BULK HOMOGENEQUS PCLYMERI ZATI ON PROCESS FOR ETHYLENE

PROPYLENE COPOLYMERS BACKGROUND Fi el d [001] The
w@e@9mst46dli scl osure relates to, the field of ol BET/NS2008/013859

pol ymeri zation. It nore part'llcUI arly relates to

et hyl ene- propyl ene copol yners and net hods of produci.ng

them Still nore particularly, the present disclosure

rel ates to BULK HOMOGENPOUSIROLY MERIAATIGN

pr oduceg ESS FORKETHMIYSNE RROPYFRE COPOINYMERS
condi tions. Description of the Related Art [00Z]

Y
Et hyl ene- propyl ene (EP) copolyners are typically nmade
i n_a honbgeneous sol ution type polynerization process.
BAGKGRAN | Patent Publication No. WO 2006/ 044149,
herein incorporated by reference in its entirety,
cl oses a polynerization process where the pol yner

kssol ution is .S i i ' .
(0B o7 i PrspEucdiSFibSile i % 466 £80q 32 dIOHR pofih¥fiition. 1
mEFéiljﬁHﬁiEﬂﬁH?' RSlatiR' o tiBYIcAE-pibpyRAEVESpolyHtes and methods of

honogeneous”™sol uti on type polynerization process
provipting| thymut $till resregrasticwarly hthe Foésentdisdosgatrelates to ethylene-
typi cally conprising organi c, conppounds of five or re.
propyleos randem qapokuBrs: prodpeesd uederpwngWrsespapp erization
cfxtxzidt'thus to enable fouling-free reactor operations in .
¢ él?ﬁ‘soducti on of propyl ene-containing copol yners.

Wth the accunul ated i nert propane in the nononer

Dgﬁ&tioégh@fgl' g;élaéglmnt/di luent level is often at or
0 pol yneri zati on reactor. [003]

[OBQPaUS@tﬁ?lehéipwﬁ)yhéﬁé HEP) esopolyanersat &rew tiypicatlye made in a
60" W % sol vent plus the accunul ated inerts present in
harhegenmouse sohwtion, type mpohomerizatieh cprasesser International Patent
gqncent rat | i e reactor. feed is erally 20.wt% .
P88 NN 2Pabiidn 10 cheinmeomaadanirtotentrit 1 entirety,
diS105&°8 p%MHe&zﬁi&PH&ces? WheYehd ﬁ&l@rﬁé}a&s&léﬁom is substantially

aided by an inert solvent (“solution process”), such as where the polymerization

medium contains more than 60 wt% solvent. The homogeneous solution type
polymerization process typically utilizes greater than 60 wt% solvent typically
comprising organic compounds of five or more carbon atoms to keep the product
polymer in solution and thus to enable fouling-free reactor operations in the
production of propylene-containing copolymers. With the accumulatéd inert
propane in the monomer feed, the inert solvent/diluent level is often at or above

80 wt % in the polymerization reactor.

[003] Because solution type processes operate with more than 60 wt% solvent
plus the accumulated inerts present in the monomer feed, the monomer and
comonomer concentration in the reactor feed is generally 20 wt% or less and is
further reduced to less than 2.0 mol/L, or less than 1.0 mol/L, or even less than 0.5
mol/L due to monomer conversion in the polymerization reactor. This low

monomer concentration has significant process cost consequences. For example,



nol /L due to nonomer conversion in the polynerization
reactor. This | ow nononer concentration has
W@ e@niogi4s6ant process cost consequences. For exeempiUs2008/013859
reduces catal yst productivity hecessitating relatively
Il ong residence tinmes in the reactor (typically nore
than 15 mnutes) with a corresponding | arge reactor
it veduce® cafbhgst ippoductivityonevessicatirgntelativaly leng vesidericedimes in the
the EP copol ynmer product npl ecul ar wei ght at a_ given
repetot cdypically emgre than whi dninutesjewdthap| GO darge reactor
for by_applying |lower process. tenperat.ures L1035
valginsorBe RvarBopGiieE sphfittion TRe L B2 51 cdgplpimer product
i i fclis geRefl ted
mdlSR R EiBE ot Al YRS fipck A, SERCR s g AT hpensate
foP IHC.applyihg SPvidiaprdte.temperatiires e@sg.| 1330 t@. W °KYsat the typical
(?%.QSPBF?; g 138 bar), or | gss than 1.8 kpsi (12.4 MPa
procdsadpsssure (tyrpicalls 1t kpsiil2d karsor {owerd afthe Teactprr Yn general,

s e e 8 S e s B RgF o0, and
R BTG Z PRI FERAPRS! | DA 1A s (124 M = 124

ba#),CorCleRS fsdny €. 5 Rpdind0a8 MPae: 103 GRE); dk @verllesshitah 1.0 kpsi (6.9
ehergy usage ultimtely al so neans i1 ncreased

MbPacebShbane Thessiomsprof@B4lendperatmes omdurmabwke, the removal of
substantial fraction of ;the production cost of Lhe
pqlymsrizatien dwaticostly praapirng dargeoreifigeiation rains that use a lot of

roduci Pc Ie trisout t .
i gL B HBor are BB TE o duftl bt BeFe, Thejeh sperey vsage
ullitt 89 AP eaAs irifcd RANRESH-Hodse ARpdsisds. si gni fi cant
associated cost stens fromthe handling of the inert

solvents required to keep the product polyner in

[099] ut i o meatiahsdabovesacdubstanbiabfractionl of th&k pryaluction cost of the
viscosity low. The handling and recycle of these inert )
priey \ashtsolutieni palymerigatipny peacessit faxn predusinginEPalcppolymers  is

acfiaer 15 BBt eRhertes eigdanaRo s S MEHeS ISRy, the low
p(ﬁ?ﬁlgwﬁ?ﬁon&? ??ﬁlﬁgpa\fﬁ%. t gn%ﬂ%rdsigﬁ‘fﬁﬁﬁ? b¥soRidtEs Cb8stems from the
pf oduc ty, AVITO s

gua and raising nmental concern

hdrliagest the iné ¥6RMenwPRQuired|te keepithe Ek@dm podyhier i solution, to
Consequent |y, processes enabling hi % er-tenperature

abspely mtaicting heatj/and te kieap rvigcionify 1o gnodlingramd; recycle of these
. sol v?nt woul d be adyvant ageous. . .

inert solvents require large investnient and substantially add to the operating cost.
The solvent residues are also difficult and costly to remove from the product, but
must be removed to avoid adversely affecting product quality, and raising
environmental concerns related to solvent vapor release to the atmosphere.
Consequently, processes enabling higher-temperature operations and/or

eliminating the need for inert solvent would be advantageous.

[005] Hence, there is a need for an improved polymerization process for EP
copolymers enabling higher-temperature operations and/or eliminating the need
for inert solvent/diluent compared to the prior art solution polymerization process

for producing EP copolymers. There is also a need for EP copolymer products



[005] Hence, there is a need for an inproved

pol yneri zati on process for EP copol yners enabling
whe@beszsenper at ure operati ons, and/ or el i m nat PCyUS1v8/013859

need for inert solvent/diluent conpared to the prior

art solution polynerization process for producing EP

copol yners. There is also a need for EP copol yner
whhdgipebesd hiiciospruoted andcothet pucperties,dilce, dohexample lower melt

properties, like, for exanple lower nelt flow rate, )
flownmate e compared ciep &iR rapolymersu peadused: by the gmerr @rt solution

ol ution polynerization process. SUVWARY [ 006]
p YWF‘%ﬁ’é‘-”gPB S¥ne random copol yners produced by bul k

honbgeneous pol yneri zati on processes and net hods for

the production of such EP copol yners are provided.
SUNMMIARYcording to the present disclosure, an

advant ageous conti nuous pol yneri zation process to
[006bduc Etkylepe-prepylenpy| cardamndsepelypatrgnepsoduced by  bulk

conprises: (a roviding a reactor train includi one
haraaEAnsous PR Brdeasses Ay dusthbet ot e BEdRLBR o such
' e e reactors of the reactor train 1)
E%%B‘)g/]&g%eggt%%@ngrr#e\{ﬂd " one or nore catal yst systens, 3)
et hyl ene conmononer, and 4) optional one or nore
[Ot%z Ventﬁ?oco}‘ﬂlﬁge'té‘ fiie Aﬁ'@ﬁ?ﬁ OfistIRLfe, | 8n 2hdvantageous continuous

erature of between 65C and 18C0C and at a pressure
polgmieginetion hprockSs Ma prddmeet bthydémasprapyilerie prandenr ecapfolymers
the pol ynerization systemand | ess_than 1500 MPa,
camprisash (ahprovding i reactantraipsinohidipg e reacder 6F two or more

e 5o B RS LE R, Wi, i 1
P rﬁgﬁ&%t’no ef @50&9 oY idre Yty stey] ‘3? Rtty1En®86mBhomer, and

e catalyst systens Tor the reactor "tral conpri se

4)o6yRtidial 19k orcbed ¥skveptse euliezeinstheavactor trii és at a temperature of
activators, and optionally, one or nore catalys

betwppn 665C andié@’a anideatonpressurgurceloyeardhgr 10 af:_lm},o‘grtbe cloud
PRl T S S S B EHT LA LRGTREpg wherein the
PG SHEREs P4 NS ko LA Sl eimpries
the \firopylehefbho@er, grsSethfietéomonomer, any solvent present, and the
polymer product, wherein the one or more catalyst systems for the reactor train
comprise one or more catalyst precursors, one or more activators, and optionally,
one or more catalyst supports, wherein the one or more catalyst systems are
chosen from Ziegler-Natta catalysts, metallocene catalysts, nonmetallocene metal-
centered, heteroaryl ligand catalysts, late transition metal catalysts, and
combinations thereof, wherein the polymerization system comprises less than 40
wt% of the optional solvent; and (c) forming a polymer reactor effluent including
a homogeneous fluid phase polymer-monomer mixture in the reactor train; and

wherein the resultant copolymer product comprises between 10 wt% and 20 wt%

randomly distributed ethylene.



wt % of the optional solvent; and (c) formng a pol ynmer
reactor effluent including a honbgeneous fluid phase
w@ologmsxerononer m xture in the reactor train;PERTS2008/013859
wherei n the resultant copol yner product conprises
bet ween 10 wt % and 20 w % random y di stri buted
ethylene.- - [008] A further aspect of the present
[008} c| ourfurthet adspsct ofatheapresgaoudisclasutenrelates to advantageous
et hyl ene- propyl ene copol rs conprising; between
andwwaﬁﬁln@mnp%py ﬁppolémrsummsmghybéwem 16 \é(t% and 20

W%gaéﬁfdlﬂo te Of?f?n?&h gﬁgo\y i égf&}&g {rp)et\’veen 0.5 and
2(?2?2 l%?ﬂ? %ﬁ YR thé ?ngrﬂéroﬁslf(ﬂ%nﬁ%e&kb% % 'gﬂlli H8ﬂlogeneous

regi o’ defects In prop e seque
polofRrivaton | probedsyesnl 4therein HOYo@l agiy defs iin the propylene
copol ymer of equivalent nelt flowrate and wt %
sequincesref thol qnpeiym@dlsuyetwegmm amh lé@%ymatez dhain a copolymer

roces These and res nd attributes
oot e}tsmeiiélpvr;pf%pmﬁ W%, cflenss peliibeithdhe Solution
_p(ﬁg %aﬂéw&sgrocesses to produce them and their
a ntageods applications and/or uses will be apparent
fromthe detail ed description that follows,
[009] t | ngéaé ¥nioher Radired af@® EttHBﬁfésfotl‘i’btd'i‘sc‘l&%deE (KB ¢bpslymers,
appende ereto. BRI EF DESCRI PTI ON OF THE DRA
theObolk Thonesensdud lpodgmefizatiok naroyessks | to pmddme them and their
rel evant art in making and using the subject matte
adyantageous efppligations sand@s vsest HEilbdse rRparant a\ﬁqmgsthe detailed

i.cal 13C NVR
agBRfpt et Tl hwéﬁsf% ciheB el dhcropmaredii with dhe figores
a@eﬁﬁk&ﬂ@re@@mem [012] FIG 2 depicts the defects for
mer chain segment growing fromleft to right.
DEFI NI TIONS [013] For purposes of this disclosure and

the clainms thereto:
BRIEF DESCRIPTION OF THE DRAWINGS

[010] To assist those of ordinary skill in the relevant art in making and using

the subject matter hereof, reference is made to the appended drawings, wherein:

[011] FIG. 1 depicts a typical >C NMR spectrum of an ethylene-propylene
copolymer with high ethylene content.

[012] FIG. 2 depicts the defects for a polymer chain segment growing from
left to right.

DEFINITIONS

[013] For purposes of this disclosure and the claims thereto:

[014] A catalyst system is defined to be the combination of one or more
catalyst precursor compounds and one or more activators. Any part of the catalyst
system can be optionally supported on solid particles, in which case the support is

also part of the catalyst system.



[014] A catalyst systemis defined to be the
conbi nati on of one or nore catal yst precursor

W@ 09poseass and one or nore actjvators. Any parPCDUS1008&013859
cat al yst system can be optiormally supported on solid
particles, in which case the support is also part of
the catal yst system[015] Fluids are defined as

[018] er i Hisidsnarehdefinéd qusi mhaterialsider theirt liqaid fdrusupercritical fluid
states. Dense fluids are defined as fluids in their

> ] . e .
stateguRense fhugearerdefines) assilwids dn fhein liguidsox supgreritical states with
t han 300 kg/,n8. 6) Solid-fluid phase transition
dens rg%tﬁgﬂ?ag’%@%ﬁ@'as the tenmperature at which a
solid polyner phase separates fromthe
yner, n A
(OA8LL oo BI LR REnIERS ERd ARy & SOy & e Efhperature at
whith P§ AR "poKsndYY plaseer sdpakstes ediihi Ofheat psl9fisdradintaining
pressure starting fromtenperatures at which the .
palgmenizatios Systém ali asgiveadpressutee pbhe rselidzBuidophase transition

system Solid-f]uid . phase transition tdg]rrgerat ure can
tempeRatEy can b detemriaed by femparatiisnriCHORt KABYANL pressure

R S AR
P%Wilﬁﬁgﬂls.?&eﬂﬂl %6R4-fAaThaS€ PANSDR thPRrdtlife can be measured

mer-contai ni ng pol ynerization systemat a given
by anbrligt wraldifitre te othied khbwindmphasementiteshhiques.pr essur e
can be determ ned by pressure reduction at constant
tenperature starting frompressures at which the )
[0331 y nrerSolig-fluid phasedeasisitéan pressung ip slefimed iasdhe pressure at which
syst.em Solid:fluid phase.transitign pressur.e. can be . .
2 RORGLPOLTBRY PIRIS GFRSFareN. SO (RbrPOIgTBr HONUARen oy merization
¢ . . 18]1: The: e
sySFAR 4 FLER e TR AP T i e pRite Rahdtiopprklre can be
ddremyined -0 peabiriengdnetivmirat 'céﬂith@ﬂteﬁéﬁdrsmr@ seRtiRg from pressures

turbid as described in J. Vadimr iveira, C Dariva )
atamblich. th€ pobymenis fully. disselyedhie the pelymeaizatiopotystems2 Bolid-fluid
The cl oud point can he neasur by shini.ng a.helium
Phase dransHIQSLBISSEUE @@ﬁ@cm@aswsﬁjm%ﬂz@f%ﬁ fiQI{q fther known
| Dt onto a photocell and recording the
m%%%gg{#gt {aktChﬁﬁt‘Jeg'nset of light scattering (turbidity)
for a given
[018] The cloud point is the pressure below which, at a given temperature, the

polymer-containing polymerization system becomes turbid as described in
J. Vladimir Oliveira, C. Dariva and J. C. Pinto, Ind. Eng, Chem. Res. 29, 2000,
4627. The cloud point can be measured by shining a helium laser through the
selected polymerization system in a cloud point cell onto a photocell and
recording the pressure at the onset of light scattering (turbidity) for a given

temperature.

[019] A higher a-olefin is defined as an alpha-olefin having four or more

carbon atoms.



tenperature. [019] A higher a-olefin is defined as an
al pha-ol efin having four or nore carbon atons.- -

WO 0opsids® of the term "pol ynmeri zati on" enconpBCHES20881§13859
pol ynmeri zati on reacti on such as honopol ynmeri zati on and
copol yneri zati on. Copol yneri zati on enconpasses any
pol yneri zati on reaction of two or nore nononers. [021]

[020¢ newseuabethenrac fepolymerizdtivn” Pen¢ampass€aliny @obuperization
Is_ used as published in Chem cal and Engineering News, |
reggtion sugly asie@sppolynrerjzatieanand sepgkyEierizations eﬂ%@elxmematlon

as conprising an ol ef.in, tr{e olefin present in the

eromRASSes any BRIy RFZRLiPR TERELas) 9 BY0 PHIOSF Baripingtss 3)

An ol igonmer is defined to be conpositions having 2-75
onmer-units. [ 1 ped .
[Oggﬂ‘posim%oﬁé&h%&rﬁﬁ%k%@sgt?&%{m%r lrtrlt’?)en gﬁétr)aﬁ;nrll‘%gl.eb?ﬁ%ms l,& used as

pslished in EHehiitalCARFBASInedAng MNdwi] 63590 201(1985)

reactors connected in seriesS, in which the effluent of

an upstreamreactor is fed to the next reactor
[022nst When | @ polgmeedstefereed tadas cBampiridasg tdne olefin, the olefin
effluent of the upstreamreactor(s), the feed of any
preserstinthe palyseeraig ghe pebanetizead form olgfin.on of
addi ti onal nononer, catal yst, scavenger, or solvent

fresh or recycled feed streans. In_.a rall eact or .
[023h¢ i glﬁrapﬁsar,nef iredefined 1o befornpagitigns hrying -7 aronomer units.

cascade that forma branch of the parallel reactor

51 9 3ok B ASEAH b SRR ARl 78 & i Bomomer

gigactors or reactor trains connected in parallel. A
reactor train, branch, or leg of the parallel
configuration may include one .reactor or nore than one

[025?1_Ct OTA Geriéd eHachst dalcadesedr Rfcludeiv@of aidrenreadtoss connected in
entire parallel reactor configuration of the

sepisisy merwirighi the effbeat ©fdans sipseamhesacion, isi fed. to thee next reactor
conbi nation of all parall el .

downstream in the reactor cascade. Besides the effluent of the upstream

reactor(s), the feed of any reactor can be augmented with any combination of

additional monomer, catalyst, scavenger, or solvent fresh or recycled feed

streams. In a parallel reactor configuration, the reactor or reactors in series

cascade that form a branch of the parallel reactor configuration is referred to as a

reactor train.

[026] A parallel reactor configuration includes two or more reactors or reactor
trains connected in parallel. A reactor train, branch, or leg of the parallel
configuration may include one reactor or more than one reactor configured in a
series configuration. The entire parallel reactor configuration of the
polymerization process disclosed herein, i.e., the combination of all parallel

polymerization reactor trains forms the reactor bank.

[027] Polymerization system is defined to be monomer(s) plus comonomer(s)

plus polymer(s) plus optional inert solvent(s)/diluent(s) plus optional



pol ymeri zation reactor trains forns the reactor bank.
[027] Polynerization systemis defined to be
WOorwone46s) pl us conononer (s) plus pol yner(s) PCTES2008/013859
optional inert solvent (s)/di1ﬁ’ent (s) plus optional- -
scavenger(s). Note that for the sake of conveni ence
and clarity, the catalyst systemis always addressed
scaepaga(s)| y Note tthat fore skatsakle seflsonveniéncemand fodarity, the catalyst
conponents present in a polynerization reactor. |In
systane iscghwals wddressed rsppraielyoin Shet present discuptianniom other

narrower than customary.in the.art of polyngrigatiaqn
CTRONEHS; DEFEPL o Bho o IYPRUZION) RS o{ ol aliyafteard, the
y Ll r .
PARpiaRgh SR 5, QS HER R, G Billomary i the art o
poloariatisndtial typicalfy | ¢Riddrs thenpatystobysdtbm as part of the
pol yneri zation system plus the catalyst system Dense
polymedizptiby nsyisterat | By thescumenh sleinifiqmat the nivturgguesent in the

/nB, fl.uid phase density, all of their c t . L.
OIS meaigaBiERcior and (R ity H{BHERY 5 CBMRSSEd fin ifoPpbymerization

s AL Mo AE 0888 hmeriaon syms Baye erester

thiaf JOOUkgn$ B4R pldseSdenbitngalliofithéie Homponeaticlisitd abowve, i.e., the
conponents is in solid state. Note that these

moneinet(sy atploss ommohemer(s) erplns fpolyotee(sgat plugst optional  inert
systemsince it is not part of the polynerigzation

sclyentEsdi [ugpts) uS RIHORA | SCAVERRETLS)s (At U fTUiEy Hleor stating

Skngl.e flui . Or flu d.phases:q [ ]
B o B SR ot bt S RS WOAE, At ot these
qEATRAABAS sy BRifRFer The ReltAlst SyRINe SR it S§ Mok part of the

I'n our discussions, honbgeneous pol ynerization systens

paelymenizatibntsgstbm.i n t heir dense fluid (liquid or
supercritical) state. Note that our definition of the
pol ynmeri zati on system does not include the catalyst .
[028%t e mTherpelynicsization isystemsgan frmeane singh&fluitbphase or two fluid
honogeneousl y di ssolved in the polynerization system
PhRSEHnDgeneous system may have regions with
concentration gradients, but there would be no sudden,

[029] A homogeneous polymerization system contains all of its components
dispersed and mixed on a molecular scale. In our discussions, homogeneous
polymerization systems are meant to be in their dense fluid (liquid or
supercritical) state. Note that our definition of the polymerization system does not
include the catalyst system, thus the catalyst system may or may not be
homogeneously dissolved in the polymerization system. A homogeneous system
may have regions with concentration gradients, but there would be no sudden,
discontinuous changes of composition on a micrometer scale within the system.
In practical terms, a homogeneous polymerization system has all of its
components in a single dense fluid phase. Apparently, a polynierization system is
not homogeneous when it is partitioned to more than one fluid phases or to a fluid
and a solid phase. The homogeneous fluid state of the polymerization system is

represented by the single fluid region in its phase diagram.



di sconti nuous changes of conposition on a m croneter
scale within the system In practical terns, a
woh0heedus pol yrmeri zati on syitem has all of PEBUS2008/013859
conponents in a single dense TTuid phase. Apparently,
a polynerization systemis not honogeneous when it is
partitioned to nore than one fluid phases or to a
[0B0}i d & dhomagenedup pebanerTiationoprgess operatdsuwithsd Abmogeneous
of the polynerization systemis represented by the
pelymgrigatipn; gysteqgi onNote | thet pthes catlysyr systemp 1S neg3@prtp of the

polSESEABon Sy ops SCis ot AEEEGRy RBRaNafEhSinggefeously in the
i ' t :of ' i o
pAJHRL AR AU © ACkRRL 16 yhS OhYFREEABSL Bolymerizaton

privessdis tantied yul will be refeliedeatias Hontspehrstue polytndréationrreactor.
i n which a honbgeneous pol ynerization process is
carried out will be referred to as honobgeneous

[03d] y e Puresubstaneeac imoluding 3] types of hiydsacanberss, can exist in either
including all types of hydrocarbons, can exist in

a gpberatical, er pupqreritigal state, depending;on: theis tepperature and pressure.

SRS Jo° btk fupeBRER, Mdie s FosPEs s Hictesting  physical and
th;'ﬁﬂlhgﬁﬁzérrg iR ¥iticsawhadH atd SETBRYA fMitis BiseRBute. € particular, as

oited in this disclosure. In particular,

superaritieal dhiits aatefgouladse vhalegeganl presmure htheirederisity and solvency
pressure, their density and sol vency faor polyners .
forhpelymers ehangesyioyer raaigde rapgee A b éns&»seﬁla?qrﬁmeaal state, a

sulisance oSt Jpuf ot pmpeatyiea ahows RLebheel erBnefus' Cro) and a
pr.%EéLfrE oV’ fiS Titfeal (Fg)?éssupé ;(rgl;:'); esl\r/)l tuﬂ%dépﬁgﬂmbons, including

i ncl udi ng mxtures mono ol'ymers, and opti onal

mau¥ENbE, mbAvMers epolgntors,t andl optionadrslvims, bdeg peddo-critical
pseudo-critical pressures (Pc), which for many systens
teoaperaturespira) andenseudoeritisabprasaanes ¢Hc), wdiigh ferimany systems can

SN Ty
T S —
abdvel thef srudolcpitieal :tdinger‘étlﬁ.@ ra@idi 4 peeburet dboveaheiriReado-critical

and the thernodynam ¢ behavi or of supercritical
pressure veidl b $did ibe bannlacypercriticad staée or phascahng thethermodynamic
behavior of supercritical mixtures will be analogous to supercritical pure
substances. For purposes of this disclosure, the critical temperatures (Tc) and
critical pressures (Pc) of certain pure substances relevant to the current invention
are those that found in the HANDBOOK OF CHEMISTRY AND PHYSICS, David R.
Lide, Editor-in-Chief, 82" edition, 2001-2002, CRC Press, LLC. New York,

2001. In particular, the Tc and Pc of various molecules are:



subst ances.
critical

82nd edition,

For

w@bhoogmest4e3 n pure substances r
i nvention are those that four
CHEM STRY AND PHYSI CS, David R Lide,
2001- 2002, CRC Press,

pur poses of this disclosure,
tenperatures (Tc) and criti cal

en%evant to the curPCBEIN$2008/013859
“in the HANDBOOK OF

t he

pressures (Pc)

i ous

Edi t or -i n- Chi ef ,
LLC. New York,

2001 In pa the Tc and Pc of -ous

N al oo e (K). 2FE (MRa):- flawe [ 032] [F6&K) ol | ofic{}Pa)
dbbaaei at i 05674 e ufed2S Me iBropahély| , B369.8 phenfl24&t
ISobtithyd - PRO7S Propieq4 1Pr Télubﬁ@pmpysgu 9-Pr iR11

thalte, o 0557 T BV fhdE T OBdSe (Ul 590

Cichehgne, P6D10 1) pl-98 1+ : [Butanes vl ol Fanldn_ waP 190
(@gtchopemitant 1ok dne, WMBli s pdethyimrchyl | 38234s  [5.041
Lb@essy! , AR9is cyH.opent adpropylene] 0336489 4.6
ISPORERLOUShehTg TS TESAT 4 JEFLIPRARAL [SRRSaTes P 1S
Fenfang o M87-Toyan-3 ok ppenlane o, H604 o B3R
BapgEnerer mfé%ﬁbe 89%her dCyelehexana d%8are  1.08
Helhdxemeal | y|SDAtr odu@e?ll i nt o [Heptane nor ¢540e2ct or s 2ai
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term"high-boiling point diluent" refers to a
hydr ocar bon having a boiling point of 300C or nore ,

[032] 500 her follomeng abbrdastiais arensedoMeli30fi€thyl, Piviephenyl, Et is
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ethyl, fr isf propyhy iBmis (sopopybondir meoommllgpmpmi,gBubl@u lwtwb iBu is
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ymet1zati on refers
fleed laBFenztdpois o?bnﬁféﬁﬁadléhylml ch the polymer is
di ssolved in a

i qui d polymerization system conpri sing
substantial amounts (typically 40 w% or nore, or 50

[038}6 oBynteantimrouD itvi%omeantoa systefn $hﬂtvepﬂrateslo(toa§ ishiamtended to
sol uti on polymnerization conprises a liq

ORf‘éﬂS‘FDfé’Ylﬂz%ttl latfwmtm OSEESFAHER. &ﬂw@méjlsta sanla%@gp%eprocess to
ormed. at conditions r

pBAheE oy Bies atd b6 O RS B "BRGap! P dont Blipfly inwoduced

in%d 8hé Bt AR rt&a&@8rs and polymer product is continually withdrawn.

[034]

boiling point of 30°C or more , or 50°C or more, or 70°C or more, or 100°C or

The term “high-boiling point diluent” refers to a hydrocarbon having a

more, or 120°C or more , or 150°C or more than the boiling point of propylene
(-47.6°C at 760 mmHg). High-boiling diluents are also referred to as solvents
herein. In olefin polymerization, solvents are typlcally hydrocarbons comprising

ﬁve or more carbon atoms.

[035]

polymer is dissolved in a liquid polymerization system comprising substantial

Solution polymerization refers to a polymerization process in which the

amounts (typically 40 wt% or more, or 50 wt% or more, or 60 wt% or more) of

solvent. Note that solution polymerization comprises a liquid polymerization



the |liquid phase. [036] Advantageously, solution
pol yneri zation is perfornmed with liquid-filled
WO e@engey i n the substantial absence of a vapPCT/phaeg013859
Liquid-filled reactor operafi@ﬁs are characterized by
reactor pressures that are at or advantageously above
the bubbl e point of the polynerization system Bubble
systenit Sclutied ipobinedzitivh pragsbe performeddiat koaditionsi where a vapor
starts form ng vapor bubbles at a given tenperature.
argb tiquidophase ase presgnbdnorhich ¢ase thepelyniesization spistem comprises
h ﬁ “6‘“; determ ned by standard techniques known in the
&rd B cal engi neering. Methods suitable for
conduct i ng such cal cul ations are equation of state
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tenpérature of a conmpressed fluid until the firs

opeaambnsb ateb charastefrizedely r&mdtat ipoessprdsythat iaratat cor advantageously
tylcal erformsdlnasmle honogeneous | i g

ssthe ppmt iofrth aMymﬁnéﬁtqerSé@ﬁpngbes nqmt is defined as

thsaﬁ”'d EBEFREL Bl B bR LuBbisS e 3 en [ hperatuce
B#BBIE SHoiit %sﬁﬂ@é’%foﬁﬁﬂﬁo%aﬁdﬁd B1dddd Qarpl%s?eédi@nﬂ'effrﬂﬂned by

press t enper at I'n these two-phase |i"qui

stiiddcdredtadguenknowatianthe arhef phénival |engtneenngysMethods suitable
typically partitioned into two |iquid phases
fopontopdsptmgaauchnqalaubapywer¢qmt1pnq@|f g ae@thoclh auch as Peng
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AL ) YRGB e ST R of o

cdiﬂﬂ)ﬁeﬁﬁd Aaid antir tHeefisst vapar bﬁbb(lféﬂ&lfbﬁhe@n Julaées polymerization
whi ch the polynerization systemis in its dense

isstypacallyi tperfirmed ps eadsinglepdhomageneans skiguid, phase, bplesolution
p@?%e%%%ﬁér% Sofamsan P GHid THAseS aralsRnad e 1f e Tater case,
th‘é Lﬁ&l?ﬁ]%?l? 8119 85 eH ‘f?lbe W Q)SfeiVsdg o‘ilrd %blﬁ? )Prg&lruk%?)rre gblmr/]e of its

yiheri z Ion i’s
sotid-fluid phase transition pressure and temperature In these two-phase liquid

polymerizations systems, the polymerization system is typically partitioned into
two liquid phases, a polymer-lean and a polymer-rich liquid phase. In a well-
stirred polymerization reactor, these two phases are finely dispersed. Note,
however, that these two-phase liquid polymerizations systems have none of their

components in solid state.

[037] Supercritical polymerization refers to a polymerization process in
which the polymerization system is in its dense supercritical or pseudo
supercritical state, i.e. when the density of the polymerization system is above 300
g/L and its temperature and pressure are above the corresponding critical or
pseudo critical values. Supercritical polymerization is typically performed in a

single homogeneous supercritical phase, but supercritical polymerization



si ngl e honogeneous supercritical phase, but

supercritical polynerizationconprising two
waapengxss i cal fluid phases i 3 al so cont enpl at BCT/U$2908/013859

the latter case, the polyneriiétion systemis bel ow of

its cloud point pressure but above of its solid-fluid

phase transition pressure and tenperature. In these
codmprisingsevossupereritical thiid fphases 3adlyoreonteaiplated. dnstherdatter case,

the polynerization systemis typically partitioned .
thepalymesization $ypteas éss belovp eifyite elqudapoiah pressure but above of its
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sql- i s ofrapstief opressisk ahddemngiatticn, 17 ; theps; two-phase
TRl AR Sy il
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pol yneri zation refers to a polymerization process in
Innki wellistieredepely nidrizatiopotepator Hase oiwas phases atsnfipglysdispersed.

less than 40 % or less than 3Q. . w%. oy |ess th 20
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fol V, di l uent. The product
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dgisk Ed ipodimerizaticrt systemrdoataing fesk diem 4haut%s@riess than 30 wt%,
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omlesk than 20 wipw| arrless thani b wibe sdessothap i wt%, or less than 1 wt%
et er ogeneous .Qol ymerj zation prgcess. Th . .

o eSSt po AT e Lbé Hrofnst ROl T o B dissqlyashin fhe dense
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honogeneous pol ynerization process. The pol ynerization

polyoesization syistesin contaipisigy less itham rdddwdto pg igers solvead qrndiluent,
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PSBRrArRSed ST IR fof b3 b Shidn i pliymeri
produbt 1i9n dRRbWERN iidahi ihglé-phass dasedifluid npolyatatkatioamsystem
ot her sol ution polynerization processes in which the

cqaiping less thardd0twi% ofiinewisobeent or iluegtivdll be referred to as bulk

| ; g
h&&%&l%&iué%cg%g%%g%ggésg} e pg{y?r?éﬁzratllol;lagro%sseﬂlu%lhich the

polymeric product is dissolved in a liquid polymerization system containing less
than 40 wt%, or less than 30 wt%, or less than 20 wt%, or less than 10 wt%, or
less than 5 wt%, or less than 1 wt% of inert solvent or diluent will be referred to
as bulk solution polymerization process (as distinguished from other solution
polymerization processes in which the polymeric product is dissolved in a liquid
polymerization system containing greater than or equal to 40 wt % solvent, which
is also referred to herein as the prior art solution process). The polymerization
process in which the polymeric product is dissolved in a single-phase supercritical

polymerization system containing less than 40 wt%, or less than 30 wt%, or less



is also referred to herein as the prior art solution

process). The pol ynerization process in which the
w@odognexsT product is di ssol velg in a singl e- phAGBEUS2008/013859

supercritical polynerization 'System containing |ess

than 40 wt% or less than 30 wt% or |essthan 20 wm %

or less than 10 wt% or less than 5 wt% or |ess than
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sqiventess. djloes) widhobge mefersed utgerasr ibuillk ahomogeneous  supercritical
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th%prU ﬁ&%t lof FessARAY TOM WAL bf"ﬂ:s§li‘.'l?éﬂ 9 W%, dbrStek O 1S GAY% of inert
Fom het 2rogeneous supereritical pol ymerizations, such
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refesired oton a%| ad bptd yhemogenedusulsapersritical hpolymerization process.
eous

ol ymeri zation reactor. Simlarly, bulk hono
HOmAEearoYs SNPBTpRar | Delsmsmaahati ouly; B Hidiuiashed from
nbEAYISRELY S Sk BORTREARLAD sl el R Elale Buplrriica
sIBHPprotEdses Ahe QMBS Whidh e Sarsiraied iodupetdtaticad gy but form
definitions, the catalyst systemshould not be
salithspalgmed partibedatesri i rthewpetymerizationl yeaetor.at i Similarly, bulk
process i s honogeneous, or not, [040], Fouling refer 0
homeasarens; sWPeRHtigp pelmenizasions éh?‘]élldngyﬁ’égngwsﬁﬁi frGm bulk
int.eri [ a0 ' t
s 58 P eR2 i, 6 s Ve df piSrengl Th AARHIAA S bpposed to
il £3Gp&taticalgdSlynfepizafiby Sistehl. "RoROIMEBY ur (deFin@onsTelie catalyst
tends to accuniul ate and deposit on the’ reactor
syst¢rarshouldyotchey somdidéredtin aletarminingf whethet bqiolymerizat_ion process

is homogeneous or not.

[040] Fouling refers to accumulation and deposition of solid polymer in the
interior reactor volume and/or in its interconnected parts such as feed ports, stirrer
(for stirred reactors), etc. For crystalline polymers, the polymer tends to
accumulate and deposit on the reactor interior by crystallization on surfaces that
are at or below the crystallization temperature of the polymer. Reactor fouling
creates considerable operational costs, including reduced production rates and

increased downtime for cleaning.



are at or below the crystallization tenperature of the
pol ynmer. Reactor fouling creates considerable
wop@pasidohal costs, includi ngléeduced pr oduct i BCT/D81088013859
and increased downtinme for c¢l'8ani ng.[041] Reaction
zone refers to the interior of a polynerization
reactor where both the catal yst system and the
[0dd] y e Reastionzony efers aoahpriateeior afhal polymerization reactor where
intentionally. The reaction zone is defined as the .
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random copol yners and net hods of produci ng such EP
proppil¢nerhaspd ipphwmer with rapdem ingemtions of géndene along the propylene-

BB SRR o 4huhe AR BB EAN Froytene
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propylene-based polymer backbone.

DETAILED DESCRIPTION
[043] Provided are novel ethylene-propylene (EP) random copolymers and

methods of producing such EP random copolymers utilizing bulk homogeneous
polymerization processes. All numerical values within the detailed description

and the claims herein are understood as modified by “about.”

[044] As discussed before, EP copolymers, particularly EP copolymers with
ethylene contents of 10 wt% or higher, are typically made in solution
polymerization processes that afford fouling-free operations. However, these
solution polymerization processes for making such EP copolymers operate at low

temperatures to achieve adequate molecular weights/melt flow rates, thus require



et hyl ene contents of 10 wt % or higher, are typically
made in solution polynerization processes that afford
wo cubiospges f r ee operati ons. I—loviﬁ\éer, t hese sol urCES2008/013859
pol yneri zati on processes for ‘itaki ng such EP copol ynmers
operate at | ow tenperatures to achi eve adequate
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thas @hdldisc1esed b@!k”ﬁ&h@ébﬂedﬁ%%?ol?ﬁfér%tibﬁ%}obé‘ﬁeﬂ fbPimaking said
art solution processes. [045] It has al so been

ERicopolyanen dreadlsa kaviebnmentidly mope bgnign thaadthetprioraate solution
by the di scl osed bul k honbgeneous pol yneri zati on

PI9ce¥€8ses are differentiated fromprior art EP
copolynmers in their mcrostructure. Nanely, the EP

109887 " TE e o155 HER HSKAGREY RN s EPCHNCORT S0 Mé products
mA8&P Yy he S ﬁgggg&lgé FUIKE MM SEEnBYus Sﬁolygfférﬁm%nizﬁfrgﬁesses are

copol'yners na prior art solutio yneriza

diffeperaift€d frohs piio AroERdcdpolmmebaid theit madrosiractuf& Namely, the
Oct ober 2003 issue of Rubber World (Vol. 229(1),

EB5¥xopolymess edisslasgd| &erainp bave 40505y | b@%emh&@gim defect
e R SRS R R Ao ™ v
100 | Aol htes B, b0 Al e R R RO g Rt pOqggses.  As
diS61esed w5 S. Piafta! &5 d imah€iOctober 2003 issue of Rubber World (Vol.
229(1), p. 55), the stereoregularity of the propylene segments in EP copolymers
affects the thermal (crystallization and melting) behavior of EP copolymers,
which is an important attribute to their performance. @ The novel bulk
homogeneous polymerization process for making EP copolymers disclosed herein

also provides for operating cost advantages, and greater process flexibility.

[046] U.S. Patent Application Serial Nos. 11/433,889 and 11/177,004, herein
incorporated by reference in their entirety, disclose a flexible homogeneous
polymerization platform for the homogeneous supercritical polymerization of
propylene-containing monomer feeds (also referred to herein as the “supercritical
process”, or “supercritical polymerization”, or “supercritical polymerization

process”, or “supercritical propylene polymerization”).- In the referred



al so provides for operating cost advantages, and
greater process flexibility. [046] U S. Patent
wao\ppbiogasi on Serial Nos. 11/ 43% 889 and 11/ 177PODYBS2008/013859
herein incorporated by reference in their entirety,
di scl ose a fl exi bl e honbgeneous pol yneri zation
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also referred to herein as the "supercritical
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llé‘?fidﬁgﬁggﬂg#lﬁﬁgyﬁ%}d?@@fn;bglei&gn processes are al so
completely filled with the supercritical fluid
BAfk MBRIdgeAbbOAP &RatidAGndRenddin BPF Sop8BME @V&rview
Simiar to the frquid-fifled solution polynrerizatlon
[0#7pcesdn &g Kot nof) dre pueseRol diselosuref ippovided iRaad advBRtageous
Copol ynmer Overview [047] In one form of the present
cQItywIoys upEQcess ol sadues thxlenarprepylene randomyuerpelymers  that

B TR AR v xpars sy
c%r{)f?##gﬂ ?Qaé,‘?&%' El?)a&;rﬁéc(tg';g ﬁl"‘@leCfEa&steotsﬁfe'hl%hétY)r train 1) 8¥opylene

gure rea t'ors; contacting 1n the reactors

mioRemegaZ) @het bAimork) catadyst! syserm®NGiedthleneneomononiee, and 4)
catal yst systens, 3) ethylene conononer, and 4)
optieniabrnie onanere salventsomhergin, thatrsaeton train iseatca gemperature of

o A2 S SRS e R TR B MERTRG A e cloud
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theopropylame, menpmes) thenethylenceeomonomer,hany sblment present, and the
p l&gggfﬁngwg{a&%p@é Qﬁe B?){)ymrrgrriéazt?c}ni s%zgtesfx Séto?nrgrgs%g[fésisstggn 40 wt %
of the optional solvent, and (c) forming a polymer reactor effluent including a
homogeneous, fluid phase polymer-monomer mixture in the reactor train; and
wherein the resultant copolymer product comprises between 10 wt% and 20 wt%
randomly distributed ethylene. The one or more catalyst systems for the reactor
train comprise one or more catalyst precursors, one or more activators, and
optionally, one or more catalyst supports. The one or more catalyst systems are
chosen from Ziegler-Natta catalysts, metallocene catalysts, nonmetallocene

metal-centered, heteroaryl ligand catalysts, late transition metal catalysts, and

combinations thereof.



of the optional solvent, and (c) form ng a pol yner
reactor effluent including a honbgeneous, fluid phase
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wherein the resultant copol ynmgr product conprises
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reereedbto heretn ane seapter aippan whichrthe bk homogsngus polymerization

PIORESY PEru Tae obioreno JOM Rk, SREniaraI DREe ubular type and
| z: vl i

CABFEFEIRUE, Y61 LB o) S0P cobre et

tubuld?48hctdh €oldowed @3Ch @ontihublie stinted einkrpeatorest altbular reactor
configured reactors (also referred to herein as a
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followed by a | oop reactor may be advantageous. In one
formof the disclosed bul k polynerization processes
[049] pr ddumodgerEinbadisieent theodigoivsed diudlc ipobyadetizateomprocess for

the reactor train operates above the critical or
preducing- EPi randem ceppbimersrmay he earrigdcgut & two or more parallel
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copol ynmers may be out In two nore parall

corBpedifions thatnmay| be gubsdquentipfintline bésndedi toefdrm @acBP random
paral l el reactor train may produce an EP random, o
capopyingnavithwa mhuldi-modal mpleailac weightvasidgon eompepitien distribution.

Co sitions_.that y,. be subsequent!ly.jn-1ine blended .
Iy RBE o Sphia SERLEES FRE LT Of 16 Rara{jgicfgaotor train may
PR SH P A SIS g TS L opdGopiymer,
thafhgdinahay S_CuBsequchtly imBlin® bitdhdea ta fofky bRnd 6ff an EP random
et hyl ene based polynmer, other than EP random
capmbyingrengd one or more other olefin based polymers. In still another form of
this embodiment, two or more of the parallel reactor trains may produce an EP
random copolymer with differing molecular weights and/or compositions and one
or more of the parallel reactor trains may produce a propylene or ethylene based
polymer, other than random EP copolymer. All of these parallel reactor trains

may be in-line blended to form a multi-modal blend of EP random copolymer and

one or more other olefin based polymers.

[050] In another form, the disclosed bulk polymerization process for
producing EP random copolymers operates at high monomer concentrations.
Non-limiting exemplary monomer concentrations are greater than 2.0 mol/L, or

greater than 2.5 mol/L, or greater than 3.0 mol/L, or greater than 5 mol/L, or
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nmonomer feeds may yield hi gher nononmer concertrations

entiretyhe reactor. Non-limting exenplary nonomner
concentrations in the reactor are | ess than or equal

to 12 nmol/L, or less than or equal to 13 nol/L, or .
[05d3s t MNen-bimitiggakexemplary nproqess oprepaues twilizedr ferumpking EP
qtna 15 nol /1L, or |less t{l]an 0{ ehual to 16 m)ié/,L .or..

random ¢ FORPLYIneLY, UFing o, A BBk | HOTROgeROS g Aolypgrigytion  process

SR AR 01 TR0 KR 10215 8, 1.0 @ pekpsec .10
b&9/ SOBtRAT kspie(18181 3 TLBA06ES €l 1sy<lpsia¢2®|7em3m bax)} bees ko 15 kpsi

enti retg. [051] Non-limting exenplary process )
(3955334 bar)utNon-tisitingrexenkilagy wergwessure bipulsyfasmaking the EP

e GO S OB e A0 % - O3 PRl ks 138,
! ] _ b s

2%, 3143385 885, o 6% B resREkiveR, T NesfhitiBg exsmplary upper

presure 1iRfts f&ﬁﬂﬁ}&@ﬂp%ﬁaom%dmﬂhisi 48 Mo, or 15, or 20,

| oner pressure limts for making the EP
or 30, or 40 kpsi (345, 483, 690, 1379, 2069, or 2759 bar, respectively).

[052] Non-limiting exemplary process temperature ranges for making the EP
random copolymers disclosed herein are 65 to 180°C, or 65 to 140°C , or 70 to
180°C, or 75 to 150°C, or 80 to 150°C, or 80 to 140°C, or 90 to 135°C, or 100 to
130°C, or 110 to 125°C. Non-limiting exemplary lower temperature limits for
making the EP random copolymers disclosed herein are 65, or 70, or 75, or 80, or
85, or 90, or 100, or 110°C. Non-limiting exemplary upper temperature limits for
making the EP random copolymers disclosed herein are 180, or 160, or 150, or
140, or 135, or 130, or 125°C. Noteworthy is that the process tempefature ranges

of the bulk homogenous polymerization process for making EP random



random copol yners di scl osed herein are 2, or 3, or 4,
or 5, or 7, or 10 kpsi (138, 207, 276, 345, 483, or
WG 29845 r especti vel y). Non-| |8m ting exenpl arpCUPRIONS/013859
pressure |imts for nmaking = random copol yners are 5,
or 7, or 10, or 15, or 20, or 30, or 40 kpsi (345,
483, 690, 1379, 2069, or 2759 bar, respectively).

cdpdbythetdodistiosed heteinaraigificarthye hsghdre;haxenl&t temperature ranges
ranges for making the EP random copol yners d| scl gsed

ofitbe rior artesaution PIEBSEs, @\rhlelstm@ not excerd

18CI)C or 75 to 15Q0C, or 80 to 15Q0C, or 80 to 14CI)C

I 135QC, or 100.to 13Q0C, .or 110 to 1
(0R3h. i A ﬁgll@?gnﬁwsw alamépmmm % fnn el Tens/(ethylene +

pl’é@ﬂ%@) %8?15 EEC %’{Eﬁj H%gsc) ﬁ' Oﬁé& %o I%g% LqL 8y fhaking the

ER }shdom N%Bolyrﬁéﬂsldiﬂclsmé&iryrﬂ@@qfroﬁleﬁﬁﬂSt\W’/@ ori 2kd 35 wt%,
for maki ng tthe EP random copol yrmers di scl osed her ei n

oraBetd 9Q, v&ct%,l&oﬁpendmgtﬁm the ethyleneorcobdéntrationl 3@, ther desired EP

1250C. Noteworthy is_that the process.tenperature
COPPRYBST of PROGECHU Kk HNPRLERIRE pERGMAIAY At ICOMRASHiSs on  an
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thefreh&r E‘ﬁélﬁfl%%é EOraddn o Gﬁﬁﬁé%sdlsé’l'ﬁkéﬁ‘héﬂéﬁh ﬁ?d}J Yange from

0 not excee [ 053] [Tmting exenplary
0.6aoplsmttygQror bio dﬁ \et%y berletlo( & vntdh,eore2 to (& eiyd, elepending on the
basis (i.e., pure nononer basis) in the feed to the Lo
ethw@ﬁoﬁommtmgonh@f ether desiead @%&W@eﬁiwéﬁ%d Non-limiting

exgShRlaty PR TP Greions b eryheedds Wkahgpdbe 5rie pigking the
ERS3hAGH EBoEARRIAREIORER Nelin MANrArgd bROS KA 261’5 10 30%,

conposi'tions on an et propyl ene)

o$18d 25%, o8 7,to[25%, djmrmtceﬁs?zfa3| s in the effluent of the
react or maki ng the EP random copol yners di scl osed

herein may range from0.5 to 12 % or 1 to 10 m %
[05|4] 1 t dl® ethydener conversi®nvforya gaman&edgcmnposmon and propylene

RS SRR o s e 0
Qi rBBERE At bl E by HrbFE B bRt Wiibncpropytene
mok¥rafio 1t e AA%or. The ethylene/propylene reactivity ratio for the bulk
homogeneous polymerization processes for producing EP random copolymers
disclosed herein may range from 1.3 to 6, or 1.5 to 5, or 2 to 5, and may be
determined by analyzing the monomer composition of the polymerization system
and the product. The former can be accomplished by analyzing the reactor
content or the reactor feed and effluent by standard gas chromatographic methods.
The latter can be performed by using BC nuclear magnetic resonance (>C NMR)

or infrared (IR) spectroscopy, as described later in the examples.

[0S5] The bulk homogeneous polymerization processes for producing EP
random copolymers disclosed herein produce one or more advantages relative to

the prior art solution processes. For example, prior art solution processes



or 5to 25% or 7 to 25% or 10 to 25% [054] The

et hyl ene conversion for a given feed conposition and
WEe@pPERKE conversion is goverged by the PCT/US2008/013859

et hyl ene/ propyl ene reacti vi t')} ratio, defined as the

et hyl ene/ propyl ene nolar ratio in the product divided

by the ethyl ene/ propylene nolar ratio in the reactor.
typivallst ditylizn 60 prtipydremere éert isulvient tatdeop fthe produdiypddymer in a

honpbgeneous pol yneri zati on processes for produci ng EP
hompgeneous shsspheed; states ¢p gbsarthegastian hept,randgto kegmyiscesity low.

HYRePpo T RighinishaphEphsonbertifidr pifized i SBAh Bocesses
1oRR YHE Eﬁ&flﬁhﬁpﬁé}lﬁﬁh?ﬂ Gn the rﬁd’c%’r“ﬁ)t less tan| ® TGV Céless than
I sne y

be” acconp y anal'yzing the reactor content or

1.0hBol/Bact @veh dess tiad @5 fhupDtinbthesieactdaaddaasin its effluent. The
chromat ographi ¢ met hods. The latter can be perforned

lotwer ughomommeC aordanirationgriot i torn esoerssiates 1ovaNmRg dhe reactor

e [l F S bR SRR B b el6 achiove
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o ERAETRAPIRLORHE AR GERUTVIARI I, Shoi R vetor

mAHtEhide towel UehOdr PeRfREMAFes Ffuiksahipher refiifératibh capacity,
sol ution processestypically utilize 60 W% or nore
whivhr incsersee both the eagitd] iavestownt tanddhy mperatroracost.  In contrast,

honpgenequs di ssol ved state, to .absorb reaction heat, .
thgndisclpsrdebulki Bemogepeous, polineriaations Rracessgh fopeproducing EP

sql vent concentratiqns | l4i.zed j ti ceSS .
rof R SRS EaRc it B michfi <oBprAFER Jigmbined
Rré HRInomerOhnd ey leh@NcdmBndmir),L for0kxavple,| B%dter than 2.0
plioggn 0.5 mg)l /el_r irrll theyreac(t:or Ialmd/r)())r (i)n ixtsgef’fgx?gnetr. n
mobE, leeves mobbyesr 8 Onneilr,a0n 610 molflur or 8k @ssiG.Gtresel/L in the
| owering the reactor tenperature to deliver the
pelymerigatipn ergior, padiaunaits aiusmt. rldgusomabined prepylepe monomer

the,desired nelt flowrate. related to [t ¥iSCOSItYV.
e S e mOneher RSl e potBinsticie e dh b FERTH iay be 40,
of SOPSF BbUGET S &ﬁﬁmd?é.g Melesk &fikh & hdnofier C@RREh{rttions in the
I'ch 1'ncreases both the capital "I nvestnent and the
pélpaferization Cesgictor! @nablet klestprotibeticti seff @Redahdbi copolymers at
_honpgeneous pol yneri zati on processes for producing EP
incenadednreagior Yeraperappes allewing rtheirgduetinio pf capital investment and
concentrattfimg,r[}ﬁc,e conbi ned

operation cos rocess.

[056] The bulk homogeneous polymerization processes for producing EP
random copolymers disclosed herein operate with a bulk homogeneous
polymerization system, such as bulk solution polymerization and bulk
homogeneous supercritical polymerization. These processes substantially utilize
the monomer as a solvent in order to keep the polymer in a homogeneous
dissolved state, to reduce viscosity, and to absorb the heat of reaction. For the
bulk homogeneous polymerization processes for producing EP random
copolymers disclosed herein, the reactor system may have monomer

concentrations (propylene and ethylene) of less than or equal to 12 mol/L, or less



propyl ene nononer and et hyl ene conononer), for

exanple, greater than 2.0 nol/L, or 2.5 nol/L, or 3.0
woredodks2465 5.0 nol /L, or 8.0 qr. 10.0 nol/L i n PEEUS2008/013859

pol ymeri zati on reactor, andfgp‘in its effluent. The

conmbi ned propyl ene nononer and et hyl ene conononer

present in the conbined feed to the reactor may be 40,

thah drqual th 03 Mel/IZ5omieks BiandF equalhesid miol/fig or fessathan or equal
concentrations in the polynerization reactor enable

tot hie mpoldduan less then @requal do rh6cmobLy we dessahan esreqasbtp 18 mol/L.
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such as bul k sol ution polynerization and bul k

hémogepvas upolynpeizationi pricesselsyforr producing EPheardom copolymers
processes  substantjal | tili th

diseoseh herein o Bancally leeps thae Gy REless Ahap RBYD GBrlesyan 40%,
di ssqf ve at e ' [ 1 t )

of S5 4T 4058 0S1h P 2495, P RSN A B BR8N v, or s

thaR! 1095 bhZzAkRpht Bagisesses for producing EP random
copol yners di'scl osed herein, the reactor system may

have nononer concentrations (propyl ene and ethyl ene)

[057] | esSdniéiingrt sebueat compbhent havingrmbes than- tHrbakaton atoms
equal to 13 nmol/L, or |less than or equal to 14 nol/L .
may heeaddeadnimterionadiyatio the disclasgd processesdesfunstian @s solvent aids

.equal to 16 nol/L r less than ual to 18 nol /L.
incghiAll conseFaRans. Bt pduratager iy dhe BhsedorhEs i e no such
. ' I e : t :

i S8 SrleP I Riion i a S8R iaton system. Iner

sdlbénts/RfGEAls, h6\weoer, mdiebé picsenCinnthie pollyBieriggidn eystem disclosed
of inert solvents for the bul | honogéneous

hereinydus iczbuildupmidness sompoments; tia propanerndsetiane, present in the
mgpomehTords SUEhdnen ool eans Hudhts iy aloo;criginp oo catalyst
oo SSond T e S RSA AL R PG, s
components are present in the polymerization system fortuitously, i.c., as an
unavoidable component of a feed stream but not with the intent of using their
polymer solvating properties in the reactor itself. = Advantageously, the
concentration of inert solvents having more than three carbon atoms typically
used as solvents in the bulk homogeneous polymerization processes for producing
EP random copolymers disclosed herein is less than 40 wt%, or less than 30 wt%,
or less than 20 wt%, or 15 wt% , or less than 10 wt%, or less than 5 wt%, or less
than 2 wt%, or less than 1 wt%, or less than 0.5 wt%, or less than 0.1 wt%, or less
than 0.01 wt% (also defined as substantially free of inert solvent) in the combined
reactor feed (i.e., the total of fresh and recycle feed), or in the polymerization
system in the reactor, or in the polymerization system leaving the reactor.

Advantageously, the disclosed bulk homogeneous polymerization processes for



[057] Some inert solvent conponents having nore than
three carbon atons may be added intentionally to the
waele@elgesl processes to functi,on as sol vent ai BGI/UR2008/013859
smal | concentrations, but ad\; nt ageously the discl osed
processes use no such inert solvent in order to
function as a solvent in the polynerization system
prodacingsBP vientefrd copelyhsers diselosd, hemeyn loperateserd polymerization
the pol ynerization systemdi scl osed herein due to
system dhatpis substastially ebinest solvratsidibieatichaying anpeenthan three
esent in, the nononer feed, ,Such,inert .
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the pol ynerization systemfortuitously, i.e., as an

[058RVOi dak figh&eRsHer ebnéertRfibns iprevided Wy thetbullk hBmogeneous
the intent of using their polyner solvating properties

polpmenizationqirocesses &brf protuearg Efemndbin copelymers disclosed herein
concentration of inert_ sqlvents hayi ng? nmore .t hap .t hree
alsq agyantageeNsly \sprises fongwea%edswkq%r wisighteofpthekEP random

cotanaget Brme) Ab P DenyER P rEiPs Endifbut” PR gmbodiments,
th%rggctﬁjglr écﬁgiztsib{ifﬁke%qm\ﬁa%o Hoskied il e pHoMhrfsofitiokPprocesses,

an 10 wt% or less than 5 W% or |ess
buththe produéfs ave dfdsigh¢hamldculaveight! efferdidmioversmeltdflow rates
or less than 0.1 W% or |ess than 0.01 wt % (al so
whide making EPscapplymersayith the samgrethylene cemfiepbnt) in t he

conbi ned reactor feed (i.e., the total of fresh and

| e feed), [ he,. pol j . [ h
0585 o' ofet) ot paRuneath | e oyiindioabhlly hREiogencous
. | : ' . 0
PSR Do a0 SR aus il 19° Bibers w1020 wo

cthfledencemieat yarer operatéd ofted 5b¥0°€), nopP2-308C] rora 25-30°C  higher
pol yneri zation systemthat is substantially free of _
polpmerizaton ¢éempexhtiinge than iley prigr adr soluthem progese fomphaducing EP

atons, thu perate w thout a dedjcated sol yent
cqp@iy@pré with tﬁﬁﬁamﬁr?ghylsaﬁ ,comrmtv%%ggw& oy raign{MER). The
d nyest a i co [ 05 h [
e AR AR, s 97bs L Bl EpbHon of ctnyene
cIIRBRESIER U eRONYWEFAtE, 24P PoRR&EE AT EDsiraEtubé A9 WetéreniBBd by the
random copol yners di scl osed "herein al so advant ageously
toprl aegibedefeot conmamemsiod mehared dry (%€l YMR of ThébulPhomogeneous
random
polymerization processes for producing EP random copolymers disclosed herein
typically yield EP random copolymers with a 40-150% or 40-100% higher total
regio defect concentration in the continuous propylene segments than the total
regio defect concentration found in random EP copolymers of comparable

ethylene content and melt flow rate made in prior art solution processes.

[060] The combination of higher monomer concentration and higher
operating temperatures provided by the disclosed bulk homogeneous
polymerization processes, also provide significant increases in catalytic activity.

In particular, catalytic activities for the disclosed bulk homogeneous



copol ymer product at otherw se simlar reactor

conditions. In such enbodi nents, the reaction
w@orvdioglddsehs are simlar to thqge used in the pPCDUSHENE013859

sol uti on processes, but the'gidducts are of higher

nol ecul ar weight affording lower nelt flow rates while

meki ng EP copol yners with the sane et hyl ene content.
pdIOhR}izhtion girooédses, mehadedEnt urnover fiequdneye(TOB),kexpressed as
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mple @gpmrgomrg oanvertad pen malogataliiic anetak Bt sgeongy are 2-20 times,

operat ed at -300C, o 0-.30 QC.. or..25-300C hi gher

BB o ARG 08 PG Kb A LB procescs
4 1, OApP i I i .

PRLORsPAAGERS <R FHAC L AL TR AR M51chc b ffion and
méRg1dW Fhr! Phehiphepgatabyieactivities aff sie diseRised balkheglogeneous

conmbi nation of ethylene concentration, nelt flowrate,
palyohepizhtion pro¢assesin tun allowssfateamaaltar reactpis, tilge lowtealresidence
.regio @sf ect conce&trati on neasured, by 13C NVR Tpe
tinggs.k and/9p JloMess LSAtBIYSY (FORFRF#INNS, ABH (LWE Slowsr catalyst costs for

. P I ! e

Bl 5 o c{5vuf RABAEAE cHRE; ChaRoRREn By gy e, The

optiindR086MbARAELN X RAuESSH on deict6t veRRTEad/B rédudtidnt iecatalyst
conti nuous propyl ene segnents than the total regio

usdgé endy bedetenmimtd by standant] ¢hemizabengifeeringtachnispes of
conpar abl e ethyl ene content and nelt flow rate nmade in
prior art solution processes. [060] The conbi natign of

[06il}her Nammbmiting sxemplanyt regstasrigsideger timgsefast the glisclosed bulk
t enper at ure rovi ded by the disclose u .

horB eSS BIeRED ATPSHESES ATESEOE: 2afohOpmimige or 2 to 20
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albo!l dildwrdge e feduR bl NI kERLOI0BIZR! 0 &EAstivelpaAD T i@d combination
turnover frequency (TOF), expressed as nol e of

thereednthescatalyse cosidcapebe meducssgt by yoweringithe cptalystaisege per unit

re 2-20 tines, or, 5-20 t.ines,. o -10 tinmes or 3-10 . .
pilies Rrodshionnanith, i distiosed ubulk, Hmpedieels Polymerization
prBEﬂs@ ging EP random copol ymers wi th conparable
et hyl'ene concentration and nmelt flow rate. The higher
catalytic activities of the disclosed bul k honbgeneous

[032] Y MelTh Zgdditéh RS gﬁ@ﬁﬂ%ﬁe!rﬁoﬁ&ﬁl@r %hhoéi!ﬁyfe% SdMbhéher feeds to
reactors, i.e., |lower” residence

the reactor system, other comonomers may also be optionally fed to the reactors.

Non-limiting exemplary optional comonomers include butene-1, pentene-1,
hexene-1, octene-1, decene-1, dodecene-1, and combinations thereof. These
optional comomomers may be incorporated into the EP copolymer product at
from 0.5 to 10 mol%, or from 0.5 to 8 mol%, or 1 to 5 mol%. This allows for

ethylene-propylene terpolymer products to be produced.

[063] In another form of the present disclosure, provided are advantageous
random ethylene-propylene copolymers comprising between 10 wt% and 20 wt%
randomly distributed ethylene with a melt flow rate of between 0.5 and 20,000

g/10 min, wherein the copolymer is polymerized by a bulk homogeneous



times, and/or |ower catalyst concentrations and thus
| ower catalyst costs for making products with
w@pasahd e et hyl ene concentrgéi on and nelt f|PUI/D821068/013859
The optinmum conbi nation of reéduction in reactor volune
and/ or reduction in catal yst usage nmay be determ ned
by standard chem cal engi neering techni ques. [061]
polgmerizatibh ngoeessahdryherac tix totek regioadefectsed thercapodymer is
di scl osed bul k honbgeneous pol yneri zati on processes
betmgendéhamd {1 §0%0 graater then aoeopolymep of waninadent meltAlow rate and
1.Nn or.4-15 mnp, or . 4:10 min. Thi.s reduced
W?é’s‘%i‘%@% PPMBCH?&Q% @y sg\l,bglqrbpgﬁlgn}eég@bppgﬁwﬁsr eact or
size. Alternatively, or in conbination thereof, the
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raddbfh ROPBBARGRUEiseRIsKAERéreRt irRal proages eopolydhéd With ethylene
addition to propyl ene nononmer and et hyl ene conononer

céretents 450 méasureshbyolP CSNMRnpr dRhmethardso (deseribedein détadl in the
be optionally fed to the reactors.

et
exaeplsslarangind o)1 0ctondh orersor ARt Bﬁ%enr&él-ﬁ?to 16 wt%. The

ntene-1, hexene-l. octgne-1 e e e-
bl B fpfendn oo et pa0R , arafGSR Ty BRRERHIE, bp random
Ry BRRIGIRAGH Ml pRONGE ERALIER JUDHE oy st o
masitfed Byi ASTM DR 3Bosr KO} [l 83 engthody/ tamiging &ropo Dyvnter 20,000 g/10
products to be produced. &9063%1 In another formof _the .
mpn,erehf taise0® gikkmipy ol 8cte 2000 gilhmingeold t0ahdBthg/10 min.

i BB R ReRRG TS o BB AR BRI ebpents of the
ELEhabh Sk agh ASHIEED i Bk G pi potymerizatin
proReERg dixetusedcherehi nZat bergreareahan (050 mbogcion gréster than 0.55 -

total regio defects of the copolyner is between 40 and
moi¥yoy geeater thahdh6@ nealfo| amgreatst thanu.bal mat%ner greatenthan 0.70
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raffdbth 86pvIYRIRes disclosed herein have a total regio defect concentration in the
continuous propylene segments which is 40-150% higher, or 40-100% higher than
the total regio defect concentration of EP copolymers of comparable ethylene
content and melt flow rate produced in prior art solution processes. When
measurable amount of crystallinity is present in the random EP copolymers made
by the disclosed processes, their melting peak temperature as measured by
differential scanning calorimetry or DSC (for the details of the DSC method see
examples) may range from 35 to 80°C, or 40 to 70°C, or 45 to 60°C. When an
optional comonomer chosen from butene-1, pentene-1, hexene-1, octene-1,
decene-1, dodecene-1 and combinations thereof is added to the reactor feed

stream, a propylene-based random terpolymer product may be formed.



contents as neasured by 13C NMR or | R nethods
(described in detail in the exanples) ranging from 10
W 20020824694 or 10 to 18 w % % 10 to 16 wt % HtEUBn$K013859
honogeneous pol yneri zati on pr-dcesses for producing EP
random copol yners di scl osed herein may produce
copolynmers with nelt flow rates as neasured by ASTM
[085§38 dhel Rdihder o€tthe detdiRdgdagriptiom déts forth 2he @etails of the
g/10 mn, or 0.5 to 5000 g/10 mn, or 1.0 to 2,000
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thdh 1 @vt&mﬁl inert gHvémt. 700 GneogmBodintent @ftheVMisolosed process, the
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repetosh eoperaige abnulk, h@@mequs depercsiical egnditions as has been
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M cin e el e

honngenpus pol ymeri zation processes (bul k honpgeneous
HeHRZEREOUS PElynRirDa6SA FHBEeUID&afi§! uti on process) where

the processes and reactors previously
[066] In one or more embodiments, the process includes contacting, in a

polymerization system, a propylene monomer, an ethylene comonomer with a
catalyst, an activator, optional other comonomer (advantageously butene-1,
hexene-1, or octene-1, or decene-1, or dodecene-1, or combinations thereof), and
optionally inert solvent, at a temperature at or above 65°C, or 70°C, or 75°C, or
80°C, or 85°C, or 90°C , or 100°C, or 110°C, and at a pressure above 1.5 kpsi (103
bar), or above 2 kpsi (138 bar), or above 5 kpsi (345 bar), or above 10 kpsi (690
bar). The polymerization takes place in a bulk homogeneous polymerization

system within the reactor.

[067)] In one or more embodiments, the density of the polymerization system

is about 0.3 g/mL or more. In one or more embodiments, the density of the
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conversion of monomer to polymer product in a single pass is at least 70 wt% of

the total combined monomer fed to the reactor.

[069] In one or more embodiments, the polymerization conditions are
sufficient to keep the polymer product dissolved in the monomers present in the
liquid state (i.e., “bulk homogeneous solution polymerization”). In one or more
embodiments, the polymerization conditions are sufficient to keep the polymer
product dissolved in the monomers present in the dense supercritical fluid state
(i.e., “bulk homogeneous supercritical polymerization”). In one or more
embodiments, the polymerization conditions are sufficient to form a single
homogeneous dense fluid polymerization system comprising the monomers and

less than 40 wt% inert solvent (i.e., bulk homogeneous supercritical or bulk
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operate above the polymer's crystallization temperature.

[071] In one or more embodiments, the polymerization temperature is above
the cloud point of the polymerization system at the reactor pressure. More
advantageously, the temperature is 2°C or more above the cloud point of the

polymerization system at the reactor pressure.

[072] Non-limiting exemplary process temperature ranges for making the EP
random copolymers disclosed herein are 65 to 180°C, or 65 to 140°C, or 70 to
180°C, or 75 to 150°C, or 80 to 150°C, or 80 to 140°C or 90 to 135°C, or 100 to
130°C, or 110 to 125°C. Non-limiting exemplary lower temperature limits for
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crystallization temperature) of the polymerization system at the reactor pressure.
Advantageously, the temperature is at least 2°C or at least 5°C above the fluid-
solid phase transition temperature of the polymerization system at the reactor
pressure. More advantageously, the temperature is at least 10°C above the
fluid-solid phase transformation point of the polymerization system at the reactor

pressure.

[075] In one or more embodiments, the polymerization pressure is above the
fluid-fluid phase transition pressure of the polymerization system at the reactor
temperature, i.e., the reactor operates with a homogeneous dense fluid

polymerization system. In one or more embodiments, the polymerization pressure



random copol yners di scl osed herein are 65 to 1800C, or
65 to 1400C, or 70 to 18Q0C, or 75 to 1500C, or 80 to

wa 209052465 80 to 1400C or 90 g 1350C, or 100 pI/USI008M)13859
or 110 to 1250C. Non-limti ﬁg exenpl ary | ower
tenperature limts formaking the EP random copol yners
di scl osed herein are 65, or 70, or 75, or 80, or 85,

is@io HGARE that 100P& (100 bar)Tow, bonellowet tham $MPp(50 par) below,
upper tenperature limts for nmaking the EP_random

orompl-iq:gmthgn ai Maadaeclbag)ab@lpwi@réwllswer éharub@/,ﬁ’@(lh(i bat) below, or
Sl et g {4 b he b 35Tk Sbu BB bw below
oRSIPGERRR % s ARG sAPact LB crllstige. 7

1400C. I n another enbodinent, the tenperature is at or
MoPeHRer@dd CdmébRomefs: 75, or 80, or 85, or 9Q0C, or

—1000C, or H QOC I'n anot her enbodi nent, the

[076fper Rropylene monamebehdwtliydone combddmarraré F0d torthe reactor(s)
140, or 135, or 130, or 1250C.. In one or npre .

ofethe dbwiknhomageaepus yprlymezizatian ; prasepsesudisclesed, hgrein.  The

65C to 1800C. In one or nor.e epbod] S he. o
PIOBYYANG: MpRpish e 82, Purr, SE RS it 08 "ipyg, or sreater than
0 ti :

943006 S5 B[94 GUJCANERNlor rRGTE e e o puriy
oﬁ%'@acﬂrmmt 89 withe drqdryater thamt 9N wistpe pedatercthas 99w %.

400C to about 1050C. In one or nore enbodi nents, the

pol yneri zation tenperature is 800C to 1500C. In one or )
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a phenyl, indenyl, fluorenyl, or naphthyl moiety. The aromatic-group-containing

comonomer further comprises at least one polymerizable double bond such that
after polymerization, the aromatic structure will be pendant from the polymer
backbone. The aromatic-group-containing comonomer can further be substituted
with one or more hydrocarbyl groups including but not limited to C, to Cyq alkyl
groups. Additionally two adjacent substitutions can be joined to form a ring
structure. Advantageous aromatic-group-containing comonomers contain at least
one aromatic structure appended to a polymerizable olefinic moiety. Particularly
advantageous aromatic comonomers include styrene, alpha-methylstyrene, para-
alkylstyrenes, vinyltoluenes, vinylnaphthalene, allyl benzene, and indene,

especially styrene, paramethyl styrene, 4-phenyl-butene-1 and allylbenzene.
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ST HATBEAP; 12 MR STRIETEE At iShohs e tnar
diLvigk l ehdtbréts, Ast ladvhhtagedisl{ thes€Cebntalndip from 4 to 30 carbon
atoms. Examples of advantageous dienes include butadiene, pentadiene,
hexadiene, heptadiene, octadiene, nonadiene, decadiene, undecadiene,
dodecadiene, tridecadiene, tetradecadiene, pentadecadiene, hexadecadiene,
heptadecadiene, octadecadiene, nonadecadiene, icosadiene, heneicosadiene,
docosadiene, tricosadiene, tetracosadiene, pentacosadiene, hexacosadiene,
heptacosadiene, octacosadiene, nonacosadiene, triacontadiene, particularly
advantageous dienes include '1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-
decadiene, 1,10-undecadiene, 1,11-dodecadiene, 1,12-tridecadiene, 1,13-
tetradecadiene, and low molecular weight polybutadienes (Mw less than 1000
g/mol). Advantageous cyclic dienes include cyclopentadiene, vinylnorbornene,

norbornadiene, ethylidene norbornene, divinylbenzene, dicyclopentadiene or
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[082] In another advantageous embodiment, the polymer produced herein can
be a terpolymer of ethylene, propylene and one or more linear or branched C,4 to
Cyo prochiral alpha-olefin or Cs to Csp ring-containing olefins or combinations
thereof capable of being polymerized by either stereospecific and non-
stereospecific catalysts. Prochiral, as used herein, refers to monomers that favor
the formation of isotactic or syndiotactic polymer when polymerized using

stereospecific catalysts.
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catalysts include Ziegler Natta catalyst compounds, metallocene -catalyst

compounds, late transition metal catalyst compounds, and other non-metallocene

catalyst compounds.

[086] As disclosed herein, Ziegler-Natta catalysts are those referred to as first,
second, third, fourth, and fifth generation catalysts in the Propylene Handbook,
E.P. Moore, Jr., Ed., Hanser, New York, 1996. Metallocene catalysts in the same
reference are described as sixth generation catalysts. One exemplary non-
metallocene catalyst compound comprises nonmetallocene metal-centered,

heteroaryl ligand catalyst compounds (where the metal is chosen from the Group



nonene, decene, undecene, dodecene,

4- met hyl - pentene-1, 3-net hyI pent ene-|, and
wW@289082463 met hyl hexene- 1. g I n anot her PCT/US2008/013859
advant ageous enbodi nent, the ol ymer produced herein

can be a terpolyner of ethylene propyl ene and one or
nore |linear or branched C4 to C30 prochiral

4.,a$ phathel Rihtiiandde €eri¢s) orABeraonigideo vérmésofithe Pefiodic Table of the
‘conbi nati ons t her eof capabl e of being pol ynerized by

Elgmends). st er eospeci fi ¢ and nonstereospecific catal ysts.
Prochiral, as used herein, refers to nononers that

fayor the formatjon of |sotact C or sy otactic
[0831 y nedusthaés Bl theeraste Piuamstall %‘E"é’ree&é}ﬁ&ﬁq,, the “nonmetallocene

a8 R LGl S By WA e by

m%gn%1 #0 cWalgst OTpréeursdr ComfpYunadntwihhYdRNeoPr a8t &tivators.
from10 to 20 ww% or 10 to 18 wt% or 10 to 16 w %

Noanmhetallozphé omadtalcertereder hpteesant  Hpardd ocatalyst t cofipounds  are
w% or from0.5to % or wt_%

denwribagr insrdSall it ECEnd agenty Rubligaons dlosh N 0138628, WO

ol LT SR Ty oo

(p%gpé 98 (8P @4@442! ﬁsagt Q1 £ tsa YO 23(?06/?86‘2% and U.S.

yner produced en usi WwWo or e par a

PﬁtemCApphbat&brn SerialyNbel bi7a 464@‘, e@ﬂﬁoﬁwlmh i3 ldPeimaindorporated by
copolyner(s) and one or nore propyl ene or ethyl ene
gee.pol yner, other than EP random copol yner.
Cat al yst Systens [085] Any polymerization catalyst

R oy Sl R 5, 9 St oy
cﬁ’éﬁé¥§dsu%%$t§o§%§bs§gds§5§% 'pﬁ?ﬁggﬁ][msc g(ﬂfjgng tt8 91 flla:EStf' 95§ dSerial No.

16766Y 53 %na%afragfdphat noqu]:@é qbszes]s ofﬁuswssitml eNe! @tnry7oo4 the
pol ynmeri zation catalyst wll be able to coordinate to,

paragrphs m'nvdachasmhemiremmrpnramd sy kefemeinceinsat ur at i on.
Illustrative, but not limting, olefin polynerization
catal ysts include Ziegler Natta catal yst conpounds,

[089] al | ddwnerogesses wisclosed can employ mixtures of catalyst compounds to

select the properties that are desired from the polymer. For example, mixed
catalyst systems can control the molecular weight distribution of the product
polymer when used with the disclosure processes or for the disclosure polymers.
In one embodiment of the processes disclosed herein, the polymerization
reaction(s) can be conducted with two or more catalyst compounds at the same
time or in series. In particular, two different catalyst compounds can be activated
with the same or different activators and introduced into the polymerization
system at the same or different times. These systems can also, optionally, be used
with diene incorporation to facilitate long chain branching using mixed catalyst

systems and high levels of vinyl terminated polymers.

[090] The process of the present disclosure can use one or more catalysts in

any of the reactors of the polymerization reactor section. Any number of catalysts



conmpounds, late transition netal catal yst conpounds,
and ot her non-netall ocene catal yst conpounds. [086] As
waele@elgesl herein, Ziegler- Natjga cat al yst s ar eP€TIOS®08/013859
referred to as first, second’” third, fourth, and fifth
generation catalysts in the Propyl ene Handbook, E.P.
Moore, Jr., Ed., Hanser, New York, 1996. Metall ocene
cancbhatgioged in ahyg of ahve react@s @fcke pobymeizationectaator seatidn of the
generation catal ysts. One exenplary nonnetal | ocene
present| disclassngouk@r cprasticale geasonsetigl Imekendhan five catalysts are

BT AP B M GARSRE L e SRR i amy
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caﬁa’rl?@tsoér bafaf)sk Gnixveres ainathes differthie individehireauterseof the reactor
netal -centered, heteroaryl |igand catal yst conpounds

seatienof the prdsgnididelosurgsh by ni xi ng a cat al yst
precursor conpound with one or nore activators.
Nonnet al | ocene netal -centered, heteroar and

I 1
[093] ol ydthec gnp oo dOTEr salgbsty idsployed bFéttéFIPI;Q%CWf the present
.Pat ent Pub] i ti Nos. W 2 6 A 9
disdo§ie cayb HRMENDy, GReIR I ik pO kit Sysggn or can
< O .
i PACRESIE e ST 0 080 Gt nans ool
dibsolvdd tathlysh4Psterscdre aidvahiagbouss Wareni theicataly stosyatesnl is present

by reference. [088] Particularly useful netallocene
ascaiselid phasenim therpolemsrizatiem scacilraitean ko sypnasted of wnsupported.

L
. ' 0 .
APHA R, 508 DBREAI9 st 2oL gPO of e

individesisieactrs of ahe ot ametinptiony reactérsasionf ieat @y sé¢actor of the
conpounds to select the properties that are desired

pdlymerizadonpossation, ofothepregend, disclosure sqaal wontaipspagsor more
can control ecul ar vveihqeht di stributi,on

hcgp%%rg:tous catatl)r/]sets rTaRc'l one or more hicterogeneous catalysts %Em{lﬁgneously.

[092] The process of the present disclosure can use any combination of
homogeneous and heterogeneous catalysts deployed in the polymerization reactor
section of the present disclosure. These combinations comprise scenarios when
some or all reactors use a single catalyst and scenarios when some or all reactors
use more than one catalyst. One or more catalysts deployed in the process of the
present disclosure can be supported on particles using, for example, fumed silica
as support, which either can be dispersed in the fluid polymerization system or

can be contained in a stationary catalyst bed.

[093] When the supported catalyst particles are dispersed in the
polymerization system, they can be left in the polymeric product or can be
separated from the product prior to its crystallization from the fluid reactor

effluent in a separation step that is downstream of the polymerization reactor



pol ymer when used with the disclosure processes or for
t he discl osure polyners. In one enbodi nent of the
wpe@emsses di scl osed herein, t3 e pol yneri zat i oPCT/US2008/013859
reaction(s) can be conducted-With two or nobre catal yst
conmpounds at the sanme tinme or in series. In
particular, tw different catal yst conpounds can be
segciohy df dek vathlyst partivdesarerredovdred cthey @ithey asrbe diswdrded or can
introduced into the polynerization systemat the sane
be reqyiclagdewith on without Tegenerasion. e hheatalystsean also be supported on
optionally, be used with diene incarporati.qn to
stplgtpied; sHAPOrGn guEh 5 AnBRelibR; SO RITing StrRielt rafostypus channels,
i gh | S Of Tividay, ' : ;
reB Bl VRS i B, e THOR ol R pBOr8 ¥ TG known i
thenet gfha@f(%eggbag yathBysis) any of the reactors of the
pol ynmeri zation reactor section. Any nunber of
cat al ystscan be deployed in any of the reactors of the
[094] y merWhah ithe catdystas sippoited, operatienpwitbalispersed or otherwise
di scl osure. For practical reaso&g, no, nore than fjve
Whea

defined patticles &5 adNANRERESUS eafalyst i AuRRATtad on dispersed

R T T
isglﬁ?ifi inf Ghé Fﬁ%‘?@fﬁw Prod@ét oFt ey Prodesy! UF She! Prds@it disclosure.

erent ual® reactors of 'the reactor section

Uafuppuated esatalystdi sdiksulved. in 083 polynmerizatonmsystem are  most
- catal ysts deployed in the process of the present
advantageouse Tam chtalyrirfsgd rabubg yntapdugsdyany ppmbse of ways to the

regg{ ge H{é’%téllta?g%oflﬁls(t, ?tg]gg{%gﬁ’g&g{:cgb? olﬁﬁ‘toaﬁ?%[s "\€parately from the

m%ggﬂ&?qgéwsl y di ssolved catal yst systens are
advant ageous. Wien the catal yst systemis present as a

solid phase in the polynerization reactor, it can be

[0DSPPOT tIRChdNiti oK) THE Rk St mord eatRyRELEM BE iﬁti’&hﬂfed&ﬁfﬂudgh one or
di Scl osure can use any conbi nation of honbgeneous an

miuédtisle opente dostheataacyort s 1€i multiple eportd argrused nfori mtroducing the
nore of the individual reactor

f th . N
C'f}%b’%éh?%al’@éﬁ chb Re iRceskal sssentiali the %‘;‘3 peat differgnt positions

alpf BEFUEN BRabETeRaPL’ A BhulrlE RESEY pE o Ritidncing the
YDA LEGRITSHS 6y LA e TER il R cividal
portsrizanabé ahe shme or different. Adjustment in the amounts and types of
catalyst through the different ports enables the modulation of polymer properties,
such as molecular weight distribution, composition, composition distribution,

crystallinity, etc.

Activators and Activation Methods for Catalyst Compounds:

[096] The catalyst precursor compounds described herein are combined with
activators for use herein. An activator is defined as any combination of reagents
that increases the rate at which a catalyst precursor metal complex polymerizes

unsaturated monomers, such as olefins. An activator can also affect the molecular



honbgeneous and het er ogeneous catal ysts depl oyed in

the pol ynerization reactor section of the present
waele@elged e. These conbi nati ogﬁ conpri se scenaPCOESUNE013859

sonme or all reactors use a si‘ngle catal yst and

scenari os when sone or all reactors use nore than one

catal yst. One or nore catal ysts deployed in the
wpigheedegree bhcbranckiagl cdnmurionserr eontent,ber suthopteptrties of the

particles using, for exanple, funed silica as support,
palfimen. ei t her can be dispersed in the fluid

pol yneri zati on system or can be contained in a

st atl onary cat aI 093] When the supported
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separation step t hat i s downstream of the
alpploxames zat i the r aract ares egdnieoally | bligbmeriat adlopspounds  containing
particles are recqvered, they either can be di scarded

--Aﬂ(&)a@besuby@ya acheyg ls)rawkkwb (BropRgekxamplesnof aluminoxanes

ingfliy SRl PiiSas o Fiofed ) v iaBmgRER | dvao),
etﬁ?f%‘i‘lﬂﬁirﬁ) hé 3Gl isot H'l%lurhﬁoﬁaﬁé" M‘l@'lﬁﬁ)mﬁnbﬁané@ﬁﬁ& modified

ruct ure supports are we nown 1 the art

alRplabii@aes aret ghitshle. a§ OSuthlyWheactivhtors, atpai‘tyeilanlyz when the
supported, operation w_th di spersed or otherw se
hmfaptab&: bgand &3 adialide adMixivascofudifferptraluminexanes pad modified

AR S bERS o R hAEosRBRUBh. 5 Vgt Nos

LSS A, S0 eSS Tt b, T,

4 9@4@'188t459@8 469) Vc9b8,827,h6 329,030 5248[801, SS’SBS,I%&[ 6,157,137,
‘nost  advant ageous. The cat al yst feed can be i nt r oduced

5,409,030 randrER O Mely476 A 1; K 0 23d0t386. B hbB i 2feé 16 A ER 0694 218
at t .f .S i ntroduced separately fromthe
A&r@ﬁgr%(i)%@@ing%] In addition, the one or nore
cat al ysts can be i ntroduced through one or multiple

19881 1 5o 0fnh e, B0athr jon Mirbulgnf Lelopified o Yithddifig), some
erRBS @Rl drd |s)életchee tR@TBaatmah Ahbher 8Ptackioatdr! #18 5000 fold molar

excess Al/M, where M = the transition metal in the catalyst precursor compound,

over the catalyst compound (per metal catalytic site). The minimum activator to

catalyst compound is typically a 1:1 molar ratio.

B. Ionizing Activators:

[099] It is contemplated to use an ionizing or stoichiometric activator, that is
neutral or ionic, such as tri(n-butyl)ammonium tetrakis(pentafluorophenyl)-borate,
a trisperfluorophenyl boron metalloid precursor or a trisperfluoro-naphtyl boron
metalloid precursor, polyhalogenated heteroborane anions (WO 98/43983), boric
acid (U.S. Pat. No. 5,942,459) or combination thereof as an activator herein. Also



along the length of the reactor. If nultiple ports are
used for introducing the catalyst, the conposition and
wao b@msment of catal yst feed tgrough t he i ndi vPCIIES2008/013859
ports can be the sane or di P8rent . Adj ustment in the
anmounts and types of catal yst through the different
ports enabl es the nodul ati on of pol yner properties,
caritemphficdBbregdd ledreitearg tieuttab b idnit aotivatorygloae tor @ combination
conposi tion distribution, crystallinity, etc.
withtaluminmang o medifiedtalamingxang @stivatoreat al yst
Conpounds : [096] The catal yst precursor conpounds

descri bed herein are conbined with activators, for use .
[018PLi n Examples i afapevtrals staichipmete agtiyatorspinghides frisubstituted

oG EERTLTARE FGRCHFE, AEhBh FL oien
g{é??@'ﬁ?é é%céﬁﬁnfg@ggtz?égf}%%ééﬁctted\%&? blMAS HIkERfs NAlBgen, substituted

ect. t , degree “of brarichi ng,
alkolsp apytsrargtinlides, alkoxpthdhatidone Thiedhreef grobps ped itrdependently
A. Al um noxane and Al um num Al ky] Activators: [Q97] In
selented drom balogen, meaero Arumwdsedlics (includipg | halegphstityad) aryls,
cfivator.in the in-line bl endin rocesses di scl osed
alfifse R4 ke T SmR o Grd R RELFE B Ta R ReRlaREQ e alkeny!
i V/ g |
gtolf; HoVigd’ L pUAT EactobarBinsalIE) drofRTRRVAES) 18 DOPbAILEA atoms,
alkyRyRr&FpsHavahg T o RBEEBoh Atdsl andeikly, §havan® to 20 carbon
(M%\%;g_,&?i)(ji fi e% ryetga/l al um noxane (tMi?AA%)@Pp il
atetrsy (iacluding xaubstitnted  arplsht yIAdtarmatelyx athe. three groups are alkyls
Al.kyl al uni noxanes and di fied, gl kyl al um noxanes .ar
AN dofcod LOrch SOt ZBeny gty At et Alfgmately,
b c i Qga ' al i e - difife t
TR BEE ok il bbbty CRuBndcy CAsA" groups.
AUshfhtelOthd Webifial seislibhi¥ttionktivars is. @ing’fﬂuor Benyl boron or
4, 665, 208, 4,952,540, 5,041,584, 5,091, 352, 5, 206, 199,
trspediyotogaphthgldorodd, 4, 924, 018, 4, 908, 463, 4, 968, 827,
5, 329, 032, 5, 248, 801, 5, 235,081, 5,157,137, 5,103,031
and EP 0 561 476 A, EP 0 279 586 Bl, EP 0 516 476 A,
[0301}) 5daniziHoishiometriamaizaterigampounds can contain an active proton,

or some other cation associated with, but not coordinated to, or only loosely

coordinated to, the remaining ion of the ionizing compound. Such compounds
and the like are described in FEuropean publications EP-A-0 570 982,
EP-A-0 520 732, EP-A-0495375, EP-B1-0500944, EP-A-0277003 and
EP-A-0 277 004, and U.S. Pat. Nos. 5,153,157, 5,198,401, 5,066,741, 5,206,197,
5,241,025, 5,384,299 and 5,502,124 and U.S. patent application Ser. No.
08/285,380, filed Aug. 3, 1994, all of which are herein fully incorporated by

reference.

C. Non-Ionizing Activators:

[0102]  Activators are typically strong Lewis-acids which can play either the
role of ionizing or non-ionizing activator. Activators previously described as

ionizing activators can also be used as non-ionizing activators.



[ 098] When the activator is an al um noxane (nodified
or unnodi fied), sone enbodi nents sel ecte the nmaxi num

w@pmans24635 acti vator at a 50037fol d npl ar exceRGI/BE70N/013859
where M= the transition netdl' in the catalyst
precursor conpound, over the catalyst conpound (per
nmetal catalytic site). The m ninum activator to

[0d88h! y Abstraction od foﬂnaymuwdlllggmdi :chnrbel achiewetd withH.ewis acids

l onj zing Activators : IS contenpl ated to use

It
thah dimcmzm iangaidinien t}prctheo ﬁrzmalcnwa visgands. ¢ ﬂhﬁsq Lewis acids are

1&%:“?@&{; quru\gpéjﬁﬂ éﬁ?ﬂé %Eatque}/rg}glaem non-lomzmg activators
1nUdcﬁ:pﬁm kﬁu 3’%5%% )%bmbor ogﬁﬁﬁt a? ﬁF 4hd R ''%fs & hydrogen, a

trisperfluofd-na precursor

hﬁﬁbym&bgﬁilﬂisﬁdxtbehyﬂﬁimﬂ&ﬂeoﬁalfaﬁaldﬁMDgQ&ﬁLSHf&ﬁically, R'" is an
boric acid (U S. Pat. No. 942, 459) or conbi natjon
arlenercvoa mﬂannaatedvaxte@c hé‘hn mnlmgowm@rpl alsedinchide weakly

i n are neut ni c,activatqrs ne or .in
ineteet ronstion methl g Ry db¥atedh JrfiR Gefipleres.
act i vators. [0100] Exanpl es of neutral stoichionetric

I@QM o BNSRUTRRE Fblels 1F B ‘i%%ire%%?ﬁ%ﬁﬁé I BMe:, BEL

n S e | §e ;
r%’al%?@u&% ARVR;, A?EQ A‘i@BﬁZ;gt L ed %,lummoxane,

, nyl's, hal ogen,
Cale,INi.(l,épgydiedmdémne)al koxy and halides. The three
groups are independently selected from hal ogen, nono
or multicyclic (including halosubstituted) aryls
[0a1|05]/| s A@ﬁuomlmwal dempisaaitls ara dknow oy ths arhandwiill be suitable

AR B e RS Y SR B SHER rice by

EaVKex XY e %Upa%dh Iy N9 g)\laxfk@ 2%8@@39?? pﬁgfagl-éswlyzed Olefin

gr oups havi ng carbon”a

P&P»hﬁdrizfatibﬁd arA(étsx)atofsl t A diitation, PRroGedss,eecaril OSRBcRIE-Activity
kyls having 1 to 4 car bon gr oups, phenyl napht hyl

Rollatmns&nps s LhemerRev., lw,tbl’r%aﬂ@%’(ZQ(}Oé t hr ee groups are
hal ogenat ed, advantageously fluorinated, aryl groups.
Al ternatel the neutral stoichiometrie getivator is.

(D6} peSurtableonprsignizisg: astivafors inelyde M U@k chapherg/ R~ is a group
lfg g[ﬁan&gﬁt% anlsa%bygnzotg%bg?g}y rE)cr:érByﬁCat éu Itl?uteg% ?g@a%yl, or a
functional group. In one or more embodiments, R'! is an arene or a perfluorinated

arene.

[0107] Other non-ionizing activators include B(R'%)3, where R' is an arene or
a perfluorinated arene. Illustrative activators can include ionizing and non-
ionizing activators based on perfluoroaryl borane and perfluoroaryl borates such
as PhNMe,H+ B(C¢Fs)s, (CeHs);C' B(C¢Fs)s, and B(CeFs)’.  Additional
activators that can be used are described in WO 03/064433A1, which is

incorporated by reference herein.



or sone other cation associated with, but not
coordinated to, or only |oosely coordinated to, the
WO 2000/08846%) i on of the ionizi nﬁscorrpound. Such POHP29081613859
and the like are described i'n®European publications
EP- A-O 570 982, EP-A-O 520 732, EP-A-O 495 375,
EP- Bl - O 500 944, EP-A-0O 277 003 and EP-A-O 277 004,
Sﬂ@@ S. Pat. Nos. 5,153,157, 5,198, 401, 5, 066, 741,
206, 197, 5,241,025, 5,384,299 and 5,502, 124 and U. S
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infuxlé; & PO IS R SRRIFFACEPY Srpptey BEGofe OF Mbre catalyst
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y elther the r I oni zi ng or I oni zI ng

vaporizéd tvith, bistidedadb oosingoporated witlies adsérdeéd as absmibeidrig, or on,
activators can al so be used as non-ioni zi ng

orgcen maresuppobtsog]cantiensr act i on of formal neutral

| i gands can be achieved with Lew s aC| ds that display

an affinity for the formal neutral |igands. These

(0489 s J&nedgumcm trpﬁeaal 1§ ams efutht eanmntmahsypport materials.

r.din Ex
AFPRTGANE eI OER T ol ib S Betb Lot BleRTal, for example,
L%l ﬁo{'gﬁnﬁ: BXﬂfeQQﬁﬂ 1@r€%ﬁb°&ﬂbﬁﬁés @)tﬁé‘1b§ﬁllbﬂdﬁ ?ﬁ’aterlals include
rbyl, or a functional group. Typica R1'
reginoas esupport materidls usudhnas epolystynene, I\ﬂmctlonalzzerab or crosslmked
actjivators al so include weakly coord| nated transition
organig| SUppepisusdeh agdolyyyreng draql@dt &1Zene P pelshak <y, polymerlc

e e S T o 8T eaf Xy A3 Gsupport material and
thg(l%':@ﬁnxtﬁ'ré@fﬁ &JfEtS Al (iBu) 3, Al Ph3, B(C6F5)-,,

al um’ noxane, H Ni (I, 5- cycl ooct adi ene) 2. [0105]

Addi ti onal neutral Lewi s-acids are known in the art

[0210] W Mhebgdvantigtbus sup Poﬁbﬁfa’f@ﬁﬂs Age indrgahicnexdidegithat include
ligands. See in particular the review article by E

thyse &rovi@n3ahds, Tl3 or 14 vhetak pxidesc dihel adstagtagepus supports include
siliga (WlCh GAN o GaBIE b et B boamad SHee: s (WO 99/60033),
silfteA-AMMENARE mixieY thBRoe:  Yifler b3k ]s%fiﬁoﬁgqggl)ude magnesia,
titania, zirconia, magnesium chloride (U.S. Patent No. 5,965,477),
montmorillonite (European Patent EP-B1 0 511 665), phyllosilicate, zeolites, talc,
clays (U.S. Patent No. 6,034,187) and the like. In addition, combinations of these
support materials can be used, for example, silica-chromium, silica-alumina,
silica-titania and the like. Additional support materials can include those porous
acrylic polymers described in EP 0 767 184 B1, which is incorporated herein by
reference. Other support materials include nanocomposites as described in PCT
WO 99/47598, aerogels as described in WO 99/48605, spherulites as described in
U.S. Patent No. 5,972,510 and polymeric beads as described in WO 99/50311,

which are all herein incorporated by reference.



[0106] Suitable non-ionizing activators include

RIOOR. 1 3, where R10O is a group 13 elenent and RL 1 is
w@2wesagen, a hydrocarbyl, a gubstitut ed hydrPCHDK3008/013859

or a functional group. In oﬁé or nore enbodi nents, Ri11l
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support materials. Advantageously, the supported

fromx abdual0.0% teeatpmrtd@spmupport material, for exanple,
tal c, inorganic oxides and inorganic chlorides. O her
SUEEOH materials include resinous support materials
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m xtures t 0110] The advant ageous
support materials are inorgani c oxides that include

[0113] Additional useful activators for use in the processes of this disclosure
include clays that have been treated with acids (such as H,SO4) and then
combined with metal alkyls (such as triethylaluminum) as described in US

6,531,552 and EP 1 160 261 A1, which is incorporated by reference herein.

Scavengers
[0114] Compounds that destroy impurities without destroying the catalyst are

referred to as scavengers by one skilled in the art of polymerization. Impurities
can harm catalysts by reducing their activity. Scavengers can be optionally fed to
the reactor(s) of the process disclosed herein. Catalytic activity can be defined
many different ways. For example, catalytic activity can be expressed as turnover
frequency, i.e., the number of moles of monomers converted to the product in a
unit time by one mole of catalyst. For a given reactor operating at the same
residence time, catalytic activity can also be measured in terms of catalyst
productivity, customarily expressed as the weight of polymer made by a unit

weight of catalyst.



those G oup 2, 3, 4, 5, 13 or 14 netal oxides. The

advant ageous supports include silica, which can or can
wmododbge4eehydr at ed, fumed sili 6 al um na (WD PCT/US2008/013859

99/ 60033), silica-alum na andVi xtures thereof. O her

useful supports include nmagnesia, titania, zirconia,

magnesi um chloride (U. S. Patent No. 5, 965, 477),

[01a5) nOrTH Goatengersirfopease Rat giet pedeestesO discldsedoherein can be
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WO 99/ 48605, ., spherulites as described in U S. Patent
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n2/ g, pore volume of fromabout 0 to about 3.5 cc/g
S%En&verage particle size of fromabout 0.02 to about
Most advant ageously the surface area of the
[(lUBpOr tAdRImRagedusi imettnsdlivents afogeusiesinf thenprsentt dikObstice include
about 400 n®/g, pore volune fromabout O to about 3.0
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activators for use in the processes of this disclosure
ethane, propane, butane, isobutane, isopentane, and hexanes. In advantageous

embodiments, the solvent/diluent is recyclable.

[0117] Advantageous diluents also include C; to C;sp isoparaffins,
advantageously C4 to Cjo isoparaffins, advantageously C4 to C,s isoparaffins,
more advantageously C4 to C,g isoparaffins. By isoparaffin is meant that the
paraffin chains possess C; to Cy alkyl branching along at least a portion of each
paraffin chain. More particularly, the isoparaffins are saturated aliphatic
hydrocarbons whose molecules have at least one carbon atom bonded to at least
three other carbon atoms or at least one side chain (i.e., a molecule having one or
more tertiary or quaternary carbon atoms), and advantageously wherein the total

number of carbon atoms per molecule is in the range between 6 to 50, and
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[0118] In another embodiment, advantageous diluents include C; to C,s
n-paraffins, advantageously C, to C,¢ n-paraffins, advantageously C; to Cis
n-paraffins having less than 0.1%, advantageously less than 0.01% aromatics.
Some suitable n-paraffins are commercially available under the trade name
NORPAR (ExxonMobil Chemical Company, Houston TX), and are sold
commercially as NORPAR series of n-paraffins. In another embodiment,
advantageous diluents include dearomaticized aliphatic hydrocarbon comprising a
mixture of normal paraffins, isoparaffins and cycloparaffins. Typically they area
mixture of C4 to C,s normal paraffins, isoparaffins and cycloparaffins,

advantageously Cs to C,g, advantageously Cs to Cy,. They contain very low levels



Sol vents [0116] Advantageous inert solvents for use in

the present disclosure include one or nore of 4 to
w@22ohoaMenes, advant ageously R opane n- but anepPCT/US2008/013859
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AB&MeEn445);0 ahd, adwaitageaesly 1haamg 24 viscaemiyt hadex (“VI”), as
enbodl ment, and from 10 to 15 in yet another
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typi cal | y be present The isoparaffins can al so
araf s wi.t h, branch d si de: chai ns,
(032l fny 4at o o Enstiso e, diert nESTEEHR i 1, 20 % of
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or Ideggs ?heg{/l scggoldftgy (ASTM 445, 25C) is from50
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aifl $4per3n PAO's (ExxonMobil Chemical Company, Houston TX). Other
useful oligomers include those sold under the trade names Synfluid™ available
from ChevronPhillips Chemical Co. in Pasedena Texas, Durasyn™ available from
BP Amoco Chemicals in London England, Nexbase™ available from Fortum Oil
and Gas in Finland, Synton™ available from Crompton Corporation in
Middlebury CN, USA, EMERY™ available from Cognis Corporation in Ohio,
USA.

[0121] In another embodiment, the diluent comprises a fluorinated
hydrocarbon. Advantageous fluorocarbons for use in this disclosure include
perfluorocarbons (“PFC” or “PFC’s”) and or hydrofluorocarbons (“HFC” or

“HFC’s”), collectively referred to as "fluorinated hydrocarbons" or
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Polymerization Process Configuration

[0123] One or more reactors may be used. When more than one reactor is
utilized, they may be arranged serially, in parallel or a combination thereof. The
catalyst compound and activator can be delivered as a solution or slurry, either
separately to the reactor, activated in-line just prior to the reactor, or preactivated
and pumped as an activated solution or slurry to the reactor. An advantageous
operation is two solutions, one for the catalyst and another one for the activator
for in-line activated catalyst operation. Polymerizations in a reactor train may be
carried out in either single reactor operation, in which monomer, comonomers,
catalyst/activator, scavenger, and optional modifiers are added continuously to a

single reactor or in series reactor operation, in which the above components are



10 carbon atons having a kinematic viscosity of 10 or
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reactor trains. However, at least one of the reactors of the disclosed processes is
always configured to make an ethylene-propylene random copolymer with the

properties defined in the current disclosure.

[0126] In one or more embodiments, polymerization can occur in high-
pressure reactors where, advantageously, the reactor is substantially unreactive
with the polymerization reaction components and is able to withstand the high
pressures and temperatures that occur during the polymerization reaction. Such
reactors will be referred to as high-pressure reactors for purposes of this
disclosure. Suitable reactors are selected from autoclave, pump-around loop or

autoclave, tubular, and autoclave/tubular reactor combinations, among others.

[0127] Autoclave reactors can be operated in batch or continuous mode. To

provide better productivity, and thus to lower production cost, continuous



FCs include those represented by the formula: CxHyFz
wherein x is an integer from1l to 40, alternatively

WO e@ai0d246 30, alternatively from1l to 20, PCT/US2008/013859
alternatively from1l to 10, '§I5t'ernatively froml to 6,
alternatively from2 to 20 alternatively from3 to 10,
alternatively from3 to 6, nost advantageously from1l
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arf GLERSTE CEIGEI | n seri s, The catalyst and of her

feed conmponents can be added to the first reactor in
3805y e 00t OB b P Gifbpgtion of
cAMYE61$ §U¥sible and often advantageous. Such introduction prevents the
possible formation of hot spots in the unstirred feed zone between the mixing
point and the stirred zone of the reactor. Injections at two or more positions along
the length of the reactor are also possible and sometimes advantageous. For
instance, in reactors where the length-to-diameter ratio is around 4-20, the reactor
advantageously can contain up to six different injection positions. Additionally,
in the larger autoclaves, one or more lateral fixing devices support the high-speed
stirrer. These fixing devices can also divide the autoclave into two or more zones.
Mixing blades on the stirrer can differ from zone to zone to allow for a different
degree of plug flow and back mixing, largely independently, in the separate zones.
Two or more autoclaves with one or more zones can connect in series cascade to

increase residence time or to tailor polymer structure. A series reactor cascade
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more even temperature profile in the reactor. The role of turbulence and its
effects on residence time distribution, heat transfer, etc., are well known in the art
of chemical engineering. In tubular reactors, external cooling allows for increased
monomer conversion relative to an autoclave, where the low surface-to-volume
ratio hinders any significant heat removal. Tubular reactors have a special outlet
valve that can send a pressure shockwave backward along the tube. The
shockwave helps dislodge any polymer residue that has formed on reactor walls
during operation. Another way of addressing wall deposits is to fabricate the tube

with smooth, unpolished internal surfaces. Advantageous tubular reactors can

operate at pressures up to 300 MPa and advantageously have lengths of 100-4000
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for (de t he mononer concentration gradient in
alf’ﬂ%ﬂ?e @@%@?ngtgmh configurations are well-known in the
art of reactor engineeri ng [0128] In the case of
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catal yst is p055| e an vant ageous

advahtapeontlyavolsduendas dnlilﬁeﬂotbmﬂﬂrauf@bﬂbéllomtwﬁrdwde maximum
spots in the unstirred feed zone between the m xing

cqsdingt andh dhesh enaximune polymer grrodeetiane a\athm thp nlpr@ms i anmammum

t L t the |
osaliE TP aabie, AUFHRYS SREFUBRe? PR aaedm%}aﬁabgt_artup, but

nd:toa[ Iérrlﬁé 8% ion 25%%3‘3{:@%@' %‘%g% ffot?@g;f gg ) REE{dthe back-

O IS aroun y can

m&dng adHaratetisticsl X 1A thbelae teadtors; the OﬂilrsD @Qtﬂidnﬁ . double-jacketed
Addrtionally, in the |arger autoclaves, one or nore

tubmgarsdleatadaarﬂgerdhan ceslesignsbistopenased icghtinpewesly s tA weélrdeSIgned
aut ocl

se fixing devices can also divi
PRI RO S AT BAP I GObY o dlut o s 2 FoNY pttern with
m Cﬁlpna(ii r%ﬁ%'i fI Oaﬁférgn Qnerd %of“ ln?tWPE&tne JuildidviseMd tubular
degree o ow and back m Xi ng,
reh SQ8s) %@eﬁ%t' dém bé‘lﬁj@&ﬁ%@ﬂﬁ@irﬂ# QR&%ptionally at one or more points
along the reactor. The catalyst feeds injected at the inlet and other injection points
can be the same or different in terms of content, density, concentration, etc.

Choosing different catalyst feeds allows polymer design tailoring.

[0132] In addition to autoclave reactors, tubular reactors, or a combination of
these reactors, loop-type reactors are useful in this disclosure. In this reactor type,
monomer enters and polymer exits continuously at different points along the loop,
while an in-line pump continuously circulates the contents (reaction liquid). The
feed/product takeoff rates control total average residence time. A cooling jacket

removes reaction heat from the loop.



Two or nore autoclaves with one or nbre zones can

connect in series cascade to increase residence tine
wW@eoobo8t4e3 | or pol yner struct urg. A series reacPOr/US2008/013859

cascade- - consists of two or°nore reactors connect ed

in series, in which the effluent of at |east one

upstreamreactor is fed to the next reactor downstream

[0183] he Read Galde tenfperatinss aftcoRéd hewmto arfbelbw amplsiene@mperatures
reactor(s), the feed of any reactor in the series

tocprovidie cealing ¢o she) sxathenmi¢ reackion inothsi reactosopsrating above the

addi ti onal nononer, t%{ﬁ%{St' olr':%ﬁ‘ol vent fresh or
cryglayiaationstempeEtPES ke I PIASNCLr react ors,

advant ageousl y capabl e of operating up to about 300

ane al sg wel |, sui.t er. | | ' S

(O3 n; AecrERetn dsietedhosbln URERHTS (Bl ARnlb T fhort as 05
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tubul ar) reaction zone. As in autoclaves, these
timej aed from RaniMigestr 3@ namuess ayvadagecusty fromp 2aoe2 (s minutes, or

(such as propylene), one or nore cqononoper, catalyst,
3 to 1 pinxinutess Infsomecerabodiments.dhe sesidgncer tiaercapherselficted from 1,
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se?Qi40d AtE™ 141e (Bepgq] % §ng l%{@ﬁﬁn@t’ége ,qﬂs%e[%@%l% ldgé\%gogulrg Wrocesses

econes I néréasi’ngl’y turbulent. Typica

chdve ackdehéedirhys BEYeoMd3 mimites twal(iesinutesdGfibreoparticularly 3
more are conpletely turbulent. Flow turbul ence

mimges ta b eynutes. devel opment of a "flat" fluid flow
front with nearly identical flow rates and thus

S RS T S5 o SIS i
t f [ f 3 .
RSBTSRBTS AR B SeBRROE igas e

cdMRrdi6AC®.. ThE mBh&meE-té e coneedidd Fakf f&CHfe @escribed
residence tinme distribution, heat transfer, etc., are

proekssek mantbel a5 high @ 90%f Edepracticaleregsores fongxarhple for limiting
tubul ar reactors, external cooling allows for, . .
viseesieadewermonvarsiensnoeuld be adventageaus.o lanadditign) fQ practical

regai 1o ORI TPEnpUNnE TR oSt sE e, minimum
CHRE| Sk SHLLE e A8 S5 We BB b un a racicl
conversion rates up to 80 percent or 60 percent, or 3-80, 5-80, 5-70, 10-70, 15-70,
20-70, 5-60, 10-60, 15-60, 20-60, 5-50, 10-50, 120-50, 5-50, 5-40, 10-40, 15-40,
20-40, or 5-30, 10-30, 15-30, 20-30 percent conversion, advantageously greater

than 5, or greater than 10 percent conversion.

Comonomers, dual catalysts and polymer structure

[0136] In reactors with multiple injection points for catalyst and feed, there
exists the possibility to tailor the polymer design. Use of more than one catalyst
having different molecular weight and structural capabilities allows a wide variety
of product compositions (e.g. bimodal, linear mixed with long chain branched).

The various olefins will have differing reactivity ratios for a given catalyst so a



Shockwave hel ps di sl odge any pol ynmer residue that has

formed on reactor walls during operation. Another way
w@Rooadsdessi ng wal | deposits i,§ to fabricate tPE/USHE8/013859

with snmooth, unpolished i ntefial surfaces.

Advant ageous tubul ar reactors can operate at pressures

up to 300 MPa and advant ageously have | engths of
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the $660n4 1686k or s, at injection, feeds are

advant ageously cool ed to near anbient tenperature or
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m ni mal radi ow rate erences. In

bltehd: 1M HEk R DEstHtEnes hatteneny] 14 34hekadienieaaidol, 9-octadiene. When
catal yst can be injected at the inlet, and optionally
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st ner design tarloring.
In addition to autocl ave reactors, tubular reactors,

(33, P3RBT DEFSLCSaE s, oSS, ol s
is also possible. In one embodiment, EP random copolymers are made by using at
least two parallel reactor trains. These two or more parallel reactor trains may
produce EP random copolymers of differing molecular weights and/or
compositions to produce an EP copolymer with a multimodal (bimodal or
trimodal) molecular weight and/or composition distribution. In addition, one or
more of the parallel reactor trains may produce an ethylene or propylene based
polymer, other than a random EP copolymer, that may be in-line blended with the
disclosed EP copolymer produced in at least one of the reactor trains of the
parallel reactor bank. U.S. Patent Application No. 12/002,509 filed on December

17, 2007, herein incorporated by reference in its entirety, discloses an improved

in-line process for blending polymers to improve blend quality and reduce the



nononer enters and polyner exits continuously at
different points along the loop, while an in-1ine punp
W@ oiwwspsetisl y circul ates the &gnt ents (reacti oPCT/US2008/013859
l'iquid). The feed/product takeoff rates control total
average residence tinme. A cooling jacket renoves
reaction heat fromthe |oop.[0133] Feed inlet
cdpitab eandlt operntiapecodts eassociatedt ovith beiding,aald emhy be utilized to
tenperatures to provide cooling to the exothermc
prioduee thenin-king hisnds ftam ﬁh©p@aﬂﬁ?fﬂ§0mdrﬂén$ disclosed herein.
crystallization tenperature of the polynmer product.
[0134] The processes described herein can have
i £19%0 iqres as short as 0.5 seconds and as |ong as
TESThIgur. |¥|j§;gvant ageous enbodi nents, the residence

Ethyl&fe-piopyldneaopolymetiegtia® 30 m nutes, advantageously
from2 to 20 mnutes, or 3 to 15 mnutes. In sone

di . ey . .

R F50htend N2 SRRkl TsCAAY, SDSELLIGAR in 100

loWRjstatuiite’ ?ﬂirﬁ%ﬁ@ equipped with dig leefecligeidf delive?y td,thd Gaonomer
15, 20 and 30 m nutes. In general, disclosure

blendingsstationh dithylenesGuadec 4.5t (AirgasPiscataway mNdtweas ebtained in
20 mnutes; .npre particularly 3 mnutes to 15 m nutes.
highpyessurg ¢YHNdRsSt he total quantity of polymer that is

coll ected during the reaction tine by the anount of

D™ A Bt 07 SN o
hSRRC TARIMNBRRE SEIRNE AR ad FedStoMiHeNrédgttOffonT e monomer blend

practical reasons, for exanple for Iimting viscosity,
vésegler conversions coul d be advantageous. I n addition,

for practical reasons, for exanple for limting the

cost of nononer recycle, mninmmconversions could be

[0ddhnt Lpsosamplel vesret dnalyzask using aa FIR6890Dh (Agilent Technologies)
racti cal conv \on rate tq 80 per.cent 6

e cheamatograph. §60)seabpped 7itn: fame fonigaitpn sterfor (FID), gas
- 0 - - A - - 50, -B0.. 5

safiglihe yevinand Brcurd ool Qigensyflon TH Ahadljy Wat performed

wif-a380 BE0S3nt PDVIEP AI0M raédidré easillaty calugdt efilnt Bftkness 15

5, or greater than 10 percent conversion. Conononers,
mikrah).c dthel gastier gasi was|hetisum s {Ihectemperature program started at 70°C,

held initially for 3 min, ramped to 150°C at 20°C/min. Total analysis time was 7

minutes. The data were acquired and processed by ChromPerfect software
(Justice Laboratory Software). Calibration standards containing ethylene, propane
and propylene were purchased from DCG Partnership, Pearland, TX. The FID
response factors were based on these calibration standards and were also checked
against the results published by J.T. Scanlon, D.E. Willis in J. Chrom. Sci. 23
(1985) 333 and by W.A. Dietz in J. Gas Chrom. (1967) 68. For our mass balance
calculations, propane, a trace impurity in the propylene feed (Air Gas), served as

internal standard.

[0142] The monomer blend feed was purified using two separate beds in series:

activated copper (reduced in flowing H, at 225°C and 1 bar) for O, removal, and



[0136] In reactors with nmultiple injection points for

catal yst and feed, there exists the possibility to
WO 2000082465 e pol yner design. U%z _of nore than OPEI/US2008/013859

catal yst having different nol"ecul ar wei ght and

structural capabilities allows a w de variety of

product conpositions (e.g. binodal, linear m xed with
mblseglarhdéve (5 A)cldditedTineflowingds a12510°63 for Matdranemoval. The
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but the use of nmultiple catalysts is still applicable.
Odiitey Germany). two such autocl aves in series or parall el
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co _ _
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oductj o P r bl S.1s: [ I
BB el P L RS R uRAPY el efE S, rom he
profaet cONRtIoRdsQES THisStfdaft of réactidéffluent Was&eliytefie GC gas
the optional copolyner could be butene-1,
sainpliid pbrremice tieoligh e G@-sampdinigelvepl, The {¥@neas programmed to
nor bor nene, 1, 5-hexadi ene, and 1, 7-oct adi gne.

agguize mnowrRample eyeBhbd ainstas, durs tspany nthe Oéd'ﬂ,n?rﬁ?féi and on-
tig “FHiehl AnaRAy s BRYHEhe, §opBoRlicar bt B She mass
b%lpéé@ RXRUIfdRs. e lothl TEER AR HoWWEs sBReABd BR 'summing the

ends are nmade I n a series reactor casCade, one” or

midaber feéd FOW rateahedsurad dyf thd masdiflewsmetdreand the catalyst flow
mononer -contai ning feed, while the feed of one or nore

raoweasuredrhyr thgoveight dropainghe eatadystifeed sessshononer f eed
stream [0138] When parallel reactor trains are used,

b : . ! .

380 SR B e i 4 REE IS ety wsin
I [t I ' t

i G ¥ERBBELd I SRR BiSPLSe oTRP T yflon, and wre

dEPRREY R $hefredétbf ey N0 doRtiAGELAhipRip#bdsar@nyridige pump (PDC

Machines, Inc., Warminster, PA). The pump rate directly afforded the catalyst

solution feed rate for the mass balances.

[0145] Material balances were calculated from two independent composition
data sets. One of them relied on effluent gas analysis with propane internal
standard. The other one was based on product yield and BCNMR and IR
compositional analyses of the product polymer. The on-line analysié provided
conversion, yield, and product composition data, therefore allowed to monitor and

control those process parameters.

[0146] The Melt Flow Rate (MFR) was determined according to ASTM D1238
and ISO 1133 methods.



conpositions to produce an EP copolynmer with a

mul ti nodal (binodal or trinodal) nolecul ar wei ght
w@nabos246oNposi tion distributign. I n addition, PONESNS/013859

nore of the parall el reactor’sgr'ai ns may produce an

et hyl ene or propyl ene based polyner, other than a

random EP copol yner, that may be in-line blended with
[014€] di $HdavsRowERhnidmoIphase tpamsitimesd wene ancasaed améeafing and

the reactor trains of the parallel reactor bank. U.S. .
cqadingntheappdushisasipleo .fromﬁggzs,@@mm and onelbe gespsetively, using

DifreROescAist EelGTRBT B, MShERAGT vl tbigyeted sing o
i | . '
Tghgggigggeg% 998 LIRS1009, PL&RID]ERhAd Mz gnas%& Qsing the

pérating costs associ ated w

st&hdﬁ%ﬂidﬂﬁlys&m@bmﬁrebl?{ hé Meddst, t Dypicallycs® to MO ing-6f plymer was
bl ends fromthe parallel reactor trains disclosed
erfvapsiulated TS TanvEATHODSIE: [pph eard ploaded emgo the instrument at room

BSTar gd _
SRR S22 o0 53Rl e TR 0 Al e o 210°C a
o GEARERES oF S CRTH RE Badiab) Sy FE Beio or

theAs!réasivedsample VEle simhplavwas AbldPat e Criob isSahimites el déstroy its
cylinders. [0140] Custom bl ends contai ni ng et hyl ene

tharmalphispyrye n ErystaHizatiopabehdvior Wwas svalubited lynooaling the sample
bl end was fed to the reactor fromthe pononer ?I ergg .
froms tha melipto spbambisahirraperabie alndcpoHRg 89T 0°C/min. The

ARSI AP 15 R0 SRy e i
ot Ratd'dnd B chfevAAGstBARA SHIE COSHondl h&ATHE dafl Was m}erﬁl\;'ililred by

anal ysis was performed with a 30 m0.53 mmID HP AL
heseghhibise nedpickystalyized | sanmplef at 10tOinsinne Secohdnheating) data thus

The carrier gas was helium The tenperature program .
providesathase wg@ﬂpr er samples icaystgllized undgy ﬁ(,mt.r@%% thargal history

RS T8F B I AP T8 ety e
extithd Eec&gfé?ltiiﬁﬁmLﬁgﬁgiﬁbﬁr%e@fah 78d - for3bnhdRt & Bnsition and

standards-contal ni ng et hyl ene, propane
peak temperature. The melting temperatures reported in the tables are the peak

melting temperatures from the second melt unless otherwise indicated. For
polymers displaying multiple peaks, the higher melting peak temperature is
reported. Glass transition reported is the temperature at which heat capacity
change (ACp) is half its total value (step change between equilibrium liquid to
equilibrium solid state) and at which half the sample has de-vitrified. Areas under
the curve were used to determine the heat of fusion (Hf) which can be used to
calculate the degree of crystallinity. A value of 8.7 kJ/mol was used as the
equilibrium heat of fusion for 100% crystalline polypropylene (single crystal
measurement) reported in B. Wunderlich, “Thermal Analysis”, Academic Press,
Page 418, 1990). The percent crystallinity is calculated using the formula, [area
under the curve (Joules/gram) x 42 (gram/mol) / 8700 (Joules/mol] * 100%.



and propyl ene were purchased from DCG Part nership,
Pearl and, TX. The FID response factors were based on

W@ b@seswed | brati on standards gd wer e al so chep&BUS2008/013859
agai nst the results publi shé% by J. T. Scanlon, D.E.
WIllis in J. Chrom ScL 23 (1985) 333 and by WA
Dietz in J. Gas Chrom (1967) 68. For our nmass bal ance

Mudloniieséquithice distribiation ahdaven pogition thy PC NIMR
progy ene feed (Air Gas), served as Internal standard.
[0148}42] Carbo ISpBélzpstopyewasatsed oi micasrgsMEGomes sequence

SRR BBl R 8 B, FOUIAR. i
I : | ! il _
pn?gg%eegg(#@énc%ev@ﬁﬁo@ N'Nm' g?%&{ja ! ?1% gln‘,‘%ﬁ'iged\'zwﬁh a_10-mm

wat er renoval . e oW ra density of

broA8bARE ro¥d enn@asatiAtl UnityP169r500! specifaatetéd. oOWHet@nples were

(Model PRAine promass 80, Endress and Hauser) that
preparedoratle b 2dbotateachbaroetianetd GLCE).i cSample preparation (polymer

the |l ow pressurge side of feed p . The.purified. .
disslutigh mﬁqm@gmegd abyl‘é()u@r apﬁ‘r &gﬁ@%ﬂporet chemical shift

J 1, 4Pro it IO .

relpiibin: A% | R - BreaEed Bithoyt SR aeetylacetonate
reMlafilon BegdrR Vs Sidviatled-nse2 Was Véthaneed Hyo aéQuttinBUtHel ¥pectra with

renove a gas stream fromthe product collection
nudeadDverhhusersnhanceméntr fead Omeceridd before thrsacspiditionm pulse. The

the GC gas sanpling port and through the GC sanpling
3-Bos@son¢ﬁéq@@1tmsp9%§ Measnidlowedby @nr additigeal mmog 4 seconds,

£ 9 et RIS reEiels: AFu 17 Shutn JirePatdfort deays of
3AIRIG0 tcbﬁ?@éd tRdfenfOerb @ cBRed kil ARGRp&ahie! Gt 120G,  After

The total tTeed mass flow was ‘generated by summ ng the
F oarierneeanstermaatiorn(@ 6K oimtaand €03 bz expomential fihe brosdening), the
and the catal yst flow rate neasured t he wei

b ht d
spestrupe i sefgrepsed e getvings e uPﬁqmpea@gpﬁltb@, e 7%2}54 ppm.
) d.ir -f1b1ed gl box =hy =usi e L
POt analedlt GrIMIR Prefull & § 3 i cShmtiymer,yith high
ethgf%ne%ﬁhi’e?ﬁ.or' and were delivered to the reactor by a
cont 1 nuous hi gh-pressure syringe punp (PDC Machi nes,

Inc., Warm nster, PA). The punp rate directly afforded
[0189] cat@ey $éurnal of Applied Polymer Science article by Di Martino and

Kelchtermans (J. Applied Polymer Sci. 56 (1995) 1781) provides an accessible

tabulation of the chemical shift assignments for the peaks in the spectrum. The
review article by Randall and Rucker (J.C. Randall and S.P. Rucker,
Macromolecules 27(8) (1994) 2120) gives an overview of the procedure for
converting the peak areas to the monomer sequence triads that define the chain
microstructure. The measured integrals are converted into monomer triad and
chain defect concentrations through a linear algebraic matrix system y = Ax which
relates the two. The matrix system employs the integrals as the dependent y
vector, the triad/defect concentrations as the x vector, and the number of carbons

(intensity) contributed by each triad or defect structure to each integral region as



solution feed rate for the mass bal ances. [0145]
Mat eri al bal ances were cal culated fromtwo i ndependent
W@ 0vposi4d on data sets. One of .themrelied on RET/USNL/013859
gas analysis with propane i it@rnal standard. The ot her
one was based on product yield and 13C NVR and IR
conposi tional anal yses of the product polynmer. The
thentrarisfier amdtiysids fheviaiaenclatwreratiopted forethe, amalysis is tabulated
product conposition data, therefore allowed to nonitor
below: control those process parameters. [0146] The Melt
Flow Rate (MFR) was determ ned according to ASTM D1238
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17.5 2,1-P-e 2,1-P-e

[0150] The ethylene and propylene triad concentrations are normalized to
100%. The mole-percent ethylene will then be the sum of the ethylene-centered
triads, and mole-percent propylene will be the sum of the propylene-centered
triads. The defect concentrations can be cast in terms of mol% defects, i.e. defects

per 100 triads.

[0151] The distribution of monomers in the chain can be modeled with a
statistical model for the polymerization. The simplest, Bernoullian, model
assumes that comonomers add to the growing chain without bias from the

monomer currently at the chain terminus. The next-higher order model, the first-



melting tenperatures fromthe second nelt unless
ot herwi se indicated. For polyners displaying nmultiple
w@eakes246he hi gher nelting pegg t enper at ur e i SPCT/US2008/013859
reported. G ass transition reported is the tenperature
at which heat capacity change (DCp) is half its total
val ue (step change between equilibriumliquid to
ordgt Markoviam, asdumessthat ehe atshomervibisehsitiak ftotthe casept ehain-end
has de-vitrified. Areas under_the curve were used to |
m@pomeniducinghibe asidition réagsionn This)allgnyscthecmathematicali description
alcul ate the degree of . crystallinity. A value qf 8.7
ok 3 FraelinRssYRER S eremasityufor Biaking lisrasing; Japdomy nd block

cARBEE TP RSP AL SRR bl by Randal an
ROV @ €. RAGASIENnd Bl PS Rudkege MddombI&hlles DEB) (1994) 2120)

percent crystallinity is calculated using the fornmula,
eXplaiaa  thed emathematiosy dehinali| the/ gtatisjical 4nodejingyf ofbl the/ polymer

8700 (Joules/nol] * 100% Monponer sequence distribution
mygTastEWsHYER ianddh ekgerpted INRrt BAtEs] Car bon NMVR

spectroscopy was used to measure nononer sequence

i-Stribytion si.tigon, clu rin and. reqi .
ofls2Lc. Thsrare AAM Bauc: AT LR Bl BicBabilites for the
r‘ . . . . . .

fo? pRSHEI AU PRAEE pRLRTnBAUE B fh BskRo?diad, the first unit i
calldctheofmitiel stafhandathel sccondr enipriepaalled ihe final state. With the

1,1,2,2-tetrachl oroethane-ck (TCE). Sanple preparation
exosptioneef dhe swidugraps, wadisk deseniptiom requigerCthatneaghyainit in a

coat st EhaParim Fapethci ik syt s eabsGRET FOF a copolymer
cHath 2@k af ﬁﬂ@nﬁvo ?bgﬂﬁflftﬁg'fﬁp YR intfal &ﬁf@ﬁkﬁﬁqil@wise, only two
acquiring the’spectra with nuclear Overhauser

péssibiliesfonthd fihallflatee Chliwistatisticil erdaifemicihiat falldwwill be derived
pul se. The 3.2 second acquisition period was followed

fary polyGethiylenowat propy lopehfbwt thescapply tofany copoliguercchaie.
pul se repetition delay of 17 seconds. Free induction
decays of 3400-44Q00 coadded transients were aiqui red,

[0453) + &irphability designatpensdor sthydeng=pranyd¢ne copolymerization

transformation (256K points and 0.3 Hz exponenti al

\ oenaa N

| Fre—broadenitig)—the—spegt+um-tsrefgqrenced by —
set Initigl State upf i el Addeak of Fimal Siare ta Axagsitiop prpbability

F| gure ]% depi ¢ts a Eypi call 13C EI\/R spgctrum OfPEECZ
E P P PEP
P E E PPE
P P P Ppp

[0154] Accordingly, the four transition probabilities outlined in the table above

must be related as follows:
PEE + PEP =1
Ppg + Ppp = 1



=-C3 = copolynmer with high ethylene content. [0149]

The Journal of Applied Polynmer Science article by Di
wornwiosmennd Kel chtermans (J. Applied Pol yner BCi/US68/013859

(1995) 1781) provides an accessi ble tabul ation of the

chem cal shift assignments for the peaks in the

spectrum The review article by Randall and Rucker (J.
[0355RandafirstesrdeSMdrkoWaaksgstenivesdue s teBetresuliaif 8hhen

(1994) 2120) gives an overview of the procedure for

converting PpE pedlpmredE to mols fragiionef ‘dEgaadce

triads that define the chain mcrostructure. The

measur ed i nt eBgpl 5 Bpp ToRpert mwl¢ fractiomobHBY, tri ad

and chain defect concentrations through a |inear
whidedembnstrates that ohaire propagakiontfor Bermowllies copelymer. systems is

. The matrix s&st em e,rrplh(gtys the integrals as the )
indlspendratt of; thecidsntity el the Jaitipd slate. c okoBsEQUANtYn sBgmoullian

S 550 e PSS BB kTR B s o
Mdtk§9"aRh1yse9/aPd R¥ined WA W MrdépendBit! Variatles. T"Ehe process for

nonencl at’'ure adopted for the analysis is tabul ated
déreviay: theOfrafditidhepbapilities froth phemyikd neoricentrdtions is described
concentrations are normalized to 100% _ The

ccvm}ralsimesidem irtthg | waek \(?fl Ran?;dh apd Ruekesufd- 44 Ramdall and S. P.
RApKY dMagrndenier 768 phoghy 20805 K sEabtndd BRs fopgth in o
5 G AR L 8830015 55 of S gyl ot

di stribution of nononers in the chain can be nodel ed

[0156] 2 GdlehlatihpChe MRAALItIOAT PrbBatifitidThag abiilty d&e only for
si nmpl est, Bernoullian, nodel "assunes that conononers

caldalating tthe pgediviedgcancentration lofany kirbsrairy sequéreenafrmosomers in
currently at the chain term nus. The ne b-hi gher order )

thegdhain, hialyq Fagrcharagierdaingbe péqpedﬁ,lty;gf’;t F@RORQRETS tReluster in

the AR, . fie JUCR intlétﬁgdtf%r tctﬁgra%lt'érﬁzeirqé tﬁs!:1 ?.élpde%w of comonomers to
polymerize in a non-random fashion is the cluster index developed by Randall
(J. C. Randall, “A Review of High Resolution Liquid BCarbon Nuclear Magnetic
Resonance Characterizations of Ethylene-Based Polymers”, JMS-Rev. Macromol.
Chem. Phys. (1989), C29(2 & 3), pp201-317). This measures the deviation in the
concentration of isolated comonomer triads (EPE triads) from that predicted by a

Bernoullian model:

Cluster index =10 - |:1 - [EPEL"W”ed — [EP E ]nmdom]
[P Lbserved - [EP E ]random

which can be restated in terms of the monomer triads:

1- [EP E Lbserved - [EP E ]random
[P PP Lbserved + [P PE + EPP Lb.\'erved + [EP E Lbserved - [EP E ]random

Cluster index =10 [

[0157) In a polymer of 50 mol % ethylene, for example, an alternating

architecture will have all the P comonomer in one-monomer blocks. Thus



nmonomer during the addition reaction. This allows the

mat hemati cal description of a reaction system s
w@e@pessiy for making alter n§t7i ng, random aneCTHUSIKS/013859

copol ynmers. The Markovi an anal'ysis of finite EP

pol ymer chains by Randall and Rucker (J. C. Randall

and S. P. Rucker, Macronol ecules 27(8) (1994) 2120)

[ LalAg = }y‘tejilaﬁﬂtlihesclbﬂbf hedetxhbeconds 81 iA ahndom copolymer
Eémr m crostrucrure, and is

welk heV@ngEiomyemﬁ [BRE analrhd mpgm@lnétemreiemﬂ 1Qaln the case of a
st - oy der ov.tran t|on bablllt for
blog (COBBYSRE) g‘la%ﬁ gHon Hba’ﬁ piadk s DR O A I gluster index
alled the initial
i\/?a@\{séﬂsd&?%rgtaggeé hgﬁtentlﬁpietbélé‘glcl ed the final state.
Wth the exception of the end groups a diad
descri ft i onMicrqstructgret hat | cGluisten index for 30/30eanolyreer
chai n gervesAferagihf an ipiti itial state and a final
state. [For a ap@mynmer chain, there ar@ only two
possi biffTtTes Rkt Ne Tnifiar state apgly TTKew Se,
only t posstbrtrtes for the Iilldi State. The
istjc tre.at nt that, f ol i1l be deri.v
10358h1 et pel o Shimupgh drestipBts Kby BappRstitiop frocess are
theCHehiity ChAl cﬁ RO1%3k Fﬁ"b"’\?hﬂcht Yca ﬁesdegn@%reﬁdf Us rate of
et hyl'ene-"pr opy enet copoly rization
h&ﬁ@?é%tﬁ‘iiﬁtlohhﬂnﬁdbd by athei katen opr copudymketizatton, multiplied or
outlined in the table above nust be related as
dividdddvys thep@mtip [EJ#PB].P = 1 PpE + PpP = 1- - [0155] A
first order Markovian system reduces to Ber noul I i an
when PEE—PPE—PE—m)Iefrag[—?,‘nabn "E", and PE p
= Ppp Pp mol e fractign= o =P i ch dermnstrat es
that chain propagation for BerndwlElan copol ymer
systens i s i ndependent of the |dne ggl]ty of the initial
state. Consequently, Berfaoet-ti antstati sti cal anal yses
are defined wwth only one |ﬁcfep t variable and
first order Markov anal yses are defined with two

[0139p PerTiRilating | thBdce seacTivityPraiRSfrofmOthe NMR data would require

information about the monomer ratios in the reactor, [E]/[P], which often are not

available. Multiplying these quantities Rg and Rp, we can remove the monomer

ratio dependence:

[0160] In principle, this product can be determined from any polymer
analytical technique that yields a triad distribution and also from Kinetics
experiments. The important result of this calculation is that there are certain
values for the transition probabilities that provide break points for describing

blocky, alternating, or random polymers, and these are tabulated below.



deriving the transition probabilities fromthe triad

concentrations is described conprehensively in the
wownk/ogfeRandal | and Rucker (\% C. Randal | andp&X/U$2008/013859

Rucker, Macronol ecul es 27(8) ?1994) 2120). A sequence

of any length in a copolyner chain can now be defined

interns of only two transition probabilities. [0156]
Calculating the transition probabilitieshas utility
not_onl Jransitionprebabilitiesy t he |or edieRrad ¢onPalymes sirygture
ol any ar biRgrat WPeseQuUence of NDNOMEr S in the C@ﬁllp
but al so f dppehdpged eri zi ng tijhe propensijty of %y

mpnoners teged sigesin the chain. One sych nethod for
char act eri pings the-sendency df conbnoners to random

potymeETTZE § gl pIO0r T andonT f gstiron 15 tife ¢ é’&&wltematin
i ndex devel gpe _Randal | (J. C. ®Randalll p i evi ew e
ot—Hi i H-gu-d—33Car-ben—Nuetear—Maghetie

Resonance Characterizations of Ethy|ene-Based )
[0261) neSsveral Msgie vdefortsr ovese. astigngd Fings infegomgey in the NMR

R i BORSE aol RoERGCio  CPUBBAT o e
PR R b S el o o
ethPRnED NN arel designateliustleP, i2)Ig and O, 3BE, Respectively. Peak

pol ymer of 50 nol % ethyl ene, for exanple, an
asaignenends iforythese ldefents gar bei foundanghalworkhef Shengoddmdr Cheng,

k0 _one-nononer bl ocks. Thus- - [E bsen! ed =
'fﬁ]hm?e Sihe Emé@raﬁ- rwész%gagﬁsgsoeﬁqwmmes, 17, 1950-

SSEPLAE). SR o LR ok T oL PR gmen
groWaR )ﬁt@ﬁ,leﬁﬁeri%hgcti on in the brackets becones -0. 33,
and The cluster “index 13.3. This is summari zed in the

tabl e bel ow. [0158] Another pair of commobn descriptors
[062] t h@heoquuikificatibh @f the aegrsdefeet thicenaativhy chy be performed
ratios, RE and RP, which can be expressed as rate of .
bm@mmtmmmgsq%aﬂ\m spm;;al biggiands) derceagh defect, and comparing
that a({Je¥a{rg§35lirzxfaetglra neigarirrlljslttthg ltcl)t%fl monomer triad count, as determined from

the linear algebraic solution described above.

[0163] For the materials considered here, we used the 33.8-33.9 ppm region to
quantify 2,1-E defects, and the 33.4-33.55 region to quantify the 2,1-EE defect.
The 2,1-P defects when present give characteristic (and well-resolved) peaks in
the 15-17.5 ppm region). These are further resolved into contributions from

erythro (2,1-Pe) and threo (2,1-Pt) stereochemistry at the defect site.

Ethylene concentration by infrared spectrosco R

[0164] Ethylene analyses of ethylene-propylene copolymers by IR were
performed using thin polymer films of the product EP copolymers. The
calibration standards and test films were prepared according to sub-method A of

ASTM D3900. The calibration correlated the area ratio of the peaks at 1155 and



divided by the ratio [E]/[P]. PPP [E] R = - PE PPE [P]
[0159] Calculating these reactivity ratios fromthe
wWORMIMsa465 woul d require i nforpation about the PORUR®NS/013859
ratios in the reactor, [E]/[Pf, which often are not
avai l able. Multiplying these quantities RE and Rp, we
can renove the nononer ratio dependence: [0160] In
722 tmcl phd, wadfstedripduss faltowing ebgiressiomdar praducesyvith ethylene
pol ymer anal ytical technique that yields a triad
canitesits obless dhamA@ v %o from ki netics experinents. The

Corcai i val BADYIERE Whe e T AT RS AR X har
wRERVX ﬁgﬁm ake® NISS §A™)/Apesk bRjang To2aakY).

alter ng, or random pol yners, -and these are
tabul ated below.- o - [0161] Several regio defects

Weli igne d_i,nt.eqrat.ed 4 n
TiEL % ORI P BhE He SR st Eop HEREh I B R and
NME ithihol Wweveed by either a propyl ene,
onergﬁﬁﬁgﬁygﬁggwl&%yl enes, and are designated 2,1
-P, 2,1 -E, and 2, 1-EE, respectively. Peak assignnents
for these defects can be found in the work of Cheng.
eng, "13C NMR Anal ysis of Ethyl ene-Propyl ene

E
(038P bor ebi<s | RA PElCProvide sipmples B HroBe, sdition“applied
anq‘ﬁ&éﬂﬁ?y?f%ﬁ&siﬁ@%ﬁ&iﬁé@ﬂ} bléﬁées&c% &f B curleRT Rk 10505,

on o e regio derect concentrations can
be perforned by integrating representative spectral

Fe1en( Sﬁxé_lﬁgl HebELEdnditionsForprodicing 'éthylene-propylene

o e 2 o R 6

e

sol ution descrathulgngsontenthy disc ‘f—sélfetﬂ{gcf‘ﬁffgri al's

consi dered here, used the 33.8-:33 9 ppmregion tq
PepgesstRréquctVariapledef ect s, Hml t he 3R_4-Bampie pusiiehn t d Average

quantify the 2, 1-FE defect. 25230- 25231-

124 | 149 | 059 | 087

Reactor temperature deg C 105 106| 106| 104 105
Reactor pressure psi 10278| 10436] 10467| 10190 10343
Feed ethylene (E/(E+P)) wt % 7.2 71 6.6 6.3 6.8
Propylene conversion % 19 20| 19.2 19 19
Ethylene conversion % 41 46| 48.5 47 46
Reactor ethylene (E/(E+P)) |wt % 44 4.2 3.7 3.8 4.0
Product ethylene wt % 14.3] 151 15.1] 144 14.7
Inert solvent/diluent wt % 5.6 3.9 54 6.1 5.3
Residence time min 5.0 5.0 5.5 5.4 5.2
Ethylene incorporation ratio |(Prod. E/P)/(rxn E/P) 3.6 4.1 4.6 4.3 4.1
MFR ' 9/10 min 19 19 21 18 19
Mw kg/mol 130] 123| 1256 131 127
Mn kg/mol 64 61| 61.9 66 63




The 2,1 -P defects when present give characteristic

(and wel |l -resol ved) peaks in the 15-17.5 ppmregion).
wab@sesase further resolved i % o contri buti onsPET/UN008/013859

erythro (2,1-Pe) and threo (2YI-Pt) stereochem stry at

the defect site. Ethylene concentration by infrared

spectroscopy (IR} [0164] Ethyl ene anal yses of

et hpdiee: Pxemplaryeproogs|cpiditionb Yor pi-dtkicingdethylensiptopylene

USirgfdémi ddpBB/nYets of hbbwi9-26 gf1vemiti ML hn&R 102pwi%ethplene

The calibration stami@,;q%, ai36lod iR tprbobdssds vWere prepared
accordi ng to sub-nethod of ASTM D3900. The

L

cal i psation eatetrthe—areat+atto—¢f als at
1155 arﬁoﬁgséfpr}?gfig%%ﬂé Lnd was 1t ted by dﬁgpli:fi QWi ng
eﬁpressi on for product$ wth ethyl ene u1|41e|' $1e0f] | ess
t hangdsat oo Byt eme Tyt %= 69886 A8 X g

13. 6582’3%”@&%%’?"% = (pod%},g area at 1155]c@bds)l/106dtak

ar egqradd efyreneMEdR+P)The [hde NVR and | R gnalsygi s grgfsul t's
shovipghpgenicaddraigient s [gnd the IR and g} were
typi ewgueaunmgian 1wt % [gXAMPLES [ 0165] s dsgqnd 2
bel dresdisretfeneeaEpbys [ftox process condi s apl i ed
and (pradét@thyRAEPOSI t 1 ofgt opbt ai ned by p es110ff t he
cur rigrk seivstamenr €. Tabltes 1. Exenpl ary SS 49
condresigense time pr oduci npginet hyl ene- prop r arschgm
copdEyehsinedrpdbtidtratidO |@fcHOEM)/ixMER) angl 14615 Btg)o

et hy]lMERe content by di $gi®msir e process Tablgg 2.
Exenpiwary process condilkgimesls for produgi ngs0| 167

et hyMene- propyl ene rangigmdopol yners of abtyt 98416

g/ 10 mn MFR and 11-12 wt % et hyl ene content by

di scl osure processes [0166] The products obtained by
[0166] bulThehpradysie obtaiped chis sheli sk obemopgenedus praasss disclosed

conpared with a arative

hGIERIFEE cOmPpascts SLY PP HeAp LS PFAty e ingHs aid thE sEME catalyst
viadesd96ah pOaidatiol SrotBl A déSignBICEOM). The catalyst precursor
used was dimethyl (u—dimethylsilyl)bis(indenyl)hafnium and the catalyst
activator used was dimethylaniliniumtetrakis(heptafluoronaphthyl)borate. The
comparative COM1 product and the products made by the inventive process
disclosed herein were selected to have the same MFR and ethylene content. The
microstructural differences between COMI1 made by the comparative solution
process and products of similar (15 wt%) ethylene concentration and MFR (about
20 g/min) made by the inventive processes disclosed herein (designated samples

25230-124 and 25230-149) are illustrated in Table 3 below.

Table 3. A comparison of the microstructure and randomness of prior art
and current disclosure ethylene-propylene copolymer products of ~15 wt%
ethylene and ~20 g/10 mn MFR

Sample# | Ethylene content | Propylene sequence regio defects Monomer sequence distribution Cluster | Rg*Rp
by NMR Total | 2,0-E | 2,1-EE | 2,1-P | EEE | EEP | PEP | EPE | PPE | PPP | Index
wt% | mol% mol % mol fraction
25230-124* 15.5 21.6 0.97 | 0.56 041 0.00 ]0.007}0.060(0.149] 0.052] 0.250 | 0.482{ 9.79 | 0.76
25230-149** 14.9 20.8 1.05 | 0.55 0.51 0.00 ]0.007)0.058]0.143] 0.052] 0.255] 0.486{ 9.77 } 0.77
COM1 13.9 19.5 063 | 039 0.24 0.00 ]0.009]0.051]0.135] 0.045] 0238 0.522] 9.81 | 0.84
*Average of two NMR tests

*Average of four NMR tests




used was di nethyl (mdinethylsilyl)bis(indenyl)hafhium
and the catal yst activator used was

wa@lzovseospsbaNi | i ni unt et r aki s(he%iafl uor onapht hyl PGDU&10€8/013859
The conparative COM product “and the products made by
the inventive process disclosed herein were sel ected
to have the sane MFR and et hyl ene content. The

[0T6T] os At isiderorstidted ém Tabldd bathnhEchinparativeland the inventive
conparative solution process and products of simlar

 prodactatcaniain pndomaly: dissatntied etlaicanin NRFpElmsHChams: the Cluster
[ mi de by .the | ti di scl osed

Inglices; A qossibepauthited 055840 MO RaRy PEORTS g near 1L0.
' t ' 3 b :

URESpichodtyy HEpREeh " HE o Prefo MetecqPU the ontiguops propylene

seﬁhkﬂéesﬂh&hé‘bﬁgﬁﬂéﬂ ﬁiﬂinﬁhﬁbcédb%téfn@iaﬂ?' Riiffereat piamslye tiee total regio
copol ymer products of -15 w % et hyl ene and -20 g/ 10 m

dd‘fEGt(s)Aiéle theey @thylempdnmlcm trandemr agpolymersunadeibyt dlag gnventive
- [0167] As it is i n. Table 3,

P@Sﬂ%ﬁ?ﬁ? é%s%elatrm'ré’lﬁ@?g%@%?ﬁ 39_‘.5)? Bigher 5&@\%&336-9‘? and 25230-
FBUBPIY, B S 0B 0L AR [EONTD) e by

thEReIuffenProre & ith 1hé58me @aylénd confefKMer MER Y,

however, the total regio defects in the contiguous
propyl ene sequences in the polyner chains are

[016BFt aXpplidaytsthdviecatemiptedao@isclodelal] embadimengs and applications
defects in the ethyl ene-propyl ene random copol yners

ofrtheadisslosadesubjeasmatier thabeewldehs wrasenably doresee). nHamever, there
54% and 67% hi.ghet for the 2523Q-124 and 25230- 149 .
mééin%‘? é’é‘,fo?eé%??é’g‘%’i s ?‘a{‘H% ’?‘Fé%cﬁﬁmﬁn %??ofﬁiﬁ?‘é‘t Ay Fquivalents.
. d . 0 i A, .
WHRCHS! pb PR imTEfRr i IO UAG ORPIRSARRRR 1 secic
extinis1aB) €Abbairdems thereof it iscsviidetitrthad many dltagvions atnodifications,
of the disclosed subject matter that could be .
andevariatinrisywilbbe apparenkisouthese, skiled én the/argdn light of the foregoing
unf.or.eseeapl e, .i nsubstantial nodification hat rensj.n
AGRGTIBE N VAN BPISERARTING TroTB et OF SGRPE 13, hf dessb fisclosure,
AESEN IS I i pFRBAH AR ¥rdid InRRAE fth S%embrace all such alterations,

modifications, and variations of the above detailed description.

[0169] All patents, test procedures, and other documents cited herein,
including priority documents, are fully incorporated by reference to the extent
such disclosure is not inconsistent with this invention and for all jurisdictions in

which such incorporation is permitted.

[0170] When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.



exenpl ary enbodi nents thereof, it is evident that many

alterations, nodifications, and variations will be
wappangnrssto those skilled in Ehe art in |ightPcf/Usives/013859

foregoi ng description wi t hotif departing fromthe

spirit or scope of the present disclosure.

Accordingly, the present disclosure is intended to
CEmiiMBe all such alterations, nodifications, and

vari ations of the above detail ed description. [0169]

Al'l patents, test procedures, and other docunents

cited herein, .includin i ori dacynent s re fulil
inc of'por abePAuoYs ch?é:rqﬁ‘ég{q qud:\%e gﬁ{ygﬁlge-gﬁ%&ﬁene rando
' i S.:nQt inconsistent with this invention and
c@@%?ﬁ%ﬁ?"égﬁgtl ons in which such incorporation is
per niat edprovidingla réhetar ataiie irictading ®@merrehétor bs thao @ér more

nunmerical upper limts are listed herein, ranges from
seaiajlyl condigur¢higactass;any upper linit are contenpl ated. -

z - AIMS: 1, A continuous ocess t roduce

ot hy(bdne- FRMSEGTihs DEEBHPECRBITS et BABY FLpivgyiqngmonomer,

v I

2B, g RS S e S ot R Kot 836 4y opbndhe or
mbfe §d19engact ors of the reactor train 1) propylene

nmononer, 2) one or nore catal yst systens, 3) ethylene
conowhemin thenckadior drain iatl a temaperatunre o€ bsoveemb¥C and 180°C
wherein the reactor tr?i ' erat ure of

ansbatBIgsBES Mol ersorrtl A APabe vg ﬂ%ﬁ&ﬁpg nodnt prgesure of the

0 _MPa _hbel qw t he 10Qi sure of the
p‘éXFV%PﬁQQ?V%&“’S@ﬂ fe%%ggwﬁl PgeosdsJ han 1500 MPa, wherein

t he REL¥IEHMEZpblyRitrMAbANyERM Fdtaht eaddt6r trhindk in it§ defise fluid

its dense fluld'state and conprises the propyl ene
stareramdecomprisesethé prepyd eweo nonmomser, thensthglehe @omanoasanany

and the pol yner product, wherein the one or nore
sl went|pyesensyandsthe modymenprodiigbt or train conprise one

wherein the one or more catalyst systems for the reactor train comprise one

or more catalyst precursors, one or more activators, and optionally, one or more
catalyst supports,

wherein the one or more catalyst systems are chosen from Ziegler-Natta
catalysts, metallocene catalysts, nonmetallocene metal-centered, heteroaryl ligand
catalysts, late transition metal catalysts, and combinations thereof,

wherein the polymerization system comprises less than 40 wt% of the
optional solvent; and

(¢) forming a polymer reactor effluent including a homogeneous fluid
phase polymer-monomer mixture in the reactor train; and

wherein the resultant copolymer product comprises between 10 wt% and

20 wt% randomly distributed ethylene.



or nore catal yst precursors, one or nore activators,
and optionally, one or nore catal yst supports, wherein
w0 b@oosedr nore catal yst systens are chosen fPORUS2008/013859
Ziegler-Natta catal ysts, mat'gsl'ocene cat al yst s,
nonnet al | ocene netal -centered, heteroaryl |igand
catal ysts, late transition netal catalysts, and
conb2nat i The préeeseof claimel eiherdihahe edacomr traiatis above the critical
system conprises | ess than 40 wt % of the_optional
oxpendatcritinali tqraperaBiraiang caitisel ghpseudoaeritigal @ressuemef the
i.ncl udip a Tqormgeneous fluid phase pol ynmer - nononer
polymegiza 18ﬂsy &M-eactor train; and wherein the
resul tant copol yner product conprises between 10 wt %
and 20 wt % randomy distributed ethylene.- - 2. The
proc®ss 0oThéppddesd ofRiimi Nwhieeein@he teuctdr teain ik at albeperature
the critical or pseudo-critical tenperature and
ofcbétnicenl6 SandpbMio- critical pressure of the
pol ynmeri zati on system 3. The process of claim1l
wherein the reactor train is at a tenperature of

bet wgen G?Iéé‘ ?goc]eég Qfclaim Fﬁﬁleg{iﬂgﬁ% FeddtordAhTy éte 2 pressure of

wherein t eactor frainis Fessure of

betdeBnaAn® iy 1979Pa>. The process of claim1l wherein
the pol ynerization system conprises |less than 20 wt %

of the optional solvent. 6. The process of claiml
wherei n the pol yneri zation system conprises | ess than
1 wtd% of Th%pgpﬁqswgp?as@ L@aﬂ@.rem.therﬁgg@%@sonoﬁys@rai m

corpifisets Bl ARt R R ERIE Y cea to the
reactor train at 40 wt% or nore. 8. The process of

claim1 wherein the conbi ned propyl ene nononer
6. The process of claim 1 wherein the polymerization system

comprises less than 1 wt% of the optional solvent.

7. The process of claim 1 wherein the combined propylene monomer
and ethylene comonomer are present in a combined feed to the reactor train at 40

wt% or more.

8. The process of claim 1 wherein the combined propylene monomer
and ethylene comonomer are present in a combined feed to the reactor train at 75

wt% or more.

9. The process of claim 1 wherein the combined propylene monomer
and ethylene comonomer concentration in the reactor train is greater than 3.0

mol/L.



and et hyl ene conononer are present in a conbined feed

to the reactor train at 75 wt% or nore. 9. The process
wW@R000l083465 1 wherei n t he conbi ggd propyl ene nMmonNPOEDUSZNNE013859

et hyl ene conmononer concentratron in the reactor train

Is greater than 3.0 nol/L.- - 10. The process of claim

1 wherein the conbi ned propyl ene nononer and et hyl ene

conoierThepesess af claimi hwhbeein ¢l tembired propglene monomer

greater than 10.0 nol/L. 11. The process of claim1
angheshglene chmanemercpncentration iethevisaetor frgirissgrentgr than 10.0

configured reactors are chosen fromtank, | oop,
mf’&ﬂul ar and conbi nations thereof. 12. The process of

claim 1l wherein the two or nore serially configured

reactors conprise a tubular reactor followed by a

cont ] NUOUBhé& ptddessl of slakm' eddietiin tHond Feachsrasieths t@o or more

claim1l wherein the two or nore serially confi (gjured o
seriallytconfiguretpreastors ateuthisgn framdan, 1oop, tubular apdcombipations

reactor. 14. The process of claim1 wherein the
thegegfgence tinme in each reactor of the reactor train is

| ess than 20 minutes. 15. The process of claim1l

wherein the residence tine in each reactor of the

react®r tTRé Brdcess B5&laiman Wherdif etvo b morB8eHARY e8fifigured

of claim1l erein the resultant copol ynmer product” has
reactoed ¢orhprise aauleulaf rdactordfetioted tynal cafti@sgtittediiank reactor.

17. The process of claim1l wherein the resultant

copol ymer product has a nelt flow rate of between 1.0

and 00 [10 mn, 18. T rocess. of ' i
the Phsul TErpragblpt alhimoEuRERIR TR flp B Ml bgttafly SoRfigured
bAsé hulbwiat FakStoRoMRY B3 £ 156or@Bior. of 40 and
re%g%?%:/o&%?gatser ltlﬁlgn a copoloyrrer of equivalent nelt flow
rate and wt % et hyl ene pol yneri zed by
14.  The process of claim 1 wherein the residence time in each reactor of

the reactor train is less than 20 minutes.

15.  The process of claim 1 wherein the residence time in each reactor of

the reactor train is less than 10 minutes.

16.  The process of claim 1 wherein the resultant copolymer product has

a melt flow rate of between 0.5 and 20,000 g/10 min.

17.  The process of claim 1 wherein the resultant copolymer product has

a melt flow rate of between 1.0 and 5,000 g/10 min.

18.  The process of claim 1 wherein the resultant copolymer product has
total regio defects in its continuous propylene segments of 40 and 150 % greater
than a copolymer of equivalent melt flow rate and wt % ethylene polymerized by

a solution polymerization process.



a solution polynerization process.- - 19. The process

of claim1 further including providing one or nore
w@eowovsasal reactor trains co%tsi gured in par al PE/US908/013859

the reactor train of claim I,"and producing in the one

or nore additional reactor trains configured in

parall el one or nore reactor effluents that conprise

pol yi®rs Thepesceks ofichiiinyl Gurchqrrinpiyidareprovidiagone or more

copolymers with a different nolecul ar wei ght or .
additipealireactar trainsyqondigyredinvpamalaktothe sgagior raisy of Jaial, and

t han, an random cop mer ., or a conbi nat.i on {.hereof.
piogiCinganhe CBEOF GRS G repL TR KSR FEUELAR parallel one or

: I

il RS OGR  CRRAR pl s PR o Wi len ey lene
rahl6m €l Phety with aodiffdredtméleenkariweighnér ddmpasitionvethylene-

forma pol yner product. 21. A random
orprioply eme-hased pobrmersapiber/than andold rand o copelymeesnon @

wt % and 20 th)randomy di stributed ethylene with a
compbmatipBherspt of bet ween 0.5 and 20, 000 g/ 10 min,

wherein the copolynmer is polynerized by a bul k

honobgeneous pol yneri zati on process, and wherein the

t ot apo r egTRe pRORSS of efaifnhE), GolRatit e resctbf SffRmitd frofiithe

propyl ene segnents is between 40 and 150% greater than
reactoo praliy and the orejof uaire additinal feastontadins aonfignnzd in parallel to

et hyl ene pol ymerized hy a sol uti on pol ynmerj zati on
thgreactes tram%( olaan d g ritie ltlf:néwﬁmfoma pAbRsTProduct.

total regio defects of the copolyner in its continuous

propyl ene segnents is between 40 and 100% greater than

a coppl yngr ' r f GHpridthe

et hylpg ne n%orla)fjl %ﬁ@gg&g@/fﬁa oggilegf icclg)gmg{)ﬁ%e rizati %/n

process. Ba&wethd (cwphhl amie20 oft%cranidonily Histribpteidsithglene with a

bet ween 10 wt % and 18 wt % randonl y di stri but ed

mgltfjows gate-ofstween 0.5 and 20,000 2/10 min,

wherein the copolymer is polymerized by a bulk homogeneous
polymerization process, and

wherein the total regio defects of the copolymer in its continuous
propylene segments is between 40 and 150% greater than a copolymer of

equivalent melt flow rate and wt% ethylene polymerized by a solution

polymerization process.

22.  The copolymer of claim 21 wherein the total regio defects of the
copolymer in its continuous propylene segments is between 40 and 100% greater
than a copolymer of equivalent melt flow rate and wt% ethylene polymerized by a

solution polymerization process.

23.  The copolymer of claim 21 comprising between 10 wt% and 18
wt% randomly distributed ethylene.



24. The copolymer of claim2 1 wherein the nelt flow

rate is between 1.0 and 5,000 g/10 m n. 25. The
weopolses of claim2 1 wherein the total regi BCHES®O8/613859

in its continuous propyl ene'éggmants is greater than

0.50 nol % 26. The copol yner of claim21 wherein the

total regio defects in its continuous propyl ene

segndhit s The gopelyatertodfataith ZD whelréin thé mélb Sonoratt jsnbtween
of claim21 wherein the peak nelting tenperature is

. 1.0andss®03 8/ {hmis0o0C. 28. The copol ymer of claim 21
wherein the peak nelting tenperature is between 40 and
700C. 29. The copolynmer of claim2 1 further

co § Sin . -0 .

GRS of it 1R e o RO Bt in s
coiftinRbas prépyléme seanéitdad prvaterithan 60 mdl%. The

copolymer of claim2 1 erein the bul k honmobgeneous

pol ymeri zation process occurs in a reactor train
oy b ke Bhe s G TAE FbnhE S getecs n s
oy UR peg¥et s BB &t Al in BACHRRICT 10D

10 MPa bel ow the cl oud point pressure of the

pol yneri zati on system and | ess than 1500 MPa, wherein

t he bl ynEhe zapolymesyoftodaint 3t wheseinghe tpeak melting itemperature is

its dense fluid state and conprises the propylene
batyeensp, aph80& hy| ene comononer, any sol vent present,

and the pol ynmer product, and wherein the

pol ynmeri zati on system conprises |ess than 40 w % of

the ppti orgé c§ﬁ61§?ﬂ€r-o‘f claifil 21 WiRr&aRak YeBk nitifl #iipSfture is
wherein the one O0r nore catalyst systefrs for the
beteeeh d0° andi760°Conpri se one or nore catal yst
precursors, one or
29.  The copolymer of claim 21 further comprising between 0.5 wt% and
50 wt% of randomly distributed butene-1, pentene-1, hexene-1, octene-1,

decene-1 and/or combinations thereof.

30. The copolymer of claim 21 wherein the bulk homogeneous
polymerization process occurs in a reactor train including 1) propylene monomer,
2) one or more catalyst systems, 3) ethylene comonomer, and 4) optional one or
more solvents at a temperature of between 65°C and 180°C and at a pressure no
lower than 10 MPa below the cloud point pressure of the polymerization system
and less than 1500 MPa,

wherein the polymerization system for the reactor train is in its dense fluid
state and comprises the propylene monomer, the ethylene comonomer, any
solvent present, and the polymer product, and

wherein the polymerization system comprises less than 40 wt% of the

optional solvent.



nore activators, and optionally, one or nore catal yst

supports, and wherein the one or nore catal yst systens
w@e@osmstn from Zi egl er-Nattg_catal ysts, netaPCDUS2088/013859

catal ysts, nonnetal |l ocene mé??al‘-centered, het er oar yl

i gand catal ysts, late transition netal catalysts, and

conbi nations thereof. 32. The copol yner of claim 30

wher®i.n tThe popolyaicr 28iclaith 3§ strreiaahp bns @ rerescatdlgst
20 wt % of the optional solvent. 33. The copol yner of
systemsf@Chemeactomtraineopaprjseconezon inore sgtalyshpraswpsdrs.cene or

I h 1 % of [ I I . 34. Th
b 0B R S
I R P

catsly¥isehictAlldcee SHRIRMR, ndametiifoceRrahytaBtettered, dieterdfryl ligand
whérein the reactor train is at a tenperature of

cavalystsclat&ransition 406tal calysishend epoibymationsfthetesf.m 30
wherein the reactor train is at a pressure of between
13.8 and 137.9 MPa. 37. The copol yner of claim?2l

tvo. 5 ot e SBRFy ey TIRRESTBNPER B8 POl RGANiH sistéin
cdriprises 188 thah Yo% oFiHe optiBhAINOIW. t her eof .

33.  The copolymer of claim 30 wherein the polymerization system

comprises less than 1 wt% of the optional solvent.

34.  The copolymer of claim 30 wherein the reactor train is above its
critical or pseudo-critical temperature and critical or pseudo-critical pressure of

the polymerization system.

35.  The copolymer of claim 30 wherein the reactor train is at a

temperature of between 65° and 140°C.

36.  The copolymer of claim 30 wherein the reactor train is at a pressure

of between 13.8 and 137.9 MPa.

37.  The copolymer of claim 21 wherein the reactor train comprises one
reactor or the two or more serially configured reactors chosen from tank, loop,

tubular and combinations thereof.



