WO 2010/ 037652PCT/ EP2009/ 062185 1 Method for the production of polyners
The present invention relates to nethods useful for the production of
pol ymers. The production of polymer powder by pol ymerisation
reactio f rs in the presence of catalysts is juwell: For
exanple?agﬁ%ggggggeare known and wi dely 5 operated coﬁ#gtg?ﬁy éﬂﬁsing bot h
fluidised bed reactors and slurry phas% reactors. In the gas
fluidised bed polynerisation of olefins, for exanple, the polynerisation
is conducted in a fluidised bed reactor wherein a bed of polyner particles

is maintained in a flui dig@& sifata bé neans oﬁ. an alsscendi ng gas stream

conprising the gaseous r 5 : our se of
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process egRl oS ofcald il $R1IABWAT P&t kOmlleShibidasth Gre R vl M GHading gas to

the bed, and to act "as a supgort for the bed when the supply of gas is cut
g

of f. The emskatedbeompmerdialiiusing bejbfbidisgdbegireasioraind stEprphepeicadaSt or via a
di scharge condyi I, i . i : r the
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cont ai n ulrcendictd ind foidised bad tkacivheheteyds bmlaf polynep paiticlss {sfragintainedtiyl e,
hydr ogen, et hane, t hane ropan ent ane, hexane,.. but an nd_t hese
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expl osi ve | evel s in downstream equi pnent 8r éﬁb%iéﬁ;vi ronnment al cg%ﬁt raints
bei ngl®0 eolwaed@gon of the moppwer pad PRlmEr pdye) gn et e peftdtact ¢ he

produced pOlLYIBEss Whilstnfvélamel ArAn@ihSRyBRRAd pré@ufbhylofs £ tdis@ionCisidr ent |y
flowing inert gas, such as nitrogen, to renove entrained nononers and

ot her hydicotisttibsn the fividising gegrories base andioact asd suppator Pagrgd dren ghe

"degassi ng" .. 25Ther [ [ . ' i,he
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phase anda disthiaige Qhhbessaged ircthe thwey peuici o ttetresforsumah thedluisatioB 28d.758, EP
127253, EP 683176, EP 596434, US 5,376,742 and WD 2005/ 003318. US
4 3750556, 1 or THSaHES POt e BOLGASerRh Ty aes WIRPLRC NOBSTER | ner
gﬁs 30| sugiy cﬁﬁergiyﬁfoﬁﬂgﬁl? ._f,}éﬁéie% Pﬁr e8| hyﬁfog&ﬂre&ﬁﬁé,eﬁbt@&&gﬁ?nﬂmmfmé, from
t he pol yner product. Solid polynmer is conveyed to t op o pur ge
vessel byhdraahdulne)Adithrss moggesAat offjer g}‘n‘f'P?Fgl?otns é‘é@ﬁ‘l %"? E"&}ﬂVF‘gfrPﬁttE% duced
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2010/ 037652PCT/'EP20091062185 2 counter currently contacted with the inert
gas st r eatnriesivedarplsintdewnsimraanequinment ot U $ovisrsirpial consgainistingol i d pol yner
produ%. ;{lge&gareact ed nononers nmay then be mxed with an inert gas stream
ten

which™1s © passed to a flare for disposal or vented to the atnosphere.
One step that is typically used is to contact the produced polymer witha gasina

purge vessel, usually a counter-currently flowing inert gas, such as nitrogen, to remove
entrained monomers and other hydrocarbons. Said siep may be referred to as “purging” or
“degassing”.

25 There are a number of prior art patents which describe methods for the removai of
such hydrocarbens from the products of gas phase and slurry processes including such a
step, such as US 4,372,758, EP 127253, EP 683176, EP 596434, US 5,376,742 and WO
2005/003318 .

US 4,372,758, for example, describes a degassing process which uses an inert gas

30  such as nitrogen for the removal of unreacted gaseous monomer from the polymer product.
Solid polymer is conveyed to the top of a purge vessel by means of an inert gas system, an

inert gas stream is introduced into the bottom of the purge vessel and the solid polymer is



5EP 127253 describes a process for the renoval of residual nononers from
et hyl ene copol yners by subjecting the copolyner to a reduced pressure zone
sufficient to desorb the nonomer, sweeping the copolynmer with reactor gas
which is Lhert gases and recycling the result nt.ai ni ng

t he desoﬁ%éggﬁg%gﬁgr to the polynerisation zone. A nuﬁ%%?ggiwﬁgﬂ%%ws
affect the rate at which the residual fononers and ot her 10 conponent s
that m ght be present are renoved. US 4,372,758 descri bes a nunber of
these, including tenperature and pressure in the purge vessel, resin

particle size and r phol ..npnonmer conceniration.in the resin, purge
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reduced t oviangners sassirarE Yhichoe oftgn passedie @ fiserdos disaesal arvsaiedEnte but

al though the.d8ai rements can be determ ned experinentally or by past
process experience for any particular polyner, the relationships are
gener alsl y conplE@x127253 destmbagarpsocsss fod wpemeval hbresidua) enoniometsdfra pthylene

difficult to remove al.l resj I [ S LN C ] r... Thus,
whi | st purcé’gdgggmx)gtsgéj?cﬁf%%g@é}ghr%eg??%fa/ed%?ee%\})ér%ss%r? Qﬁ% y ro@é@@%ﬁ% t%‘fready
present), mhewpefakatgngtd copsiyaienwith tdanles gaswiitieisdegasBiertgaskepd may al |,
in theory, be_increased to give .conplete, hydrocarbon repoval for any

par ti Ul AFeOliBgEE oS g% FATEREE e Aesbr PROGHE(D SR HESHoEHEN | ¢ | s
conventional tAhaimERel facRrPaindcs thefrath HEWRICR RGBS AL AR ahdghgol ymer even
after degassing, and storage silos are nornalléggurged to prevent_ buil d-up

of hydfoc eremepiibemaichRfRsIRLERATROELNES f 3847 phdesonbesaaiatberd theser
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to producease uerice O ) rgnt po rs by'va|at|on 0 ctlon
condi t i onspommaehcasetteor imtheresin putgsasn otmpostadmanehen donen(} Rbpurzas

"transitionipg’) Wt hgqut having.to shut-down.the .reactor hi_s, being a
so cal | ed Bty ity AL ML . TR RGNS At b B hlyrel s M e
opti m sed if e pae®esde] inhed@dbiy e respluatitioiicimdr ate] 1 tidpolp@enmade redieghissi ng
processes afe often designed to be relatively inflexible in operation for
degassing $ 1@%&%@?@9@%@#@@@%@%@ S TR GRBuct s,

Wi th nore RferhRes eiﬁkih%ﬂfaﬁg@ﬁ? pedl ﬁﬁd&@ss%&péﬁ%@ﬂfr afy PirB@8arPely@eerithe deal
with the residual hydrocarbons rather than variation in degassing

condi t i ongd¢lationships pisresnerells pRIEHICX WO 2008/ 024517 has described a net hod and
apparat us for LYY b b RcOf ARG R0k (e RPARbSM AR carblnd Ni S

di scl osure a purge co Sﬁn nngéﬁ@is escr?@edﬁ&%F@he?S based "on nass
transfer tihewegpnomimmanriecHltius, Wikt purge gesrates| purtresad egaiy<leng qfr ocess such

t hat e punae rate ar i 1 -pQl ;
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only as aciiymakeradetihaeandel gioncouplels hivirocablmeathvalfor argxanduzr it has
been found { hat del s based, on, mass transfer theory do nof accurately
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exper i mentaaiohits b By drbhiebRGirbiahinGh e polyrer bddrEFich éMeeN:. bhesitRké dicnd t he
gas phases are not the sane as used for a mass transfer nopdel as descri bed
in WO 2008rundlyprreeitip ereverdueidsun ofdydrosarbae yarsrrsdlgasssing gibdime from the

Furt heg, %%%Qu%%%ﬂman "accurate" nodel, it is incredibly conplicated to
incorporate such’a nodel into a process control system |In particular,
wher e t he pur g&urthéreini cpetatiob of ¥ apmmerdind pelymsrisaiompaekssatisfypical tthe
correspondi ng safety intetl.ocks in th rocess i C t_als e based
on e modertet f stitada e el ey By BORGR Sl R B SRR e

possi bl e vanpeadtive dryombnéher isad withdined (kpewa aettansitioding’h) evithodeavingomever ,

the difficulty of doing this whilst continuing to "guaraptee" safe
operation? Wﬁ‘%@ﬁ‘s‘g‘%rw ﬁt{;ﬁze’é’gﬁﬁf’éﬁﬁ? PG yl?qﬁgat P%ca‘ﬁgf@% hese

saf et gocorsiAShAta9MS welldptintisdd fonsodie FUBdpdIPEle! Sohts th@ahiphShsshaRp i N
which the purge rates in the degassing column are varied based on a nodel
out put st i9PEasHiag m%sspharéﬁ@ﬁ&éﬁ%&ﬁ%g@@weﬁé@%%@ﬁgl Wertierdorglsgissigs far
fromthe "opti num val ues taught by the nodel and with a nuch reduced
variability than m ght otherw se be expect ed. In contrast, it has now
been found that, when transitioning fromthe production of a first polyner
to production of a second pol yner under gas phase pol ynerisation
conditions, the change in conditions for the degassing process for the
second polynmer can be relatively sinply controll ed based on the degassi ng
conditions during an earlier polynmer production. SUMVARY Thus, in a
first aspect, the present invention provides a nethod for transitioning




4 pol ynerisation apparatus conprising a reaction vessel and a degassing
vessel, in which the respective first and second processes each conpri se:
(a) bringing a principal olefin and a conononmer into contact with a

cat al yst Qder as phase polynerisation conditions in the reaction vessel
to form theH8&y&% i ve first or second pol ymer, wher ei ICTEER2009062385 and
second process utilise the sane principal olefin but differ in at |east
one of (i) the cononorner used and (ii) the reaction tenperature at which
the polyner is produced, and (b) subsequently contacting the respective
first or second polynmer with a purge gas in the degassing vessel to renove
unr eact ed ShBwerrigne prulueist with swie orrieﬁsna&zanpﬁ@ad@mhgﬁ stibyequerd AoragEoni ng
conpri ses j f r i t-he.d sin ssel from
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rate, X2, usedMoog redefiasWiOhgoa0Mhe7 bachnaitpd bymehod dfdesppaansdorr at e bei ng

defined rel ati.ve tg.,the flow rate, X —and.t rature, T6 used for_ an
earlier pdlyHErs %@%ﬁﬁ@@ﬁm&ﬂ’?ﬁq’% &Wgégﬁﬁﬂé‘ilaﬁ’qggﬁs SYTF) & PRS0 r as
t he secongk des@ibes shichiodsbe of @R6S ir0Rfd: GEBRY, atdHvRich TPuded t§ Ashuoegrnd
process, and that a. where T2 is increased relative to Ti, X2 is at |east

1% | ower CFEEFSISE Prgpespsich that thepyrgstesimaybe vabamhdsnsadens oxdremolumpaieba2 i s
decreaseddemb@hi ve to Ti, X2 is at |east 1% higher than Xt for each 1C
decrease in T2 conpared to Ti, and c. where T2 is equal to T, X2 is at

| east equal t oHywevepsushea psicgssaspedatively cmplidaied, andiissmbpachcaspect the he
present i ti - Qr-0Vi o I 0 i on of ree.or_nore

pol ymer s ?J\rél’ggl olf)l%%g%réibgg%{ gﬁp%{):ar agtﬁlgf Béseggﬁ&&pdoﬁg?tr‘%?ﬁleg%qsg%oﬁﬁﬁﬁsr at us
conpri si ngamsfar deeoty ot essedtclyneprasedetpa dsgngny eseeds, Inanaticddrdit Rt theg
conprising: (a rodugi r first.polynmer, .(b) transitioning from
product i oﬂ)"f}é e%ﬁ?‘ﬁ'ef‘ﬁa'ﬁ%'}gﬁgpﬁé’?f ?lggf}%’@)ﬁaﬁ?ﬁ‘?(eﬁ#e&f %s‘g’é‘é’é‘aéhep%‘ﬁyﬁﬁe? (c)
produci ngard abtrkhs e uged FoFRImash ndréraRsdel kPdsBbed ik MDR0DOGESI19N of said
second pol yner to production of a third polymer, (e) producing said third
pol ymer, VPFhreiyestithersoumey of fushanadslsr equired to transition to and produce
any further POtYIBE Svéulwipf a “RUHGRE mERE i iD HoIEiy BELBARLAI R e
bringing a rmmggl ol efin and a conononer I nto tontact with a‘catal yst
under gassyshasodgloniprenTpesss comirad eyatinn i Inperticnlat, veherethe tourge ratesselbet 0 f or m
t he said i | r i_n equent |,y .caont acted wi.th a
pur ge gas@iﬁxt S‘iéggg’é@iﬁ%‘gm@g‘sﬁ‘gﬁ °¥‘§§’P g%ﬁl%éﬁ%tﬁﬁ%fg@?%é anBTeEs: ein

t he produntitaiso bk badetl os dhedmpdd] yirgus nuseBe tdi @ asie whidhntiopaor gl &ki n but for

Feact | on RSBV AN TS 3 HaRG L RLP PO E 0L B EStTeD ey % t h ¢ he
further picivg G WHIRE confinding/t6 BStarite bR MpbltioNidchAs GO AR R PRy b

changed atgd iré aé | east _one transition the reaction tenmperature is
changed, GH#0 ﬂa_ %P%’rqfélé‘?feiS#BMFIdF@PO‘@aEHP%Mr%Fh mgdgiata/ged’ two or
mor € bandgseY § Whith theTRRGErRS it BRREEAME @Sl 22 Qﬁtﬁéaeoakaf@flamaae of
tenperature used to produce the polyners using said conononer are defined,
each of taqwpwt piilbeesiyis ippperajion wheneshet decbssing mderse dpdraien far froodtheed at a
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gas. in tdierdsghssiprgiedessel , wherein, during production of each pol yner
to be produced, the flowrate o e gas . in.the degassi ng vessel_ is at

| east equal ?%b?nrtir@s‘f 1168 Py &° éﬁ#ﬁ’%&d&ﬁ?ﬂ“ﬁ‘ﬁ@“ﬁ%ﬁgﬁﬁ% H%‘?“Wﬂ”c‘?fasai d
pol ymer fiaktip®iynieeb probesiontdTe skécdid ol undergad Pha8 @oBehe Bt O anot her
polymer withi.n the same band, .during each transition the flow .rate in the
degassi n§oputians thechangs in canditions oy the degassing pracessder dggegond GObMET FRbwW r at e
associ at @d rihtRl Hﬁg%%&%rﬁdl&hbd@em B2 debfsshi! YRGB oREIDMho 33 iet bINREY L O
falls. DETAI LED 'DESCRI PTI ON In the nethod of the present invention,
the fl owPredetiat t he degassing process for the second pol yner is

control | gghpxggyon the degassing of an earlier polymer which is produced
during t gn using the sane principal olefin and conortoner, and

t he tenper at uleugliif & drgraspedtnthe Ipeesceisiveentioneprpyidees seethddnfoptriaghitioney ar e
pr oduced I artigular,, withip _a I i.satjq i it 1S usual
to produ£r8maanfﬂfﬁ€8 OBy |rf?rgpléﬁ{0np8'f}n%$93}é g}%{%t@.é@@%{)ﬁﬁt ec%gui;olgeth%f a
canpai gnptodgctivat & ¥/ sdconid ypBinatiirinpe psliinedipabn akebhignan e pdlkeénysation be
"fixed" but it may be desirable to produce a nunber of polyners using

di f f er enfPREEHA rs and a nunber of different polyner using a common
conmononer, but with varying polyner properties, such as nelt index and
density. The latter generally requires changes in the reactor tenperature,
and usually al so changes in the relative ratio of the conmononer to nononer




(I')the sane conononer is kept, but the tenperature is changed and possibly
t he anobunt of conononer in the reactor, (2)the conononer is changed,
optionally also with changing of the tenperature. 5The nmethod of the
present ensures that degassing operadion remains within a relatively
narrow wi ndow i n which the safety requirenments for the second pol yner are
met but excessive anobunts of purge gas are not used over and above that
required for safe operation. The present invention achieves this by

ref er ri pglybrekation apparaar dongristhggassitiog viebssihandst degassing Yesselpr odiddtthon of a
pol ymer usi ny %Pe&%%rre cd?rmnorrer S the.second 10 process to which the

pol yner FSREGHSH B AHEHRPOHAHSTE S8 ™ ¥Pher than the i medi atel y

precedi ng @PbYABAg  Bitigalelfih Rad a 3GMosd1EE ihioccRtacChANgestalyst drdapgisat ure in
operation conpared to said earlier process result jn a change I@' degassi ng
flow rate. &ﬁ Belysperisafian gerrditiqns dia L rpgpdiop yessehie 1pFp Hisdespefibie URMpl e t he
m ni mum purg m%@g i i dto
operate, wl ecgﬁ%gi%@wéﬁgﬁge VW ﬁy\%ﬁcﬁﬂgﬁ%ﬁgﬁggﬁiﬁsﬁ tﬁ_iékgﬁee ]gla%ﬁ%?ow rate.
Because t he plefinbutchiff¢riipst leant ondof (bthe comepemergisod pyd gﬂéhﬁmﬁa@l@nr ates are
so sinple, the correspandi settin t safety interlocks in the
process may %,"‘3“8' m%ta‘%“édﬁﬁgﬁda c%rlsrg ’s‘?%g"fmegrﬁgd (and sinple) manner. The
full benef(b) sttsedubgtiycahauting ¢ redpanthedircinorzucae ehsndrlvati: a mirge farint he

pol ymer to bteh?degas,sed fromthe eu%yati gns of the present invention can

t her ef ore beGdcEaseing vessy)|tp rIOve IGAGIEGIIONONSIS i | 6 { o change t he

degassi Rfarhdt@Wed 81 Batfih meMEWHatMERbneicothpPk@hassnd ety RBSEU On the
i mredi ately precedi ng polyner, and_then base the subsequent_transition on

sai d polpyresizanindhesdegassingrisuel &pm 4 87shis donved Sgdegnssing afdhgfFssible to
Lrans L p8fielet R0 Solid ol ROWEPForBEMLURE Ur fe Lod @3l hESRBRALME S 10 1O

an incr ehperature and then Transition ba he first polyner or

anot her bping Wefied 28 atidego ther fiou cael a1 andtemperpee, 3, ursed fot anarlisopolymemirn t o
at least the original flowrate unless further restrictions are plied to
The i i s A seinpREp R e A e orrt bRt pf B8 StoPh o s pARLBEE L o
cal cul a&é@ﬁom@a@uﬁgggﬁsﬂﬁgeédnew@maﬁ@mred for the polyner after each
and every transition, or the safet rgins r jred nmu be e ded to
account f or&-affyeipde byipfgpse r?iﬁ%‘feetﬂ?@?wgérfee%ﬁ%%%i’{nf?ﬂia%ﬁﬁt, to
ensure safe opghakd AN, PMPared Puyber 30 of transitions the operator ends

up using a nuch thgher flowrate than_is actuaII?{1 required. Thus, in the
R

present i nvenwhen T éfdecmaesd relgtism g b K &yat Jeest I highgntban X Ersestel°G han t he

first polyner [ @:Partd t-F, ition, is used. WO

2010/ 037652Pcwd}%§2386'8%%df§%’!‘1 5 S A present invention relatively

si npl e cont e.ovhet T ireequelfa S&.i Rgisfat leastregua tof, toefenblysamaleaipol yner s
(second polyners) can be achi eved by always referring back to the
degassing conditions for an earlier polymer produced using the sane
co-nononer. This provides a much higher level of sinplification of the
cal cul ation of suitable flowrate for a 5 particular second polyner, with
a suitable margin for error, but always within a reasonabl e range conpared
to the value that would be calculated if a nore conplicated cal cul ation
were used. Thus, once the earlier operation has been selected by the
operator to provide




sufficient (safe) degassing for the paraicular earlier polyner, referring
back to this eanjiegcdfl epreatth®prdat iavintubseddent mahyddsrsprodgtioni dfh

t he sane conononer ensures preferred degassi ng operation even after a

| ar ge nunbehrepfortmemsspalyraers. in a polymerisahiph AR SAROPYBICIISANRY) PR2FRSY as
the refere : Il S t kEihONSsdel 58CAIMRARAESSESiskhe t he
sane comng&(églpggbﬁ%a'}eﬁéggtﬁegg‘"g?hnfllelrg@g%}rgm?" ’va‘%II E]g tf]e fi'rﬁ@'?lsrrﬁd in a
particul ar pealupiigen finsi podyrhére (bpmengterong rferm geodustos of cadl fist pobaesdp and
there will be different "earlier polyners: for,each,copono used in_ a
canpai gn. PHRAUGHIM Y ao“FCQ'Wﬁlep‘b'm&r{f’) gmmgﬂl%é‘%"o{“ﬁ@o mgf‘égtéa”fﬁlgf‘mmce
the val ues gy @%Qu&ﬂonf(ﬁrsaifdm%c&% hoighePR) ProRGSIGAl &F S@ird (pRIyneRCl) pRITRGAGE!
to be used In the canpaign, the subsequent flow rates, Xy, for other -

pol ymer s t saidehipt polymed (Mexepbaingassid steple e Fagk ed i gansiiagtogmdteduce\aaY ues

and the te rature T Thi s i ' I ' -1.0n
process th eﬁBS’éf&ﬁ&%ﬁ‘i‘t?@yp {:Oéjlu‘éelfil’ g{lcﬁln%&ggjggé)gild gg) r@%dr%gtlil f% ?obgfs?lg%‘g‘rag EIZ‘Z(#&?
i ndi vi dual ofegihy4¥ara témbeorpéoihse edntetr with @ catalypaimgder gasrphescapqdlmerisutian
simlar manner to WO 2008/ 024517. W { hout w shi ng'to be boirLc!nd 2'% tlgeory,
When the CESHARSIin) the TRECtOREESHr O T EIerad oo €T 81 TeisPY ¥R beng
produced, gyLRAly Wnthdled VRE e WY ahad alassild kel iderefRUEIBtdAGted

process do not chahge, or the changes'e._g-. mononer concentration, wll not
have a si gmichomens whdérkiadbe produptéordefglissiihpoly g usenibasame pringipdl ofavbut ound
t hat, once.the degassing flow rate for | p - t been
set, the djéoéa?é"ﬁ nlgar’fsf%)\% P dest @y %f;?gug‘{s%egﬁéh%&%%'l g%pﬁﬁpc} ggggtﬂés: rﬁ%ﬁ?\% t he
sane COonDNRfpEratiad ab®hith M ?ol@ﬁfeefsr}irﬁtﬁd:eaﬁs cieinged, weith the ffilnitteer arodvidoath@dn on

the relative tenperatures of the earlier. pqglyne oduction and the
subsequent apeAsy Aae TRRBERICHESHPMONARED §59 @3‘%@5@?5&?@2%8%68%5@%“0“ the |
particul arréa&fbﬁetehlggraﬂﬁgﬁﬁh%eﬂﬁm Sdraclflar i MM for EachScdAnoRRE &S B&T Y
to include any other paraneters I the calculdtion of the new flow rate,

- X2. Thus, itssd, tacodance bafids cubsringhe ranges ehtempeyaintes ovithindbe fual twee ahy

nodel - based on theories whjch att t :to.defi ’ | ati

removal f r STPERETS BEIR Prosinee %03?;8?&&}?‘“ Jaﬁdgg‘)srﬁ@r%gﬁg%%r‘P%'l"?(ﬁéag‘%&gtﬁe
equi | i bri umdeh@omyre Poigmeraty e préduced| begn® brodRcids as o ltehperamie whidbefillbased
on X* Tl and T2 as defined herein. A 1t is an irrport(gnt- agva ila‘%e of
the met hodwiintame of dsedalinedvlands dhr thfarelyysry comopPBer andierth SR S=HRE ween
‘the degassiagifal Gihefy ned LAL dfur3e RAGNDEL WiFBssARt S, dRGRSIdiEng al o
of the earlier polymer nmay be used. IOThus, in the present invention, the
degassi ng frbdutivaio€ each meyvhes éx bn grasinoed she iflowarstef of puyge 2asain i degasis | s

' drelati to T1 ' I t, 1%, . . ]
| nor ease. 1o e e How S8R aghlbpRiich JA7 g \MLAEERIISY,

tot, X2 i;ﬁ)l)&:ﬁeﬂ fens tand ¥nhisg kg trhiagions from emcpoliGed odamitten pelyinrer Mithin
conpared to t, and c. where T2 is e ue}ll to Ti., X2, is at | eaF,t Echual to X1,
pr ef er abl ghf-em bang, during each transition the flow .rate the degassing vessel is changed toa
flow rate at least.equal to the flow rate ass'bciated with the band within which the polymer
being transitioned to falls.

DETAILED DESCRIPTION |
In the method of the present invention, the fiow rate of the degassing process for the

second polymer is controlled based on the degassing of an earlier polymer which is
produced during the campaign using the same principal olefin and comonomer, and the
temperature difference in the resPecﬁve processes in which they are produced.

In parficular, within a polymeﬁsaﬁon campaign it is usnal to produce a number of
different polymer products. Over the course of campaign the catalyst “type” and the
principal olefin are likely to be “fixed” but it may be desirable to produce a number of
polymers using different comonomers and a number of different polymer using a common
comonomer, but with varying polymer properties, such as melt index and density. The
latter generally requires changes in the reactor temperature, and usnally also changes in the.
relative ratio of the comonomer to n:ionomer in the polymerisation process.

Thus. transitions can. among others. be envisaged in which:



This is possible because, in a general gas phase pol ynerisation process,
and hence in the nethod of the present invention, mniml, and preferably
no, specific heating or cooling is applied to control the tenperature of
t he poly t removed fromthe 20 reactor vessel prior to the
degassingﬁiggggﬂgﬁand thus the tenperature of the pol§ﬁgpﬂzﬂ?ﬁﬁ?ﬁb t he
degassing vessel is directly related t© the tenperature at which it is
formed in the reaction vessel. In conparison, in a slurry phase
process such as described in WD 2008/ 024517, it is conventional that the

slurry renov fro he reactor is.heated and passed to one qQr 25 nore
flash vessel 3?1) in \r;%lésé T He a6t ’lstk\fp‘g#jm?fﬂfétempﬁ{i‘%ﬁe Pecé’f‘%gﬁgi@gf’%ﬁ%%d,
prior to purging. Reéanentefo@yodemeiigthe réfforexanple, to Figures 5 and 17
of WO 2008/ 02(2517. In the present invention, where the reaction
tenmperature i@ i ncrB&EURORoeE noPGmglealse wehphangingaf thhe earl i er
process, the flow rahgeurddur ge gas in the second process can be reduced

conpared to the earlier process. In particular, where T2 is increased
rel ati've 30 t4e mpthofnfithe presepensyres that degessingeperadon fronaieswithib@ i ncr ease in

T2 ; : i it b d d
rel ;'? irregrlig%n%}? Bﬁ%ﬁ%{dﬁg‘{ Ht}gn 2;He%luge Ss%xgs%ge}é‘g:férs ﬁlﬁﬁcgg‘gg?lggleé%ﬁé% eason

the ori gitwapxcessing anztueis o puies ges gminbi osedtohver anMBbove that required for safe

2010/ 037 - 09/ 062185 8 above .t, required mnimumflow rate for

the ori g?ozlé'lpag%% E&'% Fejs?lg)tﬁ?‘éqn PABT %ve%gu?hgy ﬁ%‘gﬂﬁﬁ Ea"é'“ﬁ%ﬁn SYIPIAGERSSIgan X f or
each 1C ifieor massed fortperduetid of Lpdiindrinsa@Ratest dothohbmeARGhEBS L Pr ef er abl y
X2 i;oreduced rel atitYIe to X,?g/ an amount of 2% to 3% for each 1C i ncrease

in T2Ycomparsdo Miueh the gplymegatiogds being ernsttigaed, rethen themthe émpediatelir e | s
decr easegrécadinf BosRELMd Eﬁc%@ﬁ%ny%%ﬁﬁ?c‘é&ﬁchﬁ?%c& 'ﬂ?teﬁ@%#aiuﬁé irpigp%ga%t%ﬁ’ the flow

rate of purge gas in the second process is creas conpare 0 the
earlier pPEREssto said ¢raliernredeay reswlhiaraechaines in ddgassieg flow miel ative to Ti, X2

is at |east &% hj; : h 1 ecrease.,in T2 conpared to T,.
In this case,éc/i?ér}\%:lgggiei.ng Siﬁ%m?%fsgé\? ts%%%)cgsggpf F’l‘%ﬂ’ﬁ?ﬂ'&?%}r’ém?ﬁ C€Rt s :
m ni num dlessaiedelovawbish dinyproedsetsynol Slleontielopsatepuill sIRebectab ot W bach

doi ng.so.. Preferabl 2 is ihcreased by |l ess than 10% conpared to X for
eac hq 1c ﬁtel%rggéi}s%urgﬁé?seﬁ;i% Fa?i?- Lﬁ}éa‘fsﬁ%? I'EB{‘E}?FE‘&?SJ‘EF ihgmpyel ‘@ﬁ@nﬁ’rﬁ?ﬂ ther ef er abl y
i s i ncreaege ritys @8 sasRIpN, tof cod¥ioRdilhsbOngeas ek elPRISREE: infthe oGalPar ed
to Ti. Final ls%%%v‘\f/ner , 12 is equal to Tk X% is at | east equal to X Again,

in this E448 PTG BASTORG SR |(Bre ¥imple) sragpars Thedfvllibpnefsrod thehan t hi s
n 1 ) RSl
T ey Socsiethoguen . BSUBEANCOE RSt WERE T EERE, O, 2019

so. Preferably,; inthis case the flowra greater than
X, more BRERfeRyefithe pigsemh invieninpecapdbareforobapidiser than Xi, and nost

prefegably eguRl;, &0 : t tethere.could be a differenti al
in the relativé | ncrrg’apsoéélhgeﬁg%g%?re @ges(ge%a%f’%f}?ew RSRT F&F‘é@"\fm%%ﬁ%?l&%per ature
changes. piodugsdrto boeibased o thetimomed2Gele peacedisg dolydier até ¢ead8édMye t enper at ur e
(relativ TO favours increasin | ow r.ates nor.e than may be necessary,
wher eas %?é%quf%cﬁagg@f’ﬂgnf@%ﬁgﬁﬁ%gﬁé SQPTHIEvER YIRS SHEE WEERdhSi ng t he

f 1 ow r at pessiblecte shsieiby from a first LNGEr friGudde aAs ShATRMLPERFST bW rate, X2,
is defined relative to& earlier rate X the units used are not critical.

Never t h elngEeased temper. By then Gapgitionback the G polyraer eymnetberywl@Bergas
ent ezj ngal&&ﬁod@%&%§ﬂﬂ@eﬂ(ﬁé§ﬁf& T, 138 RS 985 1%?&1&%‘@}%3{ A& rﬁgﬂnlgs%

measured_using a .
er restrictions are applied to the allowable flow rates. In general this requires either a

more accurate calenlation of the degassing flow rate required for the polymer after each
and every transition, or the safety margins required must be expanded to account for any
potential differences over time. The result is that, to ensure safe operation, over 2 number
30  of transitions the operator ends up using a much higher flow rate than is actually required.
Thus, in the present invention reference to an earlier polymer, which is other than the first

polymer for a particular fransition, is used.



suitable flow neter through which the purge gas is passed prior to the
degassi ng step. I n one enbodi nent of the present invention, each
pol ymer produced during a canpaign will have a degassing flow rate defined
based on_its actual production tenperature (and the conpnomer used). In
such a s¥AWE®ery change in reaction 30 tenperat uPETEEAIPEIES, 5
change in the flowrate in the degassithg step to correspond to the
required flow rate for the second polynmer being transitioned to. WO
2010/ 037652PCT/ EP2009/ 062185 9 However, in an overall campaign it is not
necessary for every tenperature change fromT, to T2 to result in a
degassi ng f| dwthearesertiarrpiion sd@angopl @ﬁ@oiﬁmgﬁﬁsﬁgﬁ{é’%ﬁwﬁlﬁe

i nventi on el QM?JE Iy bS affSsl BY B1va9s lFaRiEE bhdrao flcow rat e
for everysugh%ﬁlge pthDl te%ceﬁogl%)? rsr%nl', ?o T2’a% V\ﬁ?gh the first and
second podispaesitg @nditippoituerehrlis mboner frodused vingyide sae eo-gionpErleABS | s
relatively snall S, . thef'r.st.%ﬁi t . . gtional
pur poses ’}{’io @aglélg]b}élgﬁg evﬁ%ﬁ%%uélglsigry g&%&fﬁ‘&é@%‘ggg"g‘%ﬂ%@@lﬁg’gﬁgow”‘r ate if
only sgral parfihamgesondpolyeieperitt & ntableemangthefor dmrshut ehveryk moilvitr ateasorrslyie not
changed, even though the reaction ratu changes,,.unl .es _

t enper at uFBEHFIRRFEHP i Vaﬁ?&tt&@e‘ﬁo“i‘,& %‘gﬁﬁ‘}%‘j"iﬁ garﬁﬁrg g?lﬁglﬁcagedd;@?cf“%ggn val ue,
for exanplgriGed 10To ensure that the safety requirenents of the degassing

process are still met, X2, and hence_ X1, should still neet the

requi r ement s Trasawey theearligr opsratiandas bpen sgircted by therqpgrator B PRVIEE as def i ned
herein. 1 g dhi |G L 00 S: SeAATLAR: LAY ot
necessar y&¢§E%(%g§{h?g%S 151%%(31@8%2%3%%& e é’gi%ﬁ’tr, |%g;¥é convenirelrﬁ to
def i nE0 t eopeestinforalbahstspertgolymenpiade vith IBGane cHMENYhE CaSHPRPTBIEPEE rat e

IS not chggﬁggﬁ?&é?prgfﬁggﬁj?;i e??iﬁaég%g‘% er%?ngﬁs‘i’t?“{ﬁ.ts produced within a

particul a rate onl'y bei ng changed when a
transiti on OCIH¢sBmk OealidraioBenatl uzg be Tded & theeiherce fardl subsdghatt of T 1.

General ly, the narrower the bands jn such an errbfjdi nltjh'etuhe.rmrq? O%J;i mum
is the delausionytiaiperndprocssys uéllngﬁ#’%?fﬁtet?,mo%mﬁr‘ é‘rl?g]gh EEligPOlI” | o
pr ef er r edyf1phe £2¢R: BAAH in £ParfiBAH danfraf AR T8e saht@ofiRhbnethshingsontry be
70-75C, 75-80C, 80-85C, 85-90C, 90- 20 95C etc, although it will be

readi 1y apresrssrandtthrse Wit beodiffseand Seapliengobimers rlonach gymp@onagy wasd i 2y al i d.
Equal |y tp&[@# no necessity for the tenperature bands to be a uniform
range, e.g. > "across the full operational w ndow of polynmer production.
For exanpl e, Hhehagthoddl thCprrsant eventendhasttbe adymetage thatmpee thegiebiss Xamnd T wi der

band, of e.g. 10C be us at_ . high e ; ) is
enbodi rrenf?r%%eé"'%fellr 8&%’5 i ﬁ‘%g%fc‘?ﬁ%ﬁﬁ‘%“%'ﬁ‘%ﬁﬂg%gﬁ%wﬁ %% cﬁéé&hﬂ,&%@t he | owest
t enper at uggbsepRiBdvatdsNX gdohothanshlymem cebd froduced ealyibessatilyaletangived t
degassing flow rate eral , tranij tions in which the conononer is not

..Ing
changéd ab#edpagess yalvgsian ﬁﬁ@mpg@glfﬁ fplicated that those in which the
comononer i s hapQekies Apfhck B¥Splétpdlim@ishEsh Sleedst alah endepbridahily ilcuiitiggal |

pol yneri sati on canpai gn, to produce a nunber of polyners )

degassing conditions for each individual polymer to be produced during a campaign, for
example in a similar manner to WO 2008/024517.

Without wishing to be bound by theory, when the comonomer is the same for two

25  different polymers being produced, a nurnber of the variables which might affect the

degassing process do not change, or the changes e.g. monomer concentration, will not have
a significant effect on the degassing requirements. It has been found that, once the
degassing flow rate for an earlier polymer product has been set, the degassing flow rate for
the subsequent polymer products using the same comonomer can be simply determined

30  relative to this and based on the relative temperatures of the earlier polymer production and

the subsequent polymer production.



30 using the sanme conononer in one sequence, before transitioning to

pol ynmers produced using a different conmononer, and produci ng a nunber of

t hese in sequence. WO 2010/ 037652PCT/ EP2009/ 062185 10 In this
enbodi ment . a sequence of polyners may be produced using the sane
comonome™&HBYE6% varying reaction tenmperatures, andPEREPPOYIOLES e in the
second process may be deternined based’ solely on the relative changes in
tenperatures in the second process conpared to a common earlier process
5At sonme stage however, it is generally desired to make a transition in
whi ch the conpnoner_is changed. In the nethod of the present invention,
this will restRartcHlas oaseiigdlegsssing gate &y 1Sidgterpped, ibls nphncstssee t¢ welidenced t o
det er m nedyandr p@MeRlEin zﬁ@cal&ﬁﬁwnro?%ef&h fidP ra€ SO ROt BRjidantt HET Wi se,

however, the sarme relationships apply. Thus, transitions in which the
conononer deubt Bk arrged ImEption Aeds|npt v anj erodalrhased anethearics edidrafitmpte can al so
.b e 10 ?asﬂl{:ﬁ{f%ecz%*mqgltaﬁgs 'ré}:nﬁg‘ll?ﬁgﬁﬁﬁfgélﬂxh&y 'él%nSuch as ma;rsl \Enlpsent

i nvention takes place In a polynerisatio adbara s conprising a reaction
vessel 5 anthearyabe gaeBbrivgn thesse Preferably, the vilne 61%; saalelyl calvulseesibatedamdX;f or each

pol ymer principal. ol.efin and a conononer are brought into contact with a
cat al yst aE’ gﬂgﬁg‘g&fﬁ'ﬁgs “Bbl yreri sation conditions to formthe

15respective flt[ssh iRhokar afehnRek YR method of TREpERAETVOTtiol B8 04y FBYpIDE any
suitabl e reaction _vessel suitable for operatjon of a _gas phase )

pol yner i sitatiopshirsbetwesn theplegpwingypiy requren fordbgiccend podyraenapd & dsgessing |
conti nuoui%wofiﬂ%@,Ilgggog,m%af),lbgiuggéed- bed reactor. Such reactors and their
operation are well-known, and exanples include EP 0 475 603, EP 1 240 217,
EP 1 UB4 344 ahusHPUE I888a1hveRPIvbe degassing lowaett fostid sssm] mowiss blasar e
used sequgntjally to produce a fmal polymer product may be present in a
comer ci al pol'ynmeri sation process. One exanpl e of such processes is the
producti on ofa. bitnedH is pakgestdydiaive so TsKp s 4t Yaastrieatiwar $ha8 PR fatehdlgldnder
different conditions.. |n such sceparios, the reaction vessel of step (a)
of the present PRVERIRoAPEPYREY dst reaction vessel in the sequence. For
avoi dance of raryheftODNE dedrBe@ MlhtiR o 2D X4eSHEt 199 Hidher SEQNERE eadBYChe gas
phase, especially fluidised bed, ;lgrocesses for production of polynmers, but
need ot be anddssespse indp cespmisido Thank| urry phase processes. In fluidised
bed processes, j 0 e f kntained in the
i O sed ot ot & by oy P Ta e R B "t e
monomers to beigis pyssilé besduse; svegdnersy sasphase padymerisstivreporessmed patogimr t hus

manuf act I f Or. .'sgg ral rajned fr the reactor in

or der toL&Egglﬁltht%ﬁg?éggﬁ%s“gél%gngllog’e prgﬁyanlgrﬁéﬁfgﬁ%liycrfoegmﬁﬁ{y eg&%[fgeoror | ess
const ant acolingri.apjlive tp comes shgenpeahiry ofthp bolymeaplolindt démated drongthed Whi ch
di strjbutes the reaction gas mxture thrqu t he bed of_ pol yner particles
and Vi o TERiRiS o5 DR 16 P Gieea e sieest) P Bos s oTRg b of # for the
bed in t hateng e dbakingWesdel id diefly AMES totthetehipsiaiBe S3Shich i @ 6RAGEON gas
m xture |l eaving at the top of the fluidised-bed reactor is recycled to the

base of ftth%rqa%"ﬂné‘@%%der the fluidization grid by means of an external
circulation cqpd@hparison, in a slury phase process such as described in WO 2008/024517, it

is conventional that the slurry removed from the reactor is heated and passed to one or

25  more flash vessels, in which the majority of the liquid medium is removed, prior to
purging. Reference may be made, for example, to Figures 5 and 17 of WO 2008/024517.
In the present invention, where the reaction temperature is increased in the second
process compared to the earlier process, the flow rate of purge gas in the second process
can be reduced compared to the earlier process. In particular, where T is increased relative
30 1o T;, Xz is at least 1% lower than X for each 1°C increase in T; compared to T;.
Clearly the flow rate, X;, whilst it can be reduced relative to X;, should not be

reduced excessively (unless for some reason the original flow rate, Xj, is significantly



The polynerisation of the olefns is an exotherm c reaction. The reaction
m xture 5 conprising the olefins to be polynerized is generally cool ed by
means of at | east one heat exchanger arranged on the outside of the

react or Lhg recycl ed. The reaction m xture may al so conprise
one or nﬁ&égpﬁgsgagonpounds, especially inert gases sﬁgﬂnggxﬁpﬁﬁgﬁen,
and/ or one or nore saturated hydrocarbbns such as ethane, propane, butane,
pent ane and hexane. One or nore conpounds nmay be injected into the 10
reaction zone in liquid form Vaporisation of the liquid in the reaction

zone provides the effect.of cooling directly in the_reaction zone.
Gener al | y,ag%ﬁaﬁwgq%dwur&ﬁgwéa@g@ﬁ@ pagipzl nolme). Frdsabings: Eme maresent

for one patanries loWaethsRXE oS RO dhGdask S ﬁhﬁ)eﬁﬁﬁ§§1nf2/cﬂ§xggreti% TOLA e fnost
pol ymers to,be produced during a_pol ymerisation carpal gn, altRough the
anount of PEGRERPIE Sapigatirsd prleme e Xnbyamanqunt pEesito B Ydof fashdAC ipotagnir s to
be 15 proqggﬁgpmgp@ﬁxarrpl e, where pentane is injected into the reactor in
liquid formfor one polyner it will usually also be used for other

pol yne? s r at Harcontirsh Whiaterthé regetion temptrmre is dearesst@ih thy sheomdpiessss not | east

because thi.s. i I l.v. more conveni ent .t han changi ng the hydrocarbon
used. Themﬁ)%ﬁ’&;%det(r&iﬂgea alr%eﬁp 1§58 i‘@wﬁ S PrEy gawtﬁfhseg%{]@raeéamse at an
absol ut e pressdrcempire? the extienprbedss. A PaBicliia wabe Blis ect@BRERRLVE R Of

bet ween 3_(11 LLDPE production the tenperature is

nd 130 or exanple, for )
suitably i %Weat ie&ﬁgié"’ gﬁgﬁrdgi@ngirfﬂr 5k IPiodecrease it Bagoernatedrie Ti-dn fhjpeasal | y
80- 115C dppeadhdific fBwihR sasmifickhidymsfe hiemEahRlMsh .dUéserE)t ade tml&ﬁsﬁ&b ymer
properties desired. . The total pressure in the gas ase
pol ynit i sSERICBAS PELIBETS S 3 sostpbdoing ot Brofernlyb¥1 indesmeag&i y Bssthen B0%%Pa.
" Princi pabonladdith 3 1 ' he-olefin whi.ch is incorporated
into the porngdduce'd. pocﬁéfar%fﬁ?:n&?{?géegflé%?%géu%f&%aﬁfm?%af%i'Js’rﬂ“)i.mcﬁguaI ly this
wi || al sopsterabhieis dcedaisent yr arsemdunt of 1%eo 5¥afot tah 170 dédise TS Aen@kRab est
anount ang which is provided to the reaction mxture in the greatest
amount . 30" Comononer", as used herein, nmeans an ol efinic reagent other

than the pri Finajig) widreTi i3.eqadldo PHDG s dtJedesjub e 3t Oadien 0GRS pREAt ed in the
pol y roduct. The principal olefin is preferably selected from ethyl ene

p.
and propyf&fEne Yoy THF é@?ﬁ@%@m@ﬁmﬂm not capise awsosabHpr ner

ol ef i n | Soneehe baRhare sl @6l adiohidn PRy, DR B Bl 2y 21 RO O

(ot her than tohe principal olefin). Suitable conononer ol etins are

et hyl ene,tg‘ﬁr Dp\Ereaite thay X messerefarablie the, rangefish kn/2%|zrqaten tiemeX and Mesct ene.
Mor e pref , r i I om,.k= but.ene,. 1- hexene or

1- oct ene.fﬁ%%%g%yegﬁﬂelﬁ %?{(é)ig}) é&?l%tiﬁlgkeglt%?iﬂg&% gglé% h%/?gl gmé’hgl P ARe e SRomer s

1- but ene,nare3sexandaleoreasts grthe flow resp edibm tdmpetaturb elampes. O paktiogting Beiohbr e

t han ~@ne resent in.the eaclier, first or second

pol yrrzg ri Se%%ﬁ%ﬁ@%ﬁ%ncﬁe%}éaggg ? Nileii (VS P ?5 SPYs dnrgeas CSiROTP esent

i ndeach. Hvengpr chectsspy] wharsasvampMadedsip ehPeafRaGiHiONRVeSSBbt | S passed to
a degassi

dggreasing the flow rates excessively.

Since the degassing/purge gas flow rate, Xs, is defined relative to an earlier rate X
the units used are not critical. Nevertheless it is convenient to use mass flow rates of purge
25  gas entering the degassing vessel. The purge gas mass flow rate can be measured using a

suitable flow meter through which the purge gas is passed prior to the degassing step.

In one embodiment of the present invention, each polymer produced during a
campaign will have a degassing flow rate defined based on its actual production
temperature (and the comonomer used). In such a scenario every change in reaction

30 temperature results in a change in the flow rate in the degassing step to correspond fo the

required flow rate for the second polymer being transitioned to.



10 vessel wherein it is contacted with a purge gas to renove unreacted
nmononmers (principal olefin and conononer(s)). The tenperature, T, in
the degassing step is typically in the range 50- 110C. As used herein,
this te t i,s defined as the powder tenperature t he

out | et Pgﬁiﬁ%&@§6355|ng step. 15The pressure, Ptot, HE?ﬁ%H@é@%ﬁ I ng step
is typically in the range O to | barg %100 to 200 kPa) The
degassi ng vessel of the present invention may be one of two or nore

degassi ng vessels in which contacting mﬁth a purge gas to renove volatile
hydrocarbons occurs. The purge vessel, al so consi st of a

degasser” in whileWevEdR &t OYRBHEC ’a%’s‘rtﬁ OHPrCETSad g’%"ﬁé”ﬁ?’é@@ﬁfregﬁmﬁem ngl e
degassi NEAIMADT, to result it Q¥ gaskitlp fB% AR BasdcABERdiRBYo R nidtRGEsTthd N Whi ch
different purge gases are cont acfed with the pol yner powder. It is a

requi r emepitesepf lrtvmwpr @S@ﬁtﬂuimi\ﬁéﬁhpﬂgihltﬂsr%lblﬁéﬂ thapge ﬂlﬁtf@“bﬁatepﬁ?i? §¥THas in at
| east one dgga 1Sn em er.):{mlsesl?clm ét%ﬁnﬁ?th@ Il B secditepdl ofifR¢d be
recycl e purge  gas an |ner or nmay conprise a ture 5 thereof. A
parti csil agdep mﬁlef;mpeﬂnhre dﬁfetrergass nek&tlwcltyrso‘géms it Rediret eonhodiprntgas” | as
defined herein, is s L eno fro t he out

degassi ngPieReLpp ﬁﬂg % 56’%!’?%3’%}% FeSTY 1) rese%eight;arr%EE éllq%sed to

the inl et & irbhs sﬁﬁﬂ%ﬁﬁig@gm\k%pﬁhmr@ﬂélnmmmethé ﬂbwtr&teartayamt changa‘.cbrmve
degassed hydrocar bons. In a pr eﬂﬁd enbodi resent

i nvent i oneveﬁlﬁhﬂ%é@%?s@i‘%‘@nmmieﬁhweéw ée"f‘]i’wregf %‘E’r(?fm%t?f:ﬁ”rfg as is
vari ed aSTdE{th‘ﬁQnﬂ?étﬁhx{‘a déﬁneﬁ%lu%'fb%xz%&alés\@ degassi ng vessels.

Preferably, purge gas to said first %asm ng vessel ("first purge
gas") 1@onpri sesTaensinedbat the 36ty regnirements of/bp degasvrpergaess pECSE 88 £rom t he

D010/ 037683t EEb Shaflf 898 By RIRFLmalt teblive KX of the relevanterteria ab

treated tor¢ sydpfigediicrtindatthis eommand clnahgmgebaé@shmyﬁbm cie fsoret nedessanyt r om

A second purge gas is ovided to fhe sec subsequ deqassrng
vessel . Mbst pr}g'f “&Iytﬂﬁ%eﬁ"é‘tﬁﬁ%mﬁw ésadso V%m %ﬁg-{rqe R heci al I y
ni trogen. A4, fof awn{p&tm@ﬁc sAbT, WheRCE guRb Fgeisgescimyedfor cansti@nt or nmay
al so be varied with éurrer product The cat al ystana d in production of

h

the edfli betvgen gmétrcts pr@uced vathinyd ParHighlay RREFalFp © PLFEeIRIF OBYI BFHEr ) and
second pOL' La e tr&{%ﬁxoﬁ%@@urs to/PRmperdedt )8 hndtid®and & Maes her ei n
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In general, transitions in which the comonomer is not changed are also significantly
less complicated that those in which the comonomer is changed, and thus it is often
desirable, within an overall polymerisation campaign, to produce a number of polymers

30  using the same comonomer in one sequence, before transitioning to polymers produced

using a different comonomer, and producing a number of these in sequence.
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15  respective first or second polymer.

The reaction vessel may be any suitable reaction vessel suitable for operation of a gas
phase polymerisation reaction. Preferably, each reaction is carried out continuously in a
gas phase fluidised-bed reactor. Such reactors and their operation are well-known, and
examples include EP 0 475 603, EP 1 240 217, EP 1 484 344 and EP 0 855 411.

20 Two or more reaction vessels which are used sequentially to produce a final polymer
product may be present in a commercial polymerisation process. One example of such
processes is the production of bimodal polyethylenes using two reactors operating under
different conditions. In such scenarios, the reaction vessel of step (a) of the present
invention is the last reaction vessel in the sequence. For avoidance of any doubt, the earlier

25  vessels in the sequence may be gas phase, especially finidised bed, processes for
production of polymers, but need not be and may, for example, be slurry phase processes.

In flnidised bed processes, the particles of polymer being formed are maintained in
the fluidised state by virtue of a reaction gas mixture containing the monomers to be
polymerized travelling in a rising stream. The polymer thus manufactured in powder form

30  is generally drained from the reactor in order to keep the bed of fluidised polymer particles

at a more or less constant volume. The process generally employs a fluidization grid which

- distributes the reaction gas mixture through the bed of pélymer particles and which acts as
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LLDPE production the temperature is suitably in the range 75-100°C and for HDPE the
temperature is typically 80-115°C depending on the activity of the catalyst used and the
polymer properties desired.

The total pressure in the gas phase polymerisation reactor is most preferably between

25 1.5and 3 MPa.

“Principal olefin”, as used herein, means the olefin which is incorporated into the
produced polymer in the greatest amount (by weight). Usually this will also be the olefin
present in the reaction mixture in the greatest amount and which is provided to the reaction
mixiure in the greatest amount. -

30 “Comonomer”, as used herein, means an olefinic reagent other than the principal
olefin, and which is desired to be incorporated in the polymer product.

The principal olefin is preferably selected from ethylene and propylene.
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The comonomer olefin is preferably selected from olefins having 2 to 12 carbon
atoms (other than the principal olefin). Snitable comonomer olefins are ethylene,
propylene, 1-butene, 1-hexene, 4-methyl-1-pentene and 1-octene. More preferably, the
comonomer is selected from 1-butene, 1-hexene or 1-octene.

5 Most preferably, the olefin is ethylene and the comonomer is 1-butene, 1-hexene or
1-octene, especially 1-hexene or 1-octene.

More than one comonomer may be present in the earlier, first or second
polymerisation process, although preferably only one comonomer is present in each.

The product polymer removed from the reaction vessel is passed to a degassing

10 vessel wherein it is contacted with a purge gas to remove unreacted monomers {principal
olefin and comonomer(s)).

The temperature, T, in the degassing step is typically in the range 50 — 110°C. As
used herein, this temperature is defined as the powder temperature measured at the outlet
to the degassing step.

15 The pressure, Ptot, in the degassing step is typically in the range 0 to 1 barg (100 to
200 kPa).

The degassing vessel of the present invention may be one of two or more degassing

vessels in which contacting with a purge gas to remove volatile hydrocarbons occurs. The
‘purge vessel may also consist of a “combined degasser” in which two or more degassing
20  stages are present in a single degassing column.

Thus, two or more stages may be present in which different purge gases are
contacted with the polymer powder. It is a requirement of the present invention that the
flow rate of purge gas in at least one degassing vessel is varied as claimed.

The purge gas may be recycle purge gas or an inert gas, or may comprise a mixture

25  thereof. A particularly preferred inert gas is nitrogen. “Recyele purge gas™, as defined
herein, is purge gas removed from the outlet of the relevant degassing vessel or another
degassing vessel, if present, and passed to the inlet of the degassing vessel, optionally after
treatment to remove degassed hydrocarbons.

In a preferred embodiment of the present invention, the degassing vessel in which

30  the flow rate of purge gas is varied as defined herein, is the first of two degassing vessels.
Preferably, the purge gas to said first degassing vessel (“first purge gas”™) comprises at least

a portion of recycle purge gas recycled from the outlet of said first degassing vessel. Prior
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to recycle, said stream is preferably treated to remove at least some of the degassed
hydrocarbons therefrom.

A second purge gas is provided to the second, subsequent, degassing vessel. Most
preferably, the second purge gas is an inert gas, especially nitrogen. The flow rate of said
second purge gas may be constant or may also be varied with polymer product.

The catalyst used in production of the earlier polymer, the first polymer (where not
the earlier polymer) and second polymer is of the same “type”. “Catalyst type” as used
herein refers to the common classes used to distinguish polymerisation catalyst systems,
and combinations thereof. Thus, “metallocene”, “Ziegler” (or “Ziegler-Natta™) and
“Phillips” (or “chromium”) catalysts are all “types” of catalyst according to the present
invention. In addition, “mixed catalysts” comprising two or more of these e.g. a mixture of
metatlocenie catalysts or a mixed metallocene/Ziegler catalyst system, are also considered
as catalyst “types” for the method of the present invention.

In general, significant variations, even within the above “types™ of catalyst are not
common within a particular polymerisation campaign. Thus, the catalyst used in
production of the earlier polymer, the first polymer (where not the earlier polymer) and
second polymer is likely to be the same or similar even within these general “types”. By
“similar” is meant within the same catalyst family. A catalyst family may be characterised
by the fact that the catalysts therein are of the same type and produce powders with similar
physical properties vis & vis absorption/desorption of comonomers

For example, metallocene catalysts within a catalyst family are likely fo be based
on the same active metal and ligands. Similarly, similar or the same activators or other
catalyst additives are likely to be used throughout large parts of a campaign.

Most preferably, the same catalyst is used for production of the earlier polymer,
the first polymer (where not the earlier polymer) and second polymer.

Generally, when the comonomer is not changed during a transition, the amount of
the comonomer, in particular the amount of comonomer relative to the principal olefin is
usually changed for the transition. This change is generally reflected by the polymerisation
temperature change, and therefore accounted for in the dependency of Xz on To.

The amount of other reactants, for exarople hydrogen, may also be changed as may
be required for the transition. In general, changes in such components do not have any

significant influence on the subsequent degassing.
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The reaction pressure is usually approximately constant before and after the
transition.

As described above, in one embodiment of the first aspect of the invention, the
polymers 1o be produced may be grouped into temperature bands, for example of 10°C or
5°C, within with all polymers will be degassed using the same purge rate. This principal
can also be applied generally to the polymerisation campaign such that particular degassing
rates are applied for each band.

In a second aspect, therefore, the present invention provides a methbd for
production of three or more polymers during a polymerisation campaign in a
polymerisation apparatus, said polymerisation apparatus comprising a reaction vessel and a
degassing vessel, and said method comprising: ‘

(a} producing a first polymef,

(b) transitioning from production of said first polymer to production of a second

polymer, '

{c) producing said second polymer,

(d) transitioning from production of said second polymer to production of a third

polymer,

(e} producing said third polymer,

() repeating said steps as required to transition to and produce any further

polymers to be produced,

each polymer being produced by bringing a principal olefin and a comonomer into
contact with a catalyst under gas phase polymerisation conditions in the reaction vessel to
form the said polymer, and said polymer being subsequently contacted with a purge gas in
the degassing vessel to remove unreacted monomers,

wherein the production of all said polymers uses the same principal olefin but for
each transition at least one of (i) the comonomer used and (ii) the reaction temperature at
which the polymer is produced is changed, with the firther proviso that in at least one
transition the comonomer used is changed and in at least one transition the reaction
temperature is changed,
and characterised in that:

for each comonomer to be used in the polymerisation campaign, two or more bands

covering a range of temperatures within the total range of temperature used to produce the
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and 1-hex
which said polymer falls, and

unless the fransition is from one polymer to another polymer within the same band,
during each transition the flow rate in the degassing vessel is changed to a flow rate at least
10 equal to the flow rate associated with the band within which the polymer being transitioned
to falls.

The second aspect of the present invention provides a number of bands with
associated flow rates of purge gas for the degassing vessel, based on the temperature of the
polymer production and the comonomer used. There are at least two bands for each

15  comonomerto be used during the campaign, and since at least two comonomers are used
(there must be a comonomer transition) at least 4 bands are defined in total.

Preferably, the full range of possible reaction temperatures for each comonomer to be
used is split into consecutive, non-overlapping bands, each with an associated flow rate for
the purge gas in the degassing vessel. A typical range of reaction temperatures could be

20 70°C to 120°C, or wider, and typically, for each comonoimer, there are least 5 bands each
covering a temperature range of 10 °C or less.

The bands may be suitably presented or represented in a Table or matrix with the
comonomer on one side and the temperature bands on the other in a general form as shown
below in table 1a, and as a more specific example in Table 1b:

25

30
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comonomer and in the relevant temperature band, such that during production of each

polymer the flow rate of purge gas in the degassing vessel is at least equal to the associated

flow rate. Thus, with reference to Table 1b above, for production of a polymer of the

principal olefin and 1-hexene at 85 °C, a flow rate at least equal to Y2 is used.

3$I luse:d for al



The second aspect of the present invention provides a robust but
relatively sinple control systemfor ensuring that all pol yner s to be
pr oduced are adequat el y degassed. Conpared to "conventional" processes

where a g assing flowrate is used for all 25
signifi cant redﬂgitél ons in purge gas f Q)N rate are achi eveé’glfogia‘m85
polynmers. The nethod is, however, hsi npl er than trying to defi ne

i ndi vi dual flow rates for all poI yrrers to be produced during a canpaign.
Exanpl e The fol | ow ng Exarrpl e illustrates the nethod of the present

i nvention. 30 roduce in.a se flujdjsed

react or usi ngpial-l %( % gjtigﬁpé’ mgfﬁ%a’?"z%fg%ﬁ’ e§a§neﬁvagﬁin and a
bed hei ghéurofz ck6h nmwaﬁ)nuheﬂow rMOIP02 ALQR 66 R/ 158?39@& t@@%ﬂc&@aﬂ&aﬂéﬁ&
degassi ng q[))dﬁtot ﬁﬁs conpri ses. tBre&éﬁ gges The first stage is a flash

col urm i n°34kA "eriby Hew site asgriatef avithdhe Band prithip whishi thppalpnerbengsrapsigignddn t hi s
stage. The fales pdinSvaHeeitiase @ Tabked stbloeeNfafmﬁl%tsg P Gm&Fthe/ N€ third
stage uses_nitrogen as_purge gas. The flowrate o nltrogen is varied in

sai d thi refnsipghelele ged irdaxeng et $hiC ot potpmenoflibs supegrindipebalefimine! ¥-1 ow r at e
is defi n%xéﬁat@ssérﬂh@ﬂowraﬂqpaﬁu %%Pa&e qeagpe uglotn%ororg%ot grﬁ, used

as descri bed above. The results of a poly nerlsa ion
Fi gure 1.atleast equglHe Y3n F DI at;talmtloylrfmm pmoummm of ﬂua@nﬂdslpﬁtolbgﬂmell Iheledeamne

copol ynerg rat ur xi mat el C. A nitrogen flow
rate of 730 Q% ﬁ)%%s use pnﬁlgglqu?%'tgrﬁ];ﬂg?‘t ﬁgvéstg % BOBr¥Ecti on of
an et hyl mheﬁgedtfmmmélcuupﬁlaylmﬁt eq84i36 Y10 dikeealat feabiQRARG YN € Of

appr mat el y is a slight drift downwards in tenperature). The
ni trogen fl owﬂhﬁ gh\%é%? ﬁ%’reé%ts%ﬁ s¢lerctad iR grmURHdesaBInE TP eI t i on was

an i ncr egsevitidtheQeqerea ($ars dtegasaagt%g gé‘ig&%thﬁ ﬁ@%ﬁ% bagHk, fi§ Eﬁp&ﬁaﬂ n

cononorner to produce a differen hexene co ymer. 15 In
the presdRMoBRARAN tempgraturasbaniit Fharflowi eate imeach bnpiemaltusndlyﬂw‘tﬂs@sonttbe

pr eVi 0uS 1540 ikperdld B0 ABAIAGCH Bald el PIE) 8 TS, Subsequently, &

further terrperature I nCrease | s 0 appr oxi B
further dﬂtfv‘terent grade ethylene/1l -hexene copolynmer. In this case, the

new tgnper at the next tenperature ban and the flow rate of
ni trogen is g{e t?(?léa& ?18 63%;6 ORgiy With & tlow rate of purge gas in the degassing

vessel at the associated value for a particular polymer {i.e. X1, X2 etc.) or close thereto, by
which is meant with less than a 10% increase compared thereto, since any additional flow
rate is exira cost with no economic benefit. Each Table is specific for particular- principal
olefin e.g. ethylene, but this is not generally changed in a particular process.

20 As with the first aspect of the present invention, and again without wishing to be
bound by theory, the second aspect of the present invention arises from the fact that other .
than the comonomer and the reaction temperature, a number of the variables which might
affect the degassing process do not change, or the changes €.g. monomer concentration,
will not have a significant effect on the degassing requirements.

25 Although not necessarily so limited, in general, the very simple relationships between
the degassing rate required for polymers using the same comonomer but for reaction at
different temperatures will generally apply as in the first aspect.

Thus, X2, X3 and X4 are usually at least 1% lower than X1 for each 1°C increase in
temperature between the start-point of the respective bands i.e. “b”, “c” and “d” compared

30 to “a”in Table la, 80°C, 90°C and 100°C compared to 70°C in Table Ib.



The tenperature was then reduced back to approxi mtely 108C, agai n using
1- hexene as conmononer. Thus, the tenperature is back within the sane band
as the earlier ethyl ene/1-hexene conpol ynmers produced, and the nitrogen

flow rat gyaesehigi.cased back to 1030 kg/h. 25Finally, P%}Ek’%ﬁmﬁ& g ng at
uc

108C t he cornononer was changed back to 1-butene. ThiS pro iS the sanme
as the original product and correspond18r1gl y the nitrogen flowrate is
changed back to the original value of 730 kg/h. WO

2010/ 037652PCT/ EP2009/ 062185 20 1. A nethod for transitioning froma first

process for pgoducti a.first pol r a seco rocess, for the
production of £)§?%Cbé¥r(r}gz’ E{Sﬁ a}?ﬁ@%‘{%ﬁ PB Hﬁ%ggﬁﬂb%%@}"?@ﬁﬂngﬁ %?,Iaﬁ?%i gnineryass
pol yner i sad teiperipRebétiveen the afafl-joalt Wik SRt HARRANA WSS SR P LRI 2

5 and a degassing vessel, in which the respective first

reacti on yessel
and secon;g?‘ﬁ?rg’é(&%@“’été)épﬁnt@r’?ﬁ?f‘géam (& ingrersagi ng a principal olefin and a
conononer 1Nt @sGatiated iﬂ"réspec@ofﬁ’alt:‘ﬁtr%%%pe‘df‘%e }Qf@s%npiﬁ@?ﬁio P%Fiwrzg{d mation

conditions in the reaction vesse formthe respective or second
pol ynef, RAS in aaiverallicampaign th deterovint {rgesing flowt rates S& vl isdiniluplr i nci pal

lefin b I i f (i) th d d (ii) th
Peact on. Poliil: & besodtbed SRS o I i B B RGL R Yo by |
subsequentloyeramnthiscetong ssfret ot pakinténvehficd talds a8 o Blcyfagithal foh a

purge gas_in.the degassi ng vessel to renove unreacted nononers,
char act er P& ﬁp?ﬂg’tnaltsﬁ’rgg?fﬁ% Kod g?wm[yr’&ﬂ@icwvﬁﬁ%eﬁtgmé%ﬂﬁ? tfegwsrafhahgfidag t he

f1ow rat efgfexatiplgof 0B dr3°C NehAeHR P AT eS SR ChdrofITHR thhdifbnsWRhGeep X! . Used
for d??ass%ﬁggof the first 15 polyner to a secon(“iI rate, X2, used Por

degass? ngP herodaesg i thinn parsrulat aperten Badathe gl age dolyibeing chatgeti ve to
the flow ¢t eXhsitic it W@feﬁr&:}éfﬁm@ T andig® Saddlr \Q’Henetﬁé ltszé)r?é]%o%geggsgﬁ {:I

produced during the canpaign ng the sanme cohbnomnmer

process, @hf@g¢he reaction tenperature, T2 in the second process, and that
a. where T2 i8] ed relative to Ji, X2 .is at,least 1% | ower than Xi
for each 1C 2 cr{le%'gl&gtgig ggrimnwelrgﬁ%%ar?g%% ts;s5C0pd 25pegt th fore ORI Ibe [ eased
relative depaSbing o2r b sangt of pedicts, %o BirghRLI B 14s if HrefpRs ForldackiBaidease in
12 coppared to Ti, Iamti:g;: c. where T2 isoeq]ual to Ti, X2 is at |east
equal ‘1o SAECIIgSxammples, the defined bangs may by Bive Ste(iod0%eddrdiSte, 450<0°6i m 1
wher ei N T@0-k85°0ts, ARBRGH Fek Al HeBadi ar@fiChat tHed batdls SPwitth Bf *L?;H | ower
than X, for each 1C increase in té}r%pa-egrgature in T2 C(S)rrpareic;i t% af’%@ The
met hod actelY Kyid bavatkyithsre ispecresessity forithe Yowermbcebands balts aenifagmTh and X2

torper at b e S e R S AR GA b B i TGl 185 R £
wher ei n Teandef §¥umay bousd aafldwx?’ tewmptreises; s BieSthndy et @ 0tt) araye
20 usedat “higher temperatures”. For “simplicity” the same bands are usually used for all.
comonomers, although again this is not strictly necessary.
The second aspect of the present invention provides a robust but relatively simple
control system for ensuring that all polymers to be produced are adequately degassed.
Compared to “conventional” processes where a single degassing flow rate is used for all
25  polymers, significant reductions in purge gas flow rate are achieved for many polymers.
The method is, however, much simpler than trying to define individual flow rates for all
polymers to be produced during a campaign.
Example
The following Example illustrates the method of the present invention.
30 All polymers are produced in a gas phase fluidised bed reactor using a Ziegler

Natta catalyst. The reactor diameter is 4.5m and a bed height of 16 m was used.



5. The nmet hod according to any one of the preceding clains wherein each
pol ymer produced during the canpaign will have a degassing flow rate
defined based on its actual W0O2010/037652PCT/ EP2009/ 062185 21 producti on
t enper at Ugg »ifalsfcbe cornononer used, such that every 0&9}36{1553(3“0”
tenperature results in a change in the flowrate in the degassing step to
correspond to the required flow rate fb%’, t he second pol yner being
transitioned to. 6. The nethod according to any one of clains 1 to 4
wherein there are defined 5 tenperature bands and where the purge rate is

not changegd for transitions between product r.oduce ithin a particular
Fener at or EhasRRerSing AR5t PPN UG POE e fro et dte Rt B8R o
occurs to the bepeyididdaged. o silppfOidl 68 uded idthisttdoB aThefecdrld stage ufes alThe

met hod acc&r?gi ng to any one of the preceding clains in which the principal
olefinis dlopenf oy elmpaias Bt e AME Bresit EHECRHRES PHEECEFonomer ol efin is

sel ected from HQlrBW:8R8f nikroldEX RNGraNH shidARE & R8ee de%en&@ﬁ?oﬁﬁfe%ﬂm%?cor di ng
to any one of the preceding Clains wherein the purge gas 1s an’inert gas

or is rlecyrsing preduged. ghe flowraigdnriingd fora setistafbendsrad dgpendet onthe et hod
according t.Q ﬂgﬁ%éerqgﬁeﬁgedtagﬁeﬁlﬁ g&guoqg clainms wherein the sane catal yst is
used for productron of the earlier polynmer, the first polyner and second
pol ynmer. 15 10.TAe msstitoaf afpoi yrperieltion ¢cantpaii drdsheemdn Fimrelpol yners in a

pol yneri sati on aratus, sai o] ymeri satiop .apparatus conprising a
eattion vesselTAANA PHAHEE BIHyETekEan Aiared sy A ReORYAmEORBHI R b2

(a) produGkmferaufe ot ShprE@iaay 108°C. A nifrdben FlodneleldroBd RY/MIAMseH. oduct i on of
said first pol yrmer to production of a second 20 pol yrer, Bg%)
produdiPhg sai d ‘deéEwgapiianugs to prefuckenpefsiethylangd 1exens AnebReLi 8% of said
second polyiRiced & REDG S irhdi1y 090! WER! is a shight driffd ihNg said
third pol ymer,ce25 a(erggﬁeﬁiggﬁégi%d st_gps as reqlﬁiﬂrse1 tto trodvﬁ{sv?a?‘?ggh to and
produce arfymparatutedrTho altyogen Sovoatsavgsiedensedito 1948 kol ymer bei ng produced
by bringing a pgl Q&bﬁ@ﬁaa%inec{ﬂ N TA Y Mo %D{é%’grg%r&ré‘{ooapg,&a{%%%e1 W bt 2

cat al yst under "‘gas phase pol'ynerisatron con FETons 1 the reaction vessel
to f oxithoheclzagdinpohynener aptoduat d diiftkantgradb eibplgnsl Heeepsanbblymer.

contacted wiith a purge gas.i.n .t he degassi ng vessel to renove ynreacted
mono mcalrss Inthe prcsegt exgmpi%, t%is is w?&n tti]‘xe samegtemperaﬂtre and as the prevﬂrngs proguct,

and no change in flow rate is made. :
Subsequently, a further temperature increase is made to approximately 113°C to
produce a further different grade ethylene/1-hexene copolymer. In this case, the new
temperature is in the next temperature band, and the flow rate of nitrogen is reduced to 780
20 kg/h
The temperature was then reduced back to approximately 108°C, again using 1-
hexene as comonomer. Thus, the temperature is back within the same band as the earlier
ethylene/1-hexene compolymers produced, and the nitrogen flow raté: was increased back
to 1030 kg/h.
25 Finally, whilst staying at 108°C the comonomer was changed back to 1-butene.
This product is the same as the original product and correspondingly the nitrogen

flow rate is changed back to the original value of 730 kg/h.



wherein the production of all said polyners uses the sane principal olefin
but for each transition at | east one of (i) the conmononmer used and (ii)
the reaction tenperature at WO 2010/ 037652PCT/ EP2009/ 062185 22 whi ch the

pol yrner %a?ﬁ%ﬁeﬂﬁﬁd is changed, with the further provkaﬁgggﬁggﬁgﬁat | east

one transi conononer used is CQaned and in a

transition the reaction tenperature iézchanged, and characterised in that:
5for each conononer to be used, two or nore bands covering a range of
tenperatures within the total range of tenperature used to produce the

pol yners Qﬁin _said conononer are defined, each of the three or nore

pol yners t'0®W€* produced being produced at a tenperature which falls within

one of the. def isngahdpmd srahafiodifefr6:@laeiraroeedn prifucicofeaif fosaekrhavi ng

associated wth it a flowrate for purge gas in the 10degassing vessel,
wher ei n, @SFIORE PRredden the Arosictionaf 25stpddiobieT Suripg & aolyaKTsatng CRPBHER at e

of purge 3ﬂpélﬁm‘éﬂi'k.%ti9§ 411 sH & PO InctiSatRdh abfsts B BHisidLa tAGionl vaWeS at €
associ ate th the band wthin which said polynmer falls, and unless the
t ransi i oand s d¢gassingorresghanyrhich the respestive firgh and spepndpropdsaestaaeh epamsispand,

L2 Sur 10 o ANEL B Y8 05 SABSSHTR BB Tbydgag o0
wi t hi n whiphise phismpdbativarcohditiogs ihrtiersadtionveskel o foat the. respctiverfstioosecond
according Lpeel 310, et el Lhe, bande 218 JRLESSLEd 330! Bl S
in at least one of (i) the comonomer used and (if) the reaction temperature at which the
10 polymér is produced, and
(b)  subsequently contacting the respective first or second polymer with a purge gas in
the degassing vessel to remove unreacted monomers,
characterised in that the method for transitioning comprises changing the fiow rate of
purge gas in the degassing vessel from a first rate, X1, used for degassing of the first
15 polymer to a second rate, X2, used for degassing of the second polymer, the second rate
being defined relative to the flow rate, Xi, and temperature, Ti, used for an earlier polymer
produced duriﬁg the campaign using the same comonomer as the second process, and the
reaction temperature, T2 in the second process, and that
a. where T2 is increased relative to Ti, X2 is at least 1% lower than Xi for each 1°C
20  increase in T2 compared to T,
b. where T2 is decreased relative to Ti, X2 is at least 1% higher than Xi for each 1°C
decrease in T2 compared to Ti, and
c. where T2 is equal to Ti, X2 is at least equal o Xi, preferably equal to Xi.
2. The method according to claim 1 wherein T is increased relative to T;, and X; is no
25  more than 3% lower than X for each 1°C increase in temperature in T; compared to T;.
3. The method according to claim 1 wherein T is decreased relative to Tj, and X5 is
increased by less than 10% compared to X; for each 1°C decrease in temperature in Ty
compared to T;.
4, The method according to claim 1 wherein T; is equal to T;, and X3 is less than 5%
30 greater than X;.
5. The method according to any one of the preceding claims wherein each polymer

produced during the campaign will have a degassing flow rate defined based om its actual
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production temperature and the comonomer used, such that every change in reaction
temperature results in a change in the flow rate in the degassing step to correspond to the
required flow rate for the second polymer being transitioned to.

6. The method according to any one of claims 1 to 4 wherein there are defined
temperature bands and where the purge rate is not changed for transitions between
products produced within a particular temperature band, the purge rate only being changed
when a fransition occurs to a temperature, Ts in another band to that of T},

7. The method according to any one of the preceding claims in which the principal
olefin is selected from ethylene and propylene and the comonomer olefin is selected from
1-butene, 1-hexene and 1-octene.

8. The method according to any one of the preceding claims wherein the purge gas is
an inert gas or is recycle purge gas, or comprises a mixture thereof,

9. The method according to any one of the preceding claims wherein the same catalyst
is used for production of the earlier polymer, the first polymer and second polyrmer.

10. A method for production of three or more polymers in a polymerisation apparatus,
said polymerisation apparatus comprising a reaction vessel and a degassing vessel, and
sald method comprising:

{(a) producing a first polymer,

(b)  tramsitioning from production of said first polymer to production of a second
polymer,

{c) producing said second polymer,

(d)  transitioning from production of said second polymer to production of a third
polymer,

{e)  producing said third polymer,

Ré3 repeating said steps as required to transition to and produce any further polymers to

be produced,

each polymer being produced by bringing a principal olefin and a comonomer into
contact with a catatyst under gas phase polymerisation conditions in the reaction vessel to
form the said polymer, and said polymer being subsequently contacted with a purge gas in
the degassing vessel to remove unreacted monomers,

wherein the production of all said polymers uses the same principal olefin but for

each transition at least one of (i) the comonomer used and (i) the reaction temperature &t



Y3 Z3

d-<eC X4 Y4 Z4 Etc.

20 Where: A, B and C

represent different conononers, a, bc etc. represent tenperatures,

WO 20101037652PCT/ EP2009/ 062185 23 XI, X2, Yli ;/2 et c. Ieach reprgsent

flow rat rge gas in the degassing vesse or a polynmer to be
L

pr oduced

band,
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which the polymer is produced is changed, with the further proviso that in at least one
transition the comonomer used is changed and in at Jeast one transition the reaction
temperature is changed,
and characterised in that:

for each comonomer to be used, two or more bands covering a range of
temperatures within the total range of temperature used to produce the polymers using said
comonomet are defined, each of the three or more polymers to be produced being
produced at a temperature which falls within one of the defined bands for the relevant
comonomer and each band having associated with it a flow rate for purge gas in the
degassing vessel, _

wherein, during production of each polymer to be produced, the flow rate of purge
gas in the degassing vessel is at least equal to the flow rate associated with the band within
which said polymer falls, and

usless the transition is from one polymer to another polymer within the same band,
during each transition the flow rate in the degassing vessel is changed to a flow rate at least
equal to the flow rate associated with the band within which the polymer being transitioned
to falls.

11, A method according to claim 10, wherein the bands are represented as

follows:
Comonomer

Temperature band A B C
a-<b°C X1 Y1 Z1
b-<c¢°C X2 Y2 z2
c-<d°C X3 Y3 73
d-<eC X4 Y4 ZA
Ete.
Where:

A, B and C represent different comonomers,

a, b, ¢ etc. represent temperatures, and

and
a



such that during production of each polyner the flow rate of purge gas in
t he degassing 5vessel is at |east equal to the associated flow rate.

WO 2010/037652 PCT/EP2009/062185
23

X1,X2, Y1, Y2 etc. each represent a flow rate of purge gas in the degassing vessel for a
polymer to be produced using the relevant comonomer and in the relevant temperatire
band,

such that during production of each polymer the flow rate of purge gas in the degassing

5  vessel is at least equal to the associated flow rate.



