WO 2006/ 082007 PCT/ EP2006/ 000783 1 Process and apparatus for the

pol yneri zati on of ethylene The invention relates to a process for the

pol yner i zaWdwogis2e’hyl ene or of ethylene with further Pcraredosmssi n which
the ethylene is polynerized in the presence of a catalyst in a gas-phase
reactor 5 and reaction gas conprising propane and unpol ynmeri zed ethylene is
circulated to renove the heat of polynerization, wherein the polyner
particles are discharged .continuously or discontinuously fromthe reactor;

t he pol ynePropesstandlapparatue fareipapay edizitiaiofethylenaj or part of the

concom tantly discharged gas and the polyner particles are degassed. It also
relates to_an apparatus for carr out the ocess. 10 Gas-phase -
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by reference. |n such eﬁrocesses 'ymer particles present in the
f1ui di zed BRPEralS & ROURAHBRPTESHTE] nuousl y or discontinuously and conveyed
pneumatitcal |y into a degassi ng vessel. Especially in the 20 copol yneri zati on

of ethyl en@aé%ﬁage 5&%@3?5’[104 ﬁr‘alzéigésrb?e SHfdis péc&b@s@&qh@ﬁolﬁelﬂf‘éflgﬁ‘@f:ethylene

consi der abl e tivel
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S bsuctel y b PR Bissihe ISR Bt TR, BTG RSk Ealel O SPhe

chr oni um canddiRyA-8 §7 p8dbywiiet srahéreby folly insbingriated by refdiencai t rogen has to be pure

nitrogen (02 < 2 vppm H20 < 2 vppm), which incurs not inconsiderable costs.
In additipn, EP-A- f the reaction

mxt e or MaPe SRRy mes P iRs PraREn Bh e drare gt Pdap YR xtur e
Wi t h ni tr ogetiscontisuasieingrd coneayed prsimetisallyrinia g tegsasingnersaliEspeciainiten i s made not
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pref erably

nes as.in n the ol particles
are di scha gouﬁggogoﬁ]cor{‘wgmfgé?ﬁeg] rw'&gf&ehrggﬁvefy}e%h\agg?%g SroUR ssexggl{hgt hyl ene are
al so di sch@ag@@lgawqmtﬂdséuqafeaéo“temnetr@wlhé}e polyinerpattigies. ﬁ@ewthp@m cles and,
because sepgitatvita sBbpifd @é’sQQ%Woﬂ@ﬂc@&nbé’rblﬂ@@rob&hdﬁl&ih@r&@Wif hlgrab@mhg or costly,

.9, DY Mealetho @ TRIBLANGE AL, cL3 SLIN! B0GeL S MHRLLY (%, fipggyer ed and

is lost t 0ses ss ng
t he p0|23§n~ePar‘£m|afly @|tt§asca|s¢10féhe chromium-catalyzed polymerization of ethylene, the mtrogen has to

be pure nitrogen (02 < 2 vppm, H2Q < 2 vppm), which incurs not inconsiderable costs. In
addition, EP-A-683 1786, for example, describes the use of the reaction mixture or of constituents
of the reaction mixture, preferably in a mixture with nitrogen. As constituents of the reaction
mixture, mention is made not only of ethylene and hydrogen but also of nitrogen and C1-C12-,

30 preferably C4-CB-alkanes as inert constituents. When the polymer particles are discharged from
the reactor, not inconsiderable amounts of ethylene are also discharged from the reactor together
with the polymer particles and, because separation of nitrogen and ethylene is quite complicated
or costly, e.g. by means of a membrane unit, this ethylene is usually not recovered and is lost to
the process. In addition, JP 60-079017 discloses degassing of the polymer particles in a

35 downstream silo by means of inert hydrocarbons, with the hydrocarbon used for degassing having
the same number of carbon atoms as the 1-olefin to be removed,

US 5 376 742 and WQ 03/011920 disclose a process for polymerization of olefin monomer
inciuding ethylene and/or propylene with at least one alpha-olefin in a fiuidized bed gas phase
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35 downstream sil o by nmeans of inert hydrocarbons, with the hydrocarbon used
for degassing having the sanme nunber of carbon atons as the 1-olefin to be
renoved. O® BOGFEROTA2 and WO 03/ 011920 di scl ose a procegs/dpd§ocRel7¥3Teri zati on
of olefin nononer including ethylene and/or propylene with at |east one

al pha-olefin in a fluidized bed gas phase 40 CONFI RVATI ON COPY WO

2006/ 082007 PCT/ EP2006/ 000783 2 reactor wherein part of the effluent stream
(recyle gas) fromthe reactor is separated and used for degassing the

pol yner . mEagorvearein pagt df toe affiiemhstreamdrecylangddiCrdd3the 1be@is sepddctitddi zpn asddyfort he
mDNOMer eégssrrgw&@mu MR hdlGy %%c%grgra%d'lﬁﬂldb%‘fbﬁwo éJaﬁoﬁ’aw@éS' ng. The
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recycle | mﬁ%pwr? @Bwb%gcf m tge Pﬁs beforedfs ushor e deqpasing: fbe disadusnigasctthishe
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reactor is her e e an 0Obj ect of the
present i HGENS 'Bltpetr?)%%ﬂ/é:ﬁ'gwet'ﬁét rﬁ'ﬁ%‘@bf?i’@ht{‘? BAHELErgRtion (RS indated bYdeof t he

prior artusemfnitregepr ovi de a process and an apparatus whi ch nmakes possi bl e not
only a high heat discharge fromthe reactor, satisfactory degassing of the
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catalyst 1 N as- hase react or par Icles and reaction gas

conpri si nff 'iber Y5fd f‘%{ﬁﬂg?fﬁ'ﬂ% h;?rﬁ’@'ﬁ”i“?é’&”‘é‘?%yl ene is circulated to remove the
heat of p‘?thlé’ BBt l§ 8RB b?’@ﬁrﬁ&:‘s@fo% e pa?hé/rﬁﬁron Bffj‘étﬁ)’léﬁle%ﬁof%ﬁf?le f;ﬂﬂéﬁr@?d

cont| gOUS di scont |'nuousl e reactor’, g g articles

are separ ?{Péﬁf’sf Ip WHiFR the ethyPot s B Y'Perﬁ?d ip Hi& PESSRRCE I ¢ %?'Yit/'”(ﬁ %R Sﬁé‘?fc °gas and
t he pol ynwerforpaolyinel pegicias endreg@is's ga$, comprising aeopase dndeepblyoferizsttattyiened fi ne

parti cl escxrc@l@tedtotrg’fﬁo@% He'até%a%@ftz%nfmmna | ow- boi ling fraction conprising
ethylene or froma high boiling fraction containing further 1-ol efins or

al kanes havi ng from4 to 12 carbon atons in a first separation stage, 30 -
a propane- f r atb¢ patymer saricesaaratiedhaged cqnmtausise@dﬁdometmslmtwrorthesimgxa and this
propang fraction

- the polymer particles are separated from the major part of the concomitantly discharged

gas and the polymer particles are degassed,

- the gas is freed of entrained fine patrticles

25
- the gas is separated from a low-boiling fraction comprising ethylene or from a high boiling
fraction containing further 1-olefins or alkanes having from 4 to 12 carbon atoms in a first
separation stage,
30 . a propane fraction is separated off in a second separation stage and this propane fraction

is used for degassing the polymer particles discharged from the reactor,

with the partial pressure of ethylene in the propane fraction used for degassing being less than
8000 Pa and the partial pressure of the sum of further 1-olefins and alkanes having from 4 to 12
35 carbon atoms in the propane fraction being less than 10000 Pa.

Unless indicated otherwise, all statements made regarding the composition of the reaction gas
are based on the conditions prevailing in the reactor and those made regarding the recycle gas

are based on the composition.in the recycle gas line upstream of the first separation column.
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is used for degassing the polyner particles discharged fromthe reactor,
with the partial pressure of ethylene in the propane fraction used for
degassi ng YWe2086/082669s t han 6000 Pa and the partial presgursp@boddies sum of
further 1-olefins and al kanes having from4 to 12 35 carbon atons in the
propane fraction being | ess than 100008 Pa. Unl ess i.ndicated ot herw se, all
statenments made regarding the conmposi tion of the reaction gas are based on
the conditions prevailing in the reactor and those nmade regarding the
recycl e gae praest ilvasted ecdurdslachighOwptaschdrgeframthé Ractoreoyhdh thegascohdengedupst r eam

of the fifsse a%@ﬂﬁﬁ@&d-ngé]\sgé%&ggbnd sﬁ@méﬁ%%%%ﬁ(g%@%@?&fﬁgdEaﬁrggrgfagglg%83 3 The

present invention ensures a g oth in the
noncondenSEFOTEBERINGAEPS v ac“ﬁé’s%?fﬁréfe%@éﬂe Wise & tBRECKclFr9es &r dedastirdfB® si ng of the
di schar gedisqbar‘gydwmynmapannands@esuresTdiﬁgmgrreespemlrenygf therdectiop gasnicbmpsigingf t he

propang UgffkrdeRnd BSp n@%ﬁ@%ﬁh@ﬁ@p ?'éaéiﬁ%sp?éfg\'g?l)t’ gb‘:ﬁmstg b%ﬂ&ﬁiﬂ%@%é’ mer

particles ensures a recover qas conprising 5
et hyl ene W& WBH%WEEC%’H’"H OReF?@”%'fC}“F'B%‘F o P%@'WWW”%W@‘P‘@%{%? %° consi st s
essent i al ingxiizeqhyopmneof thenmlesentiavet oo Hiree byly ecaremvuctalof eipganatrergmaendi t i ons.

I'n parti ciddhe rédfdy z—@@@ge{h@m%‘%é’dtécﬁa@é@&han%ﬁﬂér%@@n%esnaﬂ'%spr&fentt he present

i nvention, since on%g/ anpunt s hyl ene are renoved '’ fromthe
recycl e gﬁ?”f‘%’d’é’f‘ﬁ%? r{XF‘{TfI%P“E e fYPWRhdEsg@HC et hane. Further advant ages of the

preser® invention can be derived fromthe follow ng description. 10 The

gas- phas erfeehlss KBS R kn{ YForShe St RBASCrF s@ﬁﬁ@renhefrgrga@m@plmet ei ther. a

gas- phase 1 d
Do br r bR P Ear %6 RGBT R BT Pal  HT S SRR RES B Sl BT br ¢ he
pur poses oétetiahelspbarga®ssind. Fottbe putpases ofdhre, process of theripentioant is tnipattant gat | east

part of tRakGRaRL A8 dabtidh duili R if e (RRoGARROMR 17 RiytrePRth SARuBRIARI 1S in
particylate form 15 Discharge fromthe reactor can be carried out

pneu ically or with the aid of mechanical discharge systens, with
pneumat i cDigihgtgh oy dheredatay cpr leef aarried dut pheunatieally brrvp'ﬂhémaida@fdnqgmrﬁdabul arly

pref err edgigAage sﬁle'ﬁ%h@fh%eurﬁatn@@@br%?@@exhy pRRABS Ithe Elﬁ%bﬁ%ﬂ@%ﬂnﬁna‘a? adi ent
prevailin 20 The

D | DB aL b el B et S H e BRSPS o e
maj or par teagidr apgha dowfisiednadegeshingavessen be carried out together with or
separabely fromthe degassing of the polynmer particles by nmeans of the
pr opane ffaCtl 0

ami e, e 8o i prE Ry Rrtidoriths P TR amSBBR B ea out i1
a first vdieshagedsnrs caimee carried out together with or separately from the degassing of the polymer
particles by means of the propane fraction, either in terms of time or in terms of space. For
example, the separation of the particles from the gas can be carried out in a first vessel and the
25  stripping with the propane can be carried out subsequently in a second vessel. As an alternative,
in the case of discontinuous discharge, the major part of the reaction gas can firstly be separated
off from the particles and the degassing with propane can subsequently be carried out in the
same vessel. However, preference is given to the degassing of the polymer particles by means of
the propane fraction and the separation of the polymer particles from the major part of the
30 discharged gas to be effected simultaneously and/or in the same place. The degassing of the
polymer particles by means of the propane fraction and the separation of the polymer particles
from the major part of the discharged gas is particularly preferably effected immediately after
discharge from the reactor in one degassing vessel. The parallel arrangement of two or more
degassing vessels is obviously possible.
35
The degassing of the polymers is preferably performed counter-currently.
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25 stripping with the propane can be carried out subsequently in a second
vessel. As an alternative, in the case of discontinuous discharge, the
maj or par WQ004/¢83007eact i on gas can firstly be separat egcrafpbookosizi he
particles and the degassing with propane can subsequently be carried out in
the sane vessel. However, preference #s given to the degassing of the

pol ymer particles by neans of the propane fraction and the separation of

t he pol yner particles fromthe major part of the 30 discharged gas to be

ef f ect ed Ségﬁuélmmmmlymewwcmg adcording g tha presght incetionlM€and @GBS corgenddi t he

pol yrer pf’&ﬁﬁérq ofeﬁnéj hdlSF & eQEav %tcplié) .aor %thg ] maesslgpe%[@etd' on of the
%/ E% ‘?ﬁ%ﬁ H% di SE?’l rgg

pol ymer parti-cles par gas I's particularly
pr ef er abl 9%?%6&993@ ?ﬁf’é‘ﬂ‘r at eI y af ter discharge fromthe reactor in one
degassing vessel. The parallel arrangenent of two or nobre degassing vessels

I s obvi ougl rably

por { o hed e pamng EesalSR sl Eeof RAS B BRI BR Sl B i

Degassi ng' e@\t'veﬂwhpqi’l“?%?“ty&‘i‘ EARORISHEHRTRURG L NE*ER ST P@sR Ui R é?ﬂ’ i on neans
t hat t he bwerbento keép thé oed dfewdrdcaddoes asisw anpbseible.cHréfarec: nh@venrtg adestdoall2 car bon

atons in phe, Pglyln n%o%olpﬁllbyﬁlgéﬁt 6a¢tﬂHEWpref@r¥blVEﬁQ§reﬁEalg de@%\’e” 5 1n

t he degassin vesse of the
pol ymer w3 FEhiemethisioy repifyas|opding, ﬁ’ﬁPB’BP’Pq 4y3gd @I’ degassingdn the Pr?ﬂ?ﬁ%’?ﬂ ‘ées%euc h as
but eneld hendente degabsinganoaditkine siodidihevevepaytial pressusoofdess than ke Pahwefeaslg of

hydr ocar b@EﬁhQ’?’ZS'O@Wa %r@&%@églyq’ess PRRE6S @Qﬁ‘rt‘tt@r g—'ol\éﬁﬁ?: a'h@ ar@Tr(egﬁéW om | 0adi ng

of Iessth gg Zi particul ar gtﬁl g equal 500
ppm by wel g’ﬂl2 Carb‘?’b 190 | 9834' P%es?“{)‘?/\PrP%oétloaﬁﬁ 1-O¢ éﬁf‘qﬁkanﬁ RAVBRBAfC lsed for
degassi ngcarpontatrnsdretya sparg fieetopdd pattBulanycesferbibielesketarsZiorRy, io padicwar tass shoul d
have a pagbjh & pPrgssure of |ess than 10000 Pa, preferably |ess than 2500
Pa, nmore preferably I ess than 500 Pa, of further 1-olefins and al kanes
havi ngSfrom 4 to 12 carbon atonms. The partial pressure proportion of

1- ol ef i nsFardmmbkerasssrel invtherdeghssingvdsseldhd @rresmndingtotat womrtion of faghgpt-opane

I L:ﬁt 'Zgnpgéﬁr?gégé én@éﬁle@érlo}ﬂd RFefdr & ya:ir@ 186s 'trir%ég nfd’“)@ﬂnc?éQreP?ably'lé&s Pr%gts‘]'n%l“}o ﬂ]el €ss
corresponﬁ'f’rﬁé’retf%?éﬁ 'e?frté??oorm%’ 8‘1”"?”%%( 'PfEfrera%y eﬁf@f’%ﬂ J(‘idg%ﬁt R@%@é’lys houl d
pr ef er abl lgssgbar &&lsmelthan 4 nol % nore preferably less than 1 nol% nore

prefergbly less than 0.2 nol % particularly preferably less tan 0.1 nol %

most pref % ?n%lro\ée degagssmg, p'le propane]’fractnon can aa%monally be brought to elevated temperatures

by means of a heat exchanger. However, the temperature should-in this case be significantly
below the softening temperature of the polymer to be degassed.

25  Furthermore, the proportion of ethylene in the propane fraction used in the degassing vessel
should be less than 6000 Pa is preferably less than 1500 Pa, more preferably iess than 750 Pa, in
particular less than 300 Pa. For common pressures in the degassing vessel the corresponding
total proportion of Ethylene in the propane fraction should be less than 4 mol%, preferably less
than 1 mol%, more preferably less than 0.5 mol%, in particular less than 0.2 mol%. As a result of

30 this low ethylene content, after-polymerization in the degassing vessel is largely suppressed.
Customary separation methods are employed for separating off the low-boiling fraction in the first
separation stage and for separating off the propane fraction in the second separation stage.
Examples of separation techniques which may be employed here are separation by distillation
and separation by means of selectively permeable membranes, without the invention being

35 restricted to these. Rather, it is possible to use any separation unit to achieve the advantages of
the process of the invention, as long as the purity according to the invention of the propane
fraction can be achieved using this. Preference is given to separation by distillation. Since the
degassing cycle is decoupled from the main recycling stream of the reactor the pressure in the
degassing cycle can be set to higher values tran in the reactor. This allows depending on the site
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To i nprove degassing, the propane fraction can additionally be brought to

el evated tenperatures { by neans of a heat exchanger. However, the

t enper at urvBOgeP6/i82407 n t hi s case be significantly bel ow gdwr®odd@iisng
tenperature of the polyner to be degassed. 25 Furthernore, the proportion of
ethylene in the propane fraction used gn the degassing vessel should be-

| ess than 6000 Pa is preferably |Iess than 1500 Pa, nore preferahly less than
750 Pa, in particular |less than 300 Pa. For conmon pressures in the

degassi ng cyegiee thd iR of EJolirRSRddted dlderk@tt B dRIRRARSdAARS GfingE BYib&B®NIuAit t he

pr opane f ss than 4 not% preferably less than 1 nol %
nor e pref?ara%l%%qu]e ggsts%é(lr%g%m nol % in particular less than 0.2 nol % As a

result of 30 this |low ethylene content, after-polynerization in the
degassi ng Pwtseab isighveh & @RL§hgINEDPSIEBS B6h am&gsmjmém -5eXpRy dhldi1aueten®t hods are
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separation stage a separ at’| € propane Faction in the second
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here are geqditiaitbemhylbye shdptdpbhetHeddbctichinds sayradhat tadipribyadiRiamns ineft g&es ecti vel y
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Rat her, it e the advant ages
of the prf Béréé‘%e ppufiigpst ?WRP@YRfPE?ﬁa”eé%T dpeﬁﬁ&"%éhetﬁﬁ@oﬁleﬁ PkRfORZER BrRf 'REFIPD t he
i nvent 100n gad shblie bsmimaitter nforaps aosltehativeigesh plobgneadn bs intigdutéd is addrioateer ence i s

given to sepAfatd fPaBFJ?nyuggt're%H d lh%tdfk&é@ﬂngsve%e? b'uhﬁ;s ﬁ‘?&%ﬁ\?&n&ge@é% g | s decoupled

fromthe main recyc e In the degassing

cycl e can2p@niggrout gmpdinsst °f\}%ﬂ RiRSENYINYSRLioN 7 'f‘ﬁ@“%afétotﬂo' % Tarteuay] ows dependi ng
on the si peferably ANRXENOGHB32EB /of BEE B0 6duii8 @reB3esentSn ediftdh td edngenthe use of

cool i ng lifér A ORAERIZNE NS otlic Uik Fabfonl Bk BB by WRidIbPrek ] hbger at i on

unit to provid necessa@g co0 g erence s glven sel ecting the
1- ol ef I%s 9?5156}?’1*%%@6@“%8{ alipRatic NyqiRerEbRRs- é{ﬁfd PG arpiere e&ﬂB’FBP &l ecting the
al kanes f reantioagesicpneisting esseatialip ety athgless d approgierigthel 1rolefihdiatd pmpdne. et hyl ene

and propapgen B)h@geﬁ%a&Hprélyg ac%@g)ﬁ ErUﬁath%e SRERY He%facaﬁgﬁﬂl bi tROREydNBE s gases

such as nitrogen % %S is al % Bresent |n varyl ng
anount s i MARECL ARG HE“WW"B ”ﬁfﬂﬁ%’ﬁ@a%l"ogﬂﬁfﬂf’&”%?ﬁss hBLTEMOYRS e BgRaRe f or
degassi ng polyrhegizgtioo pan be roinimided gn thizawveg, ii in pdshiblertemeke periphbt! gearatusesisudh be 30

mol % ogg Mg é‘ompﬁ?ss&&‘ HehtleREHARGdrY, Focydid ?a%hn@%ﬁp%ﬁleP&ﬁnc%sé Hel@gitcgd in addition
to the pr%@ane ction Upstream o

I.Ng vess is is less
hdvant agegtenen e it S0 ‘BHsoa We i © Hessgrdute SRRGERT on o
maxi mum othel€ryete bag dinpetly b bl ford oracker ip$teadadh byrniag m@xheﬂtlng pfrpBesiwyifiegngdf ot her
gases or liquids are present in addition to ethylene, further 1-olefins and

hert 16 Qe GFTHOF e ER B ron Mo e PE o PURPY SREE IR Phar £ | cul ar
pr ef erﬁncgquulgteg igg®in theghohd¢pndensed mode. 1t can also be advantageous to take the reaction gas

from the reactor, partly condense the reaction gas, preferably containing mainly propane, and

recirculate the condensate together with or separately from the uncondensed gas, so that the

reactor is operated in the condensed mode.

30 ina preferred variant of the present invention, the ethylene separated off in the first separation
stage is recirculated to the reactor together with other low boilers such as ethane. Furthermore,
preference is given to at least part of the ethane separated off in the first separation stage being
discharged from the process as a purge gas stream.

35 The removal of the fine particles (fines) from the gas entering the fist separation stage can be
performed by any method. The removal is preferably performed by using filters, Preferred filter
systems are described in Freeing according to the present invention means the fine partides are
removed from the gas stream to an extend avoiding polymerization in the separation stages.
Preferably the fine particles are essentially removed.
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reaction gas consisting essentially of only ethylene, if appropriate further
1-ol efins and propane. Wen nitrogen is conpletely replaced by propane, the
speci fic NeAR06E38TI ty of the recycle gas is maxinm zebcTar2006/06@Wst  Of

whi ch the recycle gas volune flow necessary for renoving the heat of

pol yneri zation can be minimzed. In'thgs way, it is possible to nmake

peri pheral apparatuses such 20 as conpressors, heat exchangers, .recycle gas

line, etc., snmaller or increase the output. In addition, when the anount of

Ni trogen s plclaSiBibred dmbogimBRAPhE bRsdriRinhérish 4 HEccRS RAME pBlReHzfidn of oM  the
] ur ni i't for heating

recycle gas directly as feed taq cracker, jnstead of Db n

pur poses S\EYi?rfea‘?r P{Fé%'i@? W“H’ﬁ'&“?ﬁéé’%ﬂﬁﬁ '8 Brﬁﬁf’ed’e'”fv‘ﬁ]t?mﬂleﬁ@@a% '-SFPﬁ'é(g’@r Zef % di zed- bed
react or céwe pheserze lof eatalysein @l gas-phask yeablpr tb frem 28lyroérrpaditlas adl rgacsion gest he
noncondeng&sbrighglSropdrk aR@hRlyerils «RA¥ANE 8R601S td Bmbkke kdi€orf €acti on gas
fromthe r acton pq{tgg condense the reaction gas, preferably containing
mai nl y prB@gW§FaQHJ’eF ircul ate the condensate together with or separately
fromthe uncondensed gas, so that the reactor is operated in the condensed
node. 30 Ln ampbijierp8fciddrt 8éhaRfed LEHNRILEP S Hischi¥ el @8m thdactdrhy| ene
separated off in the first separation stage is recirculated to the reactor
together with other | ow boilers such as ethane. Furthernore, preference is
given to at | baselymrirartiges arkeepatatedritomdbpaaionrad obthé congomiteatiy disobargeepar at i on
stage fpei Nng  gsHBBEFEImEr RN ErcREQRESS as a purge gas stream 35 The
removal of the fine particles (fines) fromthe gas entering the fist
separation stage can be performed by any nmethod. The renpval is preferably
perf or med- by hseys freddrobpriraineg éfenertic@sfi l ter systens are described in
Freeing according to the present invention nmeans the fine particles are
removed fromgh t ext 1 din | y.ner.] i in the
separ ati on st{ga ?qgg r%éa?egﬁr?& aﬁo\?ﬁgﬁrﬁifﬁ@%ﬁgéﬁérginggthgg%y'ggéltasﬁ%}pgﬁ% T renoved.
40 WO P006/ 08%t8g¥7 PCT/ EP2006/ 000783 6 In a particular preferred enbodi nent
of the present invention a process for the polynerization of ethylene or of
o on® e bt 5L 5o b BN Stk WS S SENN S0 L
pol ynmer partiEMesg f@mﬁggasggg;the(pﬁlyr@arsoartiélgw?qhgqu@frw Bp&rstoand unpol yneri zed
ethylene is circulated to renove the heat of 5 polynerization, wherein - the
pol y part j e dj t -~ dis i nuo, gom t he
Foaet cr, " ) EbRRorer ShaGiah RE A oD 18,diq Yao e Bhg BUEME) Vbt | 12
concomi t aftq e e rofybg sum of fyher Aalglinsiead plangrbavingdiom; 4lp 3 C3{PY BB sed,

t he gas i shefpropesk fektidnieingidaethah b ARIgparti cl es the gas is separated froma

| ow-boiling fraction conprising ethylene in a first separation

The present invention further provides as a first alternative an apparatus for carrying out the
25  process according to any of the preceding claims comprising

a gas-phase reactor containing a bed of polymer particles,

- a recycle gas line connected to the reactor for carrying away and recirculating the reaction
30 gas comprising propane and unpolymerized ethylene,

- a product offtake line for continuously or discontinuously taking off polymer particles from
the reactor, which line is connected to a degassing vessel for the separation of polymer
particles and gas,

35

- a particle precipitation unit for freeing the gas of entrained fine particles connected to the

degassing vessel,
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15 stage, - a propane fraction is separated off in a second separation stage
and this propane fraction is used for degassing the polyner particles

di schar gedVPrRBH87 r eact or, 20 with the proportion of ethybmogodosst he
propane fraction used for degassing being |ess than 1 nol% and the
proportion of the sumof further 1-olef7ins and al kanes having from4 to 12
carbon atons in the propane fraction being less than 4 nol % The present
invention further provides as a first alternative an apparatus for carrying
out the 25 pradiesesspamterouniliidl gepatatiagyt DbwibbingFraeiadomprisiHgatHy’ne compédtedi Ng a
gas- phase reag%mg 5%@%&%8#@&QOPEd of polymer particles, a recycle gas |line
connected to the Feac or carrying away and recirculating the reaction

30 gas conprising propane and unpolyneri zed et hyl ene, a product offtake |ine
for conti nuouslsgcapt sefastiontritioraesdrating ak s pgpankfiragtioh yomectpdiotthieciottsm bf om t he
reactors, which Jdae. i gm&pqnected to a degassing vessel for the separation of
pol ymer particles 35 a particle precipitation unit for freeing the
gas of entrained fine partlcles connected to the degassing vessel, 40 WO
2006/ 082007 PEHRR2OINE MBB B&3nnedted toahd top sftthesepatdaskpapatiod mhit arfdcbsrm&ferpar ating
off a I ow boi lo,facity @qﬁé& & égséllt@ga@t.mkﬁa@to%@&m&é §fymdr Qarlidis ppar ticl e

precipitation unit, - con garat|on uni t for separatlﬁg of f "a propane
fraction conndtePeLiths W?P@”%fbﬁ"f'w £his gassig ejPP¥Mes epar at i on unit, - a
propanéd | ine which is connected to the top of the second separatlon unit and

s in tur Whe@mﬁ'@ﬁ}%t%gpér&loﬁ D&t 98 &?g?\é& ﬂﬂhé{%sp%”tlaltp?rsg@rg%f étﬁylé?a@%th@br% d-g degas

t he polyner partic means ane fraction S passing
the ol ¥ maPEToR6M AT an FRoPHISr PIogL® Bt CAOS Be B 1o FSORAPAIR 80 hat t he
parti al prdesignedeo tfat the hppaiie of molefies o0 elpare havingdotn 4tn 12 néreen aignd ihéhedegassi ng
vessel is J&ase ffiach SRR B@dédé@slﬁ&\%ss%?ﬁ%@gthér‘?l@@b@bh0” unit is designed so

t hat t@ﬁ proportion of 1-olefins and al kanes having from4 to 12 carbon
atons ih the propane fraction entering the degassing vessel is |less than
10000 Pa. I1siternativel tutlesmtréferesdmmbotimed tprredsentinydntionipwdic esant apparetupfoe s ent

i nventi on Qi dehe BRcARRBEERATiMSo BV of the preceding claims comprising

a gas-phase reactor containing a bed of polymer particles,
20 '

- a recycle gas line connected to the reactor for carrying away and recirculating the reaction
gas comprising propane and unpolymerized ethylene,

- a product offtake {ine for continuously or discontinuously taking off polymer particles from
- 25 the reactor, which line is connected to a degassing vessel for the separation of polymer
particles and gas,

- a particle precipitation unit for freeing the gas of entrained fine particles connected to the
degassing vessel,
30
- a first separation unit for separating off a high-boiling fraction comprising further 1-olefins
and/or alkanes having 4 to 10 carbon atoms connected to the particle precipitation unit (9),

- a second separation unit for separating off a propane fraction connected to the top of the
35 first separation unit,

- a propane line which is connected to the bottom of the second separation column and is in
turn connected to the degassing vessel to make it possible to degas the polymer particles
by means of the propane fraction after passing an evaporization unit,
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carrying out the process according to any of the preceding clains conprising
- a gas-phase reactor containing a bed of polyner particles, 20 - a recycle
gas |ine cowed@ehobo the reactor for carrying away and i ating the
reaction gas conprising propane and unpol yneri zed ethyFéﬁ@?&ﬁ&QmBVoduct

of ftake line for continuously or disco%tinuously taki ng of f pol yner
particles from 25 the reactor, which I'ine is connected to a degassi ng
vessel for the separation of polyner particles and gas, a particle
precipitatjon. unit for freeing the gas of entrained fine rticles connected
P the  aciSRetit sl of G Ead P @nd e BReB RO Ao BT - RE ] oS o1 F o

hi gh- boi | ifiRg 4tp 4¢ earenn atesmrin theirrrgarfe itectirarenteingl ted dagessingrvassstis wbki@aes having 4
to 10 car bhogoo0iwE tHe@RERa keshrdtitn ifi8s Raihdddolnad P He RhkiaildrddBurtiBf dthyleBe, @

second separation unit for separating off. . r Fraction connected to
the top oﬁna‘thﬁ8r°p63n§qrfafhr°5tem§5?9§ ea?elggsr‘?mgﬁﬁs?i '%e%rtg%géégo fne which is connected
to the®bottom of the second separation colum and is in turn connected to

t he degasFiréigreNRISEVentt®udrFeEsirstsef2RBicn tHittind/er HREGY skhRatRA luiin®fichabw i cl es by

2006/ 082007 BT EPIRBF BN b ARl i AP PURRELLAPEL Bl | 10 T

desi gned $8UPAft the proportion of 1-olefins and al kanes having from4 to
12 carbon atons in the propane fraction entering the degassing vessel is
less t I'11@n Th&grgpaQteﬁgti\/%rfkfdprgfhﬁeqslfaacocmiﬁatrgﬁ F%E&tém(gg arlrlg\}a%orlaﬁ n%?ﬁn'e%ﬂa?gnesf%cﬁdﬂat Pa
the partial pressure o e?hy ene 1 n the propane Faction entering the
degassi ng 98 &pmithe bolkays ot thsspcaipolupy carsbemavaified ithe propanediagtion ixthe 9Bi ng a
first separaiétontheBédondsepbtionaunsecond separati on unit which all ow
separation by distillation. Particular preference is given to appropriately
desi gned separation colums. 10 The first alternative is preferred if a

di sti || at if6RIM Bepssent fvartian argvidssdprdhedtse ghPreane Ayingrigyienseion PERIISAR ©f comi ng
fromthe bettraniaiols bed $e6potibnoohe B cfaioldiias andailladeck Haling frem proTEdzebchr act i on
is the to%ton@q?%k’scﬁ?rpi m{)lﬁiinse%&? eﬁﬁe@grﬂhl&ﬁ%l Hﬂanto dag,%rldg?asging?tng ent

i nvention provides Tor use o0 PDr ogla_ne ving a proportron, t hyl ene of
15 | ess t NAMORPISTOR" §Hhulene ¢apeiyBee-iFeR © P‘SPW@E‘?M inefl fromeihe gas disqpraed| kanes
havi ng fr diomé das-pidse@alyinenzation reactor together with the polymer particles.

20  Theinvention is illustrated below by way of example with the aid of drawings for a gas-phase
fluidized-bed reactor and the copolymerization of ethylene with 1 hexene, without the invention

being restricted thereto.

in the figures:

25
Fig. 1 shows the flow diagram of a polymerization plant of a preferred embodiment of the
invention,
Fig. 2 shows the dependence of the ethylene content of the propane fraction as a function
30 : of the mode of operation of the first separation column.

Figure 1 shows the flow diagram of a polymerization plant according to a preferred embodiment of
the invention having a gas-phase fluidized-bed reactor 1. The gas-phase fluidized-bed reactor 1
comprises a cylindrical tube in which the fluidized bed, which usually consists of polymer particles
35  kept in suspension in the gas phase by means of a stream of gas, is located. The velocity of the
reaction gas has to be high enough firstly to fluidize the mixed bed of polymer particles which is
located in the tube and serves as polymerization zone and secondly to remove the heat of
polymerization effectively. To improve heat removal, it is possible, if desired, to make additional
use of the enthalpy of vaporization of condensed reaction gas constituents by feeding a reaction
40



atons of less than 4 nol% in each case based on the total anobunt of gas,
for degassing ethylene honopolyners or ethylene copolynmers. Part of this
propane i V@biaosred from t he gas di scharged from a gasqasscpodseri zati on
reactor together with the polymer particles. 20 The invention is illustrated
bel ow by way of exanmple with the aid ofg draw ngs for a gas-phase

fl ui di zed-bed reactor and -the copol yrmerization of ethylene with .1 hexene,

wi thout the invention being restricted thereto. In the figures: 25 Fig. 1

shows the dak @a%pshg.a@ﬁaewfa g8s Bl gaERIixk ALt B1Fo RndéHsePfiuidd wWhic vesdriediin @gbodi ment
of the inve n F hows the dependence of the ethylene content of
infrthe fHidee geq

t he propanrgacolrg unction 30 of the node of operation of the first
separation colum. Figure 1 shows the flow diagram of a pol ynerization pl ant

accor di ng e ﬂ@d.ﬁdes‘eersr@@lawmaémme bettom w'@gdsra\e%htbpmat@wmgo@thgas phase
fluidi zaed act.or ase ui di zed- bed conprises a

cyl i ndri caﬁy“ng 5 airtﬁs i]ﬂ(@ﬁd{owggﬁ ?ﬂeg‘frﬁr&? %%Qfge‘m dg]l.f Ir?{? sotﬂm sts of
pol ymer patischasgecs paticiésdm theregeisiple msin@iternative erabagimenp thegiisepgagamenizonsf a
stream of @asiso béorﬁlwsdatrmeacmegaé%aosdthé/reaétortmtherug,@&tehmus;sacsseh@@eﬁm@ntbe hi gh

enough fi rz%%ehélndt O(i?]:g\l/egln dl ha it rec Sle 0t ggs Ie 3?/%%,0@%{{) OAJ txrﬁ%rcor%%rretssl ¢4 & q bgh 1S

| ocated in serves 1 ONn zZone an secon Py to renobve
t he heat dfere Yjop yeas excrandedby leﬂmébthﬁwwe gapds ¢oaler 63K thibareacehbVae, it is

possi bhe, redyclelgad dagdf apb@piatk ®e 3skldith BIGW the USLpddit of 61 of Rokeadf P rébfycle gas

10" w0 20067BEdeeS TR RESShERG AR P PE-E IR eac b Belb e AP 8. C2°L

gas m xt urte® wogensesBoondensed fl ui ds Whl ch vaporize in the reactor into
the fluidized bed. The fluidized bed is usually bounded at the bottom by a

gas distr '\N%ﬁﬂ%e hg’rgt%s xsg)geotfgrethé goﬁ%meg Pa%on éf mleh%q{e cﬁ@dlat?ﬂe%ctu'oﬁ?#sual 'y

adj oi ned by a char ge of
particles (fePYﬁﬁ QaPDeCOF”é%F@P‘ 8 rm"iure P?P”éw?“%\l'ftdé?'rﬁﬁtal”iPée%'ﬁHtﬁiﬁ hirgegelator sygh as
di sengagemgirbgen@ine prop@iz anb/Sofulitter Sdtirte @kl drotirBorsaact dsthapga butad \vestatde react or

1 at the gv‘%Pa% lﬁggdlt%fw de ?ﬁg%ﬁﬂ%@%&&%ﬂhe@&%ﬁ%ﬁdia xi@?@é’&b&ﬁ%s hBaf he recycle

gas |ine ressor ere via a heat
exchanger &ys; arﬁ‘t'imiciw ﬁa‘?H%t PPiERAPCEte: (FASISP e ¢s581Teg UpefiRitiogen IR gONIWSONSHtN 1. The
10 recycl ahagdegassmp by meadmb popdriedd iess ad@ntagedusthirice itlbed anly idwepateted pibfrant of one

oper at & HE FHCESHE PR ARy duph et i SR B e
P C3-C8-1-olefins such as propene, 1-butene, 1-pentene, 2-methylpentene, 1 hexene, 1-heptene

and 1-octene as comonomers, and these can also be present in condensed form. Preference is

given to a process in which ethylene is copolymerized with 1-hexene or 1-butene. To set constant

reaction conditions, the constituents of the reaction gas can be fed into the gas-phase fluidized-
25  bed reactor either directly or via the circulated reaction gas.

The capacity of the gas-phase fluidized-bed reactor 1 is known to be limited by the cooling
capacity of the circulated reaction gas. The cooling capacity is dependent not only on the heat
capacity, i.e. the chemical composition, of the reaction gas but also, inter alia, on the pressure of

30 the reaction gas or at which the (co)polymerization is carried out. Here, it is generally advisable to
work at pressures of from 0.1 to 10 MPa, preferably from 1 to 8 MPa, particularly preferably from
1.5 to 5 MPa, in particular from 2 to 3 MPa, The cooling capacity also depends on the reactor
temperature at which the (co)polymerization in the fluidized bed is carried out. For the purposes of
the process of the invention, it is advantageous to work at temperatures of from 30 to 125°C,

35 particularly preferably from 75 to 118°C, with temperatures in the upper part of this range
preferably being set for copolymers of relatively high density and temperatures in the lower part of
this range preferably being set for copolymers of reiatively low density. Furthermore, the amount
of catalyst introduced determines the product output.
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When the apparatus is used for the polynerization of ethylene, the
circul ated reaction gas 15 (recycle gas) conprises a mxture of ethylene, if

desired awplREt.60; Wwei ght regul ator such as hydrogen pane and/ or
further saturat eo7l hydr ocar bons such as et hane, butane, %&ﬁ?’g 88783 hexane.

I n addi tion, depending on the catalyst,, further additives and auxiliaries
such as netal alkyls, antistatics, catalyst poisons, etc., can also be
used. The use of nitrogen in conjunction with the degassing by neans of

propane i e e it can on e separate ff from20 the
et hyl ene i’be %%’V\f ¥ ﬁg}% sﬁ% B ?r'%ff??%ceg VEPIEUIN]® th%y gﬁaﬁei' V'C? ePrreactl on gas
can f urt heemplsryimeses ofmdmnqtermg@fzww@lq@qﬁi lraEPﬂch?é%%ewhlqhIbtlerelmfullyl pent ene,
2- met Ihyl pfﬂEﬁrﬁﬂ?ﬁedﬂyrB@P&ﬂ&eln obmbﬂgtto]?mﬂh tnardslgaf%smy:sﬁﬂ@n%f&@mmﬁ@rs and these
can al so ent kGO Q ef erence | a process in
whi ch eth 7“5%%%?5&?{3%90%“ Orqﬁ gtere‘d aﬂéntfn ee"\'('as‘r?éc> 7 5 Gt e th alf‘gogfset const ant
react i on PBOPRIELATESRrgOlY bsh@e@@@éhqmd@m@@ af In YH204/@e322S, @Yh'c@ﬁéw@é)hfub'e fed into

t he gas- phesisordtbdibyteferdce. 25e ,breﬁbné%wfé}ébueukb\h@é takdr st thy p@panéifidctioR s
circul at egat%l)?s%btt ls%oss%% ta u%eaq kﬁgﬁ) pﬁs%f catalyspv?hcgma[re guhtaag I u d' zed-Dbed reactor

11s kn F?mlgl rcul ated reaction
gas, The e%mquhajtozsa?sa@w!@ryner@omwmw 0%‘%9'&5@191&’% chrpeiuekesed RAllgcity, i.e.
t he chem emétyswmeﬁgléswbataw&tstxhﬁarﬁ@:&ahb@nbclﬁesca%tsahmm bely Bdstriateti @, on t he

press Ul(rge f?\fare%l_éér fp%gés o?fheg?é?rﬁ ¥nv@n§or¥\’gfn§lp s]iet c%ta ﬁg)cgrﬂg s%rrlﬁrlllezcalwm% s

carrie pressures of from
0.1to 103W|56F9'65Nétfaeqaéﬁb’ls§ #fl‘e@ﬁﬁc’fet’@nsd WomﬁﬁF'f frengitian W?takﬁo@P%“SBP@ from 1.5
to 5 MPa, uduallydarthiet @tiaifg Ednipauntistand, § aprepriafthsupp@pdndrgocapacidtyivealaa® depends

on the r eé\ﬁ&h?{fs étﬁmﬁﬂﬁts%ﬁgatﬁ}sts\gﬁ%ﬁ@cét{’ﬁt% gé?n)d?s%'b‘érr?éd Jd?%%d%ousﬁfvwﬁ fluidized

bed is carr ention, it is
advant agefRiPnatoniet wffesgnt F'@Qi?r@?-‘e?@@fyété bgjRg Fff?féfr’r‘i“g@het gtalystscan beimmabiizedy| ar | v

pr ef eriabl ygéthemn d5upport dAEE be Wistdhedtsepapateiintt tesreagiodt he upper part of this
range preferably being set for copolyners of relatively high density and
tenperatures in the lower part of this range preferably being set for

copol yrer SeRSNIpGPHNF GRiFIyst P%ﬁﬂ/ the pRlney parrﬂmswﬁ@'w&vg a mesa SERBLIRM 26 cat al yst

i nt r oduc ebundetes Menaisusdng npcroduiBttheadsqief throd DmWBtaRe8 GhOB R Articles have a

PCT/ EP2 0094@893@ %bou:l'QOOTtQ %0& t% agn}; %tt?é)gasg @ftz"fg[%;%f Ea?%{/s% AL ﬂeéﬂe{n%%%ﬁg% via one or

nor e cata ering nmeans of t ry netering
devi cdi &RULEEE - 2490 IEFB- A— 226935 which is hereby fully incorporated by
reference. In conbination with the degassi ng by neans of propane, it is

parti cul afhgy, o%\éawnmegréstadewfroﬁnhﬁe re%ﬁa?ﬁ %ﬂeu%%%aw ﬁgoﬁé &%réﬁoauet fexgarried
out by rreans of propane, ge era Wﬁ?ﬁséd’f ans ﬁ}é’ro pane, as in WO

04/ 092229“”‘35\,{%1T(f‘ﬁ'°f°§“‘ﬂé"f"'{a\tEﬁ/d 0FrpsA cop S‘F‘"é’ﬁt”lﬂ)‘?“sr]yef"@i‘ BlNUGFe propane is
pr ef er abl yisdheigeneisgprefakeah The mgmena fpedxd dheandjor pert ofdie gelsarriedvig ifisks, it is

possi blse §QakeR vabdel KEHWd¥ddGsn Qlrfe@brabahe whith h&dbeRh Gombd bR ®esdiBkd Ol ef i n

in more detall below. The pressure in the degassing vessel 5 is about 0.1-0.4 MPa, preferably
0.15 to 0.35 MPa. The degassing by means of propane reduces the residual content of further 1-
olefins and relatively nonvolatile inert gases, for example hexane, adsorbed on the polymer
particles to contents of about 0.25% by weight, preferably less than 0.05% by weight. The

30 degassed polymer particles are subsequently taken from the degassing vessel 5 by means of star
feeders 18 and conveyed to a degassing silo (not shown) where further degassing by means of
nitrogen or as described in WO 04/047959 is carried out. To prevent impurities from travelling
back from downstream work-up apparatuses into the degassing vessel 5, a further propane gas
stream can be fed in as barrier gas between the star feeders 18. The residence times of the

35  polymer in the degassing vessel ars between 10 minutes and 8 hours depending on the content
of further 1-olefins and/or alkanes having 4 to 12 carbon atoms. Preferred are 15 minutes to 6
hours.
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pol ymeri zation. Particular nention nmay be nade of Ziegler catal ysts,
chrom um based Phillips catalysts and single-site catalysts, in particular
met al | ocenWocwbadsge’s, wi t hout being restricted 10 ther et9xEphRtodohgs pur poses
of the present invention, single-site catalysts conprise, unlike chrom um
and Ziegler/Natta catal ysts, at .|least ggpe defined organonetallic transition
nmetal conpound and wusually further activating conpounds and, if.
appropriate, support and also further additives and auxiliaries.

Conbi nat i ofige Qf whgh RdRbSTrdddvPiht golﬁﬁér%ﬁ/ @ésﬁ% th@%@ga’%glﬁ vdd8el YS@fkh normall
advant ageous

er ent e Sit s bei ng
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the mean particle size is 20 about 1500 - 2000 pm The pol yner particles are
Itaken f2 r O?ntahi@stﬁ Feki6N untk, &H@é@tals @3bpayatiyh @otld?rﬂﬁzoé {oWoﬁn@fr&qW%on@fnfnba:(e .
i nes ct onti nyous continuously, wi
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Wi th puoi faRctopVedaBitn 1 ids b hasolbtha megéfsthumpm@m @Qﬁé:r@b;)ae%as firfd 3mpm£ det ai |
bel ow. The rgr essure

n
preferably g1 B W%Z%'O%gﬂwghy%fﬁzsﬁegdﬁgg sé:h%r9e %%ﬁ’ss%‘feq%? %}&Jﬁ? g?%duces t he
resi dual clask&ibe plyrfegeatipeeircsit. ol efins and rel atively nonvol atile inert
gases, for exanple hexane, adsorbed on the polynmer particles to contents of

about 0. 25T/§ %&m a’tlorp f hgreap rfé cw?u?tswt%cmewagn){ ? Ecﬁ?cpé{f ttygecr&%r ana;grsel% 30 degassed

pol ymer par ICeS“Are el 5 by
means dpf sseéJrarateﬂeeaeverowtéwmge@wvwet@n.tqﬁﬂaaeaé@dﬁwﬁ hesﬁﬂnaﬁe@we@ lingH§wn) wher e

further deyrsdiang diBshargeabsn tRffed diiebtiyQ @d @ a @ackde$6detrReditt the WEAH344rA4r7 959 i s
cart i ed Oulued nROREMd ARULEL L8 LRI AURLLANG . BGK, T r om donst r eam

wor k- up apparat use egassi ng®vessel propane gas
streamcan be fed in as barrler gas between the star feeders 18. The
resi dence $ihdBsnant distrghly camey 886 propant esddegaRstregn viassiol barrfg flacioneen 10

m nut €30 angopﬁu gb%Wo? cggpﬁwhﬂggbg{edﬁgqaefu@%p%cﬁMns éﬁ’Jt srﬁddifg%%re%&%@ h% 'rorBE eand/ Or

al kanes ha
40 WO 2006798'8%@’7" focengEpipatethe WJBHNgEatentlike sthanegetsyignsiaps NYfieReen f reed of
the polyner particles in the degassing vessel 5, which nornmally contains

T i i AT
gas is COH’M’%?@%{‘SI (ﬁBhfrqgmrce@%s@pg q_segmgl{y of,propane, the other 1-olefins and saturated
25 - hydrocarbons, are fed via a connecting line 13 to a second separation unit configured as a
separation column 15. Essentially pure propane is obtained at the top of this second separation
column 15, while all heavier hydrocarbons are present in the bottoms. The column is designed so
that the content of higher hydrocarbons such as 1-hexene, 1-butene or n hexane is preferably
less than 0.1 mol% and that of ethylene is less than 1 mol%, corresponding to 150 and 15 Pa at a
30 degassing pressure of 0.15 MPa, respectively. The dependence of the ethylene content of the
propane fraction as a function of the mode of operation of the first separation column is shown in

figure 2 as an example.

In an alternative embodiment not shown in fig. 1 the separation columns can be exchanged. In

35 this way the high bailing fraction containing the further 1-olefins and alkanes having 4 to 12
carbon atoms is separated in the first stage and afterwards the top product (distillate) is split into a
clean propane fraction and the low boiling fraction containing ethylene and ethane.
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pressure of from2.0 to 4 MPa, preferably 2.3 to 3,5 MPa , and is, after
condensed material has 5 been separated off in a liquid precipitator 11,

subj ect edMO2006/482897st age separation by distillation. pora&prbdotsdorsseparati on
unit, configured as a separation colum 12, a lowboiling fraction
containing ethylene, preferably consiigting essentially of ethylene and

et hane, up to 55 % of propane and possibly further |owboiling recycle gas
conponents |ike hydrogen (C2 fraction) is separated off 10 and conveyed from
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The low hexene content of the propane ensures degassing of the polymer to a fow residual

hexene content, while the low ethylene content prevents appreciable after-polymerization and

thus the formation of oligomers (gels). Particularly the quality of film products is highly decreased
30 by such gels.

The use of the propane used for removal of the heat of polymerization as inert gas for the
degassing of the polymer also makes it possible to achieve a high degree of recovery both of the
ethylene and of the degassing agent, which is advantageous both from an economic point of view
35 and from an ecological point of view. Furthermore, propane has a significantly greater heat
capacity than nitrogen, which increases the heat discharge. '

The 1-hexene and any hexane enriched in the bottoms from the second separation column 15
is/are recirculated via the gas return line 8 and a condensation vessel (not shown) to the
40



separation colum or by a valve |ocated between the second distillation
colum 15 and the degassing vessel. The purity of the propane in respect of
et hyl ene 9 2096/082607 uenced by the power 5 of the vaporimare®bosidoerssi r st
colum, while the content of higher hydrocarbons in the propane is adjusted
via the reflux ratio in the second sep@ation colum 15. The tenperature of
the bottom product in the second separation colum 15 should be bel ow 120C
in order to allow utilising |ow pressure steamas heating mediumand to
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second separ are recirc as return line 8
and a &dndwiss Stfilyrincowsrater hemgivtby s¥iesonsp. &llcpe[cg@ages and parts of this apphca‘uon are

related to mass -except otherwise indicated.

Examples

3g The solubility of gases like hexane, hexene and butene in the polymer and the corresponding
vapour pressures have been determined by laboratory experiments for two typical polyethylene
products using a Ziegler and a Chromium catalyst. From these data the necessary amounts of
strip gas (propane) have been calculated using fundamental thermodynamic equations to achieve
a concentration of hexane and hexane below 500 ppm by mass. The production rate of the

35 reactor was 40 t/h, The results are displayed in the following table.
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14 Exanple 1 2 Catalyst Type Ziegler Chromum (Phillips) Density [kg/n8]
919 942 5 Reactor pressure [MPa] 2,3 2.0 Reactor tenperature [C] 85 115
Degassi ngWér wegeszed7[ MPa] 0. 25 0,25 1-Hexene concentr apcomphodebddrss3. 3 0. 1
Hexane concentration [Vol%4 O 5.0 10 Solubility [kg /kg Polynmer] 0.034 0.019
Propane stream (kg/h] 3900 1500 Produst Residence tinme [h] 3.5 1.0 15 20
25 30 35 40 WO 2006/082007 PCT/ EP2006/ 000783 15 List of reference
nunerals 1. Gas-phase fluidized-bed reactor 2 Product offtake line 5 3
Recycl e gas of reReencédneedione 5 Degassing vessel 6 Fine dust line 7 Catalyst
nmetering device 10 8 Gas return line (C4+) 9 Recycle gas filter 10a, 10b

Conpressor 11 Heat exchanger 12 First separation colum 15 13 Connecti ng
i ne 1 Gas-phase fluidized-bed reactor :

2 Product offtake line
5 3 Recycle gas line

4 Cyclone

5 Degassing vessel

6 Fine dust line

7 Catalyst metering device
10 8 Gas return line (C4+)

9 Recycle gas filter

103, 10b Compressor

11 Heat exchanger

12 First separation column
16 13 Connecting line

14 Gas return line (C2)

15 Second separation column

16 Propane line

17 Heat exchanger
20 18 Star feeders

19 Ethane purge line

20 Fresh propane feed line
25
30
35

40



14 Gas return fine (C2) 15 Second separation colum 16 Propane |ine 17 Heat
exchanger 20 18 Star feeders 19 Ethane purge line 20 Fresh propane feed
line 25 30 35 40 16 dCdains 1. A process forthe polynerization of
ethylene or of ethylene with further 1-olefins, in which the ethylene is
polymerized in the presence of a catalyst in a gas-phase reactor (1) to
form pol yner particles and reaction gas conprising propane and

unpol yneri zed ethylene is circulated to renove the heat of polynerization,
wherein - the polynmer particles are discharged continuously or

di scontinuously fromthe reactor (1), - the polyner particles are separated
fr aimbie maj or part of the concomtantly discharged gas and the pol yner
particles are degassed, - the gas is freed of entrained fine particles -the
gasi. i sprocpstbraieddlymhérzaton ofletwe iir bfieth@erfefwite fuitien 1 -616MID N vihich ehe@thipgheas R iykrided om a
hi gh ibatiel prasgnck fois tatdlyst MeNgadipRase Geactorl(i § BB@srmIpoty@brafattiies &1d raddieH @S captising from
4 10 grdpahi@snaQRpcRivRiFed btfyléheflid dirllatsiaP Rrdld thdheat AB@ymerizalovAgtaine fraction is
separated off in a second separation stage and this propane fraction is used
for degagg bagnerbmldaq}mmar@am.ﬁdo@ﬁy HRERMLERY rbih @B ERBr (fact or, with the
partial .pg saﬁw B‘ar&es arfe ¥ 2R tofh tﬁehﬁa,o%é?mmscénem&m@'as&é%% égranalﬁgaoﬁywﬂg

bei ng | §ﬁk@é Pa ‘and the partial pressure of the sumof further

1- oIefln sfﬂe @Q§§mmﬁmhp§§i6 gm4 to 12 carbon atons in the propane
ract

fracti On 0% Ftedrl2BwH R & i3 B r&%onccloﬁtlamn
wher ei anrtﬁ )ef(rss%;grglkafn@ P?avn g?o 1@% ap st e I'E 3§s l gf Qn %d

K ene a

1-octan ar nt ane,

" Sopent SHECLAE ek PE{, e seﬁafa“ma %ea"%th'ggma%sﬁ?c S DB e
pr ecedi ﬂljpg'yra?rﬁgmc%%&@r% fr?fg hSrSE8k ti on of et hyI ene in the pr opane fract| on
IS Ies n particular less than 0.2 nmpl% 4. The

accor‘ﬁ' Ftaﬁ‘ab‘ir?sﬁ‘é? °f§FhVFPFe' BIePERBRE oD 4pseor degassng 85ing frss [hag PUP P ﬁre of
et hyl%%ﬁ‘@ 'ff?s‘ffﬁ%“ rswbafﬁ'éfhefﬂ FR0Pg 3 2l ef@ngf%‘h“’?%‘E?fti@aam'i“ﬁ'“ﬁé%rpfqpé |f'é1‘F“°Pess

t han 2994y " process according to any of the preceding clains,

wherein the proportlon of 1-olefins and al kanes haV|n? from
2. The process according to claim 1, wherein the 1-olefins are selected from among 1-butene, 1-hexene and 1-octene

and/or the alkanes are selected from among n-butane, n-pentane, isopentane, n-hexane and n octane.

3. The process according to either of the preceding claims, wherein the proportion of ethylene in the propane fraction
is less than 0.5 mol%, in particular less than 0.2 moi%.

4. The process according to either of the preceding claims, wherein the patial pressure of ethylene in the propane
fraction is less than 750 Pa, in particular less than 300 Pa.

5. The process according to any of the preceding claims, wherein the proportion of 1-olefins and alkanes having from
4 to 12 carbon atoms in the propane fraction is less than 0.1 mol%, in particular less than 0.01 mol%.

6. The process according to any of the preceding claims, wherein the vapour pressure of 1-olefins and alkanes having
from 4 to 12 carbon atoms in the propane fraction is less than 150 Pa, in patticular less than 15 Pa.

7. The process according to any of the preceding claims, wherein the circulated gas comprises propane in an amount
of at least 20, in particular at least 30 mo!%.

8. The process according to any of the preceding claims, wherein a maximum of 10 mol%, preferably a maximum of
5 mol%, of other gases or liquids are present in addition to ethylene, further 1-olefins, hydrogen and propane in the
reactor (1).



4 to 12 carbon atons in the propane fraction is less than 0.1 nol% in
particular less than 0.01 nol % 6. The process according to any of the
precedi ng clai ns, wherein the vapour pressure of 1 -olefins and al kanes
having from4 to 12 carbon atons in the propane fraction is |l ess than 150
Pa, in particular less than 15 Pa. 717 The process according to any of the
preceding clainms, wherein the circul ated gas conprises propane in an anpunt
of at least 20, in particular at |least 30 nol % 6. The process according to
any of the preceding clains, wherein a maxi numof 10 nol % preferably a
maxi mum of 5 nol % of other gases or liquids are present in addition to
ethylene, further 1 -olefins, hydrogen and propane in the reactor (1). 17
9. The process according to any of the preceding clains, wherein the
degassing of the polyner particles by neans of the propane fraction and the
s eéhailbaArasess@ecording tpalyyphtbe precading clhims, whereinihe Hegapsiijaef thp aeltmen partides blineanh afr ged
gas the propane frention and thesepamtiv aofdeuslyyeraativlasfrom thetrtapr seatrobthpliischergedidds isTérdedor ocess
acconudsimgitanepuaipgndidr intthesapreetaeei ng cl ai ns, wherein the reaction gas is taken
fromthe reactor (1), part of the reaction gas is condensed and is

I el Mo graksschetondyerith eny oiihi preoédirgeairspiieten the reagidrhgas isnaien den he ceagai( 1), part he

I eacbfakie redclion ghB & cprideasBiana R Caireliand tdgeth&with of sepditelpfret B@ iuRnddnsddies towkeer ei n

t he ke@awmorboiling fraction separated off in the first separation stage is
recirculated to the reactor (1). 12. The process according to any of the

Prac e fishesd Rtdfing 160y 61 the Brefddb cl@ﬁh‘s | iR infthetel b Oithg GfRaBoR IséaRukal ot irf A€ first

1- ol gddafAfonQtage R IrdchélRTedIgMNE R cthr @M 4 to 12 carbon atoms |eaving the second
separation stage |s recirculated to the reactor (1). 13. The process
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et a@ﬁan@?lpaqirng cgmoﬁ ?rn V?hg the 38 ﬁ&?e% Qn% e'ci?cu {eﬁcﬂ r g The
process acco d|ng to any rece I ng ¢ a|ns Wher eI n the prop

fr ddi t t {
AT gpeet a‘é?s%‘?"g o ?'*ﬁ*ap eﬁfcf"}gﬁ@%sr%het%“tss%aﬁ»@%‘?hha Ll S T S
cl ai @‘Wﬁ %IH gas phase reactor (1) containing a bed of polyner
Dol Bl mgf i LRI e

unpoPlREalE ¢ eaafene, - a product offtake line (2) for continuously or
di scontinuously taking off polyner particles fromthe reactor (1), which
| i He M@P%@ﬁﬁ@é'ﬁ%ﬂ'"ﬂ 6“"2“%‘2?8%%%%'%%%@ thespreqeding ¢4ms «BPEFRR | on of pol yner
particles and gas, a particle precipitation unit (9) for freeing the gas of
ent r ai meadias-phese f@a?t?fl (DIcerjainingmeadiobrpvngr Raielesiegassi ng vessel  (5), a first
separ at iageryeitgas ligel@)cofirected todharreacionigr cafrfingawhryandiesir¢uiating the raadtiprogas emvﬁsihg i ng
et hyl enworanmiandtuhplyredzedetbglered to the particle precipitation unit (9), - a
second <sgpaid piftaire line(2) fof dblinubasly & dip@ntintiduslg taking ofepofymepartieles racthe @actardinect ed
t 0o t he \nadhtioats odnnédtest t6 & degasHreyyassalt(b)dar the separation of polymer particles and gas,

- a particle precipitation unit (9) for freeing the gas of entrained fine particles connected to the degassing vessel

(5),

- a first separation unit (12) for separating off a low-boiling fraction comprising ethylene and ethane connected

to the particle precipitation unit (9),

- asecond separation unit (15) for separating off a propane fraction connected to the bottom of the first separation

unit (12),

-a propane line which is connected to the top of the second separation unit (15) and is in turn connected to the

degassing vessel (5) to make it possible to degas the polymer particles by means of the propane fraction,

wherein the first separation unit (12) is designed so that the partial pressure of ethylene in the propane fraction
entering the degassing vessel is less than 6000 Pa and the second separation unit (15) is designed so that the
proportion of 1-olefins and alkanes having from 4 to 12 carbon atoms in the propane fraction entering the degassing
vessel is less than 10000 Pa.



unit (12), a propane line which is connected to the top of the second
separation unit (15) and is in turn connected to the degassing vessel (5)
to make it possible to degas the polyner particles by neans of the propane
fraction, wherein the first separa%'on unit (12) is designed so that the
partial pressure of ethylene in the %ropane fraction entering the degassing
vessel is less than 6000 Pa and the second separation unit (15) is designed
so that the proportion of 1 -olefins and al kanes having from4 to 12 carbon
atons in the propane fraction entering the degassing vessel is |less than
10000 Pa. 18 16. An apparatus for carrying out the process according to
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evaporation unit, wherein the first separation unit is designed so that the
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The apparatus according to claim15 or 16, wherein the first
ration unit and/or the_second. s ratign upit carr Qut a separation by
T e PPRRstun Eooor s Ve 1T 4F WhPS RIS AR L 30 s Pee g seR R RO BT of
| <Yt 3 FRRATHOTRYIBHUANEM- & proportion of other 1-olefins and al kanes having
from4 to 12 carbon atons of less than 4 nol% in each case based on the
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degas deargobeineg| femethd gavogiech grged feono e ged-phase peynoadipatioy maacir together with the polymer
particles for degassing ethylene homopolymers or ethylene copolymers.



