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propyl ene The present invention relates to a process

and apparatus for the gas-phase pol ynerization of

propyl ene, particularly to a gas-phase polynerization
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EP 373 660 discloses a process for producing polypropylene compositions with a high impact
resistance at low temperatures and good transparency. The process is carried out in a sequence
of two polymerization reactors. In the first reactor propylene is copolymerized with a little
amount of ethylene or another alpha-olefin to obtain the crystalline copolymer: the polymeri-

zation in this stage is carried out in a liquid propylene suspension maintaining an adequate



EP 373 660 di scl oses a process for producing
pol ypropyl ene conpositions with a high inpact
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These compositions are prepared by sequential polymerization processes based on the use of
particular Ziegler-Natta catalysts, producing in polymerization a mixture of components A),
B), and C), and then adding the component D) by blending. The polymerization is carried out
in a gas phase in at least three consecutive stages, one for each of the above mentioned com-
ponents, operating in each gas-phase reactor in the presence of the polymer and the catalyst

coming from the preceding stage.



10- 25% of a copol yner of ethylene with a C3-C8
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interconnected polymerization zones, where the growing polymer particles flow through a
first polymerization zone (riser) under fast fluidization conditions, leave said riser and enter a
second polymerization zone (downcomer) through which they flow in a densified form under
the action of gravity, leave said downcomer and are reintroduced into the riser, thus establish-
ing a circulation of polymer between the two polymerization zones. A fluid of composition

different from that present in the riser is introduced in the upper portion of the downcomer,
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pol ymer particles. As a consequence, aggloneration
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The process according to the present invention allows to obtain from step a) a high crystallin-
ity homopolymer or random copolymer of propylene, while in step b) an amorphous copoly-
mer is formed. In particular, the final polymer discharged from the sequence of polymeriza-

tion reactors can comprise two distinct fractions of elastomeric polymer produced in step b),
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According to an alternative embodiment, a gas-phase fluidized bed reactor can be exploited to
carry out step a) of the present invention.

Preferably, no comonomer is fed to the first reactor, so that a highly crystalline propylene
homopolymer is obtained from step a). However, limited amounts of comonomers may be
also fed to step a), on condition that the obtained polymer fraction has a solubility in xylene at
ambient temperature lower than 7% by weight, preferably lower than 4%, otherwise the cry-
stallinity of said polymer fraction is not satisfying.
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ne SXIBRIPRA twithin thé Eisd@ 88 @Rtdown¥@idr] Bithis @aee sl HRAGAodM ciy¥@lline
gas-phase reactaqrs having the above interconnected

Polya't?r \ﬁfﬁ%t’r"inz‘%t"ioéﬁceédﬁ ¢ TolymEERon SR CFTHRg oydhhlallowing ppera-
tive 20 Bions GRS e Nihet And &%@Mereqﬁ@diy&%gén/ﬁf)%ﬁé}ﬁ RoRe elgﬁo is

i nvention, the polynerization ste can be perforned

compHsed befwegn & 09%@9@ 1r(b Reafespbly petweery &81 gnd-0.2dhgoprepyercgponomer
bemé‘%&ﬁﬁrqjéea grothO{%‘toailOb 84 ﬂyc‘%ﬁﬁﬁe mlmln 50Pto $0% H}%ﬁﬁne based

urdi zed bed reactor tan be explofted to carry

on thg ol apluee of the gapaspegsentiin therreactor. Tivr wmainiis Enrthnoof the feeding

ﬁﬂa’ﬁﬁ seh%f {n?ﬁ’ L&s Eukheor{ Iorr% { Gk romﬁﬁ’ontlé?éatlfzﬁl In gases

I ghly Trysta Wit proyeneoﬁom)po I's obtar h

useffilrto dissipaip the)heatigongrated by the polyewrization mastum‘ are mmcnmn&lwelected
) | .

rorl T AR, SR P a8 b AR OBl B s

panat arrbl ent t enperature | ower than 7% by wei ght

ef owelr than 4O t he II|n|t
In o 46 raa%% tbwfe]clflg YVFIg]ﬁ §tr1E on o es?rﬁt%lg g?rgi))fl e frac-
tion} the gasnptﬁteaiehdtcﬁre)fmb Wredn Hercmﬁwnmnﬂsa bpcaatada ehtabmslﬁﬁ@mffax)ent con-
for from3 90% b ht , orefera from60 .
ditiagg of BrgPYSTeqe YRty et ar b eha et stabr CBPheb o this
particillaé &zﬁe Q\beysaa!uhneq;roge@s $ractionthavin atbiiBodal mSlcc@dwé S dneribution
re

. serially connecte actaors. Polynerization Step a) -
is prpdyced inthe pelypetifation step a). To this purpose, in step a) the gas mixtute entrain-

ing the polymer particles and coming from the riser can be partially or totally prevented from

entering the downcomer, so as to obtain two different gas composition zones. This can be
achieved by feeding a gas and/or a liquid mixture into the downcomer through a line placed at
a suitable point of the downcomer, preferably in the upper part thereof. Said gas and/or liquid
mixture should have a suitable composition, different from that of the gas mixture present in

the riser. The flow of said gas and/or liquid mixture may be regulated so that an upward flow



According to a first enbodi nent of the invention a
gas- phase reactor having the above inter connected
pol ynmeri zation zones is used to carry out step a). A
gaseous m xture conprising propyl ene, hydrogen and an
WOmﬁ@’D@O@:?as is fed to said reactor in the presIEPH5/E56624
ghly active catalyst of the Ziegler-Natta or
of g?ﬁectoap%%wet foyhreflovRithg palymey P?gjtl‘tl%sn‘f) g¢ngtaigde Particylagly at the top
theraﬁsacﬁ Haﬁ?&tt@l!he %Qs ix&ite &gtnlh%ﬁ%ltﬁ‘é:ﬁs%ﬂ bet ween 50
0C, prefera between 70 and 95C, while the
Advelmseatlslhgl BREES With a|rg1atb\@tw\l@éfrpoetest efrhgdmgen s, be fed to the upper
e
pm%%eedo@xkﬁb%(mg 688 1 g%daswlnﬁhé)d&éﬁ’%m#gihﬁ Pg@greﬁéaag%eﬁ with an

react or step a n be operate Ing s
averegmmehclrlat waghy highepthep ylie Imh@r@nyébnhwmdyg@hinvum tisan. InHhis case,

step a %ﬁ{du I(;ncg%ga(l)l?r%\'fﬁ)%?&gle{a{e g%\;ltl;%g u C m glemﬁotﬁa&ﬁldlstrlbutlon

accqndlhg/ trethe Zallowing spepting) comdltlpgﬂ rilap hwlrogetwrdpwleh@motag ratio in the

dow?ﬁo?neﬁyétrx ég gcélﬁlnrgslreg 2 yoen 0 at LR dt (;1 f t[l ?gorpy gﬂ% 8(%%‘@61&953 E)emg com-

pris&frome 80 t@l(ﬂﬂ@,&)rﬁhtdb]& fiom p0 efmx%xby yolomb \lmml o). thl toah dlolume of
0. 2, tthethgr 0 ene nononer being conprised from20%to

£asc} GRS BLIhG d9WHFO™Cl ef erabl y from 50 to 80% by vol une,

In tma&adh@ny&dsgentpﬁipalenu flolafBatiofcail Bec@BnBad tesSar000n atuh eo the

act or. enmai n|n rtion_of in
propyfeng S?HﬁF‘i‘t?é‘an BFNE Fpir S@nge%%" mﬁ’e@&{’ ﬁ%mgbate foffh total
voluefRBT SR eschtl in AR risck Mt refamiy &S @bmsbrided peipasd PdiMilar inert
t he heat generat ed by the_polynerizati on reaction are

gases. g eRtiomatly gnesqrmee alpha-plgfin ¢amiqnewess GiCipr ef er abl y

Polyiidri¥abi® Steb ia§ DS eddid bmbadineas, the most preferred one
berng pro pane. ITn order to broaden the nolecul ar

Accwéln@ﬁ@ thei seeqnd isimbodimept a Hgrid-phape {Qop|rpasor fouspe i parTyeqd the po-
lymdriAGod &t k). t he gas-phase reactor of step a) can be

conveni ently operated establishing different con
A liglid mi¥iare spmprisipg/prepidenenblydngasn aud reptenatle ar insrtibydropdrben, fs fed

Jolo t i
to tﬁerl&?ﬂ ﬂg?(g r 13% Qﬁ%y ne%qur?@ Iacgfr\]fg ﬁé{?}ﬁ Jt e Zl%%f\lﬁ atfa%t etallo
cenantype d’mfaablm@wnonommr iis Ifiesk to dle feactory ssdbat @chighty crystalline propyl-
. : T

onc PRHIRIAGEH S0 B8 Hep of LS, BYBLSRoush SR Bhonomers
mayderisoded toatepiah %eneraileyl; threml%qumr dﬂ cambiyonxrs fedtt@btbya) should be
) ﬁtf?ﬂ\é ted from entering the downconer, so as to obtain
oss &t gas conposition zones. This can be
Prefa@blyehkﬂd)l)biyerfzetﬁﬂli in garﬁecgas aelool/ o@ﬁceatrhtidns: bﬂthartnettlhyerobatrbm, S0

goner hr ou i ne ced at a. suitab
that :'J‘SP‘ﬂtPr ePﬁE ﬁrtélthe rﬁ?"é‘f”é thh‘t W&%ﬁ@?"“SaT‘te opera-
ting tté1fpcPadlire u§aiedo@ﬁﬁaaa&d1é @éleétedqwtdeem 50PQraad S lpeeférame between
sui tabl e_conposition, different fromthat of the g S
65 apd 39 @Ihg? the op¢rating pressure is between 2.0 and 10 MPa, preferably between 2.5
and 5.0 MPa.

The total amount of H; fed to the loop reactor is less than 50000 ppm, preferably 100-15000

ppm weight, based on the total feed of propylene.

In the loop reactor the propylene concentration is comprised between 60 and 100% by weight,
preferably between 75 and 95%, based on the total amount of liquid present in the reactor.
The remaining part of liquid comprises the inert hydrocarbon and one or more a-olefin co-

monomers, if any. The preferred comonomer is ethylene.
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the riser. The flow of said gas and/or liquid m xture
may be regul ated so that an upward fl owof gas
counter-current to the flow of the polymer particles
is generated, particularly at the top thereof, acting
WO 2096/66703 ri er to the gas m xture com ng fromRGﬁEPﬁO&'e(r56624
Advant ageously, .a mxture with a rel atjvel
A pelgpreByiencourmy g rdbsgléﬂﬁg‘?,dafﬁo% dhet legp Fgcton@ndus i topfa'f polymerization
step tb e downconer, in order to produce in the downconer a
ﬂgﬂl ene polymer with an average nol ecul ar wei ght
Polymerization ftgp ) he pol ypropyl ene produced in the riser.
{5
Accglglln;%glr)g 5 i feﬁﬁl%%aw fgaea gl&gn%gigtlﬁe ?ﬁ})f@ﬁeaé)é a%ag :Re&e reactor having in
tercetingeted mdymerrxam;usmh (@lgscribed inalefad|ih ogvinpefion p’eﬁeﬁlglngs 1 and 2) is

(@) .
usod 0 R pel Ao AT IR R 0 By 5 e plrobd s o
Chargﬂb@?m déhepotyonar ationastépar) alxagthergfocomansferrséd th fardoges PBase olymeri-
Zatio {Q orpreferabl y from50 to 80% by vol une based on the
‘% %ol une of gases present in the downconer. In the

Preferablgithet pal ymgdpaverien/ ip passpd ehreugind aohd/@sl soparatipnbsgep, so that the
i sed bet 0. 0005 |
sascE BT 50T 08 951 WP BohiiFy Qi Tt SIS BN eSSy of s

b). 'Dhé| gas®ub afifGreaan b eepafitdll andatdited GhclgRIBS fifkk PSI@Mbrization rea-

e rjser. The r as_com ri ses propane or
Ctor’s‘?' X qlﬂg‘?rtpaﬁ’é é%rel}%fﬂtg ?Cé?fé’l pigP he or nore

A sitablo pomt 6f fobliOORAOPRTBerGnto@e secd rgdtidriig &tthObbtdhednadction

- Second enbodi nent According to the second enbodi nent
between thg dopneamet cand Jag, riseEawhess thessoag &anqeptration (g ptieulatfyplow, so

that e ﬂWE&ﬂd&ﬁﬁak B ot BRaively AfdckdUyth&intoliiof @Mei pdlybr parti-
propylene %drogen and,” optionally an inert

cles gyumgdopbHeww a)is fed to the | oop reactor in the
The Qf)&%%ct@ I\Igéraﬁrehihgﬂz %) ?sclh'avrgng%f’ﬁﬁﬁ ¥6 %o 950°éh§nd the %rgssure isin a

Ziegler-Natta or | ocene type. Preferably,
rangg étmh@ﬁm 19 yRae aald eaSt-ﬂeSfr waetpor agecd: 4 preparing apnamorphous poly-

| ned from
mer%rag&m# Ck)tﬂ%z\[gver | m t Eﬁ%ﬁ%ﬁg% érl ?%@ conononer s
Accondinglte amérslpdinaeht pthe inypntipn; thg gasephabd rgacterted stepbhdan be operated

"Q%bﬁ ar ggt{gglﬁ%%%soff 0%0%1?1&?%%1% gy%&?e%%tﬂugth? ?1sérea§1§ the down-

oryneri za
comealn thembasn,l bn]&tanletmlonmnc poiymaﬂld fragionfs prbdilcedh erlhe polymer1zat1on

s B PBeRR bR oliPI i s PGREH Db R’ B fadchaec

rangﬁﬂgﬁg)rﬁ eSRe9sI by evelght, pleferatitp &ome@Ctb 00%l §h¢$l$5kh§geﬁ/ﬁthylene molar

.500C a 9OOC etween 65 and 800C, .
rat‘%ﬁu Sfeé’%() HECBYES (?P %E@ﬁé g t'%g e@{éﬁ% Ereentio Eeuig) comprised
fronlVB8 1o m%fﬁéﬁﬁbb}l iﬁﬁﬁ Wﬂ%l 58%dyadthnte, theial concentration of propylene

and/or 1-butene being comprised from 10% to 90% by volume.

=t

maina’ 1
{

One or more alpha-olefin comonomers Cs-C, can be also fed to step b), optionally together
with propane or other inert gases. The comonomers may be selected from 1-pentene, 1-
hexene, 4-methyl-1-pentene, 1-heptene and 1-octene, preferably 1-hexene.

According to an alternative and preferred embodiment of the invention, the gas-phase reactor
of step b) can be conveniently operated establishing different conditions of monomers and
hydrogen concentration within the riser and the downcomer. In this particular case, two dis-

tinct elastomeric polymer fractions are produced in the polymerization step b). To this pur-
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The total amount of H2 fed to the |oop reactor is |less
t han 50000 ppm preferably 100-15000 ppm wei ght, based
on the total feed of propylene. In the |oop reactor
t he propyl ene concentration is conprised between 60

WO 20060670826 by wei ght, preferably between 75 amCTIBRA005/056624
based on the total anmount of |iquid present in the

Pose, itqpdy) thegae MRS CAIT3BNg éhetpomner Pyticles andippmingdiom the riser can

be p‘aﬂﬁﬂ& oMY GRERARA #ath &R&m%rthé'r@&v@nc@m@f %5 s tPoBRN PRE GiFferent
i f any. Thé preferred conononer is ethylene, A

gas praBppitien genehelhis agp by aghievadl by Fedige @ spy i arladiquiggpixture into the
dowﬁ%?@efr %oﬁ’ﬂlda ik ]Jlgcgd tagg th@nie ?t)f)ﬁ[rgf thé AbWRBNRF q)?etgr%ﬂélgtm the up-

neri zatlon ‘Step According to a pecul’iar feature
per prt tﬂnbnsofp Baid @es anglfortliquidi mixtame shonldzhagas syiehleecompasitian; different

fron{ﬁ){ﬂddg al hl%[t&% g,{t%jthpgg nmeri zation zones (described

I'n co ion w hFiguresland 2) is used
In pamcvdatr, fityis (advantdgeoqs ab Yordra lzmmrornixslrepavtb)g anTbtbylpIeog))nteah wwer

thanQﬁ) zg'grrrsgrl XIUIC om1n t | agh rgselg aﬁ o%e? r(ﬁg Elg@org) ?10 polymer

are’there andt erie
frac&m rithgeis ethyleas én l;he InyemePnefemtyl, dre haﬁmc tnixture Rompasea lnlogtly liquid

assed th h a,solid/gas .
prony [iie P2} HRE BB MifarbhuR Syl Stiener a8 § coielfteg, two air
fereiitrGbBes b(ﬁﬂ;;(ﬁ):ntk re E;mmem i @hd gas-phe8 reikcton of §t&1ﬁb)gaﬁftné1 ABRomers

react or, ste The eqQus m xture can be
°°n°§8‘i5aé}oﬁt‘%@‘° &9 d?f&‘é%@?‘@ E“% g@tfae g‘bw‘?"r‘?glef- i rst
In tHeQ@oyWHESnhot #Hel followiB@osdrative codditicas tditbatabligbed:par ti cl es
are fed to the reactor of step b). A suitable point of

- Hof GadlimpRjaraptiq omnpgistd heteen Q@8d Ple second reactor is at
- CZH!F 0, 08O o RRTe! doRiprifQA BMBRARN 0NA QWY PrERrati Bctvidéh 0.1 and

riser, where the solid concentration is particularly
Sl ow, so that the flow conditions are not negatively

- tot§1f Joﬁ@én?rgtl&yoftﬂ?@p &b %9&}9101 bﬁ’t@n@lﬁelﬁé"&) s Yd " REm Ay &)' 9084 By vol-

comng fromstep a). The operating tenperature in step
umephaspdon the total yplymeiof pasespreseot in2gotowngerdert he pressure i s

The r&nﬁmﬁgggsec&ﬁdﬂm;sggr{?%ﬁg of nghn’f; ? g)ﬁ§?ages 9:?151 (%E?r?a?l?f é)gt@%% %{ore al-
pha-lefio spobyamears €i-Aig. dntehiybme/pwipylengrubper| compomantlisqrroduced in the
dov&%l%ogﬁ% gg _stg%ﬁ)c gz(? %l gg C nteﬁ)t c%ﬂtaﬁnn% agx) éﬁ%p rc%:%%e;rgﬁéggﬂg f”r(?tﬂ 10 to
60%teyi wit, pricferably Somi20 ar4i%>h¢wnt rati ons of nononers and

i oSSR B s Bpdspe o, 11

- HopC 0 et rirti frdie 0j005 yoe0;i zat i on step b), said fraction

- CZ?@ ﬁgﬂ#ﬁ? @aiah%gg géggrlésgil hn )égn (? {] dalt p% erélb%rl] {)etween 0.2 and 0.6;

- total concentration of propylene and/or 1-butene comprised from 10% to 95% by volume,
based on the total volume of gases present in the riser.

The remaining gas comprises propane or similar inert gases, and optionally one or more al-
pha-olefin comonomers Cs-Ci>. An ethylene/propylene rubber component is produced in the
riser of step b), said component containing an ethylene percentage ranging from 30 to 80% by
wt, preferably from 40 to 70% by wt.

The final heterophasic copolymer, discharged through a line placed at the bottom part of the
downcomer of the second reactor, is the polymer deriving from the sequential polymerization

in the reactors of step a) and step b). When different ethylene concentrations are established in
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ranging from15 to 98% by weight, preferably from 40
to 90% The hydrogen/ethylene nolar ratio in step b)
is conprised between 0 and 0.5, the ethyl ene
concentration being conprised from3.0 to 80%

WO moede@shly from5.0 to 50% by vol une, the t RGEI/EP2005/056624
concentrati on of progyl ene and/or 1-butene being

the polyperization FonshOf 6ish Ob the PEasEss\thpreseeh @V@trtwmaﬂews to bond a
moré |a91@ﬁ)h@ﬁseélé&bm it (with Glie§&AndtphRs RsthBErié CorftpdiBhnt, si-
b) , opt| onally together with fpro(gane or other inert
muligaepssly poyadies ab aldigiepis dispepsigneoiswaideptoctlastqmentic copppreatieinto the
tene and

o o s o e gt o an

The giotysren apiwdars qending rfemetheemlsemr:bmnmoceeﬁ off the invieniéen $how, high
valobT 61 ARRRRIERE o ABfIAe By pR PP SRRRASRPLRBL S K an i
POIWI'I @rdpgdy ofjthe cbined mbp@dzmcm provifling a tohiginrizasion ofithe agplemeration
pheno?n % B0&een {hn Htl %108 arz}rﬁ gs &rin g%ﬁe ne \Agtldlcégnv %é of the poly-

t
oneric I ons roauce
mer;nmkiy:s;mma]m&umng tlsetsmirage)oftﬂ'ecpdyhner ppwdqsr.mfs;los n step b)
reenranlr tlcesa
The biigroRfic Rt e opbapers o e PRy of eyl ¢ hdowed
w1thp:itﬁitﬁ;ﬁb\eﬂ Hala868 emtfffﬂeﬁbgaﬂdhmpdawmme Tlﬁe()waﬂnﬂgOexampas Bhow

two different 0Si ti zzones .Thj s can he
Izod, imppagh, yalpes ot @é%gi‘%‘ern&@%é“ :h?[ d? of™ 8°‘P‘?15ﬂ108 W&Y‘?ﬁ\‘% o feural

modul¥8 hiBVNEAHTEIN 5 MIF20 DEB tothése rpﬁy@éaaﬁﬁaaaatcalqarsp&ﬁe@ lheEheterophasic
poi nt of the downcaner, greferabl in the uEleer part

copqlﬁe?réef theqprpsqntgR¥ention can bq useqssfully uiedrte manyacyrapars, compo-
nent§ dhd AlteRals QSRS thOSutorblveah@REry,f SubMhd AAdmaTveliBri@afims and
m xture present in the riser. In particular, it is
bumpers.aFhex gabbrsalscyused ittha meawfagtate ofjitame fos theaipsiystyiak ponsumer mar-
ket, %cmdlt% :ﬁ Mcgptfurhﬁﬁ@rag?ﬁ%e tnﬂflﬂstﬁ@s?‘ e ﬁhfdftfg/c%ﬁﬁu@l@on and the
‘fromthe riser, in ord to producé an elastomeric
recrmp%%]wl’(srﬂablﬁmﬁ richer in ethylene in the riser.

The Efoggsl% 8"1’ E‘)Jreﬁwﬁesf:ﬁqn\gﬁﬁéﬂ x@{l) 8w e%egcrﬁgm defa?@ vJ"tB?éﬂeéénce to the en-

ene or e anmounts of
closell ¢rawings avhithiayé dlngratipsangl nod hwdafiveref the staps oflihe clagmesigrocess.

Fig i %ﬁ?o%rth ngp ngl?o%rﬁesn? oF thg p?egéfg ?n%eﬁtﬂ)nt Qfﬁerg AR z{l?)zf to SArTy O out the

reactor onefs conce
polyhteeizatios estepsiinf drelrls) dre gas-phasd reaétoﬂs havidg\intcroomected pollytmerization
downconer the foll owi ng operative conditions can be
700Bst abl i shed: - H2/ C2H4 molar ratio conprised between
The Girs Rehctdr 4step- a) CafrideCa riberCB did @ d@wncomkt 2y \Q]ﬁmfﬂi 'tl&qﬁlymer parti-

cles Hoprnreapectist e ingsy (31 Saii ol cbision Flpne o of the ar-

row l1@i dng deRAWAdSRderl the Bthon G fteavR) Ulddyg tM@leéd:HEn obte&eto@N 5. The
. the total volune of gases _present in _the downconer
riser 1 and the downcomer 2 are appropriately interconnected by sections 3 and 5. In said first
reactor propylene is polymerized in the presence of hydrogen to produce the crystalline poly-
mer fraction. To this aim, a gaseous mixture comprising propylene, hydrogen and propane, as
an inert diluent, is fed to said first reactor through one or more lines 13, suitably placed at any
point of the recycling system according to the knowledge of those skilled in art. The polym-
erization is carried out in the presence of a highly active catalyst system of the Ziegler-Natta

or metallocene type. The various catalyst components are fed through line 12 to the riser 1 at

the lower part thereof. After running through the riser 1, the polymer particles and the gaseous
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The remai ni ng gas conprises propane or simlar inert
gases, and optionally one or nore al pha- olefin
comonorers Cs-C 12 . An et hyl ene/ propyl ene rubber
conmponent is produced in the downconer of step b),
WO ga6/ae708nponent cont ai ni ng an et hyl ene per cent@igEP2005/056624
ranging from1Q to 60% by w, preferably from 20 to
mix{groleaye thgeriser) 1 and gee copeged tp REHdgas SRRTIHOLFNBE At Thpaolid/gas separa-
tion ‘ESH"EE éﬂ"e@t@& b? ﬁﬁn@@on@éﬂh@ﬁ%{l 's&ﬁﬁgon medrd sudasiolBlafple! 2 bdnBtifugal

fromO C E4+C3H5nol ar rati o

sepa&mmc@@@ %&emhsmrall h%lwell 01 tangenginldyngb| y bet ween 0. 2
Frorﬁ‘mti: sgpa§at10n z&&t@ Ithegﬁﬂiﬁﬁp Eﬁt&g 'tH%rHo%cdﬂ{eP BY W@sé@ﬁﬁﬂmﬂﬁre leaving

but’ene conprised from 10%to 95% by vol ume ased on

the aepﬁeattomzaie M@rquséedctﬁ thgaisersl yrreengmof a mcycleding b.segrippctheith means
for thEB 86 983 SH ses propane or simlar inert

gasegz and option I y one or nore al pha- olefin
Aftec hirooropresson @ ais 714hd the/mol'mghlydamw% /ttprr@;yylle easds dividbédinto two sepa-
rated” &r@%% %ﬁ]t fitsCorld i ggn%ﬁegrea th @Ah% oo sgctloﬁ %%@a &123 1in® & Ito favor the
cO 3oﬁen contai ning an e hyPene percen age rangi ng
transffer@lfrtha PolymeBififiding fion, th@d(ﬁfmeoradfrl Mo theamrQOThmseEcﬁi&;sbgaan recy-

cle 5 e VA6 T (RIS st | Cisrablih TG IRgpen capelgaps o

theriecond reactor, is the polymer deriving fromthe

sequent ol ri.zati.,on .i.n the re ctor
Whengicrystal En‘b?‘ﬁy‘v%‘ cHipt pih @himg ﬁﬁ;}‘l“’é‘?‘f& a&&’ﬁ@@h‘@?@i"r‘t&ﬁ‘s‘ wished
to b@ Rp£ed dlthd sdtafleriZBfidiestdpal) Y PRftIoE Bk irédiclé SRF 1ifd 6 Bls@ vid)line 16

e process of the present invention allows to bond a

toa ﬁ%d@nsawdp Phese the &PS&%SOSFFEQ“P 18 cel R demPeRityrR inyolving dhe partial con-

densBAGH GNRYYIRE A8d HEBAICoRATRRASE bropiie, Wief)ﬁﬁlﬁ%%lss\él 18 is placed
provi di ng an eff|C|en% di spersion of said t

dowpstegarp dheegondenscs hh o e rpascopsppxture enrichggsip éiquerSFé, Yhich pellects at the
top &ftﬁbdd‘égs%ﬁlg i re‘i:medf\hz{ fide 2@% %@%ck&@flﬁ% O%ttﬁe%tﬁ’& han-ﬁ,hﬁle condensed

powders com ng fromt nerization process

yne
hqmgfls fqdeto ithevdavmcemerhvavling gh Saud l;msd @ﬁfn ticl fgdutbsaid dgwncgmyer 2 by

oS S0 i B RS0 8 o v
prevugly indlicatgd amounts gan bafed@ma biquid diectgigiochelinet21 ove hne 22.
Line?%%ﬁ%?ﬁ% t?xg i@ﬁg P, bartict O?B&g}il i HQ l‘@pe?rggt 0 Jhg aovgﬁé Ig% {nﬂleallows

con and especl
to pattialfyrog tdtdily psdvemta@@gas fmiktoee q@nhymmm plavviber & friom chidring the down-

eter si c.propyl ene copol yners obt.ai ed t.he
comgy £ st &L SiopBitvo AR Far PR S h e oo 15
The lpalyﬁj.eﬁ&btﬁﬁedsﬁdnﬁ ktep ﬁ)ﬂs alixchar gadeftm theSd)\.sdr@ﬁﬂ ef th'glgewncomer 2 and
. r.ki.ng, exa show | zad i ct. val ues at
is i P B partc 53 e o ROt o BapE  SRix e coming
fronf the>flidt PolyiiRebtien réctd Sond diddting tHdrebdiar of3up B)OSAid @8Rous mix-

P g3|cal-nechan|cal properties the heterophasic
ture 1s fed back to the recycle line 6 through line 24, while the separated propylene polymer is

fed to the second reactor.

The second gas-phase reactor comprises a riser 1’ and a downcomer 2’, wherein the polymer
particles flow, respectively, upward under fast fluidization conditions along the direction of
the arrow 14’ and downward under the action of gravity along the direction of the arrow 15°.
The two polymerization zones 1’ and 2” are appropriately interconnected by section 3” and 5°.

The propylene polymer exiting the gas/solid separator 23 is fed via line 25 to the connecting

section 5 of the second gas-phase reactor. In said second gas-phase reactor ethylene is co-
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copol ynmers of the present invention can be
successfully used to manufacture parts, conpo nents
and materials useful in the autonotive industry, such
as autonotive interior trinms and bunpers. They can be
WO 2106067082d i n the manufacture of itens for tHCT/EP2005/056624
i ndustrjal consuner mar ket, including the nedjcal,
polymerized ‘M%Proﬂﬁﬁﬂel apdog 1ibyisne i tnr tp%gresqnﬁeeo propanc and hydrogen to pro-
ducdith bidéBg4EOpS éiﬁ:t oA fgﬁié‘éu§ ftlgacbRpAins ARYIES, propylene
i ndustri es. process of the present 1nvention Wl
and/pp|ybgfenay és@pgea@ad Prepars ig ffaddo wpid ﬁecm@df g ahase reastar N@ouﬂh one or
mor? hﬁ(,%qq %ﬁﬁé‘”lé"ﬁ§ ed‘@lml o‘ﬂt%f 'tﬂe r fe%b a&ggh the knowledge
imtatiive of tohe scope of alme process. Fig 1
of thokoskdlledtimart.i r st enmbodi nent of the present i nvention,
t } ! on
AnaS gt%g’ té %]3% a{*%%?%gztgé?hg gg%vgiﬁ%ﬁéi%rg&f‘peac éo%’g‘ ¢ leave the
riseri Iritand ewnevavdyed taisylitégas zaiaraum zaxek. Friimethé smtatwremek’ the
poly&fc’]a}é c?lgerg zhta %8\%’(!0#%9 » afhﬂe em% n% e cor %cgspae reitx\%%f)f;/ the separator
4, fropwavhich lﬂl‘tdgﬂeoi.lﬂﬁﬁ)(tﬁﬂe us daﬁs&tnedn madmadi‘ td @ poraprossor 1 hBownstream
di rection of. the ar.row 14 an ownwar d under .t he,
comBEERsFs U5 gy Sl ey P UBY P PR ke Hive e con
densENEY' it it ib canai dthecrieydtae aewhich pogylap PP i-&lteie)together with
i nterconnecte sctio 3 and 5. In said
PropRREEIF B?m%lf i e SPRPAeTER Gortainig dhaspe &8 i ooled by
meahwﬁrt@@&mhﬁgnmwncm A6@ istfB®inCd $a8doas bthtd € (B |anrﬁE:fonfzt’)ﬁ£5’l Vadline 9'
To this aim a gaseous m xture corrgqil sin ropyl ene,

and glsoifodhe PoteRtofthorssht’ Vigling ' F%vl?ce@j dewpnstream

the dRdsdr 117'SThd BahPmié MHRRCRS ?'&6% @ethyl&ﬁ:s whidh collects at the
sui t abl i:bg)l aced at anyg&m nt o e recycling system
C

top efdkoyesicht isgeqyrled Kiading 8¢ dethe Fecyde e &1 the gontiryathe condensed

hqmﬁh@ fdAQ YHE RFwinéthdr O viaSin€ 24T 544 haiﬁh chﬁ‘bé RR BHRIBRAG R 2' by
highly active catalyst system'of the Ziegler-Natta

mea@ﬂrofmpll%'cene type. The various catal yst conponents

The %aﬁe {1? gor éU : Jll.l@ %rﬁ;#l&le tcltllﬁOIr i -%‘Etfe tef11 ofi)t{onalh@ -Ci> %%%nomers)

ter I ng throug e riser 1,
that plmuyiiwrpr@amttm ticalowaenher Rign gmmmsiyﬁnma@edl agovats chrebe fed as a
B [ d

ooy iy By SPONESCL 029 GORAIASLARPREAL il n
uppar pamof thodorendmear?al separat i on nmeans such as, for

The g‘%?l;gﬂi’y‘fégﬁﬁ Fo%?tﬁn%ig{p%ggrer 8‘? gr Lfleaf(o(i ﬁ'éz)atl ‘glrﬁ?e[%ﬁ% and b) is

dischegairnad fienl 1zone 4, the pol ymer enters the downconer 2.

Fia ] By oo TR RL T B pLARRraR SROg e BEY e Patymert

zatlﬁﬁkwpw%eﬂoﬁﬁbdﬁﬁ@%ﬂlqﬁﬂﬂodﬂl@a&&ﬁprE‘SSI on 7 and cooling
8. After the conpression neans and the cool.i negd_mean

Liquid propylepe fogether wish the prepolymesiaed fﬁt%w RBMBRSELS (i feddo the liquid

loopStch@830 viaNtef 310 The @BRIneE pbfyﬁfb§§l%ﬁé 86y @s béiinuously discharged
connecting section 5 via the line 9 to favor the
from the loop reactor 30 and transferred via line 32 to a steam jacketed pipe 33, so as to en-

sure monomer vaporization during the polymer conveyance to a flash drum 34 operating a
pressure in the range of 16-20MPa.

A gaseous stream of unreacted monomers is collected at the top of the flash drum 34 before to
be fed via line 35 to a condenser 36, where the unreacted monomers are condensed before the

recycling to the loop reactor 30. Make-up liquid monomers are introduced via line 38 into a
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transfer of the polynmer particles fromthe downconer 2
to the riser 1. The second streamof recy cle gas is
fed via line 10 at the bottomof the riser 1 to
establish fast fluidization conditions into the riser
WO 2006047652 a crystal line polymer fraction w th RCIEPRO0RHS6624
nmol ecul ar wei ght distribution is wshed to be prepared
supply, tapk &7 pfgemy Né\lqhzth? ligyHd srompmery arcqvihdrawnsgn tqeevqyé% y@ll@e 40 to

the19@1§re9étoﬂ3d"lﬁ11§eah§o§ae§iﬁn VMga line 16 to a condenser 17,
wher e gaseous Stream is cooled at a tenperature

Theucrwtﬂllme rpglyuaﬁ@mm fiaetionceoHeqiedhatahe bettogt obthg fipsle daumy Ay is con-
vl YL 055Uy 1 O bSO BRSBTSl o
mentsi areadyalcsombid medgtailelatyvglydgdite.-1.whi ch col | ects at the
e 0. t

The &8@{;‘%&2&4@3 &ESQS %ﬁtﬁ%ﬂﬁﬁen QIX& ogq:gx 'b?ﬁ!éﬂng% 0 elrllnstﬁ%faﬂg?ence ofa
highlly aptivelcatalysit wtetmoftthteZldgimHm nz:talloaenle itype. 21. Sai d

A Zlegﬁ}J N%Ezg 93%1]}%? %%91 éo%lp%gesq%aﬁce \r%!?}%% %ned gg {he rgacﬁ?ne %feaﬁtiransmon
metal nomjixmndi oﬁ\g’roupimto 20 loﬁthe ﬂ?enqnlloél‘/abmm‘lE}emenﬁl(nm‘t mcﬂlatmnb\mﬂi &n or-

f d I 2
gandfRtpURS 5Pyt Broyh e Sy Lk pettodic Tebi At emept o i o'
In p@tiad@thé fardshion uiRpe congdihd Qi be RelcdladMedgReompovadCofali) V\¥&, Cr,

and f gt by 5 o PR Qe o AAHE e opprae) tioen

0 andlG; 9§ e Valehde dFititanRing N} isTRABEEOINATS istd Bfiirat@BES grod$ having 1-10
previ ousléﬂexpl ai ned. The pol yner obtained from step

carbala atps o ACAR Ewn- Ameng ther %Wélaﬂwﬁerreﬁ arg {ianiggh fampeHds hav-

ing # 1848CoreSTifBgeH Bonll istiéh al]Jtlténﬁm@te&%dhdésgﬁ‘%af%gﬁﬁfc@idywszﬁneferred
in order to avoid the ﬁaseous m xture comng fromthe

specficrtiganiysy capppopndsatq Hiby ekt BIOBW e HERLK L, AEOBRLCE.HERW:CL
Pref@fedSdr! r&o&)ﬁtall@%bﬁg&ﬁﬁ@ Ord Sché'rb?éaﬂouAﬁcdnﬁ)oﬁ&ﬂ a.}aé G gﬁrﬁc&l&l} CAl-alkyl

recy [l ne rou(? i ne 24, rated
commlmésy Tep elkybAl easppous fsamefm@blméosce @mag t@atm vl aluppigum com-
e
pou%ﬁ&ﬁ%}gaﬁe%ﬁg@%\%ﬁg%tgﬂ%ﬁt inun? (rﬁi)lrsé)b?l%ﬁ%gl}lt :uﬁzl, fri-th- PF%&Mnum tri-
n-hexplgluginuny em-yn-ocLyMgni@iumnIﬂ malsfoam’ssﬂﬂb to @e aﬂﬂylabmnnum halides, alky-

lalulg%ﬂglvlé}dﬁg ng g sésﬁ&lgl#l&qr aVI ({ I;a% a}ﬁg{%gy\%nrjﬁi:j&bﬁtgag option-

ally ¢h mxedre wrthszhdtrhﬂkyaalnmuixﬁéomp'ﬁhma wo pol yreri zati on

zan and. 2 o) atel i.nt.erconnect ed b
ParcER oty Hiehryield PN co R Ui e SR MRS S pong is sup-
portéden gamesirh halide ép adtiae oirmAdhictsis fp&!fer\ﬂblﬁ MgQlein2ftivefokh lnternal

connectin t| on 5 of the secon a phase react o
cloof i Pt iR Ale S AmPas BTG, iy P S dgipes. i par
ticullai) heyii¥e lof a@ﬂpdmashbemﬂgalgl 16 NS-EEHE, philalieds emmartbstah@ succinates

presence of propane an hydrogen to pro duce an
is prefeged-omeri ¢ pol ymeric fraction. A gaseous mi xture

In ofdeFRlobfid WhighIY ¥doBiBe crig§tdlRMe F81propylene from the polymerization step a),

it is advisable to use, besides the electron-donor present in the solid catalytic component, an ex-

-

ternal electron-donor (ED) added to the aluminium alkyl co-catalyst component or to the polym-
erization reactor. These external electron donors can be selected among alcohols, glycols, es-
ters, ketones, amines, amides, nitriles, alkoxysilanes and ethers. The electron donor com-
pounds (ED) can be used alone or in mixture with each other. Preferably the ED compound is

selected among aliphatic ethers, esters and alkoxysilanes. Preferred ethers are the C2-C20 ali-
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and/ or 1-butene, hydrogen and propane is fed to said
second gas-phase reactor through one or nore lines
13", suitable placed at any point of the recycle |ine
6' according to the knowl edge of those skilled in art.
WO eh@gusly to the first reactor, the grow rigimmzpmsmm
particles, and the gaseous n1xture | eave the riser

phat&n?ih% andcigRpgirelar the cxcliosthers greberably having 3 cadRp ata:ms such as

teuaﬁy&mgﬁg(@ﬁga&@;{éﬂen zone 4', the polynmer enters the
downconer 2', while the %aseous m xture coll ects at

Preferred astsps as¢ thm&yls@ﬂﬁﬁafr eft ©-C20 aliphatgeapippxplic acids agd ipagdcular C1-
C8 Eﬂcané&e‘?s bf al'(i:ﬂhé{*é bR ecgrb\ﬂkﬁld AR s@ch L9 cthyRRORE eﬁéﬁFfl formiate,
Downst r eam conpressor 1 the recycle gas'is split
cthylfoumnistes raethacetetd, propylaestate dprapglaseate, nohudyladetate, Hbutylacetate.
4 2
bR SARMIRREES dfor PASLEL L SOIERLEAS Binh g g rom
2, ¢ isoapeintagar fiwint htopy mdethesm e+t is 4R szc omtiRh smdalkyl'h:ecloalkyl or
aryl Fadicatd Wi & t r]l?acgrlbglg %1%' qjalqg grés?pre%%&? arg %l% ﬁuxl)ns 00%98 thlch a
reans o e*Coor |ng mean an g ase6Us
is 1,3t iatlec is, bhieast omnefR i and RZ dneelebted Viom Hranche@élksa,myclahlkyl or aryl
i ne

roug i 1D Ry GTs andgR s SELCiats! St Sl gyl Bxamples of

sucmlﬁéldﬁ‘élﬂ&licoﬁ Zompaﬂ?nﬂs @aﬁﬁbﬂiyﬁcyﬁmhdxyldﬁndﬂiﬁkyﬁlbﬁd diphenyldimethoxysi-

hyl ene, i ch cts at e top of
laney ﬁ'l? E tlgnge M@H"Wy ‘(‘—E‘y%‘k?ne ¢ OFRE Ty érﬁy‘tlfoe pre-
ferrddl thesificon c@ﬁp&iﬁ&s mOHished 14,0, & e3, Q@ﬁﬁj@l&l‘éﬁ!ﬁed AR il cy(ﬁodil@(ﬂ group
the downcomer 2' via line 21'. Said [iquid can

and 1RedF wgthyl, Exmdzf rfash prefeged pilicgaccogpoupds awpcyz@hexylﬁh@ethoxw-

lanc] PGS/ tHcMOXRAAR RhS thtBIM-@BR il OPY | ene and/ or
ane1 bﬁyfleng @%%tl onal C)g{lc cgﬁnyglnorrers) t hat shoul d be

The @b@\@eqﬁalm haw, toAdditionde agh plymerizatien aciiy, ylso good morpho-
t -
lo g1ézﬂ‘ gfo?%géjtén%ﬂm{lﬁéatﬁetﬁ ggl‘tlglgalfl}e g}ltﬁgle golrI th? gé;eq? gﬁe d&@ tpiayse g@fy?nerl
ﬂﬂmanM%$Qﬁwquwwﬂm@ pl aced in the upper part of the
r .
AsBRRER o ol L B D LRTHRLL 08 SRR g
theydpwptirar ged via line 11'. Fig 2 shows a second
t an n ccording to
at le\g\ﬂggﬁ%h{l{ﬁ(ﬂl m&{al C%Hl$018:{2dat O nanQlYE ét oggnbpel’f orned into a
at lehst arualuknbm@oﬂaemnmomnd ableqaufodnyan elRylhetatodcog@ting andvi t h
¢ ? epol rlzed catg%yst conmponents is fed to the
‘mleﬁﬁ Y1EBYp P@g?F%P“@B a line 31. The obt ai ned
A pridryd chpy bfemetals bdﬂip’oylndl Soratgifiing ratl deast yhedit omh g atktdllocdie com-

| 00 an ansferred via line 32 to a
pouﬁggﬁl '%3&3193@905‘11 3’?3 éfl as to en sure nononer
Cp( j,zation durgypg the polynmer conveyance to a flash
grum 3

4 operatin
wherein M is a trans1t10n meta?belongmg to group 4, 5 or to the lanthanide or actinide groups of

the Periodic Table of the Elements; preferably M is zirconium, titanium or hafnium;

the substituents X, equal to or different from each other, are monoanionic sigma ligands se-
lected from the group consisting of hydrogen, halogen, R, OR®, OCOR?, SR®, NR®, and PR%,,
wherein R® is a hydrocarbon radical containing from 1 to 40 carbon atoms; preferably, the sub-
stituents X are selected from the group consisting of -Cl, -Br, -Me, -Et, -n-Bu, -sec-Bu, -Ph, -Bz,
-CH;SiMe;, -OEt, -OPr, -OBu, -OBz and -NMe;;

p is an integer equal to the oxidation state of the metal M minus 2;
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pressure in the range of 16-20MPa. A gaseous stream of

unreacted nononers is collected at the top of the

flash drum 34 before to be fed via line 35 to a

condenser 36, where the unreacted nononers are
Wozmwcl@nsed before the recycling to the |oop rRGECERR0BEH6624

Make- up i d npnoners are introduced via |line 38

nmpﬁ’tb“ﬁ’@‘ﬂbtﬁ ‘E'%Frﬁgeé‘fantf’%’iﬁﬁn&hl ch the liquid nonomers

L is@/dvaltht M&Mo@ﬁ&e&%ﬂtﬁﬁﬁﬁ@ ff()hﬁl {o' 4@Q:afgogn bk NpibiRAP containing
reactor "30 by neans of a he cry stallne

up tey$ pilieancmsebredging £ and A, E@Felffggﬂed aailvarqnégr@@n “Bmo¥. being C, Si,

and @S groqgéj @lll%f'to' ot dﬁﬁfbnyﬁ&ﬁq Y ek 'b@ﬁg éroéeﬂ ok Q%ydrocarbon radi-
gas- eactor of step %“) havi ng th

cal contaipingcinam i tad{ticacdhon atammst s all ready descri bed in detail

mor ﬁlle%ubgleﬂé}é S&?Chté\;aen | oIhCﬁrgﬁ S e carri égh}lrg?ﬂ\%ﬁf %Eé’s(c%)z’ (CHa)s

or C(ﬂésézence of a highly active catal yst syst em of the

Cp is ate g.]bgtl I\giotg ?13%%%%5&3 lcgcg Speflf%dl%ﬁé}i) %rouﬁ,sg o a(ioﬁeeélg’% to one or

mordb hxbstttetai:bn unsubstitutad. tsatanatediunoanurmed ol armmmomgsj of groups

A PP RFE G GRS Da b T SHITG ‘o PyFepop rdicl

contal,mr(grfrolxﬁl m‘4(ldaﬂ)oﬁafoln@d| c Table of elenment. In

artlcu r, the nsitio ta 0 un can b
Alafagtss e i PRk B R de<blereato be Gk, DRBECIo gl compounds
conﬁhﬁﬁ%lé&ﬂo&%iﬂi@%ﬂdﬁt@ée those of formula Ti (OR) nXy-n
in which nis conprised between 0 and y; y is the
val ence of titanium Xis halo and Ris a
hydr ocar bon group havi ng\lirOIOAlQar bon atons or a COR
group. Among them par@icularlylreferred are titanium

ounds hav_ing at | east one Ti-hal ogen bond such as
whefefty

rrwrﬁtreefsr%ﬁ%mr ereliffesent 25 dofjastkabeol at es. Preferred
mpﬁg&%fﬂ&n&hﬁggr@fﬂﬁw&&mﬁounds are Tid 3, Tid4, Ti(OBu)
4, Ti(OBu)d 3, Ti(OBu) 202, Ti(OBu) 3d. Preferred

organonetal | ic corrpounds aUe t he organo- Al conpounds

and in particul ar jalkyl Apo gungls The al kyl - Al

compound is prefer aI?l y chose nong. the trial kyl

al uni num com poundg such as for exaMpl e
can tyrg hs%& I'L]%{hac S¢ o? ﬂrqgar comy Io%n‘n) ) Eerem MR an integer of from 1 to 40 and

alumnum tri Palun? i

wheterthe - smbﬁtrydeatsusmn Lumdlﬁetent sareah;&lmgpm s laldgen aems, Ci-Cyo-alkyl,

E{?} QTYE :?16'1?} gg& %Ig‘b lé‘érs (S Z{%‘WX\? g dgdp%gmily contain-

ing slilldbﬁtos @érdhatipini auﬁnsa Iotitht therpramd thiiteat Whadtlons &l i differeat Kyrh halogen,

al um num co Particul arly suitable hi ield
a“sz‘RP%eé?f Ep'%ﬂ 5.8 Qem-{RKREFTIUANDE T & AYTRoANGs 3‘6 d
IS sup ported on magnesi ym halide in active form which
is preferably MgO 2 in active form Internal electron
donor conpounds can be gglegrtl anong esters, ethers,
am nes, and ketones. |In par
can be used in the case of cyclic compounds, wherein n° is an integer from 2 to 40 and the U

substituents are defined as above.
The process of the invention will now be described in greater detail with reference to the follow-

ing examples, being in no way limitative of the object of the invention.
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ticular, the use of conpounds belonging to
1, 3-di ethers, phthal ates, benzoates and succinates is
preferred. In order to obtain a highly isotactic
crystalline polypropylene fromthe polynerization step
WO 2006/0670523 s advi sabl e to use, besides the el ecRCIIBRAOIHING624
resent in the solid catalytic conponent, an ex terna
EX&@@%@$on-donor (ED) added to the al unini um al kyl

Cha®fct&dlaiby St conponent or to the polymerization
~—reactor. These external electron donors can be

Melgindee LdMIk}ong al cohol s, gl ycof8TMe3 1238(330%£: Unfes),

Den@ify:N€S, amdes, nitriles, alkoxyplghes and ethers.
THe el ectron donor com pounds (ED) can be used al one

Solupility index xXX$)e wi t h each ot her.inRyheat?§f¢ t he ED

e ERIPH) & FERE R AREAR:C BAlbSa e S5

Flexaralphaticity wodedns (MER):i n parti cASEM D-ﬁ%O cyclic ethers

er ny having 3-5 carbon a gﬁg h as
IZO?ieﬁ zfﬁydr of urane (THF), di oxan% ref er red esters are
Pol)tdlmetsitbzyindequBr shioprofidreyGR @tratly pboakccted wahblcmmblieaﬂao;i/&igat dis-

t f ali
o Ba BByt Vedt vt Sty Phtharoap O Rkt rosisance
of t]idedTyrﬁélem rﬁdjlft)dl st=d. il @sistaidehydlRa ehdlutis sppaddlioh & ddvahddulus
i - pr acet , .N-but \él acetate |.acet at

Valuﬁ,rléaf wa$ qugh% mperature oﬁ:?é)l()réjF% a paralﬁal pl-!a;trc]ag theom-
cter HYAARMCERRD Gnarkhi€d By Rhévttrits FUSA) B8ty dt laf 1¥bdilldtidn Zreqency

is an integer from1l to 3 and the sum (atb+c) is 4,
whiglyincregses fog Oggad/gioel0Qradis- | cycl oal kyl or aryl radicals
Frotttfld mddul s‘éﬁe[r&% valueMBie PPRY dbufntldady! ﬂriea’ﬁé of ik lcqehtRh PI M6 x

S|I|concon‘§%ms|nvvh|cha|sl,b s 1l cis 2, at
(mofhgless pepaiationf  RIVharedmRgulpss separatien dy defingeh a5 rthey &atied(frequency at
G’= %dﬁ‘ / [f&g&éngthJ’—ﬁfOP%f’ Whergr@qpﬁnevyt&ghe?inédﬁhﬁa&tﬁ%” is the low

and R3' i's a CI-Cl al'kyl group, in particular
mOdﬁbl@hyl Exanpl es of such pr eferred silicon conpounds
Pov@he ﬁgﬁg}%l rret%% e gglbﬂlepﬁév%}(ml éh@l%%d in a standpipe having a conical
exit. n’Eiethwder lgm@oyrhmi(psn@i fq;o)6y]®|utsaaté) 5 kg/cm at a temperature of 80°C. This

com?fe@f&& ds%?n Eﬂg{ex h{%lbgﬁ&g §X1¥ %f llnag?ermgé%f\[/ﬁ N Wofrefb E(blﬁ'g e be{t(gm valve
erre ne Silicon conpounds in Pch al s 0, chis s
of tli's’z:omsal a&xip rsa:peﬁeeldarﬂl tkqxﬂlmmreqmyadl to ainhgyl thgstadpipa isdndasured

Polyg}eé pgvgqr Eﬁ\élﬁg g&)(}q ﬁ%\}laﬁg% § qrwg% g)wstinllés CVQ’HIIG a grnpcﬁy pglsymer re-

quirés-1bnyg fldw timbet hoxysi | ane and thexyl tri met hoxysi | ane.
Th bove catal ysts show, in addition to a high
0 ity, also good norpho |ogical
The RERBAIIf iIRSintdhéibn Wak eartibiPstt RAddr ic6htinablsycofiditibitith @ pladk compris-
the use ip the gas-phase pol yneri zation process, of

ing { 1fedYepsrerk fMheashasy Wé?taqﬂl@zf@ﬁ éntsgvg@%f%gtpalwm@%t 79RES, as
show?d Rgursised in the process of the present invention

A Ziegler-Natta catalyst is used as the polymerization catalyst, comprising:

- a titanium solid catalyst component prepared with the procedure described in WO
00/63261, Example 10, according to which diethyl 2,3-diisopropyl-succinate is used as an
internal donor compound;

- triethylaluminium (TEAL) as a cocatalyst;

- dicyclopentyldimethoxysilane as an external donor.
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they conprise: at least a transition nmetal conpound
containing at |east one p bond; at |east an al unbxane
or a conpound able to forman al kyl metal | ocene cati on;
and optionally an organo -al um num conpound. A
WO poep@dsed class of nmetal conpound contai ni NgPEIVEP06HAS6624
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Step b)

The second gas-phase reactor is aimed at preparing an amorphous polymer fraction by co-
polymerizing ethylene with propylene. According to this example, this gas-phase reactor is
operated maintaining similar concentrations of monomers and hydrogen within the riser and
the downcomer, so as to prepare one single elastomeric polymeric fraction in step b): these
conditions are referred to as “‘monomodal operation’.

The second reactor was operated under polymerization conditions at a temperature of about
73 °C, and a pressure, of about 1.9 MPa. Make-up propane, cthylene, propylene and hydrogen
were fed through line 13’ into the recycling system.

The ethylene and propylene concentrations in this reactor are specified in Table 2, as well as
the the hydrogen/ethylene molar ratio. The obtained elastomeric polymer fraction has a solu-
bility in xylene of about 90% by weight.

A heterophasic propylene copolymer deriving from the above sequential polymerization is

continuously discharged from the downcomer of the second reactor via line 11°.
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bles(1230¢/ 2. 16 Kg) Density: ASTM D 792 Sol ubility index

X.S.): in x l.ene at, 25 ntrl C. of xyl e
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IS inversely proportional to the creep resistance

Fkaﬂﬂ“ﬁ%e polymer in nolten state. Said resistance,
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Pa, was deternmined at a tenperature of 200 BC by

cmﬂxﬁQﬂfxanﬂbﬂallel pl at es rheonmeter nodel RVS-800

St;ﬁ?rketed by Rheonetrics (USA) operating at an

oscillation frequency which increases fromO0.1 rad/s
A propyl¢ethonmgidlymer was produced according to the operative conditions given in Table

1. The melt index MIL was 65 dg/min and about 2.4 wt% of the polymer was soluble in xy-
lene.

Step b)

According to this example, the gas-phase reactor is operated establishing different conditions
of monomers and hydrogen concentrations within the riser and the downcomer, so as to pre-
pare two distinct elastomeric polymeric fractions in step b). The operative conditions in the
two polymerization zones were differentiated by feeding a barrier fluid via line 21’ to the up-
per part of the downcomer. As a consequence, the riser contained a higher concentration of
cthylene than the downcomer. Said different concentrations of monomers and hydrogen
within the riser and the downcomer are indicated in Table 2. The rubber component produced
in the riser originates from an ethylene/propylene ratio of: C,/(C,+C;) = 0.457, while the rub-
ber component produced in the downcomer originates from a gas phase with this ratio being
0.166.

The composition of the fluid barrier in line 21’ is indicated in Table 4. The partially liquid
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for 10 m nutes e 1 Step a) Tecatalyst af

MPgyr epol yneri zation with propylene, was fed via i ne 12

' .as- phase polynerization reactor of
Exah‘&ééljgr]gj(;ﬁﬂﬁ?%u%ﬁe first reactor propyl ene was
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f
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The same catalyst used in Example 1 was fed to the riser of said reactor. The temperature in

the riser part of the reactor was kept at 65°C and the pressure at about 2.3 MPa.

In order to prepare an elastomeric polymer fraction in the riser and simultancously a crystal-
line propylene fraction in the downcomer, said gas-phase reactor is operated by establishing
different conditions of monomers and hydrogen concentration within the riser and the down-
comer. This is achieved by feeding a barrier fluid at the upper part of the downcomer. The o-
perative conditions adopted within the riser and the downcomer are indicated in Table 5,
while the composition of the fluid barrier is given in Table 4.

The properties of the final polymer are shown in Table 3. The obtained heterophasic propy-
lene copolymer shows extremely low values of stiffness, since it is not possible to prepare a
highly crystalline fraction in the downcomer due to the presence of C,H, in the downcomer.

Moreover, the obtained copolymer is a sticky material, which gives drawbacks in the stable

19



The conposition of the gas phase of step a) is

specified in Table 1, which refers to the opera tive

conditions in the first reactor. No conononer was fed

to the first reactor. Make-up pro pane, propyl ene and
WO palhe@gEn as nol ecul ar wei ght regul at or wer e FGRIERA085/056624

line 13. The properties of the cr stal I ne

operamw? Bpyraeie alpﬂr epygseern fauipraenti Tadle § indicatss ngdlowability of the
yaRehWRE, bebdusEMB p@l?m%leﬁa nbtf ﬁUW J%ﬁllﬁthg: tdsa otdions.
poI ypropyl ene resin had a nelt index ML of about 55
and a fraction soluble in xylene of 3.2% by weight.

TabTé‘? ﬁﬂ'siiheﬁél%?‘(sfeplf& oduced about 70% by wei ght (split
of the total am)unt of polyner produced by both

f| rst and second rEBxtors|Exné pdiExnd obEXided|in the

f was—continuousty —di-scharged—via +ine 11,
Opér'a 'W? g;og'gh}érﬂgm the gas into the gas/solid separator,

Pressuderel ntriddkPeed i N2.8 the|@dnect|ih® sectP@n 5 aof the

cpeond nhace Ct an KW {Thea cacrlond aacl nhacae Heact or
S ASASASARAS) yuso HaS€- P €St d—gas st

Temperaflife.q 4t tJspr epar an afBr phou;?BpoI yma?’sf ract/i on by

H, copol yner i|adie%et hyd gne wiiglp propyd gne. Aggording to

this m(aml e this rmc nhacp reactor is operated

CsHemi nt ai ni n1@e%i | af 7t3ncenBPd i onBf nohb®&érs dnd

CoHIYdrogen vinidikar theod jSer | 9F% the FHgiCoNBE g SO |as to
prepare one singlel elastoneric palyneric|fractign in

Splitstep b) : thné%e condf@i ons |#Be reflefd ed t p7hs

PO%I'I'I%PPPWGgPC' atton'——The second reactot—was—ofer at ed
yneri zation conditions at a tenperature of

MiLabout 73 0@g/mind a| $8 essuil &0 of dlBRt 1. P58Pa. Nake-up

Nnronane + hvl anea nronviena and lhvdr ooen wer a fed

PI UPMII\/, AV LY Ildl AL LA ] ) UP]I A\ A\ (SR AY | L T Uy\/
XS t hr ough 1|i ME%13 n:?a t he lgél:ycl [ r%zrsyst ?névThe

pl ethyl ene and propylgge congentratii@ps 1 n|gha s reactor
are speciflied in Table 2 las welll as thelthe

hydr ogen/ et hyl ene nol ar ratio. The obtained

el astoneric polyner fraction has a solu bility in

xyl ene of about 90% by wei ght. A heterophasic

propyl ene copol yner deriving fromthe above sequentia
pol yneri zation is continuously discharged fromthe
downconer of the second reactor via line 11'.Table 3
i ndi cates the properties of this copolyner having a
good bal ance of stiffness and i mpact resistance as

i ndi cated. The 1ZOD i npact value at 23Cis of 45.9
kJ/m2, while the flexural nodulus is of 865 MPa. Also
a satisfying flowability is neasured. Exanple 2

20



The process

of the

sane setup and the

Exanpl e 1.

In step

obt ai ned accordi ng

WO 200606052 1.

In step b) a copolynmer was prodURGEIERA00IN0S6624

i nvention was carried out with the
sane polynerization catal yst of

a) a pol ypropyl ene honopol yner was
to the operative conditions given

di fferent conposition fromthe copol yner
Exanple 1. Details of the operative conditions in step

Tabﬁza@écshem&ht&r(stqa Bpn in Ta bles 1 and 2. The

copol ymer

roduced in step b) has

a fract

pro duced in

iaon _solubl e

in xylene m

67% by,

Exel ght

EXr2b| e

Exshows| B

X é

Optﬂ'ﬁﬁw?é o

eterop

diiohd

hasi ¢ _copol yner

ani cal

proper
Th

|es OT
e nateri

the fin
a

shows an |z

a
bd

Termpqnatute vaI u¢

%ht 23(

78f 4.5

nnnnn

mﬂ/nﬁ,

E&d fle

Maral m

f\n PoSVZ_W_N

bdul us

J.J.LU

Preﬁu&vabl lity

VB2

\W | yIIC

The

¥ ocess

0Cesy

IIUVVD

19t

| ent
on

(ﬂ %CA\JC

vent i

Risems carri ed

out wt

onh r:\f

h the s

| \IQ'I‘ of

I:v:\rml

nnl yrer izati

H> propylene h

ﬁﬁﬁﬁyn

ér was

ﬁ?%ducec

anme setup and the sane
13Qécordﬂﬁﬁ to 1

he

c,Hgperative c
L was 65

3rﬂ8le% or

omn

849 ven
nd _abou

jgmp Tabl
2 4

£22

Cﬁtoluble in

yole8ne.

28lep b

56 cor ¢

 Thgmel t |
% of tAe_pQL¥m

1198 to

ndex
Br - was

S exanpl e,

ne gas- pHd

CaH; different co

fegaCt
8I tl or

333Ib [0)

S of no

ted

gssdl)l I

ANd_hydr

PAGRY

ogen

H> /@zhhent rati

bmelewiat h

0978he

A1 ot

10.086e d

e ne

r1
LI

Csz }D(Cé ‘1+0|’?ﬁ6)

gleat

ng?;nu

BBl 03

i

Dowi€oriét y Ner |

H; part of the

zation
rrier f

zones were diff
line 2

L uid—\vi
gV

erentiated by

M8l on

804 As

8:] %nsec

19€ﬁce

Der
=4

t1HS ri s

Cs ontal ned a
ownconer

r
e

gprcent

ferent

&g on (

concent 1

69 ¢t Ny

ations

n the
Ter s

333 tha

of nono

CsHand hydr oge

malelani n

198e ri

0 and

138 do

C H ||U| bd.l l:‘u I
Zfhe riser o

b4 ©

1 gl nate

The

OTGI' om a4

11
979151 B

an et hyl

ﬁ)glgune

dher |
'::1 [g odu
ene/propv[ene

ar e
ced in
atio

H2 /ﬁ2H4C2/ ( C2+

DBdleraD.

+ha Am

0980 wh

faWaVlaaal

(.e8a he

At
4

0.061ber

ne fr

BNt
bhase

Oca¥8pone

fa KaVal

] BT

AP BEi

l

;;eu“"

'™

PTi R

6366’ O

02

[CzH4/(CZH4+ CSHB)]rlser

[CZH4/(CZH4+ CsHG)]downcomer

1.1

1.2

28

1.4

21



0.166. The conposition of the fluid barrier in |ine
21' is indicated in Table 4. The partially
liquidbarrier of line 21' conmes fromthe condensati on
step in the condenser 17', at working condi tions of
WO 2006060dR 1. 9 MPa, wherein a part of the recyd@&/BR206H176624
is cooled and partially con densed. A heterophasic
copol ymer was continuously discharged via line 11' and
Tab‘I@S P! @opbRiméf this polymer are specified in Table

Exanpl e The process of the inventjion was carried

out with the sang Betlup| EXd2t he |faw8 po| B¢k i zaEXon S
catal yst of Exangle 1. As in Exanple 3,| a cryst ﬁ:&in%*

honopol yner was g

r epar e

] in steq

a) and

a fluid

MiLbarri er w

adgfmein g

t1& he

nyr-ano

Jfb@er par

t150f th

e15dovvn0(

p@er of

ct oK\
X Step—uy,
S pol yneric

ZSOI

PP
S U

actio

n

g0 o

et
wever |,

e m

)'ﬁg;ﬂ?er S

IvX8nd propal

t ha \val ues

nel/gonce

reé2ati

dicate

DR B3di ffe

3.7 om

ne1:\n

Exeapl e
h

2.49nd

BB |

ara II

a@r?pone

Bpro

H—-n—Tabl

ju&%%l in

\7ﬁ ris

2- TI T\
e$47of St

é80p)

|zogfatgz'3ﬂ©t ey
C2+C3

5 k)P 3
=0

395,

45 gyl
whi

ER& t O pr

e the ri

@71 en
hbher

e3xgiio

r‘ojmmnpnt

85:

fe¢ he d

F'°"b?'6‘§uced i

Pddcom

29 of st d

p4B) or

s NePom a

| i nat e

s Tat

Table 3

shows

gas phase wth tt 0 being 0.279.
t he physi cal / mechani cal properties of the obtained

* N.Penordigeharge of powidenenoe powdenflowabiity shows an | ZOD
I mpact value at 23C of 32.8 kJ/n2, a flexural nodul us
of 947 MPa. Exanple 5 (Conparative) An apparatus
conprising just one gas-phase pol ynerization reactor
havi ng i nterconnected po |ynerization zones was
utilized. Said reactor has the sane configuration of
t he gas phase re actors shown in Figure 1. The sane

T aa st _used i l.was fed to the riser of

abeci

é%'ﬁ??ﬁ '°"‘I#éﬁxzﬁgisﬁfrfffe in the riser part of the

react or was kept 3JtExo30C and [tEye 4pr eSSUE. ;t about R. 3

MPa ln order to nrepare an dl astoneri nol vher

Hofraction | hMotR%r |2 and si mf-?aneous] $2GPEM st al

CsHl Ne Propyl gidfed, T adsi@n i n thegpwnconegs gsai d
gas- phase reactor |is operate y estab] | shing

Csldi fferent ¢oOWR%i 9idd.Of nononek2 and hy3-dgen

CZH‘E’JIIbUIIt rat I '°t| |21|g‘ he—is I173.|2Id the QWHIPPM

22



coner.
t he upper

The

This is achieved by feeding a barrier fluid at
part of the downconer.

operative

condi tions adopted within the riser and the downcormer
are indicated in Table 5, while the conposition of the

WO tdoeipeiofrarrier is given in Table 4. The propet@i/ER003056624
pol yner are shown in Table 3. The obtai ned

t he final

het erophasi ¢ propy | ene copol ymer shows extremely | ow
TabY@‘Sl-L%lﬁbaﬁdtivUE)&?ﬁpleiﬂ nce it is not possible to

prepare a high

crystalli

e fraction

in the downconer

Tempesatues t he pr esg

Hee Of C2H4

G50 t he dow

nconer. MNoreover,

Preéﬁﬁ obtained co
gl ves dr awbacks

mer —is
In the sta

ticky ma
bl eoperati o

erial, which
n of the reactor

Splibprbddeedhintriseam ¢
il owabi

wﬁbpnent

@@ple 3 ind

nenarar

cates no

1 + v ~~F 4
| 92 | Ly Ul U
R's%ri d not fl ow at

IIC IJUI yIICI

all in the

h
powter—=o0¢€

tested con

cause the pol yner
di tions. Table 2 -

H, Second React or

no dlcrhnrgn of

oY b) Tab

nowder no
owaer-—nRo

€03 - Fina

powder flo
O

copol ynmer N. Dt
vability Table 4

CsHs Conposi tion off

%t 1 ui d

Yoo T

rierTab

e 5 -

CsH%;orrpar ative [ EX@
preparing heteraop

Bl o CLAI
asic pro

Igggi A pro

yl ene copo

cess for
ymers by

CI"pol ynerizing prd

wn9h9éne in

%e presen

ce of a

H2/ ITer I Zat I OfT
méléht r equl at of

ber&nﬁé? t

€ proc

ang

Irogen
ess conpris

as a nol ecul ar

CbeVé@&h+&kablynt

2mold naty pr o

1

i4ne in a

Nt ha

ng the follow ng
gas- or

pnaac,

Dovgn%q%?r

uptiunally

n conononers,

C

to pr

it
getner—wt

epare a cry

one or nore
stal | i ne pol yner

H, fraction; b) cof

CsHg conononers CsH

)ﬁbungrizin

+—and optio
wele%in a

@.2t hyl ene

nal-ly one o]
d%%5phase r

M t h propyl ene
r nore al pha-ol ef
eact or havi ng

Cﬁ4ntercon nect ed

RRIET 1 Za

particles

1081 Zones,
ow up war

14

wherein the
through a first

growi ng pol yner
CzHaol yrreri zati on 7

Eml?%rl ser

f
1.9nder fas

t fluidization or

IS pUll bU”Ul
Hy /lc gfénd pol ymer i 3

gftoiﬂ'r%t rea

1on zone

; idT1is
ownconer

er and enter a
t hr ough whi ch

CzH4 th €9-H st GSxHFpWnwa

imoleunatier t

——Sai-e6—dewneoner

AnA ArnA r Ay

He026:ti on O

tr nduieand |

f gravity, |eave

\VAVARR S

LAY ar C© I C1

thus establishing a circu

LS B VAV AU A VR w3V |

ation of p

to the riser,
bl ymer bet ween

[Cz@a? okt Edtto

I zation zo

Hkmgdﬂ n¥ner
cor 0 claim1l1, wher

kewpera ture of

nes. 2. The
.4 the sol
t he pol yne

process
ubility in xylene
r fraction com ng

fromstep a)

i's Tower than 7% by Wweig

t. 3. The

process according to clains 1-2, wherein a gas-phase
react or having intercon nected polynerization zones is

used to carry out step a).
any of clainms 1-3, wherein the operating tenperature

in step

4. The process according to

23



a) is selected between 50 and 1200C with a pressure
between 0.5 and 10 MPa. 5. The process according to
any of clains 1-4, wherein the gas-phase reactor of
step a) is operated establishing different conditions
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0. Qﬂfe Srggesg) ac%i)rding to any of claims 1-4, wherein the gas-phase reactor of step a) is
operated establishing different conditions of propylene and hydrogen concentration
within said riser and said downcomer.
The process according to claim 5, wherein the hydrogen/propylene molar ratio in the
downcomer is comprised between 0 and 0.2, the propylene concentration being com-
prised from 20 to 100%.
The process according to claim 6, wherein the hydrogen/propylene molar ratio in the
riser is comprised between 0.0005 and 1.0, the propylene concentration being com-
prised between 20 and 99% by volume.
The process according to claim 1, wherein step a) is carried out in a liquid-phase loop
reactor.
The process according to claim 8, wherein said loop reactor is operated at a tempera-
ture between 50°C and 90°C with a pressure between 2.0 and 10 MPa.

The process according to claim 1, wherein the gas-phase reactor of step b) is operated
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- total concentration of propylene and/or 1-butene
conprised fromb5.0 to 90% by vo lune. 15. The process
according to clainms 13-14, wherein the
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The process according to claim 13, wherein in said downcomer the operative condi-
tions are:
- H,/C,H,4 molar ratio comprised between 0 and 0.4;
- CH,4 /C,H4+C3Hg molar ratio comprised between 0.01 and 0.6;
- total concentration of propylene and/or 1-butene comprised from 5.0 to 90% by vo-
lume.
The process according to claims 13-14, wherein the ethylene/propylene rubber com-
ponent produced in said downcomer contains an ethylene percentage ranging from 10
to 60% by weight.
The process according to claim 15, wherein in said riser the operative conditions are:
- Hy/ C,H, molar ratio from 0.005 to 1.0;
- CoH4 /CoH4+C3Hs molar ratio comprised between 0.1 and 1;
- total concentration of propylene and/or 1-butene comprised from 10% to 95% by vol-
ume.
The process according to claims 13-16, wherein the ethylene/propylene rubber com-
ponent produced in said riser contains an ethylene percentage ranging from 30 to 80%
by wt.
The process according to any of claims 1-17, wherein the obtained heterophasic pro-
pylene copolymers show Izod impact values at 23°C higher than 44 kJ/m’, in combi-
nation with values of flexural modulus higher than 1115 MPa.
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