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SLURRY PHASE POLYMERI SATI ON PROCESS The present

invention is concerned with olefin polynerisation in
wabawnye7phase | oop reactors. . Slurry phase  PCT/GB2005/004476

pol ymeri sation of olefins is well known wherein an

ol efin nmononer and optionally ol efin conononer are

polymerised in the presence of a catalyst in a diluent

in which the solid polyner product. i s suspended and

Lransport edy RRY g_ﬁ&i; PONYIEIORATICRBROCTISH ed to
pol ynmeri sat Sturry is

circulated in the reactor typically hy neans of a punp

or agitator. uid full |oop. reagtors are .. .

par presentinyen qqonklﬁ someerRedHigh Slefin iy aerfian i 1wy phase loop
reae s €Xample in U S. Patent Nunbers 3,152,872, )

a§0§42 150 and 4,613,484. Polynerisation is typically

car iShaty phdsegolymernsatiat of elsfingistviw] kmngewbgtem zzs@ieﬁﬁ gnonomer

at pressures in the raq?e 1-1Q0

h
an SR S RSETRTE PRYBRERS P Ok BIFTSE Sraybystina diluent
in %ﬁc)flrfﬁé %&gm%ygfbdﬁét i§ BAQRhAHA Al tetspetitl| er -Natta :

rreta e catal f/sts The product slurry

Comtisinvgnipl isrspecifealydelatesip polimesrisaios in & kpgeactor where the

cat al yst l.efin no n
S e SRR s SRR AR i it
reéé?dr@ Qreﬁ%‘ﬁ@lﬂﬁﬂlﬁWeIl&nd%llﬁ g% Gtiall 46 dbydibed el eaemplorin U.S. Patent
settl legs to mnimse the quantity of fluids

Numlbdrsin\ﬁ/a 8\%21 h24héSQand bl3.48he | cop reactor is of a :
cont nuous t.ubul n o
o R ARSI ER SRALOR g e s
pr&éé@nes {1Pthe@%AEH1 - 00 Bhtfa. ThE tadiyttaised ead bomsy ceiﬂnlgsﬂ‘tgplca}bf used for

olynerisation is typically renpy éilng |nd
olqiatpdmglcrmttqm sich evFhramive exide, Z tﬁgféff &K 9F IW%I? ‘PcenF fiype

o o oo s s o s ot

oléfin in)()ﬁbﬁ?l@f hyd édmobdendrang ®e ABchargd® intexdnittedtty dnmmtmuously,

reactors of the present invention are of thi eric
ortigpely e PoRAPRE BREATIEP SUORUNP AL OED BE RS 1Ra /G minimise

théﬁ%ént&igf'ﬂﬁfd‘i%ﬂ{dﬁ @1?( %thttpgevéﬂ e, Growing operating

nce over ecades has led to
operBid op @éactards efs cmgitmobs tibukir uomgmmnqn n@mﬁ@ng at least two, for

Conce:e ntuég/%?l o péf{]tqoég gr(f I eqsg, g‘"@}f’f %‘%@E Lg o&;gxa al setcHons The
h aPSWerﬁtfoﬁqg AN E/‘f@ﬁl@@é& hiSo ﬁi@lﬁb@%@(@h&fgfe v@P&lﬁﬂ'@b@llng

reactor "circulation punp head or nmultiple
mecihumu bmtfe:rably water, in jackets surrounding at least part of the tubular loop reactor.

The volume of the loop reactor can vary but is typically in the range 20 to 120 m?>. the loop
reactors of the present invention are of this generic type..

Maximum commercial scale plant capacities have increased steadily over the years.
Growing operating experience over the last few decades has led to operation of
increasingly high slurry and monomer concentrations in reaction loops. The increase in
sturry concentrations has typically been achieved with increased circulation velocities
achieved for example by higher reactor circulation pump head or multiple circulation
pumps as illustrated by EP 432555 and EP 891990. The increase in solids loadlng is
desirable to increase reactor residence time for a fixed reactor volume and also to reduce

downstream diluent treatment and recycling requirements. The increased velocity and
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punps as illustrated by EP 432555 and EP 891990. The
increase in solids loading is desirable to increase
WO e@6sd756 esi dence tinme for a fixed reactor voPOMEeBatwd/004476
al so to reduce downstream d? | uent treatnent and
recycling requirenments. The increased vel ocity andhead
requi renent of the | oop has however |ed to increasing
punp design sizes and conplexity, and energy
consunpt i on ' } $hbsand
e G i LR P
coxﬂb&kﬁﬁ,i andldnyrdyh@nsumptiomt dsshirgetaseentyations insseaseadhisdigs both
|.oop has typically Peen maxi m sed to ensure
capitl ArdopgraEng¢osy 481 tral | conposi ti onal and

par HiGbRclySthe 'cRihlafibn 9€lbieFin the réactieh Wop has typically been

cross-sectir'on, particularly the avoidance of solid .y er e
masirhiskd figensateaihimtéranve ofgroddhermabtcopposigionalandspar R@e distribution

soljids concentratj.ons at th j .
sofpsuieaerd o e boppaisat B Byl ofRLit skl stable flow
chRQbABIds SéHt dxRBssh RO 1idk BasiRetai st GRespipetkllaathkr than reduced to

i stribution could | ead to increased fouling, reduced

mihgise preasigé dropapriverdd thepplpBEsisAionieeRuct i vity and

ho epei ty. Construction. 1S54 4Q0] duced heat

Lo R 5 SRIEL A U OISR 1h 0o ot oduced e
trafl6f6} SHibredeaid podymuppebdastiviiynaml semogmmeiip.s Coostopxioatandg

paraneters that are seen to.increase risk tﬁ tEOS{ desions
copurrissiening pf Be camFICial PIAR(S iUy §RPEnSIeAngd HRSHetpIR ogwW desig

1 4N i ' | ' | BefoiabREse risk t

seifl S DForbERANe SHRER 1) BRralift BRI AR s2e sensicto
th€ Qutcésafn wperatibhilofithecwsvs titict i on an ol ef i n nononer

optionally together with an olefin conono in the .

o cdBesortimcs Wgh eSSt YRR et d POYIASds PiRghy Cpmprising

; ' | Iy onb@ttRincarcdiefih r

PR oL AR AL ke fonome
opffiofdlBy tegethér withlaaadefibOSaionidrén thetprbsenen gf i polymegisation catatyst

in[gglglgltg%tp Ié)?q)cg;qe :a%?lfr%% Z(lg)rggg%ugé g(ﬂgit &'ﬁ?@g@t&% écgll ll}‘%g axag the diluent

WS En 36 A ARE nRnd1BaRERS 6Nt 1481 S0% 0P 1thd Btdl Néiigthi bethe reactor is at
specific enéergy consunption of the reactor (i.

(i.e. the
leen 80 i ltinnsenseahdothe solidst conegrgtationfin Fhﬂ T9RAEPT 15186 1Rasiedd) volume %

is reduced , whi.l.st maintainj.ng. [ [ eac :

S o G gl Bl G y consumpion of
thf PeAlion e TiEerich¥P BéisRhell peLaie Geatht yf pelyawt pgrued)ibemduced .

It 1s desired to design and operate a plant at hi g
whibst inthénthining mgiyenmeastonresidence tisme andsveiding Hn%f&ﬁgﬁalg (Fegptor

) . what. .
FRESTRL by S SRR B b Ao i ndcpra

a pIANEAhidsolidh dRSngdsOwhen e hitoste dibdsigbpar ednsidered necessary to use

conti nuous pol ynerization . . ) ) .\
what have now been found to be excessively high loop circulation velocities.

This invention relates to a method and apparatus for continuous polymerization
of olefins, preferably alpha mono olefins, in an elongated tubular closed loop reaction
zone. The olefin(s) is continuously added to, and contacted with, a catalyst in a
hydrocarbon diluent. The monomer(s) polymerise to form a slurry of solid particulate
polymer suspended in the polymerisation medium or diluent.

Typically, in the slurry polymerisation process of polyethylene, the slurry in the
reactor will comprise the particulate polymer, the hydrocarbon diluent(s), (co)
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of olefins, preferably al pha nono olefins, in an

el ongat ed tubul ar cl osed | oop reaction zone. The
WwWo@bk@hbior(7s) i s continuously added to, and cont aBCEAB2005/004476

with, a catalyst in a hydrotarbon diluent. The

nmononer (s) polynmerise to forma slurry of solid

particul ate pol yner suspended in the polynerisation

medi um or diluent. Typically, in the slurry

pol ri sation process of po e i R
o £ Do P Copr OE TRp L a P B MepibYaddiives In
pattfRPaRIARRY Wil sehphis) 20(750prerabip30s)0, weightipersént based on the

chain termnators such as h}/droge % other .re 838r ot
totaldaléightvadshe Hlugssiof i Ragtieuate e }gmsrafla 8@% > P& 5%2 =oU Welg

20- 75 refer - i .

e R Y e B o
suspendidg madieh & thb lsym WF-aB0theughtongemests in Beseactonandhwill comprise

total weight of the slurry of suspendin diu ere .
the dikuestio wanwgbm%rmqysadéﬁafegédﬁ? Eﬁu { fiaty ﬂ‘ga‘? H%&Yw“en?or it can
cQ i1 . Q. il dnofRFRIhe€ theWincipal diluent is an
be&irngcg&? ﬂhg?ﬂép? hgﬁrrlg{r%?n% rlﬁglﬁg&gﬁiyﬂag 8. itives; t he:elﬁg}cll%ent ) :
inGadilkeat ti dle¢far motdomeewill typidally camphise 2-20eprsfarglly 4-10 weight

diluent in particular a liquid ol efin nononer; where
perasat ¢frtheiglgX| diluent is an inert diluent the ol efin

MONGFRIIH s hﬁ?eﬁ%&%d%mﬁtﬁ%lyzsﬁ@oth@hﬂf-@{cﬂéﬁsyodb flction
wei g percer?t f the slurry. The slurry i s punped .
systemun flutdheeloaities suffitipnis@ototthaiptaiththe palyazes in gegpension m the slurry

ACt | t fluid I it i Ci TAYH .
eI e —
(1)1 b AR B fouad asRl RPhRhGbRESadiags, ensss-sectional slurry

concentration and solids |oading gradients, |t g/as NOW —of
coneartrafion digtritwdiops fasrevidegiaed by f ing oEew fygdations and/or heat transfer)

cross-sectional. sl ur CcO t ' ' ' '
cop R oRBRA on Hfatay s BRTS  DFh aps
dikhBRE68hd tiRrR8adi® dHoRt fied wiidthistoaaaeiphalb} garded as
operating limts whilst increasing th ,(g{,er al 1d believe t
opsrativagly relipblenEhisup contrary exehal thgparnsifies e et wauld believe to
convent.i gnal | [ &0l i aal di £
o LS SRR O RSy A QOSE AP il iamer
thWedHcbr Rehd Sieatet thaes00hRilimeterd andtib eyridadiiytabofit 500 millimeters.
conventional process condi {i ons where the.inte

> t ernal
di arBhesoligs congeniratien iy te sl 15 tHecariof HA bERGHL be above 20
) b ' o W05 Jlixtnk 9HBSrefefably 25-35
Vc;[%’é pléeg% }d@g’ sdcl:) %ﬁtg%dn ?lg%%oﬁﬁ&n)é%(ﬁgﬂsl urry int h/gqfr eact o}r’ )
volinnk % Whbraldlymbes adtotal 20lunnd 66 the skefryr-avelymgied the gppending
volune % for exanple 20- vl une. % prefer.abl = :
o GTGoHL RIS SBPERGIO0 1 OPY 0 AT BHER P DR picaStled s weight
vhi iWllert BE tRi SREQHEDSs Va16ine Pefdeh@igdwill vary according
pe\%‘#{ﬁ% Vg)l?l&?i]%%r? y)‘fxl O0. The solids ?)oancentgr ation
torie polyagr produeddybit more particularly according to the diluent used. Where the
polymer produced is polyethylene and the diluent is an alkane, for example isobutane it is
preferred that the solids concentration is above 30 in particular above 40 weight % for
example in the range 40-60 preferably 45%-55 weight % based on the total weight of the
slurry. T \
It is a feature of the present invention that operation of the process can be carried
out in larger diameter reactors than are conventionally used in slurry polymerisation

without any significant problems particularly from fouling at the reactor walls. For
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percentage which is equivalent to that neasured as

vol unme percentage will vary according to the pol yner
w@e@dosads but nmore particularly according to tPET/GB2005/004476

di l uent used. \Were the pol4nmer produced is

pol yet hyl ene and the diluent is an al kane, for exanple

i sobutane it is preferred that the solids ,

concentration is above 30 in particul ar above 40

exi\?gk)&h]fea%oﬂéjﬁa FRirBalidlarh&ters' e OG! BrilGitheperafir pattioplar over 750 for

% 55 wel ght 9% based on the total weight of the

exampleraver BS0,ipsefarablinbaiweern70q aied $00mafimetray ean boysed yere

.oper ation of roces fyi i %
5 5 e e 8 R B 1 e kg n s,
in phtichar BRIAYFEAnSHIY% Ofor wkdnhsle igreanyt tharg8ti% iof thettofal tmigénef the

particularly fromfouling at the reactor. I ls. Alimeters
redutondiea epliaterneb aigmstes O 1Oy HmSHarR n BRiSRE pEer fgymillimeters

700 miilLi j . . @ 18 i N
rof STk AR E7R0 sh sPREHEHES BRI TR0 (cvknRuaTDies imcntion s
theeford ehat hixth shirey eorftestraiidns at tefativiely e wrdulntieawelasitéies and

i ncreased concern. It is preferred,t reat
relgyslyiighheeasior [poRdigpeigts nt%ﬁé'ﬁe‘go% ﬁ%@%&ﬁ)&%ﬁlgﬁtt&ﬂhe present
i si i dtbeart Glafih o
oGRS KRRl 8l B9 adbent e tonoms
opientlly togathenwith afSlefir ¢dronsmeerdn tiegpressnaepf @ Polymgsisation catalyst
. 70Q and 800 mil'linmeters A.particgcul ar i f ' .
in Rt o prodiee s BrLr PR ol eyl (kAT ey bl fhe dituent

widr, fnech@Frd{ﬁile)ﬁuhf?)‘é& i th&itta@tddan oy BEIGI 20, pEeférably 3-10 and the internal
reieatlve y high reactor |oop dianeters can be used . A

difmeteh of therrbaxdome in thefrangee’ (98 millimetesht i on is a
Sleipindd el | .
ol of # e Fonanapabpts SRyt Splifibch oy Refat BRAbPExcRible n the
ralﬁgé@ﬁ‘ QTR brefSrablan FEERARE €5 €f 2, Amprl proferdtipin tha ramgeal (ytot3. The

a diluent to produce a slurry conprjsing soljd
Froadt¢ numbet is aslimensioessynrametpiindicativg ol e balanes é‘?tﬂ’efﬂ the

Fr oud . i nt aj . .
susD G P RERR e A Gps e PPy i RlaR Smeasure of
the fﬂl‘i‘(}gtﬁé&ﬁgﬁ tF4HafeB ?Q)_c@%ddtbiﬂt‘iep@e gvallfl'ﬁaggjaa;uks cmm}iaeérd fosthe fluid.
refera mai ntai ned_at_ or below 30, fqr e e i .
Lower vawegeotle Froude ppmbes ingicgt sropgy Hesig)ewad (fqjave 10 fluid-wall)
1%”%%%503{5 et[%re %‘géll}/de' rﬁn{l}gf gj; 12 0% fdd be v&(g(;r-ﬁ wﬂvﬁé’t@% istﬂﬁee average

I s a dimension paraneter indicative of
vélatianeehbelutgep if the gsavitatiosilwonstaat, s istthe Fpeyifiegdeits oés
f particles in a slurry. | r ovi de %rag{elat.ive
S

sabinthsrding! merai biAtPEHLPRF SAUTTLe Horie Byl of the solid
po} er o‘%ﬂ i? met 65 oF ﬂﬁ%ﬁ%‘i}egf R poligndrltbkish den8Me bf water is based on

ues roude nunber Indicdte stronger .
theainhbaled dwaity of tied ddgassed polyheriaftembéing substantiay devielatilised and
ey pSor R i S s S hifi meHC 11 5.

Tt has been found that reactors can be designed and operated at specific pressure

drop both per unit reactor length and per mass of polymer and total pressure drop for the
loop less than that taught as being required, particularly at high solids loadings and large
reactor diameters. This invention permits total loop pressure drops of less than 1.3bar,
particularly less than 1 bar even for polymer production rates of above 25,.even above 45
tonnes per hour It is possible to employ one or more than one pump in the loop preferably

on one or more horizontal sections ; these can be located on the same horizontal section or
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velocity of the slurry, g is the gravitational
constant, s is the specific gravity of the solid in

wo b@easd7aent and D is the internal pipe di ametBCT/GBe005/004476
specific gravity of the solid polyner which is the
ratio of the density of the polynmer to the density of
water is based on the anneal ed density of the degassed
pol ymer after bei ng substanti al |y devol atilised and

[ d ately ptjor to
on ﬁ.{f eﬁeg& s[:g@/ns gié oﬁgé(mg Jnul?’ Al g@%#@ a?aé%eg%odrrgérggrnor smaller
dlahet&eiéiefmy ofthe GRAE dimibiatas heiitémal chamstsn pEthe .sgplon of the

reagtoeHoTahe M&?&%ﬁg Rpeg S Bofrris % Shafo g pump and
it 1% a %%e ¥ 1€ dbrl'eger{t %‘P«}éhﬁ&gthapférqtdrﬁﬁi%‘trs £y @imber@hid pelveflst pump(s)

i ngs an arge reactor diameters. This invention
is lﬁﬁfdﬂet@rstthﬁmforIoonpemroﬁslanoeesmsops of | ess than 1. 3bar,

particularly.less ;han ar. even gr fO{gﬁ%}negle 75-200m>

pr oRGaEIPBAZF &t WRICAHY QN n?én p@(}lﬂf azik%
pré?@rrabIQQHrtltr%] s 106S19kRPe to enpl oy one or rmre t han one

oop preferably on one or nore horizont al
s ectU senf higheh éxternahdiameter tragtostiasoset phcheseifmbpye enabiasgpactors, for

xpEDISHaTRG Saea oL atisr G S0HRgap P Pult ERp reBiiEn iAo
d@fi&éﬁ%ﬁ@ loy 1&& RS DAPR AT RISE rhaamadmoferﬁreferwly less than 250.

ameter of the section of t he reactor V\herethe(glnp h
Rednctmmsrewer lleogrhttedlamettenrempmn@rla%l compesiiepplgradients around the

rearschgg El.ﬂq]gqrﬁ)mpgrs oﬁ S‘g?gﬁ% %%tc%lfr(%?ea% %%?22 Ec%ﬁx%y s%er reactor) per hour

to BYAEHiSVed With 88K L&iAsIeWSirt bamtioductantos Iehcth)feagent around the reaction
processes. Reactor Size is tyfl cally over 20m i

locppar Altemaélrvekwlé is BBAibledp hayamyltply Blcle ap hetogp 5rﬂ°§Pr fir reactants
ge O 175 hi gher internal dianeter
<e£e§‘8f185 caécgyg 8{;’1[é %gerté‘l%fs above enabl es reactors, for
exa "Hie%r@@sﬁt@&npmybl@ﬁﬁthe foaprweidl ey SLtfﬁaanﬁﬁ mzﬁntairothb geaction
built with a reactor |ength to dia ratio of | ess

syetPear iDL s ¢ AeNsIy YIS ERTRALRO SUDDIRSF-c TBPISPasgFs taed are
be&ief’e% I- 216161 bgrgogre?&gw_gtbe ehB0"t6 %@tbolfa | @natledep (ﬂ%qﬂ@ﬁiaﬁfon the

S CO I onal di ents dround

etly2@fet paetiall ppegusndilbtyplith g bp lmtﬂmcramgmr{) t & &M, pgefembbf from 0.2 to
than 25 tonnes (per react

e S S SO0 i R
suﬁ&%ﬁ'@ % &Ut?g phgﬁnér is| Q@ htially £¥) 18R ﬁ@hita\/cﬁkly)éndtnon-

'S pos tlpelnetS|ntothe op
agghatdrativd lidrpeaii¢dat form ean@ (ii)ahsdflible jin theghh}ey’g t Thedpolymerlzatlon

te%}a?q%&gg g]lgénl,d\é g)?rém ﬂ¥cgg (ilfqen{n‘ﬁfé Os%g ggil rl-g: o@m? eing produced.
In ehﬁzﬁéﬂ dplﬂl Erlfdtro% thé té%[&rdt&e%y bseadlty Belbw 130Cgagpically between 50

pressures used are
and 125C, preferably between 75 and 115C. For example in ethylene polymerisation in

isobutane diluent, the pressure employed in the loop is preferably in the range 30-50 bara,
the ethylene partial pressure is preferably in the range 0.2-2MPa and the polymerisation
temperature is in the range 75-115C. The space time yield which is production rate of
polymer per unit of loop reactor volume for the process of the present invention is in the
range 0.1-0.4 preferably 0.2-0.35 ton/hour/m’.

The process according to the invention applies to the preparation of compositions

containing olefin (preferably ethylene) polymers which can comprise one or a number of
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bet ween 1-100 bara, preferably between 30 to 50 bara.
In ethylene polynerization the ethylene parti al

w@e@s®s7ec W | | typically be in the range 0.1 tBCBHGBR®5/004476
preferably fromO0.2 to 2 MRa, nore particularly from
0.4 to 1.5 MPa. The tenperatures selected are such
that substantially all of the polynmer produced is
essentially (i) in a non-tacky and nonaggl onerative

ol.id particular. formand (i) . i 1 :

ol g PO RIS b o SREHRYS e blffloudarty puited to the
mANEHcREALPARYRIhE PERimH ASEPropyidné pelypeiy Meliylbed expolymers typically
produced. In ethyl'ene polynerisation the t r(pograturh? ferabl
comgprisgearealpha-pleiel i VesigUle, amappt B’g-}qh)PaBé?%e& 5B dffaeht, preterably

125C,. Bt s o, YT nple in
st fyt L REPETARY BERHERR: Sip@REnatdiy oy Sy Luap L
pr e 3 afphampbmy el finmorendro generallypereployedinysuch redegions are one or
range 30-50 bara, the et htyl ene alti ?I?H@res urehii S earer the
mqye d falefins having e $ gathen aloms olecule arid no branching ne
| ' | OR_ r I Sl AflchS, éne, butene-1,
Aol EIRE MR O L SIRET TLHER xdmples AR H oS pplbhc, butene
peprhy-TElexpac-1umidtoctdnet lhapd nismtessuctohuetbylene andbutene-1 or ethylene
process of the_present . inyention is in.the ran
ang hesenal. JPweRs-AbPSpienesl i ewwﬁq%‘iﬁrpﬂﬁﬁﬁutfaf}?/epfﬁ%%&eé‘s?m°n°me“
' e pventi on applies to the preparation
fqgﬁﬁ@gﬁéb%ogﬁg%ﬂg&éﬂgﬂt aining olefin (preferably .
et hylypita) dilaéntsremplopkd dhsushneastiops instudsrhydercagbomg kgeing 2 to 12,

_ prg%%gf% g%ﬁ‘ﬁ&"{%g’g :p?f %@Fggﬁ{ey%g gf%gﬁtlgl%?ﬁglh@efs such as propane,
n-D&

o aieithfe Md BiRplaRe rivein¢hed slkadmd snelppy1sebetane, isopentane,
polymers. Ethylene copolyners typically conprise an '
isadcpina and 52, dimethalprepangbdrecyshslkanesfichias cuplopeEane atsh,

by . wei ght reterabl rom.0 % ' . :
cxBlpBAEE s P EaRel Ml e Byt didtituentis
geﬁ@ﬁﬂ? He@f Wwith FepREEOShEendye] tocatityst aydpolymes pedduced (such as liquid
reactions are one or nore 1-olefins having up to

aliphativo nyelodinhagie anderanaticdusirrarhons) ahe FORFTHYLE %&cﬁ% at least

bl nd. £ han.the Lo ' .
SRR R D5 e DAL LIS sbuans
pREXBAE Preftbdasithadildent Sstcbtiflote podpmerisitioas et hyl ene

and but'ene-1 or ethylene and hexe er;#_l. Butene-f’(l, thyl
oot BrscapErating GRadiinns a0 5 PRl RLIR phOpogTest (< cthylene,

préﬁﬂg neﬁ ggtr aZs n‘g%? dilﬁéllftiyalrs] §0 6 CARO L XIRENGAbIIR 'ﬁog@ﬁﬁsﬁﬁbn processes. The

r
oye such reactions inclu )
shivygle@anteaivn laits igvauine pkRenphavedeal found to dbedblectarbisamplied

at ons I le, f le |i | kz h
ingrrspaeTly af roolegHar WEIERREME ORGP AP apiedtS RSP frORGa o
i ' | i he dil
S SpRF R e ARSI o S SORR0s e e
foe yfdp9easa palyenaisdtion

Methods of molecular weight regulation are known in the art. When using Ziegler-

Natta, metallocene and tridentate late transition metal type catalysts, hydrogen is
preferably used, a higher hydrogen pressure resulting in a lower average molecular weight.
When using chliomium type catalysts, polymerization temperature is preferably used to
regulate molecular weight.

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 permit recycle of the
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cycl ohexane or their mxtures. In the case of ethylene
pol yneri zation, the diluent is generally inert with

WO e®p®sd75¢ 0 t he catal yst, cocatal yst and pol yneC€T/GB2005/004476
produced (such as liquid al1lphatic, cycloaliphatic and
aromati ¢ hydrocarbons), at a tenperature such that at
| east 50% (preferably at |east 70% of the pol yner
formed is insoluble therein. |Isobutane is particularly

“prefenre il uentafor . I ' h
S Hei et A HE N ENTY b AT Sepriat the
paﬂi@ﬁmm;mﬁymer prodetedybyethe ipqumaeeﬁrgyf{ the e)elsmttlnmtlopérmn theedituent

as is the case in so ca u 0 ri.sati.on e
i prdbisads by e arlhod iaun Bole AP araTe Laah i iher () the
us®&f &?&&gﬁa&% ‘R:?ff?&l fS?ﬁHﬁ% 1te$s HRh a1 18hd BoWf 8RRty &floss the opening

ently of molecul a '

I ndepen wei ght of the dil uent and
thesbsfthevidedwezatiel wiere thespalymet pasticles san settle tof Somf ekt from the

dﬂ;g‘gtfeoré ﬁﬁ%{ﬁ@gﬁ@@ﬁ%gﬁ&aﬁ%&a g‘?l(r% ﬁlﬁe‘:{)é’%ﬁﬁw t? !wé(tgtdfa%al ports, the

1oét\£f§ﬁ>ﬁ edsvhith d&ﬁ'b%%&%emlgdg% _léc%téhabﬂ 8 igpefdablyradjacent to the

e art. Wen using Zieg ta, nmetalloceneg %;m \ 11
downisterm andof aberizandal seetianofithe kot 4p centinyops wathdrawal ports will

h en is preferably .used ingh : -10
ptabdare opauBiE) At iepl J g Ao B RS, cspecially 5-10 em
TSIt Bltion ety $irpgsedls polythdrisativn readiars ts b operated with low diluent

pol ynmeri Zation tenperature_ is preferably used to ids
recaygtyl reruireraerde.uThe operation of lapzedismelerTeabtopy with digh splids

articul a : b S re f oH1 lauesht Wikhar
coRraudiing Rt Ehinh i pERRI RRaty o OB AR I e
fréiR Mepalpatiiafiondods Use pRuddicéntratiny dewiced ont thedvithdrawnpolymer
the pol ynerization zone with mnimal i

f .
slysey ipreferblydiy drasspencalFRgleidn Bireseof lavg%ﬂ%hm?yclones in parallel
or?s%rggjﬁcﬁlg%g%/ er@gﬁcégrtﬁ§fe%§v orRud &S %‘Enérg% %i;ﬁdiélﬁ i@ since

yprcalTy can“be by any method known in
sigificamt prdsaure exdueribe and veporisativobfrecaierdrbdilyen is dwoidede

71 ovlt s Beeantp o Dy SRR e RSO FAPb IR Se S
opé@?ged@fé&t}ohﬁnﬁlﬁéﬁ@fag@ géﬂtl'(cfél £ HANrikd parficlekigdiBtribution of the

ent fromt I'l'uen i) continuous product . . |
powiden shithivaihe redctordosp.riBieeprincipalitieteyhinant aftthe averpeppartigle size of

t he l.ocation qf which.can be. anywhere. on .t ha. )
the pawdeyis mﬁreﬁlgelbq.eetpg? étb% rgqﬂtcgc p@gnc?%sel%g ghs};]rs ition an the catalyst

: h BlorsRehudaih @E phiteld $aNdistidbyition of the catalyst fed to
ca?&mr%ta?%ﬁgstsww %Iﬁ{;%av(\)él portﬁgg W Ipl té}pi cally haye an
e

the n¢aetonathe diitiatendravierage Ivatatyshegiivity Dthe robystizess abihp catalyst support

ety pEfe AR ICp el b R PpliRfgE, GRS scparating
degﬁéeg Bdtch a8 ﬁ?&%ﬁ}‘clbﬁ&? E&lﬁ BE (éed onTthe skp§raithdrawaffrdmtigereactor loop
i Wi

ameter reactors i gh solids ) e e en s
to further assist in control of the average particle size and the particle size distribution of

the powder in the reactor. The location of the withdrawal point for the concentrating device
and the design and operating conditions of the concentrating device system, preferably the
at least one hydrocycloné recycle loop, also enables the particle size and particle size
distribution within the reactor to be controlled. The average particle size is preferably

between 100 and 1500 microns, most preferably between 250 and 1000 microns.
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concentrations in the slurry mnimses the quantity of
the principal diluent withdrawn fromthe

w@oelogsi7scat i on | oop. Use of concentrati ng devPCEEBOI5/004476
the wi t hdrawn pol ynmer slurr8, preferably hydrocyl ones
(single or in the case of nultiple hydrocyclones in
parallel or series), further enhances the recovery of
diluent in an energy efficient manner since

significant pressure.reducti ' i ' :sed. and

r ecoOVEr g“dttﬁ?% Rrgfefé% 24 gﬂ?%g(gé)\éﬁglgé nsmir%gi e{ﬂ Eeg? urised, an
optiBfals) heated, FRGRCONht&dcEdn iifto bligintan flash vésselp Therstioem is

gtptl m sed by controlling the average particle size
prefabbrhaated giter depressusisgteondi st ri buti on of the powder

Wit hi.n 1§ CLor i nci '

Y et SR bR T BSR4y bl s

typiedliydemaendelfBreferatilh evitteacteoompissiopand revised i the polymerization
di stribution of the cat alf%’;St caé].be ffelct ed bﬁ%{%n% bl

Procest. oFlae preesuelPhie prEass festy yessdliis Brefrably i copirpRse (grehable

coh@&s%@wﬁta rgfcﬁlyt £rallle 681 edihﬁlege'.g? cbbidlg Whkr) of essentially all
average catalyst "activity, the robustness of the

of gled Adshstapsupprinrtio anyl recosipegssiobi typioplly suchheregsuweliy saidprimary
fragnment  under. _reacti o Itians. lids segpar.at.i

fegh P LB 2 dORERBS L e RSy £ ISRt ol U fecovered

froth %éﬁi%%sﬁ%lssfef RPréeblEpEt&d tol ORBokdary Aasihedssel to remove

assi In“control of 'the average particle size and_the
regidudl ivolatilesi Altediagvely it slorry ofayt beepasesdde e flashivgasel of lower pressure

thibficnpo g g egmaty vEE ieh Rl AR Rl i BbedeA%o condense

th€ AREVELEARuGt. UBCoLORIEEPrésBireThsH Qudsekis pysfeaad.
preferably the at |east one hydrocyclone recycle |o

. A ! 1 00(,, -
al sollmrprotess acénydingrte ity iavention caAde plg@({ togrradage rgsins Weuch exhibit

di.str,j buti. i t hi t I :
spgyiB dgetyf el D000 ORARI Rl fithsE), BRI B 88 (lfofum density)
orkPSYd I (LI high®ssitPy. ef er abl y between 250 and 1000 .

m crons. The w t hdrawn, and preferably concegt r at ?d

pol yH probessageqrdingdp teesinyemtinads relaving fr dlbalgtippolymerisation

heated, prior.to ingr ' ' ' ' h; ;
bR G PSR g g 20 8GH G Kt prcuer
the@deeRed ?@ﬁtiiaﬁﬁun,ﬂﬁ&oﬁiuh?@aﬁamanlﬂ ﬂnmnahmmalr]alpxlotisated silica or
_recovered in the primar sh vessel are typica :

QrEAESFIBROTIqo rematn PXifeCABOISTS WA JFRIR et e stalts.

| . . o . f
5 AT 508253 BRHRA B, s
titemiabl e ziodrmsati on with a readily avail able cooling

di . g. li; f i al [l of,th . .
{1 ashoupuine GR¥BPISF of Zitgld-ston rases by by preap s dfprising
RS B3 ol T 390 st bt
mbgesives et 4 halogemebtpiviedbyymikingshmegussiim remppwidyithlacompound

ofecﬁg %rggsi%ign %e’?a? %ggg 21% ggllla g cslnﬁgosuenld. Ifﬁe Bglgge\:/r? can optionally form an

integral part of the magnesiuﬁ compound or of the transition metal
compound.

Metallocene-type catalysts may be metallocenes activated by eithér an alumoxane
or by an ionising agent as described, for example, in Patent Application EP-500,944-A1
(Mitsui Toatsu Chemicals). |
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residual volatiles. Alternatively the slurry may be

passed to a flash vessel of |ower pressure than in the
w@bwemsarent i oned primary vessel such that recoP@QT/e83006/004476

I's needed to condense the r%®covered diluent. Use of a

hi gh pressure flash vessel is preferred. The process

according to the invention can be used to produce

resins which exhibit specific density in the range

0.8 . ' ; Qh&be IgRtiCulTetiéxamples includ
dendiog 8Pz e S5l g Ak tgﬁﬁﬁé ey nelude
at Rasiamditragsition tkeali dhosent from greupsdiIBy BB, VS and Vﬁé’fl%ﬁesmm and
ol yneri sation catalyst systens,. ' .y those
ot g el eo oo ey Ryt bt Ehffister 0N
t hosg, {60ty 8094 ByPieioht M iratiFitich el prefeiablyviaoradisum28keby

fromthermally activated silica or inorganic supported
waipltoni um oxi de catal ysts and from netal | ocene-type

cat st.s, | | oce | a ' % i

c2" A0 BB PERBRoPRIO pBABIRIAI0F e by e

ti t ok 0. o T% BYRVdight Jiilagnestintn] ngnatly drom g0 6% by weight,
Ziegler-type catalysts are the conpoupnds coppr,i si, & cioht

t r anfsom Oohtonkd% |bymgla1r9ffaiwg%$§eliaﬂv %f,onr @%ﬁ‘o% g?’ weight,

VI B of .the peri.ogic. t; ' ‘ for thei
oo PR bR TR S O wcdfr e

méfimRsuRdsieh #skerbonahgdrbganandeiggenithedranaitiogenctekand the halogen
conpound. . The hal ogen,can optionally form an integral
arp grefergblyttienipmgdshlRiin€opound or of the transition

et oG TAGHRSs, HERANLRPENGIBAISA BhiksiE Wkalpoanied out in the

enes activate I ther "an al unoxane or by an |
pregeits by cagealystak ipomsibldedse fany cecetalpstdnown ipghet, especially
Application EP-500, 944- M tsui_Toafsu. .
CapRIMIER FARPIIIRG pElcaThPRE Mla}%'f%fba’f‘ Sheipiep! bonde gysh.ay optionally
ihi Biehich bowdprisd oxyeestor anelement
el e Y B e i B
frdinRyroumbokthi periadid tatile, and sturomexanes Rpsticulmypa@nnleyfould be

are obtained with those.conprisi.ng: fr,0 90-

R BH R AP BR Or e AppeaRa s SR B,
el laHinidih OB fisEH bRy MBI L blubhingemono- and dialkoxides
preferably from30 to 50% by weight fromO0.5 to 20%Db

y
. swohiag dietipflaloegmiesi ethpxids.uapngr and aioge@atfé@@lgg,aly@mﬁmn’s such as

d%ﬁ%@%né@érgf% ﬁ?l’ﬂ?}ia 0inRim 3ol Qljlcyﬁ'ihy@ﬁ&%rsﬂkﬁ Y from
dibutylaluminium hydride and organoaluminium compounds comprising lithium such as
LiAl(C; Hs)s. Organoaluminium compounds, especially those which are not halogenated,
are well suited. Triethylaluminium and triisobutylaluminium are especially advantageous.
The chromium-based catalyst is preferred to comprise a supported chromium oxide
catalyst having a titania-containing support, for example a composite silica and titania
support. A particularly preferred chromium-based catalyst may comprise from 0.5 to 5 wt
% chromium, preferably around 1 wt % chromium, such as 0.9 wt % chromium based on
the weight of the chromium-containing catalyst: The support c;)mprises at least 2 wt %
titanium, preferably around 2 to 3 wt % titanium, more preferably around 2.3 wt %
titanium based on the weight of the chromium containing catalyst. The chromium-based

catalyst may have a specific surface area of from 200 to 700 m.sup.2 /g, preferably from
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t he bal ance generally consists of elenents arising

fromthe products used for their manufacture, such as
wa@ 200b0m7561ydr ogen and oxygen. The transition neCEGB2a0wWE/004476

the hal ogen are preferably10oitani um and chl ori ne.

Pol yneri sations, particularly Ziegler catal ysed ones,

are typically carried out in the presence of a

cocatalyst. It is possible to use any cocatal yst known

\ | RIFH tfrom 2 to 3

400 o 53 e BRE oty PORTRY O Bt R B e B e
cchgal ogenat ed or ganoal um ni um conpounds, whi ch can

conpr.j.se oxygen .or an el e t fromgroup. | qf the... <
per iSéidq:aCsulpg%ﬁg{] chipmiyn &ﬁﬁaﬂﬂggﬁg Lypi tSPgl?FtSa tQ g1 %Peélsactlvatlon
ste{fyqﬂ laﬁ' 20 6n ©1c97RA AL EAHLHKL YO QIR TR actilation temperature preferably
rial kylalumniuns such as triethylal um ni um

ranges Stoe 50 &l 369.drigraes Csueoreaseferablys ot opydearagntni um

al um,ni um nono- and di al koxi,des s .

i ot PR AREPs Bl P R ef P mplsimatah fgr oxamole
bidbil! FoIVHeR U Hsléimagal GoBlnitk @hnibé maderirchkiagledeactor or in
al‘kél al um ni um nono- and di hydri des such as .
mulfipletryacioraniThi EeACHY G SeR EREOBER BRY OFAIATLIRPE S7ASIEH gennected in

conpr.i sin I hi [
s b g tiich ik E Gk sl ol prlloged iy e,
poligherikation edaios that & sotwelbbp seactord. Tri et hyl al umi ni um

and triisobutylal um nium are especi.al |y .advant ageou
The Infhe)easa of Berias 3e2ciersy %,gfst Feélcg\r@f g’l"r%ﬁ"’% i§ su acatalyst

, an? Iléﬁep e ?a?ys‘f QdHngﬁ f?)xtilg ailﬁéﬁt?h}i %oﬂaﬁr%:?',%d%ach subs_ectpéent reactor is

ahi a- confal ni hg support, for exanple a conposite
suﬁﬁlliécb@ith,rvd 1édist, aorensuipgatticulurednénetdndrwigh theshary agsing from a
chrom um based cat al yst may conpri se rom&ﬁfthé\@yt da
Progedineoientinf oighe seresniiys MUGHiRCORRISHE P SHRLAD tygrallyst an
mg%lﬁ'e%tl%’ ﬁiﬁ%ﬁ@s #Hbaﬁ:@&% ?S@ge{c_@@in‘gﬁé&mr Rfthd f8ies. It is optionally

rom umcontai ni ng cata The support conprises at |
pdssibkt to2upply Yseecdmainmeactpr pidéor ifappyopmiatey atleastione i e fodlowing

resa i IR S AIoE Cotesh DTGl it Bl
infr8iteXft catll?gt SRRt SRP RS Rdc sl iifo It Raver.a

speci fic surface area of " from 200 to 700 m sup. 2 /%,1
pr ef larthbbysefwimmd 0@ plant3smpmsevgs. least vareactars/isl sgres, the polymer of

.porosity of greater. than ccl r.ef erably f : :
hiBfast e oo i Bt B oot e AR AP o pr et ih B adjacent
ortn}bﬂj-a?a{deﬁt RHALAGh KL $cPiedHidibbérdds nidihiaitrRdia0 (i) allew (bizero)

alr at an elevated activation tenperature,- The

coactritvediondn theanpaiorsunanyfpespang fehighmglesular sypigh gomponents, e.g.
SR TR BOLELATL 8 o ERERY B Ervcnacon
in"ThY $eaBRH@) mahefacexiap@helow molecular weight components e.g. hydrogen
percentages between 0.5-2.4 vol %. The reactors can equally be operated to produce
essentially the same polymer melt index in successive reactors.

. Particular sensitivity to operating in large diameter reactors (and associated
cross-slectional compositional, thermal or particulate gradients) has however been related
to production of polymer resins where polymer of either high or low molecular weight
resins has been known to lead to increased fouling concerns. Particularly when producing
polymers of molecular weights less than 50 kDaltons or greater than 150 kDaltons. These

concerns have particularly been confirmed to be accentuated at low polymer solids
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bi nodal , pol ynmers. The nulti-nodal pol ynmers can be

made in a single reactor or in nultiple reactors. The
WO e@68I756YySt em can conpri se one or nore | oop PEBGBOIIS/004476

connected in series or in parallel. The reactor |oop

may al so be preceded or followed by a pol ynerisation

reactor that is not a loop reactor. In the case of

series reactors, a first reactor of the series is

[

cBRES h  CRAAV, WH RSUEEAHNED cEIE i s e
thee 80 kDmltbss stgphteethan200 kDat (olr emdtt mdemhdnwro 1 apd above 50) in large

particular e ene and with the slurr
digmgles AR tprs Hirey bt st asenio e gl (0ing 1 Bodheased
wﬁ Hd§ '1 régeare fHchla¥sd o dbldfe 00 %I%Idp/asﬁcﬁmy @bV 2%,
t he rs produced 1 n a preceding reactor of the
Th;@pnemt lmtentlen fipthieo namprisgsadsopid r@cm 0£ ajsphijnupus euyar construction

vgfgcgaf%gaﬁag {)xbtpf; eﬁf (? %deag eea taf sczﬁ: )}g?. Ssgctgq']i% v%erélg%e internal

diaReRt af ¥Sleast HOVEYEhe tdthl leSgthbEtHRRAdt6r i@t leatt TduaRlibeers
catal yst and the cocatal yst exclusively into a first '

reactor. In the case where the plant conprises at
EIeasi two reactors in series, the polynmer of highest
ndex and the pol yner of | onest nelt index can be

pr odypﬁﬂelbﬁgattwclagbdal@ep tulﬁnameerwad;aangmn inean disnéter of 765
the seri es. drogen is nalntaln

(1)
miliimsjres awd 2 N qt’é% capacithel Fe/as fibr ?@Yleﬁﬁ Fﬁﬁ%’@fyﬁ?q(rﬁﬁ d with hexene-
I b [
R 5 SRR o O i
Cﬁrdﬁﬁtlm dait4lPstao peceiuce atopolyier having eM]iSGJf( &5 g/10 Mmutes and a

dqrrgasg# f@ggé 3 igl A f({.?l}é!éélw@gol S glvg %h@xag %?ng%ﬁ§6wt‘% i¥ maintained
er 3)%%1?& ?F‘ F@%{ﬁ%@é I PhedE c?&ediﬁhﬁﬁ@ioh as measured by the power

anme pol ymer melt index |n successive
trﬁx&ute:rro& thE’pumlpcmd)tar carerd system tapd heatdpeser po@ﬁpmnt a geasured by

dlaneter reactors_(and, associ ated cros
BTRS IR S EolB B e B R B A B RaEed fo reactor

\f&re rQﬁ%ﬁl srt%l@tr‘é‘galﬁﬁg 1504 é%géiﬁitall? EﬁoQ:‘haﬁ’Qil M'&hef Parhmster
ere polyner of either ow nol ecul ar wei ght
relspa:ttuvslyh axlidaing tk&t(bkme lsmd @@btabie lfcmimaééhle fegolior ngewdenced by a

bl e Byt G e VRlLonthEFraBPiasa 8 B 1 GiHla g well distibuted

aémn%é@w@@é&tgaépum £ aRaRigds have particul arly
been confirnmed to be accentuated at | ow pol yner

sol i dsconcentrations in the reactor | oop. Wen
produci ng polyners of nol ecul ar weights | ess than 50
kDal tons or greater than 200 kDa (or nelt index bel ow
0.1 and above 50) in large dianeter reactors it has
however surprisingly been discovered that fouling is
decr eased
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when solids | oadings are increased to above 20 vol %
particul arly above 30 vol % The present invention
wo mobloss7s€onpri ses a | oop reactor of a conti nUBOEGB2005/004476
tubul ar construction havindg2at |east 2 horizontal
sections and at least 2 vertical sections wherein the
internal dianeter of at |east 50% of the total |ength
of the reactor is at least 700 mllineters Exanple In
«flongated closed | oop tubular reactor having an
Internal diameter of 765 millimetres and a volunetric
capaC|ty of 167.5 rrB ethylene is copol ymerised with
at ate iture .0f . 93 re of

11 arSrofes ot BTE BeO HRTEh T ARaP Aty o ey AR pyotar
cERLRICHSH arh BleBin QAN oqugﬁélwmgethavwn af oMfﬁh @mond%ner in the
g/ 10 M nutes and a densit 38 kg/ m.
peesssmq:tqfal nojymerigation cagbyst ldlsﬂ dibwat Wg)r@du@kmlﬂrrs cnpsipigg solid
d,.0f T 0
fa? a@g%ﬁ pg %r %%é/e ltl"?e cggxe P \%Kgreﬁl dthg %)(t?lﬁial H%n{e?e?%tfg{ least 50% of
tﬁef t@ﬁﬁ (het ofofie Fd¥RtdRusTat 16axt GO0 ﬁﬁllli&ﬁe@érs aué tlﬁi@o&lﬂ@l ch@htration in the
t ransf er coefficient as measured by nonitoring cool ant
reggtaais ot leagt AR obwit Ynt wat er tenperature change
200NMpay{ Ex%c&s% as %ﬁa‘f&g{i i ST % eqn G:I?errs%'h'as %{)ﬁ&lnﬁ‘atlon m the reactor is in
resu ng Irn essentially no c ange 1 n elther paraneter
theaapgec25-88 vplume®hi. cat i ng t hat there is no detectable

foullng of the reagtor, as enced b bui |.d .u
3pol yAeProgessiaR &l zwgp& & gjther g np acgtcgarlm Wge{%{heflpgwqtl diameter of at

1S5ER9E oREHE BN | ngmgthbf@a%r@sso@ey 79 RERAnBYrst he stable

punp power rea aims: 1. process conprising
4pol y m*epnosessgw |cta1med aoglaine d otlerein thecioternal Wharseteuplatdeast 70% of the

|ona olefin r optionally together
t%g]tq %—ﬁ % fherrepc BBWS%@)@ meter gr esence of a
5Pol Yy Repioeadsi Q] mkakY Shink B vhetih lﬂl?enihtérﬁalﬁﬁﬁﬂé’t@?oﬁat least 85% of the
~slurry conprising solid particulate ol efin polyner and

tataldenigth o tte rehetorisroveh@0( milimetdrs.di amet er of at | east

50% t he tot | ength of t reac

G 11 PrRIPERS SAIPRG g g ¢idRe BREFEE sl i theii0ude
n(1@®6t BimdiftatdedRRS 380 vol unme % 2. A process as

clained in claim1 wherein the solids concentration in

7t he ﬁeal@l?@ﬁs as slaimed frpanypihe pceding glaime whergn ty space time yield is
I{sz][locesse aﬁ)gggo (A=Y ther claiml1 or claim2
sreray $he arf/ drdfet er of at |east 50% of the
8t ot alA 10ep %d&:t&foftahﬁmﬁﬁ@&k(lﬁbul&r @netiuctith Havidg 4r8¢L¢ 8 horizontal
4. A process as clained in claim1 wherein the

s¢otioas aed atdpastatvertical sestiopewhereimpthe émtemqbdlameter of at least 50% of the
total length of the reactor is at least 700 millimeters.

9. A loop reactor as claimed in claim 8 wherein the internal diameter of at least 50%
of the total length of the reactor is over 750 millimeters.

10. A loop reactor as claimed in claim 8 wherein the internal diameter of at least 70%
of the total length of the reactor is at least 700 millimeters.

11. A loop reactor as claimed in claim 8 wherein the internal diameter of at least 85%
of the total length of the reactor is at least 700 millimeters.

12. A loop reactor as claimed in claims 8 to 11 wherein the ratio of reactor length to

internal diameter is less than 500.



total length of the reactor is over 700 mllinmeters.

5. A process as clained in claim4 wherein the
WO paoe/0nEbs di anet er of at | east 85% of the totabPCT/eBgiok/004476

of the reactor is oyer 7001 llineters. 6. A process

as claimed in any one of the preceding clainms wherein

t he Froude nunber is maintai ned below 30. 7. A process

as clained in any of the preceding clainms wherein the

pacg (Ll | hnddSnldMEm length to internal

13? on/ ‘%é%ér};%%&bgésd%hﬁ%égg O eact 1?;‘95?@% tg% ﬁ%tm%g%ﬁgrubu ar
dig@ost 1suedsithm B3I ng at | east 2 horizontal sections and

at least 2 vertical sgections rei n,the,internal ‘s
145 anbaere rotat &5 GauneEgus e ALCRBESS \4 bR Bigpgoctor size i
ovefa6L®r is at least 700 millineters. 9. A loop reactor

as claimed in claim8 wherein the internal dianeter of
15t | Adstp $86to0ss clammedinailaimelgwherein thp seactascizsris insthe range 100-
1@%§r 750 mllinmeters. 10. A loop reactor as clained in

rm8 wherein the internal dianeter of at |east 70%

"of the total length of the reactor is at |east 700
millimeters. 11. A loop reactor as claimed in claim38
wherein the internal dianeter of at |east 85%of the
total length of the reactor is at |east 700
mllimeters. 12. A loop reactor as clained in clains 8
to 11 wherein the ratio of reactor length to interna
di aneter is |less than 500.13. A |oop reactor as
clainmed in claim12 wherein the ratio of reactor
length to internal dianeter is |less than 250. 14. A
| oop reactor as clained in any one of clains 8 to 13
wherein the reactor size is over 20n8. 15. A |l oop
reactor as clainmed in claim 14 wherein the reactor
size is in the range 100- 175n8.



