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POLYMER STREAM TRANSFER The present invention concerns
apparatus for improving the degassing of polymers, particularly olefin
polymers. 5Polymerisation of olefins in which an olefin monomer and
verRaamy3elefin comonomer are poly[nerlsed usually in the BESEPLQ 7508601
catalyst and/or a diluent, is well known. The polymer is withdrawn from the
polymerisation reactor together with the reagents and inert hydrocarbons.
The reagents and hydrocarbons need to be recovered for economic,

safety and environmentBeXMRR SHitEMA) ASIIERS for achieving this
are 10known in the art. These processes generally involve depressurlsmg
and devglat] 1Jsm 1II|1’IV% ollyrcr(l)egecontalryrg Ss relarlnmrgfter 'tl%

withdrawn fr e po ymerisation reactor. The volateation asqsfﬁ ThEgyRers,
gPasiedesly B}‘EfHeB‘é’éf@ﬁévmg polymer Wlthdrawn from the reactor with high

absorbedipmtieadisiid iysreatRem cartefiisn s e &m&ally olefin
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pkBewasddenobrahis wigﬁwem Srpwodie @emmh@lpmsmeet@gdtm with the

hi}édg@ﬁﬁrhm&ﬁﬁﬁzﬁib@@&h@eﬂ'fhe reagd e MO RUREARAIN R CORVRRIE B or
sggogq%ant s reased steg(il / over th T‘A/ears and a% c@ oduction rates
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have mcrea e oen lal cost Imp acto
pfoeEadHis aatsil)‘@ﬁjmﬂzs&mw mé?@é‘yeavqméﬁmﬁ‘gmm?dﬁembl%meg the
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ratin rience has led to operation of jncreasin
e e O R e Wy H e
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tma&gemeaua@@mmmmqe@ﬁmmm&w&e@eﬁ;m}leﬁe%ﬁeﬁs

SRR Nhersadior ponetrequrementa s lutiated by BF

en
5 25and EP IS increase in solidsHoa ?ﬁ%ss“fge

itPIeHe < dsthe aesenre Sifliarid Brde ferbanixeacrivaconetlume and also
reduceTRomDSHEA BagHtENb tiatMe s Bleld eRYEHAY 1@%&5@@%‘&@3/ over the
@%W? [ QQSrE@QﬁE%r %e %voer?rgclfmt a& &% t%olldlsc dm gtlgfrgnggx tthty n
probl ematlc and careful design and. operating practlces rereq tired
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expetientiad MdWeS@Jlﬂﬁl:ﬁeml@Suﬂﬂdf Lﬂgh@@&'r@&lﬁlé,e@ldﬁ ofg Hh@rating
péQE&%%QIQ?PJ@? H}gesginl%n 0 1%?%03!%“ g% F’ds concentrations (loadings) of

polymer withdrawn from reactors. The increase in solids concentrations in slurry

CI’ is

polymerisation units has typically been achieved with increased circulation velocities
achieved for example by higher reactor power requirements as illustrated by EP 432555
and EP 891990. This increase in solids loadings is desirable as it increases reactor
residence time for a fixed reactor volume and also reduces downstream diluent treatment
and recycling requirements. However, the transfer of the product at high solids loadings is
more problematic and careful design and operating practices are required to avoid polymer
fouling and blockage problems that would not have been experienced at lower solids
loadings.

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

polymer stream withdrawn from the polymerisation reactor, the temperature of the polymer
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polymer stream withdrawn from the polymerisation reactor, the
temperature of the polymer WO 2001043472PCT/E1'2007/008601 2
reduces. It is well known that the process of devolatilising and desorbing
YHe2001P3eT2is significantly enhance% by maintaining the polP¢EERRA%F 008601
high a temperature as possible. Thus, in slurry loop processes the transfer
line between the polymerisation reactor and the depressurisation
(degassing) vessel for the polymer stream is usually heated. As an
SEL%FpI& Breetllmearpie despiersasofGler o3t buimz and dasor OB Gurast Impreis
ta@*ﬁ@“ﬁﬁﬁi@éﬁc@d%@F:;ﬁ?iﬁm&réﬁﬂéi%ﬁ@ﬁé@ﬁm@}m@%ﬁﬂﬁé%Q)%ss_idbled
ining t rawn-off slurry, surrqunde conduit which is provi
P S R R T e e e
HisatRtg st SReaggssimeweses! fiorshsl solwest kiveswhitasaliehsaieriresanand
susaaisibilityypiaphaiessbringdi@nstares i 390l omerai e aRcVRe fortline from
1epfransg?r Iiness?1 aor}ldré/aec%srelg er%eraly irﬁfreasg%.with ttﬁzrr(lpera_t%el and
problems of Touling oF aggiomeration are becoming more Sighincant with
tReTRidedsing seondistivhinmirneidedtratisidiesizdt@nidriveh belpy-prilisad sisam
nmimen@q;' RpRbRNANAiSa FREHHE &ag&gmh%@swma I&an\?ff%ﬂi lﬂﬁﬁ%r_{hzlb%e
polymerisation reactor. is required in order tq achieve sufficient heating to
R PR B o R e o o aoh
15Fsfoikiaes andyesssiagisands bEeecpoliinemaareans. cad sechitrosligificling or
PhpRESnefhe SHEERLERMAROFSAIRRUHING R IBRFR S M AQBdm dhg.

transfer line and a.consequent increase in stream velocjty. H ver if t
Voot ecmmay pdk s et e A Vsl e dlaese
SEERIARP &SRRy ettt tpracdiserstionnardin fioer. iorshissectdicient
2ehangkdbibecvitialivelaeityiisdagilewdBarEnis an dperaasaehrisikheliadling
or %%glomeration of the solid polymer as mentioned above. A further
po . .. . . :
cdonsideration is that in large plants the transfer line has to be very long in

order t&aYRIN iertiereri he aahmentaassrices Badighe! Brugieidhn eam to

sva‘ﬁiﬁiﬁat{ysgmagt todnpachiberspatiad mmgsﬁrtﬁh& Mcﬂl&&_‘@ﬁ increase

AR e NS s s ol e s .

pveloc’ity (the speed of sound in the medium), leading to di.sruption 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
footprint of the hardware in the plant, and control of the conditions inside the line. Often it
is necessary to heat a significant proportion of the transfer line length to satisfy the heat
input requirements. Thus it will be appreciated that ensuring that the polymer stream
arrives at the degassing vessel at the desired temperature and pressure and with the
minimum of fouling/agglomeration is a significant technical challenge.

The present invention seeks to optimise heating of the polymer during its transfer

from the reactor to the degassing vessel and at the same time to maintain reliable product
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is necessary to heat a significant proportion of the transfer line length to
satisfy the heat input requirements. Thus it will be appreciated that
ensuring that the polymer stream arrives at the degassing vessel at the

e tétmperature and pressure agd with the minimum of PCT/EP2007/008601

fouling/agglomeration is a significant technical challenge. 30The present
invention seeks to optimise heating of the polymer during its transfer from
the reactor to the degassing vessel and at the same time to maintain

rERBHTE B W oPRBDSIBAS feptensfi Bop s utradha P apdfatiopgeactor
pmamlaégamﬁgu&em@ftﬂa@&wﬂsfeﬁhm between the polymerisation

et A RS sl U RMEL AL e RIERglY 2

first aspectt ention pl’ vides a process r1or heatin
Ve O s trB RRE irRy ard faried H?&ifﬁ’%“ﬁ%t%fé?@&t*@ﬁ AsaRsttipe
tocaseleganpiRthpyessel, tﬁ@maﬂﬁmgopgsam@mﬁumgmemmmeate fhe
a transfer lin r he ns for heating.the
L I P AR R I B oo,

ofelRe ikt eutieta bhesiaTde %Atth@alﬁte%{s/\’l: L3 %Pé?é‘réﬁlﬂ?&%@én
Iobragiah 4.516miik be appreciated that the polymer-containing stream

passes Q‘y haSOrré%?a{O&n}]]a%ng 8] e"@%gf{:t%lllgm&%;g?g!ﬂ rou ontte form
leaves t € poly n}t)grlsatlon reactor JmT it enters e deg ssmg ves% f
tREPIRAISE &lbTRS tmaéHﬁdﬁowtwelatéﬁﬁ&@W&&%ﬁt@éﬁ%ﬁtﬁf@@tﬁé@mrs
pstiaefippekng. fmemttét@lﬁﬁgéaamglefﬂmmwdt&eﬁrmé%xﬁéﬁmthe

"eaie salonsEL e Sd el Mieliesiad sadlondriast atine healerd.

sec ons IS context the term use herelna ter inclu
vhth‘i‘?ti|t§°§€5i3é‘¥ﬁétb%§%ﬁ‘kﬂﬁ@%‘?eétids?ﬁ‘iﬁ?@é%lﬁﬁﬂéﬁt@%h@ﬁﬁﬁ ERqen In this
senest Hasputieeatinesheaieetondfensiandaesoftinetheatehispossibility of a

CSIE&%EE‘?%%PS oBhi0SANd Eheﬁ%aéﬁge?%&%eaftép J'{}Ens?é}lqlﬁh%éﬂl@t

eater IS considered to be at the start of the heated section of the
libftsRHE FenHEcHERbr st Bifoind et saisAcerporaldbabassing & nidteridhe
raedigp s benigse nebtieshBytaling ths trahiaiydofmhofing Rdidit shitabled

f?écﬁ@@%?&”‘f‘&%@@ 5?&&%992%&@19%% E‘?%P}n%fl% QOIRINING; SQUAS, HQuithe»

gas Thus Viand Vo are the average velocities at the inlet and outlet of
tﬁ??%?éh%‘féP%éﬂ’f@&t}é‘tt\ﬂH@?%ﬁ’ fArdrnsReriBe fras e B RS Ve, By
"avesagepvelatitygisdmedpithehayverage Welacity acings thiv@tdiret the inlet and

CER&& %?@é%&!f&@ ARWeaN) ey ﬂﬂz‘? I%H“;&'ﬁ’&g dhe length o1ib&. By
trans er line, such as the outlet or the inlet.
“average velocn:y is meant the average velocity across the entire cross-section of the

stream at any one point along the length of the transfer line, such as the outlet or the inlet.

For the process of the invention it is important to maintain the average velocity of
the polymer-containing stream sufficiently high to avoid the risk of fouling or blockages.
We have found that the design of the transfer line according to the invention permits
reliable operation whilst controlling the ratio of V,/V; within the preferred limits. Typical
values for V; are 3-20m/s, and typical values for V, are 30-80 m/s.

It is preferred that the transfer line for the stream is at least 20m in length, and that
the temperature of the polymer-containing stream at the heater exit is above the dew point
of the stream, and the temperature of the stream along the length of the transfer line is

maintained below the softening point of the polymer, where the softening point of the
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For the process of the invention it is important to maintain the average
velocity of 25the polymer-containing stream sufficiently high to avoid the
risk of fouling or blockages. We have found that the design of the transfer
WiHeUE6ttiAg to the invention permitg reliable operation whRS{TEBRAABTIHgE01
the ratio of VoN; within the preferred limits. Typical values for V, are
3-20m/s, and typical values for Ve are 30-80 m's. It is preferred that the
trarpsfer ling or the stream is at least 20m in length, and that 30the

BRperattif& BIcthe Jsiyritat SeORRARIITG RIFA%H ACHTETSaes EXM 3o lR0 306
theddenipdinf b8he stream, and the temperature of the stream along the

length @té%tf@pﬁ{@fetmJﬁmaaatﬁé%gkg%l\gve%msﬁﬁgf&&éﬁ&%@&@ﬁ&&é@&it is 5-

polymer, where the softening point of /
DI HsASEEIE BB HOUSED ety rRiPi S RN Es the V cat

softenihgitemperaturel doc direling HerAST M Bd bi2ond SO-B06qgrees mdeadiaf
100N its Rgfetall:-ihe denpsraiure R &M@ﬁk&&&ﬂ&ng stream at

the heater exit is 5- 80C, most preferably 10-30C, above the dew point of

the streanPS TS LS Bire AL ThistrirEcTabhp BB b e apRlimgrisation
surfoepobthednansfes indaiongitsthengticisnralntatpdorbrimad thieectly to the

Sﬁ&g@ﬂéﬂgaﬂgm%tm eQ lMEB%Q‘eferrJJ‘tﬁaQ ‘MX %IﬁféPQﬂB%' Hég%rsitsrggnmeicste(%ﬁeirec tly

referably withdrawn_from a polymerisation reactor prior to entry into

P rom a poly
HRAFeangaNEsFatdrshis 4 rersrer mkte diratRglyE ¢h seatment and
polyrsien satiprtreactdn fuitals prefizenich thadttheToe ted-af the, beatetiiiously

Gﬁmﬁ%ﬁf%ﬁ@p@%&is@ﬁ%&?&&ﬁﬁfﬂawi&'&ﬁd{%‘dﬁ‘wn%%ﬁ%%men

the fina| po}!y,mer treatment and extrusion or upstream of a further
atl

polymetiFatisi P ST RTFELFR AFRRYERS Lo AtO LR Ahith Br A0
trenpohtmerisatioh sdattonj@ndaiiaporemays nepaintaios deiive ndymoar depth
rendical /Qapiag t9oMp erR e AOC RIS IOART Ml LPatdnQ 308 iS

the tem rﬁ:;éature at which a flat-ended needle penetrates a specimen of

R BORyMEFtS HHEpth 1 Bt AT BTGRP S FORTBRIVPHHREMRMErataFeimen,
refisbtis trewpeintrofmsofighntngrithivk and at least 10mm in width and length, is placed

in the testing apparatus (for example a ROSAND ASP 6 HDT/VICAT System) so that the
penetrating needle, which has a cross-sectional area at its tip of 1mm?, rests on the
specimen surface at least Imm from the edge. A load of 10N is applied to the specimen.
The specimen is then lowered into an oil bath at 23°C. The bath is raised at a rate of 50°C
per hour until the needle penetrates 1mm; the temperature at which this occurs is the Vicat
softening temperature.,

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,
preferably 10-25 bara. Pressure at the outlet P, is typically 1.5-12 bara, preferably 7-11
bara.

In the case where the heater is positioned between a polymerisation reactor and a
degassing vessel, the pressure drop in the heater is typically between 5% and 50%,
preferably between 10 and 35%, of the total pressure drop between the polymerisation

reactor and the entry to the degassing vessel.
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expected when a material is used in an elevated temperature application.

A test specimen, which is between 3mm and 6.5mm thick and at least
IOmm in width and length, is placed in the testing apparatus (for example
YRYGANBASP 6 HDT/VICAT System) so that the penetratig HEUIz08601
which has a cross-sectional area at its tip of Imm2, rests on the

20specimen surface at least Imm from the edge. A load of ION is applied

to the st%e(:lmen The specimen is then lowered into an oil bath at 23C.

The batHY<Anéuning he Sarsraseie Fehhealyuginorainae seease actirahsater
ImntiethbdentpalatranibMhicktaig, eeetsiigths MidadtssafteORbster line below

tGIRNGFAIES Jh8 PFEeS W gpﬁt%scr8§58ﬁh%gt5§§,%£%aa 18 egghum“ PN IS tream
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09 i%%%?ﬁr‘i’f/é‘?ﬁﬁe‘ﬂ%%\?mﬂn miades féfé}%@fﬂy%éiméﬁtbe@m g fheaiy of
Ofodlingrmidiypieal lpressdse whéhaartasinlpssitbnis 563@&@%01ymensatwn

pf@!&@t&%]a% %?%Eave ST ome e &R th%lpeuogl‘{gl Rgtl%yrs)ﬁ% %gl%r et line

preferably 7-11 bars.. In thé case where the heater is posiI loned between &

pm%@r%amﬁméaéw SidemnBoasgnesinytrsisel arerphessubevinep fnie of
heatewis uméalkypb@iwsaﬂ&&/amﬁdlw%rp refaiablly bahnara &and 358

0 0 dro eris |on reactor a

e B BT 5007 OB S
B%lﬂl%ﬂﬁ%@g%ﬁéi?éﬁ%?@ﬁﬁ‘é%ﬁetﬁéyﬁtﬂ%é@ﬁ&%ﬁﬁﬁy@@@ﬁ@éﬂﬁ%c
heaterabltietaboves the deywqoint of the stream, but the internal surface of

the tranﬁ%r llllggtp% Wa@?e%? erhggspglpt of the%l érynb%jélt % Jh’oiss'l?lle to
th

ensure that all of th liquid In the stream Is v orlse ime the

sf%%@a%ﬁfééetﬁéeﬁéawéi inpedipiaie @&Wfér%ﬁﬁéfh@ fgRIdresRsLmeTG I8 - is
mirdfetigdd ninitheebsewhesetbdifieataispostiRrec et ¥eentd@nal wall of the

DRMQ@@SS&%Qr}r[x%@g’ta%ﬁﬂgsﬁ‘quggfstﬁwgrélt%%§%d hglg% gﬁ)&%atye[f?argbly & least

internal surface of the transfer line may be malnéalned
tehfpRigher B M HEHEMPeIE8I S polymer having a density of 935-945
kWm3 tﬁer propessssideheall tatipet atweeyiscyatcally wointoll ad beswgerelocity

Beand, pPJ%%ﬁﬂ%&Q%HN&&He%@‘MW%E 917 POIYIReLAAYIng 2

den5|ty o 955-965 /m3 the proceSs-side wall temperature Is typically
cBifGRs: @énﬁé%ﬁ%gsolaﬁ&amﬁé rEreTAERFbetias s aia arfﬁfc,sechon 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. 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. It is preferred that the
ratio of average outlet velocity to average inlet velocity (where outlet and inlet of the
transfer line are as defined above), V,/Vj, is at least 1.1, typically between 1.2 and 15,
preferably between 1.4 and 10, most preferably between 1.5 and 4.

In a preferred embodiment the process of the invention, in the case where the heater
is positioned between a polymerisation reactor and a degassing vessel, the polymer-
containing stream is heated such that at least 90mol%, preferably at least 98mol% and
most optimally 100mol% of the hydrocarbon fluids withdrawn from the polymerisation

reactor operation are vaporised before entry into the degassing vessel. The degassing
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The outlet temperature of the transfer line - specifically, the internal wall
temperature of the line at its outlet immediately downstream of the final
heated portion - is preferably maintained a temperature higher than the
Eetatdrézof the internal wall of the 15line at its inlet immeREAYER2007/008601
upstream of the first heated portion, more preferably at least 5C higher

than the inlet temperature.  For the process of the invention it is very
desirable to maintain the average velocity of the polymer-containing

sﬁféa?hpé?fm&émgﬁﬁ*@ﬁ AP QYT SR SRAGUNARG. Gnasiour ey Bsfween 6 bara
"avérage'tdsvhileanh theisive rzﬁg@s‘d@b@ﬂ&;’) aatRsthiheRnlice MERSERtien 8hn

B B e e, S S e b

it Is pret average ve mnlet'Vv,is at least
pPéf@rfgW %%@@t%%@%ﬁ?@wé@my@qe&mwgn heis belsliably
dmfﬂb&&t@matrglammbewm@@mt&@yr\]&ﬂ%m}%l%ﬁéfe Ip%tyamso giRahs Golfs
p average velocity at out than 80 m/s
p§§§g{1§a%9f{?% 4 %n% 3 Fé}/rabltbe%wfs?% % & t?(? m/s? 1S PR RS
tRSEYRe: %ﬁ&@%ﬁ%%ﬁa\g@mmmewww@mmamt ireibeipyefoviedriat
otitleteRalyi afena&&%wmﬁea&ww&a&%ﬁ&gﬂ Q&QM? E\/iMBriasﬂ?atnl@g‘t%t
etween.1.2.and refera tween S
refte%g%ﬁ?%emt\?vreevﬁ an%afyln aS 6?6? rregd Ons Sodimén ﬁle prg(?'é‘%qs’ of
tﬁéhi*ﬁv@hﬁcm uﬁﬁ%@@a%wm@nﬁéhn@ét@pwmueﬁmmm a
pmmeﬂsama@eaﬁmamd@d@g@ﬁsmg%&ahﬁned%?ﬂrékfwlﬁﬂgge@l@m
S t uch that at least 90mol%, preferably.at least 98mol%
a%gﬁrf%gtn %%%ﬁ%@eigbr%ﬁ%uﬁ%tho ﬁqlproc%tr %Funéfs withdrawn from the
ponmeFE%\ﬁYﬁﬁaE@aﬁﬁHF%‘ﬂfe‘?%PF a?@wbwr@éﬁs%fer@éﬁnytmwmny point

delgasgiagvessethd hendRgass mhw&tam&mwgewb 220HOORR0S,
rate ressure r.than 2
p%%g%%éfpggé%\%en a% a%n%S Or}"amv(\)/t mae?rﬁgjmmg aalgéegsﬁ%(r’g t rop
a’t‘?t‘B‘é@the length of the heater of less than 0.5 barh per tonne of polymer,
most prﬂfemmyg)ﬁtwe@ne@smﬁsbﬁtefm&%amgxnIsmﬁm;mf&ig@e
”@x@hé@ﬁ&@%‘?ﬁ%%%%?é’é’ 19 r%ég‘éé e per UQSI&%C rOdUC[Flon C f %1';? n tgle
5operated even at |gf1 olids oacilng tgéntry INto the heatér. It
pTEfRR & A sstHaTS deasn tertosttiidope haide cahearirmpesniatgs
betwizens3bwi ¥aticr7 Ondfa-mashpreferabhy: ebweerniaQwit¥e andBowWidand

WORR NG SHEAM SRP S R SRR AR O RESIRIEDINAL neat transer
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.

Regarding the construction of the heater itself, it is preferred that the ratio of the
transfer line’s outlet diameter D, to its inlet diameter D;, D,/D, is greater than 1, preferably
between 1.2 and 10. Typically it is at least 1.3, and 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. 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 heater. A relatively small diameter at the inlet permits a relatively
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the velocity of the stream at the entry into the heater does not vary by

more than 15%, preferably no more than 5%, in any 30 second period.

One way in which this can be 10achieved is by using a continuous rather
WRA48EEMinuous off-take from the_polymerisation reactor. ESTEPPIGH008601
solids loading operation combined with the expanding diameter heater
enables the pressure drop of the heater to be minimised. The average
Reynolds number across the cross-section of the stream at any point

t&%dﬁh’enﬁ AYth Bl emelionmirsr mhecbRtie Hidoes fativgidvhilvymletvghe mer
thiam G003, oLt eﬁerab:lylil lﬁ%t&fi@%ﬂ &WQ&W@Q&&ME |ﬂ@@oﬂi@3@loc1ty even at
een 1 Jmillion a 5 million The
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é‘&'é%&&%é%&%‘ me t to sa f)( dgaergl enrlgg the tr?rger er line in

order to ensure effeétive a an o fymerfrangfd FahLsgptlet,
\WHifS imiGR st anaieran dee rﬁremfardﬁ@fetr lendlgtewépmlwmmmw inlet of

finalingsiheyiadse detda high piessweasiaps along the line. It is important
therefoi:g to blena\bcle to mlglnytche ran fe{lllne Ien%th nd he :2?1 uired heat

e mte 1ameter S\éat eaFy ,taéxrg% more

transfer area w I|St achnieving a su f’c?enﬂe laé}
Jeraprasueos timperagfemm. Megarafwgemmm@h@ne@frmmméﬂmm

itself strsnpreferred that the ratio of the transfer line's outlet dlameter Do to

its InletIg!-:a]?ﬁ r le tll? edt Isgl@ﬁg%t{)re ?r?e eerr {r%lyzlsp ete’%(eraelﬂ {1east 20m,

10. Typically 1t Is at Ieastl commonly at Teas owever this

rRAE E?f?éﬂ*%‘Va%l}Fﬁé %9&@rél{h%wya?ﬁmeﬁéaﬁr@@@mmypmfw@aﬂganfziengths
i trosn T NS0 Qabt . Sriteimgyhost prefermdnVe have found that

increagjng ﬁfgeggmawrfa%eo%”%fegme RIS ENG0 810 ge internal

greater range of polymer-containing stream fowra es

iRt @éoy th%%é?@rmpl Maxmféfyrg?#waﬁmhﬁéﬁbtp aftReaifagore -
perinitsinfretativedyo\W0R 0080434 RE T ERRA04I0886 0 AlnBbr W leehYns

%xan)@a!ﬂweﬂ%a%a%mr%s&eﬁ@% e{%?ﬁgmg'ge Out'y's;xcé%eéa%! ?ﬁ'af Clted

diameter at the outlet can avol e rl
SortdipgIty et &f righ etnmiisrradvahyistan beraidatst dapafiraseiso
pieer titill avtyrvea lusibles0u i N g Sta - upeantt smmﬁjs:?mmperatlons In order to

reduca i sk pldqunsisA PIRckaen i flsa f prelened et e

outlet diameter De of the trans |ne Is smaller than the s
HRETHep SLg diseiste B‘Sﬁ%fﬂ@ﬁh‘é&lé@&ﬁ@lm@méfvai@aﬂéfb?reﬁtﬁ engetister
linecabisoetiatdand €, dptigehiniarnalodipemster of the transfer line at its

intet, Whare e ok et BRI HD G ARRS DR G- GHEH P Bpright rather
rtJhan mounted horizontally, so that the line has a smaller footprint in the plant: in such a

configuration, the first section of the line preferably has its inlet at the bottom such that the
initial flow of material through the transfer line is upwards. It is preferred that less than
20%, most preferably less than 10% of the length of the transfer line is horizontal, and
optimally the line is constructed substantially without horizontal sections. In one
embodiment at least the inlet and exit of the heated transfer line are oriented vertically such
that the inlet flow through the line is upwards and the outlet flow from the line is

downwards. In one embodiment of the invention, the transfer line comprises a series of
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The internal diameter D of the transfer line is preferably at least 20mm,

and more 10 usually between 40mm and 200mm. Most preferred are
internal diameters between 60mm and 150mm. The length L of the
Weatws/ Matf therefore the transfer ling, is preferably at least 2OATERIBIEV08601
preferably at least 30m, but usually no more than 600m. A preferred range
of lengths is from 50m to 500m, more preferably from 70m to 300m. 15It is
preferred that the ratio of the length L of the transfer line to its average
infSHOAT aranssted eyRrads (BBRRsishisthasoriyalbidoohmesreidbiiat Bsline
1500 1to BLBOndndifvasepieienably. fToma200fate 3000, dithatsabsie rt}lmet

I%%QMQ %gfgplme%lﬁgg%r gctofﬁ? qgﬂ?aﬁbe ggcqlﬁe rent dlar{get§0ws are

is the average internal diameter e sections we| according to

eGP ERe AT Serdionaahehraid difritinisstod téakrtﬂsah@dlwlﬂéfe%ﬂ@ér to
tei2ptife detabintemahvdl thmBeeof th@lmenwheﬁ%d/ & {s/41sD p@sa)i¢prefertbd

tha&aay%@@gaugg,m@sa@éeQf%@@; ralang its length, It '%ege gfqd that

the increase occurs in discrete steé%grat er than contlnuous y yplca y
tiRSFEIaTR SEHIOTANS GF tHieBan beef sbESrraidismetarars iy hninseneth ipfdpmeter
pipeurihisapoaéastatbibar baelvsval) phibaiseationsof ticleparegenasals
upsiigh rpe%r t ont hat the line has ller
foot(g{]l%t inthe p gﬁ@ﬁgﬁ& g’%%%n J%g#%é% a?f} ﬁlsett] sagcc?t%or% &t ?alg ? i the

prferbmny hay ﬁ%tkﬁléctpa&fﬂuéeﬁ&&w%ﬂ% 4Pt EHAHESI TV B Pﬁfat’@ﬁap
theotitgh &he drabsias linddsrupnearis.istisypoatesd shabirss:inan20Wing. The

AR sker %Wéﬁ%l%?ﬁomm%ps/ %@Jnﬁ“@e%%%% hse i nng [ lllxn%o 1 transfer line
d surgstat%tlglf

horizontal, and optimally the line Is constructe y without
B BRiEIREctv s (AR gD T SaR Tt BMEESOMBIRlet and exit of the

heated Tiansteming techafidattak verdically wiigh ghagihe snlettawdnrasghiius
t%?th@@dﬁ«é‘@%%@%?% the.Quilg) g@x&g@&a@% Ing.ds gﬁieovy%%fgx%elgr %gf the

embodiment of the invention, thé transfer line comprises a series of

DRSS OHBLPEI CARERGADEHY b ot Eﬁvﬁ%@éﬁaﬂ@ Hhqgith SD-20D
(ethoyvsdsipinidhrradadypioal helishapadisuchitvat thalilipevbitu bles hadkising

itgRIfRRs:ar Jﬁ&feelﬁk@ a3 Jél%@%%&‘t@g %Qfefg'é%vgg@ ‘It%égezge@? ﬂ? &x]a%teg although

makes the transfer line more compact in the plant. ions between

tREBIRYGLBYR G Stchgdrrsligpad Thesehaierray petotde tirathesast of
tleeclinied bObususgiha timged Bnd dobsi i B dhienc ansteugion:ahitherb eates ab

t@%@g@m\@%@tﬁgeé& RGO SRRl RIGIRY 66 dhal ghy- expansion in

diameter of the line occurs in an unheated section of the line: therefore

sectiont BFHRESRrRUREGH B f<EHEHR e P STERS VARt e EhsErnifer line
dibristée goetminigad G0 qrrefiablpbthecallbivs aptefibainbysairtiter it miween

tihey oW §Bchttﬂ$&4%y@ 99955@9%%@& thaisxik %&ﬂ@a%gwﬂéwpmam

than at its inlet, and most preferably at the 10exit of an elbow at the top of
LUy R afan Sheto RIS e dopsigsgho! an elbow. It is also

preferred that the expansion is concentric, although other expansion geometries are also
possible.

The total specific heat transfer area of the transfer line, which is its outer surface
area in contact with the heating means, is preferably at least 0.5m? of heat transfer area per
tonne/h of production of polymer, typically between 0.7 and 10, more preferably between 1
and 5, most preferably between 1.5 and 3.5 of heat transfer area per tonne/h of production

of polymer.
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sections and the bends in the transfer line is key to reliable operation
without fouling. The number of vertical or horizontal sections between
elbows making up the total transfer line may be from 2 up to 10, although
VBQ30#84Eetitns is more common. The elbows of the transfer ifi&/FayPRavE0!
varying degrees of curvature. The radius 15 of the curve defined by the
elbow may be expressed as a multiple of the diameter D of the line at that
point. The elbows typically have radii of between 3D and 30D, with
5D-200 e eferied st heioro i A TRAABIBAS)E e SHRR RIS At 9B iy et
WITilsE plspniRbndsingdidettontpsini of mmhmgmummmyfsmm&m the
elbows are.preferabl ha ed tho ptions such as
R enc?anl%ov?/%c aéé g?arrﬁﬁ %ré%oéste ﬁ% nﬁa at %a%égrt%t 20 excluded.
obwouélysanfrﬁm&qm%ﬁlﬁeﬁqh%@&utﬁﬁ*é%ﬁé*y%ﬁfﬂ&;ﬁ%\gﬁﬁwér‘@%ﬂﬁ%ny
ap&ﬁg typeseiipiaw. aiindeatathavwss b oihstaiglesdacham6 of the
. Itt has b?en found that the length of any one expansion section
o?? fanstar e should be greater than 0.25D, preferably between 0.50
and 10@%@%@?&@@%6@\%&?{@0 lmsaﬁévsmmpﬁfﬁé?éma“fﬁ%@%ﬁ e
eﬁﬁ@”ﬁm&ﬁ&tﬂe&lﬁ esatechirnarediate hn upstresimeakrobwonn stedamdohat it
axns er!t%}?e\,/v %n f aractg Immeqlgtsetlxglu%\éﬁng %%G ?JQ,%YX}, l£ iﬁﬁlﬁg fluid is
pre erre Ptfie expansﬂt))ﬁ) IS concent h other expansion
getsedtAids arstarBTRYLRIed heatnadlsta) Lpeeit i h e brbgopfitions
tr&ﬂ@é’lﬁ@o&bﬁﬂnwm IshuisHbsdesiipshetfaraeares inedmatagt mathuthepheatigy
SR B AR kALl IenldenAlEL AleARehoaBnai 1o
ofN productlo polymer (fypl aIf qbetween 0.7 and 10, more preferab]

bl SGTEHAROSE BFARe BAKMISEREBEAE PSS S RSB fihEToe ocke!
kR RAKEOPRS: f@eQﬁMﬁd&lﬁB&ﬁr@ﬁpﬂb{@ﬁfe eMME length of the transfer line, or may

2008/043d 1+ e% @907/99{8?6% g %@L%r{gg EP@%&Q@J&%&L@& flebishs of
a pI’OXImaft ]- esam eevatlon e exit of the pol merlsatlon reactor

tdWHieh(ﬁU@IﬁﬁlbéadsﬁﬁéwM%ea%r%iﬁ%F%ﬁ%o’ﬁ"o ffﬁ‘é"ﬁcffiﬁﬂ%ﬁ?éﬁb%"l’“m“m
reastaniatthenbeaienminlesishe saeptiallinhirizoiatal with a Mdsignestiptisferred

th%%theera Xt of &Q%Lé%g{e&'fn%(&m@ HreasingvesseLEREY PRI iSpRater

er efevatlon ein et of the transfer line andior the outlet of iml/er

p@%ﬂ%ﬁ@ﬁ?é‘&%@?n at ity et feSAR R haa sy et SASTOP AT ED
ciRsisas aqackat suyreunding the lineinthesheatepatietdtiay he hivating
formcp lan ele%trtlxg: %‘I Qle c% 151?:?11!’15 t\@lﬂ&ﬁ%&@&tﬁ@d&'ﬁﬁ@)%%&&@&m 8This can be

concen’inlcp e surr the line through which a heating fluid is

1@@33@5%@%& Y5 ﬁé’a‘t}‘r‘iﬁ)‘fﬁﬁﬁ‘ﬁ%ﬁéeaﬁ?pﬁ RARHEERT
found shab canditionsmanbadnsisoptiisathbyasingdeskperhichtegrates at

steam.as incealiag maduion, parleyBUENNRIRIDG HaX m%qm@w@,@%phes
temperature is O- ﬁﬂ??ére erably no greatert an 10C, below the

sd?féhﬂ&%&f‘@fimé 9B RATEtBRRTGRE% B I ARG RRRSF 3B T EAES  the
jacket m&ya@fh@ﬁm@md&dtherswﬂmdmaennmutﬂalmagsthehsnm:@deﬁagﬁh/@f

I yemsie e, 9 ey sprcuds dleseptahealioaas MRS AAce i
theollne fgfs (%SS e that portions of
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
temperature at low polymer stream flowrates and a higher temperature at higher flowrates

when velocities are higher.
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the line (such as bends) are unheated, as discussed above. We have

found that the optimum heat input along the length of the transfer line is
achieved with a design such that temperature of the heating medium (or

Y ZE i vall temperature of the lipe) is greater at the inle?$d/#f@fig08601
than at its exit. Accordingly, as the vg?)our fraction in the polymer-
20containing stream as it passes along the line increases, it is preferred
that the heating medium temperature (or the internal wall temperature of
the lineOscdevrebipectaThisfeghebhiisnedrreshthruligRegratel nhiTen

OF g1 B PIHREIs RF HIRCERIR GRS EM%&@%&%SE&H%@W&QH{Q{@%@ heater) is to
temp erat{%re Most preferred however is a ja 4 tw icho

erat
T 5 TR STB LT T CFEDALE SPING T DIt gk B folds conten

sually
inefapestaent siliptiss 25of w@hemmganmmorméé@rbsemm Whére a

differentieRoRE AR IS IAH I B trans B ﬁ"n@ rﬁerrer@deeamﬁlrmemr@mbehan the

invention, the transfer line is heated by centrlc ape u3| '(‘JB
erab

hB&‘fﬂr‘}g"%&ﬁ%ﬁr"%"%’t 0t SEFATlS 66? r*éfﬁ“ dr e is
contdteidhesmgtirsteam c’rhmvrfatélef@rsa@grtﬁemgt@am temperature this

has the Bengfit seeeelmg%me%ﬁe%ﬁm;‘@dmeﬂe&&e@a@e@w@rat;o

ensure a lower Otemperature t flowrates a
higHEF T ARETE e e erﬁr&imgrésgrr%gﬁf@r{g%s%%@ﬁg & Rgmen
2@0&@%@2@@1@@2@@7&/@@&6@& pnomed pengeayasiom m@mrragsferﬂn@rto be
the temRer e 9T AR REMYBLICONRINIRY stream itself at the transfer line

outlet (apart from sin he energ tot eater
increas ﬂﬁgfggﬁﬁ§ gbaﬁ %tll‘ Y ér)%l qgeq %%Hhe heater to

IS ca b Increasing
thiscsldthittscbonitemnt Exf:thetérréamwnh@rw fiomi ihenpieryr#ferieahwre@z@ﬁw

a'ﬂ@é%@% giog Ausplids; RaQpeeniating dexiae fanatieaprofetna trangieheating
g}ﬁg e solrtds can caégy more heat than the liquid or gaseous
SRS SPYRE Lt &A% thereby requiring a lower input from the

transferlliredosmenitirorddiets tzasisfer/n bkl iraer ternfsErag yacam, theype is
U%%%@I&%@J&Qiéﬁﬁ%@dﬂéﬁ@fﬂ%ﬁ asalids sRosentatisgderissowimar ',

ste diluent fl I% describhed in our ate t,EP 11886#h 1ded
g Ye%%?ﬁ“’*a.‘n%é‘n 1%?11? gﬁe p?gs a|rlrsv |on and eng C)ul‘(ﬁ)’%l Seam weide
mn@mem@%nderhra@rbmbmﬁqemaﬁsﬁer Ipeirsibe minimised, thereby

reducing;theHsk-ef feuliTtoef the d&rgsrw&eéerrﬁﬁlﬁgaﬁﬁa& RipEnS Baglymerisation
separable alon theI gth f the eater to ilit leanin ok ferabl
theg SisE I HERY %al%rrlﬁ i érl\?a lf’n e callssI ?e?aeﬂh ng s When the

effelowty asrhrgear @émrmiﬁtmﬁmgséehe@rﬁnéormréo His: ér@rerreﬁlffréﬂrrrémy be
healipg chefivid 08 HaL GQVERRAMb ARG eactor. 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. However itis
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.
Accordingly a further aspect of the invention provides a process for heating a polymer-
containing stream being transferred from a polymerisation reactor that is increasing its

. production rate to a degassing vessel, which comprises a) passing the stream through a first
heater or heaters each comprising a transfer line for the stream and means for heating the

transfer line, and increasing the flow-rate of the stream preferably whilst maintaining the
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In order to maximise heat transfer into the polymer-containing steam, the
pipe is preferably made from a material having a thermal conductivity

eater than 30 WM2K1 , preferably greater than 40 Wm-2K-I. The pipe is
‘gﬂ)?@%@'@é@mless although seam welded pipe is preferred BHEFENILH08601
heat transfer is required. 20It is preferred that all of the polymer-containing
steam exiting the polymerisation reactor is passed through a single
transfer line, particularly at start-up or at times when the velocity at the exit
O HRSFHER 196 e P by TRSE O THIIE R g desr it P Bepcl iR v iy B
fedityoone Qfemqr@mdémhhmesﬁmﬁmnmwtppomelﬁtgetaasnength of the

wit sactarm ) qﬁg, pgggqﬁ@rply by
gratzll?t%%lrgneél or centnf’ rﬁﬁﬁé’ Olmnt()é}qué erably using a

hydrocyRIBHenpaatt &5 &aﬁ%@lﬂr@u@mam@waﬂ%%&qm PgRged By heielislde the
Wilisi Mditer SeapRIakitis dentios torpsavicieamattficiparat eldtsanaiemingsans
cept the t-cont S hich I n
ST R PSSO S SO AL O B AR e
p?@%é%smé@e%é%%@eﬁﬁ%@@@mmﬁ thoATH rﬁ’ﬁf@t%gﬁﬁﬁﬁﬂhgnd the
trapgtesed dans ﬁr@é}lyﬂﬂ@ﬁb’ﬁpﬂﬂﬂaﬂeﬁg?tﬁé hatis MEEQASAEES lines below the
Odt%{oductlon 04 deegassmg vessel, which comprises a) passing the

r
S regrrﬁn&?gﬁltﬁe%t first hieater or heaters each comprising a transfer line for
the streérwlaﬁél e hel b HSHR) tre idss raioRps, fanritieeearihg e

ﬂemaatm@ﬁkms;mmm@mwwbwmmwmngam@r teapgiatupe efsel,
(E?@rs(;?en;al n I n eam u%fm s"il ?\QohheeaaEeerrs %Ibl‘gl\ll %&@% ?Xﬁel and

pOeitll’]t (0] e tem erat e stream at any oint'a ong
tifeciepRyEREsinge @ﬁ%ﬂﬁefrh?f‘sf@r tﬁﬁé%é%ﬁﬁ@ﬁé"%’éﬁt@ﬁ RrgtHsiHtesTagéer line,
pp&ymeﬂslﬁnﬁhthemlbbapaﬁ@mg tpRpeafniecs the aalythroughtanadditionat the exit

heatenarranaed i f&%af 5%52,? alirsthear m@@ SJAHRQ%% &%@t&ram&ny

comprising a trans e stream an means for heating
tr%%féﬁ%@ﬂ@@%?‘ﬁﬁﬁ%%%ﬁféﬁﬁﬁﬁf‘ﬂ?é%ﬁ%‘ﬁ%@oﬁ ﬂ#éhﬁarg)eﬁ’é?f
camtaisinRgssigernd ab thecefitmefsalheaiar shabeveithe: dewspointofttaer falls
syrgam,an the temperature of the stream at any point along the length of
the aWtransfer lines below the softening point of the polymer. 10A related
aspect 6?1%%@&%%6}?%P@\Yia%eaf’f)?‘%fb%@%efé?‘??é&?ﬁ‘@gaﬂﬁdﬁyﬁ%’é‘rmly through

caniadningisinean: betmgtansferred from a polymerisation reactor to a

degassipg,yensel. WIS SAMRIeBRARRsSIngIe NLeaT oI A iRRsk

two heaters arrange In ara lel'and each comprising a transfer line for
t%%ﬁéﬁ%%%%lf@rth%gfﬁﬁﬁeﬁﬁ%‘ fF&Hase M G, fBheror ey RvniRe desired
mainkaining she tens peratoasl ot 1) eop elymetivednitin pee stieadroa b thes ethit

transfer line per unit length exceeds the desired maximum (usually 0.2 bar, preferably 0.1

bar), said additional heater also comprising a transfer line for the stream and means for
heating the transfer line. In this embodiment also, the temperature of the polymer-
containing stream at the exit of all heaters is preferably maintained above the dew point of
the stream, and the temperature of the stream at any point along the length of the all
transfer lines below the softening point of the polymer.

In such a parallel heater embodiment of the invention, not all of the transfer lines
may be required in service at any one time. In a further embodiment the polymerisation

reactor has a plurality of withdrawal lines, each of which has its own transfer line. The
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150f each heater 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 decreasing the flow-rate of the
WS4 At the velocity at the exit of the heater falls below ZGfHEB2007/008601
and then b) shutting down one of thezheaters and passing the stream only
through the remaining heater or heaters. In an alternative

embodiment, part of the stream is diverted through an additional heater
drremgeralsoaskifiss tyithia fiy sconsaheruseesfingelecanaralind 18li6s prileRTRES
desices WitRimmnsualsHallyeRdht peaig ablyolidd ) e alteatisetydd hated

pressure ¢ reoa@hzf(i:?rg%%tlhrg transfer line per unit length exceeds the desired

maximum (usu Baef, preferably 0.1 25bar), said additional heater

y ! Y

also cothpisirgliekrsaisterhoditeenhe Strafpireththahabvsatoraseaitnipatees are
tepesierdine Anthis arnbedinen alsashe tesparattieQftheater’'s transfer
olymer-containjng stream e exit of all heaters is preferab
e P s e S R B b0 e
stream Beaiyipsipncslofrph &dasigthngt crebaimeatiaRsd Uiesrswogiasdncluding
soiering Manhefthapahimake3olpsitthanasaiehheatere mhedineahal
the ini/éantll‘on not all oftthhe transfeé' es may be {‘te%uired i%ra%r}gggma;tp%\guw

mput. (duty) to’'the stream TCSSUre erence across the Neater a
one ti et'y na urﬁ%er ém%gglmen e pofymerlsa on reacrfo as a

pYehestiey BRiittmgrawatingay eadhvofainisrerraghitsrevim inenSrerdiriortie

WEs200 83838047 Rial Y R 20Q 7 QRE5RT ch2h nvast @t Rl68 4ne e @ Witbisy to
S, RGARE ARG U R OF Sindlg QL Rarallel salids &8&%%9%@&@939 uces, with

the usuaf arrangemen% being one sdlids concentrating devices T6Rated
uissreairotidhehorgnerdrtans. the ey partindithreprescerbdintasrsutsgrops

peatasred thatfwhpesalfleastbyehraipiseabopaaliRghdRenavey agBe single
ream V%Iocgrirtrgne%%godss aggdcross-section of each heater's transfer line is

maintained between 2 an 1%8\’51/5, most preferably between 10 and 70

m/s. W8 premsingaRe Bheaehttrasiedinnibeesn Berardiskararpudiigrences
paraseleisH aedushagiiecstaamni ontbetoae heaking Jaskeiaidngsitiamahd
the.sisam ‘%‘h’? %%rﬁ?e%%sUJ%VUA%Q%%‘tre'QLHPIn(%%%J&Jﬂ‘?néérﬁa%mg ttb%aﬁanced
pressure dirrerence acro Sthe eater and the reactor pressure 10valve

ofiepiiric haderdnan NBiortrewerans heruachuianste frpyefiges needing to

reladiongahifoned or decommissioned more often in order to maintain each within the
correct operating range. To avoid this, it is preferred that the slurry loading on each
transfer line is automatically balanced by first determining the slurry flow through each
transfer line, then calculating the average flow to all the transfer lines, and then applying a
bias to a control valve upstream of each transfer line to adjust the feed rate in order to bring
the slurry loading of each transfer line to the average value, Preferably this is accomplished
using the steam flow to the jacket surrounding each transfer line (ie the amount of heating
applied to each transfer line) as a means for determining the slurry flow through each
transfer line, since the steam flow is controlled to achieve the required temperature at the
outlet of the transfer line, and the outlet temperature is determined by the slurry flow
through each transfer line. The average of the steam flow to the transfer lines is then
calculated and a bias is then applied to a control valve upstream of each transfer line to

adjust the feed rate in order to bring the loading of each transfer line, as measured by the
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between steam flow and outlet temperature for each heater, mass balance
of the reactor to calculate the total flow into all the heaters, and the
difference between the vapour temperature at the heater outlet and the
WeopEHedRthe process stream. Pregsure drops across the RGHEPaA(if8601
of each heater are preferably essentially the same as in the single 15
heater embodiment as described above. When operating more than

one transfer line (heater) in parallel, minor differences in installation and

opferanifepc enibiioresast tdue-disarmapscanohSustiened thp &rd antvants all the

dQUHRSIF GaED i@%l&lammt@r}éa@d&qymmr@%@ reskbhinitnedeansten iasiom the
havn{ nbaFche F sIu r}fmgloa%nlgw)1 Wlthoutt correc“ {1 thlsncl:agn d
réSUIt in the transier Ines nee ing 1630 hé ‘comrRisaionedf or <> Perne
delesmmivssibriedith dre teieaning entierlteiparinpabsdeeth mhmlméomlp@é@ the
ORABINGL anRag. T@&aVoid this, it is preferred that the slurry loading on

each trapsfer lin |s autom ticall lanced by first.determi n|n the lurr,
fow thr B SR B T TR A £ PG RO Bt
trexzte ﬂhm@e@mwtwﬁhappm ngfb?wa@t@ta @mmum@uﬁb&r@mlbfeed to the
eﬁr@ﬁbféﬁﬁﬁé@%@%&&ﬂﬂbﬂ%élﬁ? aﬁ@@hpa&%&nr@msf SR RURG 2B TR Wbkrol.
Ioadlnggf eac §[J rli eéto tF ra evaluer1 Pre£ dthey %hls ndca 9
accompllshe usmg h‘en% eam 6f\hemallrclz %ltosefjrr%un ngce%sg trans er(

I|ﬁétb@m?éeémtfgmfmch@&l?@eaﬁ}gﬁé@%ﬁ@aﬁpfr@ﬁ%hﬁﬁ@%%ﬁﬁé%ﬁ% for

defernisingnthe.siuysfisrerdhinygoeachdransigidibRnsiapeelie wiearmiaw
is con%ol{ed to achieve the re Ufred te eraglur(?dal;[ tl&‘% tlet of t
y

he
transter line, an raun%lffé??empera e 1S determine fhe's E}?P § (Ije\ia\l/st one

3otireugh warhineaidver thae St herasferie iesrsmversfédmfrmwwmémﬁ@reﬁ

lingspis thamerlsthaied apdoabiagdothen anpliaehter a:&@mf@{aalvave, which
uste of each.tr nsferli to adjust the fee te jn or rto

f

R

2@@8/@4@@1@% trespeeddidosbof-is @@éﬂmmfefebﬂﬁé%@ﬁaﬁ@%m@n the
Tlsteaﬁfim&&mexam@& Hﬂﬂ@i@@@ﬁdﬁ@ﬁ@ﬁdd@y@ﬁ;ﬁq@mmﬁe%lma is to

control reactor sureb n| ul theo Il feed from the
te of th
reactor to eacﬁ I%l%ans er and %Wg al air1faH€f:tPoﬂntro ve%s op%r’agt{}a ﬁogg}aﬁlﬁel ¢

opehmgaﬁ@r%mwgqagemﬁé#wm tﬂaam%mﬁgﬁ%m&mﬁm%&éﬁv ‘
optatbiRactian 4@ balance e sleadiaaitheimnsiarelingsiocatciitR Sl solids
loadine% o th%tragsafnec{ gfln%ans |tq1 ?tlve tb%h%ectoex{mbllnva%g %teigl ed to
means gesc% previously, SUC ?FOW}VQ OCIty or pressure th

obarar rEedus ﬁﬁ@@éh%?%&%&? %é/wmw@ée@y w@c{tlynﬁ&ﬁ{%é&é%@r
p&ﬁ&@ufe ab;byeﬁowrmﬁtfwcr&rhm/&imiﬁyqﬁﬂuae&hea@efnsﬁwidvb@el The heated

COINIS %91@ ?sdpregrelt%]tjp ceie(s:lréggg o8 IIQaC\I/Ig g‘tp(%[a Ss)n‘e 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 35 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
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100f the heater performance indicates that at least one of the on-line
heaters is at 95%, preferably 90%, and most preferably 80% or more of
maximum capacity. When two or more heaters are operating in parallel,
YRS WetéHi2should be shut down when at least one of them RS Bperotitiysco1
at less than 60%, preferably less than 40% of maximum capacity. A

simple indicator of heater capacity is the output of the heater steam

control valve, which 15 controls the input of steam into the jacket
strrsHRIRG the e dtep Hrfir s theBidpryrprnranefeheiererancs thernugesof
adhdilienal caff-ting heatey is paiplahly coyprrissionedombey, thessteasiably
CS@E@ ualveqto &y one principal heating section is greater than 90%

open. In both single heater and multiple parallel heater embodiments,

the flowfatbiBIHIE PR rPEEAEIRIA Gt RAYMSVisAUP BRI Feemicehgas-phase,
pﬂlymledii&i@tiﬁmﬁﬁaﬁtﬁhiﬁx@ agf@;llsam)y %@g@nﬂa IJ@@ldblsci,lng BepIRSRUFEAMiHOWuid
control valve, m referably located between a solids concentratin

d%%éé %le éegﬁéﬂér%a%rt?gfer line r?/eater inlet. The control valve is designe%l to
have a Pressstreefeirtls et-pelmsasaasysbelafooin thnskipretesapty Bedkeayh in
8i¥arofSing presswecaiop batvern the:ieaslobantkdaecaptiitm shenfisind
dga/vnstream ess(,ﬁl. T enp ated transfer line is preferabl

e sP desi ?e%d to
monomer into a sfirred ta or CO% Uous % reactor CO&'?HSI %?0 ﬁ‘bl and a
have a pressure drop between 5% an %, most 25 preferably between

18rahgt S5utieariie Piesionrd i s detivdancaly reacebedinpehiewesraheelt

degassingimensabr thepaiiaphihe pressu e0i0p8sadheeantol valve

to the pgersure drop across the heater is between Q.8 and 5. mast
oreforat o e G B Bty from e

cBYEnS ARSI IB i s b aneas tisdiglUiawd erraromsy prdlly prrsent
vapentdiactieraithadivid.ao rpeastb aldhepalywane rTROsERALANRG reactors
S he inl f the.heater varies fro to 60mMol%. In.one.preferre

e S SRS D L G

CERHBTVEINE tHERERRET St es hudtercmins OTBeUEI6GF fdditives. oftRartierdas the
asltihe henteripht BbE\wesara VYU R008/84B4E2RA: DHsR20R0R6G2idit of
Omal%. Th r fracti f the fluid-component of the.stream .
APPSOt e ol b et e Ut o
o1alourHR! Hiodt Brett mshystiaatapdivamh 9o s uTsRdipg SrdHCigthe sum
befapmkh:abie d@@d}ﬂe@@ﬂﬂtﬁéiﬁe&ﬁfﬂﬂ AOCRsH LY Yagipbaselds kHBYio@¥kr and
SQA&}‘A%B%&QQB%LDM&&%M&%%%B%‘%P&HJ&%Q‘Ft Qéégabr%géﬁ%e&&%’n‘{‘s’&aﬂ'5%%

liquid during depressurisation. Processes for the co-polymerisation o

o]%q}?f{lﬂéngmrpﬁé}géed@ I RALYMERE is an inert diluent the olefin monomer

typically comprises 2-20 wt%, more particularly 4-10 wt% of the slurry.

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

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

slurry is circulated in the reactor typically by means of a pump or agitator. Liquid full loop
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the art Such processes can be conducted for example by introducing the
monomer and comonomer into a stirred tank or continuous loop reactor
comprising polyolefin and a 10catalyst for the polymerisation. The reactor
YEQypréayéantrolled to achieve a desired melt index and deRSHERIPARBOS601
polymer at an optimum production and temperature. Polyethylene

slurry polymerisation processes typically withdraw polymer from the
polymerisation reactor with significant quantities of liquid hydrocarbons,

anepeHISTrERariawoBntisH I eHerbrgie phriéaradsseahoddnt esasepip in US
procesyesuthesslisvyia 58y rmorﬂuelﬁdym&aﬁylgemw@%m tubular

Paiee Relmer e diacarbon divernis) (saimonomer(sl ceialiiho

ChaIn Terminato rogen andother teac
paf@rémmhéwﬂylwmaé@?ﬁmm Bt pf@fémrys@mw Weigtbpsreeyed
basgeg Qiaﬁlaa tatabMgeighth afdhgi stursanhl artiesle wRaly e .00ds8Ardanding at
erfe{ ofgng’% |rq{g erc (r)1rt k}gg%glon th{e toc:lgl Wel%hgr%fa;[lh%sl rr¢/ of
susp eh um w le suspen ng me e SUm20°0r all
th@mmébcmﬁﬁdﬁmgqmth@r@actor and comprises the diluent, olefin
monomet a&elrﬁay@@mhﬁtéeﬁ)etb@tdimaeb@@&&ﬂ@@ﬂﬁ@féﬂﬂﬂ&ﬂh@ Eiilu@ﬁﬂxb@
a feacive ol %h fPﬂw i%r'x'&il‘é'd olel o contimiation Where the gzﬁ’ tle of the
dili&ntis’an inert difuent fih monomer ﬁ’/plca y comp fSes
w%%ﬁ@mbmam@ﬂm&@qmw&mn@@wrﬁﬂ@mwﬁeﬂgmuo'imww&érﬁ/
cagmaduwé 9&%%99{@&&5&53&1 tﬁ?%f@d&@@o@@xé—%r@@rﬁﬁﬁi@{t%ﬁﬂf@ﬁﬁ%&ﬁlﬂént
range 1-100 bara. The catalyst.u e any catalyst typica e

58e fetirn poler%Ogﬁsaﬁon sug%‘as%ghrgﬁnurrtn oxide, ‘g 4 ny f}{ oF %ru(% tge
méianéé@ﬁentywe%aﬁtyéﬂssﬂm@wéﬁwgmr@%ﬂmmfﬁw@pew@ﬂﬂaﬁaemg
dim@@bfmmmoﬁhem&qaéqjme}qﬁmmmm&m& @ﬂ[@@ﬂ@ﬂﬂ@oﬁﬂhe

bedl Lllgg o d 8 errcr)]lligg)nt Qr C81 rlyv%?lﬁl“\ll%% g Qra {3 ithdrawal ports, the
concentrat evices such as h rocyclones settlin g 1egs to minimise

36%%%%%#%@%#@@%%&%@%@%@ usuai*ﬁ Rdipcan ioiss
paﬂiﬁﬂé&r&wa{@tadatao@@memaﬂﬂ Bf maitﬁ@pﬁeﬁﬁkeswiy&r@cﬂb@ealune/og&raﬁon

Iate e reactor eans ora itator, Ligui
o B B D e s e e LS A i e
patietigrRf e pugfoRshdii e ‘é(ﬁ*@?ﬁi”&r@%%’@rﬂ?é@‘%ﬁ@%‘ﬁﬂé it
31baBA RISy 324ZL 20 MR d R 46E A8 40t BRIQAPEANIOHISOfoes (single or in
COpmLQUS IBUIL EANSUMAIRD ompriSina ket iwosfore 1 SOPIE QUL of
vertica ﬁ sections ancy fg st two, or exam ur hOI‘IZOhta sections.
TH@??@&E‘WW%?@&%F\%W EHIRy Féﬁﬁge@a BEEHG TRHFSeReRE YaRgsation
with @cooelidgliimestittmyaedierably water, in jackets surrounding at least

part of thﬁé‘{@\ﬂ% %{gg?t%mm? c'éﬂ??ﬁe‘af IB6A0RIIGIGIAL G vary
but is typically in the rang
depressurised prior to being transferred via the heater of the present invention to a primary

flash vessel.

The diluent and any monomer vapours recovered in the primary flash vessel are
typically condensed, preferably without recompression, and reused in the polymerization
process. The pressure of the primary flash vessel is usually controlled to enable
condensation with a readily available cooling medium (e.g. cooling water) of essentially all
of the flash vapour prior to any recompression. The pressure in said primary flash vessel is

generally in the range 2-25 bara, more typically 5-20 bara and most often 6-11 bara. The
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In commercial plants, the particulate polymer is separated from the diluent
in a manner such that the diluent is not exposed to contamination so as to

‘germit recycle of the 10diluent to the polymerization zone with minimal if
Ry Pifitetion. Separating the partigulate polymer produced®/ER07/008601

process of the present invention from the diluent typically can be by any
method known in the art for example it can involve either (i) the use of

discontinuous vertical settling legs sych that the flow.of slurry across the
R AL BaP TG AR A S GRET RES  BOPER e ETAA Yo
dtrstevestelno feomvineesiddil velatitss (Wl contimelp tis: ghodv stayibh dravwd Fovictlash

siegia 9!‘H%élﬁiﬁ'@séfél}UX%ﬁWﬁih@Q%é%@%%%ﬁa%&&%éﬁ%ﬂwhefe
on the loop reactor but is usually a%%centt e downst{[e%m end of a
Gt Shid

01
HEFBRE SR TR AL NSRS GES Ylaenis Sisa Ot i avseiss Jpsh

largediapreiteedeactors with high solids concentrations in the slurry

minimisgs thedHRaHY Hf dReRingtarl JluerbWiRArMB I8RO or which the

polymerisation loop, Use of 20 concentrating devices on the withdrawn
ORISR AR SRR S HY bbby ST e g ahe s AL S ma e Ly
hatone oywlonesing, pazaliedmiosenes phafemdtenhd omgsetherelsoviesyddbop. The
AiERGINAR RGN SIHGIRNG MAD BST AIRGE MY EaRkPHE S Sy HRka AR iRRent.

and vaporisation of recovered diluent is avoided. The withdrawn, an

pHEPPSBRIEE RIS oD SR IS S R o B PR Rt TURE S P
beiheptransternedivia théiheateTlof tte giresieht waleffiolyte cpprinvary daghlled

V§y$§%|alve upsREHIINERL BOH.ABY HRQRURRVapours recovered in the
primary flash vessel are typically condensed, preferably wi

ithout
recompla&SROids SPREFRTASE iR ee%‘Wﬁ?éPﬁé%&Wp‘?@& ?aﬂl(g’ HIRLEAR of
tivel rimmefyrabshbveisiiey idus il focentratle de & nalblac30, covfdehbRTors
Wit ahEeadiheavRIARLe, LR M e kA9 LDJoNRIE IR ESREaRNY

all of the flash vapour prior to recompression. The pressure in said |,
oA HARH VELERY 1 BB AT the A A A PR e
Sp2Rdutage ardanostoofteleB-bittareeafited W@lume percentage, will vary

20Q 1RESe LAl 208 LARB6R L 8 s0didmatstiahiec ey areghfiamiihe
primary flash vessel is ugulall 2 _sledeto ge Qda%ri)é flgalgﬁ a\l/n%S?erl et)?a o
A LTRSS AF%%{&%K/SW i E’Fu%ﬁ/ Hay Be’passSedts a fash
vissbetaot | e grassuhettthandhidheadsovetinmanabewred Prirtany pedselasetye
(Rt IBRO PR RS RIRISINERHEIINAOREE BREIHS Y 8 0)PkRY, Biluerin Wiseoal a
h{ggé%%%%g ghftll%fs.h\gg%ggg lfcI)%rpdr gre%r{grqﬁgh solids loadings, particularly above
40wt%, reliable product withdrawal and heating between the polymerisation reactor and
‘the degassing vessel (as evidenced by fouling, flow variations and/or heat transfer) can be
maintained within acceptable operating limits by use of the heater of the invention.

This type of process may optionally be carried out in a multiple reactor system. The
second or any subsequent reactor of the multiple reactor system may be another loop
reactor or any reactor for the polymerisation of olefins, for example a fluidised-bed reactor.
However, usually the second or any subsequent reactor of the multiple reactor system is

another loop reactor. Such multiple reactor systems can be used to make monomodal or

multimodal, preferably multimodal polymers.
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More specifically, an example of the type of polymerisation process for
which the invention is particularly useful is the continuous polymerization

of olefins, preferably alpha mono olefins, in an reaction zone, preferably
¥R defiYfated tubular closed loop. The olefin(s) is continuoudiy HERRAETtYS601
and contacted with, a catalyst in a hydrocarbon diluent. 10 The

monomer(s) polymerise to form a slurry of solid particulate polymer
suspended in the polymerisation medium or diluent. The rate of _ .
withdralaicorpoffmeiipte st Boistieladiny sagiaveiiprireismissraptied with
haalesek hepinyestion Jdfemaidacosaentiatiandit shecsiy gilirihadeactor
will typically be above 20 vol%, preferably.about 30 volume %. for .
e e Ay S A R ot Dl paricuty
isttisrea sttt the sheTe|anging bomrharerdies sergperrfity fEerutHy/eTre
valkipaiah ek bad Otilibe solidyegneantraticdisagusadiag weighbf
percentage,.which is equivalent to that measured as volume percentage
T s els e R, FR S PR R A s e
aeboraant teretrsitifb Atesis erfalyharda o pEthivieH presu e dicisi grore common to
palystindane andsha dillventispe skanrefpixampla«oisobutane, it is
preferred that the solids cqncentration is,above 30 wt% in particular aboye .
o T S e e OB S AP L RPN or
ori ghrsttor indsig Arbitheobimeyofiny eratis ougser asatropmilseddndyo adjacent
L?adi_ﬂag@bj Rak e&d@eﬁm @bﬁ%@é@w%d@éab&axﬁi%du@ﬁwitbﬂaawatcarwm)

eating between the polymerisation.reactor. and the degassing ves
o T A B A NS
2myidrairransedvnes rintedipedisiy epd-ating lithira it (i9er 3F T BigeerBrearHan
inyeRiiersdtysiyperahpRiacass faoinn albishecarsied k. i kyandtple
re‘é‘%%%&%? %%&?&5.‘3%‘3 or aﬁ% %%Q%%%%S@%ﬁ%f%%fo%fey&t%d%%tés’éﬁce
reactor System may be another loop reactor or any‘reactor for the
pRSSAREHE OB BRIFMST FOPlERART RS U FRSRITE EERBRM reactor. However,

usually e sepndaotoa ByseHhseetiea bsdasiar @b dttipiéshedetothan 50

Sxﬁﬁﬁ{é‘n‘s.so%”o anather 'P@%ﬁ?ﬁ%‘ﬁ%&% Qv@fﬁ%@% SR DI LANLRE
used to maﬁre monomodal or mUIimo al, preferably multimodal polymers.,
WO Roes0%sarsm EriE200 Fagsentcnm the fsaks Riyeafinariprensaton
re@ukor a0 Sekes: s3ifiFSlreactoref theskefiesn bsupphad dthyddsalystyater

Prepolymer and optiopally.the cagatalystin addiian.e;ihe HIe aldaced by
d %sequent reactor Is supplied with, at least,

monomer, and each su _
nishehtet hratgptitinaretnyIRf@ T d with the slurry arising from a

preceding reactor of the series, this mixture

EXAMPLE 1

A polymerisation reactor polymerising ethylene and hexene comonomer in
isobutane diluent is operated at 41 bar pressure and at a temperature of 95°C. This
discharges a polymer-containing stream which is in the form of a slurry, the liquid
component of which essentially comprises 91mol% isobutane, 8mol% unreacted ethylene
and 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.
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5comprising the catalyst and a mixture of the polymers produced in a
preceding reactor of the series. It is possible to supply a second reactor
and/or, if appropriate, at least one of the subsequent reactors with fresh
wataysvemdior cocatalyst. However. fgt iS more common to iMmOdEE® iheosco1
catalyst and the cocatalyst exclusively into a first reactor. In the case

where the plant comprises at least two reactors in series, the polymer of

10 highest melt index and the polymer of lowest melt index can be
produc&beif 4o Eueibe ftasion aprss fheesh reprefsrse rome sedes toHyiep den
iprRainiaieRek ahtltiadew KerzesoheancanbR ity diitie JeasIES)o the heater
rglaepufacturing the high molecular weight components, e.g. hydrogen
percentages including between 0-0.1 vol % and at (ii) a very high
concentfatisimeh8é%ctor(s) manufacturing the low molecular weight
compongisre: hydrmgen 15percentages between 0.5-2.4 vol %. The
reactor qucr}t}gg,qallgl})nelsgperated to produce essentially the same polymer
melt index n“sutcessive reactors. When such reactor systems produce
polymetgyaplionssiiier Wwélghiditess than 50 Ic.Daltons or greater than 150
kDaltoisslineterdameiivihg prstheeme bsaiec FritiGiae HrolRiemswithr and
rg&g&rﬁo&lﬁ"ng and agglomeration in the heater between the

polymerisation 20reactor and the degassing vessel. These problems can

be accéhtlstser by! Bighipdiatetsoifaspeiseic frragisriadry e HeaebenT prgh of

ISENoeR prpkle whiskcampesanalinrated Bydieeai-the: beatenaf ba of
esent invention. EXAMP A polymerisation reactor polymetrisin
e A B D T L MR B anc

g ifadaisse dndtata By atliie BIBE. ofhlrdidéAargbe thermal conductivity
RN Etee phgd RiAD SeanMVWLHC TS iRdlae Jermenofa i m-hsrlighidntric outer
component. of which essenti comprises 91mol% isobutane,.8mol%
ittt el N SR s
aH8H: 40wt%, comprising 30polyethylene having a density of 940 kgim3

and alsthsemeypasse thealgiyst Ehese: ama tthe SBmenoaiHivRS 185t and

Ed)f%'?éplreo%the il MRS O, the %%g}?{og,aag%%gﬁﬂqmﬁ%@np t§3Re Hhirry, and
control valve 0 1Gwer the pressure, before entering the heater of the

itRfetriertyahitisheckfsranismitfohn e oates Al ealrepiseimtnraregbanbe heat

transfer to the slurry during its passage through the heater is sufficient to ensure that the
liquid phase is entirely vaporised by the time the slurry exits the heater. The slurry exits the
heater at a temperature of 76°C, a pressure P, of 9 bara and a velocity V, of 63.3 m/s
(V/Vi=5.9), with a Reynolds number of 3.3 million. This equates to a pressure drop
across the heater of 0.045 bar/m. At this pressure, the dewpoint of the vapour would be
about 60.8°C, so the stream is 15°C above the dewpoint, and the liquid is completely
vaporised with no danger of any condensation of the vapour as it exits the heater.

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

EXAMPLE 2
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5Pressure Pi: 17.4 hara Velocity Vi: 10.7 ms4 Reynolds number: 1.72
million Solids concentration of 40wt%; of the remaining fluid phase,
40wt% is vapour and 60wt% liquid. 10The heater is 187m in length and
EBrHIf8es B straight and vertical se%'ons each of 58m lengt®f; WHEREPLAAE8601
connected by 1800 elbows; the elbows together contribute 13m of the

total length and are not heated. All the sections have an internal diameter
of 78mm and wall thickness of 5.5mm, giving a value of L/Daye of about

2397. TRRERTEPIEORETEHFTBRHIRV et pisE Rt sagingzsRneTdiameter.
heater aleBiantisdfothedacipolyaansanetatienddhisibascexiendirgialong
each of the 26m sectiqns, thrqugh which is.passed u ed,steam.
s L RS

|dHigaTarir aRlrmaer GtaRE vy hishisiptheifd e et fridmigHd
heatigdnedivicOHaen AUk Yo mpe e valneitikanehis) Bal 39 ids eenie sihglene
the slurry are all calculated to ensure that the heat 20transfer to.the slurry
e T e R R S

predsthientaipyagendee b thetimanhalsupycmsaheilister. The

slurry exife dugyhRatehaka JRMPOT aHEes BhréOLh LhpIRSSHIEL eiddatae the
asn mas yo%%\a/gd%f?ga' 3ngé§r V(\ilé{l ol vh%)ré\{\gtlgvg ﬂ%nrglscslgrg Lg%ger Onftg) ‘1:13g the
million. This equates?o 3 pressure drop across the &ater of 6.045 bar/m:.
Areds pribsduventipe dendgsint sithsdnieipe telenifd & 25about 60.8C, so

the strepemisrifate:algave the dewpoint, and the liquid is completely
vaporised SVS\/&Q 19.0191% er of any condensation of the vapour as it exits the
heater. The intetnal wall temperature of the heater is between 89C and

93C thr¥elgrBuihE1emsth of the heater; this compares with a softening

point ofRbmplebynebet 2aoa28C. The heat transfer coefficient from

R e T
60wt% liquid.

The heater is 152m in length and comprises 5 straight and vertical sections each of
26m length, which are connected by 180° elbows; the elbows together contribute 22m of
the total length. Each of the first three sections has an internal diameter of 78mm whilst
each of the remaining two sections has an internal diameter of 102mm. The single increase
in diameter occurs at the exit of the elbow connecting the third and fourth sections. Thus
the heater has a value of Dy/D; of 1.33 and a value of L/D,,. of about 1730. The thickness
of the 78mm diameter pipe wall is 5.5mm, and the thickness of the 102mm diameter pipe
wall is 6.0mm. As in Example 1 the thermal conductivity of the entire pipe wall is 46.4
W/mK, and the heater element is in the form of concentric outer tubes extending along
each of the 58m straight sections, through which is passed desuperheated steam.

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



19 In this Example, the heater has a lower LiDove ratio, but also an
increasing diameter. A polymerisation reactor polymerising ethylene
and hexene comonomer in isobutane diluent is operated at 40 bar
PRESF-UTY at a temperature of 956, This discharges a ~ PCT/EP2007/008601
polymer-containing stream which is in the form of a slurry, the liquid
5component of which essentially comprises 9Imol% isobutane, 8mol%
unreacted ethylene and Imol% hexene. The solids content of the slurry is
ABBURAGivtoh BRI SN GPBIT R IR HA KRG SCTR8hEIR 8T8t RIS ah
alst semewthesid paitalysthe vapouf vesldibeaframctii€, reatttostitst rakses
theRyg la@daw%@w&!mﬁetﬁq%%geaam@ténﬁvm%%&%ﬁws%aﬂgg hepa

pressure control valve to lower the rEf)} essure, before entering the 10heater

o‘fcfﬁ%eﬁﬁ%?ﬁgﬁh?f’éﬂﬂ‘fﬁ(?ﬁg SR ASHENED the heater are: Temperature:
76C PreBsuitecRel il thararvete oifyhelred GrosrmbReyrédhdsand A€ thpughout
Mgy %&ﬁ%ﬂh@%&&cwm% e é(ts&te%fﬂg‘ﬁoﬁﬁf%@'ﬂwgo Ul RAa8Eut

40wt% is vapour and 60wt% liquid. The heater is 152m in length and
cbfiprisEs Beé‘u%ﬁ@%f’ffa‘r?af\f}éﬁfﬁif WR SRR HEROTBTh R O\Rfﬁf’cheﬁf*’éls
carindateihb§0080/efifows; the elbows together contribute 22m of the total
length. Each of the first three sections has an internal diameter of 78mm
whilst no each of the nm-m1-mg two cPetlnriQ has an internal diameter of
102mm The single increase in diameter occurs at the exit of the elbow
connecting the third and fourth sections. Thus the heater has a value of
Do/Di of 1.33 and a value of UDE, of about 1730. The thickness of the
78mm diameter pipe wall is 5.5mm, and the thickness of the 102mm
diameter pipe wall is MOmm. As in Example 1 the thermal conductivity of
the entire pipe wall is 46.4 25W/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 30 passage through the heater is sufficient
to ensure that the liquid phase is entirely vaporised by the time the slurry
exits the heater. The slurry exits the heater at a temperature of 80C, a
pressure Po of 10 bara and a velocity Vo of 30 rites (Vo/V, = 1.78), with a
Reynolds
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WO 20081043472PCOEP2007/008601 20 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 65C, so the stre&m

is 15C above the dewpoint, and the liquid is completely vaporised wit o LLP
danger of any condensation of the vapadur as it exits the heater. 5The
iexnsiSvall temperature of the heater is between 89C and 93C

hroughout the. length of the heater; this.compares with a softening. point of

The pobEs bl b LEa0 o e YHRIer COMHEHE TR SR 1B &
pilyrycacroks teecvaltlohthesheatgrisssal oplateth@atGOprvém2 Ketween 6 bara and
i\%%grlél"%n% 1riC1|ﬁA”\é|l§sfin1ﬂ|1:ggt%gas 3 f{%ol‘he%tinge%tglp | merr_iclo ntai?xj%%fer line for
stream Belr% frandierredfrom a plcﬂymen aflon Teactor o 5]31%6% ing
ressslappendtingpat dopressure theteeiict  barasdiee: hi2 that:ajcofmpisirgm

SSi stream through a heater comprisi nsfer line for.5 Ee

B R R B e o g o
streilin hedotitysdtthecoutfehotfthefe diter toatHadatthentnet, Biie/h, é$ poduction
1833 dodo I do%A sheclfic et ransferarea ofng Uanslerine s atlenst,, .,
5m per tonnet of prO(e:luann of polymer,”and the pressure drop across
thenkhgthpofitheh eatbrtistessctra A O Baopdretbpdesbaof pofmdr yétehawn
hah ahispladmalits otdhia veliaaaron Jugs MIARIR KO %he degassing
polymerisation reactor operation are vaporis before entry into the
Hesgalssing vessel. 2. Process according to claim 1, wherein the transfer
Qne for}tﬂ?céistsr %@&ﬂ&if’i‘ I‘%aata r’p’ '@ﬂg%t}hght?a%%?fﬁg%? ﬁietggean% i?]at least
polymer-containing stream at the heater exit is above the dew point of the
gthwamcagthiites temperature Ot threpsiseaen-etofgning feragih of thStheater exit is
Hanerdingils, g %ﬁﬂ@%&%ﬁ%%ﬁlﬁﬁ@%ﬁﬁé@%ﬁ%%ﬂﬁ@ &%‘%MH%%MS "Ength of

the softening point of the polymer is definec 1e Vicat softenin
tberfparstiurbngce ordinttocA STiovTIhs 35{ 18 DBEG nimfcha poddrst | @here the

softening point of the polymer is defined as the Vicat softening temperature according

to ASTM D1525, ISO 306 under a load of 10N,

3. Process according to claim 1 or 2 in which the polymerisation reactor is
increasing its production rate, which comprises a) passing the polymer-containing
stream through a first heater or heaters each comprising a transfer line for the stream
and means for heating the transfer line, and increasing the flow-rate of the stream whilst
maintaining the temperature of the polymer-containing stream at the exit of each heater
above the dew point of the stream, and the temperature of the stream 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 the stream
at any point along the length of the all transfer lines below the softening point of the
polymer.

4. Process according to claim 3, wherein part of the stream is passed through said
additional heater when at least one of the on-line heaters is at 80% or more of maximum

capacity.
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3. Process according to claim 1 or 2 in which the polymerisation reactor is

increasing its production rate, which comprises a) passing the MCSLLP

olymer-containing 20stream through a first heater or heaters each
&8&%?@1‘1‘1@7% transfer line for the stream and means for heatfitg/fH@007/008601
transfer line, and increasing the flow-rate of the stream whilst maintaining
the temperature of the polymer-containing stream at the exit of each
heater above the dew point of the stream, and the temperature of the
stream along the length of the each transfer line below the softening point
of. the pobyspes, @o6kdhend} pias singe pat @bomihrésst kg arasthgobgppmer-
additiona eater arangatn.parallel lodelusuheeiet saidadrlignal,

heater also comprising a transfer line for the stream and means for

heating tRERETRET HFRs G finedon i esipampideembior g i ganster Line,
polymer-waiNainiiig:sitaaiiattperenit of alt hepiars-edmieiibstden pointesft of
the stream, and.the temperatur the,str int.al the,
P A R S
Process Heedieiiereshaine sashiensier hartsiandhasagrming passafithe

through saighadditioaatReatgrvipm atleasthenewhiheatvpidinetheatersyst the

at 80% of, org of Maxi 0a6HY. MEw oY Rising o f the heat
2008/04%@‘5@,‘?&]@@5%\%’&%601 22S’5¥I!3%)ces_s.y\élcgc;?§in%wtr:)ogﬁa(i)mt Tor2
which cotRpAsEayisssity Y FenreichedsmeiMns e antiiidiigh at

least two heaters arranged in parallel and each comprising a transfer line

for the stgeam and means for:heating the ransier u@sewﬂiﬁm%wmat

the temperature of the Polymer-containing stream at the exit of each
heater alRWenseBBRIpiAPBRIRS YilesaibanAt therebitblr s Bagriiv of

stream alengniba lepathyof the each transfer line below the softening point
of the polymer, and decreasing the flow-rate of the stream until either the
velocity at the exit of the heater falls below 40m/s, and then b) shutting
ddwn on&TEFAA OIS B pSSAR S ST iR e BRgH RO the
remainingdneset aitfieRig s Rnotass acaoldrgtto alainss0iheneirarig 0i-

the heatelrgs'bs, OL{;qugv&wEgigtaotflﬁg%gﬁg of them is operating at less

than 60%, preterably less than 40% of maximum capacity. Process
according to any preceding claim, wherein the temperature of the
pelymer-ecartainibeaiteamn afythe-alieadhinh edierexiid ScbxR0@; rprefteaiplymal

10- 15C, above e Ie RAIRLAPR.SYEAY Fﬁ@%ﬁﬁ{% ACTUHNG 1080 ned

preceding claim, wherein the temperature of the internal surface of the or
each tran&eiiie %&%ﬁ?‘%ﬂ‘l‘f‘%ﬂ%ﬁ‘ﬁ PRYBGth is maintained below the
softening point of the polymer.

9. Process according to any preceding claim, wherein the temperature of the stream
at any point along the length of the or each transfer line, and optionally also the
internal surface of the or each transfer line at any point along its length, is
maintained at 10°C or more below the softening point of the polymer, preferably

120°C or more below the softening point.

10. Process according to any preceding claim, wherein the outlet of the or each

transfer line is linked directly or indirectly to a degassing vessel.
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Process according to any preceding claim, wherein the temperature of the
stream at any point along the length of the or each transfer line, and CSLLP
optionally also the internal surface of the or each transfer line at any point "
along its length, is maintained at 10C or more below the softening point of
‘ﬂ?ezf%ﬁ%‘?é?? preferably 20C or morg below the softening poiR BF8eKg&0s60L
according to any preceding claim, wherein the outlet of the or each

transfer line is linked directly or indirectly to a degassing vessel. MCSLLP
WO 2008/043472PCT/EP2007/008601 23 Process according to claim 10,
wherein Biechsfeicopidiaede €ER %&ﬁ@f@@}m@%q}ﬁMiPééﬁW%a&sfﬁ line is
polymerigatiQndigaeton a polpfeeessoacensding to claim 11, wherein the
pressure drop in the or each heater is S5between 5% and 50%, preferably
between 10 and 35%, of the total pressure drop between the )
p@ymeriEmaises rssetdinaiRiclre dhtiy RereHblrorasuiig iR sdemrgrel deater s
accordingdQ &aisn k0502, ptatsin peicta entenngihethentd feaer drop
the polymer-containing stream passes through essure contral e

which 10T SRS HYSSCarR s B BN Ha0t At 600 preerably
60% and 80%, of the total pressure drop between the polymerisation

reactor apgdhe snimuithe HRgassNyessalin prioRt0sRssaeRotdingHdeater,
claim 13, wherein the rgtio of the ressur doré) across }ng%é ressyehich
control vANE IO THE HIRLLIPE HrEp deioss the é‘ EACh heater Is between

0.1 and 2npeferablyrbetardaroDbarrEens! s 6pe 98 aceisfaniM6BhyRe 7, of
of claims fid iRa1 Frewibirr eisptha Rl e rconiaisingrSiEean isdaatesindhie

or each heater,such thf;\t at least 90rnol%, preferably at 20least 98mor/0

of the hyéf%&%fr’ﬁ%ﬁeﬁﬁelds withdrawn from the polymerisation reactor are
vaporised before entry into the degassing vessel. Process according

to any ong-efclaims: @it dRiavhercinHheisiRamnyithdsangssiieraripacross the

reactor is concentrate ior to.passin thdrou%h thetgr each t'he er
h i{s between
25preferéﬁﬁ?sﬁ§?n°§ xgr?gf/%qr‘gctﬁl)cztﬁo%ﬁ)er?ssgm TOP'aCTOss tie of eaeh Hedte
0.1 and 2, preferably between 0.2 and 0.5.

15, Process according to any one of claims 11 to 13, wherein the polymer-containing
stream is heated in the or each heater such that at least 90mol%, preferably at
least 98mol% of the hydrocarbon fluids withdrawn from the polymerisation

reactor are vaporised before entry into the degassing vessel.

16. Process according to any one of claims 9 to 15, wherein the stream withdrawn
from the reactor is concentrated prior to passing through the or each heater,

preferably using a hydrocyclone.

17. Process according to any one of claims 11 to 16, wherein the polymer-containing

stream is continuously withdrawn from the polymerisation reactor.

18. Process according to any preceding claim, wherein the pressure P; at the or each

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



5

10

15

25

30

Process according to any one of claims 11 to 16, wherein the MCSLLP
polymer-containing stream is continuously withdrawn from the )
polymerisation reactor. 30Process according to any preceding claim,
wherein the pressure P, at the Or each heater inlet is 5-30 bara.

WO P88 210-25 bara. MCKIE' WQ,2008/043472 24PCT/BRAOHOOB6GD: -

- 19. Process according to any preceding claim, wherein the pressure PO

at the Or each heater outlet is 5-12 bara, preferably 7-11 ban. 20. Process
according to any preceding claim, wherein the pressure drop across the or
Seach tPErvShe AtiTRadptE ta Ay OFRgad Risdtive arhacd thapirrame B 2 Bartrreach

preferahbybetwren 6-012a:bardrrangd £1.04bar/m. Process according to
any preceding claim, wherein the inlet velocity V; is at least 2 m/s,
preferably at least 5 m/s and more preferably at least 8 m/s. 10 22.
PorocesEraetnrtirydio sieypt eredingdaim, wiversinhthe ostietdredositysyide or

is less than BAMUSi R BELRRNEIGES RIS B3/ K IA8RS5 BeaR HiB8 i8Iy
any precedln%ézlglm, wr)er%lgnéh% ﬁe{znolds number at any 15point within
the tranSerfind F &SR NEREFT always greater than 500000,
preferably between 1.8 million and 5 million. Process according to any

Jrecedipg claimcwhareinie,sQidscententeb s BRIYMLFA0RBINING at east
stream when it ?ntw the or \R?t’%ih heater is bfetween 35wt% to 70wt%,
most prefRraBly BRRNEABOR B R0 BETHEE T8 4ksas 4% Srding to any

preceding claim, wherein the polymer-containing
22, Process according to any preceding claim, wherein the outlet velocity V,, 1s less
than 80 m/s, preferably less than 70 mv/s.

23. Process according to any preceding claim, wherein the Reynolds number at any
point within the transfer line of the or each heater is always greater than 500000,

preferably between 1.8 million and 5 million.

24, Process according to any preceding claim, wherein the solids content of the
polymer-containing stream when it enters the or each heater is between 35wt% to

7Owt%, most preferably between 50wt% and 65wi%.

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

stream contains active polymer.

26. Process according to any preceding claim wherein the or each heater is arranged
in the form of multiple parallel transfer lines each of which is adapted to accept

the polymer-containing stream.

27. Process according to claim 26, wherein the flow of polymer-containing stream
through each transfer line is balanced by first determining the slurry flow through
each transfer line, then calculating the average flow to all the transfer lines, and

then applying a bias to a control valve upstream of each transfer line to adjust the
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stream contains active polymer. 2526.Process according to any preceding
claim wherein the or each heater is arranged in the form of multiple

parallel transfer lines each of which is adapted to accept the MCSLLP
polymer-containing stream. Process according to claim 26, wherein the
WOWR8%/ P er-containing stream 30through each transfer lineigr2007/008601
balanced by first determining the slurry flow through each transfer line,

then calculating the average flow to all the transfer lines, and then

applying a bias to a control valve upstream of each transfer line to adjust
the MC $edraw @ odesiobluyhosBo TR FedEsOITEetinate it YaeE
to bring thg,slurry loading of each transfer line to the average value.
28.Process according to claim 27, wherein the slurry flow through each
transfer line 5is determined by measuring the steam flow to the heating
j@Bket suProeasslrvgoedioh tostisfep Tigherein the slurry flow through each transfer line

is determined by measuring the steam flow to the heating jacket surrounding each

transfer line.



