ferably between
0.75D and 3D. It is preferred that each expansion section is located immediately upstream

or more preferably downstream of an elbow, preferably a distance of no more than 4D



Pressure (IcPa) Vapour fraction (kg/kg) Vol flow vapour (m3/11) Vol flov. liquid (m3/11) Vol flow solid
(m3/11) Velerimsn/shgmp c Internal wall temp O- inlet LI 0 76 2526 0.00 £ y/EP2009/054438

15

from the elbow. It is also preferred that the expansion is concentric, although other
expansion geometries are aiso possible.

It s preferred that the heater inlet is at approximately the same elevation as the exit
of the polymerisation reactor to which it is linked, preferably th.e transfer line from the

5  polymerisation reactor to the heater infet is essentially horizontal.

It is most preferred that the exit of the transfer line (at the degassing vessel entry
point} is at a higher elevation than the inlet of the transfer line and/or the outlet of the
polymerisation reactor.

The means for heating the transfer line usually comprises a jacket surrounding the

10 line. The heater jacket may be in the form of an electrical heater, but it 1s 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 fluid is steam. It has been found that conditions
can be best optimised by using desuperheated steam as the heating medium, particularly
where the maximum saturation temperature 18 0-30°C, and preferably no greater than 10°C,

15 Dbelow the softening point of the polymer being heated. Whichever form it takes, the jacket
may either provide the same heat input along the entire 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

20 temperature of the heating medium (or the internal wall temperature of the line) 1s greater
at the iniet 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 2 number of discrete steps by means of

25 sections of different temperature. Most preferred however is a jacket which operstes 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 1s required.

In a preferred embodiment of the invention, the transfer line is heated by a
concentric pipe using steam as a heating medinm. The outlet temperature of the transfer

30 line is preferably controlled using the steam flowrate: for a given steam temperature this

has the benefit of enabling control of the transfer line wall temperature, 10 ensure a lower



74 37 6.8 75.6 102.6 20-end L1 80 76 1809 0.10 78 69 37 11.2 80.5 109.5 20- inlet L2 80 76 1786
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temperature at low polymer stream flowrates and a higher temperature at higher fiowrates
when velocities are higher. '

One .way of increasing further the temperature of the polymer-containing stream
jtself at the transfer line outlet (apart from increasing the eraafgy input into the heater} isto
increase the solids content of the stream. This can be done by increasing the solids content
of the strearn withdrawn from the polymerisation reactor and/or by using a solids
concentrating device upstream of the transfer line. The solids can carry more heat than the
liguid or gaseous components of the stream, thereby requiring a lower input from the
transfer line heater in order to achieve the desired temperature.

The use, upstream of the transfer line, of a selids concentrating device with an
upstream dituent flush (as described in our patent EP1118624) is 2 preferred embodiment
of the present invention, and enables the monomer concentration in the transfer line to be
minimised, thereby feducing the risk of fouling,

It is preferred that the pipe is easiiy separable along the length of the heater to
facilitate cleaning, Preferably the pipe is flanged at 5-15m intervals. In the case where
heating is effected using a jacket containing a heating fluid, it is preferred that the heating
fluid does not cover any flange.

In order to maximise heat transfer inte the polymer-containing stream, the pipe is
preferably made from a material having a thermal conductivity greater than 30 Wm™K",
preferably greater than 40 W 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, particularly at start-up. 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.

The performance of each transfer line can be monitored using parameters
including: the flowrate, pressure and temperature of the steam into the heating jacket, the
flowrate and temperature of the condensate leaving the heating jacket, or the position of
the steam valve to measure the heat input (duty) to the stream; the pressure difference
across the heater and the reactor pressure valve output to measure the flow or flow ratio

into each transfer line, the relationship between steam flow and outlet temperature for each
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heater, heat balance of the reactor to calculate the total flow into all the heaters, and the
difference between the vapour temperature at the heater outlet and the dew point of the
process stream. Pressure drops across the transfer lines of each heater are preferably
essentially the same.

5 When operating more than one transfer hine (heater) in paraliel and closs to
maximum capacity, minor differences in installation and operating conditions of the
transfer lines and associated upstream and downstream equipment and pipework can result
in the transfer lines having unbalanced flows of sturry (loadings). Without correction of the
flow partition, this can result in the transfer lines needing to be commissioned or

10 decommissioned more often in order fo maintain each within the correct operating range.
To avoid this, the shurry loading on each transfer line may be avtomatically balanced by
first determining the shurry flow through each transfer line, then calculating the average
flow to all the transfer Iines, and then applying a bias to a coniro! valve upstream of each

transfer line to adjust the feed rate in order to bring the slurry loading of each transfer line

15 atleast close to the average value. Preferably this is accomplished using the steam flow to
the jacke! surrounding each transfer line (ie the amount of heating applied to each transfer
line) as & rﬁeans for determining the storry flow through each transfer line, since the steam
flow is controlled to achieve the required temperature at the outlet of the transfer line, and
the outlet temperature is determined by the slurry flow through each fransfer line. The

20 average of the steam flow to the transfer lines is then calculated and a bias is then applied
to a control valve upstream of each transfer line to adjust the feed rate in order to maintain
the loading of each transfer line, as measured by the steam flow, at between 50% and
150%, preferably between 90% and 110%, of the average value. If some of the heaters
have different capacities, the average value may be a weighted average. The primary

25  control function of the feed valves to all the transfer lines is to control the reactor pressure
by manipulating the overall feed from the reactor to each transfer line. Thus all the control
valves operate in parallel, opening and closing together, with the balancing control
superimposed onto this action to balance the load on the transfer lines. In an alternative
embediment, one or more outlet valves in the reactor are used to the control the pressure,

30 whilst others remain in a set position which is unchanged so long as the loading of the
heaters is maintaimed at about the average value. It is also possible to control pressure by

means other than the outlet valve from the reacior.
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The shorry loading on the transfer lines may alternatively be determined by other
means described previously, such as flow/velocity or pressure drop. The overall feed to the
transfer lines may be controlled directly from reactor pressure or by flow conirol.

An available off-line heater should be commissioned when the chosen indicator(s)
of the heater performance indicates that at least one of the on-line heaters is at 90%,
preferably 80%, and most preferably 70% or more of maximum capacity. Regarding the
definition of maximum capacity, for a given set of polymerisation reactor conditions and
heater outlet conditions (pressurs, temperature, stream composition and solid loading), a
limit exists above which the mass flowrate at the heater outlet cannot be firther increased
whilst still maintaining the temperature of the polymer-containing stream at the exit of the
heater above the dew point of the stream, and the temperature of the stream at any point
along the length of the heater below the softening point of the polymer. The limit can be
due to valve output limitation, power limitation, mechanical, safety or any other reasons.
This is considered the maximum capacity. The ouilet mass flowrate can be compared to
this maximum capacity for the same reactor conditions and outlet conditions and expressed
as % of maximm capacity.

When two or more heaters are operating in parallel, it is preferred that one of them
is shut down when at least one of them is operating at legs than 60%, preferably less than
40% of maximum capacity.

In both single heater and multiple parallel heater embodiments, the flowrate of the
polymer-containing stream withdrawn from the polymerisation reactor is preferably
controlied using a pressure or flow control valve, most preferably located between a solids
concentrating device and the transfer line heater inlet. The control valve is designed to
have a pressure drop of between 45% and 90%, most preferably 50% and 8(0%, of the
pressure drop between the reactor and the entry to the first downsirsam vessel. The heated
transfer line is preferably designed to have a pressure 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 10, 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
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embodiment of the present invention where there is a pressure or flow control valve
upsiream of the heater, and the vapour fracton 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
the heater can vary from 70 to 100mol%, it is typicaliy 95-100mol%, most preferably
greater than 99moi%.

This invention can be applicable to any polymerisation process (eg gas-phase,
sharry, or solution) containing a polymer stream that needs to be heated to volatilise liquid
during depressurisation.

Processes for the co-polymerisation of olefins in the slurry phase are well known in
the art. Such processes can be conducted for example by introducing the monomer and
comonomer into a stirred tank or continuous toop reactor comprising polyolefin and a
catalyst for the polvimerisation. The reactor 18 typically conirolled to achieve a desired melt
index and density for the polymer at an optimum production and temperature.

Poiyethyl ene shurry polymerisation processes typically withdraw polymer from the
polymerisation reactor with significant quantities of liguid hydrocarbons, and the present
invention is therefore particularly relevant to such processes. The slurry in such reactors
typically comprises the particulate polymer, the hydrocarbon diluent(s), (co)menomer(s),
catalyst, chain ferminators such as hydrogen and other reactor additives. In particular the

shurry will comprise 20-75, preferably 30-70 weight percent based on the total weight of

- the shury of particulate polymer and 80-25, preferably 70-30 weight percent based on the

total weight of the shurry of suspending medium, where the suspending medium is the sum
of all the fiuid componenis in the reactor and comprises the diluent, olefin monomer 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 wi%, more particularly 4-10 wi% of the slurry. However when
the monomer is propylene, it can comprise almost 100wt% of the shurry.

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,
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typicalty in the range 20 to 170 m’.

In commercial plants, the particulate polymer is separated from the diluentin a
manner such that the diluent is not exposed to contamination so as to permit recycle of the
diluent to the polymerization zone with minimal if any purification. Separating the

15  particulate polymer produced by the process of the present invention from. the diluent
typically can be by any method known in the art for example it can involvc either (i) the
use of discontinuous vertical settling legs such that the flow of shurry across the opening
thereof provides a zone where the polymer particles can settle to some extent from the
diluent or (ii) continnous product withdrawal via a2 single or multiple withdrawal ports, the

20 location of which can be anywhere on the loop reactor but is usually adjacent to the
downstream end of 2 horizontal section of the loop. As previously discussed, the operation
of large diameter reactors with high solids concentrations in the slurry minimises the
quantity of the principal diluent withdrawn from the polymerisation loop. Use of
concentrating devices on the withdrawn polymer sturry such as hydrocylones (single orin

25 the case of multiple hydrocyclones in parallel or series) further enhances the recovery of
diluent in an energy efficient manner since significant pressure reduction and vaporisation
of recovered diluent is avoided,

The withdrawn, and preferably concentrated, polymer slurry is usually
depressurised prior to being transferred via the heater of the present invention to a primary

30 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
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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
flash vessel to remove residual volatiles. Alternatively the slurty may be passed to a flash
vessel of lower pressure than in the above mentioned primary vessel such that
recompression is needed to condense the recovered diluent. Use of a high pressure flash
vessel is preferred.

- More specifically, an exampie of the type of polymerisation process for which the
invention is particularly useful is the continuous polymerization of olefins, preferably
alpha mono olefins, in an reaction zone, preferably an elongated tubular closed loop. The
oieﬁn(s) is continuously added to, and contacted with, a catalyst in a hydrocarbon diluent.
The monomer(s) polymerise to form a slurry of solid particulate polymer suspended in the
polymerisation medium or diluent. The rate of withdrawal of polymer product is controlled
by a valve upstream of the heater of the invention.

The solids concentration in the shurry in the reactor will typically be above 20
vol%, preferably about 30 volume %, for example 20-4C volume %, preferably 25-35
volume % where volume % is [(total volume of the slurry — volume of the suspending
medium)/{total volume of the slurry)}x100. The solids concentration measured as weight
percentage, which is equivalent to that measured as volume percentage, will vary
according to the polymer produced but more particularty according to the dituent used.
Where the polymer produced is polyethylene and the difuent is an alkane, for example
isobutane, it is preferred that the solids concentration is above 30 wt% in particular above
40 wt%, for example in the range 40-60 wt% preferably 45-55 wt% based on the total
weight of the slurry, We have found that for high solids loadings, 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,
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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

5 catalyst or prepolymer and optionally the cocatalyst in addition to the dituent and
monomer, and each subsequent reactor is supplied with, at least, monomer, in particular
ethylene and with the shurry arising from a preceding reactor of the series, this mixture
comprising the catalyst and & mixture of the polymers produced in a preceding reactor of
the series. It is possible to supply a second reactor and/or, if appropriate, at least one of the

10 subsequent reactors with fresh catalyst and/or cocatalyst. However, it is more common to
mitroduce the catalyst and the cocatalyst exclusively into a first reactor.

In the case where the plant comprises at least two 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 maintained at (i) 2 low (or zero)

15  concentration in the reactor(s) manufacturing the high molecular weight components, e.g.
hydrogen percentages inclﬁding between 0-0.1 vol % and at (i1) a very high concentration
in the reactor(s) lﬁanufactlm‘ng the low molecular weight components e.g. hydrogen
percentages between 0.5-2.4 vol %. The reactors can equally be operated to produce
essentially the same polymer melt index in successive reactors.

20 When 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
problems with reactor fouling and agglomeration in the heater between the polymerisation
reactor and the degassing vessel. These problems can be accentuated by high polymer
solids concentrations in the heater. This is another problemn which can be ameliorated by

25  use of the heater of the present invention.

EXAMPLE 1 (comparative)

In this Exampie a polymerisation reactor discharges a slurry containing 50wt%
solid polyethylene with an average particle diameter of 1.5mm at a rate of 35 tonnes/hour
30 The reactor pressure is 39 barg, and before entering the heater the polymer-containing

stream passes through a control valve which lets the pressure down to 24.3 barg. The
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composition of the diluent carrying the solid polymer is 91mol% isobutane, Smol%
ethylene and 1mol% hexene. No additional fluid is added to the stream.
The stream passes into a heater in the form of a transfer line comprising five

vertical legs, the heated portions of which are each of 80m in length, giving a total heated
5  length of 400m {the length of the unheated elbows connecting each vertical leg is ignored).

The diameter of the first two legs (to 160m, or 40% of the total heated length) is 76nun,

and the diameter of the final three legs (240m, or 60% of the total heated length) is 95mm.

Thus the ratic of the two diameters is 1.25.

The conditions inside the transfer line are summarised in Table 1 below.

10 TABLE 1
Heated | Diameter { Pressure | Vapour | Vol flow Vol flow Vol flow [Velocityl Temp |Internai
% of heated | Length] (mm) {kPa) fraction | vapour | liquid solid m/s °C wall
length (m) (kg/kg) | (b)) | (mh) | (m'ih) termp
0 -iplet L1 0 76 2526 0.00 0 74 37 6.8 75.6 | 102.6

20 -end L1 80 76 1809 0.10 78 69 37 11.2 | 80.5 11095
20-inletL2 | 80 76 1786 0.10 86 68 37 11.6 | 801 | 108.2
40-endl2 | 160 76 1928 0.16 118 66 37 134 | 858 | 108.7
40-infet L3 | 160 85 1931 0.16 117 66 37 8.6 | 859 110856
60-end 3 | 240 83 1646 0.45 383 42 37 18.0 | 827 | 108.0
60 -infet 14 | 240 95 1631 0.46 352 42 37 184 | 823 | 10435
80 -end 14 | 320 95 1591 0.71 616 22 37 263 | 835 11048
80 - inlet L5 | 320 95 1565 0.72 637 21 37 27.1 | B2.8 1103.3
100 -end L5 | 400 95 1044 1.00 1457 0 37 582 | 803 | 1028

At the outlet of the heater, the dewpoint of the stream is 65.8°C.
From the data in the above table, the substantial drop in velocity after the imcrease
in dizameter at 160m should be noted. Otherwise, velocity steadily increases along the
15 heater as the proportion of vapour increases to 100% by the outlet of the heater, and the
volumetric flow of liquid correspondingly falls to zero. It can be seen that the average
velocity at 80% along the heated length of the line is at least 26.3my/s, and at the outlet the
temperature of the fluid (80.3°C) is 14.5°C above its dewpoint.
In this Example, it can be seen that the pressure at the exit of the heater is 10.44
20 MPa (about 9 barg), and thus the pressure drop across the total heated length (25.3 — 10 =
15.3 bar) represents 53% of the total pressure drop between the reactor and the end of the
heated length (39 — 10 = 29 bar). The rate of pressure drop along the heated length 15 0.038
bar/m. The ratio between the velocity at 80% of the heated length and that at 20% of the
heated length is 2.4.
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EXAMPLE 2

This Fxample is equivalent to Example 1, except two heaters in parallel are
employed. A polymerisation reactor discharges a shury containing 50wt% solid

5 polyethylene with an average particle diameter of 1.5mm at a rate of 35 tonnes/hour The

reactor pressure is 39 barg, and before entering the heater the polymer-containing stream
passes through a control valve which lets the pressure down to 16 barg. The composition of
the diluent carrying the solid polymer is 91mol% isobutane, 8mol% ethylene and 1moi%
hexene. No additional fluid is added to the stream.

10 The stream is divided into two equal flows, each of which passes into a into a
heater in the form of a transfer line comprising five vertical legs, the heated portions of
which are each of 80m in length, giving a total heated length of 400m (the length of the
unheated elbows connecting each vertical leg is ignored). The diameter of the first two legs
{to 160m, or 40% of the total heated length) is 76mim, and the diameter of the final three

15 legs (240m, or 60% of the total heated length) is 95mm. Thus the ratio of the two
diameters is 1.25.

The conditions imside each transfer line are summarised in Table 2 below —

conditions in the two lines are theoretically identical,

TABLE 2
% of Heated!Diameter|Pressurei Vapour | Vol flow Vel flow| Vol flow Velocity; Temp |internal
heated Length; {mm) (kPa) i fraction vapour fiquid | solid s o wall
length {m) {kg/kg) | {(m®m) | (m%m) | (mh) temp
0 - inlet L1 0 76 1628 .07 32 35 19 52 | 737 11071
20 -end L1 80 76 1338 0.31 168 25 18 13.0 | 70.8 | 1055
20 -inlet L2 80 76 1330 0.31 172 25 18 13.1 705 1 104,86
40-end L2 | 180 76 1389 0.44 224 21 19 180 | 74.8 | 104.8
40 -iniet L3 | 160 85 1402 .44 223 21 19 10.2 § 748 | 1065
60-end L3 | 240 85 1248 0.7 402 11 19 168 | 721 110568
B0 -inletL4 | 240 g5 1239 0.71 407 11 19 17.0 | 71.8 | 1055
80-end L4 : 320 95 1208 0.83 542 3 18 22,0 1 72.6 | 1057
8G-inletil8 | 320 85 1196 0.94 551 2 19 223 | 721 11080
100 -end LB | 400 g5 1010 1.00 758 0 19 30,3 | 801 | 1078

20
At the outlet of the heater, the dewpoint of the stream is 65.3°C.
From the data in the above table, it can be seen that as in Example 1 thereisa
substantial drop in velocity after the increase in diameter, which in this case is at 160m,

and again velocity steadily increases along the heater as the proportion of vapour increases
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to 100% by the outlet of each heater, and the volumetric flow of liquid correspondingly
falls to zero, It can be seen that the average velocity at 80% along the heated length of the
fine 1s 22m/s, and at the outlet the temperature of the fluid (80.1°C) is 15.8°C above its
dewpoint,

5 In this Example however, because the flow has been divided into two, the pressure
at the entry to the heated section is only 16.29 MPa (about 15 barg), whilst at the exit of
the heater it 1s 10.44 MPa (about 9 barg), and thus the pressure drop across the total heated
length is only about 6 bar, which represents just 22% of the total pressure drop of 29 bar
between the reactor and the end of the heated length. The rate of pressure drop along the

10 heated length is much lower at 0.016 bar/m, and the ratio between the velocity at 80% of
the heated length and that at 20% of the heated length is 1.5.
The advantage of switching to two parallel heaters as in Example 2 is that the
operating conditions in Example 2 are much further from the practical limits of operation
in terms of fluid velocity and pressure drop. This reduces the risk of fouling, softening and

15 excessively low temperature at the heater outlet.
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operating in parallel, each heater comprising at least one 5transfer line for the stream and means for
heatin%}the transfer line, wherein the temperature of the polymer-containing stream at the outlet of all
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70% of the total pressure drop between the reactor and the separation zone or device, ot
when the temperature of the polymer-containing stream at the heater outlet falls to less
then 10°C, preferably less than 20°C and more preferably less than 30°C above the dew
pomt temperature of the polymer-containing stream.

20

3. Process for heating a polymer-containing strearn being transferred from a

polymenzation reactor which is increasing its production rate to a separation zone or
device, which comprises a) passing the stream through a first heater or heaters each
comprising a transfer line for the stream and means for heating the transfer line, and

25 increasing the flow-rate of the stream whilst maintaining the temperature of the polymer-
containing stream at the exit of each heater at least 10°C, preferably at least 20°C and more
preferably at least 30°C above the dew point of the stream, and the temperature of the
stream at any point along the length of the each transfer line below the softening point of
the polymer, and then

30 b) passing part of the stream through an additional heater arranged in parallel to the
Tirst heater or heaters whilst maintaining the temperature of the polymer-containing stream

at the exit of all heaters above the dew point of the stream, and the temperature of the
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the softening.paiptRE thegepper. and then 30b) passing part of the stream through an additional
heater arranged In parallel to the first heater or heaters whilst maintaining the temperature of the
polymer-containing stream at the exit of all heaters above the dew point of the stream, and the

tempersiure of they WO 20994224 3RG T ERAONRIOSAAZ8, 21 steallval alvaReinl along,he length of

all transfer lines below the softening point of the polymer, said additional heater also comprising a

transfer lind POy IHEHORFFARATH A AR AIRINERRS Pledpaissicr sk wmprseeal mesialifg a
polymer-cogigiminghSiiRar: paingansiesredfra @iﬂ‘ﬁX@ﬁM@@a@%&}%ﬁﬁg%ﬁéﬁiﬁgne or

device, which comprises a) passing the stream through at least two heaters arranged in garallel and

each compl&iiesGHma e madst SapilsriPRRHiR MRS R B tRiEn S faterably whilst
maintaining:¢he.éermpersttie RiiihecRebineiisoRiping siteam bR RxiLpLoach hertgrabove the dew

10point of the stream, and the temperature of the stream at any point along the length of the each

transfef lind BB the SEREniRRAIBHEBImHaBEpREE Srpetaaspritheirihatenstine &weam until
the Ve|OCiWaéhﬂl?aﬁ§ﬁzpﬁﬂé%ﬂ@>@$@ﬁé%gﬁgﬁ%§&%$’tiﬁf%f&')ﬁi?@f,%@Weél%ﬁ%’iﬁg the flov@gkihgn b)

shutting down one of the heaters and passing the stream Of%«ﬁ through 15the remaining heater or
heaters. 18 SBIERISKIALOYEING R Arilesret ading Branir, iiebsiavn b/ eamehpbhe RelRvast two

heaters aresgpgrating, the average stream velocity across any cross-section of each beater's transfer
line is maintained between 2 and 100 m/s, preferably between 10 and 70 20m/s. 6. Process
according to any ﬁ%@é@ﬂ&%ﬁﬁﬂ%‘@iﬁ%ﬁﬁ@%ﬁ&%é%‘%Pﬁééé”c&% HesHey 8T pREAting, the
slurry flow rgfe-thpach diensieolinedgmaintained at between 50% and 150%, preferably between 90%
and 110%, of the average value of the flow rates 25in all the heaters in use. 7. Process according
to any preceding claim, wherein the average particle size of the solid polymer is less than 3mm, the

combined mass flgyrate pfdbepatysremeantaipinesimamaaxiliogadihe eatetdsyieraradhan 15%
greater than thﬁ%mass 30flowrate e>§'§ing the reactor, arid the average velocity of the
t

polymer-coh PR M i B AR AR AT R 8D B IR TR AGTRS AiCCFRsreRr pacdieadRh transfer

line in use heater’s transfer line is maintained between 2 and 100 m/s, preferably between 10 and 70
20 m/s.

6. Process according to any preceding claim, wherein in the case where at least
two heaters are operating, the shary flow rate in each transfer line is maintained at between
5G% and 150%, preferably between 90% and 110%, of the average value of the flow rates

25  in &l the heaters in use.

7. Process according to any preceding claim, wherein the average particle size
of the solid polymer is less than 3mrn, the combined mass flowrate of the polymer-
 containing streams exiting all the heater is no more than 15% greater than the mass
30 flowrate exiting the reactor, and the average velocity of the polymer-containing stream

either at a point 80% along the length of the heated part of each transfer line in use



WO 2009/127643PCT/EP2009/054438 28 measured from the transfer line inlet, or at the transfer line

outlet, is aW%ﬁ@ /@%’4 referably at least 8m/s and more preferably at Ieﬁé&@@@g 1054 4% Process
according to any preceding claim, wherein the avgéage velocity of the polymer-containing stream at

80% along the length of the heated part of each transfer line in use, measured from the transfer line
inlet, is equal to or greater than its average velocity at 20% along the length of the heated part of the
transfer line. 9. Process according to any preceding claim, wherein the sum of the mass

10flowrates,pfihe-AahymaicaaaisintheterMsexiina sl atihe hediersiis;subsiantially the same as

the mass flowrate exiting the reactor. 10. Process according to any preceding claim, wherein the
ratio of the BURFRSER/215E8 Brih andanprepIehnantyifg 6ag dfmiE-80% along the length of the heated

part of 15each transfer line in use to its average velocity at 20% along the length of the heated part of

the transfer line is greater than 1.1, and preferably greater than 1.3. = 11. Process according to any
preceding claim, Wherein fRESSYAFSHRIRE R OPIREEABIg RlaborksTRIRdhe e sratER sl BIGhg the

length of the,beatod nactabeach dhansfek @%%g%ﬁ%ﬁgﬁ};&%%&rﬁ@%tm@@m@éﬁﬁ%is equal to
O

or greater than its average velocity at 20% along the lengt the heated part of the transfer line.
12. ProcessiBe ébiimgerahsioiode s dranstst insandet hevatidoreaich BxiRsrithrsesaameter 80%

along its heanstignatioReR o dhe dipmeien20% alopsitsralem@slenath, D20, is greater than 1,

preferably greater than 1 2 and more preferably greater than 1.3. 13. Process according to any
preceding claim, wherein the temperature of the internal surface of each transfer 'line from 50% to

100% along its heated lepgihsand-3pprafesably alongial efdts heated,lengthwisorainiained below the
softening paint of the polymer. WO 2009/127643PCT/EP2009/054438 29 14. Process according

to any PBrecEaMEREBAh RTReFERcher REAT D HE e IS S bR Klohedhsrigrs ircabsaniigilstes by

changing thestemperata.of she-heatinmaditarip-contact with the outer surface, and/or by changing
the size of the heated area of the transfer line. 15. Process according to any preceding claim,

wherein the pressure drop across each transfer line in use per unit length is between 0.01 bar/m and

0-2dbar/m6pr;eferalpty. betyeeesd LL2ribar i ARt Rd-parBIMoshRiRierakl yhetwese £,044s barim
and 0.04 bar/in. .10
velocity of the polymer-containing stream at 80% along the length of the heated part of
15 each transfer line in use to its average velocity at 20% along the length of the heated part of

the transfer line is greater than 1.1, and preferably greater than 1.3.

11.  Process according to any preceding claim, wherein the average velocity of
the polymer-containing stream at 60% along the length of the heated part of each transfer
20  line in use measured from the transfer line inlet is equal to or greater than its average

velocity at 20% along the length of the heated part of the transfer line.

12.  Process according to any preceding claim, wherein the ratio of each transfer
line’s diameter 80% along its heated length, Dgg, to the diameter 20% along its heated

25 length, Dao, is greater than 1, preferably greater than 1.2 and more preferably greater than
1.3.

13.  Process according o any preceding claim, wherein the temperature of the
internal surface of each transfer line from 50% to 100% along its heated length, and
30 preferably along all of its heated length, is maintained below the softening point of the
polymer.
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14, Process according to any preceding claim, wherein the heat input to the
polymer-containing stream is adjusted by changing the temperature of the heating medium
in contact with the outer surface, and/or by changing the size of the heated area of the

transfer line.

15.  Process according to any preceding claim, wherein the pressure drop across
each transfer line in use per unit length is between 0.01 bar/m and 0.2 bar/m, preferably
between 0.0125 bar/m and 0.1 bar/m, most preferably between 0,0125 bar/m and 0.04
bar/m.



