WD 2010/ 037653PCT/ EP2009/ 062186 1 APPARATUS AND PROCESS FOR GAS PHASE
FLUI DI SED BED POLYMERI SATI ON REACTI ON The present invention rel ates
to an apparatus and a process for polynerisation, and, in particular,

appl i cablyg, ? AsRgs Phase fluidised bed polymerisati o heachhOBiss
5Processes tor the polynerization of olgefins are well Known in t%

Such processes can be conducted, for exanple, by introducing an olefinic
nononer and ot her reagents, such as conononers, chain transfer agents and
inert reagents, into a polynerization reactor conprising polyolefin and a
catalyst for th A ¢ B w risation
of olefins, the HSZ&&WRO&SIS e? ﬁ%ﬁg react or
wherein a bed of pol yner parﬂOIcYkﬁL’RISAﬂHONREJ&EITI{]Na fluidised state by

means . of an as nd| n tre fluidisin r| Sj ng t he gaseous
reacti on monone ?}Ptﬂ g ﬁt? WP%?%%%&P?%?] orpp Wriﬁﬁoyn%’rd is
gener at ed ]h;paﬂhmagapgieﬁmecio Rehy PRkt ﬂ@iﬂis@mb@fpoﬂﬁﬁer{‘s”ﬁmﬁctmﬂnd pol ymer
product is wthdrawn to intain the bed at nore or | ess constant vol une.

An industrial | r?%%?a&r %P@E%@Z%WEIOB%%‘? ¢ el kaewn grthe pitdSuddt o
di stribut eprbhgsek lost g &Jnﬁﬂctgﬁ%lté% pﬁﬂﬁt}m % %&91 cﬁgﬁm@ cﬁo%&pa?ﬁr obhef- O the

bed when the supply of gas i's cut uced 1's generally
Wi t hdr awn FRE5A1SE 6l peeapr@iomers chalul’trgnﬂfa*mgents:mﬂdum rmgﬂm:ngﬁdal n the | ower

Coual 1y ot ot QhanrEfinds B oMMl B! B ptomenfion” "

"f \l/.lvlh di ﬁai |h on Zone gaagdzt;ivﬁgd(bhd pslygﬁﬂ;ﬁjt:&h bﬂok&lﬁaﬂ,lﬁfelptgmndﬁghﬁdﬁgﬁ b&ﬂ&;}t&@ﬁt! on,
in whi e e es i s maintai.ned, ,aboye which is
pr ovi ded dnéé]glbaﬁ%?g fan’i‘?r T %ggojﬁlyﬁﬁ BHUElgs s, ppintewed 5 pHudised oa
conpar ed tofuté Bﬁm&éﬂélcﬂ b8 adceAdling gﬂﬁtre&ﬁlqmﬁﬂisﬁﬁ da8) croﬁ{p?i'éirng%etg%s&%ﬁ Rlaltis the

"di sengagenent’ zope". |n said di sengagenent zone, the increased
cr 0ss- sectPIREerPurng begpyse P?P‘%iymﬁléﬁﬁﬁ?ﬁ &iesh priymer iy apnseated bivthe patalytic

fluidi si ngnog}@l%nsﬁﬁfntdf%eeﬁoﬂ\ﬂh&hm@{) dﬁ?ez%?cﬁx{) BeEmhReMeh ?rbaﬁ%ﬂ %}}%ﬂeggger be

supported by the fluidising gas Into the
f I ui di si ngngasr kmvnpiasts@émwmnﬁn@m%ﬂmfwomed hecetis seplyyg e feitisaziomerid f r om

wh t f th t th
nove, i 1 5 QBRI S AL A ) Belrel TR aRhnd T abi G B oo AR o
"fines", tsopgxf gashsacut@ﬁ dﬁhetﬁm@mhrwmeghﬁgéﬁerszmﬁﬁmmfrﬁhﬁdhé Radthevia

f|UIdISIn possi bl.e ta tolerate me fines i he, f| ui di sing
gas r ecyc%e‘ﬁffcﬁ?fge G%Hdﬁlﬁ )’hegﬁwé%l?f’rﬁ% ¢ GarPRgear ﬁﬂ“t él‘é‘g’lsiﬂf% %
conponents t herme Bsac@tlﬁ&itaﬁz cb@idts SHCMBN@EHdh, AP RERESABe “fluidisation

Al ternatively IS possible to provide a separation neans, usually one

or more cyeRo rf’ég “""hi“‘r]il if generallyeanoyrigheylindidcal sastion. te pichitbefiedigedreastofz one
and which paficlel & maintained, above which is provided a second section which has an increased

eross-sectional area compared to the fluidisation zone, and which is referred to herein as
the “disengagement zone”. In said disengagement zone, the increased cross-sectional area
results in a reduction in the velocity of the fluidising gas. Particles which may be entrained
therein can no lenger be supported by the fluidising gas, and fall back into the bed. The
25 ﬂuidising gas then passes 6.ut of the top of the disengagement zone, from where it is
normally recycled to the base of the reactor. Despite the above, it is still possible for some
enirained particles, so called “fines”, to exit the top of the disengagement zone entrained in
the fluidising gas.
It is possible to tolerate some fines in the fluidising gas recycle line, although they
30 can cause fouling in the line and components therein, such as heat exchangers and
compressors. Alternatively, it is possible to provide a separation means, usually one or

maore cyclones, in the line exiting the top of the disengagement zone and which act to



WO 2010/ 037653PCT/ EP2009/ 062186 2 renpve fines fromthe fluidising gas
exiting the reactor. The renoved fines can then be returned to the
reactor, whilst the gas phase, essentially free of fines can be recycled

as conver\y‘,b%ﬁ}OSJgg?’the art. In general, the reducti Onﬂ&/ﬂﬁd&ﬂ&ﬁéfﬂg gas
the di [ e

velocity In sengagenent zone 5conpared to its velocity int
fluidisation zone is directly related t© the relative cross- sectional
areas. Thus, doubling the cross-sectional area halves the gas velocity.
Thus, when designing and building reactors to date it has been norma

sinply to L [-¥€: Cr ~Sect | i rensi ons. of t
di sengagen%%ﬁggﬁé%%%?%%&?lgglg%zé?ﬁn% l&]ﬁL‘ g‘%?‘%g on 2 oneY, d%}fﬁ %?ﬂl%einap[ei 0 has
been in t hsturemige tiR: Badtor, ¥hbst ther g @hase) gsséhtiblly feofMines e b @Eycharpl e US

10 4,588, 790 ,.043,399). This is a relatively narrow range, but such a
narr ow ran%oé’vﬁg’?nglelg# %i cal because it is desired to have a m ninum

ratio to ensur emsuhdralbibe rihlcOsh MUEEHE bhdvblodiyin ih@ﬁ!s@ﬁ%%&n&ﬁ%&nﬁand above
this mni mum have been general |y believed tQ provide little advantage for

the i nct eaBPAERGP 165 PP YEgRian zope faliieatlsrirerte & ralativhaossop of the
reactor. Lat@sial a0 THRDE6utIRE YictrossSbSRAGPIE RNes ARES vélﬁgwé Fflﬁgf%gn

material 15 to _construct and require nore "support”, So t

si gni fi candesigaingrspd buildiag reasiorsite date ftdas bean normal simplpésmidietheheatzove, it
has now s 1.SLOQLY 1 Q -h when. pol yeri sation.pr.ocesses are
oper at i ng%rﬁgsrsgg:@% Sydsjﬂl\%\ng%}%ﬁsrog I[ﬁ%tclhﬁeg%ge SEP tg%mg%%%gﬁrgcg%)ttﬁ%ﬂﬁfhsﬁvﬁé'amflﬁ ‘%he

f 1 ui di sat i ppiczlantiy hastbetrsinghgrangé 246 1Y, pedfratlp@l6 ans.S (e e candilsBRgagement

zone W th LI 0SS~ i | .area which is itself relatively |arge
conpar i b R, PRUPE 0P dhiniS el st Pt sprmarte e R Thus,
in a firstbeasppidal béchsent i8 dedied toHARN BiNiRAYIRAS cAreRPAbRIMRAPT 0as
phase fl uidised hed, pol ynerisation of olefiris, which apparatus conprises:

A) a firsteSstpLIRt fsregtesiovergnd apevehis reipimye havediees ganerabls balisMed dp a

di aneter, id @B GHAS ST ' €Ay ). L on,
provi ded v%‘{li cal Iey abovgg%?ﬁgg |c%§$édscg%f%ﬁ%éy§%€%gﬁ?ﬁgg&a%gﬁﬁﬂgteggt(r:rtrhr%n
vertical dsp ef the reakier. Jgrgegtanddehierinyicn diskigagemens etries mequirh endbasetedal t he

second Ssect.i V| . i ndrical, ¢ross-.secti.on of dianeter. DI and being
j oi negst oct% ﬁ‘g’ﬂ‘%‘@gt %‘? g?cﬁlér% |drr£t§d§3%r% i g%&m]éenlﬁ SERRCHE s BRYeAP %P%%q@%cti onal
area of th&egecond section above its base being 30greater than the

cross-sectional. ar. of, the. first section, characterised ip that; i1)D is
greater than 4_1%espr1getatlhg§bovgn}aixas now surprtlsmgqy been%und at when po yme?i-satlon )

processes are operating in reactors with relatively large cross-sectional area in the
fhuidisation zone, it is significantly advantageous to use a disengagement zone with a
20 cross-sectional area which is itself relatively large compared to the cross-sectional area of
the fluidisation zone.
Thus, ina first aspect, the present invention provides an apparatus for gas phase
fluidised bed polymerisation of olefins, which apparatus comprises:
A) a first section which is an upright cylindrical section having a diameter, Dy, and cross-
25  sectional area, Ay, and
B) a second section, provided vertically above the first section and centred about a
common vertical axis to the upright cylindrical first section, the base of the second section
having a cylindrical cross-section of diameter Dy and being joined to the top of the first
section, and the horizontal cross-sectional area of the second section above its base being
30  greater than the cross-sectional area of the first section,

characterised in that:

i) Dy is greater than 4.5 metres, and



WO 2010/ 037653PCT/ EP2009/ 062186 3 the second section has a maxi num -

hori zontal cross-sectional area, A2, which is between 3.2 and 6 tines the
cross-sectional area, Al, of the first section. Further, in a second
aspect, L€§21ﬁ5§%g§ i nvention provides a process for @%&&gﬁﬁh@éﬁ&pn of

ol efi ns, ich process conprises polynggising one or noré olerins under
fluidised bed 5 reaction conditions in-an apparatus which conprises: A) a
first section which is an upright cylindrical section having a dianeter,
DI, and cross-sectional area, Ai, and B) a second section, provided

vertically abgve I I Lon and centred about a common, vertjcal
axis to the Elgri gﬂ{é%g‘gﬂnfi%%crtﬁ%gj%‘g gfnra}sﬂtmusme 28Rl ?rﬂ?"%gté%lag?m?’ﬁaé’ E’é’(‘f e
section 10 havi ngbetwest 3.pand 6 alines FiesSesseedtionsl agda, A, aMictirsidecind bei ng
joined to thg@%@ﬁ%&(ﬂfg the first section, and the_ horizontal cross-sectional

area of the SERG,RS055 e RresentiRueItion prRyidgs & Rrasess ThnpelyRerisation

cross- sect bfuiéinsawkich flocési@ombfisds pdR&detiGing oANE BHRLAF S Lhde HuldieliBad ©

i)Dl is_greater than 4 5 netres, and 15ii)the second section has a maxi num
hor i zont al e8FE8soadikensdman appagsus which Gampsises:s between 3.2 and 6
tinmes the gy98s8:s88id 98k %‘F‘g’f%ﬁ% ; mﬁf | For i dance of
doubt, the }j]c_)ri zont al croés-s C;[I oﬁé@aré%azgec%?ﬂgie &l?rs tsetra’c lf%lﬁivf‘?%sq

| r OD1/ 2) 2. sectional area, Ag, #id i s at | east 4.5 netres, the area, Al, of the

first secty [ l ea 1 and nust be.at |east 50.9 nR.

Pr ef er abl yg%{]se%@ldg“{ecﬁwglaé{wgg érirgri3 Hsaly %Ovéﬁlgﬁgﬁé?%ﬁng{]d F@’&‘?ﬁ aﬁ‘iﬂté n2, and A2

bei ng at eastm@veBidaPaxis to thé apeptit Syl@npa firiteedtian, 0 P&e Iiths decdid sBlionbut

gener y . D.wll be |less than 10 tes, for exanple in the range 5 to 7
B’Fl‘gu%g a

metres: 25hlaﬂg’g§é’é1 TPFBITC RO R Adrnd Perg deiedodhs iRaf theld above
its base bebfig, Sidaé Bbriddaai cidiesdetions a@%&"the@@Jonat&&ﬁoﬁfab&re%tsfua&éﬁei@egt on
C .

and a maxi mum hori zontal cross-sectional area, A2, which is between
and 6 ti nmeFedigrdhantbe eaprectionmhpreapbie fingd se@iont he first section. Thus, the

second secl QR QL iBa >tion of expanded cross-sectional area conpared
to the first Sectlon. eferably, the second section has a maxi num

hori zont al choss-Bestreatalthardeamends, awhi ch i s between 4 and 6 tinmes the
Cross _I%eCt i 'Oﬁf‘l A& gecoﬁ‘&' Sec%];m Lgsea lftluam%uxrls I?O%fzim%gl cross-sectional area, A,, which is
between 3.2 and 6 times the cross-sectional area, Ay, of the first section.
For avoidance of doubt, the horizontal cross-sectional area of the first section is
w(D1/2)%.
As Dy is at least 4.5 mefres, the ared, A, of the first section is at least 15.9 m®, and A,

20  must be at least 50.9 m?.

Preferably D is at least 5 metres, A, then being at least 19.6 m?, and A, being at least
62.8 m*,

There is no particular upper limit on D, but generally D; will be less than 10 metres,
for example in the range 5 to 7 metres.

25 The second section has a horizontal cross-sectional area above its base being greater
than the cross-sectional area of the first section and a maximum horizontal cross-sectional
area, Ay, which is between 3.2 and 6 times the cross-sectional area, A, of the first section.
Thus, the second section forms a section of expanded cross-sectional area compared to the
first section. |

30 Preferably, the second section has a maximum horizontal cross-sectional area, As,
which is between 4 and 6 times the cross-sectional area; A, of the first section

“The second section preferably has a circular horizontal cross-section.



The second section preferably has a circular hori zontal cross-section. WO
2010/ 037653PCT/ EP2009/ 062186 4 The second section is generally-a
di sengagenent section or zone as known in the art, but with increased

rel ative hH9s5usRef i onal area at its widest point. |ngafbstsipodi nent,

the second section may be in the formpf an inverted truncated cone, in
whi ch the horizontal cross-sectional afFea increases with height over the
whol e 5 hei ght of the second section, and in which case the maxi num area
is that at the top of said second section. In a second enbodi nent, the

second sectiQn nmay.conpri.se a £ r ieh- s Lot 1 :@E 4 @n

i nvert ed tn]‘?{’éé?%édé%%nésn%e%ﬁhg\é?ﬁ %gé’lpmg%%r?g? gﬂnetag%?ﬁgﬁ?}otgég?’ t he

| ower par but Wit @Breised adlatisr dresisecionblrntkea at &k whdast poistai d cyl i ndrical part

bei ng centred about the 10 conmon vertical, axi.s to the cylindrj first

section and Iﬂa\ﬁrﬁﬁnﬁoﬁ%@'&&ﬁsﬂo@%@%@we&ﬁﬂbefgoﬁpé} ' fY’%]ﬁtel S %%C\l/veen 3.2

and 6 ti MM wiibihk RbSzciRa @Rss-SasHeR] ARAtincrédies Withhéightedechaenpart i s

usual |y of nuch | ower height than the truncated cone.o th%&i rs
|

enmbodi Prenticighired therrecandsagtone fndcip ydrchcass the sraxinya g Rt MyHpP P#%%e
truncat Eds&gﬂfﬁﬁéﬁ of this second enbodinent is relatively rapid conpared
to the fi st enbodinent) 15The overall height of the second sectjon may be
" convent i ondh',sedopd whbodinient, tesastondfseetioni may epmpsise alrver gy FiAdREdhe nt

vessel s wt h | ower Ximum are | at| i i in which
case the & &né%vfﬁ‘gﬁ'%ﬁ%d W %ﬁ({ﬂgﬁ'ﬁ’gﬁy%{% ?%[hg théé gtﬁ% ’é@ﬁﬁ gﬁeﬂgﬁv Fllz ont al
conmpar ed et GitseHg ag epEght cyiadrithbpan, s aylindvieal pee by weredabowdithe | ve to
the first section., Alternatively, e hej.ght aof the.,seco sect | may

al so BB i semEas érﬁ'tle@rﬁsﬁrt%ghetfﬁ%wf 5@%@6&5 QVREE Z%qfs‘j‘ﬁ‘“ésg‘ﬁ‘%%%]

maxi mm %?é're%%&hiiéfﬁ‘eﬁv@e& 418 ahd 6 Gines AGH{IPMis e@indexBHingent, e wughted of

w deni ng nay be the sane or approximately the sane as

. S %S ‘fd in, ..
di sengagewemtpastds yniely of mach lowshbeihtdhanfeiancatedcons pf he Ifsh ephedipeplys

ection. Ln,either ST k i be
or oat or ¢ HikhFpishize SR Eas R aBhil ol S WP Homcad o O B e e

stream asmibodineni is rdlitévely tapiddSpereflite the fasiembedormt-secti on may

col lectively_be reterr as "reactor" or .. i fi : -

O her han tH¥ @ﬁg&%ﬂé‘gogﬁ%ﬁéﬁcgfl%ﬁec P %‘ﬁé%ﬁr %Jsdgﬁtfqnﬁegbrf ﬁglﬁﬁﬁgéﬁggﬁ% or
and pr ocesfinildhGEighito Aisen@petemiericisonid] a lowet nexiantm ax asipivedo Bk firstui di sed
bed reactors and their operatiqgn include . EP Q 475 603 P.1l 7, EP 1
484 344 afertiop ip vEEth ofiq .hB§W8FF%i°8i“§€8V’%?&QB? gRgle @82‘“’&? (i hﬁé?‘%‘%%aél es of
pol yrer bej,adt@tdEeknahSenith PE3419 Goth aNodhianddinugh sedehtiod @ thyfitst rt ue of a

reaction gas m xture containing the nmononers to b E’OL rreridsed tr%vel i ng
[ n & ri i naetionr Aliematively, it hpigiN of Waseora EHCASE MeE LS pe SisEraed el 10

20  disengagement vessels with a lower maximum area relative to the first section, for example
the angle of widening may be the same or approximately the same as used in
disengagement vessels with a lower maximum area relative to the first section. In either
case, to minimise entrainment, the height should be greater than the transport
disengagement height (TDH) of the fluidised stream, as known in the art.

25 The first and second section may collectively be referred to as “reactor” or “fluidised
bed reactor™.

rOther than the specified dimension of the present invention the reactor and process
therein are as conventional in the art. Examples of fluidised bed reactors and their
operation include EP 0 475 603, EP 1240 217, EP 1 484 344 and EP ( 855 411.

30 In fluidised bed iarocesses, the particles of polymer being formed are maintained in

the fluidised state by virtue of a reaction gas mixture containing the monomers to be

polymerised travelling in a rising stream. The polymer thus manufactured in powder form



WO 2010/ 037653PCT/ EP2009/ 062186 5 is generally drained fromthe reactor in
order to keep the bed of fluidised polyner particles at a nore or |ess
constant vol unme. The process generally enploys a fluidisation grid which
di stri butgg.ilifsfgaction gas mxture through the bed QFTHQE%%&IQMH cles
and which acts as a support for the bed in the event of a cut 1n the flow
of the rising gas. The reaction gas 5nixture leaving at the top of the
fluidi sed-bed reactor is recycled to the base of the latter under the
fluidisation grid by neans of an external circulation conduit. _ The
pol ymerisation of .th | ef 4 I hE b EFG T dreagicieon

m xture cﬁr%??r %M%%g e |?1esabtt%5 éﬁéggf’%@n%“‘ggd isdgg%g[pg% gool ed by
means of afa hewsi keneomeat véxehdiiparoass gangrally ompliotiea Juidisedien gid whish

reactor before being recycled. e Oor e iRk ect ed

ot he ASECEIES PO §51 TG LraTeh Do aah e Re A pHa: BB pRnLOR ST F

reaction zQR@oRreyVihe8sd Be efentsfta @it ircthe flomgpfdie risidg gasi Thethactiorget i on

zone. Tt will be apparent from.the above that the.a t Wi | |

gener af | y mixrs leaying atde ©BRHBR @lﬂéseg]ﬁgégﬁ“%fs YA F]?ebégﬁg‘g{dg? teéa?f%rt or,

i ncl udi ng; erthaﬂxﬁﬁis%h%ﬁid%éaﬁ@of&%@érﬁ&l cab@MenaRddjioi ned to the top of
iC

t he second secti on, aCts to 15close the top of the reactor, and is
usual |y in t heThopetymérisatidn pbthe offing irancrohermc FaEl L Pe R WIIET® near
and preferably at, t of 118 Bfifled 1 UER o0kl 1643t biheat

f1 ui di si n§°@1§§51%§16§23?]tng ?cﬁtée %&%@%@ggﬁé ﬁ}é flzilg{sati on grid located at
the base efchahgerhirasdedpnahd ansidawd hiractos beforedumgaraycied cOreef TSt he
absence of the fl uidisin 0.4).a botto e Hel ow and

j oi ned0t o CPIRBOYLS @aﬁ#’eﬂl?ig“tg‘fsm tﬁg ﬁl%z,on\tﬁﬁ? %‘ﬁ‘g%ﬁsﬂ' ?'8“%{%%@5?%% bot t om of

the react Gyidd the reacisH abdeyprbyidéste EBEdModEoading idirewtlytie theteantion z&)e- one or
nore gas inlets, located in the bottom section, fq%gg'%rovi di g(%fl ui %i si ng
i

gas bel ow t he ftiwilldresapirent fim the above thaigfie apparaiysa Feraty 5l RFThe one
or nore g ; ARA¥ed tdeRRRatdhas Wi th the one 25 or nore
gas inlet ggﬁngé%%tgstﬁlgﬁtogg%gttom_secti on, andg} 7) one or nos.e gol mer

Wi t hdr awall) ety etior, turated dbawe anf doined wrthestoprof g second sectipheWBIgh AFISIY s Wi | |
preferably.al S0 .co i Se _one _Qqr k] f fellow.ng, which are generally
known 1Sn flpse Betor ¢ Eﬁ%‘?{é{ﬁg}g}% COTF?,D%I’I%‘I;’I S oo(ghtdﬁige’r ec;ggl e line for
treating thend birnbieianguislobabdner,30d pedymbly at, shecthp gkt ORpFEYSEWs, heat
exchanger s, YT 98 el s hSF LAl piiguct fon 1ines,

3) a fluidisation grid located at the base of the first section, which acts to support the bed in

the absence of the fluidising gas,
20 4) a bottom section, located below and joined to the base of the first section, which acts to

clase the bottom of the reactor, and is usually in the form of an inverted dome,

5) one or more gas inlets, located in the bottom section, for providing fluidising gas below

the fluidisation grid,

6) a recycle line linking the one or more gas outlets at the top of the apparatus with the one
25  or more gas inlets Jocated in the bottom section, and

7) one or more polymer withdrawal outlets located on the first section.

The apparatus will preferably also comprise one or more of the following, which
are generally known in the art: '
1) One or more components on the recycle line for treating the fluidising gas before

30 recycle, such as compressors, heat exchangers, purge lines and/or reactant intreduction

lines,



WO 2010/ 037653PCT/ EP2009/ 062186 6 2) One or nore inlets for introducing
conponents of the reaction, -such as catalyst, reactants or inert |iquids
directly into the first section of the reactor, and 3) One or nore

cycl ones \?69&0%%;9” the recycle line near the one or Jmhe 085t ets for
renoval of entrained fines. 5There has 6ﬁeen a trend in recent years to try
and design fluidised bed polynerisation reactors with increasing dianeter
in the first/fluidisation section, in particular to provide increased
productivity froma single reactor. It has now been found that at

the relati erel which are defined
as a di arre%)g?lye dr%tg?hlﬁe'?ﬁﬁﬁ?llﬁ %ﬁ“&@%ﬁ%@@%ﬁhﬁgﬁ. G ur%“h?fec)a{ bhore 10
than 4.5 nyeagmgs @rla@tkqm&r@retcﬂamtﬁmeﬁrktfsetkuoghnéthe(lm(&l dndgas throughput

results i Grease in part nes. even he si ze of the
di- sengagennsga{?he ORES 9°1°ﬁlg§ g ‘i‘fa i ﬂber%ﬁyc?}eﬁfl@ﬁle?r& £ ARe 91 mpgisentlsts fone.
Thi s has snemvalsnfagiamdﬂefﬁi&sfound to be the case even if the sane |inear

gas ve!ss?mty (f cL ﬁtlon velocity, Val is used in the reactor. 15In
contra by u ag GeceBorsisdy By anddesign thrdisedhedi nvention, a

signifi Carﬁdljyhlérﬁgﬂﬁﬁﬁ@a&&% ﬁaﬁﬂﬂﬁ@t@fasufgadialﬁ&eﬁﬁlﬁig] P RuiGiabnR ﬁ,d to
smal | er dianeter reactors operating under erwi se "equival eh

condi t i onsPaftia iprovide ingaeased profwitisiy from asgle feagtpr. I n one errbodl ment

thi s advant age r | i on 20, vel ocity
to be used in tIﬂ&Xgpﬁcbggrgﬂ)é%ggﬁéh%e ativﬁglgrggg%ﬁttmg gﬁe BHGHRT st still
r et ai ni ng heetim|whaeit aradefiredtas atdiametdreDgvin ﬂecfﬁqa'rsaimlo& (ﬂﬁﬂﬁhﬁon #06€) df ore

parti Ia Qr t he lL.evel s tained on small er
r eact gltés az{s re?%?ob\%t’ FE'f hﬁf‘g gf%"‘@@%@? %aﬁt ughput fﬁs{l}@égyof t he
present i rm{&wse tnpgitlefiadd veRafthd Sizabt the Bised; zodeAD OiRFeabitiad for
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by 15 In contrast, by use of the apparatus according to the present invention, a
significantly reduced entrainment can be achieved, even compared to smaller diameter
reactors operating under otherwise “equivalent” conditions (such as the same fluidisation
velocity).

In one embodiment this advantage may be used to allow an increased fluidisation
20 velocity to be used in the process according to the present invention whilst still retaining
total entrainment at or below acceptable levels, and in particular, at or below the levels
which may be obtained on smalier reactors.
Thus, whilst the fluidisation velocity in the process of the present invention
generally may be within “typical” ranges used for smaller diameter reactors, such-as m the
25 range 0.1 to 1 m/s, in preferred embodiments of the present invention fluidisation
velocities over 1m/s, for example, between 1 and 1.5m/s may be used.
Alternatively, or in addition, the reduced entrainment that can be achieved
.compared to smaller diarneter reactors operating under otherwise equivalent conditions by
use of the apparatus according to the present invention, allows increased flexibility to
30  adjust other parameters to improve the overall productivity of the polymerisation process.
Examples of suitable parameters include the overall reactor pressure and/or the amounts of

normally liquid hydrocarbons added to the reaction zone, increases of which both aid heat



use of the apparatus -according to the present invention, allows increased
flexibility to 30 adjust other paranmeters to inprove the overal
product|V|ty of t he pol ynerisati on process. Exanples of suitable

par anet er. ﬂg the overall reactor pressure and/or c&ﬂﬁ ks of
normal |y |qU|§ ydrocarbons added to the reaction zone |ncreases of

whi ch both aid heat WD 2010/ 037653PCT/ EP2009/ 062186 7 renoval fromthe
reaction, which can result in increased space-tine-yield. Increases in
such paraneters, whilst generally known to be beneficial, are often
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whi ch nmay reactor exanpl e, whilst the
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gas densi te @Y Rimeatatid beBwRYepadldisads, aammaaﬁcm dtenBiloBthedgyal8 and/ or
up to 40 kg/n8. 15For avoi dance of any doubt, by "nornmally Iiquid

hydr od&r borhich ey beebitingd on yeallenEasiothi ch are |1iquids at standard
tenperature ang, pgﬁ% SIS gyﬁhﬁﬁqﬁlﬂ%ﬁo&woﬁh& PRsdre irenian deGerlly | nert
pica

condensi ng agent's exanpl es of such hydrocar bons are i ndi Vééiual
al kanes hamiyrtg witltin “Bpical’ bangesssddor srallar sigmpler BRCBcHich PR TRgange

0 oot oot aah RSP RiFERue ABEBEAS Ghe pMER' ‘%H%éégagamm@vmgmm the

20 entrai neas e anount of particles
exiting thﬁaﬁ&agwrsuﬂﬁsaﬂmaktmlmﬂmﬂmngpmmml et pipe at the top of the

reactor, is 1500 kW or SS er.abl o | g In a
parti ddl ar enbézéfﬁﬁé%@anc?ﬂga@rﬂogéﬁﬁ l?ﬂm% d?’ﬂémc 50 o?ssm?reasur ed as the
amount of 1RArchGbRSwERh bieNfuidir étm&@ren@efammﬁd ;sremret Suchihylrosarbonst | et

pi pe at the top of the 25reactor, .is 1500_kg/h or referahbly 1200
kg/ h or | essoftentaferiod tq asine SeNGERTIDG 29eHS; 35131?% Se‘}sf ‘ﬁ’a‘??’dﬁf’%‘%

The product, palyd® alkﬁlé?‘ﬁgﬂn%ﬂ%rkk%oﬂ%ﬁfs' QmivasSEl sutalRassed to 5
degassi ng vessel ere| nit 's contacted wth a purge gas tq renove

unr eact ed nonorfeefsrablyt theqirprass of the prescah thveriisie prerqied such that the

20  entrainment out of the reactor, measured as the amount of particles exiting the reactor per
unit time through an outlet pipe at the top of the reactor, is 1500 kg/h or less, preferably
1200 kg/h or less.
 In a particular embodiment, the entrainment out of the reactor, measured as the
amount of particles exiting the reactor per unit time through.an outlet pipe at the top of the
25  reactor, is 1500 kg/h or less, preferably 1200 kg/h or less, and the fluidisation velocity is
greater than 0.81 m/s.

The product polymer removed from the reaction vessel is passed to a degassing
vessel wherein it is contacted with a purge gas to remove unreacted monomaers (principal
olefin and comonomer{s}}.

30 The degassing step or steps of the present invention may take place in any suitable
degassing vessel or vessels. For example, the degassing vessel may consist of a “combined

degasser” in which two of more degassing stages are present in a single degassing column.



30The degassing step or steps of the present invention may take place in
any suitabl e degassing vessel or vessels. For exanple, the degassing
vessel may consi st of a "conbi ned degasser” in which two of nore degassing

stages ar in a single degnsing colum_ WO
2010/ 0376@8%%&5609/ 062186 The contaci of the purge Pg&@"%%"ﬁ’“ﬁ%%“ pol ymer
to be degassed usually takes place courtercurrently, for exanple by

passi ng purge gas to the base of a degassing vessel and polyner to be
degassed to the top of said vessel so that they are contacted therein, and

i t hdr awi n . | r, fromithe.bgse and the r as fromthe
¥V|0p of }tlmhegg%/%glggfgﬂﬁgs &gg%eﬁﬁeﬂﬁwerﬁggﬁg?%sﬁagﬁ?@? it %Sgﬁc he pol yner
in step (ajoumzycusentdy)Yorstanalelly eadiat yiske gdxatelbas oifa dgidkmblvesseainal yst s
that are kngwn for pol mari ation. reactions _include naetall ocene, Ziegler
(or "Zi egl BYYRE P Le %e%%ff "t?’ﬁ}eltf’l? plsarq isse E‘P\%ﬁgﬁh"i‘r? ceufrcipd bersin, apdy
m xtures thﬁn@@&dngkﬁm@aﬂsw%gﬁl@ﬁ&%ltﬂw BV RBhE bhrds batbGH ﬁﬂ%foﬁ BemEol | ow ng

Exanpl gi and Figure 1, where Figure represents Iin schematic forma
fluidi

d B@Flreactor for the gas phase pol ynerisation of ol efins.

Wth respect t i : i | Qi [ . whi ch
conprises a fi ?g@%ggﬁ% %Sﬁd?[??ro%%t%ﬁ%?g}@gﬁg’lﬂ%# ?Hg%f@gf]?ﬁg‘? ?@g&%@gt i on

havi ng a d¢aighyst.dixamples ofsitablesembisth thif sedinosn f2jolyhérsatidsreastionnirehided
truncat ed i.ded .vert.i cal.l.v. above, f,i.,rst, sectign d centred
about a co&r%%gbfri\:(}d\%é%ﬁl%zﬁr (%&iéeé?'¥%? E?ﬂ’dl Smﬁlﬁy I(‘i’rnc‘ﬂniogﬁ?mﬂcia Y64 on, the

base of t heixseeotheresfcti on having a cylindrical cross-section of dianeter

DI (coytespondi .to a horjzontal,K cross-sectional area, Ai) and being

j oi ned{({ o the tr IBYenPWéW_fik P %%‘E??}Ff? bf?éﬁ_%ﬁ f@ﬁ’@"%%g@@@&%‘@%m &r ea of
the secondwEeeFin BReMa thSchRamfic fRs! SARIRM b Badi@PbMi:20diamet er, Dy
(corresponding to_the point of maxi mum horizontal cross-sectional area,
A2). At tHebmagisagon ofolafmsond section is a done (3). Fluidising gas enters

the first ti LA i Lidl ' ' _-sh
and oxi 15 The {ou SPRR Vg, itle BRhoh d i PR SR el Bl 20

line (5). Mmm@ﬁm isf 201 Upighiney [ iaxEeab beesion bprigsedinmerdd| imip wtond
s TR T RIS T R R e
nodel | ed. and certed@bogardaiinve Ex@sEDhas toahe ity Bl ridal st 3eARAOHE bAG of
the second section having a cylindrical cross-section of diameter I, (corresponding to a
borizontal cross-sectional area, A;) and being joined to the top of the first section, and the
cross-sectional area of the second section above its base increasing to a maximum
20 diameter, II; (corresponding to the point of maximum horizontal cross-sectional area, A,).
At the top of the second section is a dome (). ‘
Fluidising gas enters the first section through line (4) and a fluidisation grid (not
shown) and exits the top of the reactor through an outlet pipe represented as line (5).
Examples
25 The following Examples represent modelling of entrainment of particles from a
series of fluidised bed reactors. A tyzﬁical commercial reactor of the type represented by
Figure ] has been modelled. In the Comparative Examples and Examples 1 to 3 according
to the invention, a fluidising gas was used having a density of 27 kg/m’ at a constant
fluidising velocity, Vy, of 0.75 m/s. Examples 4 and 5 are similar except that in Example 4
30 the fluidising velocity is increased, whilst in Example 5 the gas density is increased.
In all examples, the second section widens at a constant angle from where it joins

the top of the cylindrical first section to the point of maximum diameter, D;. Thus, the



to the invention, a fluidising gas was used having a density of 27 kg/n8
at a constant fluidising velocity, Vi, of 0.75 ms. Exanples 4 and 5 are
simlar except that in Exanple 4 30 the fluidising velocity is increased,
whi | st i-%&ﬁ%&ﬁs the gas density is increased. In all. exam %E the
second section W dens at a constant angle fromwhere it joins e top of
the cylindrical first séction to the B%I nt of maxi mum di aneter, Dy. Thus,
the WD 2010/ 037653PCT/ EP2009/ 062186 9 hei ght above the top of the
cylindrical first section of the wi dest part o.second section in each case
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di anmeter of the second section, D2, of 6.6 m(ratio of A2/Al = 2.7).
Ent r ai nmefiameiptasur ed as the anount of particles exiting the reactor per
unit tine QUa e nfiild €t pipe at the top of the reactor Is found to

be 1655 k ve Exanple B the reactor neter is i ased
to 5.35m The EeCumiraiyeFoemplniithe rcasiprbrsadianetey Pe &r‘?é‘%‘ﬁ%ﬁﬁ?"ﬁij‘f’%

mai ntaln e LA dm@gé&& ik dlamdi PGl dbliSediet, DI6r63Gh gﬁaﬂ@bfAD same

fluidisat S use carryover Increases to 290 , an
i ncr ease - Qf7). Tafninment, nieasrﬁemmhaammtlﬁfampcles Gitingbe reagior ger Wtééﬁ’%ﬂc er is

again 5.3 m maxi mum di ter of . th i on, D2,
increased@%‘lgg‘.tg‘?‘r?‘(tﬁéﬂpﬁab © JoBy R BCtOL ?Fs%dstgeﬁggﬁﬁﬁ% entr ai nrrent of
2050 kg/h. At Hﬂgﬁﬁpérﬁﬂ@: HMldBdm’éam diine@ertis Aicreamdtto SGnpaFledetand
Conpar ati ve Exanpl is still |ncrease of .n |y redto
mnpaﬂatuﬁe:hemﬁrﬁpwem@l@wf@ép%@&PY de iy e Pﬁéé} o %5 %?Bn%% es 1 to

3 and the fact that the same fluidisation velocity is used, carryover increases to 2905 kg/h, an

increase of 75%.
In Comparative Example C, the reactor diameter is again 5.3 m, but the maximum
diameter of the second section, Dy, is increased to 9.2m (ratio of Ay/A, = 3).
15 This results in entrainment of 2050 kg/h. Although this is a reduction in
entrainment compared to Comparative Example B, it is still an increase of nearly 25%
compared to Comparative Example A.

Examples according to the invention.

Examples 110 3
20 In Example 1, the reactor diameter is again 5.3 m, but the maximum diameter of the

second section, Ds, 18 increas_ed to 10.2 m (ratio of Ag/A; =3.7).
This results in entrainment of 1380 kg/h.
In Example 2, the reactor diameter is again 5.3 m, but the maximum diameter of the
second section, Do, is increased to 10.6 m (rafio of Ay/A; = 43.
25  This results in entrainment of 1200 kg/h.

In Example 3, the reactor diameter is again 5.3 m, but the maximum diameter of the
second section, Dy, is increased to 11.9 m (ratio of Ay/Aq = 5).

This results in entrainment of 690 kg/h.

The above Examples show that to reduce entrainment when larger diameter
30  reactors are used compared to when smaller diameter reactors are used it is necessary 1o
significantly increase the area, A, relative to the area of the reactor, Ag.

Examples 4 and 5




20l n Exanple 1, the reactor dianeter is again 5.3 121, but the maxi num

di aneter of the second section, D2, is increased to 10.2 m(ratio of

A2/ Al= 3.7). This results in entrainnment of 7.380 kg/h. In Exanple 2, the
reactor qj again 5.3 in, but the maxi mumdi a second
section,%@%@ |%r132reased to 10.6 m (ratio of A2/ Al gg?%i@gﬁ:i% results
I n entrai nnment of 1200 kg/h. In Exanple 3, the reactor dianeter is again
5.3 m but the maximum di arreter of the second section, D2, is increased to

11.9 m(ratio of A2/A| = This results in entrainnent of 690 kg, /h The
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10 {luidising velocity increases the heat removal capacity of the reactor, which allows an
increase in the production rate to be achieved compared to Example 2, of the order of 10 to
15%.

In Example 5, the reactor diameter is 5.3 m, and the maximum diameter of the
second sectior, D>, is 10.6 m (ratio of Ay/A| = 4). This is the same reactor as used in

15 Example 2 and Example 4 again. In this case the gas density is increased from 27 kg/m’® to
40 kg/n® (whilst the fluidising velocity, Vg, is maintained at 0.75 m/s). Entrainment is
again 1600 kg/h. The increased gas density again allows an increase in the heat removal
capacity of the reactor, which allows an increase in the production rate to be achieved, of
the order of 10 to 15%. '

20 'Examples 4 and 5 show that it is possible to optimise the process parameters to
increase the production rate in the present invention whilst still obtaining entrainment
equivalent to that obtained in a smaller reactor. The presenf invention thus provides an
increased flexibility for the person skifled in the art to optimise the polymerisation process.
For example, the person skilled in the art may decide to operate with an increased

25  fluidisation velocity or an increased gas density as shown in Examples 4 and 5, or use a
combination of both increased fluidisation velocity or an increased gas density, or may also
or instead optimise other process parameters to increase production rate. Alternatively, the
person skilled in the art may decide to operate with lower levels of entrainment, for
example at the levels shown in Example 2, at lower levels than this, or at levels between

30  this and those of Examples 4 and 5, such as at 1500 kg/h or less.



10 fluidising velocity increases the heat renoval capacity of the reactor,
which allows an increase in the production rate to be achieved conpared to
Exanple 2, of the order of 10 to 15% In Exanple 5, the reactor dianeter
is 5.3 m he-maxi mum di anmeter of the second secti L:Sec0. 6 M
(ratio OPW%% X?ngg?. This is the same;yeactor as use |Hﬂ%@D@§gﬁ%le 2 and
Exanple 4 again. In this case the gas density is increased from 27 kg/ nB
to 40 kg/nmB (whilst the fluidising velocity, Vf, is naintained at 0.75
tn/s). Entrainnment is again 1600 kg/ h. The increased gas density again
al l ows an ¢yaggease in the heat renoval capacity of the reactor, which
allows an increase in the production rate to be achieved, of the order of
10 to 15%I1-20Eamgrpatsiug fongss Bhassdlaidisedibedl polymepssion bf elefis, hidhrppeatuhe
process pa,ahBtars to increase the production rate in the present

i nvention Ir'st still obtaining entrai nnent equivalent to that obtained
in a snal |4ra fiwesetibon whikieispnepeight dytivéidal ssatidrhkis/inr 0Mhgesr, I, ander®ased
flexibility for, the per son skilled in the art to optimse the

pol yneri s #FEWMﬁFﬁkéﬁém For exanple, the person skilled in the art may

deci de t o Bparaind sattiod, fovidee tEHasan bové thdifekt s@kibs Bnd/ 8dnfiel bo®h an
i ncreased gas densjity as shown in anples 4 and 5, or use a conbination
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t o oper at éedtionhanddheehorizental erosstseetenabanemefithe sécond sxctiophlovatitsbhe beimgel s
shown {jn I . nthis, or at |evels between 30
this add Eﬁ%@%h%f‘%@%zr’%sgéﬁ%aiaﬁ“égéﬁmé@gﬁ%s%‘?"%t 1500 kg/h or less. WO
2010/ 03765BRaHefe2 00062186 11 C ains: 1. An apparatus for gas phase
fluidised b pol.yneri sati.on -%f ol efi rhs whi ch appar atus conpri ses:
A) a first secti ]ﬁﬁfeéﬁrfh?ng_ ABFTSgM cylindrical section having a
di anet er, Dlij) anche et 28661 hRNhad@a hofizont@Noss BictRnAereNd, SQatH /N
provided vertically abgove the first section and centred about "a common
vertical axis to BeHEngr 26 Epes the erosypectiprad area.chs phibe firfigedsiame of t he
seconds;seet i on ARawh9: chﬂ?{dc‘i - ' di-ae .PLl and being
joined to the topﬁgf tﬂg&¥+r§ se%%ﬁgﬁ?é%ﬁﬁﬁ%%%gﬁ%%%%ghggf&gﬁgggﬁggctional
area of t vegedwbated conwin vdbdyideibbgzddal erdsesegol ige eatasest widnhdighe
Cross-sect,. , e section, characterised in that: i1)Dl is
greater t%g%q%g%r}gﬁiﬁlggﬁ&fgedge? %ﬁ'second section has a nmaxi mum hori zont al
cr oss- secBi onaAnappaaiudd;contimgie d]aa’m 1 wherein the second section comprises a lower

part which is in the form of an inverted truncated cone, on top of which is provided a
20 further cylinder, said further cylinder having a horizontal eross-section of area which is

between 3.2 and 6 times A,.

4, An apparatus according to any one of the preceding claims wherein Dj is at least 5
metres.
5. An apparatus according to any one of the preceding claims wherein the second

25  section has 2 maximum horizontal cross-sectional area, A,, which is between 4 and 6 times
the cross-sectional area, A;, of the first section.
6. A process for polymerisation of olefins, which process comprises polymerising one
or more olefins under fluidised bed reaction conditions in an apparatus according to any
one of claims 1 to 5.

30 7. A process according to claim 6 wherein the fluidisation velocity is at least
0.81cm/s.



between 3.2 and 6 tines the cross-sectional area, A, of the first

section. 15 2. An apparatus according to claim1l wherein the second section
is in the formof an inverted truncated cone in which the horizontal
cross-section area increases with height over the whole height of the

section. 3. An apparatus according toQ clajml erein the.second section
conpri sés a !%Meﬁé‘ﬁ?o#ﬁ%ﬂc@ﬂi%rﬂﬁ?émdow B ﬁg?%‘%f’&ﬁ‘f%ﬁft%?uncat ed cone,
on top q{%&@ﬁlg%aéﬁapfe%&'%ﬁ{?pgeife%hhﬁrleﬁyﬂ gf, said further cylinder

havi ng a horiZontal cross-section of ‘area which is between 3.2 and 6 tines
A . 4. 9AA appas atawsdiag conmi ovg dfciamy 6608 vdferdih thepmsregiang outl ithes wher ei n
D is at least 5 nefres. 5. JAn_appar at us, accordi ng. t.Q. an f the
pr ecedi ﬁaa%qramﬁsumﬂéséﬁ%a%*ﬂ%ﬂ‘é%@éﬁ%ﬁ%@é’éﬁ‘%ﬁ?a tggp%{q"f?ﬂ%%%‘fﬁ%?l i aglo nt al

Cr 0SS- SekEONAE 2@hERp Adhe MALGR ik 350ty BNleds. and 6 tines the
cross-sectional area, A, of the first section. 6. A process for

pol ynmeri sation of ol efins, which process conprises polynerising one or
nore ol efins under fluidised bed reaction conditions in an apparatus
according to any one of clainms Ito 5. 307. A process according to claim®6
wherein the fluidisation velocity is at |east 0.81lcms. 12 8. A process
according to claim6 or claim?7 wherein the gas density of the fluidising
gas is at least 30 kg/nB, preferably at least 31 kg/nB. 9. A process
according to any one of clains 6 to 8 wherein the entrai nnent out of the
reactor, neasured as the amount of particles exiting the reactor per unit
time through an outlet pipe at the top of the reactor, is 1500 kg/h or

| ess.



