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POLYMER STREAM TRANSFER The present invention concerns

apparatus for inproving the degassing of polyners,
w@asosioglrarly ol efin polymers. Pol ynerisati on PET/EP2007/008602

olefins in which an olefin nonmer 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 The polyner is withdrawn fromthe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 ynerisation r cagents and
i nert hydrocarboﬁgﬁigégtﬁggggﬁ¥g&bh§A.,uru:arbons need

to be recovered for economc, safety and environnent al
reasons, and nany processes for achieving this are
knowkhe preseRbinyentionyensernp appasats forgamperving the degassing of polymers,
d devol atilising the
paﬁ?q%ﬁaﬁ@%‘lé%rﬁb&%ml%ng streamafter it has been w t hdrawn
f r orRdIfiBeratiyief bleaihs GNwhRAGDlefinl ﬂx@n&ﬁbﬂﬁﬂcﬁ@ﬁtioﬁﬁlly olefin
requirenent is greatest in_processes having polyne
COIOnRMERHE PR ansEsd ysualdy by theipresensaf agssdly s aadior aﬂﬂzéént is well
ui t
kng#vgc gglggé%lg%gi g’lﬁﬁg&po @%S(he &A&Sﬁ%ﬂ%t%n r%? |t§§0§¥t|her with the
reafenssiany inanpphecdrbars. dherrphgenss aiidagﬂrddaﬂroas nbed to be recovered for
absor ption of hydrocarbon i s high, and/or proce%ﬁes
SCRRRIPIS: 1Ry 381l gREFOTTReA SERICBY aNH mRaTY RIpessetder ggnicving this are
knbwiUh thd Wl pedd n}?{tg@&séé' et n@(‘;lvé d rEqurlg_lﬁg aHH)&EW%hsmg the
capacity of co rcial” sca p ant has 1 ncréased
p@mmdngalmug strtatm afterait has Taaed vavshqmawml fionm the polnesrisative reactor.
ne ased the ntial, cost of un el i abi
TR a5 R Th St P RRS peding ok e idravn from the
reAddéi @il Bigh abE3BEd biNFledRui@ MyMrdchoRQbMiFRIs. Uhebe arb$@litally
but al so upstream and downstreamunits. At the sane
prwws pmds\mgg)queratmﬂga sigpdicaphlow drasity egmpenent or amorphous
ph?? éﬂ) ﬁ)fs? %??l&&‘l%l rbglrl gglvmbll ,r%ngi??r e%%% v@ﬁlﬁi LOfR polymer is

prodhueé as&xelpmessﬁée Gfﬂlcﬁﬁxhhﬁhbéﬁbbm(seacnvs bt rrfeyt)
pol y. sation units has typi caI I y been achi eved w
i ncrﬂgs'@ﬂ’“{ﬂuf‘b%ﬂpéﬂt}bﬂ GanETcial sga s@lﬁnébwnf:@@seéﬁéwﬂﬂ@ over the

r
v, o PO AT RERIA T bt iy

anbfcpa;tlorﬁ 039 prsgxdieiaas albd sigadficantly meresasd smpectotgorot only the polymer

resi den ti fo i xed reactor, vol une and al sa .
ur SR R FatiTrad ot d Rt R At At O e By, Brigne operating
exﬁ@tﬁ]éﬂcé QLR S0 oplHURMEDS 1nEfé%sfhéBﬂﬁ Bkoleds doﬁ@erﬁfaﬁ@ﬂ:@#loﬁimgs) of

h solids | oadings is nore problematic and carertul

poél)é@@g‘ﬁlt@i@lwﬁ peormrcasigro r Hist ingregscaineolidg eancentratipng yin plyrry
(Jﬁ)g'l\}e {‘IOIﬁ 81lilllt§ Ili]a% tg}{g}gal?y elﬁ%%ﬁleg (? Q\’llt?l SCIICQS%E CYRHI&HOIQ QEIOCItleS

een experi |"ower
achieved for example by higher reactor power requirements as illustrated by EP 432555

and EP 891990. This increase in solids loadings is desirable as it increases reactor
residence time for a fixed reactor volume and also reduces downstream diluent treatment
and recycling requirements. However, the transfer of the product at high solids loadings is
more problematic and careful design and operating practices are required to avoid polymer
fouling and blockage problems that would not have been experienced at lower solids
loadings.

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

polymer stream withdrawn from the polymerisation reactor, the temperature of the polymer
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| oadi ngs. During, and as a result of, the process of

depressurising and devol atilising the polyner stream
WORWRE+HM from t he pol ynmeri sation reactor, thRCT/EP2007/008602

tenperature of the polynmerreduces. It is well known

that the process of devolatilising and desorbing the

polymer is significantly enhanced by maintaining the

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

ry : sses th r f er,.line n t .

el it SR BRI BRLA e PRESA TR EAF b B potymer s
signifi@ad g ieniggnced 5% elaidt@iniid e polynierat 8¢ highm temperatiab by possible.

heated. As an exanple of a typical process, in WO
Thys,in slurpulgon pepopgses Begrapster 1ing hetwegh dhepglymerigationggacior and the

: r [

dep SRR RAH ok ARl el OiEH e JERUREL SfERnls HoBA Helfed. Asan
exarapldwifta typicglprocesfrin WOoerl/08 1245 and a0 &d/F4487 U tisiake-8£f line from

| ow- pressure steamin order to provide .indirect
a Ipeppolyerigationdeaqien Gopmprissha fashline Gogtaming thedrawprpdhurry,

i Gk : i)l I

sulsaicl 15 Licth 1ch AL Rh  HerlcR) SRR TB gregsure steam
in bidee ® prodideasdisdcs heptingria kheyslumg.riéasesr i ik Also well known that the

t.enperature, an robl ens of fouling or aggl onerati on
stigiigéss ap ﬁﬁlﬁﬁ?@pﬂﬁﬁgp ipg)flw??rémg psiertadiopasg EEatp gnd/or foul

trafiftet Bfes! RAieB@E deRefall§ ihérBARh RAthIURhEANAE MnB S ems of fouling or
utilised as nmentioned above. As a result, careful

agglegiegationfare hecorming sfoge sighifsaht with thesinprshsing solidstloadings in the
reactor is required. in order t chieve suffici .

ua @RI Bo PR Bietd p o) fPricina FFil el design of the

trahéfet Tifgfrom e Fbl@ﬂﬁﬁ@éti&ﬂe@étoi Reeqitdddnpaderi® behiéve sufficient
further exanple of a Erocess for transferring pol ymer

heating toyaid devodatidisptiaywithowssiskiesfouling pragghemagragion of the solid
po i nuous process is described for introducing the
['urry into successive heating zones, the second zone
havifurthel axaeple df apedcess fon aanifhriy podymer dluirg issdestmiokd in US
t he essure in the reactor, is preferably 10-30,
41?@%@ §hleha qoatifaRus pracess Felcasrinaddof ibdugine Yheestery dnto

sutRild18eatiAB SondsN HeGRE M9 dnB &by inB &l 18rdeP dAh R RBAIHNE first. It is
drog between the reactor and thé first heating zone.

stafiekthatrthe prassurain theaeanter ie prajérablyel -39 kg/cméat anig thopressure at the

. at.ed.to.be preferably 5-27 kg/cn® and the

it of b8 B bRl e 1 e B HheSrein bR cea the reactor
an@ €S friseldaYin@/z4ne! The/peesiur@. at BRVAltRE bf the Hritteahg LHR is stated to be
mer stream causes the |liquid phase of the stream

I
P“?fgrag}é/pﬁw kg/cny g5 and thegressuearatithroowttes of the speonédnieating eowe is
préfélﬁﬂgf(ﬁﬁ-ﬂwﬁnz‘gd a consequent increase in stream
velocity. we

veér if the velocity becones too high it
may Dexobstidisdtivd «fahe polymer stream causes the liquid phase of the stream to

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

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

impact the spatial planning of the plant. This can create a variety of problems such as
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velocity (the speed of sound in the nmediun), |eading
to disruption of the flow On the other hand, if the
WO p0Bl0#d473/el ocity is too |ow there is an incr eBSEHEP200TH8602

of fouling or agglonerationsof the solid polyner as

menti oned above. A further consideration is that in

| arge plants the transfer line has to be very long in

order to allow sufficient heating to take place, and
rgﬁ?ﬂ oq’qﬂé 8@7Qrqu tf?y{)lﬁhtc' &]E ttrd o tle condltfg?lg?r%sdeqﬁe line. Often it

ann ng his can cre

is N@éssatwtoqfeam aghlemsntwsﬂsmasﬁ @ﬁt}wttaﬁtsfeeimé Tengttatodbatisy the heat
in the plant, and control of the conditions inside the
ingyt ﬁ%lmf@’teéfffi iThus ¥ willheaparariatesl hahensaring ghat fheqhymer stream
t f
69 Qp{htﬁ gggasgif u\{%r?seeﬁrélatgé d§§|1f]éd' t@ﬁp%&ﬂ?fz Ia% %?’%%IF% g{l% twtétgefhe

mlhhmtm off fdﬂiﬂnggiggh)aterztthﬁx ipalsygnitficasit teehimicalrdhalleszeat t he
3SI ng vessel at the desired tenperature and
pre

PESSERINYFRIONSREkSHO GPHIHsORCaHBE Pf g /PRbaN g Ayringits dranster
frohnPtHd redcet b 'tl‘éf(g@gtags%‘f%%sgél andnatleagR: t}n:@ﬁ) rﬂﬁﬁfﬁﬂéerhable product

I nvention se timse heating o
tradsfer, by pattutar aosdterctibn ofithehimnsfea tine betweeh ﬁfe piﬂgasﬂsi;anign reactor
ame tine to maintain reliable

an%ﬁ%zq?é?gs?nga%?eg?gr tﬁ?/pﬁlé?‘fqréﬁf’%{? construction of the

t r anglBfdiddlPeh Patsvassect R 19@411‘{1'6%rﬁr§sﬁ8és%pﬂb€@s§tf9f héafilg a
the degassing vessel for the polynmer stream

poherssregntagling stream being traasfprecd frotrea pelymetisasiongeantdrtos: degassing

ve? $ aﬁ:’?@n%ﬁé p??esgﬁrﬁl i B%F%é %l{ Pglgetltgl cg)lcl’l?]%}s%%%e? .rannst%er 111% for the
strék@f ané hidgnsy/ s ﬁéétlngQBH’ﬁ'ﬁhﬁbﬂlﬁllidQ adietdig tHelReSufeddd)d in the heater is
through a heater conprising a transfer line for the

betyyger At %5%al?f§felf%hly hé%&qeﬁdotqaé 3t5r/aﬁ>§ thertotal geessure drop between

bet 5%
P BschiSh (PO R ol BB SEsskl Do Torar
pr eS¥ehevedioopd that memtltehnessuteyamlne auwttet ofithedwateois wnally fixed by
e ent t o.t.he degassi n have fougd t hat

W&
thesf? trf cARAULORT @n AR CEHY lythlsﬁpreaw HEODREEPSS ?Qeater implies a

higheH ptesduré htxtﬁél h@é’telt iRt danshtea mghepdliddl %}ﬁ% erfiire of the polymer-
excessi vel y pressure drop across the heater

contﬁmm&ﬁr@nh T@h grghpr thegnitial mnnelmulhmftﬂeq polpimer-cortaighing stream, the

065 P B P Pt and ence e

1estsefmﬁmttharl&aaﬁgbhﬂlermlemer - cont al ni ng stream the
smal l er the tenperature difference between the stream
and Tt@ohangresoniaiipg streain mnaydrecentineoysbs withdmmwa fgom the

pofg{ﬁf&rﬁ%r{fég f. fﬁ%%tr%&ﬂlgﬁ'{g) ﬁlg%gr QoM GalVe ﬁio“&xﬂgr

eam may contl nuo om t

pol yeill lsmppmemateehdtaothe ﬁﬁneﬁ-cm‘aﬂnﬂnystmamrmyses olirough some form

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

heater is considered to be at the start of the heated section of the line, where the heated
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It will be appreciated that the pol ynmer-containing
stream passes through sonme form of pipeline at al
W@ 209804¥4r>m t he nonent it | eaves the pol ynmeri sBCT/BP2007/008602
reactor until it enters theegassing vessel. For the
pur poses of this invention, the heater is considered
to conprise the portion of pipeline fromthe beginning
of the heated section (or first of the heated

'se&ﬁ)?{%ﬁﬂﬁln%&ébio ?s otﬁggm f ﬁeta erh?g%ﬁil%l ﬁcétﬁg}{l égrrlﬁsl g?lt‘line” is

méafeatyeformas cusdddt fintablenadf trafispoftad giesl yitlet-Bbtainiify seape
t he .possi bi |It¥ of a nunber of heaters connected in

cog@rm@&solrﬂﬁehqm ped 8% the heater (or transfer |ine of

the ”ﬁ%%@srs%re' cﬁ‘o;g ?&?%}sﬁtﬁfe Snbflr RIZE ;?nihr unﬂelfmz@g %o ]greﬁéflfoly between 0.01

heat ed "secti on ine,

bahiedr@r0.? bampieteilsdd betvdea 020125tar/ad aid 0.0fbat/hig nveapeterably
section of the ljine, where the heatedsectlon of the

befwyesa G H23 38 pmaandsd- Phbarimn G eeshivs Pessswe drorstacass the transfer line are
noh&é&'gﬁ bR, !isnthéfﬁ g§?ad3}$ chbk&@Fflow TofiiRBhs. 2Ny form of

condurt” sul or transporting a pol yner-containing
st r dypiaabpteasune atthe beateksinldt) Byuis - Mblargamefe‘f&lﬂy p0é§shar£ A higher

0 ss .the transf [ line un| | engt
Pi Er%‘%&?‘é?:?r‘iﬁsd&{%é‘*ﬁ G5! Wt Qildresce begyeen e heater inlet and the
redi oD herdst éﬁ%@rﬁ‘n%thgil@é tBApLINAOEf Be %o%érmonmhg stream at

preferably bét ween 0125 bar/mand O. bar / m
thegheatss dinleteis still hieghr & hwrrofb\scea theosmperature dififiereree batweersthe polymer-

d b hoked fI
cof Ginifif RiseB B B o el eilint RS | e, pi
i s PréQuieat the qutilef meypicauoy P5- 1062, phefotanen- 1Pibak

undesirable as it inplies a small pressure difference
bet Melsprefaaedthat betwiean exiting dhe prlymersation reantereand entering the

T e ——
whiéhintrodbies arpeelisciesiroiesbinip eyitallychetivédred £ aad 9ovaupeasterably

60} nsEiivh Akt P e OreF BER PR Uiy PAITBCGRTORE ST Abd the entry
to Eﬁéﬂiegﬁ’slsi% ves®l. ]2‘2 tRAEA r&%@ie‘%fr@;phéfozs tihe brl&6r@ cohtrol ilve is

referred that etV\Een eX|t|ngt epo yrrer|sat|0n
bet‘\@mntl@randﬁ@ berg, endre gsualhlez ptyecsi nepd2fsbark, Prefably the pressure

BT TR PR PSR AR A coe
présSurE)dmlS:@drbSé tb@pﬁbﬁﬁﬂe 6% ARAVRAYeheli FERhBObAwWREYAIRNEactor outlet

80% of the total pressure drop between the
pressurg B Psati on reactor and the entry to the degassing

ves I

v ontiopicafhy ealia bf BIETREULE HoRRCARE RENGPLARTH L fye to the
prdssiredesp ddjossnh!e Réatdrds etwier el ald ¢, préferablebaueen 0.1 and 2, and

cont r.ol ve is | ocated between the reactor and t he

mqrg, paqferab Yt 8~?ﬁ9£ ¢and 2 fopgxapple betveend.2 and

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

softening point of the polymer is defined as the Vicat softening temperature according to
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pressure drop across the pressure control valve is the

di fference between the reactor outlet pressure and P;
WayEso4d4ry the ratio of the pressure drop acr oBGI/EPZ07/008602

pressure control valve to the pressure drop across the

heater is between 0.1 and 6, preferably between 0.1

and 2, and nore preferably between 0.2 and 2, for

exanpl e between 0.2 and 0.5. In the process of the

SR 0 R SHE Sl e SR GG b

polymhetsalisieetactoOMed 4 Hegadsing Redsel, i teinperafied of eyifiindd dtitface of the
of the stream preferably 5-80C, nost preferably )
trapgfenlies map bo aainaingd abevs the temprsatueagfidha refer fortapolymer having

=2 ; Ui ‘ .
o R S MR L e PSR o
bepwezheSainl y 30%C, Preferidlly Bétweeh 85 and N @540 [Fowa pBB/mer having a density

sof t eni g}g point of the polymer, nore preferably 10C or
of 39-265 ke the grossssruds wall semprraturtyis tepiralbneangroplsd hetwsen 80 and

13?2@6{}91@3%%[1,&@63@%% glv?djlp@grhe Vi cat softening

erature accordi ng toASTM DI 525, 1SO 306. In the
casdhehaca sbftenihg adreperatsirgareotdingedA REMBE A2 R ISO 306 is the

o RArHBFA IR T RBAee s peatlr eSO Lol (g RQBETer (0 @ depth

of N uA®Y aN6ad 'S¢ 1N RO 1ARRYRULNENERIPR R M sOfterdifieto be
reactor. For a polymer having a density of 935-94

expeptedBwhénea mateciel is-used e amtlevatedriparmmraine dpplicatiminc Al test specimen,

GBS AR s SRS R THBIE I YT R o s

in K@/ t8RinghepAHAL ¢ HF el PR OSANTP ASH 6 HO T/VICX Syatdny) so that the
controlled between 80 and 135C, preferably between 95

pepgirpting geedlghehich bag a sioss-sertiegaltasempatritsttin of Heworgstngn the

sp%t% %}rg%g%t lelaglq en%gl%dlﬁ tlré?édéemggc%#f(ﬁ\l al ap\(ﬁﬂé& E)boﬁ)? r?g?cimen.

nee enetr a speci nmen of
Theagpecisiepisthed ldwerediinte an ail lbathcht @8 °C OYhe bhh it eafpeer Atauate of 50°C
reflects the point of softening to be expected when a )
pephpusnti] theegleachsirases lév@vﬂieéam%rﬁﬁg? & Which this occurs 5 the Vicat
sofh{ fdlgePitureA test specimen, which is between 3nm and
6.5mMm thick and at |least 10mmin wdth and length, is
pl aclde outiet thmperasire of theppanster lise (fspecifgahyp ithe iatdROSAND

RN TR 1 e —

préfefbR; mhidifed tetperahire tii gFRR tHaulthe EtnirathRAsTithé HRrhAIOMIL of the
the edge. Aload of TONis argplled to the specinen.
ir

lingapits ppdetiivparediately wpsirqapwef g firsitheatgd pertiomy atase areferally at least
So'cliim%{%?hﬁnitﬁ {n?(jtﬁgg e rate of 50C per hour until the
needl e es an ?'

penetra he tenperature at which this
0c C WRos tliesprb&ss Wt thetinvention it is very desirable to maintain the average velocity

of the polymer-containing stream sufficiently high to avoid the risk of fouling or
blockages. By “average” is meant the average velocity across the entire cross-section of the
stream at any one point along the length of the transfer line. Hence it is preferred that the
average velocity at the inlet V; is at least 2 m/s, preferably at least 5 m/s and more
preferably at least 8 m/s. Typical values for V; are 3-20m/s. It is also desirable to maintain
the velocity below the sonic velocity. Accordingly it is preferred that the average velocity
at the outlet V, is less than 80 m/s, preferably less than 70 m/s. Preferably V, is at least 20
m/s; typical values for V, are 30-80 m/s. It is preferred that the ratio of average outlet
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softening tenperature. The outlet tenperature of the
transfer line - specifically, the internal wall

wo eovpesRvire of the line at its outlet inmedi ap@l/gEP2007/008602
downstream of the final heated portion - is preferably
mai nt ai ned a tenperature higher than the tenperature
of the internal wall of the line at its inlet
i mredi ately upstream of the first heated portion, nore

f | | : ' t han_t he. inl et .
e 51 AP i 8B BBl MR e g e s deines
abued)y VIR iis adibsst 10, BRiicHl B betwbh BY @hd 8, prefepdtly Betdfeeh N4 and 10,

pol yner - cont ai ni ng stream sufficiently high to avoid
mqsh preferalydetwesnl . hands- bl ockages. By "average" is

mea - it t. i

e h s ALPLABR OB o ASE A Sl e p gl
coheirgiidstedant foebetHeatedfsatch tHanet ek 90mol %, prefapalstiy at feast 98mol% and

that .the average velocity at the inlet Vis at |least 2

magt eptirppiy L)0melys af the Badiocarbondluadrviadevp Ers iaayerisation
k8Shehal o BADURRL AN Sh | gy g el
vessehpreforahlp optrgtes Ac e pradsunglgyeatér than pbafapmostobrefeadbl ¥ hetween 6 bara

anf} (G Haram o Precistinia pisSHTG Orapractess i ng0 9l aheubeat Gdess than
0.%Barflpes tohM@'bP?&?/fﬁ‘@h YeSst pRIferdBy A eBwdlr B9 bTftdte ahll 0l Fvarh/te. It has

preferred that the ratio of average outletvelocity to
beaw énuad ¢hat thie bptimissd iloy pfeshenealropipéramitanfprodictipn cn béeeliably

orbBREh ol 35 5553 B3B8 WS IR Bhedle! i B gt e ot
cohhv6fRhe %@l@nﬁﬂdoﬂi@iniﬁ@&fcaﬂf RftRHAEINY3 FELIRETDWEY ndielpreferably

In a preferred enbodi nent the process of the invention

bepvgen SYWA o Pwit o Hthgn thagrean edens tl hrataseanddglissalechpreferred that

o BBl Rk LA RS PP 15

prefetabbr mvanofer than 5% ipahy @ sécond period. €aet wiy mpehiah itlds can be
re vapourjsed before entry into the degassing vessel.
achigiediS DAL SBLIUPUSTARIE HaBIScapURuas  Tapke TR ey r o
poBfds8fior RABo2 NRhRigRHds RS Arti RoNRERePwRB 1R expanding
~and 12 bara whil st nmaintaining a pressure drop across
diameser kematgr lenadfles the phesatrerdrayf of ths hetthnto @ Bintamised per

ton of polyner ., . most. preferably between 1 barh/te .
and 03 AR REG o T ARk ChEssr Tt T e T ageri Ay poin

aldrigwhPleagiifehe framsfeinebti the Réat@ AU IR Byl e gter than 500000,
reliably operated even at high solids | oadings at

preferaply hehween hmitientaad 10imillien, mrast prefesably bgtweend -& giilligg and 5
mig]gdv}\i ent of the polynmer-containing streamis between
(% to 70wt % nost preferably between 50w % and
65WTHe hebiinp driedepir¢ssamizatioh of shel fidyieadteam @ridtravels slong the

alfso,pref rred that ) . C g
transfer line to the degassing vessel causes a progressive vaporisation of the liquid in the

stream and a resultant increase in velocity along the line. There are conflicting
requirements to satisfy when designing the transfer line in order to ensure effective and
reliable polymer transfer and heat transfer. Whilst high velocities enhance heat transfer
and generally minimise fouling, they also lead to high pressure drops along the line. It is
important therefore to be able to minimise transfer line length and the required heat
transfer area whilst achieving a sufficiently de-volatised polymer at an acceptable

temperature.
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the velocity of the streamat the entry into the

heat er does not vary by nore than 15% preferably no
woree/0saan 5% in any 30 second period. One waBRCT/BP2007/008602

which this can be achieved i;s by using a continuous

rat her than discontinuous off-take fromthe

pol yneri sati on reactor. Such high solids | oading

operation conbined with the expandi ng di ameter heater

ena r a er :

i n?irﬁigr dllikeqnﬁ cgﬁﬁﬂfcﬁog E&glen lea E‘ﬁrs]%lﬁb{e 1? pr%frgrggcgthtahtéle ratio of the
traﬁﬁf@ﬁhneieoﬁﬂlamlaiﬁetém siltselalet diangeyr PODPD;,ak grgtelr ktean 1, preferably

| engt h. of the transfer | ine of the heater should

be%w%a;lsz td H} dapisally idp atlgasidod, apd epmmanly atgeashd ¢n Hpwever this
I
ratﬁ 1 l}%r%ragﬁﬂn%xglqu t{h%ﬂ'()) %,.nanﬂ ?He 8{] e[&@fe%zgﬂg Eg Y6 WS whthE: maximum
ofd Qgheéﬂgmbistqntﬂennd.dw ethihee fminylrthait istressmg the didméterofihs transfer line
al a the f‘ransfer line t Pe degassi.ng vess%@ causes
aloélg&s 5‘?%]%@ Q¥S § LIS SHRGEM PO yr{l?{ecqnfacﬂ‘ﬂ}i“& siream Hlovwaatenionhe
@d?gm@ddft&isyif iR MHealeP A ?@l%él{/‘ sthell Qdnh ferBlt ?ﬁkgmgé? Pe v\#ﬁl‘&ea relatively
here are conflicting requirenents to satis en
hlghemlgnimen latelow Bonsfages, Fadueingrthorisleof fOtDllBgl;SWI]ﬂi@t arelatively larger
effectlve relia r transfer and heat
aifpeifict B o Rt Pt Mt e/ BRaes OB eireeTREHE Ppifigiasity even a
high o WRRA! Bhiig FhdH Ap8e bobapadies ihEartialiady b Hasblt QuAhgart-up

pressure drops along the line. It is inportant
ang glaytedogineonesatipas aIDIOéerdo mdﬂcmﬂsﬂerlftk efrdovenstream dlackagastit is also

pré'g%?a Hl%t{ %%ﬂh e Vo?t%{ 2 9 d t?gnsﬁér ?%F\M]érh atl?ll tgf\’/ s&]%s%utlet of

I Cl en an acce

thd éopasying v&seel@g by dbifingd hi‘lthedﬁﬁﬁﬁaﬂ dednedér affthéd fi@nslﬁﬁatrﬁrat 1ts outlet,
i,tD?quf it is preferred that the ratio of the transf
angl {0} is the dntemal digmgice pEtherransisr lipe af iy infetawhergths outlet Eﬁd inlet of

thd pgnsférq1ng LeAd&neliRa ?régﬁlﬁrﬁ?@fs%ﬁ%}{ . between 1.2 and 10.

Typically 1t 1s at omonly at | east
1. 4 Theoweunit dialnieterof theitmnpieetine ‘estpryfemblymirleam RAmn, and more

usGilly GRv g et <BF cbumt dMovareaTed pis e dlameies Deiveen 60mm

andNso@asi ng t he di aneter of the transfer line along its

length allows a greater range of polyner-containi n?
str lengshvtanfdle h@t%ealab@@m@dh@txwwfenlm, iscuelerablyiat least 20m,
[ h e
S S o R il e L e Tkt rangeotteng

is frephUSOnN@ $00en,mexs podfefabli} frﬁm 70ntd 300@ relatively
| ar dianeter at the outlet can avoid the risk of

t he%%/@p&fpfr;d that thedrtigyof the lengih & ofdhe rapsferdingfo afs angigge internal
S LA DRGSO\ A0 RO ko
prefpmbht fran000 oo 81@00. {Hthe eidnsfer lineisrdoskinaftedifromst mealvar of sections
eag'l ofc ch?fgrent alameters al a?e is the average internal diameter of those sections weighted
according to the length of each section; alternatively it may be calculated by reference to
the total internal volume V of the line, where V = (7 Davez.L)/4.

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

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

than mounted horizontally, so that the line has a smaller footprint in the plant: in such a
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preferred that the outlet dianeter DO of the transfer
line is smaller than the solids outlet of the

welewansi4ny vessel. DO is defined as the internBCT/EP2007/008602
dianeter of the transfer lige at its outlet, and Dis
the internal dianeter of the transfer line at its
inlet, where the outlet and inlet of the transfer |ine
are defined as previously described. The internal

diameter .D of the transfer |ine.is pr.eferabl t. .| east
coBgitztiafh 4 oo pf e RSelRrabbi s vamsDekfhe BRI Sich that the
iniRAISARY bEfhagial {hshAE trdhFBELRS 8 WPRaWREN 1PPFeRAthat less than
150mm The | ength of the heater, and therefore the

20%q, rest puefarat less thapr e phiieylength j0é thettransfer ling ischorizontal, and

refer,ably .at | east .30 ut. usual Ly no re than
op RSB W nedF bonitied SR g R FoRtorlsEgidtEpin one
emb@@ifentBf RadRiief iAledBhy ekit 6fthéG¥uied tRASNRT lihd arderiented vertically such
preferred that the ratio of the length L of the

that thenigles flow theough the kneuis apageds anddheentlaiflonetrem tialiae is
1 d S f . 0 . f :
sol R, e AR S OO B SFIRI O RRR i o

sedtioan sdtecled e beads@itsiwd) CRidh fakotypiralythstiapedl ssctcthatohs line
each of different dianeters, Dave is the average . . )
dopblesbak ondtsgHang or grore Hmes Lhecadvaneenie! ts eanfiguasioniinat it
' ane. Al b .
mily efranSP e HorSORRRRH W Hadt ] AEhIRybin FRYIRGs ar
uswdllytstraight.éhe behds may be heatedaike tii: deyt/of.the find, fvat tsual g ém order to

L i ncreases | iameter. along its | th, It is
sim 5 $he G e R om s At aunSy Sttt hesied i Wea betellly preferred
thdt @h ) 8% panbidA it A A SheY inel ¥dRufAinl ah unRE4t8d SERioARE the IK;

or three increases in dianmeter along the |length of the

thesefore sectionssofghelieg may beleddiffmentshiametersorith e 18ereases i diameter
. 1 Line are neral |y upri.ght . rnather tha nt.e
oo sk PPy R € FRE B loitPiradHl e b Rt P p SRR e e
velolity heluptaditthe éxit Sthb eRoONfatigy Hadnl B its i41BE ahd Akt preferably at the
section of the line preferably has its inlet at_ the i

exi of ap RIbewca thertep of Bvertisally heated sestion. g design ok the sxpansion
s SO BRgL R\l SR Oy vt Th
nuinbegofiverfical loe honzamsdl sectidne detveeenetbavonhalking apdhe total transfer line

ST R AR AR
| easthetedwsbrahe ﬁf%fﬁﬁ"‘ﬁﬂe rﬁﬁ%hi‘@: VieAh8 defrcadsf &irvathRE The radius

are oriented vertically such that the inlet flow
of therayagthdafingd biyriee elbowpmaly bis exmessedas a tuligple of 8w diamater D of the
wards. ne

ink A1tk Pt TR Eten B Te P BBl sBlap g, icn sD-200
being most preferred to ensure reliable operation without fouling whilst also minimising
the footprint of the line. As previously stated the elbows are preferably U-shaped, although
alternative options such as L-shaped elbows that permit a smooth flow path are not
excluded. Obviously a transfer line formed in sections may employ a mixture of the above
types of elbow, or indeed elbows of other angles such as 60° or 120°.

It has been found that the length of any one expansion section of the transfer line
should be greater than 0.25D, preferably between 0.5D and 10D, most preferably between

0.75D and 3D. It is preferred that each expansion section is located immediately upstream

or downstream of an elbow, preferably immediately downstream of an elbow. It is also
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sections connected by bends (el bows), which are
typically U shaped such that the |ine doubles back on

W0 e®eli34ohe or nore tinmes. The advantage of thPGI/EP2007/008602
configuration is that it makes the transfer line nore
conpact in the plant. The sections between the el bows
are usually straight. The bends may be heated |ike the
rest of the line, but usually - in order to sinplify

AP ARE DRBAMEES ot ] A e

poskisieet er of the line occurs in an unheated section of
the line; therefore sections of the |ine may be_ of

di f fldedotal spegitistheptstrapister arencof; the ransderdinen whichnis itg outer surface
Y i % q r I x |
ardif Uit B (eheRind Menls praferp 8 agt RIS TSR lster arca per
torate/H dfpredudtioniof pbEmedk hgpicaly betweehary aid 0 Snd'ﬁél bfﬁferaal?d)etween 1
st preferably at the exit_of an elbow at the top 0 i
anggv’é‘PEti pésﬁ%@bh%eéws@ se@don? ofhgat feasterares p@lhtenneﬂ? of production
°f?51 §_i on sections and the bends in the transfer |ine
s ke

y to reliable operation without fouling. The
nuntheis podfenred thattile heatehorletae at glpreanhicbnthelsemesbivation as the exit

| bo maki.ng up the total .transfer_line_may be from 2
of iy ROUTHSaPR FFRiSh (5 vHEF Skl a el e TR Aine o the
poBIRMBtiH rehétbr to tABREAEr inldiSs ERYnDAYRo¥idsMANG degr ees
of curvature. The radius of the cufve defined by the

el batvs meost preferrgsk thaisthe eais of theutranisfsr Bnefat thedefiassveg wesse) entry
of, : i ne at that, pojnt.. The.el bo tvpically h
poftiys A el ot S BBy b or s SEYE or e

popheirRati@drehtoensure rel i abl e operation without fouling
whi I st al so _m_ nim si n% the footprint of the |ine. As
pr eihgiagaps fardreating the tenpisiding penally cpapaises a 1acket spagunding the

lint@.lh 299 ggﬁeaaék%ﬁ Al g,}éﬁn g[&{) f;"lc\;?rglsofsaﬂcemecﬁ'?cai-héﬂé'pﬁ\gt eig.kskl?r\@ﬁrred that it

ermt as ath are not excfu
is iithe Gursl of aecancentsit ipe suneuhdingwik fime themighovisclmaheating fluid is
enpl a mxture._ of the abovye.types of el how, or .\
pesithe e BPH SRR Dprvel eafige Lo ians TsBesdhech fgind hat conditions
cal BE bER 8Pt BytRAly deBpdrBOHdstOm athe HRBHEXRRARINE Particularly

section of the transfer |ine should be greater than
wigrethpmaximfiersabirstidnetenperat@re 550-308C, epb prefexsbly no greater than 10°C,

oo RS E A BRE SR PP AP0 bR e ke

m& eitherpidiidean: Smeéheat inpivaloppeheémt Yength@fthat@hdfer line, or may
downstream of an elbow. It is alsopreferred that the
proxigradisiersntinkshating ahdiffeeent apithelign loenéss aspressibbnthat portions of
3 : i
R SRS Pt FAE b2 oo B b TV IASE R @Btk optimum
hestinpat@borgrthaldngthcafitha atinsfet lind achieadd with awlesign such that
f b t t..0.5n2 of heat transfer are
terglge?at%;eaotl tXe ﬁeatln%an?edium (or th% interna wa{l temperature ofa th%?lrne) is greater
at the inlet to the line than at its exit. Accordingly, as the vapour fraction in the polymer-
containing stream as it passes along the line increases, it is preferred that the heating
medium temperature (or the internal wall temperature of the line) is decreased. This can be
done in a continuously graded manner, or in a number of discrete steps by means of
sections of different temperature. Most preferred however is a jacket which operates at
different temperatures in different parts of the line, usually by having independent supplies

of the heating medium for each section where a different temperature is required.
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tonne/ h of production of polyner, typically between

0.7 and 10, nore preferably between 1 and 5, nost
wpe@Besrm y between 1.5 and 3.5 of heat transfBCT/EP®A7/008602

per tonne/h of production o 0polymsr. It is preferred

that the heater inlet is at approximtely the sane

el evation as the exit of the polynerisation reactor to

which it is linked, preferably the transfer line from

th .1 .h t | et

cas IRAPHTFE ShbSBmeR of (e b @nlinehE Farater e s edted hga
coffeentridpipé B6ing sRAH8M Heafifg hRHiunh ﬂlﬁ%ﬂ%ﬁ!eﬂﬂ)ei’é@%@ﬁhe transfer

entry point) is at a higher elevation than the inlet

lingfis prigeratiy n@rftmilerhus@geth@l st@mntﬂte)vr@tq faata given $team temperature this

I r eac heat |
e AR e iRl o the FraB B8 ind o AL et Keryre a lower
terhﬂb‘tﬁaﬂutdlzﬁ low E@lyﬁeats&eam&rdvﬂhtemd B@ighar tdhSpck 00 2 higher flowrates
ctrical heater, but it is preferred that it is in
whepeelogities gre hcah‘%]é‘?incent ric pipe surrounding the |ine
Eg:n,mn :N]u (l%fgig 1’% Me Ier%ge?a{&@%?a%tpq%‘gexggo%%ammg stream
itsélf amnitie h’faﬁifeﬂmaﬂe@ (Iﬁaaﬁéf‘r’brb énddERinght leﬂérgge Ghyldy ir16 thtcheater) is to
. desuper hiat ed steam as the heating nediu

mﬁs%ﬁse ithe JoRs gonterdiad the wrespy i sandiedore |bomn<fré¢ﬁpr& the gplads content
of t %Q%thd%\gn RloR{ ﬁlre?;& P{)ﬁ%aﬁgortan% ﬁggg gQ%BHH\é
{ the. po ei'ng heat ed:

e softening point o yner i ng
coWﬁntrhENgdevﬁwupstrbam K els: traﬂ!s&rjlmekﬁhe stdids ebt bary moowhehe than the
1 {Egsarreheatln theenlrelent of .the h
19ppd Or SASGOUS CmpoRGnt SHeATIEREPY ST ? el?mﬁffgfnt e

traflstbf BRERdatd i bilePlo idh?ede'tﬁ@deénted'tén aRrfossi bl e that
portions of the line (such as bends) are unheated, as

di sclihsssel uppacean ofheHeansfer buadftarsetids h@nceplratmgrdewgmwuh an
up&tpc%% dlﬂae%ng%hhgi 88&:%;] %I 81%11rhe ! r E’Eerj‘l:) 1S3 pre]fer{cﬁl embodiment

I eve esli g Su ature

of fiegiredegt meémtwm aod erdbdes thé ﬁ’fdﬁahlewad)ricehﬁﬂm&f iatthé gadffer line to be
the 1ine) greater at the inlet to the line than at
mlpt%ls%@elﬂﬂereWcr@ vansheyiskof toplang apour fract | on in the

pol YRraukad ﬁlaf‘ﬂleﬁﬁ#eeé@agisy ﬁ%t @ﬁesﬁﬁng W26l 6t e HRater to

increases, It Is preferre t1 ng fredi um
fambuameuiwnmg P(referatuilye thermpc rsdflangad bt §-@ ﬁpﬁnmrwie Infthe hase where

| ine) i.s decr.ea i S .can done ipn.a contin
heggis S RAAHAGHTE Beckst OiiRDE rUae Subdids Srapetpartnt heating
ﬂuﬁ@m@tcwgh@ﬂgngg di fferent tenperature. Mst

preferred however 1s a jacket which operates at

di f flepeder ta wapiorise beas srapsfedintg éwee:rwyrpgmoslta;mngh@ealmn@e pipe is
hav n endent of t 2p-1
profEBlec A el FEREN P B b Rl el oo,
préferabBgtesteckhhi 4@ Wineke'. rEet siph adiyprally sdanilbg, although seam welded
invention, the transfer Iine is heated by a
pipe is preferred where high heat transfer is required.

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

within the scope of this invention to provide multiple parallel transfer lines to accept the

polymer-containing stream, each of which is arranged according to the invention. In such
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concentric pipe using steamas a heating nedium The

outlet tenperature of the transfer line is preferably
w@emwsng4red using the steamflowate: for a gi RENER10@HMNS602

tenperature this has the bepefit of enabling control

of the transfer line wall t erature, to ensure a

| ower tenperature at | ow polynmer stream fl ow ates and

a higher tenperature at higher fI owr at es when

vel ocities are higher, i ncreasing further
a CORYTCHABICA Al 08 thet Fransger %F«W@V beaequrediin geryiceghany one time. Ina

furttie? ehiboimdnl? ?net ﬂcﬁﬁﬁ&%atlloh ?@ac?dftﬂagtaﬁqelﬁﬁﬂtg/toff\glﬁmrawal lines, each of

increasing the ‘energy input 1nto t
whicichasaseowhears®rilohes. (T(hﬁtlﬂﬂntmfl atsbaend tidezamithiit s Sceperthbase of

b creasing the sqli.ds content of the stre )
Singj& ST ARAllS) SO CONEEnSa DR OFYIES: MO FELEIAbRTATRMSNT Byng one solids
cottthB8tife §&Jlée‘§§o&a@&ﬁ?ﬂé¥r%¥1'o@gaéiﬁf{ér%?erqﬂét ream of the

transter line. The solids can carry nore heat than the
I I qun d:heqrar@iﬁ beater emlvmbmemt, # ippretfférecdsthatesingn dtHeasebyo heaters are

8 rth | ower ut. fromthe transfer lin heater P

OPFrﬁ Be-das eéa%chﬁﬁeéWe GRAYASEISS BRY CEATHSTCLon of eackhlieatid s transfer

lint RSinbRedTh @ bétWeer! 7 ams { G0 mld, Aost Plef@aB19befldeen 10 and 70 m/s. The
concentrating device with an upstream di | uent flush

peyfernanss of pasbdransfesline pen bnmorfpred 18B@Aarinseters pn@lﬁémg dlep steam
ﬂom{) {hg%ggtln(ge]n%@? (P Ineasy }ﬁg}ét%? 1?51:1?2? %llp%a Iq% gqet sgreglg, HeS pressure

atron1n

dlﬂﬁeremcm asfsls thidieachyind Guehdigr priessuié $Mvebuthatiol Measutd the Slow or
preferred that the pl{})]g i s easily separable along the

flomeragip intereagthiganséartline. ths relatipnshimpetweratapmdlow and outlet
ten?%&gtﬁf@ﬁk— %ﬁcthlﬂ}?ea Pfadsha Anéggfglgfrg d&oxjto%gichfh'i@{hl\(é%tﬁl 6% into all

e case where heating I's e using a
theclomateas, mand gheadiffesnicaietiveen the vapoustep*rpefafmmead tlter}matet betlet and the

oo ot Pk de R Che AL e Rt BT o neor

préﬁﬁa@@r@sséﬂﬁﬁll? kiREsahie RLHRS ﬁﬁ’él% h@@t@@erﬁﬁéﬁﬁrﬁnﬂﬁt&%&%ed above.
havi ng a thermal conductivity &reater than 30 Wn 2K 1,

pr eflepathi yngle beaterandmawltiprardiel heatthempodiments, the flowrate of the

e [.t ho e
poly e EPplali B SR MBI REPTARCS R Ry B pretery
copticifedrusatg 4 hrassuad br 0w icbatrelolaywes inos Optiedr il fo Qitddeiveen a solids
exiting the polynerisation reactor is passed through a
CoRGERYRENG ?%‘éﬁ‘ the Hranyeickpedrgateriplet nEhe ¢ppgiel V%)‘He lﬁf@}gned to

ha?e 'y EFE@?{ @ﬁrd St efentt3 o4, %ﬂd @U%oﬂﬁ)spé\ﬁef%gc}ﬁg%& qatid 8t of the

om he reactor. e stfeam
presearetdoop wweéxetheoramsm:mdtth@l entpy tf the dindt\dolwnstream vessel. The heated
trags er futlealtslp?e erab?y de51egrr11tecri Itc])c ﬁgve a pre{sﬂsqlre drop between 5% and 75%, most
preferably between 10 and 35%, of the pressure drop between the reactor and the entry to
the degassing vessel. The ratio of the pressure drop across the control valve to the pressure
drop across the heater is between 0.8 and 5, most preferably between 1 and 2.

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

upstream of the heater, and the vapour fraction of the stream at the heater inlet is between

25 and 60mol%. The vapour fraction of the fluid component of the stream at the outlet of
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nost preferably using a hydrocyclone, prior to passing

through the transfer line. It is also within the scope
w@RooBhi#E73 nvention to provide nultiple paral |l ePCT/EP2007/008602

transfer lines to accept thﬁ%polyner-containing

stream each of which is artanged according to the

i nvention hi sucha construction, not all of the

transfer lines may be required in service at any one

therlbege@w%@ Ky @Iﬁpﬁﬁ%m@o P 1 ?ﬁsttiﬁ? %3’ nﬁ@r@ oeaefﬁ pgferably

égtgrqlihn%dl%s own transfer line. The i nvent| on al so
includes wthin its scope the use of single or

par alhllsellnvgﬁiqnd@n benapphtabl uoragpydm\]/ymesz,atlmn ptocbhae(eg gasphase,

slu?nézgg{] %)Z&Elﬁfé tcplétgm £ Eg gﬁle{r gs e eé B% h gé ?o volatilize liquid

duﬁﬁé@éﬂrggsuheﬁogr enbodi ment, it is preferred t hat when
| east two heaters are operatr ng, the average stream

veI (B’mqeyseacfmdhe cenpplysnarisatigrof dlefinpin tbashntyemae& arg well known in

s SUeF bresk it ST bRe 0 R e R BB s and

co@bn@Béhintd Aftitel tahk BEcEAMUBES IHBP irédEdR GobipkiBBhg polyolefin and a
paranmeters including the steamflow into the heating

Catﬁb/ék@r thegpokaenigatiop hEhayeaetor isgupicaliuegnirollsd theachigveegdgsired melt
indeRGn GERSIEr flelch W&Ca%aﬁ%gﬁﬁﬁpg PRGN a8t B

react or essur out Teasure
fl 0\Bol’)&th)@enerslmr)epmibniehéa‘tﬁfnqj‘robdsm typioslly @ithltaonsdlier from the

etween steam flow and outl et. temperature for each
gtionygadonyft Eﬁt@lfgranf Arantisiss 3514%16 hafgroeaqba% apgd the present

1n\Ieﬁf1@111 isfth@rdr® g&%{]ﬂaﬂ& helePaRtE 5ifoh p?ﬂ sgnﬁ%e THefshitf f?xcs%ch reactors

bet ween the vapour teénperature at eater o
typacadl ytdompaieos theipatticufate palypreochs hy@bcaafhm difueas)y r(eo)monorner(s)

calfh R Bp a5 TR eR e 1S e eing dher Rl ifge o8 partcular he
slufgaliglr coaipeire RUETst Fﬁerdslsjcao L e orerihP & cedtbabidt ¢h heR@aPweight of
heater and nul ti E@_’e paral | el heater enbodi nents, the

thersherr af eareulptepobansrrasd-Soht, arefeinglyst(-2Q weight percairbased on the
I IleS
ot PR BT SR EREA B NP BE S g peiom s e sum
of a1!bﬂte ﬂméfcempbhemtsi imCth? ee:hcbnetam ﬁﬁm@nS@l th'd Gllmjlll f}(ﬂaﬁm ﬁioinﬁlgler and
e tra er. eater 1nlet e contro
any & vess H@éér Hektnts Fdogr 4 e i can B Gyerntive iiHgsuch as a
li ﬂﬁ%lé’ﬁ}gmggo/ﬁxew&r@ kg ][?r‘irﬁ@éa)f dnH%Aas gn %14’ diffent A€ oleﬁnhmonomer

pressure drop bet ween eactor and the entry to
typfi¢allytcodpmsss Iéarwt?/emle paiftiveldnkyat-¢d witveofshesluftyne i s

DG PoberialE b arer o ry R EE o ReBiaetaier I8 Bpe Gnef - 133°C and
prRERESHI the PR IDRIORRA THEKD PG uSEd dthel £ c@fmdys\r t¥RcdiRfused for

degassi ng vessel. The ratio of the pressure

olefiprpodgnenration Aeahcs chsorpiaim oxidneZigglesdatta o n@pﬁlbccmmwpe

caté@?t\%e gﬁt %Q u&t ggﬁ\}e%grrﬁp%s%gapo?ymér mascflluente];r?c{ m met cases catalyst,

olefin monomer and comonomer can be discharged intermittently or continuously,
optionally using concentrating devices such as hydrocyclones or settling legs to minimise
the quantity of fluids withdrawn with the polymer.

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

reactors are particularly well known in the art and are described for example in US
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The pol yner-contai ning stream nmay contain a vapour
conponent as well as a liquid conponent. Typically the

WQ 281043473 acti on of the fluid conponent of thePCT/EP2007/008602
pol ynmercont ai ning stream at,4{he inlet of the heater
varies fromb5 to 60nol % In one preferred enbodi nent
of the present invention where there is a pressure or
fl ow control valve upstream of the heater, and the

ur . f LOon t e t the heater inlet i
31§00 AL G A ls 4T TR Bop PR bR solifbut fibutar
cohdtHicElof 0smPASNE aOlkadttwosfor @RAMple fHE verchilec@ddshd at least two,

heater can vary from70 to 100nol % it is typically

forosxampdsriousomngatal seetions abhg/hept ehpelymenaationgatypisallytremoved

j ' . i an Lzation .
osgR RO PR AP o U BB TR R s spgunciv o
leadt peart yMMRE iul #3680 Reatton cRdsyoleme of eab&sIrdabroy edrdvdrl baeis
typlglgaqw d during_depressyrisation. Processes for the

lyonyherangagd ¥nl G mol efins in the slurry phase are

wel | i. . :

For T2EaRMR A S parn e R R S ST B R BN ER i o
madnntosueh shat thiesdileanis mor exposed teiodsarhinagion e@ad ©permit recycle of the

.conprisin ol.yolefin and a catalyst for the i
dilyentyaehe rolyhgrizationgone wethapimigal Iy BNy BYicatignt Separating e
. . i L : ‘

P o Pt o BRG e tuafop! n the diluent
tyRodllyetanybedryeang Inuethgd kmdwmrer the atti fonexanaple stsas inwghveeitey (i) the

Wt hdr a olynmer _fraomthe pol risation_.reactor with .
usg bt dreRRs R ioa e Mg ThR G o6 2 SBRS, i tishpenine
thdReEFROVidbd W £dHel volerk ﬁletﬂlﬂfqﬁ&%@ti@l@é EAFS#Rd foYsohR! XY from the

to such processes. The slurry in such reactors
dilpgngiog 4i1) songignensi seduat pathdzawal vig asiaglsairymetiplerwighdrawal ports, the
. W vl 5
locdHEh BP FER L b Pk onl L BRISRRC Ok o b H3lee
doavistir¢any exsd ofl th@éohtat yéaiontdfehsloopr Xs prdviowsBndisdussed, the operation
0-75, preferably 30-70 wejght percent. based on the,

of {Begeiapetereacks wid high selidsconeentiationt Wetle pyrmyraininises the
S O R B P R e trorh R SR on s of
condentrgtispdedcasgpnrthelimitindrasvit pad ysgnslofryahéh ashigydrdayilahes (single or in

o RRR PR R GRS S parlR SR en SR G Bhncet Pyecovery of
dilaéntiingh ten&gy efdienn Endnheﬁﬁﬁc@%\%ﬁﬁﬁﬁxﬁ%éééﬁre%h&t@i&h ahd&Mporisation
as a liquid ol efin nononer. ere the principal

of ggcpyensd dilyenins avmided. di | uent the ol efi n mononer
Y PSRN A BOPR:S BRosfrb W PREE, ARG LANLRY

wt % e slu Fisation’i pi‘cal1y Ccarri ed
depigtsudised pHMED delipafansfertcdais thiedrRated of thégPéseanthvarition to a primary

flash vessel.

?nt to the
or

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

solid material recovered from the primary flash vessel is usually passed to a secondary
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pressures in the range 1-100 bara. The catal yst used

can be any catalyst typically used for olefin
w@logErsat i on such as chrom um oxi de, Zi egl ePECINEP1087/008602

or netall ocene-type catalys 5 The product slurry

conprising polynmer and diluent, and in nost cases

catal yst, ol efin nononer and conobnoner can be

di scharged internmi ttent |y or continuously, optionally

sing .concentrati I,.cCes uch a d oc cIo es or

ﬂaglémslg?lﬁa ro?rg%\ée resh H?l ﬁqtggs I‘AH rraﬁslé/ﬁfy tpé passed to a flash
veddel HAbR W pekdule tHAR i HeYdWRVe mmtlﬁnédmﬁaﬂmsée‘f such that

parti cul arI y related to polynerisation i'n a | oop
reqogpsessionvip aeasled he cedgnse the seaivernd| datuent. Use ohe highaguessore flash

y nmeans of a punp or agitator. Liquid full
Ve?% lﬁplreétjg%? rs are particularly well known in the art

and Mére sg&ﬁiﬁédl@eﬁln ERAmpRs dMB et yh & oIS IR A dationPro &3¢ ok Sbhich the

_and US 4613484. The | oop reactor is of a continuous
invenBon rpagiardarhuesefdns @@m@ntlgmwg pelymesization wbolefips, preferably

alp%)é%'?a{o ol%ﬁ)ﬁér a\ﬂue{e'é&t %o%%eéxle?ergbl?%%ﬁ tn@g?e?%ul?ular d]ose8 loop. The

ouf zon I ons

oquﬂll(s)) ﬁecmﬁmho@ny a&dddytpj o’ dontdcesdow iRkl mrﬂ?sthmdlhyembarbon diluent.
exchange with a cool | ng nedlung preferab water, in
ThFWT@hP‘PIMHF%@ o ATy P sclicgartgdate B e spepgpded in the

polyafrisRion %P@iuﬁ% efif. Tﬁl@?a%%?gfﬂl@ga%nﬁ 'of ?S‘M Yocﬁw s controlled

I's typically 1n e range n-co
byplaivesypstreen pétiel leateabéthpdhyentioni s separ at ed from t he

dilyent j.n a manner such that.the dlluen
oxpdBBaolids CptPammtRaeT O LBTLL e easto P} pigAEbe fhove 20
voloh SprefetdbBNhbdu® 30 %hﬁ’l‘i’é YoTedy e&@t ﬁg{%%?? ?glﬁn&éﬁéﬁ%?féﬁ%y&% -35

any purification. Separating
bmm%o&l@ﬁrbyoltum %rls) sl wiumhef freedumy —ivalrem ofghe fyspeanding

nt. t ypi-gal -
medlIn Bl Tl B SRR s S FeRRf b has weight
peebntdp& el RBUQUE/akat td hal mesutdd fOvJIQBE pereehtald) atilltvagy
flow of slurry across the opening thereof provides a

aconsdiag hEegol vieergpgyred byamore paticelarly seeardingite theghient used.
Wfr‘é% %pa(f V\gﬁgﬂ vﬂr%&ucf@dllyg@gefgplegﬂe lahd ﬂlféH Sdnpd'il%% Cor example

la a sin mul tiple rama
1s01bhtemb ot:mtpreiiarrecﬂ thaih thehsotid s chreceatrytidrers above i 1() wt%on }partlcular above

t.or sual a h stre
3035 et By B e S8 TR ervtbanly R SS et el g the ot
weildH ¥ aRaturry. hwe%% FurNnef fot ﬁfggesoﬁuélnﬁaﬁfgs r]ﬁﬁt‘?&ﬂ’a[rﬁy above
wth high solids concentrations in the slurry
40wt i religlls product wahdxatwgal afid htﬁémgrhequnathe dplymemisation reactor and

thdrawn fr ol yrer i.sa Q
Uty Gt 1a R e BB B R rRRomu i b g can be
meﬁmfmeamtmyrﬂa@@yﬂameﬁ)emlmgginﬁtmy ide dfliRe B&8& Ffthe invention.
mul ti pl e hydrocycl ones in Parallel or series) further

enhdméelyPe AEPTOsess Gy oRsfonally be carried out in a multiple reactor system. The
second or any subsequent reactor of the multiple reactor system may be another loop

reactor or any reactor for the polymerisation of olefins, for example a fluidised-bed reactor.
However, usually the second or any subsequent reactor of the multiple reactor system is
another loop reactor. Such multiple reactor systems can be used to make monomodal or
multimodal, preferably multimodal polymers.

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

catalyst or prepolymer and optionally the cocatalyst in addition to the diluent and
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di luent in an energy efficient manner since
significant pressure reduction and vaporisation of
wo e@soees] dil uent is avoi ded. The wi t hdrawn, BEEEP2007/008602
preferably concentrated, pojymer slurry is usually
depressurised prior to being transferred via the
heater of the present invention to a primary flash
vessel . The di l uent and any nononer vapours recovered
in the v e | LR j.cal conden
i s RR b GRE ReuBpsd WG el FBORRRGE B particular

n¢ R iwa e the BlupfyQe R iR frdiie pre ﬁbg@aaf)r bhtBe R E¥RTHYS mixture
| ash vessel is usually controlled to enable

comprisiag sh abH ystiang aam&éaa iof the-ppdymers ipeodiised ima presedipgTeactor of
thed s%ngs ﬁ?@#ds@% é"@ts%éﬁl ste%éﬁc?&takt%k IaXd]Zﬁllé if a?pgréﬁ&?até a??egst one of the

ecorrpr essi on

sulmqﬁbnm Iredffﬁj‘rywitha:ﬁdsh ¢ataBst andiorgieatanlst. y{dwvevfehet irsamge common to
2-25 hara, nore_ typically 5-20 bara and nost often 6-1

intneslyee theatal ysb pndy th?aqoé?talanst PxCRusiel o ite A GiFstreRctes; | mar y
flash tﬁ’ ESSehb tHS gﬁh{ Yorfifi} Qt fe st%iﬁ%ﬂﬂ@rﬂ £d he r1])olymer of
ern t he

vessel to renpve resi dua atl ativ
highlestrmgit imalgx bed ﬁwﬁﬂnémféoﬁvbﬁsﬂmlﬂmﬂme tarobe pmdaced m two adjacent

ressure than in the aboye nenti.oned i vess
or BOERTRRS! rietiin B be e ydrendumen Hatmy e IoRaor zero)
coﬁ&ﬁ&}{ﬁ&rﬁﬁl tflE bdagdk(s) hﬁﬁuﬁﬁuﬁngltgéh@h%&e&ﬁaﬁdvagm MESARknts, e.g.

is preferred. More specifically, an exanple o
hydspgen pcrcgvhmmlg@mgcbntvmeodb@é viobPo guid atr(u) heenyriugmcmmqntratlon
ul arl.y usef

in 13 BT SoenR e 168 il SR B Sdimonents g hydrogen

peweﬁtfa ESbetwBend0) 5 2OACH] BN THRREactdds ehieeqlily barbpetaestb@tReduce
tubul ar cl osed | oop. The olefin(s) is continuously

esseaHelly the samppolysr areleiadox trtﬁucaewa/@aﬁfgﬁéqrm n a

"y A59RaT A8 SO TNS0TROBRALSN oPALIIRL! S8t feff fhn 50

a slurry o par ol yner suspende
kl}aﬁblysrmfgrszabn than 8@k Daitas theletant in fHegastdieen observed particular

t hdra nmer duct is.c rolled b valve . .
Profens w4 rsarctftrﬁp u#%%m f&ﬁ?"‘%lﬂé“%%ﬁ‘leﬁ‘&ﬁ‘ef héjwen feglymerisation
rea“cﬁﬁ%ﬁﬂttﬁ@&égﬁﬁlﬁg"vésgﬁ S[lhk’EE robférﬁsh%nrb%aa‘é&é?ﬁua%d by hi polyrner

typically be above 20 vol % preferably about 30" vo
soligs domcerdsasinp$ @ the hdg@ew cThists Avother ptahlerh I\xhldscaﬁbevamdmated by

@6{@_ e_vol %S % tal volume of the slurry -
us¢ O e heatpr o e prdsent i ?ﬂﬁ%d. um/(total vol une of the

slurry)] xI OO The solids concentrati on neasured as

meight gercentage whi ch is equivalent to that

nea ol une percentage, will vary according to

t he : ' Rl C [ .

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

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

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

are:
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Where the pol ynmer produced is polyethylene and the
diluent is an al kane, for exanple isobutane, it is
wee@Bosxexl t hat the solids concentration i s abPUBEEBD07/008602
W% in particular above 40 yw% for exanple in the
range 40-60 wt % preferably 45-55 wt % based on the
total weight of the slurry. W have found that for
hi gh solids |oadings, particularly above 40w %
reli bIe rodgf%éynthdramal and heating between the
pol ctor and the degassing vessel (as
evi qrea,@@@ pbyﬁ@yérlang flow variations and/ or heat
transfer) can be maintained wthin acceptable
operdloaty Vi W-fanvy use of the heater of the

i nv t rocess may optionally be
carlrlé'agl Pumhgral)r?uEIIPﬁ%?lg reactor system The second

Or ZpYds cdikemtiitn Jre@eitd; ofthellbMaifing 1RdHHa8RADIEY is vapour and
system may be anot her Ioop reactor or any reactor for

60wk ligid neri sation of olefins, for exanple a

f1 uiql. $88PR4 8'7%3191t1?1%$th gga\?ﬁrgb%#t%rﬁa@rt taH(? vgr?l%glr]s%{:t(ﬂ?ﬁs each of

any subsequent feac eact or sys
58isleagthf wkich hoognheaed by .1 8GUelbowstl thé plbews esuetiter caiytsibansl 3m of
can sed to nmake non dal or multi noda
thesiog gﬁﬂ&fﬁ drse pPhRsaLRd. 6@1@%?%10% Rateqn iajezpal giameter of 78mm and
wallthickRdsS of § %ﬁ{rﬁ r @vfn\% ihESH ﬁ,@afe'orf Sholt©39% theotfheltngﬂ conductivity

series I's supplied cata or prepolymer an
of tptdntireapipy waHeas é6daVahksThe heastcithltmem is o thhdomi bﬂm‘ltcentric outer

i STRAGE B SR QUL 535 Ry FARBL et

stewint h the slurry arising froma preceding reactor of
the series, this mxture conprising the catalyst and a

mi x{Rbe slugty Raseesiioygk the hnatriat edate af &S pneedg@rndhe length and
didnfR&G! %heg%g% r}rﬁe RE] & lngént 11!1 %heI Healt? %Solnp {h% hegttn’?gu%@h%ﬁm to the fslurry, and

Secon appropri a one

thet mOatybﬁld qmaal salida ebmeﬁt off thé sIﬁn"@Salﬁe @Hit:ﬂbl)'lﬁfeda@ éﬁswe that the heat
cocat a };gwever, i'S nore mon i ntrod
traflﬂfsr ©d %lﬁlygre/ RSty @a%sagﬁflapygt ths %eﬁtegis\ﬁeffwm ) elasure that the

llqtlidrﬁ{ascr RaatiRiy v gﬂmts@@bf ARCmp %{eeslﬁlﬂf e%(lgﬁa%él?&g? FinS§furry exits the

l east two Teactors In series
hedttclgztte)stthaturc nfi@x’Cangressereflof Yeraraind owestityr®l bf 63.3 m/s

e rod ed int adj ace non- adj ace
(Ve RSP iR S RE PluioR P SRS This AR L0 RSty drop
acrds$ B¢ heer 8£0.045 BANGEAL ﬂﬁ§ bl%ﬁ‘sdré‘ thd\@ew SRt S'thé ¥apour would be
manuf acturing the h‘lh‘-%h nol ecul ar wei ght conponents,

ab@utng §¢ dysoide ﬁtrp@n e §gelso\iertb¢ deivpeink @ndvél@dlcou@ls conydetely

va%;/ aLse {h r§0 (Jlgnﬁ conger%s%f) 81? §P hrﬁg’%é‘g ! g exni% é}ﬁet' heater.

co lehB émtehabwgll téiﬁpb’r@@lﬁéﬁoptﬁé tentay Eb‘ét\@@hm afld 3% throughout
% The reactors can equally be operated to produce

the\é@s@hpf £e heatepgth §aqs>elqsls¢sm§b a ﬁ@ft@mns]a@;at phthg @eb@sﬁg.qf about

128%2G1 QM 3at transfer coefficient from steam to slurry across the wall of the heater is
calculated as 984 W/m’K.

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

isobutane diluent is operated at 40 bar pressure and at a temperature of 95°C. This



10

15

20

25

30

When such reactor systens produce polyners of
nmol ecul ar weights | ess than 50 kDaltons or greater

wo bas/01E8® kDal t ons there have in the past beenPGhERI00ES602
particul ar problenms wth reﬁﬁtor foul i ng and
aggl oneration in the heater between the polynerisation
reactor and the degassing vessel. These probl ens can
be accentuated by hi gh pol ynmer sol i ds concentrations

ater Thi s anot m whj. ch can,be. .
disgarePEs BEirEgortartng @B HBER P e Ft Bt £2uRF e Tiquia
cohﬁ)ﬁﬁéﬁt lo® :hi dReAMRHEY: cOmPEkI B is@%tﬁx&aﬁh{bﬂ% unreacted ethylene

ol ymeri sing et hyl ene and hexene conononer in

andsl@@@%dﬁéerm The pelidscoptsat af the shirryis Rbpatr4 Oyits somprising

oflsfieP RS Uefly ol Pe B PRI Rty

sl UrThe,shirRefrbidhié ﬁba@@maemése@ihrwg}m h§&Selomd toYeoncentrate the
onprises 91nol % i sobut ane, 8nol % unreacted et hyl ene

Solaﬁiﬁotw 5981t % and therea preswire spntay vabistte hewerfthe presgirerheforentering the

hegrppg%é%ﬁmn{%org%awn@% ARl Dyhene t'af yi.ng a density

SO Sone unuse These are
t he Teaiperatmiedv6’Cons as i n Exanpl e 1. The sI urry from
the reactar ses through a pressure control valve to
| owdressHi b pr@%ih?ré before entering the heater of the

quyglbcqgv(}q)@glnt‘g ons at the inlet to the heater
are: Tenpérature: 82.40C Pressure P;: 17.4 bara

Vel dsiyngldvaumber: 2 mdlidn Reynol ds number: 1.72 million

S e Ll M BT L Ay fpour o

60%8%Mquid.| engt h and conprises 3 straight and vertical
sections each of 58m | ength, which are connected by
180 Tredsaist istli3admeingength rog eompriseschitraighitaad yericalf seetiens each of

26%121%?%{1' #hgh *Ardef‘%b‘%n%@éetr%d §$t1§§88¥)8ws ! bowﬁ t%g(e%er%nlgtf'l%aYeeZZm of

erna N and war

thétotaiengdh. Hatly o fithedlrstethtde skétidmédhad bin aliomb] AaDéter EBE8mm whilst
t.he rml caonductivity of the entlrep&e wall is
cagh) e YeraIR wP Sertians fes A intemal Game FrPBw?éBlﬁc:Eh? ﬁlingle increase

in Qiéﬁtgé:ijertolé% E%F?Qﬁggggﬂélgg\g S‘Ser(ﬁztlﬁ tlgé"'t‘ﬁlra%% $&5iH Qdfons. Thus
the heater has a value of DO/FIJD of 1.33 and apvalue of L/D,y. of about 1730. The thickness
of the 78mm diameter pipe wall is 5.5mm, and the thickness of the 102mm diameter pipe
wall is 6.0mm. As in Example 1 the thermal conductivity of the entire pipe wall is 46.4
W/mK, and the heater element is in the form of concentric outer tubes extending along
each of the 58m straight sections, through which is passed desuperheated steam.

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

number of 2.7 million. This equates to a pressure drop across the heater of 0.03 bar/m. At

this pressure, the dewpoint of the vapour would be about 65°C, so the stream is 15°C
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steam The slurry passes through the heater at a rate
of 15 tonne/ hour. The |l ength and di aneter of the pipe,

wo bmshervrs i nput in the heater fromthe heati ngPeEEP200T/008602
to the slurry, and the velogity and initial solids
content of the slurry are a cal cul ated to ensure
that the heat transfer to the slurry during its
passage through the heater is sufficient to ensure

th t.he 1. gui ase.is entirely vaporisged t he
abottthe prgedind fpd dERRE SesPUb D Vot RRELVER o Mnd St e
comRAbRIondf tie VHTALESE Ukids Bie héder. a pressure PO of 9

bara and a velocity VO of 63.3 mls (VO/Vi =5.9), with

a Relfirointgsnal yyabltemperagirg ofifhe heater isthrtween 3R Ceandi93°@Q throughout

r a¢ro t : of. 0.04 r/

BT AR AR5 P50 il el or aon
128400 The BOat3Rinsfes GodffiCieat fré@mbtdatn tohnaparesd the wigMgfahdheater is

and t he Iig@)q Is conpletely vaporised with no danger
calgplatedyas SR YmE &i on of the vapour as it exits the

heater. The internal wall tenperature of the heater is

bet ween 89C and 930C t hroughout the |ength of the

heater; this conpares wth a softening point of the

pol ymer of about 128C. The heat transfer coefficient

fromsteamto slurry across the wall of the heater is

cal cul ated as 984 WAn2K. EXAMPLE 2 In this Exanple,

the heater has a |ower L/Dave ratio, but also an

i ncreasing dianeter. A polynerisation reactor

pol yneri si ng et hyl ene and hexene conononer in

i sobut ane diluent is operated at 40 bar pressure and

at a tenperature of 950C. Thi sdi scharges a

pol ymer -contai ning streamwhich is in the formof a

slurry, the liquid conponent of which essentially

conprises 91nol % i sobut ane, 8nol % unreacted ethylene---—--—----—-- ...

and | nol % hexene. The solids content of the slurry is
about 40wt % conprising pol yethyl ene having a density
of 940 kg/m 3 and al so sone unused catal yst. The
slurry fromthe reactor first passes through a
hydrocycl one to concentrate the solids to 50wt % and
then a pressure control valve to | ower the pressure,
before entering the heater of the invention.
Conditions at the inlet to the heater are:
Tenperature: 760C Pressure P1: 14.4 bara Velocity VI:
16.6 nms 1
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Reynol ds nunber: 2 mllion Solids concentration of
50wt % of the remaining fluid phase, 40wm % is vapour

wW@rwse®ardo | i qui d. The heater is 152m i n | engt PCERER2007/008602

CL

conprises 5 strai ght and veﬁ%ical sections each of 26m
| ength, which are connected by 180 el bows; the el bows
together contribute 22m of the total |ength. Each of
the first three sections has an internal dianeter of

7 whi | st each of the remaining two sections has an
al dianmeter of 102nm The single increase in

di anmeter occurs at the exit of the el bow connecting
the third and fourth sections. Thus the heater has a

. val udrotespiprieatiig 4 pelymmndontaishg stresin be¢ifgensftrredfom a

1730. The thhcknesgﬁgf t.he 78nn1digneter.ﬁ%pe @alkgi%

5. 5l AT PHE" Lt @ 8 egasSing Y e5h AAMBrISMSPAFS Iy g tream

val | th&ubh @ HehteASorhPrifi@ ARlaBstr i€ fdr MRS diFam and means for heating
conductivity of the entrire pipe wall is 46.4 WnK, and

t he Hbatransfenlmeemwherein the pressuteairap ot the dgatentsitictwesn ¥ and 50%,
t ubes_ext endi I Qf..the 58m strai aht

soct o SIFhaTR g 5%, BLutlGRoRa Mol epans,

The glolyrhstrisatien esctornad gie e thend @éga@din%vés@éle of 20

tonne/ hour. The length and di aneter of the pipe, the

heat input fromthe heater, and the velocity and

init iﬁh%eég E&%&lﬁdiﬁg% Slg%rﬁ g; WE]ElgiIﬁtlgélr t%ﬁ regfr'?g{)gltllle heatcﬁ,e the polymer-

cal cul a 0 ensure rtot
S| ur ropnthining gtrédns ppsssshgeughha presfurd fentiod sbdlee which introduces a

sufficient to ensure t the | i qui a IS jrel
Vaporirestrasiop AEoHMen the ey Hsderiy ARAHBYRRYS. ot tota
sl ur ryre@ifiel dtop BEWRERHRS pAimRris£K1TRGERLN FdThe &0 tBe degassing
pressure PO of 10 bara and a velocity VO of 30 'nis

( VOA vessel.. 78), with a Reynol ds nunmber of 2.7 million.

This equates to a pressure drop across the heater of
0.03 bar/m At this pressure, the dewpoint of the

. VapoWrro¥dssl hebobding b® bllairh 30 Whekth tHeréessiuRaivp scrdSibapesssure

t he devvg_oi nt, and the liquid is conpletely vaporised

wi t h Ge8irelyabes isdretwesn oandei{skarggineisrablybetygen s and 2p parg.
exits the heater. The internal wall tenperature of the
heater is between 890C and 930C t hroughout the | ength

. of t robssahedordihpits claompares whietdin éhegoédsars coptrpbyalve oflocated

t he pol yner, of about 1280C. The, heat transfer

coof MIEETERhE PRRMESaiin agen e MEdea s 1 he wal | of
the heater is calculated as 600 WnRK. CLAIMS ; 1
Process for heating a pol yner-containing stream bei ng

- t r ansttreegsedcdording 4o poy ymeel daimischtord adtesin tlee ratio of the pressure

deg as’dcirlorg1 JeroSSmhE lpresggr%%rolntsrbln\galtpeats()sthen gretspuere %%orpeéac%ss the heater is

between 0.1 and 6, preferably between 0.1 and 2.

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

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

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

outlet is 5-12 bara, preferably 7-11 bara.
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through a heater conprising a transfer line for the
stream and neans for heating the transfer |ine,

WoR@BMO#3473 he pressure drop in the heater is bePGEEP2SYH08602

10

11

12

13.

14.

15.

and 50% preferably betmeen% 0 and 35% of the total
pressure drop between the pol ynerisation reactor and
the entry to the degassing vessel. 2. Process
according to claim1, wherein prior to entering the
heat

 pr o5 QPR BHRMIFE Vot GEPTRRE PR ORIVES B BRSEE D &ross the

dr op iphsRelNEeBE VindfeARE 1986w eRh Bf(ArRPY afkPi2 3 m3 Péferably

of the total pressure drop between the pol ynerisation
r eacthstweend).§ %S temim ynd 0.0dvar/degassi ng vessel . 3.
Process according to claim2, wherein the pressure
drop across the pressure control valve is between 10

.and 3Ro&AE Secobdifh &5 ab) Yreb&IiNE eRin PwREEindRe Ratfitkratdre of the

Process according toclaiml1 or 2, wherein the
pr es dobdngorntaning aiream jas thedwater gxib ix w7, tnaeferably 10-15°C,

pol ynerisation react nd the heater. 5. Process
accor’ P\ﬁeg 661%5’ On?)tnoeﬁfc’) gJ]tcr: U'ns 2 to 4, wherein the

ratio of the pressure drop across the pressure contro
valve to the pressure drop across the heater is .
bet waBACS 2cFAIng to prepiseeding clainywsberem the genepepatugs of the internal

Proc [ : (Wele j '

pr ogs 2 PEEhe kbt 01 ALMoRE iE Rlgifls HBh ot APT Ficor 6re below
pr ef ehabdfieni} @hntefithe palynfér,qurefesabiy 207 ongotedbedavy the softening
precedi.ng ¢l ai erein.the pressure.PQ at th at er .
out | é%O_H?tsWE@rf%zﬁ%ﬂe}m&@l@r%{aﬁg polyme ifgfiged as fheolaSotening
accorghpératfe 8LorAhSESAST 1305} ISHRIEi n the pressure

drop across the transfer line per unit length is

between 0.01 bar/mand 0.2 bar/m preferably between

0.01 bar/m and 0.04 bar/ 9, . Progess .accordi to .
oy peean el efthe fiirm: SREEPARERQledr i aPeam velocity
pol y rg theCaiitlefbfNihe Gester RARMEAt thdRINEAL/BY, i€X4 lbast 8.85 prfférably
preferably 10-15C, above the dew point of the stream

10. Mebreessl 4eeddding to any preceding claim wherein

the tenperature of the internal surface of the

transfer line along its length is maintained at 10C or

nor e hretawatdoedingftd emy pgcgding tlanh, wheremodhy ivdet, velocity V; is at least

pr ef e{ 1%5)8[ %re%ggblc))lrat lire%rsteS Ibn(? é gx\llé rtnrc])?e Sr%getraebrﬂ/ 29 least 8 m/s.

Process according to any preceding claim, wherein the outlet velocity V, is less

than 80 m/s, preferably less than 70 m/s.

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

Process according to any preceding claim, wherein the polymer-containing
stream is heated in the heater such that at least 90mol%, preferably at least
98mol1% of the hydrocarbon fluids withdrawn from the polymerisation reactor are

vapourised before entry into the degassing vessel.



poi nt, where the softening point of the polyner is
defined as the Vicat softening tenperature according

WO 200881 DI 525, |1 SO 306. 11. Process accor di nBCT/BP2NY008602
precedi ng claim wherein thﬁ rati o of the stream
velocity at the outlet of t % heater to that at the
inflet, V/V, is at least 0.8, preferably between 1.4
and 3. 12. Process according to any preceding claim
wherein the inlet velocity Vis.at |east 2 _nis,

165y of brREFS) asioBiset Say Rrectiife T evpFeruha Beynalds puaber at any
8 M Shoid3vittith AEE G A Y hAtENY alRfa§$ SFaRA tEdn?3 08000,
wherein the outlet velocity VO is less’than 80 m's,
pr ef gmafsrably betsveemd 8 milion and I MillPmocess according to
any preceding claim wherein the pressure drop across
the transfer line per unit length is between 0.01

17bar / nprapéks Qe&r@i@%/t@myb@&@diag khiRehnaemh e Qdi2d Ratdnibf the
and 0.04 bar/m_ 1I5. Process according to any preceding
cl ai molyiner-edntaining spedmrvdrencbentaisithe beaterrie hetwesn Béwt%do 70wt%,

inth h th | | % f er abl
| castign it Fhat AT EbarBERYYai os w {har awn 11 om

the pol ynerisation reactor are vapourised before entry
into the degassing vessel.16. Process according to any
18pr ec dUPERSS Afcardingip any precediag Rejmowherciuhp siream withgdrawn from

poi nt. it hin - S ' .
0t LR KRTE! ot s e B Bl AN vsing
and Sydrddyclone. 17. Process according to any precedi ng
claim wherein the solids content of the
pol ymer - cont ai ni ng stream when it enters the heater is
bet Mq@e 0 . 0 @Bﬁ e 0.

lgén d 6 5\/\1? %}?\ﬁ%cgr&%rgggg%}s{bgc C oIr% ?%‘g‘{’t gﬁgﬁ g“ %?gc Ed [ rrl g&%ﬂaﬁ‘hng
cl ai mtreamenostamst detive polyararwi t hdrawn from t he react or
is concentrated prior to passing through the heater,
preferably using a hydrocyclone. 19. Process according

20t 0 PRYceRE SEOEing tchiBl precotin®y Elhiin,IWikergial tHEBslyfRACaAtRAINDEL stream
stream contai ns active polyner. 20. Process according
t o angonsinzeedy wathdraymiromyibe pplymenisatins) sgaetPr.cont ai ni ng
streamis continuously wthdrawn fromthe
pol ymeri sation reactor



