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POLYMER STREAM TRANSFER The present invention concerns

apparatus for inproving the degassing of polyners,
w@asovitgishar |y ol efin pol ymers. Pol yneri sati on BET/EP2009/054438

olefins in which an ol efin pononmer and optionally

ol efin comononer are pol ynerised, usually in the

presence of a catalyst and/or a diluent, is well

known. The polyner is withdrawn fromthe

pol ynmeri sation r ¢l eMERSTRIEAMYTRANSIE K eagents and

i nert hydrocar bons: € reagents an ydrocar bons need

t o Udierpsesgrieineentioocorcsomorpparatusdoeinpravidg evdegansmgrof pblymers,

.easons nd .many processes for achieving this are
pagis \f\%o@idr%effarh%(’lg?f’.s‘ These processes generally involve

de prresgbiérisatitig o Polefigkev b ash drd Slefif nidRBmer and optionally olefin
pol ynmer-contai ning stream after it has been wt hc?!,r awn
comoppmehde pelyisieed asnadly ip dircresencerpiea ¢atpluttiandier adiluent, is well

I L T
reddeqisiatld rysir lpelasdacine.oMherdagentd heSieydas @rionpineal foybe recovered for

rocesses produci ng polyners with a significant |ow
oL f;ﬁ_?% R REFong R L dgRAYEP RFREFe fphehieving this are
knBRAGH Bld £ Tﬁfase:gg&_@ge%‘ %?%alﬂﬁ%lnb%idﬁﬁggguﬂﬁinﬁ 0& ﬁgﬁﬁ'cﬁilising the

where the polyner iIs oduced i n e presefce o
polyregriadniaying stegaboalter (rheabeén eitbdraiwndran) the Potynmaisatiemmeactor.

capacity of commercial .scale plant, has increased
THE RSP Rt S5 BB S e B gy rom the
reddi&T RIS Bigh b rbet @thded] quiddisidrd JERRAL coffentsN IMRkicdE byphdally

in any part of the process has also significantly
Pro¢esyes asakpcingmobansrh yith@signfigant loav gesisiiyreempenient ot ajegrphous

L .

PSSR SOTL SR SRNAES A WL Sy s 6 FORE ot
pregeedin e pedsendearféiqaidigidyochibghs Gehdtids oe treetpnt r at i ons

(1 oadi ngs). of pol ynmer, withdrawn fromreactors. The
i nc?ﬂ]&é_ga’%ﬁ“%‘?ai’ﬁétyﬁﬁe’é’mqfﬁf i S Pt 8puinprgased steadily over the
yeRiQ! MBAs! 2 aducAbn Wit BB dRrd ¥R G lpb¥n ﬁ%sgﬁ@a@t\’cﬁ%ﬂl'ﬁﬂility in
Increased circulation veloclties achieved for exarrp]] e
anp ypatiiofj Herproesas haw al posigrificandlyiin@easad, smgscting nes vnlattecpdymer

P 4325 and. EP 891990. This i.nc se in_.solids. .
st e € ey 20 AONE o Wi PoALEE Spal iy OWing operating
exp@sdnde Ll el kdBpdr@iondoffihoteding®PRiB koN® dbiBerdRfod Ghdings) of

reduces downstream diluent treatnent and recyclin
pob e vighesaws fromogessers, Thaéncreaan iy selide eonchrtrasiopsliesluay
pog)lfngg‘isg&l)ﬂ tsI }%Qg)lfﬂ?gd?lylb%el{r? nevRl ‘%th‘%ﬁ&lehs%d %g'glglgt%ne@e% ities
esi gn an oper Ing"practices are require O avol dc
achebgthiet ekaiple by higidr faciok poece@litemmtd sdllusmatdddhyrern 432555

ve heen experienced at | ower solids |oadings.
anH%P 89 1%80. %hfg ?ncrease ?n solids loadings ?s desirable as it inc%eases reactor

residence time for a fixed reactor volume and also reduces downstream diluent treatment
and recycling requirements. However, the transfer of the product at high solids loadings is
more problematic and careful design and operating practices are required to avoid polymer
fouling and blockage problems that would not have been experienced at lower solids
loadings.

During, and as a result of, the process of depressurising and devolatilising the
polymer stream withdrawn from the polymerisation reactor, the temperature of the polymer

reduces. It is well known that the process of devolatilising and desorbing the polymer is
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During, and as a result of, the process of

depressurising and devol atilising the polyner stream
wowrdbde@men fromthe pol ynmerisation reactor, thBCT/EP2009/054438

tenperature of the polynmer peduces. It is well known

that the process of devolatilising and desorbing the

pol ymer issignificantly enhanced by nmintaining the

pol ymer at as high a tenperature as possible. Thus, in

s@ﬁﬂéaﬁ?&’iy@ﬁﬁ’éﬁ%é@@? niahﬁalhfn%riﬁé }tﬁ‘(FlyllnExn& B BINEER ?Qx%’hure as possible,

pol ymeri sation Teactor and the depressurisa
Tl(uaelgasbs‘lm))ccsﬁébd: tréinsfertline bpoepmene silyreemsatien tswai hyd the

exa cal, process
oS e B For Bk BhaE s RS fkeied) S5
exBRPW BT t§HtAPRodceaeh WO @anmza@ sn@Wd ashlisE the take~off line from
contai ning the drawn-off slurr }/ surrounded by a
2 lepp aoliymeyipation reactqsrcegipsiees awlashline ersvaiviag thedrdwswdhslamy,

R L T ——

in obdr td jsu@vsirehﬁdﬂd@els@tlﬁg td the spelyy Hetveb@ ing alsoandf lafovetthat the
its susceptibility to agglonerate and/or foul

Stiﬁﬁlai?ﬁééwé the pohgrerheing wanstared, yuissapqeptibifiy ©pgelomgratp and/or
fohﬂ?e[n@ﬁ? 'llHQS dr ”G% Rl gé&rﬁgfjxpa%gsre?%ﬂﬂgcrgfsll %cﬂc\gr%leraﬁﬂg and

probl ens of |ng or aggl omeration are ng nore
desregmng velaaty, wndl problems efdpelay) arqggoliedsioneadbergmingmble

RS} S NS Aou S ML hoc 2, et Loncd above

méfRnBOhBOVR! AS akdsan, dBFHRl @sidnDrHRAM IR 1ih8 FOROGE pbBmerisation
achi eve sufficient heating to aid devolatilisation

reqgtere rguied i @rgelft@@plinnge @rfﬁ@zglgﬂ hyetsngitol ot devolatiisatean widhout

risf e PRl B e Uator <o, rosul ting.

i n dheviohgilieasa dfmhe/gﬂlmef dtftatnAudds ARST@fid bha¥e 0@t stream to
consequent increase in streamvelocity, However if the

Vapisse SSYIIBE EbRBCIEE Wi VGHME Iihg ﬁé@@é@éwetaﬁé ag@pieguent increase
in ‘éﬁ!zagl‘f g%lé%t%{ Eﬁ)v\o%?@ﬁﬁ \fegc%f@%ﬁ:b&ﬁéﬂgo ﬁgﬂ ﬁ &eju,ee?;g 'tlﬂigsonlc

velauity (ke spedad |sb1§ynd is th@meﬁmm);lha{heg twdlanpmm:mfeths ddwr Oakhe other

or a ratjon.of the s | ymer as
hafi it L oSS Sl b ibinnirersidish of Sogior Agglomeration
of ey @RidRoRM & ab BRnlibaSHBLe.| | Ne has to be very long in
order to allow sufficient heating to take place, and

t he A éﬂ‘gleh ceraidenations fllatinéﬁngiewl@t&‘ethc tregsfeniprdtas thke very long in

orST a8 b el LOBKERERT. sl 15680 50 REMTaPisny groat o

1mlpactttlikesﬁahall’;ﬁamﬁﬂigjoﬂﬁél blaat. DHis Eabﬁm e diviieNDfbRdldhes $R as
ten it is necessary to heat a significant

f%tpaﬁfo?ﬁth%haréwami@ the plaals and onfel oldhgeondiigonsdngidy edine Often it
is Hﬁ%&sa@ﬂ@ﬁeﬁ% gg gﬁﬁa@% Eﬁamq@yngfr thé rgféég?ﬁ 1%3;3&@@ %C{aagﬁ%e heat
inele gepsicmgnise Shet itatill beappesiated dhdt enpeihatthut eheyd ymer stream

ressyre, and. with the
amves at the degassing vesse{ at the desired temperature and pressure and with the

minimum of fouling/agglomeration is a significant technical challenge.

GB 2157701A discloses a process in which a polymer slurry 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

velocities for the slurry are 3-20m/s, and typical outlet velocities are 14-150m/s. The flow



10

15

20

25

30

m ni mum of fouling/agglomeration is a significant
techni cal challenge. GB 2157701A di scl oses a process
wo omh2sis a pol yner slurry is di scharged from BCTHEB{009/054438
pressure zone to a | ow pressure zone via piping which
I's surrounded by a nunber of heaters, and which may
increase in dianeter in the direction of flow Typical
inlet velocities for the slurry are 3-20nfs, and
oftslrﬁ?hplg|coﬁ’d’5ﬂe@tby\ﬁﬁiﬁﬁh%ﬂl%spr@b%@re%oplm fre pifife fﬁ)%\éﬁfng additional
slurry is controlled adj usting the pressure
dlhll@manﬁh@ppmqmn@g m@yptiadmllm glsadtohchaltgnm thelinkronbeit ofe’(wdters in

d h h
onffifBhnS o1 fdi P 58 vambef Tt ng BeAtt  fofe or any
m@ﬂ@ﬂ@hg@ﬁmﬁﬂnﬁﬁbwﬁﬁhere is no nention of foullng or
any problenms associated therewi th. The present
i nvekid eseskbianention sepis thiogemiredienting dfithe peyper guring its transfer
ﬁ‘{gg glgé;l[gaét&sto t%x@{f%e ggn%ee%?él agg f'i{ t%@%glg([: tl}‘n% t% Hﬁmgnelgfﬁg Wor

fofiibng armignainchimdiablaiproduet fraftee, W}deaﬂartcbﬁﬂﬁfcﬁbn obthe transfer line
parti cuI ar construction of the transfer |ine between
befweeny ?Wémeglaemoaﬁem@pé.t CHFEATHIE ‘@é@%&.th@p%g@wtream We
e I RO OB AP O g b s
intpyttle polanisoeenthining smhempol ymer - cont ai ni ng stream

Accordin rst aspect .the invention ides a

o ooty i fraighen S renttb Rexids AgSerUh eorg
polyia@sdotdigdg ki BeiR® krﬁﬁ@éﬂr&?ﬂréﬁ% dobafrdi¥atibPredctor to a separation

separation zone or device, conprising passing the

ZOBE péé@ﬁi@ﬂw couphsing phssgtthe mametér@gb abb*eﬁawo fgaters operating in

BRI 8 e DR SUEL B e TR R AR

hdahﬂi@the\ibﬁﬁﬁfﬁ Iind, Mehetdmne tethpdrgtued oﬁthef)olymer-contammg stream at the
r-containing streamat the outlet of all heaters

ol 9%5&%%@ napipRy e RROVGSUF POV RPinb P! iR stream.gadnodigater has a
d;lgrpaﬁétfﬁ(vrﬁ@ﬁ' X{Hey 0Btk sln%%%&e an threg times th% 0{ any other

ymer - cont ai stream More than three tines
heafer.any ot her heater In an alternative aspect, the
I nv nt| o ow des a, process forl'cgeat

pol RN e Rt nyovidhs 8 phfrestor peaing @ polymer-

coﬁ&hﬂﬁ@gﬂrgaﬁi b&QAg BRI ona p%%ﬁﬁé’r%h&ﬂre%@t@?tooef sePEMLi6E zone or
conprising passi ng}the streamt hrough a heater

de@mmnsnmgl@asmea e sogamtthrangh éhe&témmmgwél@strmmansfer line

n heat i n er
wof 1 BTy AR bPk e b B e WS i B pithls
cohtiitihg stréd@aiseliveiled @o & GiiffHet Bé ado doRaftsingNe IdakedRftBhsfer line
line for the stream and neans for heati ng t he transfer

foy fhsstren pRd megpeior hpaingtaayister ingeither waen thg@respyrgdrop across
thD 8 ﬁéatgﬁ%g;r%gé& S%Q’O\A%)ré%é 1 rﬂg/ia%’ti %1'8 %tﬂfpréﬁﬁretcﬂgftetween the reactor

pressur op be en t
and the separation zone or device, or when the temperature of the polymer-containing

stream at the heater outlet falls to less than 30°C above the dew point temperature of the
polymer-containing stream. The further heater is of course operating in parallel to the first
heater. It is possible to delay diverting part of the stream to a further heater until the
temperature of the polymer-containing stream at the heater outlet falls to less than 20°C or

even 10°C above the dew point temperature of the polymer-containing stream.
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and the separation zone or device, or when the

tenperature of the pol yner-containing stream at the
wheabaz7easit | et falls to | ess than 300C above tPer/BERW09/054438

poi nt tenperature of the poljyner-containing stream

The further heater is of course operating in parallel

to the first heater. It is possible to delay diverting

part of the streamto a further heater until the

te fhl& i | iy t

noater e o paf PLAC Y TRLa <Pk Dt OIIDAT LR he
avahdhesurfase deew fpohieating snperesiaiely infreastdkby the surface area of the new

RS SR RSBk FEAR Y 40 o RRRRA 0Bl

heBve@dch@ll i@ a8 iidréde e irithe derhratiRA A tRpd1§meNBRAAiAin@lsiteam at the
i ncreased by the surface area of the new heater, which

hepler pyted. Hsih@ndgessibletnmaingainthegidightemperafsa of the stream at its
ond i : . i

oA 108 dehilclR R ERET RIS SRTEE Srlil Bl theimpgperacre
toddlt,eam at the heater outlet. Thus it can be possible
to infain tbhe outlet tenperature of the stream at, )
i ts Geelly i abayeproges sperates when dhelnpmsatifg rqacion s increasing
it Yo Al 1i6R Wil ' AR {4 o Blidction i
G R e o B ABTRRATY RS B o Budction in the
sopd kgmeniratim ofithe pelgmer-corgainmgrsgesiing i ts production

r at but, it .can also be triggered by other changes ...
ucr 48 e Rem wal QOPE i bafve B BAOGP ST wgivonal
hepel ¥ii@{ged aNpARINI NG (HRtAre@Batel IF tBEVAbEIRT ALY ¥6int falls below the inlet

enbodi ment, part of the streamis diverted through an
verdiy (o ltemetydy iighe areguue dipppaross theltransfer hee pgrngit length

VL. ' 0]] I W_{. Qs

xR B i Ll 2 BOLRE 13 BB oo
hedteoplsacompssihh e ttansdadirerfol ihastrpen atid ireahsefoghéntiay eeetisster line.

t he desired xi mum (usual ly 0.2 bar/m preferably 0.1
In i Fﬁ?dwaeﬁg%m iepmartieal e PRIRFTSORIFHIIAS $iEpa at the exit of all

he%tre%rﬁ %ge{feljlab IQ%Ji%inteﬁ EbSld tﬁ@ﬁé‘ﬁ@ﬁitnrﬂgﬁfg% ,sﬁ?{%%,%ﬁ%ﬁ@@n{pgﬁture of

rans Ihe. In this enbodi
the girqaer attany ot alohg thpdeygth of themilaiansfeglis¢srbetow dte spfiening point of
thexit of all heaters is preferably maintai ned above the
%EWSY‘N of the stream and the tenperature of the

st r eRréier adPeciFithd indbi@ie ﬁrbﬂdés%ﬂbees_@ffom’(wﬁﬁ%b polymer-
transfer |ines below the softening point of the

copiyRRAtIcam baing hersiamgdemm spobmerizavancagar whishiisissraasing its
prPdRE6E Farl B o HBAL1iBH - B0RLURE CORERL LRG3 T eam bel ng
oma po

ransferre ynerit zation reattofr which is

| NCragpadsivg tht streiothuaigheniinalicatd: or Re A& P a4kt dodiprisdiper dnsfer
. deVit,%E’ . whi ch conprj ses a) passing.the streamthrough
tS T

ling Ter e strenom prd mERnsHERRRAISE Sicctne bShbing. inA graacasigle Bpw-rate of
tth: .i*,t%gfﬁ gﬁiégt F%é@é%@%%@%% otf grEe eﬁ)gfﬁlélr)&)n&ﬁﬁné LBORH & the exit
of each heater at least 10°C, preferably at least 20°C and more preferably at least 30°C
above the dew point of the stream, and the temperature of the stream at any point along the
length of the each transfer line below the softening point of the polymer, and then

b) passing part of the stream through an additional heater arranged in parallel to the
first heater, said additional heater also comprising a transfer line for the stream and means

for heating the transfer line whilst maintaining the temperature of the polymer-containing

stream at the exit of all heaters above the dew point of the stream, and the temperature of
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the stream whil st maintaining the tenperature of the
pol yner- containing streamat the exit of each heater
wa@toobazwsss 100C, preferably at | east 200C and nBCEEP2009/054438
preferably at |east 300C abgve the dew point of the
stream and the tenperature of the stream at any point
along the length of the each transfer |ine belowthe
softeni ng point of the polyner, and then b) passing
th®@afdanPdt ahlh @ot meagxﬁéte%m Bf 3 AR deinkiePNAds RRAF ﬁd’é softening point of
arranged 1 n paral to the first heater, said
thaypelyEiebnal heater al so conprising a transfer line for
the er.li.ne
I#Je??a g%n&%%gtﬁﬁg 8% en‘p‘z(%‘ljzt;tetr&q? élb e}dd{th éla heater, il'% preferred
tha:toha/rmfpefa@.&t: af el Ehdradmaiing hﬁeaﬁxattth@éxnacbﬂ catieBéRdrSs
above the dew point of the stream_ and the tenperature

mypiained ¢ lead 03, riplprabdy #ileast dWE Qrﬁiénq)r@ﬁ)@@fﬁrab}y at heast3 §°C above
thd H?{Jﬁeﬁ{ ofﬂh@?&ea@ﬁ' ow the softening point of the

Once part of the stream has been diverted to
t he Aid&lattdl aspatt dfeld leenttdn previpesef @o e f(ﬁlﬁ&ﬁtuﬁg‘tmpolymer—
erature of the y r-containi n%streamat th

cogtg n%etrf@glc 1%5@%;{ APg ym;a‘ls%ltfo r@gcg@r teweparation zone or

depfc@f@ﬁiéﬁ’lo&n sdseast 200C and nore preferably at | east
00C above the dew point of the stream A related
as ped passing the streavrethrough 4p faasti tdedicateprapregsl hgardiebeidgich

cofuP Sl LRt Ay B bR S s HrRR e b B R pretoraly
whilit 6RiGAAREISEeRmpErapas 5t the pbh@@tobﬁ@mlﬁgmmagthtaﬁe &:888teach
two heaters arranged in parallel and each conprising a

heptenplagvethy devepeint ofithe stgqapp ARd Hisdempaase of thp saedunat anygoint
alcgr{éﬁ‘gé Te% H dF6 ea%h%faﬁgf?lbfﬁe B, Sl s%?t'eﬁ]ﬁig#)etn? dr tthg%oh/éner, and

erature of mer - cont ai ni n ream at
deeversing thecfhmhrdteaf tae s'aéxmv entlilitike dﬁw:it},Oeit nic ofit dfitke héaterdhtls below

and t r at of the stream at any point al ong
3UnKy Hr%eﬁ‘é’%’g’r%f ch transfer line below the
ana%éneajlsﬁgmﬁg H{ﬁvn Ghe bh@lemettgﬁ%d Qﬁﬁ]gﬁﬁ@ kP& &Qgtt}lﬁ%ugh the

| ow-rate of the streamuntil e velocity at the exit
remﬁlntrtgehda‘@apeheaftqbl s bel ow 30m s preferably bel ow

nd.t hen Sshutti domn e of the heat.e
ana Nttt st el b PO <A Bt frfy R e m one
enftR@iBént OF tHeaAtRtidn, thobolghleri®dticheactdransh ?[urblit? ©F wilMrawal
be required in service at any one tinme. [n one

linspisaeh prevhichhag Keown antedine. (lihe ipen{ipe pise sdusies within its scope
C I ﬁjrg -

th%\ﬁ?e ch%L gif@&tp%rtﬁgtemyg rdgtﬁ:é &Btr%‘ﬁﬁré&gv%]\@? w%&/@%ﬁs%aﬁ %a I%%efment being
onlemotuﬁnimcmtﬁahng de\neesecmmi useeais ef edchsrangleelio.

par gl | el nce trating devi ces, with the usual

arr h& ﬁ]fre(i) aha en at east two Neaters are operating, the average stream
velocity across any cross-section of each heater’s transfer line is maintained between 2 and
100 m/s, most preferably between 10 and 70 m/s.

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

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

no more than 15% greater than the mass flowrate exiting the reactor, and that the average
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one solids concentrating devices | ocated upstream of
each transfer line. It is preferred that when at | east
WO wmohzmier s are operating, the average streanP@UEEPINY/54438
across any cross-section ofgeach heater's transfer
line is maintained between 2 and 100 m's, nost
preferably between 10 and 70 m's. Generally it is
preferred that conditions in all of the heaters which
veRIcRy bNtHeSR I RherddYtaife bikdih §§Hei' sf p R g8l Mong the length of the
requi renent's. References below to ?he conditrons In
heptad pit of eachHwaster liag measuresl feom [thenteanafes ling o ef orras the transfer line

it t f t t
oo R €l bR By B Rt SRR S gty el T
of tThe msidihenReloyRB0YeldiShe tdhath cTTHe hald bt chfietransfer line
total mass flowate of the polyner-containing stream
is gsqpirechigt arier to redue Hieaisk of §outmgn6p@ertlhaﬁ theseetpce aeloeity of the
t
poliecoBBTEE SreahPY R srhd oBRn AR B B0 iy i s

gredtéritean @h/sait poil also 86 Wato Agintdne's kethg trangér Ihh:&)dﬂleﬁ@vﬂthe it is
art of eaich t rangf er line npasured fromthe transfe
mere ganyeqicatly myasyed), Hewereihs awventionealsn qacempasses the possibility that

thd %&tyﬁa‘c [tﬁec'outﬁf ﬁﬁ@&rélbché(n @ﬁ'r/s karﬁﬁlie%u@ﬂg? gﬁ? i€ular co structlon at

preferably at |east mum ve ty 8
thedwlety t he Iength of the heat ed part of each transfer

line is,re order to.reduce the risk of. .

Fourt igsoaaeret 1F e ¢ Faes Uup S56Tet Bivins o ainipe sream a
8op@t1mgeﬂreqargﬂabﬂthe Bestbd ﬁaﬂbm%/mhﬁagnﬁehﬁedseﬁetftbn@thettthesfer line

heated part of the transfer line is 9reater than 6nis

inlet is\a! tipsgreper Gee s everagrarel @iyt 30%tadeng thalesdrof thebeated

paﬁlg)tflﬂ%ttr erlgert is nore conveniently measured).
wever e I nvention al so enconpasses the possibility

t hatlt &HEbe/aippedidtyd et th @oButdrebntamhin OWREmIFARs BifbEgh some form
for examfle due to a particular construction at the

of gifeliag at g1k es G ShPemertiplear ediic pelymayeatiagacapiragtit i enters
thQbech i PRMTPEGRNL L N1 RS SRR, BIMALCRGohlifered to

| engt h eat part e trans
Comaswﬂleqboftrtmmftplqmlme &osf the bbgmmng lf gte liested geradontod thoer transfer

L5801 300,90 Ot P o s o

heiited kedBien9PRI @& cdhedt hedm! henpR} Mﬁerme‘ﬁétttar Rk needsrtetaatﬂer
passes through some formof pipeline at all tinmes from

inglydes i faits peopk dapviessibiisy pba yembiredheged sestionsoronneeted in series.
T 'e%uﬁ@t%ﬁ{tl’ée&%&ﬁea?&?tﬁ%@te é’ 8? tl%g lh(e:ect)tEr Irt%éeoﬂel gr%%§ ?1& gnd of the

heatbé squoioh o6 thedfnepiriethe hﬂetfdf @l lidaeer lﬁe@n@lﬂbﬂeg t®be htf‘tﬁe start of the
heat ed segtron of the transfer line (or the first of

heige serbigp od thedinei Whey thisatedisretioany ﬂ@ﬁ lipgigcorparaag the single
he®€§ Eéc‘ﬁ@né 12@ e fhtehiRE tn)%@?r?gerﬁg Gh Iﬂ%ﬂea Ere tﬁé ﬁne caonmsts ofa

context t trans I ne
nuhé)ﬁeoﬁthﬂdreie heated sections, one or more of these sections may be separated bya

pressure control valve. By “line” is meant any form of conduit suitable for transporting a
polymer-containing stream containing solids, liquid and gas. This may include a plurality
of pipes or other conduits in parallel, enclosed within a single heating unit.

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

However when considering the length of the “heated part of the transfer line”, this length
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includes within its scope the possibility of a nunber

of heated sections connected in series. The outlet of
wo bmohzmier (or transfer |ine of the heater) iBCT/EP2009/054438

considered to be at the end;of the heated section of

the line, and the inlet of the heater is considered to

be at the start of the heated section of the |ine,

where the heated section of the Iine incorporates the
exligd oy NRALSEd $84HhO RGO lcﬁﬁem/l%riyg kg c%ﬁ%%i's@sns%vérgl heated

series.” In the case where t i ne consists a
sentiorsgoined bﬁusimamde;etm‘ais,etﬁe kmgth lon§thedegteois thotoal dhgth of both

t hese.secti ons be separated b apr e sure ontro
80 SRR e R 06 e b1 B GA aH o S eageg line” i
thé Qnghly %ﬁ@ﬁ’é’a&éd&cﬁorﬁ@nmo%%éﬂg"ﬂh@ 'lé'h%thc'éfr tﬁ@Héated part of the

contalnlng solids, liquid and is may Include a

tragister dine tsythes 2@ @b@g(ﬂae totah éﬁngtimfdm hentddrpeptaealangt, as measured
ﬁ&rﬁ%eosga?r?o%“fh%*%* { iy By Meguieati ng unit . vhen

considerin ion of the heater described

bel oThe \telltﬁtlﬂyQﬁglﬁdedlymsr-&‘dhlﬂﬁmﬂ seehrh & REnkdes thetalumetric flow
| engt h fromthe inlet of the heater to the outlet of

faE Ener-¢pR g Stm%ﬁ dvadnst bydhe migsst sestipe bl seeam Hew path.
"he d, f
| en 3% ex C ?E%Fegé‘l%&n gl?[et zévlee (&;%%af I’?isocnsf?]lb asm ed ?},161. acp gogd of at

1eaﬂhémnatehhuﬂr&rmomrtban Bhsursenss tie cheat @dss%Ctﬁcerﬂiﬁthe stream at any
ned u eat ed sectipns, the length L of .the

04‘?@:9 r&rﬂlqngt S‘ih gﬂhq t&?@f@ﬁﬁs? TR SPTH KBAWS APSITHr e daru of

p&ﬁgéﬂ-éﬁﬁﬁ}ml}‘i@ S EAS ikt fhe tFaﬂgfephﬁé isldionfRRLEds %sttre%fn is first

transfer line" is the length of the heated
dls@@tgeé rﬁ@rrothleyeacm%talsgwglg lhgs, Mém@tthemselvdselmha@e dntp &ret transfer

he transt % total
i gt A et e it PR oS e e i G usine o
mﬁllit%r Sf mﬂlngﬁegts hﬁnﬁi ﬁﬂ hndl@@é}ﬁidgéiﬁ%%dltwﬂce Tﬁ@ﬂ&ﬁfa@@éﬁtb&leﬁﬁe stream
ynmer-containing streamis defined as the

Vf’mﬂuﬁ%ﬂﬁ teangiepling wnot senstant rstayiam i Lomiae snmdsoscraEm
C

co%h}ﬁhﬂﬁe rsggzg‘gg gflhgfé ﬂtﬁsvg% ctohﬁglhgé t%@cﬁscgltgi ggbéﬂé@%aﬂ?%@oved in
ordeas preventdveidup oﬁpmllymdr afd missibedstling. Mhowitesinipsitanioo consider

nore than 1 hour acrgQs the tjre cross-section of
gt SRR AP S APORS SpOTHE BROAE 1 SCOBRG B oTe RRstant.

t r angfeSfolkinB@ic fldly $2E8s HRAWRA ARBIA SO Bowk BFech R¥theQblid,

pol ynmer-containing streaminto the transfer [ine is
ligtisarshgas phanss., Thesanadvat of gasamd liquikdi md their sespestyedlensiten are
e R T R
redhiting H@i’ﬂ bhRBcd, BRPodifidi) pkddsurt badEhfierdthr@®f €@ stlR8m. For a given

snoot hed by using a nunber of settling |egs which fil
MHEE Gt 88T BPigEOT tHE beaiere Hv@e'apw@fmtl @wsaat lengfen ¢fenyessure and
te@éélﬁg \éﬁg Iﬁl%'pﬁ( shlré ;t(r%ﬁ%rg nlﬁ'gﬁéhe 5 ?alkdz a @%1:1 1819 8? ‘Ba@%[n‘ fraction

andnmgzdnaarl geopsds (§déo thelpvassaenhd cdrﬂxpemgmtebl ehedhﬁse Iﬂ@wg ¢hel feat
revent buil du

tf%léf ' 3%4 %gl l %engb\éile%w'e E: ﬁﬁ%%‘a’qﬁﬁ golyed fogethipd he ggﬂic ggations to
estBNSH @8 bressure gradient in the three phase Vapour-Liquid-Polymer flow are the
conservation of momentum and energy equations.

The average velocity of the polymer-containing stream at 80% along the length of
the heated part of the transfer line measured from the transfer line inlet is at least 20 m/s,

preferably at least 30m/s.
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an average velocity over a period of tine rather than
the velocity at any one instant. The volunetric flow
WO 200¢/12%43 he sum of volunetric flows of each oPCT/BPR2009/054438
solid, liquid and gas phaseg. The anmount of gas and
liquid, and their respective densities are cal cul at ed,
where appropriate, based on thernodynam ¢ equilibrium
properties usually requiring heat bal ance,
COMPPRI dréRited AREARYLSA SFILk ﬁﬁémﬁfvﬂiaéé? Bf ﬁlfe b e?—tcE)ﬁt%ﬁﬁng stream
For a given m xture, at any point of the heater, the
exytangaall offthabeaters is o mofeuhat $% rafterphashe masafiowrate exiting the

t erature, he pressur radi ent through a pipe
ret GO R ETb IR Gabtniesh B ok it R gpefieBi R Sther
wHORETs hr&erré S Matify AdIRidHAPASM IS adRd 16 BRRRIBRH Bhtallifs stream
mass flow, the heat transfer and the thernodynam c
bepyean lpprng the eeastasand exiliag thedwetetrer . The basi c

eauahi R0 S hBIRRLAGE e kAo BN I AT e ol 8 ontaining

t hr ee ‘phase Vvapour - LI qui "yier

stleansativeby 28 hbn DOVEBAIeoa e RAhTYn Bawald)@¥8r ankhEhour period;
average velocity of the pol yner-cantaining stream at

R s € )
thig eSB! FHE crBlinfions SpwWiine the litrsder Jiue dusfto cpriinuous discharge

. r a .
L A RS0 SO, RO, bl Tl s
memedlizar 2056 (hased o the nsammof Adveraepsondibtenrvaitiedisaftinbeus discharge
& ol.ymer-contai ning streamexiting all of the heaters
R UETHEe than 5% greater than the mass flow ate

exi tTHtheh s £rtﬁ1ﬁge§3%ssurﬁﬁﬁlor{‘@ﬂ' t8e BHISHRE aBlah 4sSit &Q@e@ﬁﬂg% the

or less than it exiting the reactor. In other words,
trgngfer Enpiocthe degadsing sesseleanttd iatpirogradsivie vaperisagiom diighe liquid in the

- [ ni. . b ' he.
s A Rl IR R RS R B R Th ST i

reduifenionusan shitsly whoe de@gting tHewraatfer Die infder to ensure effective and
Qggyner-containing stream varies by |l ess than 20%
relapdc el YR Transtorand Reahtepoifr avé)lsidug velesitias apbance heat transfer

o GRS M B SBTEABI G1 e 1
impheagcheraferd ©aici able oeatinise. transfeatinalengihraat] idieeneter while

enbodi nent, the mass flowate varies b e than 20% .
DG BE  E AR AT IEY S ARt EORSP ARGt (A s t0 oblain a

sufH SERRTdcDPBedbSIGHRT Soin 4c0sptitietniRed@e: The heating
and depressurisation of the polynmer streamas it
t r avisuging pegvgs mhet comarfewhpn pembivinglewdelpais iwith high

el se 0 ssive vaporisatign of the |iqgui
bR SIS Tt B B i PR B e e 4
m@lifnge bherall heg trahbfer eeffi@ert ®Bfvded tthe\gall @6HhE ERRNASHOWE a certain
satisfy when designing the transfer |ine in order to
wallisiperagie.diuid @ndipdongr icalst ® gesiaghith theanetplesurfape) and the wall

su{f?tg%] bseﬁr"él?l@§ Etﬁ‘faunm l!)ﬂ sﬂi)lg Qaﬁfcﬁlr%}nt\;ulfﬁéh Fe@lﬂ@&ccﬁe Hga%ttransfer
coefficient (film flow). This typically starts within the first 20% of the length of the heated
part of the transfer line. However at increasingly high delta temperature values, heat
transfer by radiation through the vapour film becomes significant and the heat flux starts
increasing again. As the vapour fraction continues to increase, mist flow occurs: the liquid
1s dispersed in droplets inside a continuous vapour phase which impacts the heat transfer
coefficient. The mist flow regime usvally commences after 60% of the length of the heated

part of the transfer line, most usually between 60 and 80% along the length. Thus
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and generally mnimse fouling, they also | ead to high
pressure drops along the line. It is inportant
wo bmpatene to be able to optimnmise transfer |i nECT/EPZPDN054438
and di ameter while naintaingng the required heat
transfer area and heat transfer coefficient, so as to
obtain a sufficiently de-vol ati sed pol yner at an
acceptabl e tenperature. Fouling occurs nmost comonly
o . o .V y | P o . .
oS! AL Rkt hichag b TR LA fow region i
eqoyldoanhigher thgn fiasinetke Silmtfloat repivdi Piefdritdy deetvatdge helatity at any
transfer. coefficient between the | and _the fluid.
PORHSY edn@&ﬁ?‘girﬁg%ﬁ at E)E'élﬁtp at IBPTé,PVf\ngF’Ej‘Bﬁ’oaté%t s Wrfyen at least
108 SWhbMalRRE AP the Wghia it Q@a?@?&téi, a?tlfé‘ &%a@@qeg@% Mgk,
surface becones surrounded by a stable vapour film
whi direfeeably ths ratireoftbabvaragarel enityod dicf padyreert copfaihing stream at

ow).. ..This Lcal ly. star within.the first 20% of

sk thia ot e 67 16 et B P MR Pt e Vet at 20%
al SIWBY Rdngdl of tRE heded Rt of the ensd@!1in@ id ATRAE &l ULRT MeleyRSferably at

heat transfer by radiation through the vapour film
legséddres significant and the heat flux starts

I ncr [ ' t actlon nt i nues. -

| ner Cait BRRe ety YPREHLerpd o TR G Ripinine
stidamplt afla df risd lebated pagnifitnuedmsfey Apauy;, plaseeae e6locity at the outlet
ijrtggacts the heat transfer coefficient. The mst flow

Repked pagtAtithe EyisRe dinesY alt Srate0wsdi - 1y il mersgrpiceply greater
; : . S ' sualsl :

o ery o ERE o o ORI Rl ybopSva ER T Ve 80 s Ttis
prefened thagtieiaverage velpsityugubd inldid; ist dtdeaat/Zmég erofediblyiat feast 5 m/s

i.n the mst. flow reqion.is equal or . higher than
ang e PRt FASTS B0 1t Pish e Biede SEIYTRES ujaatilow the
soMRI vREdclty. AbcordiMglRai BprdfBrédBatths bvdrh QN dl &Sy tHeoulbt V, is less

| east 4ml's, nore preferably at |east 6m's, "or even at

thae@@ 0/Y, praferablyiess thanntstv/salypiedly YiYuitetileasel.dpoprstusdally
r ' [ C P [ he rati
Sy ALK LB RO UiP 1, L SRR bR S
st r cRepastin@matiapgpirtielelseref theablill pelyhaatiethe palyimefcontaining
the transfer Jine to iérgp aver age vel qci t% at 20% al ong .
SUERE. PERaEGPYLicletze iz defiepdsnthe gre atmdieh dNebarwaighef the particles

ar { tysthokie 0 11931 Barticle (sRve
aboll g gg:'s Hﬂﬁﬁme&%@é ﬁﬁ#@m%s’rﬁﬁﬁ 19%1@ 1I'tﬂ { ('ts§

al so preferred that the ratio of "the average vel oci
anefysishel Rlasticridatedalnt Miethiod gh.. Sthe salidsatonient eff the polylrer-containing
heated part. of the transfer.line, Vi, to,its averag
SGR OB o3 BP0 Peine Hobedbrpe bfndHge f e siream
entérﬂ;?&ﬁ@fraﬂslfd?%ne W85 a hizh@bB&d @tdnbaRt datd is BRIl Camount of liquid
preferably greater than 1.3 !.'%/pl cal values for V are

requigedrip be heated enddorcevpparated seduced, bubtharselié pglymes et the inlétsan be

. rage cj t t-the inlet V.is
B B RS ABUAEH B LR Ll b
anugt ef ledat int@thelt@aster Bnanlisis ithportmit as hedosiap@phi€icleQize of the
mai ntai n the velocity bel ow the ) )

solid polymer is below 3mm because the smaller the average particle size, the faster the
heat exchange between the solid particles and the surrounding fluid. As the pressure drops
in the transfer line and the surrounding fluid is vaporised it cools, whilst the solid particles
remain hot. Thus it is desirable to transfer the heat of the particles to the surrounding fluid

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



10

15

20

25

30

sonic velocity. Accordingly it is preferred that the

average velocity at the outlet VO is |less than 80 m's,
weembarmhd y | ess than 70 mi's. Typically Vo/V, , PCBER1009/054438

| east 1.1, nore usually betmeen 1.2 and 15, preferably

between 1.4 and 10, nost preferably between 1.5 and 4.

Regardi ng the average particle size of the solid

polymer in the polymer-containing stream average

su@ﬁ'élérit@l Iﬁ?i@ tB& thessdl’ﬁfdnﬂ %1@%%@?{)&)‘}(?@&’5@1& el eRPelMire, and the

the particles are collected Using sieving
Sogﬂ&mrf@mabw l&c@@mdmg tq be imdEpt @uilitgpm piththebhudk @Skave

| f hod A Th
Cont e SC e Bt B Bl T 4 ey el T 2,
arili g6t ipk€famably imaﬁin oAt TR BeRideOrti @lsii¢ e evieh 16WAR, such as

transfer line. If the streamentering the transfer
8Q0pHEOTRy$n 40 %W@h solids content, not only is the

I
o A L R AD SE Bor
trayafer bae mmbrmas thehiaw fioie odtitd meamehmﬁraﬂw the Ceﬁnﬂek’ﬁure of the

tream and therefore is carr nlflcant
P mwe%qntamws SFR £ BT 05 eGR4 ﬁﬁ%?rﬁ‘awtlor%f% above the

ﬁnﬁMﬁﬁ@ggnﬁﬁ{tlc|e size of the solid polyner is
ow 3mm because the smaller the average particle
s i zelf isteheo raferred tha éleheiaperemmaﬁ@e stoeanyesahl 2lineg the lhieated length

cl dth f
o st et mrfuR b i ger e Saf o ap RGSH thie te
solft%nﬁ/l'g @@fnlt §ﬁfﬂlelpbl)@1@@ |1§deﬂlﬂéd la§ thetWieatseftben P aigeedt®® according to
desirable to transfer the heat

A%TMt ]ﬂ ﬁ?éaﬁ(? ép@ §n<i%’ atlﬁ’fél FUONo Ukt ingrertraperatise dtaydiich ¢ flat-ended
N e
tetniperasot rafleats dhd paintthflzafieniap fr oedxpatied wheme ngeral is used in an

t enper at ur e, the solid can reasonahly be
elgy fa’@P%f&t%arBﬁm?%OIh SRlESISREFICH WhIRR w‘:t%wme?nwmavad 6.5mm

thfchcléhﬁi at lleﬁst'lgnﬂ{ ﬁlf Widneshd llaﬁ’éthtlg gla%él@fnatﬁgte@ﬁﬁé nolgda?at% @&t example

he solid polynmer 1s |ess
a %Oéﬂéﬁéblsy 4 BBV Kokl Smm]'hethat/@a @gmtmang ncetdée swhzdl has a
can be e »as_,800 or .even
orf e Rt a WSl o e 32y OF T Bhs R Purtaeg il Lo g from the
dg r R asndadf 10NEs apibiledtto @fe spb@ntehamsé @ﬁecirhé}ﬁls itIerdB@¥RALRS an oil
oint of the stream Preferablz the tenperature
il

baglf att eCpding path-ig sritedishp raje of P EAnpeathouhentih é@t@ﬁdl@meﬂetraées Imm;
the F&ﬁ%gatum% Ethcrherflﬁ %E’&g isifle %)%er rﬁegl%%%itgrﬁnggﬁgl%v poi nt

stream So pre
te nﬁéﬂféﬁﬁ&ﬂsﬁakb}ff trinisdersddrie ala pdl wabitconltaimigg ktheanh Bﬂhe&hng the internal
maj nt ai ned. pel ow t he

A a@fg efd%l{egﬁgﬁg%w:aéggwléamlwya@h@ﬂ% Hreritgriiyrface of the
o 0 e L e sa et e
the gdemalfsutfadé offthe sandertlve. Tlﬁﬁmwtillly dorat bywthianfing the temperature of
thtfe hge}ti_n%r%geed?um in contact with the outer surface. Additionally or alternatively, the heat
input to the strearn can be adjusted by changing the size of the heated area of the transfer
line. For example, if the transfer line consists of a number of discrete heated sections, the
overall heat input to the stream may be partially controlled by adjusting the temperature of
the individual heated sections, or by changing the number of heated sections, ie by

switching the heat input on or off to one or more of the heated sections. In one
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needl e penetrates a specinen of the polyner to a depth
of Immunder a load of ION. The tenperature reflects
wo bmopwiemt of softening to be expected when a PEL/EP1089/054438
is used in an elevated tenpgrature application. A test
speci men, which is between 3mm and 6. 5mm t hi ck and at
| east 10mmin wdth and length, is placed in the
testing apparatus (for exanple a ROSAND ASP 6
erﬁ@&ﬁ(&gﬁ_ﬁe%}(/%ﬁ 'E)eat%ﬁpﬁt@@?he sB8aR N Hﬁs"i’éd Weﬁ%ﬁgﬁﬁ%w tBe
has a cross-sectional area af 1ts ti
temsmaglrg nf theentepebiurianc efithe sreastat linesiashe Ib(mrori from &(]%to 100% of

R8s R3S R b AP Rised o SaiatS gBPR o7 Daed ong. 105

alfepdisibie thad SeahtahatdnlAte Dove AR iPEanPRB thdMkh bvhidheis heated and
needl e penetrates | mm the tenperature at which t

chgaging ghe tsmppiatoye ebibe deftingrmeiumempe bacmployedieat | s
usu aIIt syprgfeﬁ%ﬁ ftfﬁﬁ {ht qeltng?rgg?e &oﬁlg rﬂ:f‘?m%lo ntal en%fqgg ﬁ%}iﬁs‘%ﬁg}ne from

by heating t ern surface o He'

5096 it Y06 hRagiin @emﬂldximhl 8 nagniiaed bolbw thd dafteAta@bint of the
urface of the lipe. Thus the heat input to the stream

Pfﬁgners more prefriphlythel teamiperatuns gif thy 1nteanal sirfrce &f thedragster Hae
thgdﬁ%ﬁ&ﬂ&}!s Hekted A% gthoi% nldhRaihb@BEES thd | dﬁeﬁmgﬁioﬁt of t ﬁg%gﬁ

ch angln e ten”perature O
in dbmtl‘aeﬁalwn'ghhtt temperahee of ﬂmﬁm@ener%dtatmmg]afdam ainthe heater

rnatj vely, .the. heat input_to the strea an be .
ofle} Gl B P R B Rl Pobing it el SeaEan e Baniger line below
thé Beftdni@ i@ oflthd ol ykiey, it8% 8ERItke tol dnstil endt Eﬁ REHRMiuid B the stream
consi sts of a nunber of discrete heated sections, the

is goRarERd bp g time hgtstrean fmh@tthehmtmltbleut@atm saineyime the risk of

i s L 10 Ll B PRk B AR iR b maymerisaion

readtol@dtaibeastid s, th@tehipeﬁdt\m& ofitHednfehfl haddcel loﬂ ﬂiéttrdﬁ@fer line
or_ off tqo one or nore of the heated sections.
mgheWBEE RRIRCOVE Hie tenesaiure plihe rqaﬁi@qur@ pph@l@”th@é@mau density of

9355%4551%@‘({ Eﬁ: rﬁ#&%@@m Qv@ﬁltéfng I'e%mt)ﬁ{ ?, ﬁéelletrt)i:)breett\?r%err]} 75 and

i nter aceo the tr I|ne
130 Orprefvat pbdt0ees 83F and H)S‘i@aF@ch Ib(ﬂyngtﬂhavmg edaEritpof §53-965

the portion f.rom80%to 100% of |tsh dlength. It .
kg8 ROt M FEETA B TEAY SRR G7 e SERVRD s
préf@rablabdiveeh 9hgh@r®acwhi ch is heated and changing the

tenperature of the heating nmedium may be enployed. It

i s phefradyraer-containing streasnisarrelembly withdraen ifromea pallymensatlon

reg‘#&f ;ﬁ‘g g tt(g tfyglﬁé ¢ %]a%l Sfarerlrsréflern Iltug]ee i eag%%oo/ ﬁié&eolgq/ t?lﬁ%fore linked

difgilpto bk pbhgnepiehtydiBkactoO Itds @lrs@i)ﬁf@[%dythattm@oﬁmﬁﬁ@ttthhﬁffer line
. of the internal surface of the transfer line
18 CHMSEIGA directin 1 aoatdsy collasting of sspamling sesseloviveh sprefseably

meifaiRRig P%%{}E lggh thg\:qn&? on{ggr ca@XreHWag(%lﬁ'cgﬁ 3o tc&{lﬁ:gsed and

tenperature e pol ymer - CONt Al i ng stream a
retre@tedrwithaut dte rebdwka tdeemgessipoi Titis odssdl heusialie apstrdanit of the final

tl i .nt ernal S,urface of the trtang.lf?1 i ne hel ow
po ymer treatment and extrusion or upstream of'a er polymerization reactor. The
stream may be continuously withdrawn from the polymerisation reactor, and may or may
not contain active polymer.

The pressure drop across the transfer line per unit length is preferably between 0.01

bar/m and 0.2 bar/m, preferably between 0.0125 bar/m and 0.1 bar/m, most preferably

between 0.0125 bar/m and 0.04 bar/m. Typical pressure at the heater inlet, P;, is 5-30 bara,
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the softening point of the polyner, it is possible to

ensure that all of the liquid in the streamis
woapontmexl by the tine the streamreaches the PEHRER009/054438

exit, but at the sane tinme fzhe risk of fouling is

mnimsed. In the case where the heater is positioned

bet ween a pol yneri sation reactor and a degassi ng

vessel, the tenperature of the internal surface of the

Efe@mtmbr)&% PRYGE: HRhOb@ A 8disaDRvaIS NS YR hAlULBly 7-1
pr t he reactor. Forea pof)yrrer }188@ gB;a density E)Pe% By 7-11
’02985 945 kg/ nB8 the process-side wall terrperature |s

typ contro etween 75.and.1300C, p efera

porbdhe {8 St s Slos IR ndy e oRtiieeng tRbRAGREY Y reactor
andfa @pBssBHaoy kM, Re f)ﬂéﬁsupé SB35 1 te@sioRlihe LHREA Héf@eénsﬁ% and

ed between 80 and 135C, preferably

q})/pl cally control

etieisrabbsbeiwgen Hod, 3 5thef tyraépm@wc érmrmg)@nrteam is
t

chﬁ%f‘fsraﬁglll ;éerili ro¥“ Qrgc[ @W%n{r%g M3 d@g%sénglviesﬁsg lon reactor

ran and each

t r anafagrefeiroe ezlnbb@tnehﬁthte pegcedsarfehd intk@ibndin tA6 tAsk wiire the heater
t he .polynerisation reactor. It is also preferred t hat

1SPH%tl%‘1ﬁdl befwesn anedymerisatenrearipand s degsnviag vesseldthe petympr-
conrifin ?g’t}‘)\%ﬁ{ isHRhle8 Qﬁdh:}ﬂat% 1SRRI gre\féﬁlﬁ?ﬁ f@lgét@%{ﬂo%{o and

prefe y maintained at a pressuré‘suc
modt @phmaby 0 @doraphthe hgdnocdbor fimde mdthdrazndfrore ¢1m/;e:ﬂﬁdensatlon

out the need .of,.a reco res This v
re P B GaTiot SRR RR I Bt et o dgessing
veSel p#é?ér@ﬂi#%&ﬂdfé%%f Qﬁﬂé‘sﬁﬁe Brehidf HHARN H&?A Wt f[n%?etréb@?b tween 6 bara
react or hé stream may bé continuously w t hdr awn from

andHd baw yhadst impanthiomerapressore drap dcrnewthoﬂengayofrtbt heatertediless than

d f
0 8B HBOREE o e 5B hOR P ERRE Db Sk iy o and
0.:bak Iﬁ:r Z/halthes behebeidibhythheihoaeiedlof bi&shautdp d@dg @82 o

nost preferably between 0.0125 bar/m an
PYB&CFFW CfF}/ @5? lpr ro@gl@ﬁﬁdé?"ﬁlf atlgh ks doadingsat entpy intq dhe heater. It
B R R Ay ey et

T0vdva mOBmmfemb&)abeiwmeﬁ@iNﬂ%ﬂ end 6 aniéf eheh thee;tman enters the heater,
eact or and

AT T R LI Sy b s

vary B mofe ﬂl)ﬂ?'ﬁ%' ﬁéfé?@rsl 6@né&%@ﬁ@"/@q{%nﬁ’g@gébﬁ@bé’nod One way in
between 10 and 35% the total pressure drop b

whiple ﬂpsnrsa}lrt@racbmrxbrs bcreamgarcoamuctus gatbert thgn dlec(tnlhleuous off take

SSI enbodi ne
R AR saoh R Dol AL BIB8 ShRE e EiBbined i me
expandinsdiaimene dehet ovablas thepRésyimRidrSRbf A heR&b BF ndififinided.
degassi ng vessel, the polynmercontai ning streamis

heathga th@ﬁarstlalrctlméa%trle deaten itgelipyt e wefereg thet thegade of the
tra%gfépin(@ @Bgﬂet diameter D, to its inlet diameter D; Dy/Dy, is greater than 1, preferably

between 1.2 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
of 1.9 being most preferred. It is also preferred that the ratio of the transfer line’s diameter
80% along its heated length, Dgq, to the diameter 20% along its heated length, Dy, is
greater than 1, preferably greater than 1.2 and more preferably greater than 1.3.

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

allows a greater range of polymer-containing stream flowrates to be accommodated by the
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nost optimally 100nol % of the hydrocarbon fl uids
W t hdrawn fromthe pol ynerisation reactor operation
wae@onzpaes i sed before entry into the degassi NngPUBEEBR®N9/054438
The degassi ng vessel preferably operates at a pressure
greater than 2 bara, nost preferably between 6 bara
and 12 bara whilst naintaining a pressure drop across
the length of the heater of |ess than 0.5 bar per
heﬁﬁ%&?‘ U@fé?&Welﬁmﬂpazﬁﬁ@fer E’trtﬁg Hﬁét g@ﬂnlt{@ﬁetlat%ﬁfrﬁ%@belﬁcity even at
between 0. I bar per te/ .3 bar per te/
lowebwrﬁtgsmddum the hisk OBMmgseldlslt @ngnegshargr dramr:t@et the outlet

caffdupiodhs PCSH BE UGS oGt boibd BRE" A Wi Mvgores.

Hapn8d afchedahdeadf cbbéﬁ:ltﬁd@'lé patic@ml e hilustle Biltehg start-u and shut down
pol ynmer -contai ning streamis between 35wt% to

opgisiony le pedents pduwerthedpk shiawrstiaem bwkegankica alsh @referred that the

er
o BUREPbEE BB 0BPYRCn POl e U LB i
veg@htleyis deEISedmstthe/ﬁut@‘ndiyhdim& dfhl@dﬁrérﬁfér llﬁé af g @hle}l a0 D; is the
t han 5% ]gy 30 second peri od

in{SFTAL flagtites o i BESKE e vt Mt Byhetrsin @uféetéaﬁrirlﬁmfd%e transfer
e D88t ag- f@vﬁﬁ;@gﬁde‘é‘&ﬁ% of f-take from the

pol yneri sat on reactor. Such high solids Ioading
operBtd interreb rﬁamw@i Dnof the tiesfexpmrispredgerabis raeteeﬂ 20emt,end more

e les th he .heater to
usrr?‘ﬁvbﬁlﬁ%gsw ararnm Sl Rel P eeron oral g Hebepeen S0mm
andt136him. IS preferred that the ratio of the transfer
Ilnesoutlet dianeter DO to its inlet dianmeter Di

Qo1 Ghe tpigl pngthitlen! thpheatar (inplestineg bastsd andtunbeated scetionsd, and
bl MB ALY i 4 Sk, B GERTRL Ky sm.

ustiitnetmosd tilam©00m pA pteeraddl angooften@hd @2 50mitd B0@m, more

xi mum of_ 1.9 being nost preferred. It is also
Pf%@@fb %‘87@%@3(0%@ ratio of the transfer line's

di angt
) S50 808 81 08 o S
digthetar Daveaﬂf/gﬁveﬂaﬁblyl H0eatl 800G, Ipa%rfermblz froomal 1 SRSy m 3500 and more

r y a . 3. .\ .have found that .
Pl B AR BB 40, LBP wapctinpiness SSrasted finin Bampriof sections
eakle BOdiferdnt 8Mmeterg TR Al Sthe a8E e Hﬁerﬂé]'dl’d?ﬁéteﬁﬁﬂh@de@b&g)ns weighted

stream fl owates to be accommodat ed by theheater.

aceeiring to dheylengthiof eathznetiosy alernatisly imsy beeaielatedby feference to
tné BAhLhY ol AL RERWRLEI B o fpvr at s,
reducin ouI| st relatlvely

| ar gé Ehedr&mﬁﬁt e Aicréabis 10 diahr&iter@ﬁﬂgats%ﬁktﬁ heispr&lred that the
. the vel oci ty exceedi nqg{ the sonic velocity even_at high
INEILRRFHOLEWS 1N PEFPITFIPEE hey thaihepatigroushp adihtiptesmedjate portions of the

tradfe} hﬁyharlﬁgamlsr%?henewr i I?rtﬁerygre%g f%g)u r i@ creases in

operations.”In order to reduce the risk of downstream
dlduheielkag%theﬂengh of the pppectimnlpdrebted bytalvenizal domhecting p1ece

di ame ransf.er |i e IS S er_ than t
befiufea b regiloerohfe%ﬁera%bfﬁegrtﬁ@ i ggférf%%csgaﬁ the a‘éﬁrrr%rerflocﬂy of
theggrgi i r-bglﬁgihﬁ%] str@hlﬁ qﬁiﬁeﬁla@ély bRE dnfiRRefRNin hiaARt@lorthcStranster

line is higher than the veloc:lty at the transfer line inlet V.
It is preferred that one or all of the sections of the line are generally upright rather
than mounted horizontally, as this reduces the risk of settling and hence fouling, as well as

ensuring that the line has a smaller footprint in the plant: in such a configuration, the first
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internal dianeter of the transfer line at its inlet,

where the outlet and inlet of the transfer line are
waledoonzm4zns previ ously descri bed. The i nter nal PCi/BP®D®054438

D of the transfer line is eferably at | east 20mm

and nore usually between 4 nn1and 200mm Most

preferred are internal dianmeters between 60mm and

150mm The total length L of the heater (i ncl udi ng
sehﬁi‘(g%n Sﬂhgﬂﬁ Iéert]e?lg@e%as Sirn!fgflfc' t)ng 8{1 (grgtgpc @ﬁji e ; Eaﬁ flow of material

thrD’L@fl elicafpAngfealink @’:\ﬁiweﬁ&m[t 1bpfeféifddahiltyled§ @hdHOI(8%,1h@ preferably less
A preferred range of lengths is from50mto

th%é)érnaﬁ) ofdicdepgtboé F@ﬁraySﬁef bes Tﬁéﬁﬂ?@ﬁ@l@mﬁ ontimallysheling ised
CJTIQ@'&CtéCh&IbE@‘BﬂIEﬁ ﬁlrt]l‘icﬁz? gbﬁ%&ﬁ éﬁgg’BS tIH ﬁ?%alﬂﬂ&jlﬁl ¢At2%s{ fe inlet

ts average 1 n a I anet er
arﬁ(lﬁlttocb' tHedgakd tmmeffeeh@é)irg ofiemted izExﬁGalt}OsuBE Oedt tteendlenflo® through

ef er abl 20 o 3000. If the transf l'ine
RS B GO FHGHG VI o TR e io AevEHERS g one Smbodiment of
the ifvVeRE QD it AITRE G0 corQ?rY &shlef et?seof%k‘&foﬂg gorgﬁh%ﬁ 'Bglbeﬁds (elbows),

di aneter of those sections wei ghted accor
whigh gteliyptfcalé}ablkshsmﬂt suolmthagthedinaalbilbles b'aqktonmsylfbee or more times.
nee. to . the to;al n%@ nal vol une

e B P REPE SRS s By ok R egrar e e o e i the

plhhtN€hé fefie@SREwedh tHe SBBWS hreddsOBy dtfaSehlt M@ HEndd fnal Be heated like
preferred that the increase occurs in discrete steps

the zeshek the Hap tabHsuaHy o dspider (i simplifyttbe ﬁ@tstra@t@ngﬁrthe lapaer - they
argjlott G e]ﬁ ?ttnia erB gjeﬁé}gl (}h@‘\éféﬁ%d%fﬁ %Fi%@yﬁsgh AR eter of the line

yplca reare e | NCreases
owdiBrirhe Unladatﬂd@etﬂi‘rm dfehglil; dicréfbe: fetipens of $htal|1rleym@y E@bﬁﬂfferent

a co connec pi ece between the tmo secti
6‘%‘3*81’%‘1" tm‘HP%ﬁ%’t“éi‘a‘%?tPf ?@uﬁ%ﬁf&r}e@a MG Ehﬁélbows Pfeferably

at WYEELMAF tH@EIBGWtsMc}P{haf e v@l%l:ﬁ’}m%ﬁu Rt AUk RSF ?ﬁer eﬁ@cm/ rather than at

i mredi ately after an i1 ncrease In |aneter 0
1‘C5t inkhshd rmdst prefarablp agthe |6X11t hém ¢ihewaethecon 9f avertibadly heated section.
sfer.,line inlet refe d that an
i ¥ Sl SBabdlaectiprivant e hBaS e SRusetng 8 ey I petiable
opeadtiog withhanforbaBE tugibeZ oM cdidal or BSridoRtas séBEHEBSwhELelbows
risk of settlin 4§gand hence fouling, as well as

meliagipp Hiy ttshiransier linemeayrestiom Srml td P dlough B i 7 sertiongis more
C(ﬁ%ﬁ&f: in such a configuration, the firstsection of

the I'ine preferably has its inlet at the bottom such

t hatThendbown dfl thd trivhedey e nieatiesve abryidy deggdes bhewtatans TRE radius

ohfpurys dFEIaBpyhy Bbev HBPeIBOr Pk e TRBEIPTAR digeter D of the
N
befing mn# peefowell tmﬁlﬁsumtreli'c’émcupetd‘i@nlmﬂemt fouling whilst also minimising
the footprint of the line. As previously stated the elbows are preferably U-shaped, although
alternative options such as L-shaped elbows that permit a smooth flow path are not
excluded. Obviously a transfer line formed in sections may employ a mixture of the above
types of elbow, or indeed elbows of other angles such as 60° or 120°.

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

or more preferably downstream of an elbow, preferably a distance of no more than 4D
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and exit of the heated transfer line are oriented
vertically such that the inlet flow through the |ine
wo sooapemuzis and the outlet flow fromthe |ine PGI/EP2009/054438
downwards. In one enbodi nents of the invention, the
transfer line conprises a series of sections connected
by bends (el bows), which are typically U shaped such
that the |line doubles back on itself one or nore
FWe N[ s 1
el Pt rRRfrel oot WG Bheic TiiBh olter
expendi g nmiticseeaalsbpositbews are usual |y straight. The

bends. nay,. be heated |i ke the rest of the |ine, _but, .
dsud jspretepied i gt oIt #APPHE TBYRY e RAm GO BHop A the exit
ofhﬁ@P&ymmﬁelﬂi%ﬁ rédcforOWhitgat 8dinkbd, &ailréfeabgﬁhg FYQIESE%J 1|rbé from the

preferred that any expansion in di anet I ne
payBenistipn regaton trhiba heatesintet iscassamtialinkoridoné]l. t her ef or e

sectqons of the |ine. may. be.of different dianeters

o ¢ o e e R RinAE e Bttt gl i SR GR Yhwpleny
paiiit) ise aelienslevionf tBanik Ynlat ofttheuraskdr 1Ak ahdyer @kRavet of the

such that the velocity reduces at the exit of the
PAYBEIFaHaR FBEOfhan at its inlet, and nost preferably at

t he j f : 10 vertical heat e

oot i heds ShRtBOWeHanh gl ARy orkBides Y R fing the
lifee rithe hieatet jaekdt maaydfedn the foanio$ ak electricalrtzhicbueit is preferred that it
e &r tion_ w thout fouling. The nypber of vertical .or .
s b e S 4 & SUCPRBAP sSTHRRHIRE BeuerRPgy Whishereating Byid is
pes§e@NPh&hobd d&?ﬂlﬁ@ﬂ?ﬁsefdr}fégﬂi%gﬁg}igsté&n. ?tlh:aﬁgé&hfoﬁn fe?lraz conditions

sections is nore conmon. oWs 0 e trans
cahibgdestoptinased byasingnigsupedreated stfancasrtiabentieg mddem, geititsilarly

f the curve defined by the el be_.expressed a o
wB B B e e e AP St e o RerGi A Rmet han 100
belir fe. softBiEng Ebﬁ%f fh¥ PbElek Yein@ heatb@ Al hicRéyed BIER Bak3D the jacket
and 30D, with 5D 20D bei ng nost preferred to ensure

maxetifhep provislsdha sananhe tnpstalons tieieagralpngts of tiedeansfer line, or may

. j t i-Ney, : revi,qusl .
o0 D e A 95 BB Bl 1% d S 08PN potions o
thalihe(snait as/Eendpltdre nsheatednasadisdussddaipect. aVbone fHtnad that the optimum

ermt _a sgo_ th flow 821% ! are .not .excluded, Qobvi ousl %/

heglnpuideng thr fonsth of e tiansterdweds ahicviva i Griicsignauch tha
te@%&?@o%e%@ﬁi@%&ﬁulﬁx&%e Q{teﬁglg@éﬁ’l te gfa%grg%@t LRRYS greater

ot her angl es such as 60 or 120. It s been toun
at theainlet rethe dingthanef itaenit. dweomhinply,sis te wpotr foavtiof it e polymer-
tgafansf er | ine shoul d be gg.eater t han.O0. Z?D, p{lefer bI.X
COBRIIRE G5 LRE ST EBE {0 PET Gty BEfSRked ng thsating
médem3IEnpdrhtutS(oP HRS iffet R wa MmBRErEXNBOEAONs 885Lds8D THis can be
| ocat ed i medi at eléqs/ upstream or nore (ﬁr ef er abl

doag itha cosimmpesly graded peanerpeiahamabiber af disaetantaps ﬁfz megns of
RS g AR SR Bl B LB s o
diffeenetmpeatiaesinali Faemqmisi bf the line, usually by having independent supplies
of the heating medium for each section where a different temperature is required.

In a preferred embodiment of the invention, the transfer line is heated by a
concentric pipe using steam as a heating medium. The outlet temperature of the transfer
line is preferably controlled using the steam flowrate: for a given steam temperature this

has the benefit of enabling control of the transfer line wall temperature, to ensure a lower
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It is preferred that the heater inlet is at

approxi mately the sane elevation as the exit of the
w@elognemiksat i on reactor to which it is |inked, PCT/EP2009/054438

preferably the transfer ling fromthe polynerisation

reactor to the heater inlet 1s essentially horizontal.

It is nost preferred that the exit of the transfer

line (at the degassing vessel entry point) is at a

' thon t 1.n f. 1h ransfer. i.n
el BB GhbleSn RSPy Bl PhisholGshb@RT S g fowraes
whaargdodithss aneliichety the transfer |ine usually conprises

a jacket surrounding the |line. The heater jacket nay
be iHng Way ponmieaing e therirpgratesidhe pelymer-gontaining stream

‘ ; AR _ _ ontri . '
P e e Ol B AR e o ABARBGHE 8 Fren s 10
mpzssabe solhle comsit cf olmsirdayn. Fawdah batlomeghyf intiedsing tistseAds content
has been found that condjtions can est . .

ofght FHeUOR B S G (90 BRTHET Gt ces LR L Do el
comB&littfhg BaVikd Ghbhrakih or RarS steh Gnderhe THRAS@hWaAY e heat than the
tenperature is 0-300C, and preferably no greater than
liquid @, gaseduswompengnts ofhe plgeapoithgrelyf reqiising ollgwerinpuifrogn the

heated. . Wai chever formit, takes, the jacket may either
i Fle beate T QR A o FRTE RIS v e | ength of

t he Thearsf @strbdr f theltrafBfér i€V deoltisfchesfrhiiag dhead willgan

at different parts of the line. It is also possible _
upsHegm ggpqr{t Slysh @p descabed Aoy Pgtent BRI ]ﬂéﬁa@)ls apeeferred embodiment
o PR @i, Sy SRRt Enontle oSy £ RapitBline o be
minimesed, shaely exdednpilterisk ofdsilgye. such that tenperature

of the heati di um (or .t he internal [
t enpetdr Eeﬂg%afnﬁ@ PiRGa pasily sgpad 18611%&8 ﬂ%@@ngthloéfhetlﬁafer to

fabili@itd E18hikd AP eflably the@ipd is TAREQS HiSDOhY int@9alt e HRRM where
fraction in the pol ymercontaining streamas it passes
heatingiy effvetell vplag irnekebeataining ajhsatprosiwd riet préfatred that the heating
fl QQ%EéSn t%e“ﬁér%q‘ %leg)er ature (or the internal wall
L%errpera Grer oY CAST | ne) is decreased. This can be

dondniofde t€ BRkinfisObis Yragifaded tH@ﬁdﬂ@ﬁwr—@(ﬁnthiﬂ_ir% seaBethe pipe is
of discrete steps by neans of sections of different

preferaby meds Bomppaateraldpameadhersi gerducsvisy grearethapA) Fim K,
' k-t - at - [ ' r
mEBEERL Lo 10 SR L ARG NS SRR el
pipdis phefatredrerhere diiglnhdaotraiesdiatis sogoirecdon where a different
tenperature s required. In a preferred enpodi pent of |
the I %ﬁ‘ff%ﬁ_‘%ﬁla{ ﬁg?f fhg e paEerCPR@INIRS HiegmeF e the polymerisation
rebQRGE ?Msle& (RbRR dhdg téﬁﬁ@'ﬁr@?geﬁ'tiaﬁﬁﬁﬂz RS PR b Whch Eeinsfer line
outlet tenperature of the transter [1he is preferably

mebe fedlblyede vs moge withdrawehhmds| fom theecactar Thegirean vsthdeawn from
nefit of.en ont r ol

temperature this has th . bl i ng.
e FEAP RS T 4R SPRITARE. REIreR e gruiiriof! virelifgal magans, most
prefRYBIY @REE Bydibeychinel HU6MO pX¥RIp BidugRMd kAWeRligs. and a

hi gher tenperature at higher flow ates

The performance of each transfer line can be monitored using parameters

including: the flowrate, pressure and temperature of the steam into the heating jacket, the
flowrate and temperature of the condensate leaving the heating jacket, or the position of
the steam valve to measure the heat input (duty) to the stream; the pressure difference
across the heater and the reactor pressure valve output to measure the flow or flow ratio

into each transfer line, the relationship between steam flow and outlet temperature for each
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when vel ocities are higher. One way of increasing
further the tenperature of the pol yner-containing
waroeamons sel f at the transfer line outlet (apeCT/EP009054438
i ncreasing the energy inputi4 nto the heater) is to
i ncrease the solids content of the stream This can be
done by increasing the solids content of the stream
wi t hdrawn fromthe pol ynerisation reactor and/or by
hééﬁe'r gits ff"beﬁ ce%?tl’ﬁe%gc?&ItB ggllcﬁ]lgteqﬁf\! L8 fft‘)@\ﬁl‘ﬁ[ aﬁpih%
franster he sol1ds can carry an t
diffegutebawegnthe vasour oapEarstntesat the ltda&:r stwlaami tiehdeefint of the

re uiring.a lower input fromthe transfer |ine heater
PIDFESS SRAT (SCSSEIFICERS 4orss HiedTAnst” HBshsd cagpegter preepratsazbly
esg@ﬁltaﬂ?g{gsgfnet he transfer line, of a solids
concentrating device with an upstreamdiluent flush
( as Wésc Dp@e&dng momjharpateetm:nsEPﬂmd ﬂl&ﬁ@d})mmaraﬁe]mrﬂfc&mseem
I ment. esent. inyention, and enabl
i RO PR bt AR e HETALH G Sherer DR Eanons OF the

trdfs b Mh&Lshd dsORIREY ufsBEMA laNY dbRRstFeamkeq@ipriay lu'lcf‘lgipe\lvérk' can result
preferred that the pipe is easily separable along the

in|thmigarsfestinehbaviesedalanecd Gevs o dury goasimgshgVithout correctmn of the

N s

decomtrassiineg neorl ek ﬁgarﬁd:ﬂib thainthini eaclpwihigrthedortdddbpdrieng range.
heatl g fluid does not cover an flan e. In order to
Toragih e oty foadisean sl Banshd liss -augrmaicallnjalanced by

s o o SR O SRR T
flpy &f @t ﬁobltlgﬂnghehE®r artdrthen #plidiig 2 Kiak to a Thiergdivalreiupstream of each

B BT O ARSI RS 1t g e

at =6 @6 dead tl’ié‘eﬁtere@e lvakb. BBt WEL aE&ﬁﬁﬁisHé&&l fh%%f@am flow to
exiting the polynerisation reactor is passed through a

the jaslsptesurrpaniiieeachitipasteplang Gle;tlmeamoynmf hentng annl)ted Su@an:haransfel

e} B8 b oP e OB E € Sty B P e ™ P o stcam

flove Badoatroli@dtokehicon thentduited dempirath ey Althe/oudlét of the transfer line, and
rayi tational or centrif ug}el means, nost preferab 1y
th% tempgrRhEsdy dptsrmineg by Hie styrypiiaw thgugtheashdneireline. The
avEf %Q SF Bk s éaﬁieﬂov-sr REHRHRRIETRASEs Ben %QE\F! %ﬁ %H&fa%aas it B&n applied
be nmonitored using paraneters including: the
to fal comr@lt\alvepma'sam ef eaetl ttaesfoeliat toradjust the Heedstiedmotder @ maintain

t heat the fl dt ture of
it KBNS G LD TIRRTHAGY P SRt BY: &g dra 0% and
15098 'p?éf@k‘ﬁb@ffbehb&n%@%d/ BlOvE Jf %e"‘ﬁéﬁ%@ SatuReIrlERE of ARWeaters

(dut ) to the stream the pressure difference
have different capacities, the average value may be a weighted average. The primary

%néi the

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

wo e@ndtmu3 | i ne, the relationship between steanrdT/Bpeoasias4438
outl et tenperature for eachfgater, heat bal ance of the
reactor to calculate the total flowinto all the
heaters, and the difference between the vapour
tenperature at the heater outlet and the dew point of

t he TPROGRSH IoHl n@%@the?fr%wﬂﬁieﬁﬁl@gﬁltéﬁﬁm B@@etéﬁxﬁﬂ@&&rother
lines of each heater are prefera essentially t

meirelesapbed pepyeruaty pushris fow Yederiome pmsalrrsfdecrp The everall feed to the
apaci t
iR L BRIl o R T AR D PR <ot
condih imoailbhf off-lige héadgrsheld bk raemmd)r@a S\Q{éh aliee@hosen indicator(s)
qu {}r eam and downstream equi pnment and pi pework can .
of;tag hgateringrippaance dleates thataé leaptape 9f themalinglcaters s gh0%.
|

prgfae%%'ﬁif?%%, éﬂ(ﬂﬁgét g"’?"ﬁ"éy llchtn mtS Jf?x‘rf’%ﬁlgl moéapgié@ REQMing the
daaﬁ‘mﬁd:mrrgf rna:xlﬂnemo:rapm@sfom la@ivemrsedcﬁqmmmamaﬁmﬂaanmr eonditions and
hBaten ‘5?{ { mai ntain each within the cor eﬁt .

G éPH@‘?tr?an RGEPropRie, EHCRITS SUEHB Capgps{or g lepding), 2
1ir8ACRists' BB Rhich MEMARYIRAaRYE HEBeheRbiitYet Qﬁhﬁ?ﬁ@ flirli¥r increased
first determining the slurry flow through each
Whlﬂséﬁ@ﬂ sraintiinmg thriemperaturaloathemg! ymins- can@traggstfdaumatttbe exit of the

sfer and then a as to a
nlck bl S AOTbRlne bt BESrefhaamb R RRBRPE B e BB m o ardipoine
a}blﬁgethfa eagth it te heat@ruéﬁ:rw the sbftéifg bbiat of e pMyh@admgm@lﬁ can be

each transfer line at least close to the average

dugdp yalve ppppblmgpijon, Rpwes Wnipicanplerivmisgl. saichoon am oshes sensons.
Tifib Qohating @@ﬁégghug%@gapdwg@t GG indst ABRLAL odel X Iné’xj)ip%red to

e anount o rans
thesnaimeanspaaty fdethersamnireagtor kenditionsrand foudet dohdmmghand expressed
as® cg transfer line, since the steamflowis controlled

t'8 ©

ERFEVEN CARAH%qui red tenperature at the outlet of

the wWigRsH8or Ilﬂo?@hea@é}g afeﬂf?pe&%‘iﬁ &l pArSINRSH %ﬁéﬁnﬁ@ that one of them
deternmined by the slurry rough each transfer

is Bﬁllﬁélownh?élea\ﬁé teagfeongfof themn stoparating etlessahame0%r praffay less than
| culated and a bias is then applied to

4]
4da*’ 8@%’?}&? R?%l ¥Jpst ream of each transfer line to

adj ll&tbotlhﬁnéleﬁéatér&trﬂ thiltiple@@falleDhd¥Bdr RfrdoBintdhs, HRativwigte of the
of each transfer line, as nmeasured by the st eam f | ow,

POkYMeFeqORERING S5 aRM i thdamm fm@f@melw@tlm@ac@o%m%rably
cog]ﬁlrgﬁ/@d L?s??éeﬁ]@egéﬁ% 90w @bﬁ’tﬁ]l Vhfveslﬁgﬁ g?éfe Fy lggﬁécﬁgﬁweeﬂ a solids
ue may be a

ave di nt capaclti es,
conedngfating devier agthe ﬁi’amfgrlmedfeytec bty Glhe ﬁ:omtﬁdl ivahre a$ dés@ed to

f eed | t | | |
hay & YOS Grom bt By Hh T BT R e HBIYCs §hd S(erf the
preds@ drbebEGRER B ER1GAGN e éi{ﬁ%rf t§%hd ﬁl@?doJﬁb%alﬂlvlessieh ©The heated

control val ves operate in parallel, opening and
trapisiss ling istrogfetabisr designed (o Emefetaadrwscnemlgombﬂwm 5% and 75%, most

prf/r%ga% x%@@?@f 1(? :iirﬁi%git"/h 0 oﬁ‘“ t ée(r:];t)réfos?né% qo.}'gg stgv%(ég tﬁehlgaétor ind e entry to
the degassing vessel. The ratio of the pressure drop across the control valve to the pressure
drop across the heater is between 0.8 and 10, most preferably between 1 and 2.

The polymer-containing stream may contain a vapour component as well as a liquid
component. Typically the vapour fraction of the fluid component of the polymer-

containing stream at the inlet of the heater varies from 5 to 60mol%. In one preferred
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enbodi nent, one or nore outlet valves in the reactor
are used to the control the pressure, whilst others

WO 20vailzrern a set position which is unchanged sSPCT/BPZPOREGS4438
the | oading of the heaters jigs maintained at about the
average value. It is also possible to control pressure
by neans other than the outlet valve fromthe
reactor. The slurry loading on the transfer |ines my

t l-wel ' ot her_ nean escrij bed
B SOUR IR ol S5, Bl TR RS G e
upktrearovethelheatbeadd tie viapeurtfratish of thkisttesn BBfhe Beater inlet is between

control | ed gi rectly fromreactaor pressure or by flow
2 té_ﬂa}c{} PR AL theid kempeiens Rbiiegtredm at the outlet of
thﬁ REAIL S Sh QB8SNAED 1§ D60 RH95 8Ns 't)ﬁ)g(%aﬂg?@[l(@ho% ﬁlggtfpr%%reably

eater perfornmance indicates t | east ohe 0
greaiel thaeO%heaifers is at 90% preferably 80% and nost

referably 70% or nore maxi mum capacity. Regardin
Phe. 7 FivFeth o8 e R T A BVDY e PO pr o wibe gt Dipse
SIS, YIBEILE&Y) BhtalBRAES 961@@%{-&11%& 138s AR RAtAYS Vktilise liquid

condi tions (pressure, nperature, stream conposition
duging depiessyrisyanti ng), a |imt exists above which the

mass, flowate.at the heater l.et .cannot be further .
" nerdasasaht g oop S afin e 16 R Rirplieat tieeV o known in

tht Be. faeh\pidveseo Birtbdtondustd &aBkahplehts igbduchiy théfonomer and
heat er above_ the dew point of the stream and the

COmARERCRING & Stored ek et saatintens lapiyrepephieoraéits pafEolefin and 2
ca{a%(rkg bt ¢l ;igﬂgﬁiexqbea?i%ﬁ.r'f%eljegé%dr[ig %&p?&fllg%ghtl?&l&locb %hig\ffe 4 Heesired melt
Imt ue to val ve output

pol ymer . can be
indiéxmdnidatehgty, fop hegrolymeriat at bpimumgehdhiniicabnd wafpetayurer
any This is considered Xi mu

h : he
capﬁqﬁ%ﬂ%ﬁ?@?ﬁ Pl mRR R PERkFES bR I 8 FgAPmEBfrom the

ol yth&risARe FBABRF ARG dntidaBf quallfiti S8Rl |l
P aﬁg outlet conditi og??gﬁ aelindq exptrlesse1<§a g@%f%%a%% %%ﬂépmseﬁt

ingenpaniit rerefive pattignlady refovast teecle peocasses.opler Bwirngr sueh reactors

S e T T

cataian BOYtepiigdtersaltlyad I8gisodchand 4004 ffactm¥ddiives. In ip?rtilcular the
e

capacity. In both single heater and nultiple para )
slyypawdl camssei2ier: gl:efqr%@yﬁ()&@r\gqlghtd?ferqeﬁ@based on the total weight of
BEITES SAALOIG LA LA, AR g o
total peebsofthe slurrfylofveusgantiingl medihm ewhere shie qusgdndiraahydium is the sum

| gcat ed. .bet ween a. splids concentrating device and the
of efl e A P mRBneLSIndhe ToRPier ShorenRIRE gy loftg monomer and
angQaHGRNEd HgiNANECR HRIaBSSeH GhhPR: PEalsd YREA ARG uch as a
0% nost preferably 50% and 80% of the pressure drop

ligyed olebim monemes ¥ bae terpdincipel diltenyistap in¢reditiens the olefin monomer
stream.Vv The h d.transfe

o PR B0 Giets LG REDK A P obeBS st Howvgogen
th@R@ndp8e is PRSHylene, it can comprise almost 100wt% of the slurry.

Polymerisation is typically carried out at temperatures in the range 50-125°C and at
pressures in the range 1-100 bara. The catalyst used can be any catalyst typically used for
olefin polymerisation such as chromium oxide, Ziegler-Natta or metallocene-type
catalysts. The product slurry comprising polymer and diluent, and in most cases catalyst,

olefin monomer and comonomer can be discharged intermittently or continuously,
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preferably between 10 and 35% of the pressure drop
bet ween the reactor and the entry to the degassing
woemsabicsdThe rati o of the pressure drop acr 0SSPCTEP2009/054438
control valve to the pressuge drop across the heater
IS between 0.8 and 10, nost preferably between 1 and
2. The pol yner-containing stream may contain a vapour
conmponent as well as a liquid conponent. Typically the
op‘ﬁ@ﬁéll'yusﬁﬂ%n'c&ﬁra‘ﬁﬁlg ibAcdd dibl aRPROERMneObr dehtfing legs to minimise
po ynercontalnlng Stream at the inl'et of the heater
thg guangisy of berdswithdeonotith thbmob'm:rpr ef er redenbodl ment of
the rresent..inve

1o PSR B PR Ry PR b SiiRmeRelloRiTE Rih Feftior where the

slvapRWirchlagatih et redctdrepisiineRyindinstdTe pugdt @lagititbetLidngd firll loop
bet ween 25 and 60nol % The vapour fraction of the

regqtefs @fedéﬂ%‘%}ﬁ@ht well knoyen it the arhand axerlesesiberl dor expmplge in US

SRl LSBT0 BV St B b

congivieltibh @mnpanng et lap e dbl exabrpl@foyir,peltivatsdc8ais and at least two,
hase, slurry, or solutlon) cqnt ai ni ng

roce as-
fo ewrﬂ?@l Sprl il Sreonh Jiser ol ReFatPR 1 tRiFaIb Pmgged
uskﬂgqmilgecg Uﬁéh@g JeRh §%§6‘ﬁﬂgf51ﬁ5(§19§1 1%%119& SBferfiq Hactkl&% surrounding at

co- pol ynerlsa Il on of Iins in the sfurry phase are
lesgepart khibertubivdartibep mattor. She holmwodskelop arnctve ceondydues
tfor1 exa%g%)l e béo L deici ng t he nonomer and conononer
PG B By TAREe a0 % IB‘r conti nuous | oop reactor

CONMhicsnhter@al pats fthdtpanch] e polyder 3 seh@ated FOm the diluent in a
pol ynmeri sation. The reactor is typically controlled to

meaisf w‘é that deasdifuegt ieiot exma@mzmataa@mowo £&t0 peit recycle of the

d1%%+1tytg?llﬁl yﬁél?@ 'i)h T ﬁ{tﬁ%ﬁﬂﬁ S}%uh?i o ats%éffatlrég he

urry neri sa rocesses
pamduhms mﬂymaf yﬂﬁncefdrhmhé bﬂ)CBfQ;l qulaar prsﬁlnt PReftRAChSh thé dlh.lent

quant tjes of hydr ocar bons, .and t
%Bé cheﬂv ?%k%%@ftb?@*gcgreﬁﬁ@mea% ZVRECY é%}H%e‘ 0 the
usE @f gid tﬁﬁ@ﬁsev?e?t@édl sckiifig3dd shidh | ﬂ‘iﬂt i “'ﬂ%vsr (ﬁ%ﬁ}rﬂr zﬁ:ross the opening

typically conprises the particul ate poly
thhyciihuoaudbﬁm zahd wizan¢ (he)polynoo)pasivdeseal sotfle mmwescttent from the

iR & B o RET P SeodT LR Ay POEBled FEE R pors, e

lo@foh2f mﬁ@f @heuélaﬁﬁﬁerz On 'R 19BH rdaefos §ﬁttls haw; aAfhcbhi8o the
t ot al (ght of the slurry of particulate polyner and

dogguspeam e bt herigpnipd sationef gistlogre Aoaevipusbedisesseda éhe operation
dj
oAl IR Ay S BHBRENGH B TRA IS B

quaanfyef et |Siricipal hﬂuerne acitieitavem ﬁ‘oﬁﬂﬁ'ﬁ pblsaRrikA@®ndbdp el of
olefin ngnoner and % addi ves the diluent can be
CORFENAHRE Qe PN W NAraparpObaNG ShameEy s Bydragrionesdaingle orin

thé‘ts,as@ olf bt sﬁe ﬁ&f@rfabyrbkﬂ%?? rallefBe E& rﬁlrﬂ%f SRS the recovery of

['uent an’ 1 nert Nt the ol of I n RONONEr
dzluent in an energy efficient manner since significant pressure reduction and vaporisation

of recovered diluent is avoided.

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

The diluent and any monomer vapours recovered in the primary flash vessel are

typically condensed, preferably without recompression, and reused in the polymerization
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typically conprises 2-20 wt% nore particularly 4-10

wt % of the slurry. However when the nononer is
w@e@pstmme, it can conprise al nost 100wt % of tPET/EP2009/054438

slurry. Polynerisation is pically carried out at

tenperatures in the range -1250C and at pressures in

the range 1-100 bara. The catal yst used can be any

cat aI yst typically used for olefin polynerisati on such

omum 0X Natta or taI e
pefeet D e e BRI DSt Sy g et
coﬁﬁéﬂé@ﬂiﬁn wilng réaﬂﬂ?@ﬁdllaﬁ%ﬁﬁféhﬁ@ﬁﬁﬂwﬂ te.Lk6dling Wﬁg%ﬁéssentlally all
and _cononomner_ can be discharged intermttently or

of dinilashusnairypriopta BarsomRISIsiRy- Ebnpwatrain sl previodlash vessel is

o PP P A 8 LR AR LR 0
solid wentdriab recoerpdfrbimahié pﬁin}&ry Rdsatveskel i@ u@tﬁﬂllj{l’ﬁﬁdeﬁa@ b @Econdary

I t wh | at ed t he
ﬂa.%@é{gq%glrtgg%@%é]ew S%s’ofﬁggﬁ ;rg'%/tll 7 Clegfu?gfgpghpé,gassed to a flash

veggeﬂyf lgwfei"tneséui)@fﬁaﬁ %ﬁﬁb%m@@?%@& Eﬁhﬁ% éésémugéh fgown

he ar are descr or e
T e@lﬁﬂeﬁsﬁ)n ibBedizd 21 & danst thﬁrwﬁﬂﬁ%%dﬂueﬁh éJ se@bp highgmtwsore flash

e aR%Bo&wtl nuous tubul ar construction conprising at
M Fs§5§tpr? ‘for exanple four, vertical sections and at

| eag¥oteRecifillyexReiin 1€ 6 the BEfel o??ﬁiy%lerﬁ&iﬁﬂ 12B8ess F&¥8vhich the
heat of polynerisation is typical renoved usi ng

inyeatipy écrarésdnbnegetuhis the am@tmpumolmdmmqon of ewnamryferably

ke
al@ﬁ n?t%rlo AIF% %sgﬁlr gltar%%%lrﬂ)r rz%’l% pre ra%f (1)1fe tglbtﬁ?r c,ollgﬁeg Iloop The

olefaifsMacontiubuslpaddedits, ainli)cohtﬁctte@ &ithad g@a@z& iha h!,/aﬂmﬂﬂbon diluent.
I n conmer ci aI plants, the partjcul ate polyner is
Thedpomesa) pe TR HlOdPITA SkUD P! SONG AP Iis bR ugaded in the

po hetRBlior ﬁe&g{n m%@dg?€ra?@6¥m él%qlpﬁﬁgt?t:l? p (?iuct is controlled

ermt recycle of t uent to the po
byzovedveniptsiream of ﬂEIheatEr amae pmehtﬁ(bmati on. Separ ating the

part cuI r pr ed b SS, 0

pre sofihertiton Bi.Pes ﬂa’.*rlﬁ%wa%f@wﬁﬁ Waﬁaﬁe BROVEO
VO&J’A}’% atR@ B0 vbRine ™8, &% bxdifle 08 ARl %C ﬁfbférBMS}l%e}a 5

eit (i) the use of di sconti nuous vertical settling

VOItélg%%s\Mherire velamet’hés flosal votune ofithyslay osslureoipe auapgnding

mémgg{)ttap%qyﬁlg GPu s )‘gﬂ@h"i’ﬂﬁ { ?H}é ?ﬁﬁld@ol 1|¥ %flt@ ar t | a?suya% as weight

0O sone e

pesentapaUaiich Rreqaivalenviotthstmass@hred bevelusie @J@fc%m@.ge Rl Itiap) e
wi t hdr awal orts, the |ocation of which can be

aCEHIGREAP theqlme nredised Buichere matcujasly seriring ta dhedilisnt used.
e e e i
isadbiutamre ie1s pra"an’ednﬂmt the tsbiids c@hcemﬂand}s 1scabnceBl® ma¥ol in @amcnlar above
o TR e A5 T Rp A Ll o 1 L) DCLFRL v
weight of the slurry. We have found that for high solids loadings, pamcularly above
40wt%, reliable product withdrawal and heating between the polymerisation reactor and
the degassing vessel (as evidenced by fouling, flow variations and/or heat transfer) can be
maintained within acceptable operating limits by use of the heater of the invention.

This type of process may optionally be carried out in a multiple reactor system. The
second or any subsequent reactor of the multiple reactor system may be another loop

reactor or any reactor for the polymerisation of olefins, for example a fluidised-bed reactor.
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concentrating devices on the w thdrawn pol ynmer slurry
such as hydrocylones (single or in the case of
woriobiipieas hydr ocycl ones in parallel or series)PETEPIVe?/054438
enhances the recovery of dijouent in an energy
efficient manner since significant pressure reduction
and vaporisation of recovered diluent is avoided. The
wi t hdrawn, and preferably concentrated, polyner slurry
Hbweks u@hiayy e BERRE OF hiSeelibBéquehit ool M A REEBHsystem is
via the heater of the present invention to a primary
anpfhgs fpopgeaseqr. Sudhemliipleanacterrsistamy cambonssd to apalemonomodal or

L B PR B JReREE  Coompr casi on and

reu SIﬁdh& thst bémpﬁipﬂé%twﬁtm QEHSOF €88 real D@ oPThR SEtiésHs Qlipplied with
the primary flash vessel is usually controlled to

caialub PePEBAlyeE aitd tioRplyiths cpeaigystyin additipm sl the diwgnt apd

mﬁ?@ﬁﬁn&r{deeagh s %ﬁeﬂgre‘ﬁ’@ttmefs)su@ghe(a%ﬁ{'%{ hdty ah&néffl t 1cular
ash’ vapour pri to any reconpression. reés

ethylerssind vpithi tha slprfyl axsmevViess elprdécsdige neicairloy then;et;ése tmamgﬁure

2-25. b , t | -20. b d t often 6-1
comHag AR At AR BT U T SEbURr RO SE RENSEFRRFSACor Of
thE k@fh. ¥a§p&dsiviStoUspaly ayseeafds%gct&oana/&e@@ﬁaaﬁﬂaté 'a@?éasthone of the

vessel to renove residual volatiles. Alternativel y t
sugkagrent reajorbwithetash dattab’sfaﬁnﬂmshcat@ssteli*lowﬁvelrol\t\srmore common to

in..the oV, essel
bR SR o s BRI ETERNLE RS LhlBhde’ Che
r ec aveliceehséinhe@the pldﬁﬁcd?ﬁpr@e@étgEhspfvﬁﬁﬁddétﬁfsflh @?ﬁkisV@l%%ﬁlymer of
an exanplie o

referred. More specifically
hlg@ﬁﬁgmélﬁ inslsk yae thesalymer bl s Bicktdndeaxtias e prRsiured @rwogdjacent
i f |
or o DRl SRl i € e, Hylid e AU 21 ) 2l (or ero)
cont@ftiatien iri the m‘actoe@g‘, Mammfazton&g tlmrlﬂglematﬂcylaﬁﬁfe@hoﬂgﬂpc&ﬂnts, e.g.
t.ubul I d Th f t
hRRED PP h SRS O RE OB e 0| RO §LaD o igh Yoncenration
in W@Je@&@ir(g‘?ﬂalﬁﬂfédﬁﬁiﬁg thd RRw ﬁi%[b%ﬁﬁf (w%?ghp%lﬁﬁ@feh‘é cé ‘Byéh%%gﬁ
a slurry solid particul ate polyner suspende
pepesniages b@a@@b@ﬁﬂeﬁwalr%o Thel rﬂagt@rﬁt canﬁqealbaheeomated to produce
s.controlled by a valve
eSSt AR ® e e B BB e Ry BB The ot de
CoNCWher @ich@Backd? skytems btidie pdlyinbe of@@aéarWhdidhts less than 50
pically be above 20 vol % géeferably about 30 vol une

KIigffongpr ekeipihan 350 KORNRIGhe DavenGhepathpSFIgsaTed pitlpar
pn\f/%t}éﬂ? GRheL oufith Fé r%l(atlggfo%er%ﬁ:{%l{ﬂ??eolﬁea éi]%e(ﬁxleléﬁ b pol)‘;]néensatlon

une of t Sus
1‘eaadt(prranyl)t}]10(d1<£@51ﬂ'g‘|&ss@l THesequoltent cat bosccartasiod oy h@l polymer

SOﬁﬁ%&%gﬁreag@E%}atﬁﬁge%@r glg‘ﬁlﬁl igé\ggtﬂlgﬁ\/}%}aglgtg)r\%ﬁlc}tl Igan be ameliorated by

use of the heater of the present invention.

EXAMPLE 1 (comparative)

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 35 tonnes/hour
The reactor pressure is 39 barg, and before entering the heater the polymer-containing

stream passes through a control valve which lets the pressure down to 24.3 barg. The



according to the polyner produced but nore

particularly according to the diluent used. Were the
w@elognere4pr oduced i s pol yet hyl ene and t he di | UBCIL/EPB0OR054438

al kane, for exanple isobutape, it is preferred that

the solids concentration is above 30 wt% in particul ar

above 40 wt% for exanple in the range 40-60 w %

preferably 45-55 wt % based on the total weight of the

}Hfsftﬁén o\f\@he:"lﬁ}ﬁ%ntf &Hgglgttﬁégolfd%’ol%h&hs §91§bfd/§ 1§OB€‘%J&Q %ﬁlol%

articularly above 40t % reliable product wt
et m&mm@%mma&@ﬂmhyﬂmdnsaﬁedm theatton. and the

de si ng vessel .(as,evide

Var T Dt dpars R 8 et GG B aca s titing cetfhrisne five
VéNléah'lldgs a6e ﬁ@it&ﬂ)(ﬁﬁ@:ﬂ%&ff%ﬂl&gaﬂéem:ﬂ S 0 WSBn@h, §iP8g a total heated

heater of the invention. This type of pr ocess may

5 lepgthiobABm (thisdengsit of thel u@lmateudreﬂa)wwn@ﬂtmg eecicvestical leg is ignored).

f t
i T AN .
andrtle dﬁﬁl@:tem of flerfifahérqdbyn@a0masd 60% of theltehi Hb%tedfl@i{%gh) is 95mm.

exaggl e a fI ui di sed- bed reactor However, usually t
s dameatigof gy twe haraeierans 1 2&act or of the multipl e

r eac’f’@co%ﬁﬁfoﬁ&ﬂsﬁie@ﬂﬁgﬁ*ﬁ%?er dl?l@ Bre s%%ﬁ'ﬁﬂ[sed %Aﬁi@g IP'éfow. e

reactor systens can be use nmononod
10 mul tlzﬂﬁﬂL preferably mul ti nodal polynmers. In the

aaco nf m reactors N e |ac firct raact nr

CaSE—o Heat 1& eter | \"s\ﬁre Vappur ol flow Val ity| Temp |[In
slokne FELEE O] Wk MO TE OBy oo
a_;,ng?p“ ata'& )y P (f'if‘ﬁl L | Ambie temp
&1 ihiant arU?‘ ,'2%250 €afeh S ”5t‘?q“f”‘74.”°‘,°37”' 88 | 756 | 102.6
SRR T EY ¥ A TTeqele MO QyTel . AT PaRd T U A 17157505 | 100.5
BUTEEE b'“ fj‘ij,}'ﬁ'jﬁé AN SN R R c:’p;:;l'l'.'é’ 80.1 [ 108.2
R NN e 2280t (AR ol s PR 54 | 858 | 1087
alt: plerfa | 6000 2 O " A Wl e I T17 I BT 137e {80 | 859 1096
0,159 13 aj?g}gwmgslpg,,ggg&amg,@’ ,583amr Ahrl At 41180 | 827 | 108.0
6pn£§1§ffﬂn ne248f |t b siubd@HudntO4%akct 3:?24 /ifjf:g :rp‘g’h 184 | 823 | 1045
Paeedifs] 38d) or9cogatlydr 0. HowevBl6 (1225 nidde ¢otbdnr 83.5 | 1048
8pginjenty odftde |t KB cat 4P8fst| dht? t hebFocat &l yst 37 271 | 82.8 | 1033
1@xchdisii vedOp | ntY _a |filodh [r da®hk or . 146h thd cass3wherx.2 | 80.3 | 102.8

the plant conprises at Ieast two reactors in series,

he r._of. hi.ghest i.nd and the mer of
we“gtttlhﬁﬁ}“tlet iof 8%sh ﬂE’J"e @g'ghq firegtRgs Qg' lé ent or
non BginAeeBhta ’il?ﬁl%ta‘%@e faBlet ﬁ‘l@ sRINARR1 dioy §F 0888 Ser the increase
mai ntai ned at (i) | ow (or zero) concentration in the

in désamaterrat 4 ﬁOIﬁéhQ#lébt: neied gOthieevise, glelasisy e@aldhbrmmag:htalong the
15 he%%?g %n 60p(5mio ¥ oq A ﬂ%ﬁ crg%s%f q fd‘dga 8@?@;' ?]lﬁﬁdtl tﬂg heater, and the

vob@REED ot &t uidicdriepdriagl P 1S )to PRO U 8t by 4088 tHP ehe RWhage
nmol ecul ar wei ght conponents e.g. hydrogen percentages

velpsityae R0, aéﬂr@ the pentedipngthof ﬂ@dmedﬁ g‘r lé@ﬁt\ 26.30é3: lagd plethe outlet the
tePELATEEr 18 ARIPAHSLCPRIGU ALY h0Fed TR PO! YTEr el t

X 1IN successive
In this Example, it can be seen that the pressure at the exit of the heater is 10.44

20 MPa (about 9 barg), and thus the pressure drop across the total heated length (25.3 — 10 =
15.3 bar) represents 53% of the total pressure drop between the reactor and the end of the
heated length (39 — 10 = 29 bar). The rate of pressure drop along the heated length is 0.038
bar/m. The ratio between the velocity at 80% of the heated length and that at 20% of the
heated length is 2.4,
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When such reactor systens produce polyners of
nmol ecul ar weights | ess than 50 kDal tons or greater

wo ban/11%@ kDal t ons there have in the past beenPObERI00®4438

particular problems with regctor fouling and

aggl oneration in the heater between the polynerisation
reactor and the degassing vessel. These probl ens can
be accentuated by hi gh polyner solids concentrations
in the heater. This is another problem which can be
anel iorated by use of the heater of the present

i nvenXAMELEXAMPLE 1 (conparative” In this Exanple a

ST SRR
enbl 8Vt Al poWmdrisatibh fdacdr ﬂﬁé}f’aré’é‘s a@u&ﬁéﬂiﬁ%ﬁ?%bw?%%ohd

reactor pressure is 39 barg, and before entering the

pofeeshidena iigh potyenege-resitladiameter of § Sam ptas@e@oﬁ%rtomma/lmur The

s

ref PP iR sl P PSR RS L ot ream

paps¥s YR tigh & cGhlrid 3/ & SOM 18R ehe BRI RiviyloeITEbadd) A e BinYosition of

hexene. No additional fluid is added to the stream

thefuent F@“éﬁﬂ%ﬁ@%g polymen isfdanadte ipebutans, $melte ethylgne and 1mol%

hekEANNERIaal doRS FRERY ILAR b ¥Beygr tical | egs, the

eat e portions are each of 80min |ength,
gi vi Ti@ srepotiativiiedtied tiverghd flofvs4@@ho( tvheshl ;ﬁB\@E int@ﬁ into a

t he al ed, el bo connect| ng .each verti cal
heh{i it Baoty s (PalEeLion COPOLHBL Aivs Sertibaideasuns herd paigns of
wifiEh 4Q%xef of i hplteagthhgain%ca tb%méa!ﬂed i'e K%@f&ooﬁ%e ga%]h of the
di aneter of the final three |egs m or 60% o
unth@ataql clhews echricetig ¢ach rVSIT@BHﬁg IS'ﬂguKE'e‘ﬂ)h &he dianwtayof tiedirst two legs
d|a ) 25. ;The tion ide . th
(PR RTHoins urt oo GRS B ool b Blafig 35 s fnad three

led (28, @wado/ebf 0k téthehdaratiatgth)tih gsﬂﬁmume%nd &fthe two
streamis 65.80C. Fromthe data in the above tabl e,

digipelesipdL2ant i al
di aﬁ{e%on&%o&?&@“dé'%

ste

I ncreases
conﬂiti‘maspnuhe tmhmmtlﬁemeﬁ@ﬂ%:ﬁymﬁcﬁb outI et of the

G2 sufthllfs

eater

%ﬁ]ﬁler

drop in velocity after the increase in

gl G 08

abl€ b B%l'o(vvy

ropor

heat d the volunetric flow of liquid

corrﬁ%%ﬁrgi ngly falls to zero. It can be seen that the

a\ee bage |t (Diiietad Prabilra] \apgurl N&T IGARSCIoWEIEFHBwW Wleldcilf Temp [Internal

| heagedi S |ladhgthea@im)26. &rhs,| fedthnat vdpber Diduiel &dne | mis | o | wall

t enger at wme_of the|fl ui d {(BOkS 0@’ M)s (hﬁ/hSV(aBbo)ve its temp
weampaiint . ol n| t hiss [Exasusl €, 0.7 clan3be sesn [ hatg thes2 | 73.7 | 107.1
2pressiur ¢ ad | hereexit 13ds tlhey. reaft e1ea s| 185 44 Mda (abaut 70.8 | 105.5
20-hat) | end|thws thesgprgssibe [drop apress|ihe totaly | 705 | 1046
s0eahe fefgt D (78°. $ 13980 |= 0.44 224 21 19 16.0 | 74.8 [ 104.9
40 -inlet L3 | 160 05 1402 0.44 223 21 19 10.2 | 74.8 | 106.5
60 -end L3 | 240 95 1248 0.71 402 11 19 16.8 | 721 | 105.8
60 - inlet L4 | 240 95 1239 0.71 407 11 19 17.0 | 71.8 | 105.5
80-end L4 | 320 95 1208 0.93 542 3 19 22.0 | 726 | 105.7
80 -inletL5 | 320 95 1196 0.94 551 2 19 223 | 721 | 106.0
100 -end L5 | 400 95 1010 1.00 758 0 19 30.3 | 80.1 | 107.6

At the outlet of the heater, the dewpoint of the stream is 65.3°C.

From the data in the above table, it can be seen that as in Example 1 there is a

substantial drop in velocity after the increase in diameter, which in this case is at 160m,

and again velocity steadily increases along the heater as the proportion of vapour increases
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15

15.3 bar) represents 53% of the total pressure drop
bet ween the reactor and the end of the heated |ength

W@ 3®9A4276@3 = 29 bar). The rate of pressure dropPEl/BPZP09/054438

the heated length is 0.038 gar/m The ratio between
the velocity at 80% of the heated | ength and that at
20% of the heated length is 2.4. EXAMPLE 2 This Exanpl e
is equivalent to Exanple 1, except two heaters in
toM@b%tB fhe ! ' i
P08 e 8 RAOYc  BOH) IAERE ) SRR Eomsspondiogy
faﬁatw@mﬂt @méaeweclhthahtha\amrag@vqiamtyu at I8@°/cdalmgeﬂhe heaiéd length of the

ik P o 3ol B ORGP ISR PR e

davgloyter - cont ai ni ng stream passes t hrough a contr ol
val ve which lets the pressure down to 16 barg. The

conpshisiFeamate haveever, beeawse hardlop kg beprediyisied dntp dw9nthe pressure
9 %
o AL LSRN 08 SO ARG S R TR o

thie dieatenvit theld. 44rM®a (Mueﬂ balg),faha\isus thapiissute dval Qbro@@ﬁfé@&al heated
168@hﬁalmo ater in the formof a trans

Py ABOW| \i’él?lfeh FeRresprig dust %%é ofh sy teal B@ﬁ&ursﬂ@p@rf 29 bar
oo el esagn gy o A0 LB LaBgA By s B R1 BEB LRk e
hqatnddetgth rsgna’ckdhwveattﬂ @&l barfey and theg'atw belveed the vdlcaitgtae80% of

t.h t 160 4Q% of the total
thﬁi‘% t‘é‘gl ﬂ)ﬂm& g@}ﬁq‘i‘? e e e }hﬁg . of 'the final
t hr egnd zﬁ@§ntﬁ§é‘@ﬁ§w1ﬂ:hlr@q8(°t\% Pﬁﬂaﬁelt}fébt%}s A%Q§E§9mb%@1ts I't’ﬂat the

is 95mMm Thus the ratio of the two dianeters Is 1.
oprrasing spuditipemnia Bxagipte? argarudyfaribérdrom ﬂw@rm’c@al hmlts of operation

1nﬁ%§]ﬂé§2{{f§]§1§9¥%&lmd? ‘Tzs[sgr%ldggé\én tTI hgson 1!1(!:-‘3'% s%r})’&tf ﬁwg softening and

exeedshety lofy teheelagat e the hbﬁierdﬁl‘ﬂ@‘@| nt of the streamis
65.30C. Fromthe data in the above table, it can be
seen that as in Exanple 1 there is a substantial drop
in velocity after the increase in dianeter, which in
this case is at 160m and again velocity steadily
i ncreases along the heater as the proportion of vapour
i ncreasesto 100% by the outl et of each heater, and the
volunetric 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 22m's, and at
the outlet the tenperature of the fluid (8QJ 0C) is
15. 8C above its dewpoint. In this Exanple however,
because the flow has been divided into two, the
pressure
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at the entry to the heated section is only 16.29 MrPa
(about 15 barg), whilst at the exit of the heater it
WO 2002027%43 MPa (about 9 barg), and thus the preBSI/IER2009/054438
drop across the total heatex | ength is only about 6
bar, which represents just 22%of the total pressure
drop of 29 bar between the reactor and the end of the
heated | ength. The rate of pressure drop along the
chaatied length is nuch |ower at 0.016 bar/m and the
rati o between the velocity at 80% of the heated | ength
and t-hat Rocgsgderdfeatitga pelametcomdniging strsam being Traesferred from a

; of ., sSW ing to two parallel heaters as in
pALA08 i b STHaRRoh QiR B Lto bR FSel By heem
thebugh @t Ieug iwb Uedtbllopbratifg ifyerfllehCdatle Béatér ddhipSis@i at least one

operatign in terns of fluid velocity and pressure

transtsp ling forshe eepgeeandimeans ifenbesting digitiangfer ket rdntaiytheriemperature

' - t r r t t: e
o T SRSy AR Fhaiined sboe e den
paot of sy streamt, andhdBesdrihaamvbleiegid fleawmstesiipetyrhéroadtntining stream
ol ymeri zation reactor to a separation zone or device,

MR LresgipEdafteg aphathst bdkh t hr ough at | east two

heaters operating in parallel, each heater conprising

at least one transfer line for the stream and neans

f or heat i Ifrgcesh dortheatsd @polyinge corwheingi siretth deingrimaasiatrad érom a

cﬁf t he igolé/agg)r- cont ai rg.i n% stream at the. outl et. ofh al |

PRLLLEFALOT LT R SPHBEFIIB GO PHEV HEw PYITHIREH SR the stream

thEdugR @ReateNEbrAsyiNeod1@8ash@se Ban¢ Rl URB Fdrithe {tha Aldan&ins for heating
ol yner-containing streamnore than three tinmes that

thgfra@ﬁifv lgenwhensiapast of the pEywersenttipmesrarn agdigerted to a further
hegﬂ-::r AN rcél%g{ﬁiﬁ% of 128t Bhé ?r?ﬁ&‘fé’r%%%} t'h?; @f?éa%g gu?dj m%&%?g? heaéing the
polryneri z 1 O reactor O a separation zZone or VI Ce,

traefeptingiaifjepalsai thy ptdssurs tropaitrdsh taufyet lcatee ak@eds 50%, preferably
G npri Si nlg at | e%st one transfer line for the stream .
705 a e dora i grsureediop REFeRi therTsafdgrand|ths,sepaighian gpne ajeyice, or

wff?én thi %n%mro'ﬁm@%ﬂbﬁ&ﬁﬁiﬁggréﬁ di ehtae: 611‘?169‘%&1(131? to less

urt her "heater al so tonprising ast one trans
thin W&, preferalelydessdhban 2076 amd amse praferhedatléss ghan3d°Cr ansk dlre dew
l.ine, either en the pressure drop across the first
ol Fp S B BB B T 3ok of t he t ot o
pressure drop between the reactor and the separation
zone or device, or when the tenmperature of the
pol yher - yaeess fryaking epelyaer-conainisgseean beingtiranaferred from a

53 1t G RSEELATL LSRR, DA, 20, AMaTIL. o

detveoep evhadhidoenyofsed fepapdhy therstrean tidbugng fiss: heasn ordeaters each
Process for _heati n% a pol ymer-contai ning stream bein

COMpEITERC ragter (8oL thostmRT andane s fordisatieg thaagrier kne, and
inbRE P MR wW-Fafe B BOYELAP RN & Bail Qirfn SRR A A dr RS Nfe Pdlymer-
containing stream at the exit of each heater at least 10°C, preferably at least 20°C and more
preferably at least 30°C above the dew point of the stream, and the temperature of the
stream at any point along the length of the each transfer line below the softening point of
the polymer, and then

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

at the exit of all heaters above the dew point of the stream, and the temperature of the



10

15

20

25

30

devi ce, which conprises a) passing the streamthrough
a first heater or heaters each conprising a transfer
wo pove/1278u3 t he stream and neans for heating theP¢T/BEPRD®054438
line, and increasing the flopwrate of the stream
whi | st mai ntaining the tenperature of the
pol ynmercontai ning stream at the exit of each heater at
| east 100C, preferably at | east 200C and nore
stiRfiBf 28 hphoinedloh£as UendBD6T APLMRI Tacdens P ehd¥ofehink fﬂ;%mt of the

stream_ and the tenperature of the stream at any point
PoAyBerg saithadditenpl Realer alsyecomapising atmarfsear ling fier the btogant 4nel means for
SRl of the polynmer, and then b) passing
heﬁ&ﬁ% ftﬁg 1gloislfglc‘ieamthrough an additional heater
arranged in parallel to the first heater or heaters
whil st mai ntaining the tenperature of the

pol yirer - dORESEP FrAGaldng LR Her-cdaiping stream feingyieasigrred from a
R e L
stltemarthrfoegh bi lngs toe heaters berasgetitie pamlelpad rhctodontgrsing a transfer line

P ok o Fafifor bGP R Anp e DY VAL gl he

telhbélﬁﬁfr@f)f fhi ?S}ynfer cBAARRSstiedf d18RL dxtDfRach heater above the dew
pol ynmer -containing stream being transferred from a

p%f@il@,f e streami el the daeperatire of teeyieant dt eny p@mealong d@dcr@h of the

a). passin stream.t hr.
RSN IR DR ubafoRRe Bt s bRER ik A Mha R Rly-rare of
thé Et&ﬁﬁ‘i eiditilltharecld@ry dt e &ivFane dackr ﬂﬁﬁﬂfélcfv@BOzﬁﬁéaﬂﬂeE@aﬁlb Below
transfer line, preferably whilst maintaining t
ﬁfper ature of the polynmer-containing streamat the
exi t,_.Qqf | -
and TR SHOERE B0 AN B e AR pllei R b Mfedt SR Mrouan
th¢ hemdiging hbataf orthieetessach transfer |ine bel ow t he
softeni ng point of the polyner, and decreasing the
flowrate of the streamuntil the velocity at the exit
of tfie hegbedss E@Uokcﬁn?% QW p3Bahe dMiRE %élkéklyant%ﬁé 9@1@6 where at least
40m's, and then utting dovvn one of the heaters
tW@dmatgafszgt ngerﬂmg ﬁteraefamgo mrgann helocigphadréss ang wedssHsergion of each

heat er s rocess. a di,n
negFEadandlr 1 Hetunled PHOBET o FOLE G Risit B Homgep 10 a0d 70
miswo heaters are operating, the average streamvelocity

across any cross-section of each heater's transfer
line is maintained between 2 and 100 nmis, preferably

bet vgen 1}90?339 ad3r v\(ﬂhg ta er pﬁéé@gﬁ%sdﬁ&c %glleﬂgmttﬁ? "&{% gwhere at least

precedi ng ¢ e -case ere
twbVirmatessadtre pperaties, d’ﬂﬂhﬁfy ﬂgw rhthén Sd(ﬂlﬁfa}&sﬁef bie fsahantained at between
n e 1S et ween
SOg/aand g{)%ﬁ, prefrelalbiy et\INeen % ancll 1?(9% of tPe average value of the flow rates

in all the heaters in use.

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

either at a point 80% along the length of the heated part of each transfer line in use
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50% and 150% preferably between 90% and 110% of the

average value of the flowrates in all the heaters in
WQIs®9/17764Fr ocess according to any precedi ng cl BETIEP2009/054438

wherein the average particlx size of the solid pol ynmer

is less than 3nm the conbined nmass flowate of the

pol ynmercontai ning streans exiting all the heater is no

nore than 15% greater than the nass flowate exiting

méRBret SR BHe traRBr RSN SIra® theMBInofet li¥e Qltlek,N€at least 6 m/s,
mer-containing streameither at a point 80% al ong

pol

Pfﬁﬁﬁ’@%ﬂbﬁdﬁw o1/stang nisa peaderphlivtat bfastddlots.t ransfer |ine in
useneasured fromthe transfer line inlet, or at the
transfer line outlet, is at least 6 mis, preferably at

| easy. 8mEoedsaciEdEnPiehismbdedinatcldigashertihs av&age velocity of
Process according to a receding claim wherein the

n
the pelyagE corlpigmgsiream a ﬁ%‘% ngre lengiwofiths rratesitnagiaheagh transfer
HI‘%QIO{Q.@%, %@FJrQ@ ﬁjoﬁlnt% 'ﬂ'al%cfelllﬁﬁ 1 ﬁ?se ugfﬁtor%%ea?qul%n ifs average

transter Tine in use, measure ro e ansfer 11 ne
velgulitgtat 20% abopgeathe tengthrofghicladacd fahtast thd saskeliage

velocity at 20% al ong the | ength of the heated part of

the transfer line. 9. Process according to any

preaedi nep,etat ReothIfE B dhylgiecea® Him! DRefBsde bhAWr Al ESass

of the polyner- containing streans exiting all of the
flgverates p§ thepokymertcantairang ytreaims exiiing alloofthehaatessistshbstrmtally the

exi ti,ng the, reactor. . _Process according to any
SaB]Feaéél}ﬁq%ssgogflaﬁe e\’/\%léllgig%re?%tgr'r atio of the average

vel ocity of the pol yner-containing stream at 80% al ong

the | ength of the heated part of each transfer line in

use o i tRyoesrepcgeding lopytnyecedingoiaing whereime raingfithepverage

t - f i ' r

Py O R G Bl B o (B0 0 M ol S EBE e LB pare of
eaelc ransderrimetin usaty igraee@de ngocityaatP0%wiiengite lédpeh albe dgsted part of

vel ocity of the polyner-containing stream at 60% al ong
g s Fesriier gie=ieh ol 86 PRFEALY S04 Wpkiariof er |1 ne | o

use neasured fromthe transfer line inlet is equal to

or greater than its average velocity at 20% al ong the
| engltlh ofPro¢rss haratdig freanty wéceting daimpshereid fhneverdge velocity of

Process according to recedi ng,cl.ai erein the
the BB G pOREBE P AL PO RISl R el gt b ranster
linedALeOmeaNeHdfrorDges trdndfek lige Hianetqral 2000 RéR8dhait Ss average

heated | ength, D, is greater than 1, preferably
velfeanEb R0 BRSO 1 HEd foFhogdaRAHI s dnot han 1. 3.

13. Process according to any preceding claim wherein

the tenperature of the internal surface of each

t rangf er Brbeess dccondibd b dny pteR%nal daig, ivhsreliede edlio of each transfer

.length, a : : .
]mees oqameter E(g% along its heated length, Dsg, to the diameter 20% along its heated

length, Dayp, is greater than 1, preferably greater than 1.2 and more preferably greater than
1.3

13.  Process according to any preceding claim, wherein the temperature of the
internal surface of each transfer line from 50% to 100% along its heated length, and

preferably along all of its heated Iength, is maintained below the softening point of the
polymer.
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preferably along all of its heated length, is
mai nt ai ned bel ow the softening point of the

w@oelogneresdd. Process according to any precedi nBCT/ERI009/054438
wherein the heat input to tdye pol ynmer-cont ai ni ng
streamis adjusted by changing the tenperature of the
heating mediumin contact wwth the outer surface,
and/ or by changing the size of the heated area of the

transfer pioB®s atBordfMigORess peeatifl @Emhowﬁeﬂélrpﬂﬁcﬁéli't Bfbut to the
claim wherein the pressure drop across each transfer

pqlymer-¢ontaigiag seeany iy adjnssethehchagggtthe temperadureod thieeatidg medium

SRR S AR NS BBUR BRI S, s o e

trzhﬁfei fine.

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

between 0.0125 bar/m and 0.1 bar/m, most preferably between 0.0125 bar/m and 0.04

bar/m.



