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94/00500 (Pannell et al.) descrlbes a solution polymerization using metallocene in a

continuous stirred tank reactor, which may be in a series reactor arrangement to make a
variety of products.
[0003] The heat of the polymerization reaction can be absorbed by the polymerization
15 mixture, causing an exotherm. Alternatively, or in addition, the heat of reaction can be
removed by a cooling system, by external cooling of the walls of the reactor vessel, by
internally arranged heat exchange surfaces cooled by a heat exchange fluid, by an external
heat exchanger through which the contents of the reactor are continuously circulated, by an
overhead condenser which constantly cools and condenses vapors rising from the reactor, or
20 by a combination of these means.
[0004] In the course of the polymerization, typically, a predominant amount (over 50 mol
% of the monomer or monomers) is consumed and the polymer formed is dissolved in the
solvent. The higher the concentration of the polymer, the higher the viscosity of the
polymerization reaction mixture containing the polymer, solvent, and unreacted components.
25 The mixture passes from the polymerization reactor to a finishing section in which polymer,
solvent and unreacted monomer are separated. In the course of finishing, solvent and
unreacted monomer are progressively removed from the polymerization mixture until the
polymer can be formed into a solid pellet or bale. The separated solvent and monomer can be
recycled to the polymerization reactor.
30 [0005] It is well known from extensive literature sources that polymer solutions can
undergo phase separation at the lower critical solution temperature, with phase separation
being encouraged by higher temperatures and/or by lower pressures. Solvents selection also

influences the conditions where phase separation occurs.
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aware ar epolymer tefp1h & coRCeRBRIgS RhasSe QS Q2T MEtIRSExPlapy thy gencrad prangdNes ef

P " 41
S50- 237. WG e BEURERILR Ry ERGE SN Schors BB b60E Rtk PO
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Jour nal of I|e Pol yner Sci ence 1986, Vol il . 1879-1899;
" Separ at @rgﬂqa 1080 TRmegratutg + Rekgyigr cofi t Fihyleng d’ragvl@n@oy Corelvmsrs MiHugh
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by Hajine, T n The Journal of igal Physi A 1994, .Vol
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2333- 2538m1\[ewdlgs] U8s6fBIDIB0O mixturesor dyGaniogyosde st ?, tber IéaJpn@J@s@aade_
appar at us; [ oF | P&y mical Physics 01 April 1994, Vol. 100, Tssuc 7, pp. 5323-5337; "Short Chain

Branching Effect on the Cloud Point Pressures of Ethylene Copolymers in Subcritical and
Supercritical Propane," by S.J. Han et al. in Macromolecules 1998, Vol. 31, pp. 2533-2538.
[0008] US 6,881,800 and US 7,163,989 describe a process and apparatus for the

25 continuous solution polymerization of olefins including ethylene, propylene and other olefin
comonomers. The polymerization reaction takes place under pressure in one or more
polymerization reactors, and then the effluent from the reactor or reactors is treated with a
catalyst killer and then heated in one or more heat exchangers before being subject to a
pressure drop which causes the effluent to phase separate into a polymer-rich phase and a

30 polymer-lean phase. Those phases are separated, with the polymer-lean phase being purified
and recycled to be used as solvent. The polymer-rich phase is subject to further separation

and purification stages, including passage through a vacuum devolatilizer. Following the



25 continuous solution polynerization of olefins including ethyl ene,
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This in tlﬂ/rd{:bcarbon, saturated, non-polar solvents used for homogeneous solution polymerization.
As a result, an aromatic catalyst solvent, such as toluene may have to be used. This in turn
15 can complicate solvent separation to prevent toluene build up in the reactor, and lead to
environmental pollution and added maintenance expenditure.
[0013] In some solution processes (sece WO 98/02471 Kolthammer) the polymerized
mixture is flashed off in two stages, whereby the solvent and unreacted monomer are
converted to a vapor phase. Efficient extraction of solvent, etc., requires low vapor pressures
20 and vapor phase compression or condensation followed by pumping for subsequent
separation stages. Pumping is used to convey polymer from flash separation stages to a final
devolatilizing extruder.
[0014] US 3,912,698 uses a heat exchanger for a liquid recycle stream to permit an
increase in reactor capacity while reducing fouling in the context of a multiple flash to
25 remove volatiles.
[0015] The use of single site catalysts is also associated with the generation of hydrogen
through beta-hydride abstraction. Such hydrogen, when recycled back to reactor feed, can act
as a modifier to reduce the molecular weight of the polymer. The amount of hydrogen
established in polymerization may have to be increased or decreased depending on the target
30 molecular weight.
[0016] In some continuous solution polymerization processes, especially those processes
in which the polymerization reaction is carried out under adiabatic conditions, the feed is

cooled before it is supplied to the reactor or reactors, thereby increasing the amount of heat
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supplied to the reactor or reactors, thereby increasing the anount of heat
There remains a need for improved reactor systems to allow more efficient production of

10 such polymers.

[0018] In continuous solution polymerization processes, the reactor effluent is typically
subjected to one or more separation steps in which solvent, residual monomer and other
volatiles such as hydrogen are stripped from the polymer. Generally, the solvent and
monomer are recycled, with some heavy components such as toluene (introduced as catalyst

15 solvent) and some light end contaminants such as hydrogen and butane being permanently
removed, for example, by being sent to a flare. The recycled solvent stream may contain a
small amount of polymer, say, less than 0.1 wt%, which can foul the solvent driers, heat
exchangers and other equipment through which the recycled solvent passes. There remains a
need for improved plant and processes for reducing or mitigating the effects of such fouling.

20 [0019] There remains a need for an improved continuous solution process and plant
which provides one or more of the following benefits: producing polymer economically
across a broad range of operating windows including varying polymerization temperatures;
producing a broad spectrum of polymers, particularly polymers of widely varying average
molecular weights, molecular weight distributions, and/or comonomer contents; permitting

25 the production of polymers having useful molecular weights at high temperatures (above
150°C); accommodating a broad range of catalyst performance; reducing energy
consumption, especially in finishing, and reducing environmental discharge; and reducing or
avoiding fouling in the recycle and purification systems while using highly active
metallocene type catalysts with unreacted monomer and temperature during separation

30 ProcCssces.

[0020] For additional background, see also WO 94/00500 and WO 92/14766.



WO 2011/ 087728PCT/ US2010/ 061099 energy generated by the polynerization
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[0026] Figures 5a - ¢ also show a schematic view of the layout of tubes in a 4-pass heat

20 exchanger which can be defouled in accordance with the method of the invention.

DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

[0027] In a first aspect of the invention(s) described herein is a plant for the continuous
solution polymerization of a feed comprising one or more olefin monomers and a solvent, the
plant comprising: a reactor, blending means to blend one or more olefin monomers and a

25 solvent e.g., hydrocarbon solvent, to produce a feed for the reactor, a pump for compressing
the feed to a pressure of at least 20 bar, preferably at least 50 bar, preferably at least 75 bar,
optionally at least 100 bar, and a cooling system for cooling the feed prior to entry into the
reactor comprising at least two heat exchangers wherein at least one of the heat exchangers is
downstream of the pump.

30 [0028] The heat exchangers are optionally cooled with cooling water and are connected
to a supply of cooling water. Optionally, at least one of the heat exchangers is refrigerated.
Optionally, at least one heat exchanger downstream of the pump is refrigerated. Optionally,

cach of the heat exchangers for cooling the feed is refrigerated.
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SUMMARY CF | NVENTI ON [0021] The invention provides a plant for the

conti nuous solution polynerization of one or nore nononers in a solvent
e.g., a hyonouashbra sol vent. In one aspect, the plant cecprss@s/oai0bd gh
pressure punp and at | east one heat exchanger downstream of the punp. In
anot her aspect a feed is cooled by three heat exchangers which are
refrigerated by neans of a common three stage conpressor. |In another
aspect, the plant conprises a primary reactor and a secondary reactor
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whi ch t heolvewels iwhekdngwir thikef dxgessarstilli morb(@;&dsferabkyathee;nMaﬁlgegohb&ne
tenporar|I¥ | ower ed. DESCRI PTI ON THE DRAW NGS [0022] Figure 1 shows. a
schemat i dOP3)- oufn Bscepngl HRECtaPIPVEICH idAEORURYQY, SHUQN AISHACTE PR frocess in
pof ymer i Z\@ﬁlbl‘?'& REPCEmr ns1hQQ)%§]d: e N it Mnﬁr?iﬁ@d’ Q98 Neit {4 V\g@hsﬁ'ﬁzed b
arrangenent for the plant of Figure 1; 15[0024] Figure 3 sho

a feed blpend tvga aredswoolf iahtpaktadbbar, pmferabﬂyaaﬁtleatsa\i() bgr, preficiatlyr gt laad 78 bar,

0025 Fi ARGTA R CaHRngr Sk 1y YR RIOIET 81 ddebecbebr BT i ithg

refri ger apfwns@edr®bf kigtesidhe ridead b&ﬁ%?@ﬂzﬂ%ﬁzedl th 26&%R10H G stdaho O at least
enbodi nrent of the invention; and

vi ew of tdne healyexghanger.t iibere ernb@dlmepfaﬂ@ ﬁﬁ;@éns czm)é@dclnaﬁgleast whe edTrigemted dicat

def oul ed L. aceonaanGe WLl LG MELOOT 85Ct g LER!)uiDRTE) SERump 0 2
pressure of at least 20 bar, preferably at least 75 bar, is then further cooled in a further
refrigerated heat exchanger, optionally to a temperature of from -10°C to -42°C, optionally
from -10°C to -40°C, optionally from -10°C to -35°C, prior to being polymerized in a reactor
downstream of the further refrigerated heat exchanger.

15 [0031] In known plants and processes for continuous solution polymerization of olefins
the optionally refrigerated heat exchangers, (refrigerated heat exchangers are also known as
chillers), are all upstream of the pump. In the plant and process according to the first and
second aspects of the invention, at least the final heat exchanger is downstream of the pump.
Advantageously, one heat exchanger is downstream of the pump and the other heat

20 exchanger(s) is or are upstream of the pump.

[0032] In the plant and process according to the first and second aspects of the invention
the pump is upstream of at least the final heat exchanger and therefore the temperature rise
caused by the action of the pump on the feed, which may be in the region of 3°C or more, can
be countered by the refrigerated heat exchanger downstream of the pump. For example,

25 using propylene as a refrigerant, the lowest temperature which can be reached in a
refrigerated heat exchanger without reducing the pressure of the propylene below
atmospheric pressure is about -41.7°C. In an arrangement where the pump is downstream of
the final refrigerated heat exchanger the lowest practicable feed temperature at the reactor
inlet would therefore be about -38°C to -39°C, assuming that the pump raised the feed

30 temperature by about 3°C. In the plant and apparatus of the invention however, the final heat
exchanger is downstream of the pump, and so can reduce the temperature of the feed going
into the reactor to a yet lower temperature, say -41°C, thereby allowing an increase in

polymer production in the reactor.
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6] Figures 5a - ¢ also show a schematic



[0027]In a first aspect of the invention(s) described hereinis a plant for
t he continuous sol ution polynerization of a feed conprising one or nore
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optional l'y Rie easkt YO0 har ahd en coocl ed in at |east one heat

exchanger[obssqat eth dﬁ)ey\elslbwaﬁhgfthé bnere@surme Hebd &chhufzcb Rlon@stB&iny bE tHezmgnp ik a
reactor downstream of the at | east one heat exchanger. In one enbodi nment,

the feed Go8ledobitiegolipgavatregstirode tlrwéfemt@érra%dthﬁéeftaﬂowf dh plaksad rong digat to

of ot eacr GptEaPtntai, Aoy’ BrhPeRPISERE KA GNP & RBRFRRN T .

further ra@broaglengttlenloﬁémtcoemgﬁ‘amtgeorainpt| onally to a terrper ature of from
-10C to -42C, optionally from - 40C, otronJnyr 10Cto-35C
pfior tol ﬁ' Hg pht pheshedimentat ]‘re RVBE WS Eredh B BROT COMBHSES thrce

refrigerated peat hﬁgm%s oﬁéBp@ﬁljehllﬁd&v&%alﬁloqmﬁeshlgﬁlgre%&@ sps for

conti nuous sol ution I'zation of olefins the optronha i ger at ed
heat excH&03Hr s, The béat |egdraag@ﬂs) leamnstecarhafith e psma rvellldiesaepadqi@mﬁomatm dtither s) |

are all upstream.gf th unp. In e plant and process accor di to.the
st androstandy deseet So8r s s HOEATBnor G Bas ey A FPRAF oLgRPatne
exchangerprbguioWIsts’ 8a8r0hot) @ pROKIRYy S ¥aNbRARRY Jr¥feraBREIhedt ofXidtan@sie | S
downstream of the punp and t he ot her heat 20exchanger(s) is or are upstream

oR0t he purplergbtoBPparepr mnse,pindrin senecaseptisaracewrdi ng to the first and
cecond asih> o7yt DR QYGTARALS R gt PRLEIT it ABRED
t he punp wmbéhestictigtat Mh@ﬁgemywbehltme tuibes sdinally Bivedn @iterdidete€@ inch
(1.91 cm). The feed will flow though the tubes, which are by virtue of their relatively narrow
diameter, and thick walls, better adapted to handle high pressures than 1 inch (2.54 cm) tubes.
25 Standard tubes are available with various wall thicknesses for any given tube outer diameter,
the choice of wall thickness being commensurate with the pressure that the tube needs to
withstand.
[0039] The pump may be any pump or compressor or combination of pumps and
compressors suitable for compressing the feed to the required pressure. The pump may be a
30 combination of one or more pumps, and where there is more than one pump the references
herein to the pump should be understood to refer to the most downstream of the pumps before

the reactor, unless another meaning is clear from the context. In one embodiment, the pump

is a multi-stage centrifugal pump.



be countered by the refrigerated heat exchanger downstream of the punp. For
exanpl e, 25 using propylene as a refrigerant, the | owest tenperature which
can be resohled/isn72a refrigerated heat exchanger wi thout Pcediseénagetobe
pressure of the propyl ene bel ow at nospheric pressure is about -41.7C. In an
arrangenment where the punp is downstream of the final refrigerated heat
exchanger the lowest practicable feed tenperature at the reactor inlet

woul d therefore be about -38C to -39C, assuming that the punp raised the
feed 30 PMler aQptianaly, sisopiocae.is ph aditbatit sortnyAEs sipdeTmPIPsewf Qponally,

| nventi OQHQ% W CFaisch N ff&?ﬁr ng@%%sﬁ%e%c eegg Mbal %r%&‘f%%@ﬁ@&?ﬂ f9(% g BY! qporeand

SO can re he tenpéra going I nto or to a yet
| ower t erpeficaiblr 85 baay motd,Gndtilssrebyasad | 20Mbar@r atoré.ncr ease in pol yner
production in the reactor. 2011/ 087728PCT/ US2010/ 061099 [0033] I n one
enbodi ner{904lelt | Dntipnalive thsr atylpst fag, S X RNGET SOV SUIER) %ﬁmwpés@meﬁ&le

vat er . }é&gtu‘f’é Bf‘th@ rfgédnt%ra)/teﬁlﬁ&lahﬁ‘& ik ‘%éngesoftfﬁﬁn k§asto f(?"@e gféféﬁbl%ﬁ pd of

achleV|ng react or d cooling, neaning the cooling of the $o0lvent or the
mononer s ramgaaofcfmmm&@ ito A°Gf momernooferabgnth tholrarexetof ﬁmm 0f e thelig, emblneshnico

further | t t f d Sheat h 034
yot - anot HEPSHBBPIHEE0 o oMosy Coffe 4 Ct nET S o RO oS cxbhinged
cool er WhefrRlcthtddhy RaeHIe "refﬁg@&lnt ABABE ﬁ@dt f@tﬁﬁm}e e @fngebﬁn ORSPRESe Hd @

conbi nati on of nononmer and sol vent,” exchanges heat with anbient air that is
forced ouésum)hbém(th@rrefﬂﬁﬁr@tqdfheﬁﬁ ensbengerivs muki- @amommessgr es pecial ly

ugef ul V\/ﬁﬁ&“ﬁOOl bl%ﬁf)% b I &.c fllrgqlf’rca%eogn I heqegaglérg] Iyt a least% l10(¥1h ly a{ ﬁ]%stma‘ke

cool i ng towers su ective n one e e at

| east onecbeapticeiihangedt 3d@vmit1ﬁ gt 0fisct BEleIND d as ﬁ«p@dseﬂthmdghi tﬁ@plhmp.g
wat er or alr I n that enbodlnent the location of the at | east one heat
exchangerl08tinst Feais eRbadimcnty ths Rias e §Ve Freclored NTENasE resstsir agd pacgondary

B A s Lo L

has its own pump and includes at least one optionally refngerated heat exchanger located

15 downstream of the respective pump. In one embodiment, the feed supply to one reactor has a

cooling water cooled heat exchanger located upstream of the pump while the feed supply to

the second reactor has a cooling water cooled heat exchanger located downstream of the

pump. In one embodiment, the cooling system for the feed to one reactor has a cooling water

cooled heat exchanger and a refrigerated heat exchanger located downstream of the pump and

20 the cooling system for the other reactor has only a cooling water cooled heat exchanger
located upstream of the pump, i.e. with no heat exchanger downstream of the pump.

[0044] In one embodiment, the plant comprises a) a primary reactor and a primary feed

line for supplying a primary feed to the primary reactor comprising a first pump for

compressing the primary feed to at least 75 bar, first and second refrigerated heat exchangers

25 arranged upstream of the first pump and downstream of the feed blending means, and a third

refrigerated heat exchanger located downstream of the first pump and upstream of the

primary reactor, and b) a secondary reactor and a secondary feed line for supplying a

secondary feed to a secondary reactor comprising a second pump for compressing the

secondary feed to a pressure of at least 75 bar, a fourth refrigerated heat exchanger located

30 upstream of the second pump and downstream of the feed blending means, and a fifth

refrigerated heat exchanger located downstream of the second pump and upstream of the

secondary reactor.



refrigerated heat exchangers, one of which is downstream of the high
pressure punp. [0037] The heat exchanger(s) downstream of the punp wll be
capabl e ovoaparmri2zag at the pressures of the feed downstPcearse@i/ostee9 punp,
for exanple, they are capabl e of operating at pressures of 75 bar or nore,
optionally 80 bar or nore, preferably 90 bar or nore, nore 20preferably 95
bar or nore, and in sone cases 120 bar or nore. [0038] The at | east one
refrigerated heat exchanger downstream of the punp is gptionally a .

t ube- i n- JAB4I] heht anotha eapodimentyihe Plant KeMPptEs s emem At purgier ssing the

di amet er .p‘?{:ssﬁ(e4 fl fi%ti]xt{llje' (?f]so%t II(PFGC&&@%O&GIU! Wftil %gi(ﬁlﬁ? ldgﬁolkf%? n{oﬁpﬁgrs tw ch
are by virtue of their relatlver narrow di aneter, and thick walls, better
adapt ed tpreRardbfeativughs rae s wi@s fohiewedl by rachate? cbdled miatt ¢desnger 25 cGblathikar d

tubes are available with varijous |1 thjcknesses for any given tube outer
di anet er ,MEHEC é%%it%PQS?mWa‘Pflr A9 piandrwesansbibr Tl brvrerisin Bedodiimerfes et ur e
that the {ubgone bR BP?&@Q&‘[M&Q%%;@ eTRY 0P tRE QMY i HPRQS stream

conpressor or conbination of punps” and conpressors suitable for conpressing
t he feed destinddefor gbeiipristirpressurad Thecqudnyreasyddséned f@0theorebomiaty osactefr. one
or nore s, and e there is re than one punp the. references herein
Lo the pUM5TSHEEI HOBESd TotePutBs dddingh BPRorHY TREsadSinranORiaTLRo £
punps befRiRortii® theiRedsPéotive s o BN ERS toBAN: Akt Fed@h8@lseddn@medderteamnsext .
I n one enbodi ment, the punp is a nmulti-stage centrifugal punp. WO

2011/ 087 #e8POr tyspimayyreadeois [fouzupapicd naltd ¢ prestercmdeguasstol anterrthapiiabat i ¢
conti nuous,. sol ution._proce tionally, th unp. raises the feed to a
o Lssur o o1t bt AP ROSE 120 PircRE frr oy i, RUTPrebe 35 s aPBpuffie oBedl o
nmor e, andipbfoxHairlyCESES fokZ&alple REmMBIPE.to [5308 Lh@pd thenabblgd firfievidt a lcedsig one
heat exchanger downstream of the punp reduces the 5 tenperature of the
feed to AVHINPERAAGF &0 R AcraPREAIENQenOMOFG By 50 1 Ryctmably pp enere dn4G°% aKe
range of : f i e C,
and i n scngPgtoddi i T4 alca bl B (R0R00 o BERACUR 5365
heat exchac@gebly so meta thge BAt@dind myors prdfadably roehoreghamd®(hpryorlie cuse thto the
Optionally, the refrigerant is propylene and is supplied to the

r &1 ri ger dERRTHERACIBK Eﬁaﬁgc@flg fesyd tgr ﬁﬁww@ﬁ%{g@awﬁﬁ Fixsgpled in a heat exchanger

with cooling water as the coolant to a temperature of no more than 40°C, preferably no more

than 30°C, and is then boosted to the requisite pressure to enter the reactor, for example 120
bar or more, which step may result in warming of the feed by about 5°C to a temperature in
the range of from 40°C to 45°C. The choice of arranging the heat exchanger before the pump
20 enables the second feed to contain a higher concentration of light hydrocarbon monomers,
which may otherwise have a combined vapor pressure above the bubble point, which would
be detrimental to the operation of the reactor feed pump.
[0046] In a third aspect, provided is a plant for the continuous solution polymerization of
a feed comprising one or more olefin monomers and a solvent, the plant comprising: a
25 reactor, blending means to blend one or more olefin monomers with a solvent to provide a
feed for the reactor, one or more pumps for pumping the feed to the reactor and for
compressing the feed to the desired polymerization pressure, and a cooling apparatus for
cooling the feed downstream of the blending means and prior to entry into the reactor
comprising: a first heat exchanger, a second heat exchanger and a third heat exchanger, a
30 common three-stage compressor having an outlet which communicates with an accumulator
drum via a condenser, a first suction port which optionally communicates with a first suction
drum, a second suction port which optionally communicates with a second suction drum, and

a third suction port which optionally communicates with a third suction drum, and conduits
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10[ 0042] Optionally, the feed increases in tenperature by at |east 1C,
optionally at |least 2C, optionally at least 3C, and in sone cases at | east
10C as i twpassas7t28r ough t he punp. [0043]1n one enbodi meaT/uskée/opioant has
two reactors, a primary reactor and a secondary reactor arranged to operate
in series or in parallel. Optionally, the feed supply to each reactor has
its own punp and includes at |east one optionally refrigerated heat
exchanger | ocated 15 downstream of the respective punp. |In one enbodi nent,

the feed BBUPK Junply ehacirigaenbiionashcaacpulaier damero dhoilied hrehexeinsringuh
| ocat ed ;ﬁ%ﬁ&ﬁiﬁaﬁ} ltuta N OATR A EL S thQﬁrsft *B&ﬁ e§919291|§¥r 9k Bt %&&R)ﬂ%{oﬁtﬁ(@fg&%

has a cool'i ng water coole eat exchanger Tocated downstream o

I n one endotibrméin, if pesanoddndgits s tteamsipply bheffigeaantt fooronke fisdcti@ionhast ar
cool i ng \é\fﬁt er cool ed heat exchanﬁer and a refrigerat gd heat f:xcpan er

| ocat ed dBHNSHERAGR: HECHThPO dht STOPAROBIALES oL éitnfgs tRdho M of
react or %ﬁig%ﬂa!n\i/’mﬁﬁmctﬁ% d3dd ﬂ@att%&c&%g%ﬁg tﬁhes%fcoﬁd(ﬁﬁﬁ?%ﬁrt bPSRbRY f&b%hrd%ﬁ‘ of

the punp, 1.%€. th no heat exchang ownstream o e punp. [0044]1n one
enbodi nenf presér, pldacrindovsforitbesum)y af pfiigaayt freadhosccand] sectionipoeror sceadl

line for supplying. rimary feed to the primary regctof conpri si a first
ounp for Lo BB f PRI Hisr irdal pretaped dadicorgtisalor TRTLE! SHeSaRond
refriger s ihadird GXARAPLRLS: to2Re RIIANSRFH fiRRsRdtioh Rieurh] if pres@tp and
downstream of the feed blending neans, and a third refrigerated heat

exchanger[004dat eth dofavstir emastofpraided is ot cqutinpousneplulie pebmaskzatione ppadesrar y
regctor; AnteRh S8R0 LERRISL, NdAnsecandary,faed insoon, SHRRlY N9
a secondary ¥ 8ed NP A "sdcohuaryP et or 'conpri i ng a  Secsha “panp r &

conpr essithg fédcdahsagpadasiyhcheetthbfoed, PERDHA h@at%fxcladnfgbleﬁﬁit a hhrddiavat echb@esit h
refrigerated heat exchanger |ocated 30 upstream of the second punp and

downst r egi#rloPf thefifbetpopndaed Hyrdbest exchangers oing punpbied ivgly atrelyigeemat by a

exchanger d S {

cecondar y roadt B QRS TERTN, AR EEEE TR, B8 B PR uher Bfe
enbodi mentmptmrpbiiets thempd(cSesombiaomgthe fded rveith P uatplyftad préduse agotymeer, and
pressure of a.m xture of sol yent and recy&lzag sol vent with residual

di'Ssol ved hHABNEINS PPlyeT foas g selvent aaddetiduss meRpmgE npre fol | owed by a

wat er Coghﬁﬁh]heafrh@?@iﬁ%ﬁ&fpréé%ssCQP{hetﬂﬂirﬁ_a!ﬁhxfbuftﬁ_akﬁbc% sEReh R iB{o1daC or
| ower and then followed by a bed contalning dessicants 5 to renove any

noi st ur e sopplyt diethec etfiagarant {yoins rtbree THeges torepiessos to hienst, sypkond iand dhiad fhientst
stream destﬂlned fOF %he%gri gar Yook actor.and a lﬁfcondISt rea desthaed or
the secorfdard/EFBaWPish. Rk 4nised far Sﬁ‘eox‘}?%’a‘o%tso 0 RGN T YhaF HBRonEls at
the requiisidnorRIRRET foufd the €AEH thiRaCHies i Tt @or%;bl@ksﬁoﬂ ?ﬁﬁ@&és' ME cBifidi SR M
solvents to give a first feed and a second feed. The first feed for the

pRY mary radteetivn plpet and pronsss haympegdugediopertipg eesiuwbilydegidineeaundye epmplexithe
primry eachor.,.. fir .gx le.of 12 [ re,. wWhi.ch y.result in a
enper at JPRdI7 cbBfondiRr o8 TR Ry odPrs o ShigomirByivs iy 0T | BB et

t hen cool®dhdngestinwhd plaft, Caradxan@lopatiett exaiaRreeor doolifg pelnpestasniyetcqfor er
nore than 45C, preferably no nore than 40C and then further cooled with a
ref ri ger £oeHNHAIN 2RBIADFYAIICE B HPRWMHEE §PU¥YODf no nore than 35C,

pref erabl [0 o b%tiglﬁ%ﬂf}, 390G Afe RLiE REELLLAR! Hir hJIP re?cﬁa*ﬁ@@rs Zpo%lﬂ{sieg rp to

entry into the
25 plurality of tubes through which the feed passes and which are arranged in a shell for

containing the refrigerant.

[0051] Optionally, the first and second heat exchangers have tubes of outer diameter of 1

inch (25.4 mm). Optionally, the third heat exchanger has tubes of outer diameter of % inch

(19.1 mm). Optionally, the first and second heat exchangers are four-pass kettle heat
30 exchangers. Optionally, the first, second and third heat exchangers are each provided with a

three-way control valve which allows at least a potion of the feed to bypass the respective

heat exchanger. Optionally, the plant also comprises a secondary reactor and the cooling

apparatus comprises fourth and fifth heat exchangers which are arranged to cool the feed to

-10-



15 primary reactor. The second feed for the secondary reactor is first
cooled in a heat exchanger with cooling water as the coolant to a

t enper at LWwe 20f1/0807280r e t han 40C, preferably no nore thamC3AS201a/06100% t hen
boosted to the requisite pressure to enter the reactor, for exanple 120 bar
or nore, which step may result in warmng of the feed by about 5Cto a
tenperature in the range of from40C to 45C. The choice of arranging the
heat exchanger before the punp. 20 enables the second feed to contain a

hi gher cdhe épronday oisager, |they peolingaanperstusori them errapissingveprdyitedgr Bicheipilysel

ot 1 mont A Gt NEREIFRT SHE Gy By (18, AP s ot Oha 1R el

aspect, pxohdngedand candquitdnfor fatrnt &fe theomtrigeuoit o Ib¢ Wedond suoligHrpoit zatdecsndof a
feed conprising one_or nore olefin noners an solvent, the plant .
conpri si RYcHep drsen. 16 e, ane iy e SoRns Bf Bt e Biniby scppnpsfion
ToNOMer S i d} BodiRl NiEfin &P O URL Fo {iRethul Alar LG ahEASHATcon AR (B thEREiErm
punps for punping the feed to the reactor and for conpressing the feed to
t he desi raddefpigesant fromathi drfithprees sxnhengearal the thodIsictgpnappaenthud sticironcdrom, miy
the feed downstream of the blending neans and prior to entry into the

react or dBhpPising: a first heat exchanger, a second heat exchanger and a
third heghogychang@bnalf, theG&RTORPribdY £&cshROE pEAPFISCRreRIA (R fRA toHld et
whi ch communicates with an accunul ator drumvia a condenser, a first

suct i on peeandani whctoptoi aprasduye elorimenst ehbarsoptianally af iepgit7Sdhae pndeoptemaly the
second suction port ich tionally. canmuni es with a s nd_suct i on
Al and SRRRFE e, BOpEReE B Rt fo ST RN LR HER shbliteliay SRR 3 e o
sucti on dokBdmpRekiEOMAUtddstoWhrrOsLitd QBMB&IP@%@EZ)?&%Q@MQ&S{ 05 bl 15¢dl Y
of refrigerant fromthe accunulator drumto the first heat exchanger and
condui t s Gebreandhgpesond andthid hepta¥changsin t he first heat exchanger to the
first sugh pont. or . fi i {f (pre i f

suppl y- of Ve | garynpipbEaRE e BlThed, | RCPRRReq GBI, 1BE e |
present, dppatahs eatddpiopatnexc hdrigaantanOptandyi the defigerdre in eliciastuofulator

Srefrigerant fromthe second heat exchanger  to the second suction port or
sétond sUEHTIR AT 1r1BS EH8e of fEPTE d i 25D &r Pﬁﬁ@rag[]ypﬁhleyﬁw Yedd ik ant

from the 588 NdioR Urlh QR RREEnCTORRMANG, tﬁé’{?efﬁiigé}?&riﬂ Me firkt RIBSEPE of Grubl1&r

third heat exchanger and conduits for"return of refrigerant fromthe third
heat exclpaesget, it at 4 peessune nal theurntgonf fromt 4 6r 8tthairg. d Optiondllyn thir ngfrygeirdnt pn dsent .

[0047] I n a fourth aspect rovided, i.s a continupus soj ution.polynerization
brocess TEESHEEIG opiefr Wevatisal BERT S Himonets S AR per il

nononer s AAebfAg&AMME Mo thRASEERE fdiCod RO, Iipreush istat i predsuReAtrodx thangeio a
second heat exchanger and a third heat exchanger, each of the first, second

ald t hi r & breat Opsiermbygthesopenynys selppon pelywictiratiny sfardogiingeus adipbatic s
t hr ee-stab%? Sonpr.essor, the refrigerant supply to the third heat exchanger
bei ng at a¥errpera'ure of less than -30C, conbining the feed with a

cat al yst [0054r oduce figthpepacieirovidedlislkbglepafoaticn@ntihgouRabyitieh pblydidrizbgon of
sol vent and residual nononer. [Q048] The plant and process of the third and
fourth aspPeceismere pan; REBRMESN thenRlgnt eAMBIUIR:y2 FFIMARE reastar| Yy Arkecandam a

three stageGOMRILESERY ofePatl il Birall GEHRMHARE L BhEtha FALmEXF @%E W G
cool a fee% (?gr t%e coor#te?anuoué rgo U{thl onlpo erEI’tI zation T eagl'?tf1 n. The
i pvent or o hhw éntérmahdoluimat ofuthe Bgcdndayeresttag bsingfin aberprngs sifdrom redv0des 9 &b,
efficient and . . .
primary feed supply means for supplying a primary feed comprising one or more olefin
monomers in a solvent, to the primary reactor, and one or more primary catalyst supply
apparatus for supplying a polymerization catalyst to the primary reactor, to form a primary
polymer-containing polymerization reaction mixture therein; secondary feed supply means
30 for supplying a secondary feed comprising one or more olefin monomers in a solvent to the
secondary reactor, and a secondary catalyst supply apparatus for supplying a secondary
polymerization catalyst to the secondary reactor, to form a secondary polymer-containing

polymerization reaction mixture therein; means to combine the primary and secondary
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20effective plant and process having reduced operating costs whil st
avoi di ng undue conplexity. [0049] Optionally, the three stage conpressor

al so suppwpesiwmsfT28ger ant to ot her heat exchangers i n tRreTaiSa0m0/06f00y
exanpl e, a heat exchanger for cooling pelletization water, or for cooling
air ina fluid bed drier or a pneumatic conveyor. [0050] Optionally, each of
the first, second and third heat exchangers conprises a 25plurality of
tubes through which the feed passes and which are arranged in a shell for
cont ai ni MYLIAY-Go8fainipe r BHYMCTGYIoN] QICHGhdNIUIcs KOWNsHeAM 50fd thee gwinehrn edid
exchanger f e I; N : : i

t he thirdéﬂg§¥3%§% gﬁdgﬁbﬁg%‘%ﬁﬂ%s o#ﬁgﬁgé%&gkg%gFéﬁ§%$u%¥%m9§§%h%gg@%g$ﬂ0.
Opt i onal Inyere) toeisdlateshe poigmsefromdhd emhbiexd pelpgerizatnacdobion niamsc. ket t | e heat
30 exchangers. tionally, the first, second and third heat exchangers are
each pr oDES] i The SXEPEC B VESH oY bPTagIET {5 CeRUBIU Rlutipn PRYYEICTIZAtN | on

of sthe fegdtfh MoRBSSrs & rfsﬁ{g‘?%ﬁéﬁ{%n 68la FraRgNGEL or OPHRRRAILN, cdnllfistgant

al so conprises a secondary reactor and the cool'ing apparatus conprises
f our t h armhefarfrodre lodefin wrodraeryen 3 sphicoh aad @riararpngelyst, thecdyl formmgf epdmay WO

2011/ 087728PCT/ US2010/ 061099.t he secondary ;reactor,. the cooli appar at us
further JOREPTSIORGINBSARYRCTIZHOR HEadiop fR{XtyE. SWiRlYige rQnt SF?O&ﬂ?’iYhEeDaF‘PF t

suction peedndarfy FdetSdonfiiidg0Bnd ol Mort folofie $HometO i Besol RIE t dhdhgakcondary
exchanger and conduits for return of the refrigerant to the second suction

port or setadysd tharehy émmaralmseedndpryepeliimer-gerdaismgopdlymetization Headtiop phixtwe,
611 ger ant L OMHING,AECONY UG AN R ROL Ly O RS AD A S OB O Dhiclifres
pr esent, Ct (0] tlheg ftlefP h %Ié’a% exchnan eP gng conalwnfgsp? %I’ Ii%'le r e? urn o

refri ger aflwrkfredi biehd piiidbryhaat scexmhangactorotd faemt hidrabised hblghepobiitaiding
third suction drum if present. [0052] Optionally, the plant conprises. a
secondar YOhURYIZeEen ekt e seidnigoletieg theepolymer Fons Ereosrmaliped palymsE-coraiging

pressure . . ti | e 7 i . he
0" secondary et ool Miogn Bl ARch @ forlobBiing hepal A OBE WD Riinkey o
Opt i onal Irgactar tpuhintanalcaipne st thegetdhelafyerdctboisan phiesage of Gbmad0:4@as95:20

D5, OB DR Bl el P58 B e Sccond, 2nd (hird
enbodi NMeNposd) he €0@iivR8tional plants designed to operate primarily with two reactors in series, it
has been conventional to use reactors of equal size. However, when used in parallel
configuration to make a blend of two different polymers having a major component and a
minor component, such as 90:10 blend, it has been found that the residence time of the
20 reaction in the secondary reactor has to be relatively long, which makes that reactor difficult
to control and sluggish to respond to changes in conditions. In contrast, the present invention
provides in the fifth and sixth aspects a reactor arrangement in which one reactor (the primary
reactor) is larger than the other (the secondary reactor). That arrangement has the advantage
that when used as parallel reactors for preparing, say, a 90:10 by weight blend of two
25 different copolymers, the minor component can be prepared in the secondary reactor and the
residence time of the reaction in the secondary reactor may be maintained at a manageable
level. For example, the residence time in the primary reactor may be about 10 minutes and in
the secondary reactor 30 minutes, whereas for equal sized reactors the residence times would
be about 10 and 90 minutes respectively, which would make control of the secondary reactor
30 difficult. Furthermore, the small size of the secondary reactor allows a reduction in the cost
of building the plant, whilst the larger primary reactor is available for making single

component polymer products.
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apparatus contains propylene as refrigerant. Optionally, the refrigerant in
the accunulator 15 drumis at a pressure in the range of from10 to 25
barg. PreVenatlog7728he first, second and third suction dPCFEISare/oproesent .
Optionally, the refrigerant in the first suction port or drum if present,
is at a pressure in the range of from4 to 8 barg. Optionally, the
refrigerant in the second suction port or drum if present, is at a

pressure of from1 ‘bar‘g to 4 ,barfg. Optionally, the refrigerant in the third
suction g80%7lor Eptippallys thy esiemnf the yohmmeohthespripary gradteiote the vobgpe of ghe 20
2 barg. i e cont i i | I ' ' hRHOUS
adi abat | Sl tokeioh REALHR RUEUE DBl i o B T ERHGRAL otk TP RLOOY™
pl ant forOptiwmaliprihé plaotis ssiedbld fod thep@inyinous zdtabetic @iuttmepodymenradon| efolatfin
nononers, the planf conprising:. a primary reactor and a se,condair% %(f:act or
ar r anged PONWREY-at @Pienagy Hio BImaphang ££¢Q0daly FRetorhikr AATNYEILRETES Wide
primary r r t L& 1IAY; C - heing
e Fhe T A QR N e b R A P bR g
a pri mar yredatiod noigtrpe irs thegpronay oraat@rie i thef iangeroh omer 3 minutes &o0P¥ emtyted, doit he

primary reactpr, and one .Qr re primary catal yst.supply a ratus far
Suppl yi ng Amplsr JHEF et og ok an pBES {654 My oo FOEERCR Bgof he
primary petoHiBFy SAhai-&ditdnig ?ﬁf%ﬁéﬁé@ﬁéﬂ) RedcBBf blirdinhel E& oh 88y 8¢ Rtor is in
secondary feed supply neans 0 for sgtgpl yi nq a secondary feed conprising
one or noheraepf Fromphomrites torPOaninpioyclat cxamplidn sciangael/remacio 0, mamtesa
secondar y~cat al,yst supply a rat us. far. supplylng.a secondary... i

oo ymer i R e R Fpu® AR L ESndlio MR PR By® FERT s conditions
pol ynmer - aggticay,NthePpolynRrf iigadte® Trdre bt | @mbihodt Y6l§niches@hiningTalymetiBation
conbine the primary and secondary WO 2011/ 087728PCT/ US2010/ 061099

pol yner - ?ﬁfﬂaﬁ hi %%Olwﬁthm& ashers 1}; Bardpessiof mpreare é@njﬁﬂmﬁ%m@&phn@fm@rﬁ dhan
primary - ry..r I y . 7. on
it ar o, T ORERANR e pBRRD %1110y FREUR coRR|CTORRCHREARE pRnlef2Rtde)
pol ymer i zaixtwa ig @@olyintn havixg ur €ica{ AGb5Ehing Posit 0 moas@edhan EI°CY iogechally
process for the ng ti nuoug sol uti &n gg!)é(merl zation 5 of olefin nmonomers
conpri si ﬁgmeé]%?ﬁ]p% n@l_’tl%la Y BP MY P edctor a primary feed conprising one or
mor e ol ef[ppsgonomrRE ?lahf‘_oisthé?ilft‘ﬁ% ect BPEheRATTROY rxfa?tb%ldé@& to tlEL &Q)lccfn%d?l‘eﬂtg a
primary pol ymer-contal ning polynerization reaction mxture, supplying to a
seco ndalr ypotygaars cmging @eadrtbarsacfoee dIllkyo n@rih@iamgleo ?11@ plantoff ge difgf i(ajspeqtncrmn@r S
in a solvent, and a secondary, cat.al yst ere r a secondary

ol yror - GORE 11 RPRSBORYRErs PR THE Rt ok e Mg ol e pat e of
primary aselsRCAHAGAENRAH YRRt M iah Bhikd nRAOTBAI Zadly QRuéeAat inQRe Ma¥lodies
downstream of the primary and secondary reactors to forma conbi ned

pat ymer - dormed nicagopongrasrdtindencomdrbwiens bavieme desgivaef figmt #heup@iByrierabbriom
the CO@'&@J? f{%%! %{ﬁe !e_n Os% gelnrél snganlaOI )Brrﬁeﬁlle 20%51{6%9 orf%% 'a%guttn‘m( tvﬁ[l%e.’to '5'6 \\%%C h
the ratio'© elﬁ’erna ITEO? ot

u
vor The primary reactor ¢’ i nternal

vol une ofprtfeeabsg hondadryiticart@s make two-th@psEIngpol9ef blRNIL OTHE  ci@o18 Mdy, be
150ptional ly from 65:35 to 90: 10, optionally from70;30 to 90:10. [0056]In
convent i oH&d ihpaise o1 pawlgh eicfeadblygamatadlchr Thapplyipchblard gy, feagwside.ibg 2

seri es, i(]atlerﬂiaa% &%@ﬁbeeﬁ?ﬁﬁﬁﬂtd(ﬁ%h.to use reactors of equal size. However,

when used 1 n para
25 [0059] In one embodiment, the primary feed comprises a mixture of cthylene and

propylene and the secondary catalyst is a chiral metallocene catalyst such that in the primary
reactor is formed a co-polymer of ethylene and propylene having crystallinity of from about
2% to about 65% from isotactic polypropylene sequences, a propylene content of from about
75 wt% to 90 wt% and a melting point of 25°C to 105°C, and the secondary feed comprises
30 propylene or a mixture of propylene and one or more monomers selected from a group
consisting of C2 or C4 to C10 alpha-olefins and the secondary polymer-containing
polymerization reaction mixture comprises a substantially isotactic polypropylene polymer

containing at least about 90 wt% polymerized propylene and a melting point greater than
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configuration to make a blend of two different polyners having a mjor
conponent and a m nor conponent, such as 90:10 blend, it has been found

t hat the weznddscesti ne of the 20 reaction in the secomdars2010m61009¢ has to
be relatively |long, which nmakes that reactor difficult to control and

sl uggi sh to respond to changes in conditions. In contrast, the present
invention provides in the fifth and sixth aspects a reactor arrangenent in
whi ch one reactor (the primary reactor) is larger than the other (the
secondar ybpeiattGE) | Sudhapolymer %‘@@‘ﬂﬁsﬁ? wed in He Mitareagangcnel PigHess axdlibies
par al | el ﬂ&g%&?gmgﬁ preparing, say, a 90:10 by weight blend of two 25

di fferent copolyners, the m nor conponent can be prepared in the secondary
react or gotidlhe Opsbaielyc ehetrati@ obpollyhver pﬁ)ﬁﬁthatdnntthepﬁmGQ}nﬁamtyr toggudyracr may
be maintained at a manageabl e level . For exanp the resjdence tine_.in the
pri mary rrga@tcapn Ry IThC ARy eaRtaf b é%thaﬁ%rlger?ftﬁwén SRABRIAry: Frtionpldy frep

m put es, Mh?' f s the residence tinmes would be
abgut 10 an tgb%nll(ﬁg g@é?gg%lgf:ﬁag?@% i ch woul d make control of the
secondar \{00@dct oin a S edihf dspean] irovided isheeplamtr for thehveongmueduls ssliugen pblynteeization

secondary re%eéor allows a reducti o€n| n t%}gﬁcgﬁs i’)r%fowgﬁt: H&@%ﬂ%?ﬁn@ ant ,

whi I st t SPPFF RGPS RP ISy OlF Siorfent
pol ymer peRdsictsd bl&@lr?g%édrﬁiia PABRECT +4od @& Q@ﬁ 3fc BQ%?& &Btih ddmbhkrs he
ratio of the vol une of primary reactor e volunme of the secondary
react or isehient, tah@nwamg@ S@prb’rto rﬁheatsaggr thG fogt @@l a el gnalfonn thewin Zpol3mero

9 - 10. Optlf)nall¥ l[ant §U|ta ﬁfor the cotlnuous adlabalc
containin éac OI‘ rn1 (& (iO stréam Of the reac SC ara Pn rnetaHs fOI‘ se ara 1 % C?
ution izatron of "o IR~ Honomer § Gt |

secondar Yol gast fass tlaer enregiiéd ﬂluﬁmels&ﬂdrmedoltvamk andSrerc aﬁigwp@aramtfopmwmg t he
residence tinme of the primry Yrrer cont ai ni ng ynmeri zation reaction

m xt ure |the ﬁw@erﬁrhaﬁhrt@r%l@a&heofeed@ qndinghacsng e t@ftﬁ¢ Feasion ingluding gt {qgsiogne
m nut es, 3 )

Cort el 15 PRIMEL ek G108, 2 LOMANLAUES O o of
poI yneri Zlﬁihlzomtaﬂﬁaﬂhmgmd tobestamraegedbdle tbeomped aryy,realc theruppsr amd Iolw&r naage of

f 3 t . | I f f to 3
ot o5, DO GIORAN Fyhcl Rieh At TR Soptilt Gt pleg RerPiseno i &b o4ich eq
out u nderth@%@aﬁtﬂ&vscmﬂ tﬁrb&ghsthe LRl & tuﬁ&ealﬂodhxmmﬁgﬁp{h%tle\céeﬁ 5

s A
conbi ned pol yner - cont ai ni ng Izatiron m xture i s a pol yner havi
Shore A Habanthssnlef baing pmvaiedhum ﬁﬁalvo[ﬁm rodwdlmg/orrmevmrtmgttﬂrraﬂmm’f refrlgerant

ool yror i 24 B P Erare AhfofS e R e 4o A5 R e b RS 91 no

nor e thanh@%ergﬁby@ﬂﬁbluybego 15rmre than 40C, optionally no nore than 30C.
[ 0058] The B‘mant of the fifth aspect of the invention may be used to nmake
ofe- conpdABeR] polrymmghﬁhsasr@tmﬁ@wdw ishiemetbad pbde faming 2 heaf cxehengst & 2 plaet

plant of fto f d f d)ut%psgﬁl%loﬁ% %?enzgt?on otn ok &F 1%81% osl?t‘ir? mvé@lloﬁlersolﬂl\%hlgh g'f@e%l €

reactor i's USE m Xt
comprising one or more olefin rnonorners in a solvent, is polymerlzed to provide a polymer-

containing polymerization reactor mixture from which the solvent and residual monomer are
separated, the solvent being recycled through a recycling apparatus which includes a heat
25 exchanger to cool it prior to re-use, in which the heat exchanger has an upper horizontally-
arranged array of tubes and a lower horizontally-arranged array of tubes enclosed in a shell
containing liquid refrigerant and the solvent passes first through the upper array of tubes and
then through the lower array of tubes, the method including the steps of passing the solvent
through the upper and lower arrays of tubes of the heat exchanger with a liquid refrigerant in
30 the shell covering both the upper and lower arrays of tubes and, when it is desired to de-foul
the heat exchanger, lowering the level of liquid refrigerant in the shell to expose the upper

array of tubes such that the temperature of the solvent in the upper array of tubes increases.
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et hyl ene and butene and the catalyst is a chiral netall ocene catal yst such
that in the reactor is 20 fornmed a co-polyner of ethylene and butene
havi ng a weneitog7a8 from about 0.85 to about 0.91 from eChyusene/os®guences,
and a butene content of fromabout 10 wt%to 50 Wt % Preferably, however,
it is used to nmake two-conponent polymer blends. The reactors nmay be used
in series or parallel, preferably in parallel. The pol ynmer blend may, for
exanpl e, a blend as described in EP 1 003 814. 25[0059]1n one

enbodi rrer{0063tl he PY Pitaisyndl dercstsipen esoatinons splation pebymprisrionapicelpiivpificene

and the %%R%Hfjﬁ{dyre&ﬁhﬁ' Shorhdt 18 typilalilre R da0f B CBEALYEE pPUEEN iR
r%‘ % 3@ g yér% etcﬂﬁll n% 6 ene gﬁaw ng

the primary reactor or me ene a ropy
crystall manbt)y «iﬁpdrrfmmlabamﬂ pﬂ%mismgazlqmatat@';'a%fchomlu&xstaadéascom@hyapre@d)dngae

sequences ropyl ene content of from t 75 wt%to 90 wt % and ting
poi nt of fos ¢ uemgo@e terReratufie °§él%f‘oFﬁ%{?1§ %@d MDY sBS SoRFnhripgh éﬁé”ﬁl

mxture cefongﬁaw hesﬂ?allaﬁﬁoﬂﬁeofofef élemﬂi%}ﬁ&e fa os@ﬂteﬁue{n%ﬁldfeg AN RalBhAYEnt, for

consi sting a-ol efi ns and secondary
pol yner - coamaleniasgthao Oylnet pépolgmer edbt paypmer mtaw be pm@mprfolszesarmty of reasons.

o455 pory B RE B L ST L S LI el SRR 0
2011/ 0877R@RGY 13RO %ﬁé&@ h@@%o%%ﬂrleahlﬂﬁse RERid Yé@&le@'&@ﬁ'% AHeestht$ 8 than

t he Vi stamaxx range of product's available from E%,<xon
[ 0060] thnr@mail yThatheolymei-tsanfphast yrieeallyr comprisasna rsmaél amoumteObrppbme} as
reactor tg oduc rate i.n the sec react.or +s.ihn
RE°r angdtafentTaba: oy pERGERSEhERI Tafirbftp §roBBE R TEE TR of Ruld

opt i onal lysdelogo #Hat 4 $obvedO add thd &@ﬁ&&ll ﬂﬁo@orﬁaweetdha\as DﬁCats, a Pagdyiphest, hggha
pl ant for_the continuous solution polynerization of a feed conprising one
or nore dlahidumoishegics andewlisis) fusatamawes of BHyMELABPIRG Hy: reayql@héqlwnt

feed bl engdj re e 0, Si.ng
ronomer o 1 b B oty ol pERBAGAnG FEGcROTRAIE ATARE (AUl in o
cat al yst rteycliog rpparetei nFa gampierthe reb@cld:(gﬂa@amdtmgwﬁléa;zplwllynto«hpmﬁ one or

downstream of th eactor, separation ans for pol y r from
the unr eefE‘Prédi“ﬁbﬁ?f{?efgr By 1GeHan §Bﬁ\?éﬁ‘{yc APy ‘P%’? “&bb%‘}%a&aﬂ CfYre fouled
recycli “ R&idaal ﬁg{\&wexbaﬁ&l %fﬂébgéhsteb% E&ﬁgeﬁieﬁ%hﬂ&(dﬁ@ﬁg&s AREERL e tuQ@d to

react or cl udi ng | east one heat exchanger having an upper array of
hori zont adobytha rra@mges:blvemb esd dredfead buoeto @atlryaoyf tbé févdrintootht a{wcyoraan‘lraaggedlt

t ub th th

bei ng. ench gcerrerd sty SFEE g rE R et aniCad” Bt in iy U el e
refriger aghlingaid dedt \WHILC By tlRfhgS @168 bxdhaf¥E Rdvirst ah p%ehgarramfuﬂﬂﬁbn@nyay
of tubes and then through the |lower array of tubes, the inlet being

pPOvi ded amangedatupas wed ropweeduey 0f h@lrlzqm@llyemanggd tehesfaroneest belewr thgawaer
into t he he! | wit L{ﬁe 1%091%1 e’ strearnu3F sollOf %O(lfa%%{ opti n l %ersi(ﬁglr %%%omer)t Ipa%sﬁg efllrst may

be | ower 64 ¢ o expose € upper array
through the upper array and into the lower array. As the recycle stream passes first through

the upper array, fouling by traces of polymer present in the recycle solvent will occur
preferentially in the upper array of tubes. When it is desired to defoul the heat exchanger, for
25 example, because of the pressure drop across the heat exchanger rises to a predetermined
level, the supply of refrigerant to the shell is reduced or cut off entirely so that the level of
refrigerant in the shell decreases to expose the upper array of tubes. That upper array of tubes
is then no longer cooled so efficiently by the refrigerant and in consequence the temperature
of the upper array of tubes and the liquid therein rises. That rise in temperature causes the
30 polymer deposited in those tubes to re-dissolve in the recycle solvent thereby defouling the
heat exchanger. Once the fouling has been substantially or entirely eliminated the supply of

the refrigerant into the shell can be returned to its normal level such that the upper array of
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20[ 0062] I n an eighth aspect, provided is a nethod of de-fouling a heat
exchanger in a plant for the continuous solution polynerization of one or
nore ol efwo 20omsme8s in which a feed conprising one or ROTAISEM18/0bT9NDNONET S
in a solvent, is polynerized to provide a polymer-containing polynerization
reactor mxture fromwhich the solvent and residual nononer are separated,
the sol vent being recycled through a recycling apparatus which includes a
heat 25 exchanger to cool it prior to re-use, in which the heat exchanger
has an uppess Kopmce gnetsl yupmergednigeteiagqrant ad thapdEcigney af thywbeat exchanger is
horizontq%#&karranged array of tubes enclosed in a shell containing liquid
refrigerant and the sol vent passes first through the upper array of tubes
and t hen [0064jughDuhieg | theetemaoreay reductiobes, refiligeramt loel inndicudhailg of hke diceps
of passing the so|vent through.the upper and | ower, arrays of tubes of the
heat excHERAYHE! #eyel Pl g eV HYPFCﬁHYéG ieAccd ] fhecgarmuy aBOPRA t he
upper and,JkQURIwitduf ¥ chidigSy e kilse irbthdashp &St ofificf r&é}ﬁpgﬂeat
exchange§{S$omé¥ﬁn§lthe ?gvel o? iéﬁ%@ r%f%?gerant Pn Fheosth?H{% expose
t he uppertharqaatpr efrangehest. siohytthatforhbe pessibde for theelcwé] of hefrigalawietotfail belohe
upper array of tuhes iincreases WD 2011/ 087728PCT/ US2010/ 061099 [ 0063] I n
pl ants aﬁﬂxﬁ558b§g§§IPB?T?qﬁ¥Q§ﬂWﬁﬁﬁm8us_soIution pol yneri zation of ol efins,
the sol vgppesnd mfehdu@heq&r@mgeﬂ@béiﬁgu@@!ulen, the Gthp@stulagikhd oIt &e padsafed  of
the process through a variety of purifrcation and processing apparatus

whi ch i ndhiegeh tha heas gsehapger wdhtiseredvanienoriot lavel udhiely maecavsnpesatiuthe of
the recycle fluid. ~However. the solvent,..whi.ch {ypigall coOnprises. a
P | et e e RS e AR P T RS ol RETTER i
exanpl e, He@ssalyhan i0.tdmpér¥ued bpatonaers°Cthes0po) therby By daasing §sBmicr frowlin
variety of reasons. In plants having a |iquid phase separator in which the

ef f I uent thessrhadpédo disselverlsps ladparutiedhs Aedficafon bicdy may pihiesles defopled at the
p0|yner_hﬁﬁ@tﬁﬁﬁﬁﬂh#ﬁaﬁ%ﬂhﬁﬁ%&y recycl ed back to the start of the process.
That pol yner-1ean phase typically conprises a small anmount of polyner as
10 nenti dA@eb]jaboTac hbat Edchmtgsr nayWu chadyhsuitblracaifigoratios. Clrertubeh may pasd ng
a series of flash vessels so that the solvent and, t resi dual nongner are
G Zwn of Uit gt 5ﬁ£\§é,thﬁilgﬁhw Hon Qe ond 21 04 B EI PR Mo ace
amount s QﬂeQRﬁ%ﬁEﬁgﬁﬂHﬂhb%ﬁdLQ%ﬂﬁﬁEM&H%QH%QHM?BHmrFH@tj&ﬁ@%%nghngkﬁgﬁh
present in the recycle stream can cause fouling of equipnment in the

r ecycl i ngnawdanattilss tubes are Xabbehavitear edyycdnidrg cappathatsasievend bf thephelal Iny
conprise one.or , 1 re i er beds for. rification gf the.recycle stream
and t hose RiFTeged sEeTRsh e Bine 2Fefined o5 Thustoot bt Butomer b fige sl
ari ses iniguef Eérﬁ?xﬁﬁﬁ tolhant(ark6haaRY FesMiiat PoAbet)Se clsOal60OthetIBExth QE VIR €
solvent and the feed prior to entry of the feed into the reactor

ak? angenshell four tings. dlpoawaranl@, phot thedhegf exchangsevsefourpassdl -¢ilghhdat exspberges, of
the inventian 2 heat..exch er fouling.i wit h by usi he
exchangeﬁhﬁg$?ﬁ%mgﬁu§5%gfm%?ﬁggugpmh%¥%EonP%FgéﬁéE@ﬁddgpgﬁggﬁbgﬁgggmdﬁ% a
| ower ar rdapectidn ar thaobdcklagymaind angabert e sntarthanged abey oMubbeantpparel ahcay

with the recycle stream of solvent (and optionally residual nononer)
passi ng fmersidopn thelgrethind thpdrbesrandpaghigaitht o the | ower array. As the
recycl e m pagse i r r pel:: arfiay oyl i Vi S Of
pol ymer Bpggant ?ﬁétﬁggéé§;é$£ %%PU@%Pgﬁ#fl&%géggﬁp%%%eggngggfl%L#%%fhgp
upper ar rapproximitalyes. indhef2s5i4 mm),dési cathtle ohetlaulratgeeohdatm e22c haritgemmi or

25 exanpl g, becapse of .the pressure drop across the heat exchanger. rises to
2 pr edot eh It oy tioenar SR Ketan g GsraR hEYs Thaueh AR GfcaRed or

cut of f qmd k&) 38 dxBRbpId RethkeMle P fronelT el ARt 1 fheh AR BRI bssdR6R&ARES 1O
expose the upper array of tubes. That upper array of tubes is then no

| onger caoloepitd gnedstrngriteot hgat bxansfee cffefiencyeomopcratmg ¢ost e wemparedde 4 hech
tenperatyrge of .the, upper arr of ,tubes a .he ljquid.therejn rises. That
et n difisandets beRRTe Bl SspodRoaiReliairbiis W Rb e S

r g0 di ssoltyeaisd fbilghgl ecycl e sol vent thereby defouling the heat exchanger
Once the fouling has been substantially or entirely elimnated the supply

of the rdPPs8er ahbe irpfrigerant nstyebd apanuindle eefuigpraat. t @ntiosalhortharefrigoant such
t hat thelggﬁﬁ&Kgrray of WO 2011/ 087728PCT/ US2010/ 061099
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tubes is once nore subnmerged in refrigerant and the efficiency of the heat
exchanger is restored. [0064]During the tenporary reduction of refrigerant
| evel in wbeoslsrf28of t he heat exchanger, the |evel of wrhe/usedwiogwpant wil |
typically be reduced by the maxi num anount 5 possible w thout unduly
causing an unacceptable rise in the tenperature of the feed entering the
reactor arrangenent. It nmay therefore be possible for the |evel of
refrigerant to fall below sonme or all of the |lower array of tubes al so.

[ 0065] WidR0&He hdhe lerkafdhybfuidgelbigriigt wehoheas gxchansersbihh r entione holoviered
|
sol vent mﬁ%ﬁﬂb{%&m&é{%ﬁi hhﬁ'ﬁ r@ﬁ%ﬁraﬁﬁ&?@%%ﬁel%ﬁd al'idvaﬁg g%ol‘i/cﬁudl %ﬁ?f \/\gs Q5178 the

| evel , cause a rise erature tream
dryer or gshullitd bodtafHHn Abetentioked aB(X\&LT‘ﬂiee],eVélhﬁ Ipqurid frefﬁgénammlstrqﬁsmﬁayrerduwi in

tenperature around 5C t 30 her eby so causi ng polynmer fouling those
beds to d%“é% ot%%et%l’%mr!? n° %ﬁ%fil enfqli]é‘gp i FECI0r | Ofn TRASHYS niggehep sp qoatain

def oul ed ﬁ&de&&ﬁu&éﬁ”ﬁmﬁt‘ ”@Rﬁénatll et&eﬁbeleﬁﬁﬁ@li}ﬂg‘gﬁ}%%@% The shgats W%ng,er

may be of any suitable configufation y pass 15 straight

t hr ough tdxpowhledth tha hpperlasd thé &y areayragnifetnbest asomentenmdd abovde Thbddwerargdof
extend t hthe% Ilg g[th of the shell, exiting the shell at the

ot her en an B? PerMBY ?Bhbodi ment the tubes are U-tubes having

an entry [awb]an ﬁi“tﬁe @Jntéxl‘ﬂ%ff’d@@@ev%ﬁfﬁ afd &@ﬁthsaugbdts of rah@m%@ti&f t@drecycling
enbodi nent, the heat exchanger is a four-pass heat exchanger, that is, the

recycl e |apq&ratilscfolhmcy@mgh@ @¢>1ve¢ttbaelaﬁct0@gh therfa¢d Hlending anpans mdmerﬁyctolr evel s

aI ng th th.,o OsheII our . tinmes, Far when _th at
SIEn eotea St b Bos bl R ARy i lan RS melify ?eescoyc n%f‘%sa%j.%luﬁw%ent or

the upperfeed bRYd@E thetiSandntle tHeaNeichd@guias lfdlecdd'hhgbﬁé fedd prig @i &6t in@d thand
t hat back again_and will then flow into the |ower array of tubes and travel
once nor ée%fg%n kheepparatys maytconan yheafiseehanger watRram ghtls. feedblgrdimg acenpiss of

the heat .exp E‘Jr n?o% 'll%aekkﬁ’ang@r‘é%lo@vﬂst?ééh%% t‘ﬂl? § Ombﬁ%a‘?ﬁog %geﬁlsaaﬂﬁ WP & Y 1

inch (25.4 exa he range o
Al t er nat |thefqaptor hEretferh)lﬂy, tﬁé hbd"t@xbl%]‘gelelmhang ef thefdtchoblahdiyg hewes 23 anuipper

di aneter of 3/4 inch (19. for exa in the range f froml?to 21
m 1 naﬁr%%éoa?@ltﬁég TangsA ofb ewnﬁ 55 Pt gfray nqiépﬁ@ﬂta oPTHgsd tubes
transfer a%fahg@d BOEW u}ff)rer 99@;6 a&dtwghecgﬁﬁer aa%ag;%a%@%&& a%ag hdgh chdbea iand

are therefore typical used only when the liquid flow ng through the tubes
i's prone sBol diav:lagsaa mkm Ianmgutleftdbﬁsﬁfqhei reé‘rhgargﬁraamdtmmalyclbdlmmkvmlﬂtomlferst

2011] On7 10ERbI0M) 068 oboTnaralet PRV qhitbssefe i i
the heat [gyehangsh SHalE fdrSrc@lin®BAbINchtaWeth8Flow of refrigerant into the shell such
20 that, in use, the level of the refrigerant in the shell may be lowered to expose the upper of
tubes.
[0071] Optionally, one or more of the heat exchangers downstream of the feed blending
means is also provided with an upper array of horizontally-arranged tubes and a lower array
of horizontally-arranged tubes arranged below the upper array, both the upper and lower
25 arrays being enclosed in a shell having an inlet and an outlet for a liquid refrigerant and in
which the solvent flows first through the upper array of tubes and then through the lower
array of tubes, the inlet being provided with a valve for reducing or preventing the flow
refrigerant into the shell such that, in use, the level of refrigerant in the shell may be lowered
to expose the upper array of tubes.
30 [0072] Optionally, the method of the eighth aspect of the invention is practiced on a heat
exchanger upstream of the feed blending means. Optionally, the method of the eighth aspect
of the invention is practiced on one or more of the heat exchangers downstream of the feed

blending means. Optionally, the solvent is cooled by the heat exchanger to a temperature of
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by closing an inlet of liquid refrigerant into the shell and allow ng the
liquid refrigerant in the shell to boil off. As nentioned above, the | evel
of |iqui dwpebrivggerzant is optionally reduced until the tecparsaioeloof the
feed entering the reactor or reactors reaches a certain 5 predeterm ned
limt. Optionally, the level of liquid refrigerant in the shell is |owered
to expose both the upper and the |ower array of tubes as mentioned above.
The lowering of |liquid refrigerant in the shell is tenporary. [0070] | n t he
context dRNYHE 38Vernth 28Hd dutipgile pesiode pdieppothihciuppainandolewer REaysehbesng

appar at us,{ 86ve¥é%ﬁ¥flﬁép§%retfﬂ ot HaPk {Rﬂfﬁg o %?ﬂ%&r&ﬁe § or@Rhdl andhig, means

into the react ctof‘s I nt apparatus t ou h
whi ch t hg00mjycl e)paoﬂlallemheplasmaﬁ the Reveuch apetthe theed/ebh@mdmmgrlweaq&e@nfb t he

heat exc rs faor coolln e d prior tQ entry into the reactor. The
appar at ug wg%wrbeﬁﬂ% ¢#PablRe tre‘&? 681?65%}’6%9%@1&@0&“1?4@“?%8% BFASHOR REXtHESans

ass vel | 35 .00 Qe Bk RicHEAL nﬁ%ﬁ?@%ﬁfa%esqﬁi’éﬁéﬁﬁﬁf%{@rchhtad%%séc &ifHa DBt Nn

means and upstream of the reactor. Preferably, "the heat exchanger upstream
of the hdapibplasdiang fmﬁmsotm@ssarmcqmpefor sepBrating aye pdlymeor-iean higaid phase framged

tubes and, a | ower a of ont | | ed .tubes arranged bel ow er
i Ty, - DO PRREEE BT S TS BTt R B Gre e GER o o4 ST |
havi ng anikeihed t@r}gc}mﬁhé@f) drisa liquid refrigerant and in which the
solvent flows first throu % t he Mer array tubes and then through the

| ower ar rl@974f t@megnalkyhenltm encthed 0§ the glghthedspict lof dhy anveatipwr the epphpnery or

UL Wbl USSR e DB

t ubes. F&I]y%tJléaﬁialldlMd fhase @hd NE Epo%fmértl@ath ¢ighideykdyang ey dvasbiigamcof
t he feed b end| ng nmeans is also provided with an upper array of
hor i zont dFfXF: 18%@M%Stubes and a lower array of horizontally-arranged

tubes ar L[?ng g %Q}Q’lahpﬁ&ﬁﬂg%ss&r&%}’l as? Qo Qlﬂb%ﬁuéér} 91@9 %%@Y\?er m%ﬁh%{ oy s

bei ng en n ving an in and an o a |qu
r ef ri ger anict@andwherewht phant hmassmtlummofd tdmzs oh¢ raattot,hit csugf\cmhe: pppible v nay of

tubes and then t rough the lower array of tu the t bei ng provi ded
WiTh a vAREORG? thea?fe%toomalﬁr %%&kﬂ.rﬁagctqrrgéa% i lparerth ﬁlﬁhfeaFtﬁf 8" fHE el |

such thatynidy Ua®ne teﬁf%ohr?ffé%'t aﬂ;hcﬁﬁlfertb a8 ra?ﬂl%ts' df tﬁ@ﬁw&t&?dn exdBM tf?@s&@i""@ﬁlgdd to

expose the upper array of tubes. 30[0072]'Optionally, the nethod of
ei ght h asperdt radetarhie usnd enditbe feal pmrapmsese?dmmuaa heathyésne I‘Bamdgbutemqosmd ¢am of

Jiteedt GRS N O o
t he feed cthylene and butene having a density of from about 0.85 g/cm’ to about 0.91 g/cm’ from

20 cthylene sequences, and a butene content of from about 10 wt% to 50 wt%.

[0076] It will be appreciated that the aspects of the invention mentioned above may be
practiced separately or one or more aspects of the invention may be practiced together. The
optional and preferred features of each aspect of the invention will also be optional aspects of
the other aspects of the invention.

25 [0077] The polymer produced in the plant and process all aspects of the invention is
typically a polyolefin. Optionally, the polymer contains a total of at least 50 mol% of units
derived from ethylene or propylene out of the total units present in the polymer. Optionally,
the polymer is a polymer having a Shore A hardness of less than 60, optionally, less than 50.
Optionally, the polymer is a polymer having a Vicat A softening point of no more than 60°C,

30 optionally no more than 40°C, optionally no more than 30°C. References herein to the Vicat
softening point means as measured by ASTM D 1525 Loading 1 (10N) and Rate B (120 C/h).

The polymer may be an ethylene elastomer product as defined herein.
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bl endi ng neans. Optionally, the solvent is cooled by the heat exchanger to
a tenperature of WO 2011/ 087728PCT/ US2010/ 061099 bet ween -39C and 20C

duri ng t wopervmsazswhen both the upper and | ower arr ays Pofi/usadiesewpe
covered by liquid refrigerant, that is, during normal operation of the heat
exchanger. [0073] Optionally, the plant of the seventh aspect of the

i nvention conprises a pressure | et-down device capabl e of reducing the
pressure of the polymer containing reaction mixture 5 to a pressure at

whi ch t hd088{t ur eETélél@a? dilagomey Broguplsy ySh@hl 1RGABhraBHRE eCORRlY LT PIrgdnsed |1 gin
liquid p

i qui d phasgiof e cERE oo CRE bR R0y IAE oA F R ol (BRI RS BB,
phase caretipgercenyal-deras oa(c) ethytene asd beams, tathihhefeltoreing hignisppar at us.
[0074] Optional |y, i e thod of the eighth gspect of the i ntion, the
pol yner 10 cdht ai rfghégp%hr@ﬁw%qnm gL 07 Y mRoPiIcEe F%nt?é;?gnzgt"@cf’ orft% a
pol ymer - 1 of ahaqgh&na@lg%ﬁ&le%ﬁteﬂtm fig h@ @il bfiui d phase and t he

pol yrer - | ean ase is recycle rough’the recycling apparatus.

[ 0075] The pIadU)andbpﬂﬁce@gése@bnahﬂoﬁsmbaﬂsﬂbﬁf%hednnbwnmaomnﬁayﬂhymnMVe

nore tha re tor, ere the | ant es |.ncl nore than.,one reactor,
T Eet gD Ip o sBlori @ Ruv . BorRl B S O, SR, bt EemiRasS

single r ?ghGF(grade and | eave the ot her reactor or reactors unused. In one
enbodi nmen appllcable to all aspects of the invention except the sixth,
only a singl e (fiBactfer (Q)seth:sleme eadent loé af satt Howidp ke sctangrpattent@f @feaéetrﬁlsanene

anéi but enles vvtra/d a (P thﬁat all cfepsﬁa%o%}]e a%nﬂaa %@g lr%ﬁles'g)%{)g t1ca Ic %Hne?ergg/cm ens: ty

t he reactor OI’ rre a CO ene avil n

of from a[bcmt] 0. &ﬁt@lacpmcms ab@%kw@n@Jang/p%&sg‘migmﬂda%ﬁdmyﬁaa%eaemathe and
a butene content of from about 10 wt%to 50 wt% [0076]1t wi ||

appr eci at'8ePVerannd ABisBBeters apd whish rerpaintindhe Meak PoAed aef@é\f@l%bﬁgeg Hull be
pract!cegzﬁgaa%§§§&$§ﬁ{ eﬁgEg9£ 9?&%@&5 of the invention may be
e

practi ced toget |ona preferred features of each aspect of

t he i nverq0080] w Diptiahdly, bhe (pptynmnalh appbeics Wénd bemptikieg Bspdstscafpdnesnt

i nvention. 25[0Q77] The poly produced in the plant and praocess al

aspects dreR¥ed rﬁ%%fl%tﬁffi of'¥y %liee%lﬁv paopggqnﬁdn 19 RrCSSE i B rHaft ?n%qt?eﬂoﬁ%‘}eyner

cont ai ns @Ak @ﬁd Ris @Ergkﬁﬁﬁrﬁt R R ARk 2%8'6%% 981'&1' 1¥@cgctf &%ﬁ%ﬁ@’ ée‘ﬁﬂ@nc@é

propyl ene out of the t uli t s present in the ionally,
pol yner imopylpwl gomgant lod\iomy 78 vBhie te YA wWikr anks snabh‘ing p@st trhthe rége omi"@n@l ly,

| ess tha t.i.onal | t he po havi ng a cat A

st tent a0 305 gy Aot iRt Bered FoB L PikERhs Ot S o b and
opt i onal lghen® nidRe %dn'&ﬁfér@&%ctéﬂeffr@fh&l?&g&ub%ﬁéléhﬂgooft@oﬁfm% @QfdllﬁﬂthﬂgﬁlﬂsO' nt
means as nmeasured by ASTM D 1525 Loading 1 (10N) and Rate B (120 C h). The

pdd ymer nelicheis ot gty iotstionpolyprepens pelynerst Forseiningr ef Acastn@0 Wt%
2011/ 08772%% lg§ o%légneselao 9(19h4V907§]1’ne%11t11él pgm"[e oglg?eatte?nfﬁan ﬂ(?’%u Cb%tloﬁaq?, themsan

randon1c&b yher s
polymer is an EPDM or a thermoplastic elastomer.

[0081] Various aspects of the invention will now be described in more detail in the
context of the a continuous solution polymerization plant having a liquid phase separator as
25 the first separation stage downstream of the reactor. It should be understood, however, that
the invention is also applicable to plants and processes having no liquid phase separator.
[0082] The means to supply a feed of one or more olefin monomers in a solvent may be
any suitable apparatus but will typically include a conduit for the supply of ecach of the
monomers to a common feed conduit, a conduit for the supply of recycled solvent (often also
30 containing some residual monomer), a conduit for the supply of fresh solvent and a pump or
pumps for pumping the feed to the reactor or reactors, and for pressurizing the feed to the

desired pressure.
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solution netall ocene reactor containing (a) ethylene and propyl ene and
optionally diene, (b) ethylene and n-butene, or (c) ethylene and octene,

wi thin t hwofellwswi2eg |imts: (Ofor (a), ethylene contentcCofusatiologrse 35
wt % propylene content of 20 wt% to 65 5wt % and optionally diene content
of 1 ww%to 10 vt % or (ii) for (b), ethylene content of at |east 50
wt % and n-butene content of greater than 10 wt% and with a polyner density
of | ess than 0.905 granms per cubic centineter (g/cng ii) for

(c), ethylP8$Y corheneacyir yrangament wothgy st wacet @Weﬁ%‘bﬁpéﬁghtbf%@?fg?at)@ﬁhq han

1015 w %: A anE

centi net egg%g%%}ﬁbf%%%lgg ¢ Cg&e%? i u&ilajéﬁifg&gﬁ]nﬁ“gbg%gwg{ S ar%ggpl} g%%lssm ng
ai ds whi ciptibaally ingarullat dedthireactdras optioaly ¢ camtdldolumsmimmtgnlst@p&r and whi ch
remain i nﬂbhe fi nﬁl roduct after finishing shall a@o@iﬁ’gy der ed part of t he

Et hyl ene [B)3Ht omd he PS8 GERPTiFORS) CotPENBINDS UpTiks rreiugoraorpgﬂa?
bl end corgpyl %ﬁ@ﬁre?s)uréiof ’thresf%%d: IRNE M iredevalr ﬁ)?%&%ﬂ fer Qmﬂ?ov'@ 74t wr%r(%fo bar.

ethyl ene and propylene in the presence of a chiral rreta ocene catal yst and
has a cryQptainkilyi ﬂhy fodd $uppty Bbotd thR ¢roto6&%h freamtori woludet & eupipo Pyl enerple, a
sequences, contet of fro %to 90 wt % and Iti oi nt
e b Bherbr Soues MerenproOhbR shuchRybnent s bl byt 4%
propyl engoffenflchht¥ihy! &@cty@fed%gauélerﬁgn&@) ane s@ﬁar{ﬂf@ r@n{mnwx%n@% afbRAghr om
the group consisting of C2 or to C10 al pha-ol efins 0O which is a

subst ant imdnipp, fos srisiog itiee Prebsppt opsack dspolopamer tothe a¢cm1r|¢g lextel, | veighs the solvgnto

p yrrerlze opvl eng .and having a neltin plnt Qf gr atertha
?({’ i onal 14 y, eg%lo Syﬁ%llrlgl %Oﬂéﬁn%g nstrean% %)ef rt?TlD pPurn $ ¢ lg SYSRre era%gl the

[ 0081] Varmhéisinasqresbiorérs the comvirtli with \thd kolnew fpstrétes cafltb@@um@ Joorat @et ai |
in the context of the a continuous solution polynerization plant having a

li qui d pHaswinedpaeheay bamispdtp ererewifedsipasen Pon segikgub Wk eheaipiang the
react or Lt t

appl | capi'Sed 0D GHAE HEREER! ROy AR M hon Al o EhE AhS pBih % o

[ 0082] Thesenmim@l tpompu pPF ymasé eeltbnothe@nae awo madcmrsl @ich rtemammldasd &ith a

sol vent may be any suitable a us but w typically inc|lude a conpduit
f& the SGPPRY ROPIRSRE FRIPRS fll*?efp ﬁ‘g fﬁi%tr@a‘{tﬁr 9t %Fﬁ%‘He B%S%%narh15tapplé’a€fb %f’uit

for the sypRlYarQfdvhREYS! ®Hers Qhy @fHyldn@f LBPi@ &Pthe plant is at low pressure because
cthylene dissolves readily in hydrocarbon solvents such as isohexane and n-hexane and
therefore this method avoids the necessity for a separate pump or pumps or compressors to
pump the ethylene up to the required pressure. The ethylene may be mixed into the solvent

20 stream by any suitable means. For example, the ethylene may be sparged into a conduit
carrying the solvent. The sparging may be via a single sparge outlet or is preferably via two
or more sparge outlets. The sparge outlets should be placed far enough upstream of the
pump, for example at least 5, preferably at least 10 meters upstream of the pump in order that
the ethylene is fully dissolved before reaching the pump suction.

25 [0085] By optionally raising the pressure, for example, to above 20 bar, or optionally to
above 75 or 80 bar when more of the lighter monomers are used the formation of two-phase
conditions is avoided in the reactor or reactors under a wide range of temperature and
polymerization conditions. Hence a wide variety of catalysts can be used in the process.
Such a wide range of catalysts can be used to make high and/or low average molecular

30 weight materials under optimized production conditions. In one embodiment, use of a
separate pump to boost the pressure of the viscous polymerization mixture between the
reactor and the liquid phase separator can be avoided, [such pumps are much more costly

than the low viscosity feed pump]. The pressure of the pump also cascades through the
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30 containing sonme residual nononer), a conduit for the supply of fresh

sol vent and a punp or punps for punping the feed to the reactor or

react or s,wandifmsr72pr essuri zing the feed to the desired pPCEASAI16/06 WD

2011/ 087728PCT/ US2010/ 061099 [ 0083] The reactor arrangenent in the first,
second and fifth to eighth aspects of the invention may be single reactor
or a plurality, preferably two, reactors arranged in series, or optionally
in parallel. Each reactor is optionally a continuous stirred tank reactor.

[ 0084] TherpieantndenmbingeyithHie ahsenesof varariratiopiar teainitid selventseparating Hage
reactors rai . r I ee r i I

exanpl e, tége% Svog;e%l@ I%lglﬁplgé %g%gbcglrn ?lfgc%?lg%ﬁ | ﬁ;l}g %ﬁ]sg& F eoggﬂés 3%%??‘8%?‘#85 Iﬁ%rt he
or to eaoclischaeapbdlgmeripationdaxtare pothz, prtsureixdnghg meanceptcamugahe fgup phase
rai sing the pressure o{ the solvent to the required | evel (optionallﬁ, t he
sol vent ésa%raﬁ()ﬁgmﬁ@é% lew e BA1E SFPHBYRIMBFIPT &h i BErarUAe dBirss MopRy d%dnpl e
di aphr ag sy r e YRR

r e%ui red rplrgf\églgié f%ﬁfﬁf {h%elﬁgégllg\?%’%e %ﬁ%&gﬁ (? d rtrgé;l%]%gg E d{IJIEel ?I?lagl co nb?%rg (? tng 8\%\% g%hr eam
of the puapsatctiphesecerto fipthef dowbiticatmhiractionatmey systermmrgmeifisataomedayorebisn@dasni t h
t he sol vent. u streﬁg %f t he .Bu o) thalt t he con‘giﬂnﬁd feed can be rgi sed to
the requit&y PErSUS Hashpseparad ﬂggjeglcsw, OPhBICEHYC dinsT diThy 2 te dREiSES £ o 20
separate éﬂﬂeﬁfam@gﬂ@bﬁwimﬁt,ftﬁéretibﬁofTRﬁ!le‘Bﬁa%e sePdrhtnhdd/isolali6n SR BolpHIPId S @
centrifugal punp. O course, when there are two reactors, each reactor is
provi ded aghickcdby y®osiepizrmenichpuetptifee m Hashdankg or he ofheemceres.t hat reactor to
the requi pressw e... Thi s r.gach s, particul ar..advant ages er he
thy! one ERIPT SRR S siaRRPBBER 3% BRLLLGH Y REHEEOERRFtRE o W

di ssol vescageadi batick Nrdaytdrso ladt bedasOlilvgnihg &llleh igSadde@haswngreamd of - the X RBE
and therefore this nethod avoids the necessity for a separate punp or _ punps
or conpr &9dERYIZRHOR UAIAHe BPHYNANe th catglyshlllcadpiadded pivsiseam ©f arhgating
eyl ene kBl A ke i, SHNERL o S8Rk A beAMCEULRBE BiTRARS

For exanpl e, e et e'spar ge to a condui't carrying t

sol vent . pbihenapatign ngxtosyurdergoid spsiatigh,ehs [ran gkase klngtpasseditbropgieh eoalidgy
via two or nore sparge outlets. The sparge outl ets shoullgfélfgﬁgl aced far

efhdugh upEPr@dth IthiethdnPupmPFis %eRefpIe R inge §3¢haggcrpps ycapleredsk 10
neters UFb?tiBﬁﬁ[? PliritNGcRYSThd i_'ﬁle@rsﬁil%roftﬂlf@%u ,ech@{pB%rln%?-?ich hh4Y ﬁ&n?bﬁé&éﬁed
before reaching the punp suction. 25[0085]By optionally raising the

pr essur e,tofadditiexa splvent remondl alpevn2i@edmato, obdzin @pvlid palyngrt o above 75 or 80 bar

when nor the i ght.er one used . ormati o f .t wo- phas

condi ¢+ ond054' ausheditifie PhBeTalleBk st Breittfs LPmaep o Re bty iGpu

t enper at WRirdNehrdet YoRmcRhiicH s6 FdiitatiRg SirckeReOcle, Witdleron@veebY af¥ surplus
catal ysts can be used in the process. Such a w de range of catalysts can be
used to rialer, pf separatel) snlvenswnd veenegeer rigtee facd supp mgdngion thatelei sifle ofitiger
optim zed, prod iqn candithons, | n di nent o) separ.at unp
C6 boost AL preth Pt offtdie 4 el e anS TR bR oserifRdh Hos® yREAEE] 1l
react or apttibheed.i qui d phase separator can be avoi ded, [such punps are nuch
nor e costlé@tghan the | ow viscosity feed punp]. The pressure of the punp

al so casdBRY t hPeghknong coubinIous POBTTIBRETT DSRILTF 0BHBOIVHEbER Sk CaAtyst
conbi nes RN ﬁJWev@R%ﬁ@ﬁl%erﬂgrs\@ﬁg]g F&lﬁlﬁtth@[%étﬁ)?{notl bR, LBl glcatﬁfvsﬁﬁi’ﬂter and it is
separating stage to reduce overa punpl ng needs during fini'shing. e
pessur e letictddet cathramoesntt dfedossaoun fpoli auszatbyoresiduxlt polgmeo irt lie

p optedp fooliygre yO polgm

pressure reduci ng neans upstream of the. |iquid phase.separator w.thaqut
al | owi ng saﬁg%reg Gr Mhc mhangf 1siysed. HEWH{' %%i%}réﬁﬁ e %@%W the

pref erredi{R6meaf fdrNRe kayeRl is@Rend M8 RISERAHE Gordbnoha AuARLALH] FHoPRRAhe,
advances one or both separated phases to further downstream fractionating

syst ens dhe goning bahtmagncaigain eebh swidvubs steivgh The esshanel sl asilonggpayeatddonto

devi ces | 0 ressure flash separati dewvi c In an alternative
embod mente PONEIRE OGS PP GRECCTLRRs L HGH T hSBRERro B ahant of
|ot@dr)1 ynmer iffordGhb 8% esblo¥f MadandlZrt tembiatd hoes Viatlyst 88d §davédgas bptiank s, aondy
ot her neans.

10 to 30 mols of methanol per combined mols of catalyst and scavenger. When methanol is

used the drying bed may contain both the 3A molecular sieve to remove water and methanol,
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10[ 0086] Preferably, a catalyst killer is added downstream of the reactor or
reactors (in the case of series reactors that neans that the killer is
added dowwetnazsr2B t he | ast pol ynmeri zation reactor). QeCirarsadiopeiovhe
catalyst killer is added upstream of a heating arrangenent and a |iquid
phase separator to suppress further polynerization of the heated

pol ynmeri zati on m xture under goi ng separation, the |ean phase bei ng passed
through a cooling . 15 apparatus, which may conprise a heat integratin
exchangeranded the f4hanolegdpepievariel ispevonadthynck and ap Puska gichheas iCrHQfOOSi de
of the p : -1 i suhj ected to additional sol vent

r enoval om}]]%%&r]glg%%yoﬁgE%I%évﬁbgpgg?]%&%g%ﬁ@g%%w'[0087] The addition of the

cat al yst [R089]er peont embbdlienche mplesratntieanod idasddnar € astalyswkillequhe rpilsk inng
further poI%/msrization so facilitating direct recycle,, after renoval of any
surplus 9Btk rITEFyClo FOlNE Aor sySEB) CRERRIISH NHDATIERC tdsict Reds edde dUippbsd
means on &gh%nélfev @bntaindes Hrstt RSP UHR riyﬂlgha L7514 rHlonlgdurlfngilé d %n&reef'i@écotnaaéts%ehe

| ean phase genérally does not heed Po be fractionated. T0088] Some kno

cont i nuousnpoisingerPRA00 ehunpnoGesdade (il BASFhal ke saend bedppiigredly lcohtagrs.a
However, the inventars haye found that nethanol also acts as a . catalyst

1 or adtis gt Corshary 18 bl B ietce i b aAES G PRl g
caused bycmesifialis PRy rﬁg%rebsﬁ'vé Recaaliy 8Mins ekacCDO2M0eButBRABRI foShaveed.

it wll be desirable to ufilize a drying nmediumin the drying beds for the
recycl ed sedtereqapagityafor jabsospiiaradf ecriapy oxyenated coplystendisons! In mse, tex tvpdacr t he
dryl ng bads, MRy SOl DPodt A EUL Ao SLEY ey il TRENSD O 1§ ORI RDGRLY
inected TNto the poe1 ymer Cont al nlgng ppo ynerizati on M Xt ur & eff1uen Fom
the reactiRdss tepe@dtatadsing adow ol hdgdnt 0 15 nol s of net hanol per conbi ned
nol s of catal yst and scavenger, optionally, from 10 to 30 nols of nethanol

per combilA8¥PInol Eh%ﬂozfyathw%gtthea%erg &y disgrvardindavetrasol Pickerghlgdhe Hlew

drying b ta D dh : I i :

et hanol S 570 PoR bR eBs 200 Bt Al Fesmi e T iR Plhe
renmove nmetvhafioly,digritlutam aldimpreves tehefAsicAORDIO whathi thatwde dbdiivi used.f or

renoval of other catalyst poisons. [0089]1n _one enbodinent, where nethanol
i $ used d80%lcat B@%rﬁﬂlm FRERy CPﬁ%lnm[ﬂaﬁtpeﬁﬁlylt BFPredpesdyis|gWs iBeHiPlr i er
systemc LS4 : i . i : i "

cont ai ns %ﬁe?ﬁe?&ge{r%‘gﬁg& ggé ?itugieén%ﬁ(g{ ?%\%#gsl [g{é'él}{le%{ h%l? ien\}tgeﬁgtg}jésg&g Eé%%% IVJsh%{ Caltlg e
conpri si ngn GEeRPMoyRMd UainTiain{iay distlzpges t6 rtmosBASE))and Th eccoradredt frewt tbptifeal | vy
contains a tEi?)[.st. ?ﬁna e contt ai ning a 4A nol ecul ar sieve and second stage
cont ai ni ff PHIAVGRIASY SSRHEED al unina is nore aggressive to certain ol efins
t han CDOZ9092)but Ths tdel HRMEH phdfic RaYLatdr Ut &F ak ap@eithy if @hiclsan@leiphascof
certai n oxygenated catal yst poisons. In use, the two drier 10beds are

aPt er nat dtlwd mixteigas pawsesbiorrgnditonspedhich itdeparalgs e twelbgwi hasgbvent whil e

the ot her[ﬂ&&ﬁ i SPlpe%equ‘trﬂgr %teeﬁqulaipqgsea S]éll)a(%¥¥09 fis hc%}mer&itetdr P94 flash tank, arranged

downstream, which receives the polymer-rich phase from the liquid phase separator.

-

Preferably a the flash tank operates at a pressure sufficient to allow feeding of the vapor
phase to the fractionating and purification system without requiring a separate compressor,
25 and said pressure is generally 2 bar gauge or more. In order to accommodate production of
polymers with a wide range of molecular weights, this pressure in the flash tank can be raised
to a high level, for example, between 3 and 10 barg, to adjust solution viscosity to facilitate
feeding of the concentrated polymer solution to the final devolatizing stage. Thus the volatile
phase removed from a concentrated phase is optionally conveyed simply to a fractionating
30 tower as a vapor, arranged downstream of the flash tank, for purification. In some prior art
arrangements where solvents, etc., are drawn off under a low pressure in the vapor phase, the
extracted volatiles must be condensed and passed through pumping means for subsequent

further separation steps.
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[ 0090] The flow through the driers may be upwards or downwards. Preferably,
the flow of the recycle solvent through the driers is upwards because
upwar d f Iwe2priosr2eés a nore even flow distribution and Pepruse@s/0610e9
efficiency with which the entire bed is used. 15 [0091] Preferably, energy
consunption per unit polyner produced is low, with sinple solvent recovery
and energy integration systens [such as heat integrating exchanger], which
can be enBIq{ed to mnimze discharges to atnosphere and to recover heat
from t he [8094luenin @ne tmebadingent dthphigaie Phesaisapesed [pdopjdriem &0 m moaptifer
phase se " n us . | i ch:a..s] -qui.d
it ur o |Gy g bR 4l o BRBRS il W ABh hEn RARE ol o
phases. [O&83]foPr@heicahd ya tsthpplngywhpbrphahetheepat ajiake iis € aoneetoadchto flaw
flash tank, arranged downstream  which receives the polyner-rich phase from
the I quiaaraﬁa%@ltg%ﬁ%ﬁ%%w ey lofcepgam 1) the Y4ROT PhasSHOT EOVapEPR: tas Ign Phase
pressure guffd cient to allow feeding of the vapor phase to the
fractionati'ng and purification systemw thout requiring a separate

conpr essdff95]25 Soldestaiodtquries yape strsame aer ginkrat?l hasevgimligertoof tio péant such
order to acgorgrodat roduction aof polynmers with a wi.de ran of | ecu] ar
oot gnt s rie Tin it B e dra S e Ben”s SRS CTieins S ol o PR gheByert for
exanmpl e, daIMREN t3gABdighf RV wicPl tHeE cSiRbidEd Qithvhs pOBiY-14:0 frasd Fbhat e
feedi ng of the concCentrated polyner solution to the final devolatizing
stage. Thbe liqwd \llasg iscparpienste ebwoeeehmbined sobsntaptyick sticghasduring the
optional | onveved.sinply to a fractionat.i 30 tower ,as Vapor. .

2Tt anged SRRBHIEST TPk el HEEG A2 A pospoc Sl Y st R Fcagions
ar r angenegwer wwhekeogabhemd, svhiétt énters Aliesydtcanas 9 thtalysd@ivant, W hpiBsHBhGMEN

t he vapor phase, the extracted volatiles nust be condensed and passed

t hr ough pUfPRhertReIENB whichrsadgesart tp teayklerstayagsar Wheisheaepenomegs such as
2011/ 0877 U§ﬁ%1 0 ] e I '
passed i nO%?aFgI ''d for gn{et g&gg%gggl%%é’oj?&r @%ﬁt\/?ﬁg&%} rl(%lgg&gad%gﬁte Igsjag?‘%ahged
gener at ednmahwdiangy pgistrean iof ahd cowerwhi patiatyacs demsepthe Sepomastnaans Fboexample,

contacting a strippiing vapor with the |ean phase in a.countercurrent flow
adt angemdheut B WEROEHT SIET M8 Ryapegert fohh‘ilﬂ‘i_ Tapoidtim asber st fuEvarer r om
the | ean phasgaeiRCHHde ab@Q@éleﬁ?JiMlﬁgtgP%t% BF DARY 1Y 8BOLend td BRTBWEY, Enereby

generated by several parts of the p such
allowing the tower to be reduced in size as compared to plants not comprising the partial

condenser.
[0096] The liquid is typically fed to the tower above the top plate.

20 [0097] The partial condenser is optionally a co-current condenser fed with water as the
coolant. The co-current arrangement ensures the water cannot boil during unusual situations
such as plant start up.

[0098] The vapor stream from the top of the solvent purification tower is optionally
cooled and compressed to form a mixed vapor and liquid stream which is separated into

25 liquid and vapor with the liquid being fed to the bottom of the light end tower and the vapor
being fed to the top of the light end tower. Introducing those streams as side streams in a 5
bed tower would give more efficient separation, but introduction at the top and bottom allows
a less expensive 3 bed tower to be used.

[0099] Downstream of the liquid phase separator, the polymer-rich phase enters a flash

30 tank operating at a pressure such that solvent and residual monomer vaporizes to leave a
concentrated polymer phase. The concentrated polymer phase may, for example, comprise
from 70 wt% to 95 wt% of polymer with the rest being volatiles such as solvent and residual

monomers. The vapor is separated as an overhead stream from the flash tank and the
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as the flash tank and the devolatilizer. Those streans are typically

br ought together and condensed to give liquid solvent which is then

conbi ned wot2h11tdse72gol yner -1 ean phase fromthe |iquid phasg/tsepanatooy to
gi ve a conbi ned solvent recycle stream During the 10 condensation of the
vapor streans, they are typically passed through a solvent purification
tower to take out toluene, which enters the systemas a catal yst sol vent,
and heavy nononer such as octene or ENB which can be sent to recycle

st or age. OPREMWakEAyMYINET yPialn iseolisetcd i ther batiop! af B flgsh pakftpuisdare t he
pl ant - opt;j ge[&?és' o bl 46t 3B AVGARE hn ALVARIRY Igbwg%jb %cﬁéu)h 4Rl SO0 of the
rtra or exanple, 15 a

tower to p y-condense the vapor stream out 30 Wt %
of the vgporoojay The ptangefigelsly tcompriges dpunpaticH asgagehripaintphfon wathdtaviog thve
tower to separate the tolyene and the_remaining 70 w % Qf vapor. | s not sent
to the tGRBFeNURKEY aﬁlymgr|1§\ﬁf%gfrqrﬁeﬁlﬁoﬂfeﬁ% {apknaid qupsRe ith [Qjthe Bt i ed
t 05 pl ant §4.09MhtiGRRPri sing the partial condenser. [0096] The liquid is
typically fed to the tower above the top plate. 20[ 0097] The parti al
condenser[0001dpt Tbaatiny “eacoomcdevobatilizend mdfens ér af éayicsi inh whathetheacontérgrated
cool ant. The co-current ar ngenent enﬁ.r$§.the. ter cannot boil. during
unusual SIAYTAST IS dUEHPAS 3? n{ACBYErY 13% SIEotBPRelOVRPOrC BeY SHHRES Bt he
top of thpgere®y VARIngAUFthdrireadiad ol OWRRd nfonBRict ANAlapdratopliad daneh s@npr essed
to forma m xed vapor and liquid streamwhich is separated into 25 liquid

and vaporl001@2h t Rbe ll¢xgpliod viokitilgy fherically renisluplosalvent gind trhendmeghtpresedt o wWesr
and the vapor bei.ng.fed to the t f.the light.e r.. Introduycin
Thbse st oamn AR sl ne R reliPt yB b s b fRBp oy

separ at i @, wi! prefdritod lat itah 28 whse atid hodd grefatb1o M| thanss avthesTheknenst ve

3 bed tower to be used. [Q099] Downstream of the |iquid phase separator, the
pol ymer - riodilgsninsthe patyares immedipély dgpmnstsgsrn ehielovplgtiizerds predarablynosmers

t hat sol 0 ' V, iz e ymer
phase. - THEAEO 33 BBl oSG GRS WS iy Mold USRI ROGER A4 B A9, Y

wt % t o 9500 03] of Thopyrire in the tdeeumektolagling iv ptcditrablgnosmote thsn $60 weniigand

resi dual nqg&@frs. The vapar i s separated as an overhead streamfromthe

flash t arkelsrEt AR mopthep vo/ HEHE Srrsrblx i Beteda 90 dynEent ths lelPH3 ey
phase tyQ#gghagdh§h&Q&gggfﬁgmhgoqbg)@ﬂﬁt@ﬂ]of the flash tank fromwhere it
e61

passes through  "an outl into a conduit and eventually flows to a vacuum
devol ati [[08HHM] [ BEIG8blyTHe ploacts ypeefaenabpolarc sotperitselsicla doashpos vedrdastcaomgear

purp for ufd et ng. e shopeent rated, polver phase, L2 e LARD qnl and
Preferably the process uses a low boiling, alkane based solvent, optionally mixtures of
20 alkanes, which may be linear or branched, such as those having from 4 to 10 carbon atoms,
preferably in the range of 5-7 carbon atoms, optionally in admixture with other alkanes of a
higher or lower molecular weight. The solvent is preferably a hexane.
[00105] Some known continuous olefin polymerization processes utilize n-hexane as
solvent. However, n-hexane is associated with health concerns and therefore it is preferred to
25 use isohexane as a solvent. Isohexane has a slightly unfavorably heat capacity relative to n-
hexane and therefore it is necessary to use 1 or 2% more isohexane as compared to n-hexane
to remove an equivalent amount of heat of reaction.
[00106] The polymer may be derived of monomers predominantly comprising mono-
olefins such as ethylene or propylene or other higher alpha-olefins having from 4 to 10
30 carbon atoms.
[00107] Considerable energy can be preserved by providing that the polymerization
mixture from the reactor is heated to the temperature before reaching the separator

successively by an upstream heat integration exchanger and a downstream trim heat
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[ 00101] The term 'vacuum devol atilizer' refers to a device in which the
concentrated pol yner phase is exposed to a vacuum whil st being agitated to
expose newoorfmeesar ea, thereby causing further resi duCTaskaensioand
nononer to evaporate and be drawn off [00102] The | evel of volatiles
(typically residual solvent and nononer), present in the 10 concentrated
pol ymer phase i medi ately downstream of the flash tank is optionally |ess

than 30 wt% preferably less than 25 w% and nore preferably |l ess than 15
W % The dxekaigenand by arqvidiag that theelops phass frampthcasonpiatay iy agdstorsaaptydicat toe

devol ati | f re.than 0.5 wt% preferably no nore than
0. 25 wt%thgﬁgtfﬁg?%rngroggeraé?ty%gﬁlg% glrrse than 0.1 wt% [00103] The pressure in

t he vacuyootisyol Wdrkingqxresmrepﬁenhe@edmle;s dfohasrnwenttdmacran%(ysmm-lgr mbbprReber abl y
no nore than preferably no nore The terrperjlqﬁre IS

, th
opt i onal |r901‘eng§3 fRar PaRES: o bt i paay f%ﬁ)wr BPEST &F SBTy |44 Rar or
Process ysgs, arH%Q[SbgBPEé%séé’ %NS ﬂeﬂ@'cﬁﬂcad@/efoy GRAin&P By fiRby Pkn bODEH b & 1 N

a meani ngf ul to Inhibit the ca Ic actl of the catal yst
system PResf plreéebhlylytlﬁé hpr ot &ss, arsléd tar loovesk.oillhic mgc;sswelsaneldtmﬁ"m toddeve thc,

optionally m xt yres of 20 al kanes, e |linear br anched uch
as those ‘%%R‘}‘?r W%]rﬁn4a SEelOPRGF RO, %r&omtpgfeﬁ’&rlgﬁﬁ% fParpae fayge i ¥ 7
carbon atpyFide %tﬂe@m&ﬂymrﬁmg%sgﬁ@&@cawep 1104 M@ks allrdﬁaghetﬁe pfang hi gher or

| ower nol ecul ar wei The solvent is preferably a hexane. [00105] Sone

known cord®HPusTbe gffeldrtelpmtryﬂh@@ n@atwaandme@d@gwst gavijabée exotleoranenésxtent

sojvent . Honevere: dadRXANCd R RO RELRYEp AN DERL L SONESL NSy ANGLLOGLES or &
it is pré*erre&n% ﬁg'use I'sohexane as g g ven% ? Bﬁexane as a-s dhtly

unf avor akhy féwatémp@aam 1sy nb &liger Vigant 40°0; Bpticady adchifie tefmo2 @, boptisnally no
necessary to use or 2% nore isohexane as conp ared to n- hexane to renove

an equi van mﬂmﬁhﬁs opfforlyno sighepgien - C and oppe@qltyal}l thtenge pl/fram P&C t9e
deri ved ofyspnopRr ﬁolp%}%]fi?ﬁloﬂaﬂaﬁﬁﬁraﬁﬂ c%hél 1£Ea“gy Qh@ﬁﬁ&écu§éﬂ elg ¢ § he“e
I gher a f 1

or propyl ene ‘or ot i ns havin rom
atons. [ GlbG7]g foorisd idBuabkef emghgdro geanadaled pires stries dedayor ;plrwsmha gemﬂmatuteh e

pol ynmeri zatjon m xture fromthe reactor eated to the tenperature before
réachi ng 1Pﬁllée YERSPHCIPAERYE CB3 ?\%Fﬁ‘@ IHQgr& Yﬁg&u} HSHRM LY gﬁmﬁi{l@&gé?ﬁt fnature

exchangeryrafd RIHunatise aRitd pRcBeRtuch R 20k G8KARBEC s SR BoORERIRion

temperature for polymers comprising predominantly ethylene derived units is at least 100°C,
preferably at least 150°C or even (for lower molecular weight materials) 200°C or more. The
temperature should not exceed the polymerization decomposition temperature or the
20 temperature at which the catalyst can sustain the polymerization reaction.
[00110] Overall the exotherm may lead to a temperature differential between the inlet
temp of the polymerization reactor and the outlet of from 50 to 220 or up to 250°C. For
example, by feeding at minus 40°C and allowing the exotherm to raise the temperature to
210°C, a highly efficient process may result for producing lower molecular weight polymers.
25 For higher molecular weight polymers, the temperature rise may need to be constrained via
increased and warmer feed and/or lower reactor temperatures to avoid excessive viscosity in
the reactor solution that would degrade reactor mixing performance, thereby leading to
non-uniform polymers.
[00111] Alternatively, in some embodiments the feed temperature can be above 0°C, for
30 example, at ambient temperature e.g., around 30°C or even higher. In those embodiments,
the heat exchangers for cooling the feed can be fed with cooling water, rather than being
refrigerated, thereby reducing cost. The higher temperature of the solvent recycle may also

avoid problems caused by fouling with polymer. However an increase in the feed
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exchanger and by providing that the | ean phase fromthe separator is used
to supply heat to the upstream one of said heat exchangers. [00108] Working
pressur eswonrotims7psocess of the invention can be 75 bar Por/usee1e/068@9 bar or
nore, 90 bar or nore; 95 bar or nore and especially 120 bar or nore, or
even 140 bar or 5 nore. The upper pressure limt is not critically
constrained but typically can be 200 bar or |ess, preferably 140 bar or

| ess, or 120 bar or |ess. The pressure should suffice to keep the reactor
sol ut i on PHPErakI Yl rgsHlde aydscregse ethp smeunbef pHEmpr wade ethedgiidern domntins,
and to prgovide LY, ks r e to convey the fluids through
t he pIanﬁg%%%gT%B%C@ﬁgﬁﬁzgﬁ’?ﬁﬁ%g@§%ﬁ¥é§§%§§vary dependi ng on the avail abl e
exot her m[@0D1 2¢xt ®funomtd @hcemrdorrdepondsebsi o desit rgdymer tgachnd heolecular

pol ymeri zat.i on tenperature. Advantageously the feed tenperature is no

hi gher t H4fiSodhe Gptochifsl LONVEE 9IS AR MANREIFT 20 000IHET GRAI IMFTAtBEnicHWEF Y Ran
0G opt i oflchihShsly, IS tdndaitr palisl BRAsRPLhONA!IYIIoN o Nforkafidfc Oftaf pofur 20C
to -40C. The pgly rization tegpera ure I's constrained by the nol ecul ar

wei ght degsétsset, ofalolatilé pgmparentshe thapodlysroeatwh ramporhychpogelly ddkbed. mém, and

series reactqgr ocess the te r re 15.in ccessi ve reactor n
e rai sea piggrEEEbanst taed o TPar kb of autRin iy n TR E R PSR 4
pol ymer i zahipdRertdkhdldd PbasR thih 061 SeRE trOictor AEKARL ROBRIS KdrmatiBE of vapor

pol yneri zation tenperature for polymers conprising predom nantly ethylene
derived unibblssi dngren¢rahdughto amnopee pertiabipyessurcs atgspreiBod torimgyans the diquidower
mP(l) ecul ar h\%aei S%hgragoaﬁ%rtihgll.s?ﬁdzglgs% or . pLe. The tenperature should not exceed
t he pol ynperl zation decorrpgsi th'6n Stgnper‘at ure or the 20tenperature at which
the cat al[pet13ganisissbdbdest Remp te)ifRimtioalch®Be padsihicarvit] H31sLbhbiOcetaplst, féthe
exothermmay lead to a tenperature differential between the inlet tenp of

t he pol yrigpmphe: p dicalaiatty cagplpptone St (stelositedr@ialyt). tiyetepablnra I7L isousedoc,

F ing..at. i 4 i her: ise th
omper ar uss Bl BE bR MR PBF CROLRN 010 BP S PLARIETLAS PR (e
| ower nollestubas aneilghtligaond yireranain?borfded thitlgheansitnaacth bduringy ghympatagiorr s,

the tenperature rise may need to be constrained via increased and r mer
f dad and/PdF%eFa&%é they gapsitign meRh et wicdrias Pﬁloél%?tatee%%@eggil{}%ﬁ%vl% &FOFHHYPIOL he

reactor - splidibon EfiatalObb e ke AUIRACAToMGXIuR%: BEHLOPERARS LHINSEADY,
| eadi ng to non-uniformpolyners. [00111] Alternatively, In sone enbodi nent s
t he feed titemper atafimen canzitkenaio wudCaref vsed BOpa@ymapiationan thebd empno-valent
tenperature e. arqund 30C or ev hj.gher. I n those enbodj ments,. t heat
exchangertogp Selsofes aae vi8lp EPeL PGS ir E3bBET PugTRar T Doty Tichan
bei ng r efiripaREdtfedurct be EWcafagﬁyﬂﬁfdﬂ Go&r@Siatiod P6lyhictiRaiont SEBRY [diand Rapdbld &
sol vent recycle may al so avoi d probl ens caused g% foulln% W t ol ymer.
Hehever absirartionane thapligang ifeeghiviotireihylog 7 pkEPCY LUSPOR0 PO F1VTEd.t enper at ur e
will res i a crease.in the.amun f I r. made jn the r tors for
any. g verl"PoiD) *THEEHERRE AL Brefdid Py ek Rl THGe L Sl Do R 288
Mononer dga6erbh@ins anmiepeioie ofhohdlel iteimngeprep@iRarboy Reoras) doffbing Gl b@ip,
wei ght, the assocj at ed. conversions of npnoner to pol yner and Qperating)
t enper at urlach mpyabR, syelisguwshang orymarchenional hesaioratems.prldsshirly digerd mapebe30%
or nore ) I . . Of i )0 5 ] h
pol yneri gg%t?@(ﬁ: eﬁlgﬂeoo&g{o&)g@%(g%ﬁ%sﬂ%& (I%b‘f’%o (\;}rﬁ %rlrlta)éra!él, B%ar(r%lgms) hcgﬁﬁlf B{rlg?&er'r Zgrlleyorn ot
exteed 8Qforc7tkyprligaseaiagl bo b60ded bhéhet ohmitigpantctal atgmes The ebudlfy dphnd is
components shoul d bg.less thaﬁ 100% of the reactor. pressure to_avoid
f or mat i oSS 6roTBRB SRSV HN G SHERHIS tPEhd? TRBABNEr PPAHAT M ther CuEtr &fs
are pr ?f ol @At AtibMb Wreviih e hofdbeholIRRApReSARBA AR | BthtNEichhBUhdy Phase
separ at or.

P bonded or coordinated to the transition metal, preferably detachable by a cocatalyst or

activator, such as a hydrocarbyl or halogen-leaving group. It is assumed that detachment of
30 any such ligand leads to the creation of a coordination site at which the olefin monomer can
be inserted into the polymer chain. The transition metal atom is a Group 4, 5 or 6 transition
metal of the Periodic Table of Elements. The transition metal atom is preferably a Group 4

atom.
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[00113] In its broadest form the invention can be performed with any
suitable catalyst, for exanple, a Ziegler Natta catalyst or a SSC (single
sited catwibystijos7Psef erably, a SSC i s used. These gener 2CIryuSea@ivaions a
transition netal of Goups 3 to 10 of the Periodic Table; and at | east one
ancillary ligand that remains bonded to the transition nmetal during

pol yneri zation. 15 Preferably the transition netal is used in a cationic
state and stabilized by a cocatal yst or activator. Especially preferred are
net al | ocdABELNDf Megllocancopatplpats mah hsansediwbh @ cagatalyst whichapialirhe HEMQKYA or
zirconiu | r i 2 i i | . -V tipn C
Stat e andhaye, Aty hifol i By HTEh B0 Holde LERMGERARY B £ LR PR

her eaf t erdetcHiménedriyorapanprefsaat ovngsnafy. SAlimoxatcanyg bs nicalifieioo rpddvidd scubility

pol yneri zatj on e the |ligand capable of 20ahstractjon and that ligapd into
whi ch t heh g azfﬁ?éleé <9Fé?f~‘i“ﬁ?£)n bty RuAS Bener Bfe%eécﬁon[l 602a7c sHulieht argfst

| 55 pr ef ergRlibnd il KierddeIpAdatieatshikl OBRRAGh AL HevahmolRfe BdeKirbidARd
contains a multiplicity of bonded atons, preferably carbon atons, formng a
group, wreotralmyndeated/ed imol Wiltper diter, whicholigire ptalwivalanpetidkpl dtimmsim Thech

bul ky |igand b tall -t | tadi enyl, derivat i whi
bo. oo~ 16 BpbTeief um o RREEGRE S iSRRG TR Gt asy et B aiibiBo
the transgjstd @D niWBiralxc&kOM a TR rdY /50 bO ARk, iptcRESHITEID 0ARLERS, AhBPréferably

prevailing scientific theory, to remain in position in the course of

pol yrrer i Z&0D onlasy nueferrbbieS W didersgetidine tpidicyrasifiommictth ef fect. Ot her |igands
be b or +£0Ql.gi nat to the.trapsjtion netal, preferably.det. abl e

oy o cocdPil g AFeSsr; DB v Gty 2" SRR BaBliRecn Bl R PLATHRE

group. | tSYCSs, a5 swned tyfeasf pdginag hemRtmafe andhaprpc&HGhinddvgandciheadseréwitit e

creation of a coordination site at which the ol efin nononer can be inserted

into the sgel §mey thatdhqpolymer ispaediced spdardhaproggss sppditignsat gngeuvitysofmt legst

ctom s pralEEhgiohet B sEERSSE Cuck B s o Bitr s 8 BA38 B s
Met al | ocemecssaifal G503 gaolixacrupadgmant SE. cByatmablisg tivdh ddferemypdbemak uooxane

preferably methyl al unoxane havi ng an average degree of ol iganerization of
flom 4 t Jreprcad 1y tfgﬁr?ﬁtr@arawgwaéwi)rvé S 2 B Ryt %&ilqsﬁ{a@oarh%%%an&e
modi fi ed gy aBEfPl‘é!Sﬂ&taﬁ%tléQh%bﬁéhté Barl BOGRE iﬁ'sﬂﬁ@ﬂ%ﬁarﬁ[tie@,ewh'ﬁ %9&61&11? aMoUlsiry, but
is generally used froma toluene solution. Such 5 sol utions may 1 nclude
unr eact edntatli ahéyits aff sraveongerandlichkillat wambanesed oncemeltatsineld dngoupen endlthey
indicated as nmol Al.per liter, whjich.fi.gure includes any trialkyl alum num
whi ch has HBE FRElTENeo PP st R gsiarofend o RS AR ohmmEh aed 4o
cocat al ysteydd 88D8uBketyd Us afkatetloafenfieepslar @bnt@miMihts’ BébR Rf-uR0irPkhe
nore, preferably 100 or nore, and preferably 1000 or |ess, preferably 500
0RO | ess, nodyragrization eactee(st-r ansi ti on netal. 10[00116] The SSC shoul d

pref er abl sele from anpn r Lan vailaple S SC s .10
Bt L e DD or A Blalerd B ATR o o R WA SucaBl DRI RR Eas o

t her ew t leobrtligdied adionay Thlatrmi hAop@byrdiiating giadduge dsddnbatint hieluydeocasEly
conditions at an activity of at |east 40,000 g pol yner. per gram SSC (such
as a net Fopuliwied anighsef Hicgooydingtionshepldds sptftsiaylyeyesk in gne e sessvidepesdooo
g pol yner ' 1gbl 1 n i E r

pr oduced blygﬁ{c? i ?I;Og{r:@gsns?) g‘o\o%e rgfg ]{I%lg?lo\{/l\i god(tjp\?\gn 1{\?\,1 t{liqgﬁﬁgoﬁf ?W‘gé‘ﬁ%&éﬁéﬁgs@ﬁomer

sej ect i orrontpoecrBSChandn-anyrdandhg haioy negttel syppliccicmd ocenddswelathchectalsmdnd m
smal | quantities, with opti O”all{%a al so using small amounts of scavengers.

The kill ény_@éﬂledﬁalﬂ’%sodqs Reguar rE_matll amounts and the vari ous
cost-effqgpiMp MBLOPASURRR ENAR RA-EINAIAMIEL TR iy BWuthE Wi BRI ocene
solvent to be recycled and subjected to treatnent to renove pol ar
cont ani nanppliddeinon ecduwed selanpy tstate. 2Ojhol reersar aniyonnd@ge taorefey .regc@on.1 7TheA
met al | ocene _may be .al sa be .USﬁd Wi th a cocat altiést. v\,hitcg1 %}ga&a&l/no?- .or (Yveakl y
coor di natReeFUEHT GHY PFHE PR PR Of SR8 BISHUEPhG R AU RLZ Her'8rpee m
i B¢l udes goRRkh¥nfeP 0 IMhic At QAR TaBHS malhge &0ameioain QAlt 3B oM IEP 2277905 hheimpnt |y
weak in any event, as evidenced bg t he progress of polynerization, to

£a

pernmit tHE770¥erTthegreatsarisatiommay e atirhcnplsabeniunpéertshponent . The

non- coordi nating anion may be supplied and reacted with the netall ocene in
any of the manners described in the art. [00118] The precursor for the

non- coordi nati ng ani on may be used with a netall ocene supplied in a reduced
val ency state. The precursor may undergo a redox reaction. The
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precursor may be an ion pair of which the precursor cation is neutralized
and/or elimnated in 30sone nmanner. The precursor cation may be an ammoni um
salt as iwWOBPLIGB772803 and EP 0277004. The precursor cat iPOm/Usayiolnel099

tri phenyl carboni um derivative. WD 2011/ 087728PCT/ US2010/ 061099 [00119] The
non- coordi nati ng ani on can be a hal ogenated, tetra-aryl-substituted G oup
10- 14 non-carbon el enent -based ani on, especially those that are have
fluorine ﬂro%ﬁs substituted for hydrogen atons on the aryl groups

al kyl sud891%entle aﬂnfwéélaang/ﬁmgm sipke ap@legg@}edwa@wle%lbﬁ%teé(&%p i@r 14
el ement coy g@éa}ﬁ?&n deq (6 o Qgpe{cﬁ‘l'@%dsg B Rlafs hdvd ﬁoﬁﬁé glfo?lg?pdbgt}tuted
ro oup

enbodi rrent erive moan 1 on ¢ conprising a 4-coor
10- 14 el efﬂemydragnnmmms cmtmlaegxl grodysy er Gﬁn-alkﬁlnsubﬁltﬁﬁﬁﬂ @ns&mts@dyagmubs( M QL

where Mis one or o] 14 netalloid or ferably boron or
al uni num D4R cadhe exf?%%lva C?'mlj%gerléfeieé%ﬁmt gRcafadyst ﬁ%lp e&PSn@g (BF GeREm Fooh o
steric eBJr@l%]fa%ler @tﬁg@dlhleﬂt hQMé(@Q% an ionf sa@ l:orﬁ %ﬁéﬂa@l -&oréinate Group 10-14
non- coordi nating anion as that is understood the art, or a suf 11 ci ent
nunber ofeléhar an®uchvontpddx, MMte@n.be.rep@dnte&isasa whole is an effective

non- coordi nati ng or weakly coordi nating anion. Exenplary Q substituents
specifically i ncl ude fluorinated aryl(\}1Q&bs; (%}eferably per fl uorinated

aryl gr 0 ﬁs dngcér"ﬁqoqe %‘fg& Il@ Ilf i S‘I? tgloq& 899}%&11 33\%:4%8%)%}]9&1011 lt’ﬁﬂ%‘(ﬁnum,r %ndI

addltlon |uorine s 1 on, rlnate roca

groups. Xafh Q‘ Brarlgchndl letfoctiveafoe groaidihg gleotugsc bnstktic effpdie ranlderidg F[(MI)Q Q> .
na(ght hyl and derivatives thereof [00121] The non-coordi nati ng ani on may be
d in afdek Skifabit &% ¢ HosarEtiapting drine & thatasjupdeistoodna e s iof ot theien)

corrponentnun?dég B @Salsydieant (Rq)gcg%pf e(ﬁﬁ; abl ¥vh91e5,]s aﬁ%qlfe ﬁd@é&a}édlﬁa&f&d

such as no nore than 4, pre er especl a
Repr esen t\maikb}e ccmrdmhthmg; emen.c dingophatyg (¢ anbdtiivoatst stpecrffmalrhsu htmiuc&OﬂhlbrinBteﬂcarylnDE

where, LAis a s t ut cl opent adi en C Io ent adi enyl

et V1 ar b i oeblo Aadot b PRl RO i G b C R B fng: ,
I'i gands dgbiineshts Qadlﬁ&nal 96 the fldorife m%sﬁfu%h omcﬁ%lﬂd&fnxtehllgaf&a?gyb%mg to
M the LA and LB |Iigands may be covalently br dged together through a G oup

145 el enerfrefermd flngrigatedipryl groups wchide @b@nychrtmbhemehmmthylrmdd@lswedwzr» thgreof.
[00121] The non-coordinating anion may be used in approximately equimolar amounts
relative to the transition metal component, such as at least 0.25, preferably 0.5, and especially
0.8 and such as no more than 4, preferably 2 and especially 1.5.

[00122] Representative metallocene compounds can have the formula:
20 L* L® LY MDE
where, L* is a substituted cyclopentadienyl or hetero-cyclopentadienyl ancillary ligand n-
bonded to M; L” is a member of the class of ancillary ligands defined for Ly, or is J, a hetero-
atom ancillary ligand o-bonded to M; the L* and L® ligands may be covalently bridged
together through a Group 14 element linking group; L' is an optional neutral, non-oxidizing
25 ligand having a dative bond to M (i equals 0 to 3); M is a Group 4 or 5 transition metal; and,
D and E are independently mono-anionic labile ligands, each having a o-bond to M,
optionally bridged to each other or L* or L®. The mono-anionic ligands are displaceable by a
suitable activator to permit insertion of a polymerizable monomer or macro-monomer can
insert for coordination polymerization on the vacant coordination site of the transition metal
30 component.
[00123] Representative non-metallocene transition metal compounds usable as SSC's also
include tetrabenzyl zirconium, tetra bis(trimethylsiylmethyl) zirconium,

oxotris(trimethlsilylmethyl) ~ vanadium, tetrabenzyl hafnium, tetrabenzyl titanium,
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25 ligand having a dative bond to M (i equals O to 3); Mis a Goup 4 or 5
transition netal; and, D and E are independently nono-anionic |abile

| i gands, wachiigvizag a a-bond to M optionally bridged oTamsehoosttey or LA
or LB. The nono-anionic |ligands are displaceable by a suitable activator to
permt insertion of a polynerizable nononer or nmacro-nonomer can insert for
coordi nati on pol ynerization on the vacant coordination site of the
transition nmetal 30conponent. [00123] Representative non-nmnetall ocene

transiti dis(hetamethd @b%]@ﬁ]dg)qygg y]etltggluggglgtrgpgtbyl silyl methyl) niobium dichloride,
i ncl udet ed%qgﬁm%tﬁglﬁ%@?’hm)tt%& gdél(:ﬁloh thyl siyl nethyl)zirconi um

oxotris(trinme vana rabenzyl haf ni um tetrabenzyl
titani um00EBH WAJARILHAIO & ZRBHRETINS2 Gk 6] 088tabi adphyuadet kyidable as olefin

di silazido)dinethyl titanium tris(trjmethyl silyl pethyl) niobi
di chl or | d@%yfa%zafl?lil §et@fyrsﬁéfl RPFLERRae et {19 nveiftosi Wil B éhy 8f | q}i’é ‘#emézﬂ]o

Adgi 1 ongh, QL %@%Eﬁfé{e'd'tﬁz lid-A8 %bétta‘eﬂoﬂﬁ{t@a &%W&HW Sctiidl &afiBh %n@%ta&lh%d h

pol yneri zation catal ysts~”i m accordance with thHe invention wl e any of
t hose G dhyg 810 chrhanic saate by ammwm@datb;g o1 gaakdy abstdimattg enionrsudfia@ently

catal yti ctive cation abilized in that activ | ectronic state
by o onJdbatedihsSSby ABaRRyahS i g eh &Sy | abi 1 o to
be di spl %g@ﬂzsl?y Moo pRd b ale! MetdNS@nLY dhedh ﬂ@%@ﬂoﬁé&ﬁﬁd@@l%ﬁ%@&@ of a

[ 00125] re preferred are netal |l ocenes which are bi scycl opent adi enyl

deri vat i epupf4 afa@twp npetaly aredéreblynzirpenaim oprhefravmblifer exanyoei asndiseloseslf i um
f% examk"(a)%ﬁ{ ﬁﬁ' e%es (raﬁ:I Iaravan]t%%/e]ouﬁgdblch) Lllvat}_\begscgntgadn Eﬁagrengﬁ usl yanae

derivatives al ni ng a |"uore and I gan

connect ectybmpantadhe@jlel@aﬂb@ﬂnea@h oyl 4 e@RIcAtHBOIN faﬁd sﬂi@@ﬁpdtem dor ehmgllosad in
WO 99/ 45040; and WO 99/45041. MNor Mf erably the Cg/btfnl r&g) IS unsubstituted
and/ or trdewéq%glé“&ﬁ?/éﬁ%o &mﬂWO Ol udhers prefeiablyhg |rv<1}g igjupgpybstituted

substi t uesn! rttf?e eséo %?é Q%PI Hﬁleﬁt%l ’s{malo 8; nghl};l @rité Gl | 1n the

15[00126] Wi n 0ses a’ nono enta Ien npound
simlar tarhleatneebluEmtjaéﬂtﬂiBh&taHﬁcmd ar conpounds are descri bed in Exxoanbl I
EP 042043 Sum tono. i n 97/ 0 2 shows a cat al yst n whi ch a si

sptci es e{ﬁﬁl%ﬂphg’ﬁm maﬁl’e%\? d13 sgs & rgnogyclppeniadicn §‘BFBH°‘5@ similar t%at Of

Me2C( Cp) (Ep bBiks2s 'v%n%llgthgd}ﬂﬁﬁﬁ)ﬂ& Gre2des DRy 1'11@)&@@2@)@;1/ 14584243k S H@fR%no in
Cp- phosphi ni m ne catal ysts, such as (Cp) ((tBu)3P=N)Ti Cl2. 20[00127] ther

sui t abl e WEx A/0B9enbewsrayatblyshinsfHictoa engle (Gespevias amks plenoliatsrlindtgé tly a §demy |

??égvﬁ‘é 19 e os i ARSI kindh B B e TR PhoTRA: RBrhT b 2nd E@S%@?Sﬂt
Goscr i beq | Eb Debea0n Ahd B 780408, (OOIS8] vhon el ng Lhe. catal yats

descri bed08bi e, Othe suidabde metallargnss mayshechsihidrenyd dasyativiey or unbridged indenyl

derivatives which may be substituted at one or more positions on the fused ring with moieties
which have the effect of increasing the molecular weight and so indirectly permit
polymerization at higher temperatures such as described in EP 0693506 and EP 0780395.
[00128] When using the catalysts described above, the total catalyst system will generally
25 additionally comprise one or more organometallic compounds as scavenger. Such
compounds as used in this application is meant to include those compounds effective for
removing polar impurities from the reaction environment and for increasing catalyst activity.
Impurities can be inadvertently introduced with any of the polymerization reaction
components, particularly with solvent, monomer and catalyst feed, and adversely affect
30 catalyst activity and stability. It can result in decreasing or even elimination of catalytic
activity, particularly when ionizing anion pre-cursors activate the catalyst system. The
impurities, or catalyst poisons include water, oxygen, polar organic compounds, metal

impurities, etc. Preferably steps are taken to remove these poisons before introduction of

-29.



25 additionally conprise one or nore organonetal lic conpounds as scavenger.
Such conpounds as used in this application is neant to include those
conpoundswef2bagsixee for renovi ng polar inpurities from Pog/USe@os N9
environment and for increasing catalyst activity. Inpurities can be

i nadvertently introduced with any of the polynerization reaction
conponents, particularly with solvent, nononer and catal yst feed, and
adversely affect 30 catalyst activity and stability. It can result in

decr easi fyclyrintevthe ©pEtiAMaEsseh for cxambleyby chawigal itioptmend rarj eauetat |sgpagptean

i oni zi ng re- VSt u or
catal yat nRcRafzEu 0 BELHALE birobBhin S uRXAHEH co oo bl i

i mpur i ti esinoet@ourRs of efgatdnctsilie @dmpvend akiestill sorfalip\be uskemethp polyarsiziainor e
i ntroduction of 2011/ 087728PCT/ US2010/ 061099 such into the reaction
vessel , fRBPCEXHipl e by chenical treatment or careful separation techniques

afger or 1gyiiopg frgﬁi(g?l}’;n{hleﬁéo?n unf{ @zﬂ%@&%ﬁﬁ%ﬁ%&aﬂa%ﬁﬁp &d&%u&??%’f}l’é%%’oﬁp- but

sonme m nor anount organonetal I'i ¢ conp st nor ma used
in the polyoremanattalbo compawsls of 155,153,530 0ILOP4 TR erd WMO-ARBEEI¥POQnls

compound AT E8 $7xk53 83 TSN et 58 80, D%E . Sireoandh oot castirs
WO A- 93/ k4d@41  anchihia!l afcti® 9&&%%1@15@&&@ HYmEAPOURASoétPC | URhinum,

triethyl alumnum triethyl ‘borane, tri-isobutyl alumnum tri-n-octyl
al umi nummeby lalpnaixane xadeisobuid dlvooangd  Aluneseanelsoamgsdxanedansssavenginge

used i n scavenagi 10 ampunt s..wi.th ot her ns. of acti.vati.on, O,
niThy! o GG R grrer RGN Ry hidqh, R She AR inciind iRl Sulinorane,

The anmounyitiofhosdichuse® pawists. t Thdanssat oWisubh ¢atmpbinsds ®OBP Qe Svitts catalyst
m nim zed during polynerization reactions to that anount effective to
enhance ORPPPRGs is ApAnzehdurHg Podyvrperiating EasHansytoftyt agoupt ffqche & cnhgace

cat al yst ] | i i { t, as
cat al yat SRS EEHoLE oBosuBl el e ERTR ARIING Tl
i nt r oducethahet),sincacherss hinatnts magaktds catalyst poisedu e petatedasaaydangir iOT&NOA,
safety. [0013Q] The ocess and the plant used in the process are designed
ad® expl ai*Hégh db ertagfyp@ﬁﬁfivcegomw Athash o O 4tigf o PR fQst g POy
types an%aﬂg¢ecular wei ghts. Ceneral ly speaking the polyners are derived
from either "ethyl ene or propylene as the dom nant (nore 20 than 50 nol %
conponent[00 ] y n#hs prreysspandftbe abiny ussdnn dheplocess abe tiesig@dras|exphaofed abovnner

t tallinity.and.flexibility. Th be. al pha- ol ef i
(nder wilelit PabimelA TG affe ikt He ndv BeS BERR AT BoIRRRL A hagrREBr om
2 10 20 cpehan: BlePBymeYGale asivelMdre BRhdr dihflae &aiﬁﬁsaﬂéné hethe AoWIBInt (more

consistinﬁ predom nantly of propylene derived units) 1-butene, 1-hexene,
120ct ene.thapdlrmel &f) ehmenvasnts ulhlymerh eeadprefreably jcagtain R rigothernd, % of

et hyl i dene_norbar nen ENB)_;1:.n0r bo di.ene, C. be includ t
or onot ¢ uRaPara: ey Rl pal MRRLANT:  PAS sl C WY Aot

made fronupddryiEch zeoh cyrhiomidfirdasutly ad styfdneSare [0IREH) hhving M@ncase 20f carbon
pl ast orer, the polymer which nay be Froduced i nclude the foll ow ng aspects:
Pr ef er abl3Pheuehabstwsnci(l@ ts @pHakis RFYReheansigng pedeginatlypfgapmdenc 30

atons, MoffPY E%lﬁ%})apbﬁ{teﬁe tP-BQa?en&aI Beanat mt?rﬂéj 8@9&%@9%&&}65@9&%&&& Ovih

carbon atons. | ene can be pol yneri zed w eas WO conpnomners’to
fosm a t arpledryeres cthiybhdorarorbangen@NB ) yiothotnadiene zed, maydepndpdsd foopromibte
70.0-99.99, preferahly 70-90 and re preferably 80-95 or,K 90-95 | % of
et hyl ene YFHHH°D fl-ng@f By é?@ﬁa&spwr@lpé Tanegr it s ABtdy Somopakgmerized
2011/ 087 RERGT USA04L4:Q81099

[00131] In the case of plastomer, the polymer which may be produced include the
following aspects: Preferably the comonomer is an alpha-olefin having from 3 to 15 carbon
30 atoms, more preferably 4 to 12 carbon atoms and more preferably 4 to 10 carbon atoms.
Ethylene can be polymerized with at least two comonomers to form a terpolymer. Monomer
is generally polymerized in a proportion of 70.0-99.99, preferably 70-90 and more preferably
80-95 or 90-95 mol % of ethylene with 0.01-30, preferably 3-30 and more preferably 5-20
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nmol % conononer. For the purposes of this patent specification the

nol ecul ar wei ght distribution of a polyner can be determned with a Waters
Gel Per newiDizonv/o8hm8mat ogr aph equi pped with U tra-styrogeCTASeabosmsd and a
refractive index detector. The operating tenperature of the instrunment was
set at 145C, the eluting solvent was trichl orobenzene, and 5 the

cal i bration standards included sixteen pol ystyrenes of precisely known

nol ecul ar wei ght, ranging froma nol ecul ar weight of 500 to a nol ecul ar

wei ght ofmgl. % goMPRIACT. afar Hheppripesdsydleies atepidspgifioysen the molaqylarTyjeight

nmol ecul ar ;: wej i 1 i f . 0 r 10 thj s 1.nv i on
are tor i et 8, £ phATHE B L8 acl iRy AP RL AR L Rckfbnr ChploBEl,
than or eguilped avith Blltrdkgrddel &f colomnpaindnersfrafivt hedéxndemnttonn Hiceogemareal | y
in the range 10 g{ 0.01 dg/mn to ZOOO%g/rrin,.pre erably _0]1 g/mn to 100
dg/ min, rERECHRES ef hEIPiYMENt WasEt a4t k- DR E eSO Rt WpsBIchlordhEazensaindi o
dogm n. - GROEATBA R SR ihdi Rk LP AL AZEREES Sprblisdy fnditn hifed ARASIGH,
0.85 to 0.93 g/cnB, preferably 0.87 to 0.92 g/cnB, nore preferably 0.88 to
0. 91 g/ cnBngii®di@R]a Timdedutarewtigbh of &0b espelcalht ywaghicelr A&dmallivh, and a

| i zat i i nvol vi h | i zati f
of "ohe. noorundeher Schid A Myl ol Palesihb Rt gt Tignalan BRsBieEne.
1- but ene,prddiREALELMESs inderfiioiRENEMAd “REREENRat id t@¥aRM,/M, 18GURAES, pledRGRNE

and cyclic olefins such as styrene. Qther nononers can include polar vinyl,
di enes, reyspbimenequabivet-§| dhe the gelyyges efthe megtion a@IRBPrally in He reagre of

| ast n 4N ich - ' d 20t I f
iyt one. 0] oy RRLEGEO MG ek o EPHFF IAERE, s hEFTRY BT %

wei ght  auRyageandoh&e preferabhi 196t th{dV) d@hfin gCeakaibldidiadenbitids v e @laBiveners of
content, preferably greater than 2.0 wt % di ene content, These polyners nmay
be | ar geldjc Hhe pHiLI P WP &/cmovpreferabdy 8.8 da0.93r¢/¢msingnie preferablyd.-$etoei n
the termgy " 3enconpasses el astomeric polyners conprised of ethylene, an
a-ol efin, "and one or nore non-conjugated di ene 25 nononers. The

non- conj ygatr3j dirasenvamonecarcdo bpceialy raingdrhed haitin, cobolgnehedionhatactions

cyclic hydraqcarbon diene. having from6 to 15 carbon atqons. Exanp| es of
St t abl o RYHYE8 6@’8!366“&&8%9?% &t ma¥egﬂ€1 tehBPROAE o ?qrc%fr@ﬂf‘eélpgaﬂﬁrsf@s
L. 4 hexady&fA0dr Leidie! fdhonRe. RbARANSApGRAIN 18CkElyE 1 Hefitfe RHERNESI-

5-met hyl - 1, 4- hexadi ene; 3, 7-di net hyl-1, 6- oct adi ene; ' '
3, 7- di netduiche.l]-deot aud eymicahefinsisudtas syree. sOthfer diohyaerrogn irpdurk rafat vinyl,

di hydr oocj.nene; . 30 single rin icyclic dienes such as

1. 4 cycl HENadIshEnetn A Tgne g RS MAREMES and mul ti-ring al i cyclic
fused andobrizjgeth rthO el eoe Tlatdpitras theeHhoBimedr @hife ity BBt Polduced include
t et rahydr oi ndene, dicycl opent adi ene; bic cIo-1,5-(2,2,f)-he ta- 2, 5-di ene;

abPkenyl , teipRriymaienban efiglcoedukal¢lintERD I ethplenealpba-§llefin-Beene Elastomer) of high
gbﬁ} gg;%@g@%@g%ﬁ(y gé&%g%@)ght a\_/l\ef 0F Q%%fe%?ha%ﬁ wt% diene content, preferably

nor bor nengedier hom 2 OPY 1% dedie-cdnitat. DORERe P2l yndrd nty dcopaRtyemidiphdunaidiarviaene, 5
- cycl ohexyl i dene- 2- norbor nene, 5-vi nyl-2-norbornene and nor bornadi ene,
[00134] 0P™t Pzl difek of yisiim| 145 ussddhdreinpihe gaie “EODAE, crqannsaies i Laptoamsrie

referred, gl S o1, Le i - ot idene-2-nor i ,
g- vi nyl i g)eoﬁj%ﬁ%?n%r orsﬁ%nogf Q@?@RB;AS ébllr:r%i%l h%ln gn@ézl-ogn%?%%rn ﬁgﬁgﬁ?%%&%)
digycl opandrasiene ThDGBD)conjihatcé sipme inbromagpreeh ér racdraiighe mesinabnched chain or

5-et hyl i deng-2-norbornene (ENB) and 1, 4-hexadi ene (HD). The preferred EOD
o ast omerS HaYHSRIBPR G v&%y&‘{gpﬁ% 80 v&?’%@m PR, f%%l%% 8f PR "8E wt %
t0 85 Wt %Rfud¥lc8 MoncIRFEstRi Ak ShaRla¥ydr Wik isQcBls WadRRhN¥ALHRE 1,68 adiene;

al pha-olefin suitable for use in the preparation of elastoners with

et hyl ene tamtthdd ehas amydiqdieher aushyas Stoheprybpyiemedicde; bl7-dmesthtl- héwcedeene;
1-h 4 A-,0Ct d 1-dod . Jh | pha- in i. L. | . ‘
L oo e, 2GR ISR, b S IR b o

260 Wt % t qiififie MhYalidREc ARAcEQRhUg AU, ctiheRaBeRY end epakyaloldyddcagierdandhetkid nt o

the ECDE at 0.5 W% to 20 wt%to 35 w% nore preferably at 1 w%to 15

W % and tgr ealpsyelier Bispg and 2buidged oring dicoss | fuclegisr éeirahygdiogndenan oeflyl

di ene may, NG rated sj neously, - lLoexagRl D ENB, ;i t.h

L ene TR RIRAR R S B R LRI IR SR e
cycloalkylidene norbornenes such as 5-methylene-2-norbornene (MNB); 5-propenyl-2-

-31 -



[ 00135] The el astoners nmay al so be devoid of a diene and be a copol yner of
two nononer types. Such copol yners nay be el astoners of high My, | ow
crystal | iwDt2911/n128] ow ash. The copol ynmers may be et hyl eceAsphaswbef i n
copolynmers (EPC) of high M As used herein the term"EPC' neans a copol yner
of ethylene and an al pha-ol efin, not necessarily 20 propylene, which
exhibits the properties of an el astoner. The al pha-ol efins suitable for use
in the preparation of elastonmers with ethylene are preferably C3-Cl10

al pha- ol eforbpgnene; | ysrisapiopElideaa=2r1arpeingRs. ex atrft-exclefentany h-2anhaSPf | n& ar e

propyl e”%&g&%&ﬂﬁ@&e-z% ) eg{ég?-efnl'yl-ﬁ%‘?&gmeﬁ'e'a%‘a%%% mb; dodecene. | f

desired, an one a n nmay be I ncorporated. The EPC el astoners
may cont 001324) WOYothpdicoesOFpivhly atdlylogneparemPOMEphe patiabibyly Poclfatrdd Hiend5

wt % et hyl ene, and re preferably 35 wt%to 80 wt % ethylene, [Q0136] In the
case of [ofy &&Q@X&g@meﬁé% o COHHARRT-5 TP FRSFRB o PN Bhe SOERY s Brior ot

pol ynmers (hays, st ) S : : e :

i sé)t acti c( pol 9:5)Pﬁeﬁfylﬁgﬁée)wsg%lﬁtéﬁ%%@ﬁ@haﬁc ?ﬂ#ﬁem@dl&Fgg%P%' Plﬁl%oér% cclally
enbodi nemre¢feared opohosnere Sfetiprdwlppd-@mertamaenat (EMB3tandné,delomvadioner(HD)he The

30 bei t hy] | pha- ol efin.. Co i ncl ud h
o 1 oot g (B G imAR g tam R0 SR eattton b HaP B
Pref erredyij ne85 ophanynef ot hREHE ﬁtwma\%aWA)%ﬁ&e@Tﬁé Ry @l&fd ns,

nmore preferably ethyl ene, 1-butene, 1-hexene, '
2011/ 087 AR8#CT/fUSREL 0T U081 DSparghon Df sbastomesrs exin ciiglcac mndfdensh| aye erdfgrabhie or

1-butene. Preferred branched al pha-ol efins include, 4-nethyl:|-pent . 3
B o B AR S PG ! ARSI PR G 1SaoliellEh Y ohe wRRNRAG 10

is pref erg%bbmu? iNcaRstRRce e tYBODRgolyfer LeT0wi% tdaDiwies herkgirefcdlyoa. 20
[00138] The po@¥pnpp%1ene copolynmer _has a crystallinity of from2%to 65%
W t hin t HYiSe 8y @hy&eofThempatcaniugated Wiengs prsrgenerplhe incgiporated ite thedfODE at 0.5

crystallipi e, 5% Qro, 109 o 5 i

cryat al 10y 80 E8MREeCt R ithe GRG0 Pt ol loerpblyy ot 2
pol ypr opywt@heo ¢ paldy mfi déstredlemoneettiad woendictotragt be ifcorpoadttd smatliavedugly, for
syndi otactic), polypropyl ene sequences in the copol yner, The, nt of

o opyl eneéxelalﬁledéDfafleﬁf\ﬁ% iiviof) d5C frenypon o WA FRifgecict dPRYR:  ve
ower | 1 ibsspl HAPIRRIRAE FANLRD!DEABAE Ii0a Wit bev YopBBFher of two

alternative upper Iimts of propyl ene
monomer types. Such copolymers may be elastomers of high My, low crystallinity, and low

ash. The copolymers may be ethylene-alpha-olefin copolymers (EPC) of high My,. As used
herein the term “EPC” means a copolymer of ethylene and an alpha-olefin, not necessarily
20 propylene, which exhibits the properties of an elastomer. The alpha-olefins suitable for use
in the preparation of eclastomers with ecthylene are preferably C;-Cy alpha-olefins.
[lustrative non-limiting examples of such alpha-olefins are propylene, 1-butene, 1-pentene, 1-
hexene, l-octene and 1-dodecene. If desired, more than one alpha-olefin may be
incorporated. The EPC eclastomers may contain 20 wt% up to 90 wt% ethylene, more
25 preferably 30 wt% to 85 wt% ethylene, and more preferably 35 wt% to 80 wt% ethylene.
[00136] In the case of polymers derived predominantly from propylene derived units, the
polymers have the following features as a result of the presence of isotactic polypropylene
sequences in the chain.
[00137] In one embodiment, a copolymer of propylene and at least one comonomer, the
30 comonomer being cthylene or an alpha-olefin. Comonomers include ethylene and linear or

branched C, to C,; alpha-olefins, or combinations thereof. Preferred linear alpha-olefins

include ethylene and C, to C, alpha-olefins, more preferably ethylene, 1-butene, 1-hexene,
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content can be 92.5 wt% 90 wt% or 89 wt% [00140] The sem -crystalline
pol ypropyl ene copol yner necessarily has a non-zero heat of fusion, due to
t he neasuweabba/srpstal linity. The crystallinity can be earask@wmsdioby omt he
heat of fusion, using a preferred value of 189 J/g for 100% crystallinity
and a linear relationship 15between heat of fusion and crystallinity; see,
B. wunderlich Macr onol ecul ar Physics, vol. 3, Academ c Press (1980), esp.

Chapter 8.4 [ 00141] The pal ypropyl ene coBoI yner preferably has a single
br oad nelaﬂlﬁn]go‘ft?%ﬁ’?l} awre mpfirably ophylepeseindybetcg.  Prderprsl Yigpelisd| adpfw-olefins
copol ymer;, w,j ?E éﬁ% y Rl O;ﬂ ;ge%?éﬁ% of 05h95"5dcﬁh1%ﬁ§ﬁ“1%§9ﬁe to Tﬂ’ée
princi paI peak, conbl nati consi der ed ’toget as single

nmel ting Qﬁtopﬂ}tlend co@o],yn&r $d prgfeeably meaﬁdtmﬂ dopoly niet a3 3hd Ieﬁﬁ is (Td’fﬁleh Ihgrh:ﬁsbelmi/

t hese pe | S co si der ed e nelting point he p ypro ene c | yer
pr ef er abl [9319&4 al p?hYﬁﬁ)ppsﬁﬁnﬁtcom YIFlFlbl%ﬁSZ’S@’%@T@% %J(J orfo RS Wpﬁaﬁethls
al § er nat iy d QWyskdlﬁh&ﬁ a’q{erﬁa!ﬁ%e ni%lxz%f MniO thcq?s@aﬂhﬁ%z I0C W 536 1@

d
alternative upper’ IImts of the nelting point can be 105C or 90C. ?%0?&2]
The wei ghiteenagragepambleswi arystadligtytcanfbetSheo, g6Voprddhy| ene copol yrrer can be

25 from t 5,00, Q Lol , preferab 0, 000 t,0.500,.000 is
or ef er abi 10 b0y e 15 RRGRRE Hh b EoBEGeS ofsroag e i dFh EalaBY oRELS (han
5 and mr@teﬁfaﬁ@@lya@mdtmé) th%rc?pyléﬂa @e@ce&ﬂft%g iampedédpNmerl t The Bh&dRTsed
t hat the pol ypropyl'ene copolyner has a 1+4) @25C | ess than 100, nore

pr ef er ablpyopydets ¢dnabe fOmM éﬁ/e?ﬁ%m 85 prtid. erV%lthuyt légsngehaher@@tlvmwr ;im@fSe@%bl y

| ess t han 30 3 The ofo] ool A refer S a random
c(r?(?/st al | |pr3@fleenec%)0ng nénJeaP aV| ng a n?rblr‘(’)v\}v Conpogl é\r]]éa)J "PR's f %u prro_'pyl

i nt er nol Q@uteafca@mms WRNOEveL ! dimstwon of the polyrrer i's det erm ned by
thermal fractionation in a solvent. A typical solvent s a saturated
hydr ocar B8M4lichThs S‘P{ék%éta]éme wepEeRY e tepeaIchREcossaidY hinanpRcErisaeefur

is WO 20 7 SG Ti

appr oxi narary 6 ot SRa e o Rraras gy edEABARNE T KPLARI fiom the hea
as one oroftfumomd;sargemprefmﬁdu&ﬂlﬁ cbﬁ]aﬁﬁt]/grfm 100% lerytstedlihgy @mnice lindar tréletigohipmer
in imediately precedi.ng or succeeding fractions, Each of these fractions
hadd a corRSBETIiteRt QhibsioR ARg EHSATEXORIN B- Wunderd C@.Mﬂ@&@ﬁlﬁ&@&m ¥l &r

t han ZO%Agaggﬁgdy@gs/@ggb eChgpthr@ﬁgr ably no greater than 10% (rel ative)

fromthe average wt?9 t? ne content of the pol ypropyl ene copol yner. For

pur poses [00141}]|e ﬁhespebmr@ymeomppb'mdr heefouiblyp hapy | serke bogad| melting i teansition.

]E: ?2?{ idg:} aty; E%ll?gg tes'\arﬁaltel q%ﬁé%\{ovgmg e%le tCIOI())O yme{r:I IWSﬂtl silobvlvjtslegorllldlalfy ﬂl%ltlrﬂg%[egkst Qre

shoulders adjacent to the principal peak, and this combination is considered together as single

20 melting point, i.¢., a single broad melting transition. The highest of these peaks is considered
the melting point. The polypropylene copolymer preferably has a melting point of from 25°C
to 110°C. Within this range, alternative lower limits of the melting point can be 30°C or
35°C, and alternative upper limits of the melting point can be 105°C or 90°C.
[00142] The weight average molecular weight of the polypropylene copolymer can be

25 from 10,000 to 5,000,000 g/mol, preferably 80,000 to 500,000. The MWD is preferably
above 2. The MWD may be less than 40, more preferably less than 5 and more preferably
less than 3. In another embodiment, it is preferred that the polypropylene copolymer has a
ML (1+4)@125°C less than 100, more preferably less than 75, even more preferably less than
60, more preferably less than 30.

30 [00143] The polypropylene copolymer preferably is a random, crystallizable copolymer
having a narrow compositional distribution. The intermolecular composition distribution of
the polymer is determined by thermal fractionation in a solvent. A typical solvent is a

saturated hydrocarbon such as hexane or heptane. The thermal fractionation procedure is
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[ 00144] The length and distribution of stereoregular propyl ene sequences in
preferred 10 pol ypropyl ene copolyners is consistent with substantially
random stwizeti/esaizscopol yneri zation. It is well known tiratr/tsequented | engt h
and distribution are related to the copolynerization reactivity ratios. As
used herein, the term"substantially randonf neans a copol yner for which
the product of the reactivity ratios is generally 2 or less. In contrast,
in stereobl ock structures, the aver a Iength of PP sequences is greater
than t hatdesgribedrsiamt i Bipigplly, sppre: bﬂéoWﬁelaEd wRarp pacferahiy 8% wto of the
conposi ti Y, S

distri butp%?;s?]m sl %Jl'glagée(%ﬁsg(ﬁlg edsﬁ{évgn atc{%et {O‘REV\Eﬁ ?EA ?tﬁess e&litﬁﬁ%ec a%'&g;é(r?ltj%t%rl%%ler
rather t hﬁmrnaleda&ﬂlp precsdibg bamidcaddiyg Shatanst iBael ofithsta ﬁalmﬂon@has 4 O&Hg&ftiobhe
reactivity ratlo and se uen e di.stribution of the polyner may be

det er mi nd¥!ty © Norte P1SECE RE N ﬁgﬂa@ﬁethﬁ%s%yoc(mégel%twe? &ndt MBFF t o
the nei Q:H?QFefa@gy Rb ogq&it&nﬁlan ZR)% TRIANRS frob RY QUGE: Q10 YRLR IcBABhEOF the
copol yne t he Tequired randomess and narrow conposition distribution,
it is degolghbrylte wspolyitn aF@i pygipessi vEdhe giredeys tdiscasuref 2he aml\mrbpyieneed

continuous flow, .stirr. ank. pol ynerl zat,i on react onl
S ol o pORYMRIS 4 1S Brtstty B 1 RGO baCaHESToRg dMLGHof HE horite i
chai ns offrg@rflglflﬁfoﬁleglstggﬂ]y@@Qweene copol yners. 25[00146] Preferred
propyl ene- e% ene copol ynmers are described in US 6,635, 715. [00147]

c

gener al dﬂﬂ e Thidenathendodiswibntaon wé|s@mor@ﬁularher%mleywmuqnge& ubprqfwred

I |6:|U| d ph ase ar atl Qn.in the.manner. e[scrl l?led erein may bg hi n e or
1 Hp}g)ro €ne npolxrners .18 con51stf:n it su stantla ando S at sfica
made i nef as a ceéssi ve anmount of poI mg e carried

over in tddgolygreizatuaselt id hellpmmsmatbqu@lewe@peﬁ@lals@ﬁblﬁ@h\/aemel@t@drmmhetl on
and polymer conposition as well as nolecular 30 wei gsrt% A rapid pressure
}

| et - down ,cogeliyacHEIpIficattvaly Tefein 29 utsdrhcsipohe terpy sp ayygend@zm | BeSRd or
or &, gpgl&ﬁ{e? %M%cﬁﬁlebﬁhééc?B?ggctlggnctﬂ;gpefatlo% eﬂ@{tl?y ?roﬂ]e% é’onﬁtgst in

bar/ secon nore, assists Inin sengag nent 0 ases.
Thi s r apisterpstésckistectheds: &asaeenagekeng&bcbf;/l’&%qnémeﬁ [sog’rbzaemnhem ghat ef aﬂmmetlall)e
bi nodal bo dary r LSCT and stops at.a W) 2011/0 7728PCT/ US iLO/ 061099
pressure nagss Ml STBHARRIPRPSitARe Fi5tog pE PP an%m@te Sgeéwg iSPHCHES py

spi nodal lﬁ%é%r@l%bhﬁ&ﬂoﬁﬁﬁ s'e@x&@éé EhsRi&® %H{hethb&d’dcﬁé‘& p@ﬁrﬁ&uﬁe@%ﬂh@% tHah a
(PIPS). Also the liquid separator shoul d provi dg a sufficient

r esi denceandame substpemﬂytstatlhte:aéétstﬂbatmmt of the lean and concentrat ed phase

oxcer ot sed THEBLGRE BHERER BroRy BsbRdg LRI e RaY T2 i SHEMAR (o

control ofy colegmrarwiet @btchYhCanylesd r@fdubdth RYHOIRD itRAhEiISHL %ﬁﬁbﬁf}léﬁee
[ 00149] The | ean phase may be ]passed inliquid formto a neans renovi ng

hgdr ogen ra%idl@t& ko modgefnercms&! iZhbkd eapopensyeith Mt egniredarandpmpess regd frgrrow
R R R e e Y
t he Vaporwélhﬁﬁﬁdf o6ntin@BTY/ ﬂbwf staradt ﬂaek lpeBmcpiRassh ﬂ’e@@tyﬂbvﬁlch allows only a single
polymerization environment for substantially all of the polymer chains of preferred
polypropylene copolymers.
25 [00146] Preferred propylene-ethylene copolymers are described in US 6,635,715.
[00147]  As general guidance when the molecular weight of the polymers is too low, liquid
phase separation in the manner described herein may be hindered or made inefficient as an
excessive amount of polymer might then be carried over in the lean phase. The precise
boundary depends on solvent composition and polymer composition as well as molecular
30 weight. A rapid pressure let-down, generally greater than 20 bar/second, preferably 30
bar/second or more, more preferably 40 bar/second or more, even more preferably 50

bar/second or more, assists in inducing disengagement of the two phases. This rapid pressure

decrease preferably starts from a pressure above the binodal boundary or LSCT and stops at a
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[ 00150] The stripping vapor preferably consists of a volatile nmononer such
as ethylene. The stripping vapor may be an inert gas such as nitrogen. The
means nmayworelwer2a stri ppi ng vessel to renove hydrogenPCramseelodsrecover ed
solvent streamfor use as the polynerization 15 feed. The stri pping vapor
advant ageously has a | ow hydrogen content, preferably below 5 nppm The
stripping vapor nay be selected to be nore volatile than other nononer or
sol vent conponents, be substantially devoid of contam nants that are

del et eri duiessus belewpheysinedahthospdast allhetrsefeped mbass sensmton i bhepyiodal
recovery " o e il e | u - sure
For 1t Sa i e R B R A s b P 5o Ay TP Rt o
addi ti onakpaetopskadd providdd ditikichhiesidendzotiinagmn peinsit dxpetlcalchy ofifhplleaadide t o
pl ant |ay-outs ere reactors are ranged to operate in series and where

t he ypstrcéﬁfﬁqtré\ggtpé‘?sq %%@Wéf%@?ﬁh%?eﬁ%@t% | ow hydrogen conditions to
provi de gobiHer Mo ol aith hadodd Alrang RELE BAILOOLRydrdegfitedst o 2
downstream reactor to provide a | owef nolecular weight fraction.  25[00152]
Wt h ref evlgnlt may beBupplemeritary tplcantrolf dmaentlamuogls tyodontrobef the bylyererizatianon
is arranged as follows: Polynerization and Initial Separation of Polyner
and Sol v ﬁlflpffébbi%s] A feed for polynerization is passed through conduit (2)
by a centjpdf499al TREMan(phhse hAe bbgRAkE IR RLIISForm)to aSABANABE rdoveR) NRdtbgenB)
mononer, generally the predom nant 30 nononer is ethylene or propyl ene,
and opt i cded o @) gane mawilahenizfionewhial neaeps forrrempyiablcomaripttad vicets n,
and optianal l a di.ene or ot her Lyene or cycli.c copolynerizabl e

mifer ol Ofhptbd &80E S Bl R VHERRT b EXPUGFRPR AFT HERRER e
feed is aphtabald tie Gidbladintthe dagodphiRToeraiovhiefdathslehs paiseidcyadi abati ¢
pol ymeri zation in the two WO 2011/ 087728PCT/ US2010/ 061099 cont i nuous
stirred tI4015M eadhosEipgingnyapRr Rrdcablyreonaigsif asuplpidls rapnomgr surleps ethglene.
sinplicit g tar, i i in Fi i .

et a1 | ocens Eintpg Mok 885 Ran fer R L s hibol b T shbang Bl UPRAL o Wibping, o, ,
react or s Wsschte cavenrdsdrogge fermaltheyrecovdréte sdlognnsotamfoabidkyds tht poiymenizstiooh as
tri-isobuty] alumnumor tri-n-octyl alumnumis added at 4 to minimze
Sthe i npaf%?cl-oF L%éﬁf@@ﬁ@ V4RO AdVanéegOwiy hitha dew hydenges coBiint peeferablyl Ydew

act i Vi tY.mb 15 FApsRINSHE Hay e RUECH B8 nih IBlatRORkG Wnd A¥hoIRE &Y
controlling the polynerirzation %]errperature, hydrogen nmay be added to one or
bot h r eacbbicst thmpomgnts dredslibstn(ialbt dshodnf. cqrd@nBsits Tthet pol getetcrigontaithn ng
pol yneri zati on. m.xture ich energes.fromthe reactors, 10 8 through a
onau 1 TRNTgiapip sty b6 RO df Y SRRy SR B BRETATRRY
et hanol , avatiged aatigh Bndugh3uppll Pedtb@e fSOMHbdRRoh Mntb SRNEXBMAg SOds¥ERTthd® the
term nate the polynerization reaction. [00156] The m xing of the killer

i A 0 t he adpisrpprialcaddgivnel ¢ampisiaray be done using an

[00151] This embodiment is especially applicable to plant lay-outs where reactors are
arranged to operate in series and where the upstream reactor is operated under no or low
hydrogen conditions to provide a higher molecular weight fraction and where hydrogen is
added to a downstream reactor to provide a lower molecular weight fraction.
25 [00152] With reference to Figure 1 a plant for continuous solution polymerization is
arranged as follows:
Polymerization and Initial Separation of Polymer and Solvent
[00153] A feed for polymerization is passed through conduit (2) by a centrifugal pump (3).
The feed contains: A) isohexane as solvent, B) monomer, generally the predominant
30 monomer is ethylene or propylene, and optionally C) comonomer which may be any
copolymerizable alpha-olefin, and optionally D) a diene or other polyene or cyclic
copolymerizable material. The feed is passed through a chiller or cooler (6) in which the feed

is optionally chilled to a low temperature for subsequent adiabatic polymerization in the two
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agitator in a small vessel through which the effluent passes and whi ch has
an injection point 15 for the killer. Alternatively, a static m xer may be
used to mvR 20tigski2Bl er into the pol ynerization effl uent PCThaRo1@weiods t he
need for an agitator and an agitator seal but does require an increase in
the pressure in the reactors in order to force effluent through the static
m xer. [00157] A heat exchanger 12 is arranged as part of a heat
integrating arrangenent and 20 heated by a pol ymer-1lean phase energin
from an 9pBERUquUsyBRC Bk fieagtqrs §iyhacthars secratadan atrins of paraligb(for vppHesy, anly
initial ipar ! : g HUNE. - Wl .

pol yror | AT SR db Serh e IR aRyiRhuol W ROIHIREC RRBHA Befle promixed and.

16, heat eddbyatsi eddor hat o or tth edabers Ki ghschesiger, gtngrelly Inuthd fofwof hredlkyl
increases the tenperature to a |evel suitable for |iquid, phase separation
The sol ut3GRINEReHCHAS JBESAUE g Teer HohReAR e ihaddechit i PN e
drop 1s Ghefheslt Yl 3R SeldundShRRY b6 Phe LKL RPLRY - cont ai ni ng

pol ynmeri zation reactor effluent and settlenent into the pol yner-Iean phase
20 and a [6154ker Toi complhaset 2 bedlogulat .wdigld16@jtroRepmridcd gbpaciatiobingi gher e
1, the lea hase 20, after pejng cool ed t he heat exchanger 12, .

21 or erentODHBA I Y FRUREHE BRI S oe e i S0 kS tpe fealfhosndiibh
30 surge hafdhowf).adapted for stripping out the hydrogen and then submitted
to in-line chemcal analysis at 43 to determ ne the concentration of
mononer dANLYd mohberpelymer-cortawaigmaiymerTition susiuedd Wheehnerperaeselraa thereeeteti ned
wth fre feed of splvent. and nopngner, 30 rgvide the desired

cohoent r ot Mg o R LI 208 (RPATGHR 2 kSl R kh S ERTLAEY amptmste
any WO 2QH3ED8Y 788RGETMdR20ke/s0m 1B In UsuheagiceshIvat hanemitge dha@polyhrrigaictl yst
kKiller or present in the fresh feed supplied or any inpurity in the
recycl ed §41¢8nt and nmonomer, as will be explained. [00159] The surge tank
26 is arr [ r ' - i ppi rngen
by neans[gﬁﬂgﬁhy?gégﬁgégéﬁgg?%%%?ﬁgmag% ?hg@gkgn%ﬁ%gﬁ%ﬁ%ﬁﬁ#gﬁﬁgﬁé}ﬁﬁge ean
phase 5 ag#stor nga kmathvedsel thomlghrwizéh tie flssagatdas and) whichdenduiibjefort goiat

l'i quid distrjbuytor arrangement 300 |ocated inside the vessel 26 in an

ov2r head fgbéh%tiil Fran M&Ml%& t2 SHEF eBIxerHaaY | Rfumerddite thixp oﬁﬁléb 8o the of
a perfor ‘?;ﬁn&{zﬁﬁoﬁi leBilchPUtTRE: Woldd dohesy ﬁQQanoeigitta{b? RQLhUBitathR 8 iRk bt or
sprays the 1 ean phase dowward inside the vessel 26. Lean phase collects in
t he | owerrepara amfcichse maghs piesdfe irPthetreadtors e ortehyd fomes ¢fflube thicddel theostative
feed conduit 2 is supplied 10 as stripping vapor through line 25. The
strippi nd"V&por is supplied to a vapor sparger arrangement 304 |ocated

i nside theovegsel R&t SHbHBLEE® i atriycia’dnphase el IneGhathg frdnpembAWad
part of the vessel. The vapor sparger consists of nultiple disks of

nmee¢r opor dgstededi apdpBealcrrnbesd coreraing (fipna i pppasflaycr Ag<n adiquighpfeade separator
concentrigal | y. Vapqr. bubbl. r.] fromthe v [ sp [ arfan nt . 304
Chrough e 110 naRES e TR, dhdfke BT e sV ERAuE"poRs BRBRIEERILE”
t he over hpdgmapaden racpasirdnt rthdigihdannduiA trzh Bedt @kclanpthiey, htdtedbyeBimAS
described below. The liquid in the |ower part is passed through conduit 310
for treathebat! oagthgr highgempraawrg thad. fetheiincieatss gl tempeiafie (g kapl spgable for

count erc X{d’uﬁ: Eh&geoﬂgg\%ﬁaﬁ € "ﬂ‘ﬂﬁgéﬂéﬁﬁ) eglgn ﬁaZas@e@ Anfdign SF [k RBWAGy P q% Wher

occurs. stag ere t strippfng vapor rise t rougﬁzﬁhe
| fui d, tpressuz0 dedofyiservecdted t Whichapeuses stidi sspdreteh | of tthe bolguicd-camdining
hydrogen in the liquid is_taken u t he bybbl es. Hence the |igquid issuing
t hrough JOhITTTZ250152518 Rl ttg%ﬁw @%*ﬁﬂﬂ@%ﬂ%ﬁ%@%gﬁ) e & golyger-

pol ynmer i zati Masddrenei6e6ycl ed. A first equilibriumstage can so be
approximated. In the vessel 26 vapor space, the rising vapor extracts nore

hydr ogen [P018]t hBchtrmg beck tr bguet 4, ilesloamphiiscod) t dtcrimnm esol@DDystbe thvatt a
second e%lilcicllla{n%re% lIIE,] ésflo%%?enﬁgr?ed? % cooled further by a cooling device 24, passed through a
30 surge tank 26 adapted for stripping out the hydrogen and then submitted to in-line chemical
analysis at 43 to determine the concentration of monomer and comonomer in the solvent.
This cooled lean phase 43 is combined with fresh feed of solvent and monomer 30 to provide

the desired concentrations and then passed through a dryer 32 which serves to remove any
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25 approxi mated. The vapor issuing through conduit 308 thus contains a

| arge proportion of the hydrogen contained in the liquid introduced though
nozzl es W0.208uisgr2antially 2 equilibrium stages of separafriusaoioantobe
achieved in a single flash vessel. Over 80% sonetinmes over 90% and
sonetimes over 97% of the hydrogen present in the | ean phase can be
renmoved in this way. 30[00161] The stripping vapor supplied is ethylene,
which is a volatile nmononer indigenous to the process. Its use mnimzes

addi t | onamr@ﬁ@ﬁiamf:th@nqiw@% am e paaRlyvhaltiben @ Pieemns ipnshq Biash fed supplicd) ¢r any
nitr Oge” thd f%%‘gél?@?o% t r‘ﬂéleqs @/ﬂﬁﬁé‘&gﬁ étf.' y in stripping

hydrogen e rec e SO erlng t accumul at or.

However , [9(]139] ga&"ﬁs sunge rees 26 'ﬁsh&rrM@eétOﬂ e Bof 28 PESRE ISR QUigbD6 i) X8 ippoag oon
t he Ilght ends gynpress r and may result in hlghgr total pur ge r?tes
i ncl udi ndYOFREEN Y THES RbRGIERS 25 R SIHPPHE YAPAReS 1S500W8 2 FEnE: vabF lsendppse

condui t qg)s%lﬂgsfr&ﬂl‘lﬁ@ goc;l?‘u éﬂ’aggehliﬁroqgﬁl g‘cggdlﬁ{ 2’; EBA@[I @’1@ dl.&) Blftby arrdngl Rent

processed to tecover va conmponent principally volatile nmononers
such as etlylbented irGidertte pcsspW@ﬁtean byemﬁabspaoelm Rm g}pp@w@m @6rcahd The diquid

over head y r. co re55|on/c ndensati o sten1fo i

condur 1 A5RBof SRR Or & BETOR SRS Wloholk Uity BT <Theg
hydr ogen Aadb@By sghitethe NOH- ﬂﬁ@@@@@ﬁ@hﬂ%ﬂ&é’ t}ﬁevefskeqrz%d Lefaﬁ%ﬁs%] cofich8 s the
preferred alternative is for part of the |ean phase recycle to be flashed

in a si ndbwerswg@f the aisssel/ 2 sRart of thastitylando e @,ddeiddn th fosd copdiltgisvapplicd

Th s, howev .onl 0I| t dregen renpval detracts from
th(l)e benefaists%?pm% %8{5) hmlf%ilﬁ Ban’ pﬁgesesynpryl Vaﬁ)oqulﬁisélpgl? O?to i YWOUCPEREY gy

i nt ensi verevaaaEmtloanopter astRsthe MOGE62$ shbnsiobd li€ theelreh @has%%llbﬂe@@ﬂi itles
react or arrangenents usi ng netal |l ocene catal ysts systens varyi ng amounts of
hydr ogen lfgr Pt pf Baveegl byhoeaner spaeerawnabstof aaliiply disks &n Mikenoiys Reditogen

is injected jnhged B of RAGHES of KRS, AMRHRY SERYeHALNIYM YR dTRRAblcOGREGrom the

vapor sparger arrangement 304 through the liquid to the surface into the overhead space. The
15 vapor in the overhead space is passed through conduit 308 for further treatment as described
below. The liquid in the lower part is passed through conduit 310 for treatment as will be
described below.
[00160] In the vessel 26 a countercurrent flow of the liquid feed 27 and the stripping vapor
25 occurs. At the stage where the bubbles of stripping vapor rise through the liquid, the
20 cthylene in the vapor is dissolved in the liquid and hydrogen in the liquid is taken up by the
bubbles. Hence the liquid issuing through conduit 310 is enriched by ethylene which can be
subjected to polymerization when recycled. A first equilibrium stage can so be
approximated. In the vessel 26 vapor space, the rising vapor extracts more hydrogen from the
atomized droplets issuing from the nozzles 302 so that a second equilibrium stage can be
25 approximated. The vapor issuing through conduit 308 thus contains a large proportion of the
hydrogen contained in the liquid introduced though nozzles 302. Substantially 2 equilibrium
stages of separation can be achieved in a single flash vessel. Over 80%, sometimes over
90%, and sometimes over 97%, of the hydrogen present in the lean phase can be removed in
this way.
30 [00161] The stripping vapor supplied is ethylene, which is a volatile monomer indigenous
to the process. Its use minimizes additional operating costs and raw material consumption.
Alternately nitrogen or other inert gases may be used advantageously in stripping hydrogen

from the recycle solvent entering the solvent accumulator. However, such gases increase the
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15 selected. Its nol ecul ar wei ght reducing effect may be accommodat ed by
appropriate selection of the reactor operating tenperature. A substanti al
anount ofwOhlps/dsyT®8ogen may remai n unreacted in the reaeComsedloo®nt stream
11. Reducing the anount of hydrogen recycled in this streamin the manner
descri bed above may be is advantageous to permt adjustnment of the

nol ecul ar wei ght i ndependent of the pol ynerization operating tenperature
20by renoval of the generated hydrogen or by addition of hydrogen from an
ext er nal 18ylipw the liphi endy qopnnresseiands mayy resu diy highor tofah pups|rates ingBdingsthakefct or
operatio i i(n, the ability to renove hydrogen can be

expl oi teghgg]ggﬁlﬁg%efgﬁgfﬂ)}ﬁ%{tw den the nol ecul ar weight split between the
reactors [80th2]o Bheoaasn fidhe comluetdfas rove¢dot thel rftuxi druini noflrewensh. whatlyioul d
ot herw se be possible. The @5 feed suppljed to the upstreamreactor can
have a hydPEYEHCE ShiSAYerHIUaRIctRMPORFIIE T RGIEYY §P{il oRqMey qyiasrpthylene

geper at edanﬁmgg}léne%grﬂééﬁoﬁa{dn | (AL 98 ah @RI REMehd vh Jo%ﬁ%@s's%n/c’%ﬂ&’énﬁét%ﬁ'

ext raneous ogen tan be added to the downstreamreactor to provide a
hydr ogen systmefor redyolieg thravghvborchitviButodthe endgi side fof yaldogedR. f Tbmpastraainly
hydride elimnation were to remain in the recycle. 30[00166] Effective
removal GRTIPRE ) EREHER cehay Raendorablt ey SGPEH- enadl es ¢ he range of
bi nodal  qQOoPg3}i t WORS PERAME AttcindtiGEls! f@ﬁp&t@@ﬁﬂférlei@?hﬁé'?e% bR th®cifsKRened.

It also permits the selection of a broader range o rret_aP,I ocene cat al yst
syst ens rsétgae shesBashivessvbvithpetritie additigpooDgnippiog ¥apgPAhiluEew ¢ vyr0e1lp pornpigs
gener at e ;hydrogen t hrough beta ;hydride elim nak] Qp_or thej.r sensitivity to
PRE° br oo I E ARG SR TG 8T B s TRDR BRe el L b 251 Bbioeh s  ne

hi gher oligfuidsthieedttdtit @RAB; infdusive @asafopdtioRas@ssesbut ene are val ued as
nononers because of their al pha-olefins content. However, such nononer
streans dPOH] sl snglki isacmmpnd Ahbriies gcaqigippEdIgeyents ssinghaptallocane gptalysts

somneti me 9 t] : 9 i t
catar at ed P oanie hrbhil AN RO AP Se BHFRLCLERD YRRy ik Mhiilon BEH o/
i soner s awitbndne dlyéfoghs is snjedicdsntbuhadeene. afibé amousio ay ywaenevidndictellocene

nmono-ol efips qther than al pha-olefins which may detract fro at al yst .
adtivi ty.se%ﬁt?ﬁ- sﬂ‘écmégcﬂléflé”%ig@or%i@‘élﬁgf {iit oY Lt acserappdered; Py rigpiapriate

agent s, ts@fee&&yoﬁ%rﬁgabpsgéﬁggggeh@%&g A QuRirBl afbuling BRI MIRSRAR |

the reactor. I'n addition, i ght inpurities such as propare, butane,
di - ol ef i msmamndnendediim dht ecdcswnefflegntnsiscagoht.enReditceng thet frsourd cofchydregdnv ent

to | | t hat tail th t of  f hat be introd d
6t b TR e ool Ty B8 M s TR T b 3 gl et R

to | evel sidjlRhemRY tiEAMERcAHPRERSL Indeh@dBAL IF thdBoly RREEAonfPehtiRY Mmpclitufe
phenonmenon may damage the punp. Such species may al so 15 decrease the

overal | dwnsimoyalodf thaezengrried ey desfeep o piveadditis] afdntdsogen disind @al cxiasiid rrensse,
etc., which is the r tor, effluent thereby causing the product heater 16
to be foﬁegga\ﬁAfﬁlh%Sg%?Cﬁngd lﬁgt has separated fromthe bulk of the m xture.

For all t[oesss|r easaiies rdaktor dpadianhadeotised xrsit) thp abiliey & hdes hydbdben can
species at a faster rate by purging nore of the gases fromthe |ight ends

st ream | 5\5¥ripiicd advaitagearsig e widgndhe golgsalay ISPtReEveRp the Erastoss ard tne

COMPI €SSQfrpaden the molecular weight distribution beyond what would otherwise be possible. The
25 feed supplied to the upstream reactor can have a hydrogen content below that which would
prevail if hydrogen generated by beta hydride elimination remained in the recycle.
Additional extrancous hydrogen can be added to the downstream reactor to provide a
hydrogen content above that which would remain if hydrogen from beta hydride elimination

were to remain in the recycle.
30 [00166] Effective removal of the hydrogen thus provides a facility which enables the range
of bimodal compositions produced in series reactor lay outs to be increased. It also permits

the selection of a broader range of metallocene catalyst systems regardless of their tendency
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20 di scharge pressure and/or by increasing the operating tenperature of the
cool er and flash drum downstream of the conpressor. Treatnent of

Pol yner - RvohoAlgges [00168] The concentrated pol ymer PCrais2@osasm®99 s
passed to a | ow pressure separator 34 where evaporated sol vent and nononer
are separated fromthe nore concentrated polyner 25 solution energing from
the liquid phase separator 14. [00169] The evaporated sol vent and nononer
phase i s passed through conduit 35 in a vapor phase to the purification

t oner 36 tBpeRericydimecaitiopgh hete didride slipimation on theirgisnsifiyiae tq B nsgscpereof

hi ghly v {).e:s0] . ed et hyl ene and propyl ene on the one
hand andqhggg%gP§ﬁ§§§3&%?%gP@£ﬁ§§ﬁ%bnents such as hexane and any tol uene
used to d08BEY|veScmt alf yist higherasdéfin fed stredis, anch amnfoeagiraple biuene ateyypeued as
conononers on the other hand. Use qof toluene can be reduced under

appr opr i dPYURGE D ek hasy alghe glofiap ognisel eEIPiWSHeroﬁu@afI@Pg)@ﬁr AT NRTS
and cat al gk PIFRAT Ahbefts CORMLNYLORS, SHEN 18SWINCLERSERC! Tt A VS Tyi50! iid on
tenperature to I ncrease the WO 2011/ 087728PCT/US2010/ 061099 sol ubi I 'ty of

t he cat alspstetivespoeretess than ¢ eadbo af peitratudted dydwcanboid, suthohupropans apl/es ent

that no separate, process for the renoval of the tol yene.are required.
[00170] AT i dpm AT CoR By SOTRE' B HONCLUerRb RS MOURCR e Oryfr o
a vacuum gaxe ndnbold1&findotBt thatd 8ph £61MnX YhidOmayVaek £t RO SatdyMaRavitPhes@ i S
drawn off for 5 purification, condensed and then punped to a purification

t ower 50.spgciprelary afsodwei drindfto pefl agsheinigasicnsganss doyehty deetopsing therdolgeware
such as et hyl.ene. norbornadi ene. (ENB) cononongr,. or 1-octene.conpponer  are
dover ed Dat B WRRATHRE 2B int Bk a8 IR a1 S EE ERTPRE Rl oo
through glbpaic, BtandNdi-elefiat,i ane MﬁaMyade)ﬁBﬂﬁ@ﬁ?ﬁﬁ?r cdHetas ik argclocbriR:

may thereby be stored in separate storage vessels 55, 56, which facilitates

rapi d prdelvelstthatarteil dhpsamaunt pefrgeemornmerdhadran he derrducehintq the geqctor deed

ol uabl o rers QpAThOITEIShY vl dhslte b (RS0 B EHRDIHE cal SORBEA 1S fork"®
f1 exi bi | iihyhofeatthi feefrpoaps STHio pherotienen amay dienagathepympf Sdilssienick atay also
et 1 ot 1 2 dCTAGOUGEWATETEY gl PerTREe of G e aEEs. BN oS ec.
pashd SEPHEE S AA i e ne o o Bichagg i
recover ahd hascymrged fimns tievaihkt of the roméurentbodakingindse re¢dsensy apio rdvardagepas ®

t hrough a, wash tower refr.i gerat.ed heat. exchanger and.then through..a

sor o orl e Q8B R aPhikee! &R Ar Ry R SO P it AR S Bk o
feeds |i qudd sl @ASRLENE GhifledsYMThisr@mbehicedinMaped by Wecrefihgd Ble®ompressor
Cptlonalky, nitrogen 20 is sparged into the Iiquid condensate dISChaéng

f 2om t he dischaied prssyrepuidon by brdrgnstngr thy dpgrasing tempcrgiusp ah éheapeplen prut {1
cont am nepnt o the flare. Th ddition of nitrogen may be carried out
independéﬁ? ﬁESP&%%%%BfwgﬁPF?Eﬁ?¥h the el evation of the tenperature or by
decr easi Myehbenop@PddihonReh Phhg |1 ght ends conpressor downstream of

equi pnrent 39 of Figure 1. 25[00173] .Figure 3 shows one enbodi nent of an

arr angendP168) adbecansragatsdtnelyme-eh phascsisduned oht IV AFRFSHISUTCPH 2608 p¥lct s
of the i i I t i i |

or i mar'y. reet e pp e MO arELerReR QY HORE I B LBl ity A e
pas al | el .sok#ioh enmeeagihg froistha liquidtphaseosgeparatorided t ank reactor provided with a

tical ' haft dri b head notor. Fi 3 al th
feed bi P M1 modhe Hemorisd ROWEN b Monagor pHrEgemHEE i igh sensfe Span o
suppl i ed 850008 td e %urlﬁgatféﬁ%\%%%(ﬁﬁ?a\fﬁg%?rdiéltﬂlaﬁ&?tJ &?Wa&f a Il akBon of

supplied froma storage tank (not shown) fough lines 105 and 106 and
fresh et it brgblyi wlstilppdlivert ahd emrcacicdwthytans sud erqpiypmkionghd ot hagidewmd hetherough

conduits ;107 nﬁ 108. |sohexane which js i xture of.recycled isohexane
and make 1836 Viozaé %%%%Ollgﬁia Sﬁﬁf %ﬁméﬁg%and anyatoﬂfene used to dlSSOqVé/ catglyst or activator
30 and unreacted diene type comonomers on the other hand. Use of toluene can be reduced
under appropriate circumstances by a suitable selection of catalyst components and catalyst

preparation conditions such as increases in catalyst solution temperature to increase the
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WO 2011/ 087728PCT/ US2010/ 061099 contains a snall anount of residual

et hyl ene together with optional additions of propylene and 1-butene enters
t hrough twe 20is372809 and 110. Et hyl ene supply |ine 107Ppsufiskéiencwonyl ene
to conduit 109 by neans of a sparger in the formof a perforated plate

t hrough which the ethyl ene bubbles into the fl ow of isohexane being carried
t hrough conduit 109. Conduits 5 105 and 103 supply activator and hydrogen
to the solvent in conduit 109 to forma feed which flows through the first
heat exchHahgdity pf the cagadyh gompenengsiie gasharpointovhese pa Hitiedglapngis mpesentahating ¢ d
heat exc i nt Loary . reactor 101. [00174] In a
simlar E%ﬁ%%%pé%%&?gﬁgkggﬂgﬁgﬁﬁﬁ%gﬁyﬁp%%%ﬁ¥@%n uit 108 to the sol vent

passi ng t[pob1ogh @opeki purdd B8vianvaysitd barnsspargemarai doncddmmarslt pegmeodfto tahe
et hyl ene sparge 1Q..conduits 106 and 104 join conduit 110 for the supply
of acti va‘taé‘ﬂur%rf{TVﬂlﬂHlﬂ%iﬁ% ﬁztryagr%bvla%ﬁon@vh&resé%wampw Sbis brieRB i iy
reactor 102 JTHH, SREMRARLYY HRAGRARICS 4 Bhidtalioh At shea nexENANGRM 5.
centrifuégﬁ %unp’llG and fifth ﬂ%at exchanger 1f7 be%ore ente%ﬁﬂg thg
secondar yolheactmd ag 02alypO®1ES] ard dricnt sirch as fthykina Inggtorzadaenad ENBa tcomonemer

S lied tog the primary reactor 101 thro 51line_11 imlarly, a
D o s S DGl SR S ' B Hsaion [ TeE SDe s by of Bétboe fany 0,
t hrough lgengeyeld thiRM BRiéZAL | Aferi A6 he@NBcdndR R AGEHMSLENB ah@86fR¢, nak01

and 102 to form pol ymer containing polynerization mxtures therein. Prinmary
react or 1harcbsbe¢ stprgdrin senprete slotmed arsselseac borwhiolp fagilitaics reid prodvaidlanviborses
of the t react.ar.s_bei ip. the rati 70: l,n. .t hat.\way..a pol vier
oiena compry & ary Perbe A8 Y At o AR Yo iR SRR

primary reagihol redsir o8 @EONIubMROREALd bomaRorBE® U MhidEapdbittyTBdthet Bnlidiees
secondary_ reactor 102 can be prepared in a process i.n which the residence

times in tbadpxibHity pethirnraessy toapraducomids rpripty of dissigniky gragypiSoxi mat el y equal
and t her bo t iAo RIR e Y - '

t he reacﬁgggﬁgan%E%%g&ngﬁégwfgﬁ%%ggate ?ﬁﬁg%}ﬁgg, fgﬁk%%ggg?g eﬁgﬁgling
EPDM gr agedictider wiaewith wpecthilled ba# 2, ovatcdrohd spunadriodedt gltto fadm gelddts suntabicon
is required, wherein it y be desirable to get a 20:80 split and at other
tifres, arfOBPREEMEY Naingatdfeen the first and second reactors. Pol ymer

cont ai ni ngo PRI )d/ ”gglé f;?%d.r%rﬁ ftild W&BlatilliSAME trehil§ 1 Eéc%@%ry%ﬂd%‘?}cf?é thb Qb VehY, Ong h

condui t 120 and [ r containing polynerization effluent” | eaves secon
react or k02 emtmdooerduiht vaRdrs nSgnpass tterotigld aavabh 1owenweatfragerated hery exomogeon

122 and thatgongﬁne effluePt flows thr u&ﬁ cog&u%t 123 into.which net hanol
from 30t &R 19T ) ¥R §8MBIRHY Saf"%ng Py 1 EDe TRy BARIHE TRRPUMD, 5t
second, taitk feciOUAEID cBRGEnkALE tda BRM, MRS RANGEFPoileb to Hhds. GfdonalldmiBBenl17

are tube-in-shell heat exchangers having a four pass arrangenment conprising
t & arr ays spirged infbehe mguitt eendensare dineldrgsd framt Hie lstved [ring Thens ke hely earey
supplied wth pr |.en 2 1 087728P 2010/ 061099. r-efriqgerant, from
2 Three” Jiidrd BURRREE S TS0 BATR R U, R RE Rl R 1
second heatriX etiaiglepenkitatlang ¢dhctdettBatvigx didasigestiohl bf hiey ecrbpdrmabe 023y4

nm) tubes whereas third exchanger 114 and fifth exchanger 117, being.

downst r edPFERSIpE His<oPETasion of therlsehyt sadecampressgr downstisamet saripgIen) &2 of %@ure

hi gher prgessures, have 3/4 inch (19.05 mm tubes.

25 [00173] Figure 3 shows one embodiment of an arrangement in accordance with the first,
second, third and fourth aspects of the invention. Figure 3 shows part of a polymerization
plant having a primary reactor 101 and a secondary reactor 102 arranged to operate in
parallel. Each reactor is a continuous stirred tank reactor provided with a vertical stirrer shaft
driven by an overhead motor. Figure 3 also shows the feed blending means for each reactor.

30 Hydrogen from a pipeline is supplied through lines 103 and 104, scavenger in the form of
TNOA is supplied from a storage tank (not shown) through lines 105 and 106 and fresh
cthylene is supplied from a low pressure pipeline (not shown) through conduits 107 and 108.

Isohexane which is a mixture of recycled isohexane and make up isohexane and which also
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5 [00177] That isohexane entering through conduit 109 has been cool ed by
the recycl e heat exchanger (not shown) to a tenperature of approxi mately
12C and pasiexed/ashmeugh an array of drier beds to renovePggiUsanolocand any
wat er present. The entry of the nmononer streans through conduits 107 and
105 and the entering of the hydrogen through conduit 103 raises the
tenperature of the feed to approximately 16C. The first heat exchanger 111
cools the feed 10 to 12C and second heat exchanger 112 cools it further to
-17C. Theopwiny & papll apmospsohipnduali ghylene togetep madsendional addlitionsrafyopydenss
120 bar | I S i t e ' t up
o -10C. i FiPke MREETTOON WEEYNES 108 o) REPEERIAGE, LB She 107 SuBBHes
appr oxi metlgtyne-t3 sGndref t0%ebt hearfsedd spadger i théréorprofrappeyforaatplate thdligh Whdh7 8]
The secongdar eed passjng through conduiif 110 to . the secondary reactor 102
has 15 éﬁ% & (@fﬂagtw %m%i@ﬁ%w ﬂ’g%wa%%lﬁ%gﬁrr@%mrevgh FIdHE PPN Cioadyits
exghanger; 05134368 shitat aliRUidrAnk fdiro8XFRARYESIVERH Sorfddft 10986 fdrfh 4 ALEwhich
Passage through the punp 116, which conpresses the feed to apprOX|natéiy
120 bar, fteistbmughehd @rspleragtinhengdr 11 hescsatidrdaexchiimzed 1$2 memindingal pumpH 1Bheat
exchanger, 1 redyces t t erature of the secpndary feed to -35C prior
to eptrytpﬁégaﬁﬁéagggﬂhggﬁvﬁ5%?6?@&Liﬁﬁgmﬁﬁgag89ﬁﬂt of the heat exchangers
and in  Z@opanti edlaagintie rﬁnﬁ@ﬁ@ﬁ?m@ igampphi@eehrbidie cohdudt NeRto akERBRBRS
downstream of the punps 113 and 116 enables the tenperature rise caused by
t hose pumgssingtiseughecoaduied 10 vip dpigalar spargeri unitaddovisiream gfrtbel gdiyloni spargethose
d st ream heat ch r-s. 114 .an 7. could if desired reduce the

¢ ehper at aPigR | SREIAE TG afTHad o pibrb o BT B sty by
the propyh&ise aeftdgRRAMedobr 3phaxdynabeaby 10242 Gha? B{0da9]febd ganses hrobgns
the layout in schematic formof the refrigeration systemused to supply the

vari ous rfepith Beat sreungerakl Sescatrafge mamml korpad difinhcapprohapger A g befaq entering
propyl en i system conpri ses a conmon three stage
centrifugg?&%gﬁéﬁ iﬁﬁﬁﬁ?g% which is driven by an electric nmotor 151. The
propyl end00ETY] i garmaikture @fpatalyist anl acsivedr w Mppliaptpl thaeriandy dcavtobd @ dpeunth.

The conpressor conpresses the propylene to.a pressure of 30 approximately
1700k Pag 'Hiid' 'the>1Brdg¥u? Pzé@rep?%wl@ﬁ@nfhaaw@rr BrivaRi g be SqPUK BRI o
heat exch@nagfoukR3inehi1@h P&y&@ﬁ&a@%n%a&f&k R1Y M@éee&/it%‘ﬁdr_e%bl%hl(ﬁoﬂﬂeﬂﬁzeﬁ) the
hi gh pressure propylene entfrely to I'tquid which flows into accunul ator

dr um 154.foffth @olyintpuicdntpmoypaymen sfioh gaxamns theresudrimay réactom thes kcgaribdnat or
to a solvent recycle t exchanger 155 in t VWO . .

2011/ 087 PSREPSIET0/ BT TP UCH! RAEDE B Bsbahicarar beipe fa e of
exchanger7olol  inthah & af @esbpbiymeertPedd@niirisiy ¥ fir@aehpondilin ARchn@fink @Dy to
ot her heat exchangers in the plant, for exanple, for coollng Pellet[zer

céodl i ng waadsrin (hEqringrsrecedior and atsherd ¢ruaponeric Hapyemounr of de%i gade édthsy a
singl e synbol, in_Fi 4) . Pr | en vapor iz in.t heat exchangers
117 Tos TESabiehbd i B2 Bhuof PREVAZE 3Bees8RE ik MOy B A SO
vapor i s thepamatyeshdf JeosndaroRytteneart bspibtimaldte cquadpivd eiecfy@bdth Ednonskeps a@in
overhead stream.into the first suction port 157 at a tenperature of -42C.
[00180] L3 Hanagephle yekne ong cayadiment.dhs fasetopotan dis safitched ©ropsiats NoWTigs: 4ok 156
and is s ,.ed a ie o ' : Nt i ' he
second aﬁg&kgﬁrpﬁgﬁeg¥ﬁ&§0k££@&a%gg%2?%t g@gﬁgﬁpgﬁgéP@g&%@aﬁmgggﬁggggggﬁ112
angl 115 idistebutadoeb yequipsty wknreiafit g bpudnpimblelid ganel 2076 sphit drhieat prhicmaimes aamd

secondary feeds. to the primary and seconda reactors. Once agai.n, r
clarity oiffs e bifasen e SpEcTors Egﬂam F?Ptﬁp@&rp@?wer per el _
propyl engcfve0md HeseryealiofXeNaReEScIn@hi NP8 bl oG UohBilifs PEGRRG S | ON
drum 158 from whi ch propyl ene vapor at a tenperatdure of -29C?|s drawn into
second sudflion lgors sa®9d afactdrel 0216a compries3lor CobduitsLi2Z§uind prlomytteatenixeng
drawn framthe ttom of suctjon dr 158 and is,supplied to the third and
f1rtn edtmeiserangad e ermsisdd Aty dRh el Bobrki e ahRormnngl ias
angd 116 apgk upskhgadte®hs 4 bRalpstikilery reactor 101 and 102, respectively. Once
again, those two heat exchangers are denoted gy a single synbol in Figure 4

for claril@9176br opyshedfche Apbrsceatdy s, fausth and dEe hrehexcasrdsanbidr $12:1144. 1157 to

the thir i.on u f e |t 4s in hir tion
port 161 88 FaF A E8 ekl PARAT B pd b b BT bl Rl B e
conpr essesrayhof propyd goentedporizanilBr innge khetl. f ThsSthetivatd applied wathchrbpeene
m xes that conpressed vapor with propyl ene vapor entering second suction
port 159 for conpression and m xture w vapor entering the first suction

port 157. The conbi ned vapors are pressurized yet again before |eaving the
conpressor through outlet 152.



25 [00181] Figures 5a to Sc show in schematic formthe | ayout of a four
pass U-tube kettle heat exchanger for use with the seventh and ei ghth
aspects oWothe/ismxee@nti on. Figure 5a is a view from aboveCThusas 10868099

hori zontal cross-section through the solvent recycle heat exchanger 155,
Figure 5b is a view fromthe side showing a vertical section through the
heat exchanger. The heat exchanger 155 has an inlet and outlet end 155a and
a kettle or shell 30 portion 155b. The bottom of the kettle portion 155b
has an i isaefrieszat figm o diree gapasempicssy | (Bofeshpvann ddeuma) attoist B@éﬁ PraBm ey
conpressof; {1 t tl. 5 r

pr opyl eng1 1&3%%? ﬁl@gte %%ﬁfﬁ]ﬁ&telgi }él E‘rgd[ &gﬁcéeﬁg%?%?ﬁ%gmg?yééﬁ% ézgszg]r-j{n%t&bes WO
2011/ 087 ABr&ak/ this? @1EHa0 84009 OB Exdhasgate 17hbeikg dbivestant o Opunm5bl 3aind

upper array of U.tubes 202 (for clarity only one U-tube i hown in Figure
58) ext erldd rFﬁpéﬁﬁ“ﬁTééaIi‘%%@ief%ﬁtS‘Fté?Ct;S‘bL’tg%BfrPri@%eSal?adﬁ BR6E.03 REVRHPES. | engt h
of s the kbl POThiGm3al: crdifiRs MAAN dolGuilPPPhaBdelitoBled Uy HO RSy & dhead

| ower array of U-tubes 203 simlarly extends fromthe inletfoutlet portion
155a al orgcldngos(not Beovn)ltb askmpgiaturo bl apeokietatdle 1A andpask&bihréwghl an omay

upper tube 202 and one | oweyr, U-tuhbe 203 is sho in Figu 5b). [00183] In
T oI ERE b bRt Rp i B apoh e Sk eSS Bhe P B PRliortsr SEarey on
155a and tHR)WFh 0518072 9RE 105 addBe @ﬁ)ﬂéﬁﬁ% af thd¥hy8fogbh 168 2RAduidngs Ragk o
the inlet/ouflet portion via the other Teg 202d of the tubes 202. The

recycl e dempenture pbtheffeeshvis appvaxioaely &y Cof The frst heat|caokangerr ldycasls thetfedses

2 and hack.al o t he,ot.her, | e t he inlet/outle [t 155a, The
288, 20C, 3875 €80 s nBlREdnE S L% doBR it Mlfther 87105 ARG b afens By

outlet 21123t @hgh temprevestit eam iy and20aek iml the doagtedloantlstigs in a
section. [00184] The inlet/outlet portion 155a is separated fromthe kettle
porti on 1SmpeBiprgHseadths|fegdeurnty1-10shodhind hepppeheacail 14 rufuppsghe densperature

15[ 00185] 4.Ci.r | t : i rovided with

ol ot 208a 8o BRI T S e [ BRI DTG Bl et e
201 and WAOLI8]r eThe nedoadpl dtwl 2Bdingthrouglecandiiltdtl 8 t@ @lxecdnidguy eaGor &0Zbas

h inlets 203 d tlets 203b. to the | f t ub 203a.,
IR o R R MR PR I AT Bt W
plate 201gf 4 %a@%‘ﬁn%l doold ﬁlepfe@a'tge.q]gw apMQidel GRbuddl MedhEp BakT bhid05

whi ch separates upper be inlets 202a from upper tube outlets 202b and

| ower t ubemipnésetssth2 8al tor apprdxometclyt Uieboutdies shQ@Biperdlime adribc sdvantray fewl
50, row GG (g M LEGILsL bl Il 200 bl uppcl, G o L0l 2070
array of grighas Al into the secondary reactor 102. The layout of the heat exchangers and in

20 particular the presence in each feed line of a heat exchanger downstream of the pumps 113
and 116 enables the temperature rise caused by those pumps to be reversed. In order to gain
additional productivity, those downstream heat exchangers 114 and 117 could if desired
reduce the temperature of the feeds yet further down to the practical limit imposed by the
propylene refrigerant of approximately -42°C.

25 [00179] Figure 4 shows the layout in schematic form of the refrigeration system used to
supply the various refrigerated heat exchangers in the plant with refrigerant propylene. The
refrigerant system comprises a common three stage centrifugal compressor 150 which is
driven by an electric motor 151. The propylene refrigerant composition is 99 wt% propylene
and 1 wt% propane. The compressor compresses the propylene to a pressure of

30 approximately 1700kPag and the pressurized propylene flows from an outlet 152 through a
heat exchanger 153 which is cooled by cooling water and which condenses the high pressure
propylene entirely to liquid which flows into accumulator drum 154. The liquid propylene

refrigerant is supplied from the accumulator to a solvent recycle heat exchanger 155 in the
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[00187] In use of the heat exchanger 155 located in the recycle circuit for
recycling solvent 25 (optionally containing sone residual nononer) back to
t he feed wDhendiosgr2appar atus, the recycl e sol vent, princippalusgoiosetvexane,
enters the heat exchanger 155 through inlet 207. That recycle sol vent
enters a quadrant-shaped chanber defined by the upper half of verti cal
baffl e 205, horizontal baffle 206, the cylindrical wall 208 of the heat
exchanger and the end wall 213 of the heat exchanger, together with plate

201. The spbeyereeydepysden and iy Bsst hpaitexglippgeahk L in tBo fepd dpedo éhrapryapry xgactor
t hrough t .nl et 2 L S.Cal.lJ ._t.he
upper Lyt%ﬁé?ﬂé%%’Pﬁgfﬁé&gﬁggﬁt§$ﬂ§ﬁ§H%%§?EZ¥%ﬁaﬁggg?h %tﬁ%f%gHW$gag%%%2ts
202b. Qutdoetlisg 2QRD. &Rpt ylatityt all Skose-lehr exchamgeehanshizsighdtod defa siagle Bymber tn cal
baffl e 205, the cylindrical wall 208 of the heat exchanger, plate 201 and
end wal | Bgwe ﬁhﬁ?@gw ogPYRHRT Ml Be HSRBIEFToNg - 19D fettmEd fo fio Y

20417 087 78K Iiwe Oy 46 1ARG, g%%;ﬁlé?ﬂe%ag;o?%%e@@raﬁehefrl&ﬁ‘é\ﬁr;o fee%@%’ﬁl@id.ufﬂébes

203 and returns via outlets 2 i nt o quadr ant - shape

[ 00188] Timepylewyciper oivw entn exerhsad steancinentherfirgishcudmpontlbeétat 2 Inpapature
domnstrean%?#Lpnent i ncluding drying beds for further purification before
returni nd't e feed bl endi ng 5apparatus. [00189] Over prol onged use of

the heat Jﬂﬁmngﬁquulcﬁémﬁylr@leul'@p&awﬁrﬂ%&ﬁ @6 ettbHDBE iR CREBS fdomh e owhdd is

pol ynmer deposited fromthe recycle solvent. The fouling is worst in the
upper ar rsapplofd tg-a ybeely wdrcat exrbangsrs imfhecpient ingludingetbe spepndramdgioneth dsat
Wien it is desire q defoul the heat han .the s | v.of pr, lene to
PRE ket 118l BB heldf MRt 1P AARATE ihpRARRRP b SR AR

propyl enel 13nsdde6 ihehekrinidre ap@Eddondary $&dds pathcipainhayy Bed b&oadvay rda0tdrea@icd he
upper array of tubes 202 exposed. At that point the recycle solvent flow ng
t hr ough Wepws foxrclailfy eplytans dsatayshanagr nanlod isxdomndp Figrae fe Vapedeiduaeylene

pol yrmer f i t r f. t . 202 n
ot 5ol Tt Pikg! 1A cURREcrd b Cyia B ool RE Sucddf By TR 002 WBERP, g
t he upperprapylene edpot wbesteg{Pp2raoure eofrAOBC vis tdhavit guto deddar apyibepertr 85 bfjdrcant .

[ 00190] The mi ni | evel, of propylene in the kettle 155b. is determ ned by
t e maxi rﬁS?H%Pé‘FSP@{/\TE?ﬂ-eLE‘B%@F%HYEﬁn@ ip glravy drogy ﬁﬁal?ﬁtm pEeytion %{I\/i?ﬁ anquiny

vari ati ongn@i& ROodsihh& anf ArrCXARkEhankhS 11821 1 LXERANAR &AM HoRBstRabOr

pass exchanger having an array of strarght tubes and a | ower array of
st rai ght punipssl1320{d00IX04d Tisereanhdrthy @amaex chaatogd 04 aind t0BergspentivelyayOhee

defouled in.t . [,00192] T "shel | " kettle” d
"0t er char§aab PR dNg: e BXiHARERS 218 FGItoY Dbt PEFET RO hereits 0B grihe
oper at i orprgpylbhevaponidtu@b flindticRe heanstchdiget! AAL 107 td BR thit 80EtidANdraMe] 60
illustrated with reference to Table 1 on the foll ow ng Page. Tabl e 1 takes

a8l exanplfeym pdioyeritris Zagwpnnto third suction port 161 of compressor 150 at a temperature of

about 0°C. Compressor 150 compresses the propylene vapor entering the first suction 161
and then mixes that compressed vapor with propylene vapor entering second suction port 159
for compression and mixture with vapor entering the first suction port 157. The combined
vapors are pressurized yet again before leaving the compressor through outlet 152.

25 [00181] Figures 5a to 5S¢ show in schematic form the layout of a four pass U-tube kettle
heat exchanger for use with the seventh and eighth aspects of the invention. Figure 5a is a
view from above showing a horizontal cross-section through the solvent recycle heat
exchanger 155, Figure 5b is a view from the side showing a vertical section through the heat
exchanger. The heat exchanger 155 has an inlet and outlet end 155a and a kettle or shell

30 portion 155b. The bottom of the kettle portion 155b has an inlet 155¢ for refrigerant
propylene from accumulator drum 154 of compressor 150 and the top of the kettle 155b has

an outlet 155d for propylene vapor returning to first suction drum 156 of compressor 150.
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25 processes to nake: (1) a | ow nol ecul ar wei ght plastomer, as described
general |y above, (2) a higher nol ecul ar wei ght el astoner, as described
above, amsio(28)1/®7128gh propyl ene content ethyl ene copol yrer/ysedignerveed, as
descri bed above. WO 2011/ 087728PCT/ US2010/ 061099 [ 00194] To nmke

pl astomer in Figure 1, the feed tenperature is reduced by the chiller 6 to
0C. Alum num al kyl is added as scavenger in anounts appropriate to the

poi son content of the feed. Alternatively the process of WD 97/22635
(Turner dP082]) . Insile the kettlgmertian [5absadinpgr ey efeHitrbasAPal (fesualgity onlypencpar .

The feed @?@ng?h&% lnalfi%&leYSa Q%t‘rér?&tfr@xﬂ‘?héﬁfﬁlettfau@& r&&tﬁtﬁlmpﬁstaia?dné%l b&SRYUEF Of

et hyl ene an ene or Rexen oct ene cononone en enters the first of
the two deidtesf tfledaitty sorion Casflal Yatlcraoath aled upprt array sf Bdbes 202, hHewteaedyor s

8 in amounts to create the desired pol ymerization tenperature which in turn
s related Youktie eglmﬂéay et e kg gﬁ%tlou%ﬁfep%@fl 1&@%@%@@%9}%@”

I ngr easeget g onEiHP‘i‘(Eﬁ‘ifeﬁ(So‘%ti&P 1%5[9%%&19 o%@ﬁ%p%@td‘b%riﬁzaarﬂf 85 MVRL Wikosgs fhe
use of hydrogen (although H2 nay be  used). At the outlet of the 10 second
seri es rehowonn Fignee ol ynmer concentration is in the range of from15 wt%to

22 W% T neral condifions be, as described in WO 99/45041.. 95
PRI T g P g S B S W Rt e el e i R e
reaction aiidelvnr@htg 00TEsMhS BpFRnitiaf e U-RibtNLOPERSERE Q0 e BILtBLNtHBrtion

catal yst, unreacted nononer, and el evated tenperature. 15[00196] The heat

exchangervia theretherelsg 2A2d pé seld dvkase02ni Thcaieryclapalvertidhen lews dewvhenc fhegaef
exchanger, 16 causes Lt h t epperat,ur e ri t,0 220C.. rap.d pre re
atlp v asunt PR UEER oYy PO pREREICUBP e TS P bRE PofloBCRR

val ve 18 THyt @oldd&rctyditisclviaiss 188R3tiad Rilst/ovtiédpdriién P5RSHETURhGuERP2 IGto go
qui ckly from 100 bar to 40 bar. The pressure differential between that at

the out | & depnstrranpdivprsand back teehe fpefl blendmgspeiqnet down val ve 18 is solely
! el gown val v I
responsi h@l Phe Qg&zdﬁ@lg;[ h&%ofl qgga t?sné%fﬁﬂ?edﬁ?%l}{ Efg?é léitgé 'ﬁ8ﬂ10r11[' IXStSErbS/ diledd OW

t hrough t'he reactor e condui inclu eat exchangers 12
and 16. [[0£290], showhdentohedgaparBpore 5t4 an upper | ean phase is fornmed with

| ess t han wt % of . pol r d | ower pol ymer. rich phase.wt O mM%to
46° wt % oflﬂg%ﬁlﬁ}neﬁ}fcqiﬁ% e&%ﬁ@%?&hpf giF heat gpbress i PEryIdoribh e 203 ¥ &% hat
of the palypeLiAabt Q-”culSEsxi()‘Zr&hifcﬁ’%r&chttb*éﬁina 1XERBT ah@ whléh refifrh &6 platt bHELt
renoval of solveént and nononmer 1nh the | ow pressure separator 34 and the
ext ruder t4g oplets 2. dagurbéc pbnobeds fnlani2iweandl anletsddb 40 therdgwbeamytdfdh 1

wt % prefera?é% with 0.3 wt% or less, even nore preferably < 0.1 wt % of

vol at i | e+ fdi ng water. [00198] If the use of the plant is now conpared

with the 0gvgd|n Tablfetloutes f@tlofl 854 OMBE head@xthangdini 2 of RARLht fat 200 tthesgh
the polynerization tenperature is |ower than for plastoner, and the Eol ymer

céhcent r ameorelle ifeprgvidgd by emcrtivel dizatinobafils 20dwevich separatas sopei thhe gty 262
simlar tom upper tube outlets 202b and lower tube inlets 203a from lower tube outlets 203b. The
end chamber is also provided with a horizontal baffle 206 which upper divides inlets 202a of

the upper array of U-tubes 202 from lower outlets 203b of the lower array of tubes 203.
[00187] In use of the heat exchanger 155 located in the recycle circuit for recycling solvent
25 (optionally containing some residual monomer) back to the feed blending apparatus, the
recycle solvent, principally isohexane, enters the heat exchanger 155 through inlet 207. That
recycle solvent enters a quadrant-shaped chamber defined by the upper half of vertical baffle
205, horizontal baffle 206, the cylindrical wall 208 of the heat exchanger and the end wall
213 of the heat exchanger, together with plate 201. The recycle solvent leaves that quadrant-
30 shaped chamber 209 through the inlets 202a to the upper U-tubes 202 and is carried along the
upper U-tubes 202 in the shell of the heat exchanger, retuning via outlets 202b. Outlets 202b
empty into semi-circular chamber 210 defined by vertical baffle 205, the cylindrical wall 208
of the heat exchanger, plate 201 and end wall 213. The recycle solvent leaves chamber 210
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that for plastoners), the sane separation process and plant can be used to
give an output which is sonewhat |ower (reflecting the reduced efficiency
of the powvgreeri/@at28on process at WD 2011/ 087728PCT/ US20L0/u361109810v0Wer
tenperatures). Wth two reactors in series, the disclosure of WO 99/45047
(Harrington et al.) may be used. Generally speaking, in a series lay out it
is preferable that the first reactor operates at tenperatures between 0Cto
110C and the second reactor operates between 40C to 140C. Preferably the
first reddt8Hctyglntathe deweranparaftUntithes 383 wad fetroe vin o laype) dnigta greedsdéond
react or t en 50C to 120C. More preferably, the first reactor
oper at es%gfglget%ec‘?rr%réllpg{%ﬁés between 20C to 70C and the second reactor operates
bet ween q0@I8%) 1TAE. reWydd sapphopKitattratc oldnildr Df1 pioadst QdAdiot dowsstaath

poi son | eve|ls tenperature, of this order of magnitude can als e tal ned
wher e oneﬁqwg&n&nﬁmg e Tl LR e ?q?é%i g
process ca?ggtia;dspns. 10[ 00199] The sanme can be said about the rowin Table 1
mar ked " Predom nant propyl ene content copol yner" where the tenperature is

| ower ed t[60ERY] owOwhie pradesgedenst b éhghepty Exrhengaynbiferthe cupper mrray saff Pirtobent | y

hi gh nol ecul ar {ght.. The gener al ndi fions describ inh VWO 00/01745 can
e used. TeHODR ISyt RS BET Gl R TPorns Ber SO v Bu Rt VsBt B8E and
70C. 15[ Qﬁb%@loim@l of Uagbi¥Bitde @it Beial @p&lidy &FRt fshb YordatGOr Rafcatiet d¥ired to
reference for al'l jurisdictions in which such incorporation is permtted
and to t Ifefanttbatheathexchanger ribe siprdpredi opyienania thet kitte opesbill iposiano A3 Sbald
docunent s_t o i.ch i.oni re claimed.are fu i nco r at by .ref erence
o o oy elRL AT ks B oA Bkl o ISR B Yo Tl

dependentio dkaicnthic hipyer Siraygbe nbependenpoRd. | At &me Pomhankeradytle solvent poadid ce,
each of the features in _any 20 of the dependent clainms can be conbined with

each of ttheugkappsragrapef Biiss 392 hesies BrvarmelAe-dsplisd EistPodiasriBuliRgdAdent
Spon e AP CFREACERtn AL, o R OB OB RSP PR oo
pol yrer i zht isheil of reatofwiethebyrovsiimg thenegpper armay ef aliledsi 202nmeomeore aikl lguid
S% vent, I}rggylgﬁe%re] rig(:e?arlrliar i sing: 5a reactor;
[00190] The minimum level of propylene in the kettle 155b is determined by the
maximum allowable temperature for the stream of recycle solvent. Many variations are
possible. For example, the heat exchanger could be a two pass exchanger having an array of
straight tubes and a lower array of straight tubes.
20 [00191] The other heat exchangers in the plant may be defouled in the same way.
[00192] The words “shell” and “kettle” are used interchangeably herein.
Polymerization of Different Polymers
[00193] The operation of the plant of Figure 1 and the plant of the invention are illustrated
with reference to Table 1 on the following page. Table 1 takes as examples polymerization
25 processes to make: (1) a low molecular weight plastomer, as described generally above, (2) a

higher molecular weight elastomer, as described above, and (3) a high propylene content

ethylene copolymer polymerized, as described above.

-45 -



bl endi ng neans to bl end one or
produce a feed for the reactor;

pressure Wb 2at1/dserst 20 bar; and
feed prior to entry into the reactor conprising at 10l east two heat
exchangers wherein at | east one of the heat exchangers is downstream of the
punp. 2. A continuous solutlon polynerlzatlon process in which a feed

nore ol efin nononers and a solvent to
a punp for conpressing the feed to a
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WD 2011/ 087728PCT/ US2010/ 061099 first suction port or first suction drum
if present, to the second heat exchanger and conduits for the return of
refri ger amo 2bricnsrt2Be second heat exchanger to the secon@CIMS2I10/061909t Or
second suction drum if present, and conduits for the supply of refrigerant
fromthe second suction port or second suction drum if present to the
third heat exchanger and conduits for 5return of refrigerant fromthe third

heat exchanger to the third suction Eort or third suction drunéﬁlf present.
4. A pl ar{i!)0 lc1 Ap mezkeindastqragrin Bigwse nthgifecd tewnepriafuse i raducsd bpdbg ghileretoor

272 L0 S8, AT, EORALSERSAQL g S DEH Ehgaggett ©

appar at ushé tuet hevtcamapely Shaygrocan diiWe 972268 HETurd & up)ol Phegiresseferis gasaalily

fromthe first suction port or f]j t suction drum if present,
fourth hd %C%&l&ﬁ!& % ch?ﬂuﬁ‘% ercom@flama?%fgelffH%IVP%tf%nidg@rtaéP?aabp%rﬁél

second Pagtepre o?eé% gnesé{ﬁit b J,déﬂjl@xehé oPB&éﬁ‘&om&i&%&QﬂQPéﬁt&sf&é fitdRSr %H{PF” y

of refrigerant fro t he second suction port or second suction drum if
present, to sehies faattols heflatadyst hadhgervagmds eddmlutiottbe fauctorh® in etmenmts ¢é create
refriger

t fromthe fi.fth heat exchanger .to the t cti,on ort
b r A sudht dRERLR ST Do SR RS MAC i dpat ettt e Gl phefegir
claim4 iyeiphti Chheahda 6P pbi§mlcAcAiRdnbRhws e thferreend 1304 th2oc*(@aform a
exchangers. = 6. A continuous solution polynerization process conprising

prepari ng)l@stqre@fdw&b@mrth@ Mﬁg of iy dtagendpiéhapighiln mayrieneses).ane éicsuitipenf the

paserag the feed throu johst heat . 20 exc ﬁne%]rge 0§ sec?pd J)eat

exchangerse%loné1 i Weraatog ?po eﬁﬁalécrentr%té% Bof I'rs 1romsecon id VHer d

heat exchﬂmhsrab@;ﬂaglﬁlgmlyl&ms\&bﬁdﬂlbadE@WO gensmtl. by a common thr ee-stage
conpressor, the refrigerant supplied to the third heat exchanger being at a
t enper at UPBIKH | ¥errip fien.sapticd @b Adinkilprigatrslizs dhepelmarigion roastion gyhich
produce ara I e ual
ronorr . PRy SREsf anB R r2lenfhelche R, G ink A G m ek, i

i ncl udes devaaudtitb@peratute.an accunul at or drum whi ch conmuni cates with the

outl et vi cond e adth re.fri erant in the accunul ato rumis at a
pressldr el ﬁﬂ‘a%]ue Fgﬁééato?xc %‘%ﬁ{ 8 TRige e&amaera@rww@ﬁx ag FhePhté o hgdlus
sol ution d%@ﬂléﬁ%@f |G 8lds@N RfrthRPRYerdRE §isC k&P CTONIRA Breste dRIpaBults as the

conpri si ng:
polymerization mixture passes through the let-down valve 18 into the liquid phase separator,

with the pressure dropping quickly from 100 bar to 40 bar. The pressure differential between
that at the outlet of the pump 3 and the outlet of the let down valve 18 is solely responsible
20  for causing the feed and the polymerization mixture to flow through the reactor 8 and the
conduit 11 including the heat exchangers 12 and 16.
[00197] Inside the separator 14 an upper lean phase is formed with less than 0.1 wt% of
polymer and a lower polymer rich phase with 30 wt% to 40 wt% of polymer. The
concentration is approximately double to triple that of the polymerization mixture fed to the
25  separator 14. After further removal of solvent and monomer in the low-pressure separator 34
and the extruder 40, polymer can be removed from the plant containing less than 1 wt%,
preferably with 0.3 wt% or less, even more preferably < 0.1 wt% of volatiles, including
water.
[00198] If the use of the plant is now compared with the row in Table 1 marked elastomer,
30 it can be seen that although the polymerization temperature is lower than for plastomer, and
the polymer concentration emerging from the reactor is lower (its viscosity will be similar to
that for plastomers), the same separation process and plant can be used to give an output

which is somewhat lower (reflecting the reduced efficiency of the polymerization process at
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30a primary reactor and a secondary reactor arranged to operate in
parallel, the ratio of the internal volune of the primary reactor to the

i nt er nal wol2on®sof28t he secondary reactor being in the raaogasediofswne 60: 40
to 95:5; primary feed supply nmeans for supplying a primary feed conpri sing
one WO 2011/087728PCT/ US2010/ 061099 or nore ol efin nononmers in a sol vent
to the primary reactor, and a primary catalyst supply apparatus for
suppl yi ng a first pol meri zati on catal yst to the pri marérreactor to forma

B

primary peVHEPEBHITas) niVhigh }ym gﬁﬁ@tprszatsm% Ph@aieftcmﬁﬁrerﬁw /43047 éHaerington
ssecondar Il.?%gar}f)b‘eoﬂkéﬁ MBRRGallP sp SRR Yh AscfieS & 8&%‘% Xs é?e‘% aﬁl%”iﬂ&ﬂﬁl esONe
or nore oletin noners rn a sol B 0 the sec ndary r and
secondar yregadrabysites uppémpa@tpeersalbmeémt)"e uppl NPEgardl e caookad yeactor operates
pol ymerization catal yst to the secondary reactor, to forma secondar

pol yner - ﬁ@h\v%qnn%& taol|49nér Pielyrably tﬁ@ga%t 54514 OReHE> HHEMBFTHLUrSS betweemnlShs ¢ o
conbi e HQ@Oﬂ@hﬁﬁ&Maﬁ%gnéﬁ%%@@%g%aQﬁ%¥ﬁ%%n%@ﬂ@QbﬁQGQjp @gﬁ%&ﬁBloﬂwfhm
10reacti on m xtures downstream e primary and secon reactors to
forma ccrmntwredpqwbyratemmmratmﬁsrlwwmm R0TG e Ut0eC farddthe’emend ocacku| gceateshe
pol ymer fr rrerizat on reaction m'xt re. A

Pr ) e 100t o 6 Pl WEE o A¥thamptepfaleciori RESE BRGRS rdickis ghd WGP el o
to the vabMpBafiec 5@@@%&%5@&@@&&@%1@&% sbthingd wWaBgnefredctRBnBois3I8ed 6
90: 10. 1510. A process for the continuous solution polynerization of olefin
mononer s twerrpFatesd At used undes dpgpiapicriyoeass QOIpirﬂiler y reactor a pr| mar y feed
conmpr, lgS! r‘[ﬂ?ﬁbﬁ Orl“hms)alinele %ln? Be NaillBRIE trh% oW v if "lsa(%lev? a’rkedn'qu qdiih R Yopylene
catalyst eby T 3TTT g &° B rary Yier - ¢ont ai hi g pol Ymeri zdt ron
reaction gghicht! b@polyrner” where the ternperature is lowered to allow the less reactive propylene

monomer to form a sufficiently high molecular weight. The general conditions described in
WO 00/01745 can be used. In the runs, the polymerization temperature varied between 28°C
and 70°C.

15 [00200] All documents cited herein are fully incorporated by reference for all jurisdictions
in which such incorporation is permitted and to the extent they are not inconsistent with this
specification. All documents to which priority are claimed are fully incorporated by
reference for all jurisdictions in which such incorporation is permitted. Although dependent
claims have single dependencies in accordance with U.S. practice, each of the features in any

20  of the dependent claims can be combined with each of the features of one or more of the

other dependent claims dependent upon the same independent claim or claims.
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supplying to a secondary reactor a secondary feed conprising one or nore
200l efin nmononers in a solvent, and a secondary catal yst, thereby formng a
secondar ywpabywmsrz28ont ai ni ng pol ynmeri zati on reaction m PCUAES2010/061099
conbining the primary and secondary pol ymer-contai ni ng polynerization
reaction m xtures downstream of the primary and secondary reactors to form
a conbi ned pol yner-contai ning polynerization m xture; and 25isolating the
pol ymer fromthe conbi ned pol ynmer-contai ning polynerization reaction

m xture, CLAIMS n which the ratio of the internal volume of the primary
reactor t i al volume of the secondary reactor is in the range of
from 60: 4%h%t2§§}g%e.ejl 1. A nethod as clainmed in claim 10 in which the primry
feed conpli sesA plamt fdruhe codtinuds ailttydrepey@andz4piva pyflacied andpiidigg piid orumyre
catalyst is.a chiral rTgt al | ocene catal yst .such that in the primary reactor
i s formeddBoOpIRyaRd apolyehlyiheReni RMPHYPS/| ene having crystallinity of
from about 2 to phout,65% fromisotactic pol ypropyl ene sequences, a

propyl ene content of from about 75 wt.%to 90 wt.% and a nelting point of
25C to 105C, andbleiibngeeamdarblerfdesd or\W2@1diN@37@88RCTNIS20 N0 1HOGuCe a
conpri ses pgq%ayl ene or a mxture of propylene and one or nore nononers

sel ected fr & OGP Onsi sting of C2 or C4 to CLO al phaol efins and t he

secondary pol YUBJI?&%E&ICBm?%sﬁ%M{%b&ﬁH PRsSuBSEH It AP OXb#! shdconpri ses a
substantially isotactic polypropyl ene polyner containing at |east about 90
Wt . % pol yrrer i zed? gaodipg|sestemaint ceplingl the degdpuiontto grieninde thaegactsnpouprisinga,
12. Aior‘rpt hOFeaatStwpol Ha e>g hal) % %‘vlhré}elrg atof{eas:lt]b ! nofv‘é'gel ﬁgatt Qc alila%rlsols gwgéﬁre\émagf
producti on rate ion The Trrst redactor to p(l)lemar proé’uc i6A rate I'n the
second reactRrpung.i N the range of from95:5 to 60:40. 13. A plant for
t he conti nuous sol ution polynerization of a feed conprising one or nore 10
ol ef i n nohomerA camiugusilytihy polymerizstign prasesipivdliehya fogd camptiping one or mofeged

o erh 0 TRAT LG HCRRLE 4, RS FATIALS 0% S 13 5o 56 0 OGRS
f or m t hersebledan polegpeonedrat aichamgr peiac toobeing podlynerized in a reactor downstream of
15  the at least one heat exchanger.
3. A plant for the continuous solution polymerization of a feed comprising one or more
olefin monomers and a solvent, the plant comprising:
a reactor;
blending means to blend one or more olefin monomers with a solvent to provide a
20  feed for the reactor;
one or more pumps for pumping the feed to the reactor and for compressing the feed
to the desired pressure; and
a cooling apparatus for cooling the feed downstream of the blending means and prior
to entry into the reactor comprising:
25 a first heat exchanger, a second heat exchanger and a third heat exchanger;
a common three-stage compressor having an outlet which communicates with an
accumulator drum via a condenser, a first suction port which optionally communicates with a
first suction drum, a second suction port which optionally communicates with a second
suction drum, and a third suction port which optionally communicates with a third suction
30 drum; and
conduits for the supply of refrigerant from the accumulator drum to the first heat
exchanger and conduits for return of refrigerant from the first heat exchanger to the first

suction port or first suction drum, if present, conduits for the supply of refrigerant from the
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15downstream of the reactor, separation neans for separating the polyner
fromthe unreacted nononer and the sol vent: apparatus for recycling
t he sol vewo 2baais7128r ough t he feed bl endi ng neans and t o PChAISR@EAO61HP9

i ncluding at | east one heat exchanger having a first array of

hori zontal | y-arranged tubes and a second array of horizontally-arranged
tubes arranged below the first array, both 20 the first and second arrays
bei ng encl osed in a shell having an inlet and an outlet for a liquid |
ref ri ger bt sushen port @R e Stl%)ns%vme it PrEseaivdo g spcondh hest @ﬁcltaﬁéerw@lgeqonéw%y

of tubes @gpg then td rr8 atnpg 0 n&c&gc{e f atoefxcfleﬂ&t%ts to> Hl%hsetcgr?ct suc'tlgn g o NE

| evel of re rlgerant I'n owere 0 expose the upp array
of the tubamd suttdon Aﬂmh,allﬁtpl‘@SntC bhad mﬁdiunt@ foi eienup@lyiof refrigetunt fient ﬂh%c@rde

Ut ubes. 2515.AIEIant a laimed in claim214 in which tﬂe heat , exchanger is
a four pa¥SUMLRI Q% eteaR Shetiope Tk BsPnbio -IhBAINeHE ghHeat ard eongero n a

pl ant sf Orreﬁlﬁ?oﬁ@eﬂig oﬁ%&”t&fd“h&@'e)(&?a‘h?é%'tﬁ@ tﬁlfd ARSioR polPEEth Al &Liétibn

monomers in feed conprising one or nore olefin nononers in a
sol vent Mkmmoﬁmnsﬁmzed to prOV|de a pol yner-contai ni ng polynerlzatlon 30

reaction z§elfron1%h H{ solvth and resi dual nnnoge ar ”?ted
and the <ol verft R ASHRMEY Pnt 6‘&?@;ﬁ 4 praB%Pr SPUBTIMAI T AR I'MS%C the
eXChangercobﬁn%@ﬁﬂarétﬁ@co’i%f{s%ﬁ'tfo&fﬁ Ad £i®h hatUKBhankgBrs Wik alte%ralag@d toeegoanger
has an ugp orizontal ly- arranged array of tubes and a | ower

hor i zont dk¢d tathea sereddary riayctor, thesesliznappasatds ifirtker stvanpirisggneeriduita gor ﬂquu d

passel 1 ooty o gbBrrREo e e e p e vt Ue bR BR Y PR B 5

t ubes, heat exchanger and conduits for return of the refrigerant to the second port or second suction
drum, if present, and conduits for the supply of refrigerant from the second suction port or
second suction drum, if present, to the fifth heat exchanger and conduits for the return of
refrigerant from the fifth heat exchanger to the third suction port or third suction drum, if

15 present.

5. A plant as claimed in claim 3 or claim 4 in which a pump is located between the
second and third heat exchangers.

6. A continuous solution polymerization process comprising preparing a feed
comprising one or more olefin monomers and a solvent, passing the feed through a first heat

20  exchanger, a second heat exchanger and a third heat exchanger, each of the first, second and
third heat exchangers being supplied with a refrigerant by a common three-stage compressor,
the refrigerant supplied to the third heat exchanger being at a temperature of less than -30°C,

combining the feed with a catalyst to produce a polymer, and
separating the polymer from the solvent and residual monomer.

25 . A method as claimed in claim 6 in which the compressor includes an outlet and an
accumulator drum which communicates with the outlet via a condenser, and the refrigerant in
the accumulator drum is at a pressure in the range of from 10 to 25 barg.

8. A plant for the continuous solution polymerization of one or more olefin monomers,
the plant comprising:

30 a primary reactor and a secondary reactor arranged to operate in parallel, the ratio of
the internal volume of the primary reactor to the internal volume of the secondary reactor
being in the range of from 60:40 to 95:5;

primary feed supply means for supplying a primary feed comprising one
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the nethod including the steps of passing the solvent through the tubes of
the heat exchanger with a liquid refrigerant in the shell covering both the
upper andwbaesrosargays of 5 tubes and, when it is desiredTius2de/xbmad t he
heat exchanger, lowering the level of liquid refrigerant in the shell to
expose the upper array of tubes such that the tenperature of the solvent in
t hose upper tubes increases. 17. A nethod as clainmed in claim16 in which
the | evel of I|qU|d refrigerant in the heat exchanger shell is |owered by
cl osi ng &t MF etelipgponanys i & s yang &y hapripsrorepser.éRél | and al | owi ng 10t he

I d ref
c: g:“m 1[360{' o Hltlafgﬂ R&%a@ﬁ }J ?@Qfagl\%ﬂo 94pfp yncl]%gglré I ger aﬁf‘n %@%ﬁgg%el I
is | ower ephrtmyemasﬁ; foofdmmt hepritpger palpaet-bentdioingr pdlgmerizaionateactfont tieare

19. A method as clained in any of clainms 16 to 18 in which the solvent is
hexane. WIBIMA et hod as claimed in any of clains 16 to 19 in which the

refrigerant i to
20 |ngmh|ch tﬁgﬂgg%§g§§f5§%%%%$g§ by t 1ﬁ%§§E§§?E§H§§%é§% g&?%h%%?ﬁ?é&% of

bet ween Lﬂcﬁmdnaﬂﬁmmunmmgaﬂh@npenh©dsamhaﬂ'b@uhrum@ uppamndanydcdtdywsr supplyay s
any of ol STERGOF o PRD S arioBHEr iRel AT AAEr St i g oM apCregrieE (S B on
mxture i @w%@ﬂ@arr@bsgme%@mamn@ PORRherida€ibn | lefidiof nRASEtRRGn;a2 pol ymer -1 ean
20l i qui d phase, and the polyner-lean |iquid phase is recycled as part of
the recycl e stpeamto combine the primary and secondary polymer-containing polymerization
10  reaction mixtures downstream of the primary and secondary reactors to form a combined
polymerization reaction mixture; and
means to isolate the polymer from the combined polymerization reaction mixture.
9. A plant as claimed in claim 8 in which the ratio of the volume of the primary reactor
to the volume of the secondary reactor is in the range of from 65:35 to 90:10.
15 10. A process for the continuous solution polymerization of olefin monomers comprising:
supplying to a primary reactor a primary feed comprising one or more olefin
monomers in a solvent, and a primary catalyst, thereby forming a primary polymer-
containing polymerization reaction mixture;
supplying to a secondary reactor a secondary feed comprising one or more
20  olefin monomers in a solvent, and a secondary catalyst, thereby forming a secondary
polymer-containing polymerization reaction mixture;
combining the primary and secondary polymer-containing polymerization reaction
mixtures downstream of the primary and secondary reactors to form a combined polymer-
containing polymerization mixture; and
25 isolating the polymer from the combined polymer-containing polymerization reaction
mixture,
in which the ratio of the internal volume of the primary reactor to the internal volume
of the secondary reactor is in the range of from 60:40 to 95:5.
11. A method as claimed in claim 10 in which the primary feed comprises a mixture of
30 ethylene and propylene and the primary catalyst is a chiral metallocene catalyst such that in
the primary reactor is formed a co-polymer of ethylene and propylene having crystallinity of
from about 2 to about 65% from isotactic polypropylene sequences, a propylene content of

from about 75 wt.% to 90 wt.% and a melting point of 25°C to 105°C, and the secondary feed
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comprises propylene or a mixture of propylene and one or more monomers selected from a
group consisting of C2 or C4 to C10 alphaolefins and the secondary polymer-containing
polymerization reaction mixture comprises a substantially isotactic polypropylene polymer
containing at least about 90 wt.% polymerized propylene and a melting point greater than
about 110°C.
12. A method as claimed in claim 10 or 11 in which the ratio of polymer production rate
in the first reactor to polymer production rate in the second reactor is in the range of from
95:5 to 60:40.
13. A plant for the continuous solution polymerization of a feed comprising one or more
olefin monomers and a solvent, the plant comprising:

a reactor;

feed blending means to prepare a feed comprising one or more olefin monomers in a
solvent and means to supply to the reactor the feed and a catalyst to form therein a polymer-
containing reactor mixture;

downstream of the reactor, separation means for separating the polymer from the
unreacted monomer and the solvent:

apparatus for recycling the solvent back through the feed blending means and to the
reactor including at least one heat exchanger having a first array of horizontally-arranged
tubes and a second array of horizontally-arranged tubes arranged below the first array, both
the first and second arrays being enclosed in a shell having an inlet and an outlet for a liquid
refrigerant, and in which the solvent flows first through the upper array of tubes and then
through the second array of tubes such that, in use, the level of refrigerant in the shell may be

lowered to expose the upper array of the tubes.

14. A plant as claimed in claim 13 in which the tubes are U-tubes.

15. A plant as claimed in claim 14 in which the heat exchanger is a four pass heat
exchanger.

16. A method of de-fouling a heat exchanger in a plant for the continuous solution

polymerization of one or more olefin monomers in which a feed comprising one or more
olefin monomers in a solvent is polymerized to provide a polymer-containing polymerization
reaction mixture from which the solvent and residual monomer are separated, and the solvent
is recycled through an apparatus which includes a heat exchanger to cool the solvent prior to
re-use, in which the heat exchanger has an upper horizontally-arranged array of tubes and a

lower horizontally-arranged array of tubes enclosed in a shell containing liquid refrigerant
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and the polymer-lean phase passes first through the upper array and then though the lower
array of tubes,

the method including the steps of passing the solvent through the tubes of the heat
exchanger with a liquid refrigerant in the shell covering both the upper and lower arrays of
tubes and, when it is desired to de-foul the heat exchanger, lowering the level of liquid
refrigerant in the shell to expose the upper array of tubes such that the temperature of the
solvent in those upper tubes increases.
17. A method as claimed in claim 16 in which the level of liquid refrigerant in the heat
exchanger shell is lowered by closing an inlet for liquid refrigerant into the shell and allowing
the liquid refrigerant in the shell to boil off.
18. A method as claimed in claim 16 or claim 17 in which the level of liquid refrigerant in

the shell is lowered to expose both the upper and the lower layer array of tubes.

19. A method as claimed in any of claims 16 to 18 in which the solvent is hexane.
20. A method as claimed in any of claims 16 to 19 in which the refrigerant is propylene.
21. A method as claimed in any of claims 16 to 20 in which the solvent is cooled by the

heat exchanger to a temperature of between 10 and 20°C during the periods when both the
upper and lower arrays of tubes are covered by the liquid refrigerant.

22. A method as claimed in any of claims 16 to 21 in which the polymer-containing
polymerization mixture is separated into a polymer-rich liquid phase and a polymer-lean

liquid phase, and the polymer-lean liquid phase is recycled as part of the recycle stream.
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