WO 2009/127645PCT/EP2009/054441 1 POLYMER STREAM TRANSFER The present invention
concerns %Ba{m%t%gnproving the degassing of polymers, particufarly 9@&%@5@@41
5Polymerisation of olefins in which an olefin monomer and optionally olefin comonomer are
polymerised, usually in the presence of a catalyst &nd/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withdrawn from the polymerisation reactor together with the reagents and inert hydrocarbons.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 environmental reasons,
and many processes for achieving '__ ' e se, processes generally involve
depressurising and devolatilising th et
polymerisation reactor. The volatisation requirement is greatest in processes having polymer
withdrawn from thef{!%a%tosg v%/iihvhi 1h I?Qg%br%% or fg%diqyidﬁ%drocag on contents. %l’he[?gnare typically
processes producing |OT%)ymner1§1 With a &gmﬁcan%qgw esns?fy o Fﬁﬁlcr)lﬁe SFemorphous. p‘ﬁ%se where
the absorptimntofufytyedefingrignngh, and/or processes where the polymer is produced in the
presence of liquid rocarbons ctive.or inert). The maximum capacity,of mercial scale
plant hgs increasegég‘]I ea%}ﬁ? %\}/%fg %%Zeﬁéxgrxsn’ ‘gﬁr}\u&: lggnp?é)e Uetich 1at8s" a\(/)g%r?(r:}rge@sé%ﬁ]ﬁe potential cost
impact of umretiahdiheinampoparenfticusnoiess thiaspatsensigoificantly sihendasad;ipactingdtiot only the
polymer 20ynit itsel.i. ut also upstream and downstream units. At the same time, growing operating
experionce TAS B 0 RO S et B S R S R R S SR er
withdrawn fremgasaetot sudhbsidcreaberin SGikisegnueatrdtigdsimnblonsynpalyimbeisaticeedifsrthas
typically be%QQ%%Pilee/engv\{ithlil cge‘?i%gd cfi:r%ilation vel%;'ties achiev%d fofe?é%ﬁ‘é’v'?nb¥hri‘é h_gr reactor
power requwemerﬂs ‘A% iNdstrated by EP 432555 J5aRd EP BOTY0G RS increase m solids loadings is
desiraile askitoneraatesarediteserpsidesses gimerdby anfintd: ikpeteswolinm erdnibeddaiiaducts
downstream, dlyeqt isatment and fegycling reguitements, Howeven he ransfer,of the product at high
solids Ioadir]13gsy|ré1 more proltt)ll%ma ic'and caretu esign an operan%ing ractices are required to avoid
polymer foulihg erldtistockagepreblems tratissuitpnotdsaschbeng pahareneabdatdonfersdlids
30loadings. in result.of, the progess of depressurisi d devolatilising the polymer
Stream warn FEER SRR I BRSBTS TR TR
2009/127645PGHERTO0OGHA YR dites sigisfiveli thnovdenkigy tveproeessreitepblatiising and
desorhing ”ﬂ;ﬁ Q'W%?Sfﬁ'ﬁaé'%HL@@I&%?E%@P&&?FQX ﬂ%&gﬁ?'?ﬁ%ﬂ;}h% 2 %%’3@%1% %11@.%8@5%{@?”3““
as possible’ Thus, In slurry processes the transter line between the polymerisation reactor and the
depressurisprishi¢eé atsimyyseoss ol foguhbhydiperebatecaeadgvesudtiyieated. As an S5example of a

typical process, in 4 :6ff line f [sation
reactor comprises y‘f 5&#&2%&0%%%%&%%%%%@%%%&%nﬁé%(j? y Eégﬁloﬁ?i%gﬁ:% is
provided Wiﬂ’ﬁ&rfhé@fb&fMﬂﬁE@t@bﬂd@%@%@h@?éssfe@lmﬁﬂi@rﬂérqmﬁbimpm i clinegitdhedating to the
slurry. How%ﬁﬁ'rﬁgﬂiso?lﬁ% \f{x%!:égg%g Jﬂ@tsﬁgﬁiﬁcantly increased, impacting not only the polymer

20 unit itself but also upstream and downstream units. At the same time, growing operating

experience has led to operation of increasingly high solids concentrations {loadings) of
polymer withdrawn from reactors. The increase in solids concentrations in slurry
polymerisation units has typically been achieved with increased circulation velocities
achieved for example by higher reactor power requirements as illustrated by EP 432555

25  and BP 821990, This increase in solids loadings is desirable as it increases reactor
residence time for a fixed reactor volume and also reduces downstream diluent treatment
and recycling requirements. However, the transfer of the produet at high solids loadings is
more problematic and careful design and operating practices are required to avoid polymer
fouling and blockage problems that would not have been experienced at lower solids

30 loadings.

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

polymer stream withdrawn from the polymerisation reacior, the temperature of the polymer



stickiness of the polymer being transferred, and its susceptibility to agglomerate and/or 10foul transfer

lines and ShaogengLally increases with'increasing temperature and degggaspigoyplagily. and
problems of fouling or agglomeration are becoming more significant with the increasing solids loadings

in the transfer system now being utilised as mentioned above. As a result, careful design of the
transfer line from the polymerisation reactor is required in order to achieve sufficient heating to aid
devolatilisation without 15risking fouling or agglomeration of the solid polymer.  Devolatilisation of

the polymetrsiieain payses haliguichpnase afdie SHSAIT: il 4AR AHE Scko kiR ghib hinerease in

volume in the transfer line and a consequent increase in stream velocity. However if the velocity

becomes toBERGHARHYRnBaRE PR ABIHETE Sbap e BrebcuisRFIRRR 8RR Plsading to
disruption of the e WuPPiRRQHReiOhaRe: | Hhevaitiaky ehRai isiendavntheiads 2 mereased risk of

fouling or agglomeration of the solid_polymer as mentioned above. A further consideration is that in

large plant<FRGSRSRIOHEFEEHIB ) fBh PRIt AR Suadidsaisthd i#take place, and
the length canbgisuifisigpibatirnkie, mmact tagspatiakaianningseithemlant (dikiseamereate a variety

of problems such as 25footprint of the hardware in the plant, and control of the conditions inside the

line. Often i# AP BRLERFTHIRBALA SFRoERISD DEMITRDF IR HRsES SRR ¥ atisfy the heat
input requirgpeRisiclitis byl ievaneres ipiedideatansuniRadnatdiie-palipessiipamua iemat the

degassing vessel at the desired temperature and pressure and with the minimum of

fouling/aggBrREHEEBHPIO WG dRitesh RFaERRI A M e SO 81820 PReHikeREB&ahcess in

which a polymes: iy br s Sirehargedifio hadheR DrassueesZRe i BN DESRSHERZORRIA Piping
which is surrounded by a number of heaters, and which may increase in diameter in the direction of

flow. Fohicalarltnafes bneons 7EasbosaasdboaRSAsEs ML SIGauESPIRFQIS 2L 3-20m/s, and

typical outlejaelsities atRitA ArOrdslchieoftawnnh slbr s saatatadiRybadikstinatbe: pressure drop
down the piping, by adding additional diluent and,vaporising it and optionally alsp b c{ja ging the
number of FRSHEHSH Sty fﬁ)ﬁgﬁaéglﬁf%ﬁ}ﬁéf’ﬁ%nﬁﬁfﬁﬁh?g’@ﬁ%Bﬁ??‘?ﬁb?é’%%%éﬂ toYf &f fouling or

any 5Sproblems,assegiaiecktnerewithit, carthe gessanifimeninTseristorn BieHse/hrakingal the
polymer during its transfer from the reactor to the degassing vesse f:ind %}aillge same time to minimise
the risk of fSERFIGT W NG Thig RS HSHQC;\?FH P AT ST O br other

hydrogarbonpgjmnie fb@m@mfr@rgmmﬂmg@u@@mﬁa%g@@@jngly in a first aspect the invention
provides a process for heating a pglymer-containing stream being transferred from a polymerization
reactor to a separ&aBYP%ﬂ’éagPHéﬁig@ RYMPPRTHGPRse %ﬁ?iﬁ@ﬁﬁ’ Gl ﬁ[“ﬁ ﬁté%al%‘r%omprising at
least one trangteidinefardhe istiaanteadt teasiaferinending-ditertransied insnehipreinitee:aeerage
particle size,of the soli polyr%er Is less than 3mm, the mass flowrate of th(—:;}%)%( er- 15containing

stream exitify ey ng MGTEtHan 1596 &r‘é’é}%@fﬂgﬁtﬁ% JEHBWF JWE reactor, the
average velogibenf (iie:Rpbuhef-coniining steehmiteediap acaiisBoe afahg floevlengthosthee heated

part of the transfer line.measured. fram the transfer.line inlet, or at.the fransfer line outlet, is.at least 6
s i R e R Gt SRR e R T
transfer lineqfah&piliépghivie2Q prafesablydetween 0.01 bar/m and 0.2 bar/m, preferably between

0,0125 bar/m and Q.1.bar/m, most preferahly between 0.01 ar/m and 0,04 bar/m. The minimum
velocity 80% along%@%ﬁﬁfﬁlﬁiﬁé%%ﬁg%taﬁ%f%@ Ff’s??i"rt%ﬁ‘ég? rrgaﬁ %ﬁtﬁ]abc%%w&)c’%dﬁce the
risk of foulingedercenadly Hhiffeiauchagéngatotiiy: elibe podyinel-ngihtaining stifamB80%ratong the length
of the heateg'r%%gt %r];é ks]ga%a Sl]?nrnlzjigge c!? the plant. This can create a variety of problems such as
25  footprint of the hardware in the plant, and control of the conditions inside the line. Often 1t
is necessary to heat a significant proportion of the transfer line length to satisfy the heat
input requirements. Thus it will be appreciated that ensuring that the polymer stream
arrives at the degassing vessel at the desired temperature and pressure and with the
minimum of fouling/agglomeration is a significant technical challenge.
30 GB 2157701A discloses a process in which a polymé:r shurry is discharged from a
high pressure zone to a low pressure zone via piping which is surrounded by a number of

heaters, and which may increase in diameter in the direction of flow. Typical inlet



25greater than 6m/s, it will also be greater than 6in/s at the transfer line outlet (where it is more

convenienfhygmgasuRg). However the invention also encompasses the passiilitysiaisifag; velocity at
the outlet is lower than 6m/s, for example due to @ particular construction at the outlet. It is also

preferred that the average velocity of the polymer-containing stream at 3080% along the length of the
heated part of the transfer line 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. WO

2009/127648RGH¢E REQQOARAM4E 4-20nliVill DB pRAreGi¢edhaf iaepo lymensontaiinpstream

passes through some folin of pipeline at all times from the moment it leaves the polymerisation reactor

until it ente?$ $HETH &SRR e bE AdiBSHIE NS NSEENE BraRidarvaifarp e Pratding adfiientled to
comprise thepextion ehpipelineifram spaheupaingwf thenheanierksaatin of thadinsfer Sline (or the

first of the heated sections) until the end of the heated section (or last of the heated sections). In this

context thePRSTHIMRAIR FiAG S B SRIeH AL D We rEIRERHS P AT WATHRTHES EH AR the possibility

of a numbeyebhaatedsastienssennacted 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 ATfHE &St BRHEI AR ARSI SPERBIORIHERRY. i BPOTRE SR SIERRSIEDS the line

incorporatesdheiingieibeaiac sretionsordrditiple heatod sraligBsdhseiiese: Mdhricase where the
line consists of a number of discrete heated sections, gne or more of these sections may be separated

by a pressursEEhtF AR RToE) S e TdsHanke SA)TSHHT OF it Aitapne b s oG a

polymer-cq@a}a@g&ggmQ@@i@jgﬁgﬁgﬁﬁgﬂkﬁgi%@ﬂlga& This may include a plurality 150f pipes or
other conduits in parallel, enclosed within a single heating unit. When confidering the construction of

the heé8ter describeerBEIBW 1t ARt P FELBR SYEREPIPTRY HRS fOBAPRERYATRSAYESS inlet of the heater
to the outleparhthe Reatsh Howerer whenronsdedngihe isngihalhpnheaied Rarkepiheisansfer

line", this length excludes any unheated,sections. Thus in the iase where a heater comprises several

heated 20sERMsdBHE By RIS BasSRE TR SHFRMARRRED AARKeh CURRISIERAdFERIERGth of both

heated andiabratad SectiRngravheisdmibedapgtieafitherdeatesnask ok Haectramsigrdiage is the length
of the heated sections only. 20% along the Jength of the heated part of the transfer line is thus 20%
along the te@IFERGIRCRHE ﬁ%‘&%&t?’é@%%ﬁée&ﬁ%{aﬁé%éﬁé‘aﬁfﬁoﬂﬁ%@%&?%%% heated

sectiors 25iheaigincitramnthadrply hemeartanithatieanads) defiprdiasthe valumetiflewdate of the
polymer-containing stream divided by the cross section of the stream flow path., By "average
Velocity” is FEHIH B R Y EHRP YR SS AR Der o Rt B REST S HLRES D AR more than

1 hour acrogsiheeptte ess sechionatdlestrepmeatanyeplianenisaletd-tie dengthdéttiadransfer
line. In some known gperatiops, the input of 30polymer-containing stream into the, transfer line is
discontin uo’ﬁ?g?’tagrtﬁte%%?r%'ﬁfﬁgﬁ 1ﬁpgt ?ﬁggﬁ é?&é%gf’rsg rg lﬁ{@’ %‘ggﬁf?ﬂgftgtfgﬁ #&’%&@m&% themselves
discharge iptefthebisamnstesiinenes)wwd ke fotsMhorghthesinputiniefthdi ropafenlinenggnibe smoothed
by usi a@S ﬁgﬁﬁ settli c};# sfwhicﬁuﬁanqdisch'r In.sequen éltgp‘fi‘lo ratedaonlfi hence
strear‘%}g/elé’crl‘%g%h ebﬁ%%?fégl :gl@r Aofe s%ﬁ?%ﬂ%ﬁ%’%ﬁ%ﬂ%&%@% i%a‘gl\éz:u in tontinuous

discharge vidagfme-vaprefeablsolsrg dhe Blisccbge is perindicedymoved in order to prevent buildup of

fime rathor than thEPGATIRTD R AR G It A SRR U R b e UoiiThetic fows
of ea_c_h of tfﬁﬁpii@bdiﬁu&ﬁc&h@bga&mhaﬁgﬁsﬁbé ﬁﬁiﬁtg]ﬂrfrgﬁﬁl@ﬁﬁtﬁqui@b@gdytﬂebimsﬁét_stive
roauiting heR BARREE HETRBORAE CrAELePE Bl eIt BE S ChiRe EBSoan e, o
any pot oktbeter than &my/s, it will also be greater than 6m/s at the transfer line outlet {where it is
more conveniently measured). However the invention also encompasses the possibility that
the velocity at the outlet is lower than 6m/s, for example due to a particular construction at
the outlet.
_ It is also preferred that the average velocity of the polymer-containing stream at
30 80% slong the length of the heated part of the transfer line 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.



10heater, the vapour fraction is a function of pressure and temperature. As the pressure gradient
through a Wé@e@f‘ﬁ@ unction of vapour fraction and physical properties [ QJEQZHE;E/(PJ’&%UVG 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-LiquidPolymer flow are the conservation of momentum and energy equations 15The average
velocity of the polymer-containing stream at 80% along the length of the heated part of the transfer line

measured from theyfansenfipeinelisiat 18ash ARV SoRBisrablY. a1 /east30RYS, lisarsferred that the

ratio of the average velocity of the polymer-containing stream at 80% along the lehgth of the heated

part of the tPAREIENNR &t @itk hememeat Blosvarohs nebmagsatbmpepoatedibtirestthe transfer
line is greatﬂaret&@gaslsi&g%%at%ﬁﬁ%%@&@g Seanslisd iR 0abRRIG R el dirtdhepverage velocity

of the polymer-containing stream at 60% along the length of the heated part of the transfer line

measured fFSMRRE (AHRREH R & mRRcie dina Bobyrantas pihabeaind sgmiveiotihe azebr along the
length of thaheatadParkithe Kansiewiens) unil ihpwieuetakibe Mash fovale.etibe

polymer-containing stream exiting the heater is no more thar,l, 5% greater than the mass tlowrate
exiting the rEREEESSRHET oM Brisreraisnt eiepodamelilings enaheaiel astsedthereinadior. In other

words, it is pigirred s 1o %1?%@%5&1911&@9?’&%%@? ARG -CRRRIING, sitgaMLPelwsen

leaving the reactor and exiting the heater. In one embodiment of the invention, the mass flowrate

of the polyrmdt SYHERTiEedRaten (05 ausi Il ahis howsbisssanensd inarintdng sodwatss over any
1 hour periogathisieOnsistentnath continueus flow inte-ihe tansierling wug WL.conlinyeps discharge

from the polymerisation 30reactor. In an alternative embodiment, the mass flowrate varies by more

than 20% (B5&ied srtine pfdksitin ndiates healvdisestion mh brdsatntsne aiet a8 #6m the reactor.
The heating.aneidepressuisatinhRibadaolymensireameas thavels Jlang the transistineo,the

degassing vessel causes a progressive vaporisation of the liquid in the stream and a resultant

increase in VEIRGH A B HHhRAL dsehensy & eo TGk O Wiessaceoiieny sumH PERIEioD D54 441 6
requiremenfsdasatishwhoaseigningtha transfenlinern rdshinesswneiaciyapndirgliable

polymer transfer and heat transfer. Whilst high velocities enhance heat transfer and genefally minimise

fouling, theP HEBIESANGIRIGH Hress ientrbesrids thavifend rembrammtiee’ie Rwaliple to
optimisg trassiasding irnatbarmitiametanuhilpRmainiaining thelequirad heat transfer area and heat

transfer coefficient, so as to obtain a sufficiently de-volatised polymer at an acceptable temperature.

Fouling occurs moMBPRSHIF IR AReCOmITRETSTIRG VeiBERF e mbsRAsE: Saisoaibhdthe length
of the transtenliie:severnist hkaulitregimesm axist-labmrdifvdhe evaralnes traasiesepefficient

between thr?%vall and the fluid, Above a certain 10wall temperature, liquid can no longer exist in

contact with {RESHEEIER FABS ARG R RN, PRE baed é?@lﬂ%ﬁﬁﬁ%‘éﬁ%& Bnstaiuslgpetiir film
which reducgsitiieshaat dransted coatfisieMhfinm iandastRisdypicalystagmwithindhefirsteaQ of the

length.of the heated part, of the transfer line. However at increasingly high delta temperature values,
heat i?gnsfesreﬁ?/opé\;dfégﬂsa %PﬁB%‘Zﬁ?‘ﬁseS%B% i Eetbied hg ﬁisaf%a el hength ot beths
15increasing:agaisnderifavapeds dacioreantinues ¢ BCIBaSRedRIs LAV DoeUrsnihe iRkidis
dispersed in, dro ﬁ#ﬂd a continuous vapour phase which impacts the heat transfer coefficient.
The mist fIc;@-\‘/er]éig LSS RS LR PR u8 BREHE ! oF the heated PRAR GG e transfer line,

most usuallydefraer 6iant2809arlongihetengikiTdlusseeardinetn o iyentipeaiisysual that the
average velgcity in the mist flow region js 20equal to or higher than that in the film flow region.
Preferably tﬁ%“%%?ﬁ%x?é%ﬁt%ﬁ%%@%&?&‘ﬁ“the mist flow region is at least 4m/s, more preferably at
least @6V/s, or evefled iedstihOoT/ habigmatoaskill thediidiistevapermtas wRIFeERTYSRtve regime

. Preferabl tio of th locity of th I -containi t t 80% al
ihe lonath OFUR BRI SPHE T RBSTEETREHENRS HUha e 08 A 0% BRI hoth of e

heated part of the Barigiairtige @lotieastsnbaantidneeepeeieially deasured over a period of at
least 5 minutes but no more than 1 hour across the entire cross-section of the stream at any
one point along the length of the transfer line. In some known operations, the input of
30 polymer-containing stream into the transfer line is discontinuous, as the stream is first
discharged from the reactor into settling legs, which themselves discharge into the transfer

line only when full. Although the input into the transfer line can be smoothed by using a



least 1.3. It is also preferred that the ratio of the average velocity of the polymer-containing stream
at inlet of the heated part of the transfer line, Vi, to its average velocity at the outlet of the heated part
of the transfer line, VO, is greater than 1.1, and more preferably greater 30than 1.3. Typical values for
V; are 2-20m/s, and typical values for Vo are 5-80 mis. It is preferred that the average velocity at the
inlet V1 is at least 2 m's, preferably at least 5 m/s and more preferably at least 8 infs. It is also
desirable to maintain the velocity below the 7 sonic velocity. Accordingly it is preferred that the

average vRial ot dhaipb et YA Rra iandiaivis piele@biass e dhais dupically v No, is at

least 1.1, more usually bétween 1.2 and 15, preferably between 1.4 and 10, most preferably between
1.5 and 4. YRegiiydRrigetianaleiiigds ptiersian e GRS Blil PoRf R MsthecHEI P EBRining Sstream,
average pasdiglesizads defingd asthgisizeal wiicho0Yedyweighiotihe pariciesaricollected using
sieving oranylometry gecording 1o, ASTM,D-1921 particl (sigve analysis) of Plastc Maerals, Method
A. The solid§ Conteht of thé b ymer-contaming streamhas a significant |mpac%on the eating
requiremepdrindtétiverrsfberithen thehveletivaarpenterimg g transfer line has a high solids content, not

only is the relative aroguaiefiligisd LR aarirashterReihsatad and/er avappiriadiiediderrsdaut the solid
polymer at the inlet can be warmer than the outlet temperature of the stream, and, therefore is carrying

a significaBt B GHt SERERLIE, 78 PRt and et Srpsidn LRSI ER 8" SRFAGECRMISEE size of the
solid polymgsrigtatohadmon Heeaudethecsmallerithepavendige peaatighegizethenfhstercthe heat
exchange &%Wﬁ%’]ﬁé&ﬂ% B@é@&&?ﬁe@metaﬁt@y&%mdm f ﬁé?exﬁﬁi%@ﬁ?%ﬁy 5@&{9@&45 in the

transfer line a e surrounding fluid is vaporised it cools, whilst the solid particles remain hot. Thus it

is debfrablBetietr AhsraPaHeiHetro thEARILIE ST IHE SistETHRERHYT fuits A2 RIBTIRE £5266585ible. When
the averagerpastiGlgisize isdasmibas Immdharbaaitaopiersiss yffisienty sapidithpitersalidd and fluid
have approximately the sameztemperatyre, apd the solid can,reasonably.be considered te be in heat
oo R D e 38 e T B B e e oot
less than 2ngathanthmimecmaisiel{olegebtivhmhimmstire avdienénphetielee shascapberdvyeridower, such
as 800 umpgrexe 800U e consdhistiBrefergddhentemparatirephthsspolymer-containing stream at the
outlet of the transfer line is above the dew Point of the stream. Preferahly, tglleﬁ éf%né%(z?rfture of the

polyrher-containing L& &HEE N R R hES RS SRR IS8 B RE AEEILTetE AR S &the dew point
of the stre@amated parttdStadsemfefdine chthatrthidrtempenaiusfer dhthelstiesineits &l mlongdfebizated length

of the tran gesr'e's yi Ine X i i ] t S ing point of
the polymer e e At O e a

load of 1080°ftiens threleasthel thtisand pair Sa seBHEdinn S tie emsratedts ¥ pddmiensdh3othe
polymer tojehglgritvaf Hemen patef el eatkf 10N thetemperatuedrelactsiheqeinthah saftening to be
expegcied when a material is used in an WO _2009/127645PCT/EP2009/0544A41 8 elevate _
g S G A v e R o A —
width and kerigttheigeglaoe dfithetiatefstiHoeampartad & (o thedanghe BROSANDUAISPOS FiaF7RCAT

System) S%Q@&;ﬂ%@ nangtiatingenerdienwhichinasia alara-sactionalaraaAfiis tip of Imm2, rests on
the specimen surface at least Imm from the 5edg?. A load of ION js, apglied to the %gecimen. The
ol BEFIBLY until the

specimen is then ot BIFATRTG R B G S5 AR AR S RIS U S FATL S B8
needle penetradesthamni?ihe:tempenabaneaat fichichdkistogohesésdhe Micatosoftefirngliemerature.

Heatg% usyally fransfarred.to the palymercontalning.sirgam by heating.heniemal surfacs of the

transfer line using a heating medium in contact with the outer surface of the 10line. Thus the heat input
to the streaftsd shamp HEfIste BN EITgIM§IRE R IRPEra it SCtHAMerHedtFaeR<bf the transfer -
line. This is usually genadyaharging:thevtampemiuresofithaheating poadismdptcantaskswith the outer

surtace. Adatonai.enanematiel, the,aeat b . theeleam canpeadlisieg o). changing the size
of the heat&d '&réa of the transfer line, For example, if t e transfer line consists’of a number of discrete
heated sectitnsoitieudBofieraiitodhe frapsfetdithedseraatpniimy el pelatshyioonto hetyByragiigsting the
tempggatuteQfor. in an alternative embodiment, the mass flowrate varies by more than 20% (based on the
maximum flowrate), consistent with discontinuous discharge from the reactor.
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



the individual heated sections, or by changing the number of heated sections, ie by switching the heat

input on orvgg Egﬂgj]g,ﬂsmore of the heated sections. In one embodiment, the-Qysrall fieal input to the

stream is adjusted by changing only the temperatgre of the internal surface of the transfer line in the
portion from 60% to 100% of 90its heated length, or even only in the portion from 80% to 100% of its
heated length. It is also possible that a combination of the above, that is changing the area which is
heated and changing the temperature of the heating medium, may be employed.  Itis preferred that

the temperadyigrghine yeanshswiaraal i ransienling frammOi1eAloRe s hgated length is

maintained below the softening point of the 25polymer: more preferably, the temperature of the

internal surfadePl BRlYWEh SRS TRt Berg HEms i h&ihdat iRl ikaiosiian eaharr b BfShIRS B ftening point
of the polymagd- gendBY I RNRINBGINS EMRe AR A heiRalRe:ROMaRITY SIrgRM:AL theheater

outlet above the dew point of the stream, but the internal surface of the transfer line below the

softening pBiSRHISERRFR R Piaplsdaisrimisngarsiading i aralend demetrevditam 30 is vaporised

by the $imehignsireranrRachesdnedeaieraXitrbital hasamedinsttidsk &f fowingdsminimised. In
the case where the heater is positioned between a polﬁmerisation reactor and a degassing vessel, the

temperatur&“htiatidmupatiast ey fassteraniab 97645PCT/EP2009/054441 9 may
be maintained abgvgifiag RAPSIANISRhASIFIAER LA ARAMIBEVRRRY @idemsily of 935-945 kg/m3

the process-side wall temperature is typically controlled between 75 and 130C, preferably between 85

and 105C. EOEisBIymaI e g langdhefithstunsiuding gavarahbydraetissegimenaise®erature is
typically copfiaiigaietvasan 8henaniRs Codiirmblyhetyernamand dL0Gid e Bolmekeantaining

stream is preferably withdrawn from a polymerisation reactor prior to entry into the transfer line, and

the traHsfeHbIFTOEIEtHE LBHE FARSE ARSIV AR FBIATaria thn el ®r ek arddisardired that

the outlet ogihRdsansiphdingiisocaanesied dinsetisiod PAWAAL cRlesiing Ok IrRAfaMREVessel which is
preferably 10maintained at a pressure such that most of the recovered vapour can be condensed and

recovered WRFISIH AR dowy fdus biplerlbisiarimng s dat freisiPimplfsieasthoriihe fisapolymer

treatment aRehQNS D OEHREE SaNE)a ISt RONNElZAIRNL ARl Tthe BifsahBy be
continuously withdrawn from the polymerisation reactor, and may or may not contain active polymer.

15Typical pre8ef I PuatBrIHE: s vRpaus Gilsa becprase sl irem snskite mat ditiré'akithe outlet
Pc, isttypicallyrdaSintOabaiia. AN eferadiyuF-fichartediitihecs asennese thatmnsiarding isdrsitigned

between a polﬁmerisat_ion reactor and a d?g,assing vessel, the pressure drop in the transfer line is

typically betVESPESS AR JBBIAS JRSKs AAG BERIOE Y AR Wk et Y B hHE SRS Pre d&at & adfbetween

the polymedsatinrergattermandibe estinéothellegnssingcgduresehy of el pigiruethemprdiment the
process of the in%/ﬁéntion,ﬁi@gll-éfebcase where tn?e heateghs] paositioned between a polymerisation reactor

and a degaR¥hgVesdar ffymast RErEFe AhhaRt e B R Ete8t90ino0l%,
preferably aicteasir@Gmokerandion st Bpiimail-18Qmolte of fap Bydiacashandiidsrasibdrawn from the

polymerisation 25reactor operation are vaporised befare entry into the degassing vessel. The
Cegnciing SOBELITERE HPRLE e Salrd chea S AT e SR BT BBhween 6
bara and 12&aranvhd stidioiairnigig:aipe seaseltiepracropsctor tenath-abitbpReatex ef legsathan 0.5
bar per tonne/hour qf polymer production, most preferably between 0.1 bar per te/h and 0.3 bar per
term It has %%@ﬁsf%‘#t gﬁ?ﬁg%fﬁ ol Fé\ﬁvﬁ%@ YRR RSP EBEHRSRASEGH can be reliably
operated even at Pigiesshigstieasirost akenietipto te-he atemhd sl prefetedannidiieseids content of
the polymer:containing stream is.hetween 35wt% to 70wt%, most preferably bejween 50wt% and
b el T RN, SRR ThE HESHe, RRCPE RS FEDS S SBE T SOOI At i also
prefezgd thabiliganeclonity of the istieanat tiaientaniite lihe Reaterddes and vase bysmesslinan 15%,
preferably q(e)agrg?r? than 5%, in any 30 second period. One way in
It 1s also preferred that the ratio of the average velocity of the polymer-containing
stream at mlet of the heated part of the transfer line, V;, fo its average velocity at the outlet
of the heated part of the transfer line, V., is greater than 1.1, and more preferably greater
30  than 1.3. Typical values for V; are 2-20m/s, and typical values for V, are 5-80 m/s. It is
preferred that the average velocity af 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



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 Sexpanding diameter
heater enables the pressure drop of the heater tg be minimised. Regarding the construction of the
heater itself, it is prefetied that the ratio of the trahsfer line's outlet diameter Do to its inlet diameter 1)1,
DOI/Di, is greater than 1, preferably between 12 and 10. Typically it is at least 1.3, and commonly at
least 1.4. However this ratio is preferably no more than 4, and more preferably no more than 2, with a
maximum 100f 1.9 being most-preferred. i g&s&lﬁrﬁ{gg@é} égéa(} tpgf i& gfthe trarsfer line's diameter
80% aloné’q{g%\éfgf(acﬁ é%&t ({rélg%@’t%{t%%r T’g%eter 20% alona its %egt d Ienath, D70, ’is greater than 1,
preferablytiped@rtfsaprdf@dnd wordprae rabsly [grseadl tHeN o 18 .at leagyd havwiouserthat increasing
the diameter of the transfer line al [ hlaz{l 1 et a6 fbgg,%ghe{-g%@@ing stream
flowrates t%e %e%%ﬁogmarlﬁ%gg’&% g%yr%tﬁ% %ﬁ%%r.'A%ﬁti\igE srﬁ%ﬁ' |am%ter at the inlet pe:rrnits a
relatively high veRagtrduethatdomeagiowratsde sechueinibetid idgiobifeulindhanmilsogrerasinarger
diameter af the outlet can avaid the ri e, velagi esding 408, sQn PGitYLEVER:atRigh
flowr§tes. ih‘g\f}fﬁgag’ﬁgﬁgg Pﬁg@ o %ésgcgﬁ@%%\%a%%c%% vaﬁﬁ%%%e dur nges art-up ‘ar\% sihu{jf-down
operationsirércotidgetetbus g s theg riskiofl downgs reamilivio tkagebNt 13-aE0 pastiieditat the 20outlet
diameter Do of the trapster line is smallef,t t lids outlet of the dedassing vessel Do is defined
as the intear%agyéﬁ%erﬁﬁg?%gfct e%?glns éﬁr\ﬁ?r%gg%ﬁ;%@ﬂ%t, §Sn8 D? fsget%tf;ﬁ?ntgrna diameter o1 the transfer
line at its istewhese thendithet ampact enchehesatirsfequinenmet defhicteasipréviosiieasetibed.
The internal diameter.D of.the transferling | e : between
qiam IIEISIARYY ALIeaRt 20MayARA QRS aP S5
40mm and Eﬁﬁ%ﬁﬁlﬁgaﬁ%%%ﬁ? Sa%rg1 {lE?eérélai[%lgamete’rs%etw%en[gOncwam ar‘%1 150mm. @MThe total
lengll® L of¢heitedatebdincitadingHentedmmatetitedaned. Sudtibasplidrebtimeforéthalyaesideline, is
preferably at least.20m, more preferably at least b o mg@( glﬂ n, 600r, A preferred
range of Ievﬁeélﬁ%rits[ r%%%%%ﬁfgt%tggreﬁ?%rgrg???(?ep%g%%b%#%ﬁg%m1to 30 mglt%bpref(;erred that the
ratio of thexsteagthdf béthmtvahsfeanifertbrits Hierageriatsriat tharmeteed avdidiDaeerfighom 500 to

1000, s 15001 500 ST MOS0 BISETIESANDR 1 tray

from 200010 e transfér line is constructed from a nunibe
diameters hBa'tiscthe gverageinisr nalidinmeétdschthtsessaotiod g Sigidtetis dbe ordingr ealtheslength of
each section;, alternatively it be cal ref . ' the line,
Wher;]egv = ]Bg %?ffaft%rlﬁ %ee %%ﬁ?egr n%eﬁ{l{r{lagr%%%yg %%&E@eﬁ%@%@rﬁ%&gﬁéﬁé i%/(%Hpr?e e\{rcr%% that the
increase ootnagnihalisBrese Stefrs rathe totzamslontinuot g Withpimteinyddidte poraerding thedtransfer
line having a constant diamete pigally t e, tw [ a inplameter along the
length of t% & rp?i%g? yu%Su%ﬁ@%ﬁé&&%@y@%@%ﬁ%@ﬁ%&|Sr11£gegfgég@ggﬁvggﬁhﬁgh sectiogr%z 10% different
diameter. Rufipief@yesbitabahthaselagmidlosithaotrpthepolyivzteosalnitgeraireimmmdtitately after

e iR aRlpiding I3 RGNS anR YRk InBdengar ne e - I
is preferreét At one or all of the sections of the line are genera y upright rather than mounted
horiz2ttally, as thisisquebesdtbaiskeofseagingandhenco fodingidsaluhers elesuthag tamthe line has
a smaller footprint in t lant: in such,a configurati first X i [ bly has its
ot ot the DO e o e e B A
preferred tRaf lesotlran2@%most preferably less than 10% of the length of the transfer line is
norizontal, and opfimgly g s RS SR SURSIERLAIN DU IPLAR Ik ReGH RS n one

embodiment at least he inlet and exit of the heated transfer line are oriented vertically such that the
inlet flow thirsugRPRBetRE it Reinhviakestesae tREBTRPEE fRimoRTaE: M PabimstRati fAone
embodimegtahihedpveatipaxthe tmnefanbaecamprisEs IR Hbswiikeationsicosmeacteday bends
(elbows), which aye typically. U- uch that the line douhble ck on itself one ar more times. The
advantage of thisf ?:gr%flsgoﬁﬁét%i%rﬁelag ?#a%%%%g %g%ﬁ%oﬁé'ﬁs er | |nésafga}%l&qr%ep%gﬁﬁo%é%lﬁ%eThe
sections betwelen!iheietvoos mdebakuathe stigghne Thet bEhdsrhaebavheatdd siensgmere st of the line,

but usuallyzdnauder tosimplity the eRRsIpIIN AlheRERIoIREY to ASTM D1525, 1SO 306
under a Joad of 10N. This is the temperature at which a flat-ended needle penetrates a specimen of
30  the polymer to a depth of mm under a load of 10N. The temperature reflects the point of

softening to be expected when a material is used in an



are not heated. It is also generally preferred that any expansion in diameter of the line occurs in an
gnheated % .%99{2%%"%.; therefore sections of the line may be of differgﬁtr%ggaggﬁrsiﬂith the
increases in diameter occuring at one or more of the elbows, preferably at the exit of the elbow such
that the velocity reduces at the exit of the elbow rather than at 30its 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 s¢etiges teefestre Banisai¥e) 2089 1hedhdal GRIEPL0R8/Re44dknl anmakimenup the total
transfer line_ may be fr to 10, ai%gou h 3 to 7 sections is, more, Common. The elbows of the
r&é

transfer lind e ‘?%ﬁ)l Graadtiy pad FoRetie SIS RAR G ATRS ARRAERSHS BTHF B Bbow may

be expressegas anmukisfedRhE/NRIACTe st @hike Hinenatbaineing ddedle/hastypically have radii
of between 3D and 30D, with 5D-20D azin qmost preferred tq ensure reliable operation without fouling

whilst also FRHRALRH S RthHAEBrthAT as‘&é%m%%w%f@o%@%%ms PR EHEMRG

U-shamleo(li a;ﬂg@gﬂg tb@dtlam@m/ae ?pp'lﬁs@ ]gma g&ﬁ@éﬁpm@@@w%ﬂlak Iﬂ%ﬁﬂﬁ\ﬁ&%ﬂ?ﬂﬁ@ ﬁ%wﬂpath are
not excluded. Obvj y.@ transfer line formed in sections may employ a mixture of the above 10types
of elbow, oP =P o e GPOIHEFATEES SRR HesBokoP A0 Mt R P FBEREIPATRe length

of any one gxprARgGRERCIONOEENEIY apsies HnBestitildbraisaienhant@:25D, preferably between
0.5D and 10D, mast preferahly between Q.75D angd 3D. It is preferred that each expansion section is
located immediat%ﬁﬁ%ﬁ%‘?fﬁ%oﬁﬁ%ﬁgeﬁgﬁﬁf 8%&?%6%@5&7\): %?@?é%@ﬂ?/’ﬁtafgi’gnce of no
more than 4R-fhbérenmtesakiemint issalga Peataisaddhiating expansidmiseneaiticaathomgh other

expansjon geometries are also possible. It is preferred thaf the heater inlet is at approxjmately the
came Rloval SRHEERIEDIR FoN SRt AR P LA RETRRE PGrSTERSED IRG transfr ine

from the polysiatsasicnfascter de therbalpidnitis essentiadyRaizanagRothisimast-piatesred that
the exit of the transfer ling (at.the degassing,vessel entry point).is at g higher elevation than the inlet of
the transfer ﬁg’egﬁa%?"ﬁq%d H’e‘f%‘f’*i‘%&"ﬁ_‘é?yqﬁ%ﬂgﬁﬁéﬁﬁ %t&‘gdmo ﬁfeajﬁ%tr“ﬁl‘étfhﬁ%ﬁ%t transfer
line usuallyiegmprigessadasketshEraiiasinpbinehinginkhaddatasdeketandyahe ot the tansref an
electrical h(?aterF but it isﬁ?ref{eé{ei thaéeit 5is in the form of abgon %ntric ipe séﬂrrounding[the line
through whith s RE SFHEH i i€ PALLSHFT TRE FRBEF coth A G584 HEH i AaE i SR ohas been
foundithat aprditidratdapdsecistsaptinises by pstiv)idesupeinddieddietinzahdhedieatiaog wedium,
particularly where. th ximym saturation temperature is 0-30C, and preferably no.greater than 10C,
below the SSRGS S eF B AP REREA o VERELE RARIG SSROS e Moot 30 may
either provideithehsatheraairippusalongthecentverteng it didhe trahsiet dine Iwomay provide
differential heating at different parts of.the line. It is also.possible.that portions of the line (such as
penle) are TTHELIER ad GUH AL P AU (AT nd MBS DETTENE drt e
2009/127 64586 ER2ODDODALA D] Earfeatdf the wdanfythieddngta obthien fansfédlinm isd@thieved with a

design such that temperature of the heating medium.(or inte femperature of the line) is
areatalat S DTG F1Sh SP A RECEy e Vs SRR St R or
containing stieamsai it fias sexaibmgtibe tifitindreasaekatitsshaafdnethehatdhebihdatiiegBadedidm
temperatur%]%)rr1 the %rﬂte%rl]gl evggtllll %ggﬁ%rea%fg?mof the%ﬂlne) isad crg%s?g.é[ihis can be done in a
continuously gr%le% manner, or In a number of discrete }s‘%eﬁs %y RS of sections of different
temperature. Mosti piseferfedddaheanibe tsageacitetewliitts opensde suafadifief ént tenyferiineésin different
parts of the ling, usuall haying independent supplies of the q ating medium for each section where
a different télﬁnl%é?;%@éyﬁ@r% d¥?§%ai neg%i?el eﬁ%ﬁ%‘rrﬁ%dgaﬁ%évn ggfst%%efln}\r}gr?t%rﬁt,? eg?ransfer line is
heated®by apolymer: more preferably, the temperature of the internal surface of the transfer line

throughout its heated length is maintained below the softening point of the polymer.

By maintaining the temperature of the polymer-containing stream at the heater
outlet above the dew point of the stream, bui the intemal 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

30 is vaporised by the time the stream reaches the heater exit, but at the same tune the risk of
fouling is minimised. In the case where the heater is positioned between a polymerigation

reactor and a degassing vessel, the temperature of the mnternal surface of the transfer line



concentric pipe using steam as a heating medium. The outlet temperature of the transfer line is
preferably gaptalied4sing the steam flowrate: for a given steam temperatyieripis;firsthe penefit of
enabling control of the transfer line wall temperat%e, to ensure a lower temperature at low polymer
stream flowrates and a higher temperature at higher flowrates 15when velocities are higher.  One
way of increasing further the temperature of the polymer-containing stream itself at the transfer line
outlet (apart from increasing the energy input into the heater) is to increase the solids content of the

swream. ThizggBom ARRGEY MeRasa i splitecsaniaRtobinetSamAUN oD aldeor

polymerisation reactor apd/or by using a solids 20concentrating device upstream

The solids @é‘ﬁ'@éﬁyﬂi@ré@éﬁéﬂﬁ%sﬁﬁé Tl tregeatats Bonspdnentdrofltiebstrezam 7heréby requiring
a lower inpykieR) ﬁ?@f&fﬁﬂ?@éﬂd&&ﬁ@?tﬂﬂﬁ%.r%&?g%épﬁagﬁ%@géx‘?ﬂ%%ﬁg5@96f?u The use,

upstream of the 3transfer line, of a solids concentrating e with ari upstream diluent flush (as

described if&u¥ phearpraes-sidgavel) igrapprefar ¢t EpatsdlisnniodiBd fiey pradraridvéiiion, and

enableg thepgggg pSQnesEatipn iptie transfer line to be minimised, thereby reducing the risk of
fouling. It is preferred that the pipe is easily separable along the length of the heater to facilitate
cleaning. Preferabhhhieohipenssaiaaactisasns mipvalty withédrausdrameredipaingaterfected using
a jacket conanifg ARG it hERERRIGHNAL it heAlRY A HLERSRNGReeNaLARY flange.

In order to maximise heat transfer into the polymer-containing stream, the pipe Is pre ly made

from a matéhEgcHz & RALIRTEISEo AT detkity. it énadzothesfacdvhanie owles of the transfer line
200911276430 (ahHcfRARUARAD LY ee (bl BalEp A d QallM il T grpiBg R ypicaly

seamless, although seam welded pipe is preferre Igh”heat transfer is required. Itis

preferte8d tHaakareAa FolyRise suedifiapRas ahtexagviiedisipme teativrnadensedsapdssed through
asingle tra?éé%(réﬁ'&%x@i%ﬂﬁylﬁgyzééd%?g'ﬁéeoﬁﬂfé%ﬁo‘iﬁ%ﬁf?QHE&%}Q%BW%&B&?QB{%M&

withdrawal lines from the reactor. The stream withdrawn from the reactor'may be concentrated,

preferably BPHRE RS HRPYr ERFRG T Ansiraps eprcfeiablp olsimgazatergegetond hsrior to passing
through thetaRRfRrIiNGe condAMRYPLIRAIRA WRINHDS S6aRe Qhillis Lentigniin, Rryide multiple

parallel transfer linesto accept the polymer-containing stream, each of which is arranged according
10to the invéditiswisie dsrYim PR RIFther aspect of the invention provides a process for heating a
polymes-containing-giream,being uansaed fae @ PRI¥MEZAIARIRAGIAY Ylchs INgreasging its

production rate to a’separation zone or device, which comprises a) passing the stream through a first

heater or héhtbrC8HEh oo mpRiHEY Al tParid fat inr s6r ety stro b dnrssis soreaihr) ttaesteansfer
line, and ingrgasing hedavstairaf ihp sHearsdawhiRi salniaining e demperaieeidie

polymer-containing stream at the exit of each heater at least 10C, preferably at least 20C and more

preferably d¥xg: Ad e SR pR i R TR freénhd AReiEakrap br Retrecer tHeasdaf-at any
point along ¢rerengt ntibe-earih transien ine elonethe: saftening %@&%fé%ﬁ%%@%%%e%gen b)

passing part of the stream through an additional heater arranged in parallel to the 20first heater, said
additiéNal h¥&also comprising a transfer line for the stream and means for heating the transfer line

whilst maintaining the ipaTaeEatlFR i tReROWBRIcCANRINOhSLRAR & the Xt firlhaatarsabove the

dew point of the stream, and the temperature of the stream at any point along the length of the all

transfer liné$ Bei&p1Re @Wéﬁ%%ﬁ%‘f%ﬁémiaﬁélﬁ drastn aschreeimEnvention

provides a REREESSOsRaA IR NSRS 1RANAISIBOSIHRAN, ?%Méﬁ%ﬂ&@éﬁ%ﬂﬁ&%z%%ﬁ/me”Zation
reactor to a separation zone or device, wherein part of the t|cl)rl?é€1/mer-containing stream is diverted to a

further heat®CSISR EBRIbribIRal e aStmavazacerarn et W drrean Pary iR TsrRtithg file
transfek linergither yaani ther 0ssurRArapfae eas fhetfinskiRalRtiRycRess 50% dE%@@fﬁ:ﬁ'y 70% of the
n

30total pressure drop between the reactor and the separation zone or device, or when the temperature

of the polynYEPSEhRTEIRTAY ERRERIEH AR MBS Ser AN RiiF SIS kBB A6 REHEBHR Fsfaperature
of the polymgr¢origin g sl eamtdirimpassibifuie 88J8Y%cross the length of the heater of less than

0.5 bar per tonne/hour of polymer production, most preferably between 0.1 bar per te/h and
0.3 bar per te/h. It has been found that this optimised low pressure drop per unit of

30 production can be reliably operated even at high solids loadings at entry into the heater. It
is preferred that the solids content of the polymer-containing stream is between 35wt% to

T0wt%, most preferably between 50wt% and 65wit% when the stream enters the heater,



WO 2009/127645PCT/EP2009/054441 15 diverting part of the stream to a further heater until the
temperatukg @hiag peler-containing stream at the heater outlet falls belgyw2p& g6 8¥e210C above
the dew point temperature of the polymer-contair}iag stream. By transferring part of the
polymer-containing stream to a further heater, the available surface area for heating is immediately
increased by the surface area of the new heater, which permits an increase in the total amount of heat
applied to the stream, and hence results in an increase in the temperature of the polymer-containing

stream at theheaelQuilet.Fhumik EReBRs SbiRde AR RIMthe eyl eERA R Gl be Stream at

its desired level despite an increase in the flow, which could otherwise cause the temperature 10to fall.

Usually the¥ab508 Bedbadperaiie iRkl pmpois henstiolt AaciSrsrenmdesent fRasiwai&ion rate,
but it can algpibeiigeaied MANRNIEESHENLS @ Ferustionindhasohdeanaaniratigngkihe

polymer-containing stream, A related aspect of the invention provides a process for heating a polymer-

15containifgSh BR SRR EsASH T SER PER Aridsdrafing Seratea SupRintibiTbEE or device,
which sompsigesd PassietRe-streambiky auohralsieasi W hertgEaarRNgad i Ragdlel and each

comprising a transfer line for the stream and means for heating the transfer line, preferably whilst

maintaining the teRRerdingdhs erRspBRirR REBIR AR LiRkhM Brasiasd BrtfnmiafhBhove the dew
point of thetsiraamiand shgdempesaiurg ff #Oiihe seaceAbamy,p9int alenathelenginri4bs each

transfer line below the softening point of the polymer, and decreasing the flow-rate of the stream until

the velocity?ghis&lekit BRENS nERERINIYE Beibliabink %ﬁqéé’é‘?morﬁﬁégct}?éﬁt BY SRR s one of the

heaters and-pRssip:iesiiyeamerintiyeugiitheremeiome Pastenel Meatersépinhan algmative
embodiment Zart of the stream is diverted through an additional heater arranged in parallel to the first

heatetdf th@{ LD LRINEReR prsricdSiie BRPtREstHERd BRdhs TAUD PE s HARVE e Bratie drop
across the gansiaiiiRsNREEDIldRRUIDEXEEeHS dReas m/mwﬂ?ﬂ@héam@a@@ bay/ra, preferably
or

0.1 bar/m), said additional heater also comprising a transfer line for the stream and means for heating

the transferdiFE BB SR HOUNSE S LR tHe A ARSB R FUPE B ERYY soRANE SNk aining stream at the

exit of all heaters ig/prefesabinmaintainedsabone thendew point efingstiaamoangihentemperature of
WO 2009/127645PCT/EP2009/054441 16 the stream at anﬁ point along the length of the all transfer

lines belowtHR ESoHEHAG SBRIE S PR FORT SR AR I 5f eSS 10 R ASEARETOGaH o idating to

operation ohgagre Ahakaoey shsRi@nicisiiefesretthabalitherbieaiels BReratecrRearngto the
previously described 5aspects of the jFr}ven%iP(;a_for a }51%:?%'6 heater In such a parallel heater

embodimentP8t & TAFENtRAM R A & e YRGS i A5 FRineed fHegesiitat banyishe time. In

a further enghgdimenhthaspelymersritey erastdilomasplialigoofiwihetawaidingsweaek of which has
its own transfer.line. The inventipn alsp.includes. W'th'Tw its scorfe the use of sin%léiﬁ%r rallel solids
tH Rikeinies

concentratint OSSR 8T th&TRaqHiSs R RFRIFHATE Ry e B TR SEsh R %%Q/Wfés located
upstream ofpaekidraniierdiaco redigdite: priabieibeaier-amibisimgst iitisieiarra-taabuhen at least

oo heies ik RIsine i eisggstean clnly o esrcrlen pcac et
further aspeeikedlthe, ia\ifines prdddesmsrocessdoonertinghaigalyeerits outlet, and D; is the
internal diameter of the transfer line at its inlet, where the outlet and inlet of the transfer
line are defined as previously described.

The intemal diameter D of the transfer line is preferably at least 20mm, and more

25 uvsually between 40mm and 200mm. Most preferred are internal diameters between 60mm
and 150mm.

The total length L of the heater (including heated and unheated sections), and
therefore the transfer line, is preferably at least 20m, more preferably at least 30m, but
usually no more than 600m. A preferred range of lengths is from 50m to 500m, more

30  preferably from 70m to 300m.

Tt is preferred that the ratio of the length L of the transfer line to its average internal

diameter Daye, L/Daye, is from 500 to 10000, preferably from 1500 to 3500, and more



containing stream being transferred from a polymerization reactor to a separation zone or device,
comprisin% §@gmsstream through at least two heaters operating in parajlebRashheater
comprising at least one transfer line for the stream and means for heating the transfer line, wherein the
temperature of the polymer-containing stream at e outlet of all 20heaters is maintained above the
dew point of the stream, and no heater has a volumetric flowrate of polymer-containing stream more
than three times that of any other heater. The performance of each transfer line can be monitored
using parameters including- flowrate, pressure and temperature.of the steam inte the. heating
facket the R LA e B R e R R B SR P 8 o o
25the steamuviabvislidiensea sire:thes Ext.iipbe (dutp)go thenstl daa dive giréssurediffissermelagtoss the
heater and the reactor pressure valve, output to measure,the flow.or flow ratio.into gach transfer line,
the relatiorSg g Ean QR Ho Shd oL FoRREErAriTe TP LAt PR BL B aNSe bf the
reactor to daktittethertatabione into ﬂtbtﬁedn&étmyanﬁrtﬁe,ﬁjﬂyrbnce between the vapour
tempetature at th HL ater outlet and the dew point of the 30prqoces eam. Pressure drops across the
transfeflines of ezc E%Eera esrfleéﬁén;%#e g?&%?f/ Iens%en %%?{/ %ﬁ}é} grsr?ee%\%éfhl ﬁsepgf?]g%eaééat(?e%%eembodiment as
described ahavese \WCIR0RA 2764 SRTHER? (8 @5Ad4d013ly, wilihetempsiatmponiors tifaieone
wansfer lin¢ (heatet) in parallel and close o mexipum gapacity, mipor differsnces.n installgtion and
operating conditions of the franster ines and assoeiate upstream aﬁ& downstream equipment and
pipework cdienestedtaivtigaitedesdt fifés bavingsuabpleneed Howswofishioyrfloadiagsyc®Vithout
correction of {ie Sfiow partition, ibis-capdespltin e Unelerines needing.(a b comypissigned or
decommissished more OReR i Order 1o maintain Sach Within the corrac opera%%g range. To avoid
this, the sluiry tohdirg-cmeachg sinsfor limesdayehe dutom aticallycoal dizvectdryo fitht detaifstining the
slurry flow through. each,transfer line, then calculating_the age flow to all the transfer lines, and
then applyit}lléma1 |ellent%rqah%%rr%§?oY%13 \}t 3%&%%%18% "eac I?L%%%hsfer line to adjust the feed rate in order
to bring the slurry loadingfesfedabhtvansieslling e lsastocinsé e e ave mgervijuenisfeatbty this is
accomplishgd_using the steam flow to the ja syrroundi ch transfer line (ie the a nt of
neating an S S e T R e R B PRI ot
line, since treswtmgrihfotve Sivohaot ettt adhidpathedguiled: tenspeiat e agatasioutlbe dirshe transfer
line, and 15t oulgL W}?ﬂeé?é%eaﬁ determingd yﬂ%@%éﬁ%ﬁf&)’sﬁgﬁ’% P@%ﬂaﬁ*ﬁ%@ ﬁ{a%l%ﬂhe
average of the steam flow t0 the trarisfer fines is then calculated and a bias is then applied to a control
valve upstrézmugh Sectranaissibndisonipranjesttiisefeturedtéin issdéhan 20%6ntanstheefoabingess each

ransfer lin, g4 1easMeR g, lea Lo hORIVESA 00 A0 150 PicSeiably between 90% and

110%, of the average value. ff some o eaters 20have different capacities, the average value may

be a weig ht@dlm’@ééWﬁéﬂﬁiﬁH}aﬁjtme@mmﬁdﬁ@ﬂim@-féedﬁ%ﬂvéwf@mnﬂfé leagidherifiieés is to
control the reaclor Bﬁﬁé%%@f %@@Hﬁ{@f&y@i QIYL%@UJI%&:Q@P&@GM{LF%@%E? ﬁ%%hg% er line.

Thus all the control valves operate in parallel, opening and closing together, with t ancing control

superﬁﬁppsﬁé@ ongasthizacto A the s ﬂméﬁ@bﬁhqﬁmqmmméﬂmgnmmﬁwm of |
75embodiment, 0ne oF more.outet Nﬁé"&ﬁﬂcﬁ]ﬂ'@é’s %edé’é}g%% ﬁfg‘%g%ﬁ&ﬂs%%&@ﬂtﬁﬂ HBERTRERILE), Whilst

others remalin in a set position which is unchange e loading of the heaters Is Mmaintained

at about thé"é@@t&@%‘ﬂ}mﬁ@@l}itUsséﬁt@ibﬁjss@lﬁl@téh@dﬁnﬁcﬂ@f’é@&X@Ibwrﬁm?fs_)bﬁ@’rmﬁaﬁtiﬁ@_?outlet valve
from the reggiot gy ane, L6 B o IRRANG AN DRI ANGIBLINGS daYa erp ARk hndeiermiged by

other 30means described previously; such as flow/velocity or pressure drop. The overall feed to the
transfer linaBaway bescontredbehdpsttie fherveamorprBysiie St bihfdwnss ey biveeated like

200914376480 CHEPRORIOSANALLS, . nibcaralobingfine el st e commispigned when

the chosen indicator(s) of the heater performance indicatés that at least one of the on-line’heaters is at

90%, preferdBl)BO9sithdmbaispefarsbly Fodsordibreaal trpansien tapacisierdgheding the
definition of naxiri'e GARAGIN IR AMEGRSEh O RONIDR RRHER 6 AFIOT RO AL 2 A erent
diameters with the increases in diameter occuring at one or more of the elbows, preferably
at the exit of the elbow such that the velocity reduces at the exit of the elbow rather than at
30  itsiniet, 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



5 heater outlet conditions (pressure, temperature, stream composition and solid loading), a limit exists
above whi owrate at the heater outlet cannot be further incre Mp} still,taintaining
the tempe%ﬁ@%@@%olymer-containing sueam at the exit of the heater g%%g/Eet i?é(“ag\‘!/%/aﬁl’g:)int of the
stream, and the temperature of the stream at anyi$oint along the length of the heater below the
softening point of the polymer. The limit can be 10due to valve output limitation, power limitation,
mechanical, safety or any other reasons. This is considered the maximum capacity. The outlet mass
flowrate can kgg compared to this imum capacity for the reactor. conditions and outlet
conditions BHPEE TR AL SF B ATH T CLRaEl S HON WS Bt BB OBr g ting in
parallel, onecafrittoem should be shut 15down when at least one of them is operating at less than 60%,
preferably less than 40% of maximum city. In.both single heater and multiple parallel heater
embodiments, th:[ﬁ]gvglré?év of h%ep%?y%%gﬁa er%é%ﬁi%vgt}’gm Refraw R FHH%H%%g@Héﬁ%ﬁuon reactor
is preferablyfehatoiedieSing hypiiessitmwonfipbheconitskyalyes makigleaiérabliidacatethhativeen a

solids 20concentrating devige and the transfer, line heater.jnlet. The_contrql valve js designed to have a
pressugre dorllt;;?:)ec")"]t @gﬁgérﬁ'é%e%}%@%} Crf%ﬁ%P %‘F%F@?&bﬁ; S%Ea?ﬂc? éﬁg%?ﬁewbﬁ@%l%egﬁrop between
the reactor saingtheentsftothedicssdews dbbaoparetselwihehidaita sransie nlinensmeaiengbly

designed tq have a pressure drop,between 5% and (5%, most preferably between 10 and 35%, of the
pressure d?*&ﬁ nggléno ﬁlée?]elggtéafsa?{a‘twgs ?Fflli?g gﬁﬁ%&’é&f@ﬁ&%&%ﬁ@ﬁrﬂ%ﬁ%&r&@?ﬁf ressure
drop acrossiteereitviraptiaivatohthe prissedciimpsatsopsiing heatesis hetweenHshand 10, most
preferably betwee nd 2. The polymer-containing. stream may,contain a vapour component as
el e 2 T o AR T e P BT P SR RS BB S e AR er
contaifting sipeant altitve, intahdé¢h elheatesfuatiesatrgins 5:10h6R3MO01%: 18@ne preferred 30embodiment of
the present inventi'[  wihere Qer%gﬁ apr grs#ﬁeo gllowrg:ontrol valve up tre%of the heater, and the
vapour fraction of the 'stream At the Reater et is Betwee s HERHTS5RISHS S%BS Gt #4ttion of the
fluid compahentdfdizesstee dmmd Dy phefrb Wt 2089 (LZT64FPICTY ER20 9865444 bidthe heater

can vary fr to 1%, it js typically 95-100mal%, mast preferably. greater than 99mol%.

This inventon AT ot CaBIE S Sy BRI LRSI Seaey (ol Pas R SE B ey S8
containing ampohlymeettraEindiransesns 6 decheste dridorobdtiliséi diquid SOinsing tefaemssDrisation.
Processes for the caspolymerisation of olefins.ip the slurry phase are well known in,the art. Such
procggbsses %’r?%@ec%lr%ﬁﬁgés 2%% g‘?n% g%b{y% rc?a%‘&%“gs élglrs‘n%)ﬁ}&eﬁlgr} %ir%(]!t c%ur%%r?%}?%"er into a stirred
tank or contirprewtog@ st aremptigsiayiplalyolefin and a catalyst for the polymerisation. The reactor
s typically controlledig achiey', 3 desired melt 10 index,and density for the palymer.atan gpfimum
production and tempetature. olye f}lene se1urry pg Mensation Processes typlca?Fy Witharaw
polymer frovd thepodivms sisatioresetettr whibisipnifioked quafiitiely chdiguidfy direcidrotise and the
present inv mlgq hs: e i r n h.processes.. The slurry in such reactors
typically co§1p |sgsst%1%e%%a{%§§§%ré %@%&%%@ﬁ%%%ﬁ%}& d%?éorﬂ%]), (co)monomer(s), 15catalyst,
chainZ@rminators Bugimast iwyelicneshtbatdhstbet résiotoranditiVies. (b thardegdaritigersheetyeuity comprise

20-75, pref :30- ' .0n the total weight of the, sl f-particulat I
ol 5025, DL O e B S A e e g

medium, Wpeimhiésgtjspe‘mm.medium is the sum of_a_LII the quid_components in the reactor and _
be & reaciive dilies e ae T e M et e
olefin mondiner Blsidenier taokeisasybadnviedomord parliceiacht #eaBwitys tfishedured tHawever when
e A S e
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 is 0-30°C, and preferably no greater than 10°C,
below the softening point of the polymer being heated. Whichever form it takes, the jacket
30 may either provide the same heat input along the entire length of the tfansfc-:r line, or may
provide differential heating at different pérts 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



25pressures in the range 1-100 bara. The catalyst used can be any catalyst typically used for olefin
polymerisgfign,sueh a3 L£hromium oxide, Ziegler-Natta or metallocene-type spfghyals ok product
slurry comprising polymer and diluent, and in mogf cases catalyst, olefin monomer and comonomer
can be discharged intermittently or continuously, optionally using concentrating devices such as
hydrocyclones or settling legs to minimise 30the quantity of fluids withdrawn with the polymer. This
invention is particularly related to polymerisation in a loop reactor where the slurry is circulated in the

reactor typicallyipnnaransied ROUNE dicagitaior. ihiguichiilldeaPwithQ design such that
2009/127645PCT/EP200 /%54441 20 reactors are parti uIa{y well known jn the art.and are described
i {Ohsdigel

for exampl&THGEBHY 7S MRS Bt Rpr0q e A gve i e Pt s L8 dous tubular

constructiog: empiestagratlieashiwer fereaiampderfingl verticnd sessianBerdrail@aspilygader example
four horizontal sections. The heat of polymerisation is typically.remqve sing indirect exchange with
P ORe SeRreRGrat Mt

. db
a cooling nfoOEMNIEEFErEbRT WWRASPCH-A5ER oG at F%fylﬁtet A op reactor. The

volume of thedaep rersternea vanyehticds Ay pishtyrip theuangaZ0iiee1 Fdarseased M ameseial
plants, the particulate pol meys segrated from the dilu%ingd,manner such that the diluent is not
exposed to"O&itififi QB RS TSt ATy QT D A R R U T W SR BYF95585 zone with

minimal if asytindficaticerBenapting teeNiastiptifig Rolywerdrid reldy wiichnrseess af the present
invention from the diluent typically can be by any method known in the art for example it can involve
either () thETHEEFE HTEBBFAHITS % QLTISH BARRAG 186 S0 ALY e KD PATR S SP B S opening
thereof proyitigs Bedone mdikienthe palimeripaiities caiftetie texsomeexieridudrdthe 15diluent or (ii)
continyous product withdrawal via a.single ar.multiple withdrawal ports, the location of which can be
anywhere on the | %%ﬁ%ﬁﬁﬂi’%gq}gﬁiﬁfg%%‘fﬁ’%oﬂﬁﬁﬁ&ﬁ%ﬁ% Wé%&?gﬁgﬁzontal section of
the loop. Asqierielishirdiaclissedatheseiermiigmeldarge Tharoetler taagtossurd bl dighraciids

concentratigns jn th% sI%[}rg/ minir&is{is the uan%%e theﬁErj%gpal.diluent withdrawn from the
polymerisafiah 1B BEE L FIHEEH ELRTREAL AR LB (AT POh P BIAYEIBR as
hydrocylonass(giagie:efitinftbeabiisg chmmultiiehbycsadyeldnes il panplelorsesiess i thermenhances the
recovery of diluent in an energy efficient mapner since significant pressure redugtion.and vaporisation
of recovere@@ﬁﬁmﬁ%%\%\’%’%ﬁ% %ﬁ?&?%ﬁfaﬁa %}‘gfeg&%ll?\?rc%‘?@eeﬁ %8&? ¢ %@Pé‘ﬁﬁ% is usually
25depressuvisetvptietieshetig ghansferred via the heater of the present invention to a primary flash

vessel. The dilyent and any monomer vapours recovered jn.the primary flash.vessel are typically
condensed, prefeéﬁ?y%@?fﬁf i‘\{?fe%aéﬁ%%r?é’?%‘.%ﬁfq%ﬁ%ﬂgﬁ%é‘a erno%ﬁ}ew mﬁi'zg '%aﬁnﬁlﬁgcse%esa‘fnrhe pressure
of the primaneHashheasaelts listaly edptrol énbho iansdakd30icoadepgation with the dastdy)available
cooling medium (e.g. cooling water) af.essentially,all of the flash,vapour prior to any recompression.
The pressulr%cfﬁaégi%%%ﬁn%é{%y %%seﬁ&v{)e?stg&%sm&@hi}gﬁyclaﬁl tl?_'% r%%eg%yzg-fge %11% meo?%?{[éspfg&%%g_zo ham
and most oftéthé strkdvaraitidrewW/ Do 000/ falptdsR AT R2008 Mildadiy2 kisgldsniaterial recovered
from the primar flash vessels.usually assedio e Secondar fash.vessel o remoue fesidal
volatiles. Alfernaﬁveyighe Starr may epasse%ntsoa ASh VesSel of Towar préseure than in‘the above
mentioned prnidiyr gesseissuchpihiaite obhpression isenendeditiogrdense thputdonudted diluent. Use

of a high Preanster ﬂ%g %eva?gxs 1er}| i, ft)eglé%(ijéve the desired temperature.

The use, upstream of the transfer line, of a sohds concentrating device with an

upstream diluent flush (as described in our patent EP1118624) is a preferred embodiment
25  of the present invention, and enables the monomer concentration in the transfer line o be
minimised, thereby reducing the risk of fouling.

It is preferred that the pipe is easily separable along the length of the heater to
facilitate cleaning. Preferably the pipe is flanged at 5-15m intervals, In the case where
heating is effected using a jacket containing & heating fluid, it is preferred that the heating

30 flwd does not cover any flange. _
In order to maximise heat transfer into the polymer-containing stream, the pipe is

preferably made from a material having a thermal conductivity greater than 30 Wm2K™,



More specifically, an example of the type of polymerisation process for which the invention is
particuIarlwg%lgﬁz%%continuous polymerization of olefins, preferably algha mapg plefins. in an
reaction zone, preferably an elongated tubular Cl;i[%ed loop. The olefin(s) is continuously added to, and
contacted with, a catalyst in a hydrocarbon diluent.” 10The monomer(s) polymerise to form a slurry of
solid particulate polymer suspended in the polyrnerisation medium or diluent. The rate of withdrawal of
polymer product is controlled by a valve upstream of the heater of the invention. The solids

concentratign.g- e, i rileAe e Al trRIcaib: Re-anaYR R Mal%e iplsiaRlxahpuRRyolume %,

for example 20-40 volume %, preferably 25-35 15volume % where volume % is [(total volume of the

slurry - volUH#e 8 RrdsTshhenn §latckrahiaasien isarmiesss the slurryfix100. The solids concentration
measured as weight pgiaERAaRs NG BERIVAIBNLIA hoh T eRses tn Y plumaRRRATRge, Wil vary

according to the polymer Eroduced but more particularly according to the di

) C : iluent ased. Where the
polymer pré@Rféettss thinask apaskdanstnligaaaiieirlyct seampeSrokabutsie s preferred

that the soliglgcon o0 ds abave ARAIRRRMHSHIAn A RVEA0 MYk HIORSYAMBISR Hisdange
40-60 wt% preferably 45-55 wt% based on the total weight of the slurry. We have found that for high

solids loadiR§sepeRicuRI RESnBcREalsh & eREME Moguet wivrroWwSraHtIssh R ®YREN the
polymerisajiorreatiQls Ayt heHRIRRRIVRSE {AS AYHE0GES ¥ fRiiag. fiqw variations and/or heat
transfer) can be 25maintained within acceptable opera%r]g limits by use of the heater of the invention.
This type of proce@%’dbtﬁﬁﬁﬁ%@éﬁ?%@ﬁﬁ% HimpETe R piaem! e eebeld or any
subsequentigaglon dheulinie. EAGAESYSHRh MU RSANLIBR LIOOR: ERAC IRLALANY JSAGIR for the

polymerisation of olefins, for example a fluidised-bed reactor. However, usually the second or any

subsdduentadbeisy aripe Arnapiarbuatbrriiatarnas sbtromanibupreaidss aquerssdRtiple reactor
t [ ' L . WO
systems c%ﬁ%g%qmwgﬁmrﬁaﬁglm@%@@%ﬁﬁ%%%ﬁ%%@@ém&rs

2009/127645PCT/E /05 . Inthe case of multiple reactors in series, a first reactor of the
series is sUPPIRHISIRSTERING AT PRUSBRIMBIEAAG SERRSHINNY FRESCHCSRIvRL Mhad RSP ES @ ldiluent
and monomaesARIRAGISHRERANEN 1B8CERRIS SHRRHRA IR, al/eastidpanemes: Ragicuar ethylene

and with the slurry arising from a preceding reactor of the series, this mixture Scomprising the catalyst
and a mixtUiEeaTtRBdBRAMC R hsdieddsiransfeciamanb isreng b e SaasTata o HESsTBRE® supply a

secong reagign ARsHAL-ihARPIRNEAIB Atieast ansyefihrSthrsauentrerciarsnyith;repb.eptalyst and/or

cocatalyst. However, it is more common to introduce the catalyst and the cocatalyst exclusively into a

first reactor* FAtHRAIERY WhEraTREBRINA drrp R S anl BB sismtbr elidrad RS GRS Rer of
10highest ragl; ipslaxanekthecrelymartat lewsstmel dnaRxsaambe: RESHNGeE A Ay eradiacenter

non-adjacent reactors in the series. Hydrogen. is maintained at (i) a low (or zero) concentration in the
reactor(s) %m@&ﬁ?ﬁ&fﬂwﬁ?@ﬂ%&%ﬁ%&%@ﬂ?@éﬁ%ﬁ%@@@.aﬁ%?ﬁﬁen percentages including
between 0-0.1 vol9panemt tixavary digh-cancant atieadi:HiRraasiarismaauipsiwing {helow

molecular weight companents e.g. hydrogen 15percentages between 0.5-2.4 vol %. The reactors can

equalk’be dFErHfaFte BOMIIE WAL dISaLTARR MRS bk Aersien Ina v iHe Sieassing FRS#tbrs. When
such reactofosYiRing MEOCLGEP OlyNeHsi afimotesuial welghipessibantho idalienserargader than

150 kDaltons there have in tEe st been observed particular problems with_reactor fouling and
é

agglom erat%‘f‘??ﬁitﬁeﬂﬁ‘e%ro i @%I?/FHE ﬁggﬁgﬁn‘{ 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.
25 In an alternative aspect, the invention provides a process for heating & polymer-

containing stream being transferred from a polymerization reactor to a separation zone or
device, wherein part of the polymer-containing stream is diverted to a further heater also
comprising at least one transfer line for the stream and means for healing the transfer line
either when the pressure drop across the first heater exceeds 50%, preferably 70% of the
30 total pressure drop between the reactor and the separation zone or device, or when the
temperature of the polymer-contaimng stream at the heater outlet falls below 30°C above

the dew point temperature of the polymer-containing stream. It is possible to delay



20 reactor and the degassing vessel. These problems can be accentuated by high polymer solids

concentratigns,jijdhs-figater. This is another problem which can be amelioggteghydrr.Qkthe heater of
the present invention. EXAMPLE 1 25In this exa; ple a polymerisation reactor discharges a shirty
containing 50wt% solid polyethylene with an average particle diameter of 1.5mm at a rate of 60
tonnes/hour The reactor pressure is 40 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 ga:Cno.hecialid aalies iedimeleiazahiiane Smait. 08 ylens gadimol'Yohexene.

No additional fluid'is added to the stream. The stream passes into a heater in the form of a transfer
line comprisiidefvasaraen e etecatde pokibalyofA0Rich arecad & oraors thadawthodiving a total

heated WQ&%@%{&Q%@@E&%?&%%{Qé%ég@é}gpgth of 200m (the length of the unheated elbows

connecting each vertical leg'is ignored). The diameter of the first two legs (to 80m, or 40% of the total

heated length) is Borhianssntinaainhdie pehimerfer ttining slgeen 20 miwigoheaethddotal heated
lengthis 107mcHe beaisaldiee diaser L. AR e coudious ueide s ansier line

are summarised in Table | below. TABLE 1 % of heated length Heated Length (in) Diameter (mm)
Pressure (KRajeuafoeh pagisnekgrgisganibatopemount of heat applied to the stream, and

hence results in an increase in the temperatore of the polymer-containing stream at the
heater outlet. Thus it can be possible to maintain the outlet temperature of the stream at ifs
desired level despite an increase in the flow, which could otherwise cause the temperature

10 to fall,

Usually the above process operates when the polymerisation reactor is increasing
its production rate, but it can also be triggered by changes such as a reduction in the solid
concentration of the polymer-containing stream.

A related aspect of the invention provides a process for heating a polymer-

15 containing stream being transferred from a polymenisation reactor to a separation zone or
device, which comprises a) passing the stream through at least two heaters arranged in
parallel and each comprising a transfer line for the stream and means for heating the
transfer line, preferably whilst maintaining the temperature of the polymer-containing
stream at the exit of each heater above the dew point of the stream, and the temperature of

20 the stream at any point along the length of the each transfer line below the softening point
of the polymer, and decreasing the flow-rate of the siream until the velocity at the exit of
the heater falis below 40my/s or less,

and then b} shutting down one of the heaters and passing the stream only through
the remaining heater or heaters,

25 In an altemative embodiment, part of the stream is diverted through an additional
heater arranged in parallel to the first heater if the velocity at any point falls below the inlet
velocity V;, or alternatively if the pressure drop across the transfer line per unit length
exceeds the desired maximum {usually 0.2 bar/m, preferably 0.1 bar/m), said additional
heater also comprising a {ransfer line for the stream and means for heating the fransfer line.

30 Inthis embodiment also, the temperature of the polymer-containing stream at the exit of all

heaters 15 preferably maintained above the dew point of the stream, and the temperature of



(m3/11) Vol flow liquid (m3/h) Vol flow solid (m3/h) Velocity m/s Temp C Internal wall temp O- inlet L1 O
76 1692 0.4,6,1258,4 23,9 31.9 12.3 79.2 97.3 20- end L1 40 76 1509 0.37 pcqmpang9/osassi

16

the stream at any point along the length of the ali transfer lines below the softening point of
the polymer.

In all of the above aspects of the invention relating to operation of more than one
heater, 1t is preferred that all the heaters operate according to the previously described

5  aspects of the invention for a single heater.

In such a parallel heater embodiment of the invention, not all of the transfer lines
may be required in service at any one time. In a further embodiment the polymerisation
reactor has a plurality of withdrawal lines, each of which has its own transfer line. The
invention also includes within its scope the use of single or parallel solids concentrating

10 devices, with the usual arrangement being one solids concenirating devices located
upstream of each transfer line.

In the parallel heater embodirnent, 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.

15 A further agpect of the invention provides a process for heating a polymer-
containing stream being transferred from a polymerization reactor to a separation zone or
device, comprising passing the stream through at least two heaters operating in parallel,
each heater comprising at least one transfer line for the siream and means for heating the
transfer line, wherein the temperature of the polymer-containing stream at the outlet of all

20 heaters is maintained above the dew point of the stream, and no heater has a volumetric
flowrate of polymer-containing stream more than three times that of any other heater.

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

25  the steam valve {o 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
heater, heat balance of the reactor to calculate the total flow into ali the heaters, and the
difference between the vapour temperature at the heater outlet and the dew point of the

30 process stream. Pressure drops across the transfer lines of each heater are preferably

essentially the same as in the single heater embodiment as described above.



297.840.931,921.577.495.9 20- inlet L2 40 76 1484 0.38 312.5 40.1 31.9 22.3 76.7 94.5 40 - end

L2 80 76 1418,0,54-463.5 29.5 31.9 30.5 76.5 97.6 40- inlet L3 80 PCT/ER2609/054441
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When operating more than one transfer line (heater) in paralle! and close to
maximum capacity, minor differences in installation and operating conditions of the
transfer lines and associated upstream and downstream equipment and pipework can reslt
in the transfer lines having unbalanced flows of shurry (Ioadiﬁgs)q Without correction of the

5  flow partition, this can result in the transfer lines needing to be commissioned or

decommissioned more often in order to maintain each within the correct operating range.
To avoid this, the shury loading on each transfer line may be automatically balanced by
first determining the slurry flow through each transfer line, then calculating the average
flow to all the transfer lines, and then applying a bias to a control valve upstream of each

10 transfer line to adjust the feed rate in order to bring the slurry loading of each transfer line
at least close to the average value. Preferably this is accomplished using the steam flow to
the jacket surrounding each transfer line (ie the amount of heating applied to each transfer
line) as a means for determining the shurry flow through each transfer line, since the steam
flow is controlled to achieve the required temperature at the outlet of the transfer line, and

15  the outlet temperature is determined by the slurry flow through each transfer line. The
average of the steam flow to the transfer lines is then caiculated 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 vaiue. If some of the heaters

20 have different capacities, the average value may be a weighted average. The primary
control funetion 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 ail the conirol
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

25  embodiment, one or more outlet valves in the reactor are used to the confrol the pressure,
whilst others remain In a set position which is unchanged so long as the loading of the .
heaters is maintained at about the average value. It is also possible to control pressure by
means other than the outlet valve from the reactor.

The slurry loading on the fransfer lines may alternatively be determined by other

30  means described previousty, such as flow/velocity or pressure drop. The overall feed to the

transfer lines may be controlled directly from reactor pressure or by flow control,



102 1431 0.54 453.7 29.9 31.917.576.9 98.3 60 - end L3 120 102 1319 0.75 685.4 15.9 31.9 24.9

75.097.9 G‘Q,(-) @@/h%go 102 1302 0.76 702.5 15.4 31.9 25.574.4

10

15

20

25

30

PCT/EPIOG9/054441
I8

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 (pressure, temperature, stream composition and solid loading), a
lirnit exists above which the mass flowrate at the heater outlet cannot be further 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
aiong the length of the heater below the softening point of the polymer. The limit can be
dus to valve output limitation, power limitation, mechanical, safety or any other reasons.
This is considered the maximum capacity. The outlet mass flowrate can be compared to
this maximuom capacity for the same reactor conditions and outlet conditions and expressed
as % of maximum capacity.

When two or more heaters are operating in parallel, one of them should be shut
down when at least one of them is operating at less than 60%, preferably less than 40% of
maximum capacity. ' _

In both single heater and multiple paralie] heater embodiments, the flowrate of the
polymer-containing stream withdrawn from the polymerisation reactor is preferably .
controlled 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 80%, of the
pressure drop between the reactor and the entry to the first downstream 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 reacior and the entry to
the degassing vessel. The ratio of the pressure drop across the control valve to the pressure
drop across the heater 1s between 0.8 and 10, most preferably between 1 and 2.

The polymer-containing stream may contain a vapour component as well as a quid
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%. [n one preferred
embodiment of the present invention where there is a pressure or flow control valve
upstream of the heater, and the vapour fraction of the stream at the heater inlet is between

25 and 60moi%. The vapour fraction of the fluid component of the stream at the outlet of
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the heater can vary from 70 to 100mol%, it is typically 95-100mol%, most preferably
greater than 99mol%.

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

5  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 stitred tank or continuous loop reactor comprising polyolefin and a
catalyst for the polymerisation, The reactor is typically controlled to achieve a desired melt

10 index and density for the polymer at an optimum production and temperature.

Polyethylene 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 shurry in such reactors
typically comprises the particulate polymer, the hydrocarbon ditueni(s), (co)monoﬁmr(s),

15  catalyst, chain terminators such as hydrogen and other reactor additives. In parficular the
slurry will comprise 20-75, preferably 30-70 weight percent based on the total weight of
the sturry of particulate polymer and 80-25, preferably 70-30 weight percent based on the

- total weight of the slurry of suspending mediﬁm, where the suspending medium is the sum
of all the fluid components in the reactor and comprises the diluent, olefin monomer and

20 eny additives; the diluent can be an inert diluent or it can be a reactive diluent such as a
liquid olefin monomer. Where the principal diluent is an inert diluent the olefin monomer
typically comprises 2-20 wt%, more particularly 4-10 wt% of the slurry. However when
the monomer is propylene, it can comprise almost 100wt% of the slurry.

Polymerisation 1s typically camried out at temperatures in the range 50-125°C and at

25  pressures in the range 1-100 bara. The catalyst used can be any catalyst typically used for
clefin polymerisation such as chromium oxide, Ziegler-Natta or metailocene-type
catalysts. The product slurry comprising polymer and dituent, and in most cases catalyst,
olefin monomer and comonomer can be discharged intermittently or continuously,
optionally using concentrating devices such as hydrocyclones or settling legs to minimise

30 the quantity of fluids withdrawn with the polymer. |

This invention is particularly related to polymerisation in a loop reactor where the

shurry is circulated in the reactor typically by means of a pump or agitator. Liquid full loop
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diameter ofi¢hst fiest tfitbe tegdtdobpOnacior 6119 oflthectofahhéateddectgtitais vyt @nd the diameter
of the last twa.legs (80m, or 40% of total heated length) is 152mm. Thus the ratio of the two
diameters i%?cggr%énc%&%ﬁﬁgﬁ%ng.qur% transfer line are summarised in Table 2 below. TABLE 2 %
of heated In th HeltedriveagtialmlBisntetaraftioalate polymer is separated from the diluent in a

manner such that the diluent is not exposed to contamination so as to permit recycle of the

10 diluent to the polymerization zone with minimal if any purification. Separating the
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 involve either (i) the
use of discontinuous vertical settling legs such that the flow of slurry across the opening
thereof provides a zone where the polymer particles can settie to some extent from the

15 diluent or (ii) continuous product withdrawal via a single or multiple withdrawal ports, the
location of which can be anywhere on the loop reactor but is usually adjacent to the
downstream end of a horizontal section of the loop. As previously discussed, the operation
of large diameter reactors with high solids concentrations in the slurry mimimises the
guantity of the principal diluent withdrawn from the polymerisation loop. Use of

20 concentrating devices on the withdrawn polymer slurry such as hydrocylones (single or in
the case of muitiple 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

25  depressunised prior to being transferred via the heater of the present invention to a primarjf
flash vessel.

The diluent and any menomer vapours recovered in the primary flash vessel are
typically condensed, preferably without recompression, and reused in the polymerization
process. The pressure of the primary flash vessel is usually controlled to enable

30  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
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solid material recovered from the primary flash vessel is usually passed to a secondary
flash vessel to remove residual volatiles. Altermnatively the shury 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. ﬁ

More specifically, an example 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
olefin(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 upsiream of the heater of the invention.

The golids concentration in the shurry in the reactor will typically be above 20
vol%, preferably about 30 volume %, for example 20-40 volume %, preferably 25-35
volume % where volume % is [(total volume of the shurry — volume of the suspending
medium)/(total volume of the slurry)]x100. The solids concentration measured as weight
i}ercentage, which 1s equivalent to that measured as velume percentage, will vary
according to the polymer produced but more particularly according 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 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“..tetal

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 optionaily 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 reacior.

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.
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In the case of multiple reactors in series, a first reactor of the series is supplied with
catalyst or prepolymer and optionally the cocatalyst in addition to the diluent and
monomer, and each subseqguent reactor is supplied with, at least, monomer, in particular
ethylene and with the siurry arising from a preceding reactor of the series, this mixture
comprising the catalyst and a mmixture 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
subsequent reactors with fresh catalyst and/or cocatalyst. However, it is more common to
introduce the catalyst and the cocatalyst exclusively into a first reactor.

In the case where the plant comprésés 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) a low (or zero)
concentration in the reactor(s) manufacturing the high molecular weight components, e.g.
hydrogen percentages including between 0-0.1 vol % and at (ii} a very high concentration
in the reactor(s) manufacturing the low molecular weight components e.g. hydrogen
percentages between 0.5-2.4 vol %. The reactors can equally be operated to produce
essentiaily the same polymer melt index in successive reactors.

When such reactor systems produce polymers of molecular weights iess 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 18 another problem which can be ameliorated by

use of the heater of the present invention,

EXAMPLE 1

In this example a polymerisation reactor discharges a slurry containing 50wt%
solid polyethylene with an average particle diameter of 1.5mm at a rate of 60 tonnes/hour
The reactor pressure is 40 barg, and before entering the heater the polymer-containing
stream passes through a conirol valve which lets the pressure down to 16 barg. The
composifion of the diluent carrying the solid polyimer is 91mol% isobutane, 8mol%
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 40m in length, giving a total heated
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length of 200m (the length of the unheated elbows connecting each vertical leg is ignored).
The diameter of the first two legs (to 80m, or 40% of the total heated length} is 76mm, and
the diameter of the final three legs (120m, or 60% of the total heated length) is 102mm.
Thus the ratio of the two diameters iz 1.33.

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

TABLE 1

% of Heated|Diameter| Prassure| Vapour | Vol flow Vol flow] Vol flow Velocity) Temp {Internal
heated Length| {mm) (kPz} | fraction | vapour | liguid solid mfs G wall
length {m) (kgfkg) | (M) | (m* MY | (M) tarmnp

0 - inlet L1 0 76 1692 017 125.7 | 53.9 31.9 123 | 79.2 | §7.3
20 -end L1 49 76 1509 0.37 2878 | 40.0 3189 215 | 774 ] 959
20 -inletL2 | 40 76 1484 0.38 3125 | 4041 31.8 223 | 787 | 845
40-end L2 | 80 76 1418 0.54 4636 | 29.5 318 305 | 765 | 978
40 -inlet L3 | 80 102 1431 0.54 453.7 | 299 318 176 1 7689 | 983
60-end L3 | 120 102 1318 0.75 6854 | 159 31.8 240 | 750 | 979
60 -inlet L4 | 120 102 1362 0.76 7025 | 154 31.8 255 |1 744 | 970
80 -end L4 | 160 102 1225 0.96 840.7 2.7 318 33.2 | 735 | 968
80 ~infet L5 | 160 102 1199 0.97 g974.6 2.0 31.9 34.3 | 727 | 970
100 -end L5 | 200 102 1020 1.00 12837 | 0.0 31.5 447 | 801 | 98.8

At the outlet of the heater, the dewpoint of the stream is 69.8°C.

From the data in the above table, key points are the substantial drop in velocity
after the increase in diameter at 80m. Otherwise, velocity steadily increases along the
heater as the proportion of vapour increases to 100% by the outiet 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 33m/s, and at the outlet the
temperature of the fluid (80.1°C) 15 10.3°C above its dewpoint.

EXAMPLE 2 (comparative)

In this example a polymerisation reactor discharges a siurry containing 52wt%
solid polyethylene with an average particle diameter of 1.5mm at a rate of 23 fonnes/hour
The reactor pressure is 40 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 Imol% 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 40m in length, giving a total heated
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length 0f 200m (the length of the unheated elbows connecting each vertical leg is ignored).
The diameter of the first three legs (10 120m, or 60% of the total heated length) is 76mm,
and the diameter of the last two legs (80m, or 40% of the total heated length) is 152mm.
Thus the ratio of the two diameters is 2.
5 The conditions inside the transfer line are summarised in Table 2 below.
TABLE 2

% of Heated|Diameter|Pressure| Vapour | Vol flow Vol fiow| Vol flow {Melocity] Temp {Internal
heated {Length} (mm) {kPa) | fraction | vapour | liguid | solid mfs °c wall

length {m) (karkgs | {m®h) | (m*h)| (m*n) ternp
0 - inlet L1 0 76 1509 0.00 00 | 232 | 128 | 21 | 61.9 | 98.1
20-endL1 | 40 78 1313 0.18 669 | 189 | 128 | 57 | 67.1 | 959
20-inlstL2 | 40 76 1311 0.19 674 | 189 | 128 | 58 | 670 | 95.2

40-end L2 | 80 76 1389 0.36 119.7 | 150 | 12.8 86 | 734 957
40 - inlet L3 | 80 76 1386 0.37 1208 | 14.8 12.8 86 | 733 | 945
60 -end L3 | 120 76 1300 0.87 2295 | 7.8 128 | 1485 | 736 | 94.0
60 -inleti4 | 120 102 1304 0.66 228.1 7.9 12.8 3.7 | 73.7 | 100.4
80 -end L4 | 160 102 1339 0.91 300.1 2.1 12.8 47 | 77.0 | 105.2
80 -inlet L5 | 160 102 1338 0.91 3004 | 21 12.8 47 | 77.0 | 10564
100 -end L5 | 200 102 1307 1.00 348.4 | 0.0 12.8 54 | 82.0 | 105.8

At the outlet of the heater, the dewpoint of the stream is 77.4°C.
From the datz in the above table, it can be seen that as in Example | there is a
10 substantial drop in velocity after the increase in diameter, which in this case is at 120m.
However it can be seen that whereas in Example 1 the lowest average velocities are 12.3
m/s at the heater inlet and then 17.5m/s after the expansion, in this Example the average
velocity is significantly Iower than these values, in fact less than 10m/s, throughout almost
the whole length of the heater. In particular, the average velocity at 80% along the heated
15 length of the line is just 4.7m/s, which is lower than that at 20% along the heated length. At
the outlet of the heater, the temperature of the fluid is 82.0°C, which is just 4.6°C above its
dewpoint, whereas the internal wall temperature is 105.8°C, compared with 98.8°C in
Example 1.
The practical consequence of these figures is that due to the lower velocities and
20 higher wall temperature, the risk of fouling in this Example is significantly higher than in

Example 1.
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average yeldeispRfibevpelyinEr? s baeontaiding4stesm. at 80% along the length of the heated part of the
transfer line 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. 3. Process according to claim 1 or 2,
wherein the avepage pa@fiiclasiesatithg to claim 1, wherein the average velocity of the polymer-

15  containing stream at 80% along the length of the heated part of the transfer line measured
from the transfer line inlet is equal fo or greater than its average velocity at 20% along the

length of the heated part of the transfer line.

3. Process according to claim 1 or 2, wherein the average particle size of the

20 solid polymer is.less than 2mm, preferably less than Imm.

4, Process according to any preceding claim, wherein the mass flowrate of
- the polymer-containing stream exiting the heater is substantially the same as the mass

flowrate exiting the reactor.

25
5. Process according to any preceding claim, wherein the ratio of the average
velocity of the polymer-containing stream at 80% along the length of the heated part of
the transfer line 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.
30

6. 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 the transfer



20solid polymer is less than 2mm, preferably less than Imm. 4. Process according to any
preceding claim, wherein the mass flowrate of the polymer-containing stream exiting the heater is-
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preceding claim, wherein the ratio of the average“elocity of the polymer-containing stream at 80%
along the length of the heated part of the transfer line 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. WO
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than its average velocity at 20% along the length of the heatéd part of the transfer line. 7. Process

according #F4ngipradbaisgeinahthehentsd peel efitbeotaneferdingter Sline's diameter 80% along its
heated length, D80, to the diameter 20% along its heated length, D20, is greater than 1, preferably
greater than 1,2 and more preferably greater than 1..3. 8. Process according to any preceding claim,
wherein the températurel&peaEs HORMEIAEISGFTH Bscepding wiaistewhaeimche 50% o6 theownsiong its

heatedslengfh,-anch praferably alpng et efills ﬁﬁ%ﬁ,@ggg&%&%&@ﬂi@&@é%ﬁ%%ﬂ\gﬁ@%&&@&ning point of

the polymer. 9. Process according to any preceding claim, wherein the heat input to the 15
polymer-col§iHing st is frsatendjus to PTRfeern iRy idlenpd rad raase prefhebln graeatitmnin contact

with the outet surface, and/or by changing the size of the heated area of the transfer line.

8. Process according to any preceding claim, wherein the temperature of the
10 internal surface of the transfer line from 50% to 100% along its heated length, and
preterably along all of its heated length, is maintained below the softening point of the

polymer.

9. Process according to any preceding claim, wherein the heat input to the
15  polymer-containing stream 1s adjusted by changing the temperature of the heating medium
n contact with the outer surface, and/or by changing the size of the heated area of the

transfer line.



