WD 2009/ 082463 PCT/ US2008/ 013857 1 I N-LINE PROCESS TO PRODUCE

PELLET- STABLE POLYOLEFI NS FIELD [0001] The present invention relates to

t he fiel dwofo@rmsessses to produce pellet-stable polyol eCirns2008t013%87 €
particularly relates to an in-line flwid phase blending process to produce
pel |l et-stabl e polyol efins including one or nore low crytallinity
conponents. BACKGROUND [0002] Polyolefins with lowcrystallinity are -
comer ci al | y NGINH PROCE$$ T PRODUECE PHEI K T-STABLEBOLACL EIFEXShi i ty.
Since these products are often copolyners of propylene with ethylene and
(less frequently) other olefins, such as C4-Cl12 al pha ol efins, styrene,
etc., they have extended | owtenperature application range due to the
reduced gIF ransition tenperature inparted by the conononer, especially
et hyl ene. | o ) 1y pol fin I f |

conbi nat i olﬁh\ﬁl\?fh C‘:f;/li;e{ ﬁf‘%sﬁ%}r#e 1@{6&%602165%(@%5{6)0?@35% 6@@%? B(f)y?gér%e{(glp roduce

pol yet hyl et sfabld PR1¥18ANS.NeltShbld pasfcdladgeRies BalanatliaBdfla@ phagnd

t he hi gh- tenperature "application range. Changing bl end conpositions and

bl end r at itdendiag procedsctozprodnte pkllgt-stablenpdlgoledmsancliding bpelofrnareblosnds
with a wide range of properties enabling the fine-tuning of those bl ends
to fit theryadlinbycamponeRtsi on demands while al so allow ng the production
of those finished goods at | ow cost. These blends are nostly made by
conpounders, often small operations, that purchase the copol ynmer and
honmopol ynmgg A ReATND from I arge petrochenical conpanies. These

conpounde g pelletized polyner blend conponents because they
are easy t[0002pre, Polyelefiand witls elow 00831alMhity e atdesemhmnciatlys tsigrifioatty

pol yol efin products are valued for their ability to increase elasticity,

t oughness randuéts ejuebta ithejir teughnese madt Bexibiliybofincg thesevpredustpgrerpdftan and

a low peak nelting t erature.. They are ofte I t el
B or phoue COPRIYIBERIaODY faeavigh Stee and ey ERagutho Lbet SRS csidhas vo
2009/ 08246@4-8%” aﬁﬁ%ﬁ%éﬁ&s@?&mne, etc., they also have extended low-temperature

application range due to the reduced glass transition temperature imparted by the

comonomer, especially ethylene. These low-crystallinity polyolefins are often
used in combination with crystalline components, such as polypropylene or
polyethylene, to fine-tune the stiffness-toughness balance and to extend the high-
temperature application range. Changing blend compositions and blend ratios can
yield a virtually infinite number of polyolefin blends with a wide range of
properties enabling the fine-tuning of those blends to fit the desired application
demands while also allowing the production of those finished goods at low cost.
These blends are mostly made by compounders, often small operations, that
purchase the copolymer and homopolymer components from large petrochemical
companies.  These compounders prefer using pelletized polymer blend

components because they are easy to store, move, and dose.

[0003] While these low crystallinity polyolefin products are valued for their
ability to increase elasticity, toughness and flexibility, they tend to have both a
low melting onset and a low peak melting temperature. They are often nearly or

completely amorphous. In addition, these products are often quite soft and exhibit



2 low noduli. These lowcrystallinity polyolefins are often difficult to
pelletize and the resultant pellets tend to stick together rendering them
unusabl e wo 20@o3pwandi ng operati ons set up for pelletizedriuseahsd1izsks.
100041 The property capturing the abibkity of polyner pellets to stay
free-flowi ng during shipping and storage is referred to as "pellet
stability". Pellet stability is an inportant attribute of polyolefins

si nce 900dowahbeﬁhsmbsé ldw- @%ﬁtaﬂﬂﬂty palyeledsis aséofeh iifficuloroawdlet@sdndosage
in the production of poly |l ends with tailored stiffness-toughness
bal ance ulth¢ neesuitant op@leits\gtqmie ioostticks tpgefbari repdeniogf thegodenuisable in

Recogni ZI t he i nportance of deI rs.in stable,

i ndust ry [&PH’@"‘"PB? ﬁ?t‘f}b M&ﬂ\zg‘gw?&%@?ﬁ es have been devel opi ng
met hods for stabilizing otherw se unstable |ow crystallinity polyol efins.
These I nchuyde dusting e y u d | ] et L th.in ani c
conpounds, [Hﬁﬁzﬁk zLﬁlg p(gpp F%‘ﬂﬁp}f gﬁésn% éﬁt? @?"%es %emlts to g{agl

of f-1ine-pt é%;dﬂﬁﬁ"‘i’ng aufif %hvpﬁiaglaha%tora mfaeﬁem@ Bst E@lléﬁﬁ@bﬂi Bt Pellet
pol yol efin that "har den% e pellets o wi t hst and | ppi ng and st orage

wi t hout clstabylitygistangihpertantdirimutewi podpolbfine ssre eyonid peita\&tu:’mkg' affierdsg
i norganic pomders may 1 ntroduce an undesired conpaonent whil e providing
only |ini tlew-¢ast shippeng,rstpeagee and [dosags trythqvemdustl@nm P rzsmeéfbrlends with

conp! exi 1 YT on R oRfigned Shpmatels BaF e Pt fost Beamotifingos)
I n-1ine blgpg] ngod;sc{;sm%& foi eth%f 1rﬁ§61‘t§1§cer SRCIAIR, fm(%ogs R&ksdidl Q¥hble,

crystallinity a igh cr |n|ty onponent Is a In the art

Utilizingiadusigy- St@ﬁdﬁrﬂaFéDét quﬁl gutrathanicapreodhiyeinidy hadé rtg:eﬁaaemopmg
acconplished in the ution poI merization reactor itself when the

ef f | uent ahethnds ffor stablatingi mhervmse yunstabletlpwncrystadlinity ipolyel¢fingt oThess
second react conditi gns wit h olptlonall di f.f er ent

oot olst aneihhen s dsthe %&ee%ﬁ@nprodﬂg? peflRe ¥ishineRAnic Sombobatts oo
reactor Cqpfl gyl aj,l b%ncfhg  dk rlflﬁ’a{r{tﬁgwf omﬁbel g@egéafﬁ{&gk ahnﬁgs

made in the f| rst a secon es are econ
stage i elc@nipbnenbhatifiese pase/ 88ft puloektin (hadvhagienbe the pelldts aotithstandSuch

reactor series configuration nmay be further expanded into nore than a two
shipping and storage without clumping together. These methods have several
drawbacks. Using inorganic powders may introduce an undesired component
while providing only limited increase in pellet stability. Melt-blending of off-
line-produced stabilizer components tends to be expensive due to the complexity

of blending two highly viscous molten polymer streams.

[0005] In-line blending through the use of series reactors producing a low
crystallinity and high crystallinity component is also known in the art. Utilizing a
series reactor configuration, product blending may be accomplished in the
solution polymerization reactor itself when the effluent of the first solution
polymerization reactor is fed into the second reactor operating at different
conditions with optionally different catalyst and monomer feed composition.
Referring to the two-stage series reactor configuration of FIG. 1 (prior art), the
two different polymers made in the first and second reactor stages are blended in
the second stage yielding a blended polymer product leaving the second reactor.

Such reactor series configuration may be further expanded into more than a two-



WD 2009/ 082463 PCT/ US2008/ 013857 3 stage series configuration (three or
nore reactors in series). Wile mxing in the downstreamreactor(s)

provi des woadospmsegact m xi ng, particularly when the reactrarssoosnesssgui pped
wi th m xi ng devices, e.g., mechanical 3stirrers, such series reactor
configuration and operation presents a nunber of practical process and
product quality control problens due to the close coupling of the reactors
in the catagdserieonwndigurittornihied opnrdramtadofsfincsdriess While onmwargimthe
practice in producing pellet-stable blends is ensuring proper blend and
nononer r atavostisam Heactorfs) povidesr geodppinduct dnikinge papiculatlypwheni te y

crystalline %ol nmer C.on'g nent to.del,ver consistent .bl.end quali th?/ .

Addi t i onalf®8 Hﬁl AEAE9YRE ‘ngY mixing, deyicesy @8y 108 %ﬂt@“ﬁ%—é’es PNt
nonomner c Lt tcul . dj HQiTE l's,
such as iﬁﬁé{ (:nglg%&aﬁnelﬁg@no?ew Hn‘é"ﬁgé;ste L&?c{)po yﬁrre\s\rr gf %?5(‘?%5% ﬁg cas:aang?o >
bl endi ng hseBuctaqshlitg RNHSE problehiicdud fie thivocloge coupling dfsthareadtbanidethe

there is no option for their separate recovery and recycle mandating,
cost |y nomaseades ep@nat oHrthei moshampontantrdifeenltice ini semmérotdeprasyipe yinng

paral l el reactors can overc t he di sadvant a related to the difect
boupl i ng dToMNENEEREriblg PlsAds &eawiPe BoRaY Plendiand BOrosr raiienal e
appl yi ng seri es 1 t . ] e ctli f L bi ] LS,k IGLea

parall o SPLatolvRRF, Shfinotbht, il HEI MR, ilBH Chighy, istafhgBGma
vessel s i %"H%’fﬁi i f Cqfatity U- Addiadmint Jnhplid 4t Rdnis O SN0 -
2006/ 0183861 di s@?&gg%lgﬁgﬁ%%ﬁosgém:?lelhgast Ett%/,vo pgldy?%rs ? ncor pora’ltsi nglg

pr opy!| ene-wik¢n ded blend somponpntsdeseedifferent promousrngprepaditibhs npkrtichlarkyi n
one polyner of the blend is a lowcrystallinity, ROl ymer i ncludin

propy| ene-wken they haverdiffgrentineneraepeplpotueheds indhg casg gﬁbkqngm&dﬁfqmty
pol ymer i.ncludi ng prao ene-derived. units. Th rqcessescf or roduci
rch bl endOPPRANEIETIBEAE Sard CEPEBipaaraay P QRIS FRTET Pl thEmRERSIAS
pol yreri zat, d UEH ; j ' : h ol I

bl ends e%trt\ﬂlegﬁlt% %%r E{?Sgg%’ %Hgggéﬁgfﬁ ?gtrrib% %gf g@?‘ﬁg h%g??gi%vg?% aglgg?eo%r?glreat e
whil e maimamddiingocdsily resomebbepaphysnscial thp mpeorheesecysleclines el ast oneri c
properties, exhibited by Iow crystallinity propyl ene polyners. The

sol ution pol ynerization
[0006] Applying parallel reactors can overcome the disadvantages related to

the direct coupling of the polymerization reactors in an in-line polymer blending
applying series reactors. While production flexibility is increased, a parallel
reactor arrangment necessitates the installation of blending vessels increasing the
cost of the process. U.S. Patent Publication No. 2006/0183861 discloses blends of
at least two polymers incorporating propylene-derived units and processes for
producing such blends wherein one polymer of the blend is a low-crystallinity
polymer including propylene-derived units and the second polymer is a
high-crystallinity polymer including propylene-derived units. The processes for
producing such blends include both series polymerization a‘nd parallel
polymerizations under solution polymerization conditions. The polymer blends
exhibit a reduced tendency for the polymer pellets to agglomerate while
maintaining the desirable physical properties, such as elastomeric properties,
exhibited by low crystallinity propylene polymers. The solution polymerization

processes have limitations in producing highly crystalline, high molecular weight



processes have limtations in producing highly crystalline, high nolecular
wei ght WO 2009/ 082463 PCT/ US2008/ 013857 4 (high MAN products w th higher
mel ti ng pwonbov/dsmseparti cul ar, the sol ution process canrotr/usy@soadssy
produce high MWV products that al so hawve high nelting point. This
limtation nakes it |ess than optimal for nmaking pellet-stable polyolefin
bl ends wherein incorporating highly crystalline (high nelting point, i.e.

>145C,  or(highMW) ppoductd With higher nieﬂtﬁlﬁ?g point> Ihgi@icwlar,>thé 36litidni procsls/ ( >75
kg/ mol, or >100 kg/nol), or >125 a}u or >135 kg/ nol, or >150 kg/ nol)
PB)

pol y/rrer malmohéygllcaléy produeeabighud] w&s éhat absoihayathigh melting pomt
2006/ 0183 07
necd ;hus&@%p;ﬁ@nﬁé«%&na ”C°{)$%saaéma el ApE dnsing e fsrrane Bfvpletn
ol endi N9 T HEhdY YRERN iftdrpoPhthd hilh j%é%{t@!:lhiagh%lﬂl%h}’@egﬁhﬂ fosansats to

make pel | pon exi st’s or an

i mproved dr>150%, @M§Q°@f01bi>€ﬂ4ﬁ®9)r|>€m&5@m%§f LTy ng@rldIW (>75 kg/mol,
hi ghcrystallinity ponoIefln conmponent s erein the highly crystalline

pol ?/ol efi Ib lrnrczgh@@)rl@imt r(])lh)a%pr]lcoé1i|ﬂr§1dg/1tnzrc:>l ar WdrBrSgkg/emls%drlhhliD sl%{;}@l)eptabimm
in-1ine blending w u oulin rea an e r e tinme
nonomer ¢ GiRFRRQICENG iS a ‘é?cfﬁii&"squsc S) &‘&l’c“&ﬂ%t Mﬁ qc lois hezginge
i ndependent |y _contrn in_ e r reactor prior to the in-line
bl endi ng s‘f‘%%rp E%W/& %fle[r ?'E’Tgﬁ%%gg are in-line processes for producing
bl ends of pellet-stable poI yol efins. [0009] According to the present
di scl osur advapt lL,en r : |

jbf)@‘?]p AR d Rxlstd'FoPaf ﬂhﬂﬂ)veﬁ {ﬁ?dal%gs{ _OffePiAY54tREd of

pel | et - st ol yolefin s conprises: (a) providing two or nore

reactor trigilige Bkﬂﬂix@r@dcmtm achrl #1d hipgh-earybiallinipy peblwlefis epaipinents to
t

downstream fl uidly connected to e two or nore reactor trains configured
in paral Imake phdetestablerpolyolefimse Miore particddanyra need exists feruare impeoved nor e

react or ¢ e TpbBdcHE cHERGMEPB- e S anpk iy R pel G ReBEnt <
(HCPCs) components, wherein the highly crystalline polyolefin component may be made in
a homogeneous fluid state enabling in-line blending without fouling the reactor,
and the residence time, monomer composition, catalyst choice, and catalyst

concentration can be independently controlled in each polymer reactor prior to the

in-line blending step.

SUMMARY
[0008] Provided are in-line processes for producing blends of pellet-stable

polyolefins.

[0009] According to the present disclosure, an advantageous in-line blending
process for producing pellet-stable polyolefin blends comprises: (a) providing
two or more reactor trains configured in parallel and a high-pressure separator
downstream fluidly connected to the two or more reactor trains configured in
parallel, wherein one or more of the reactor trains produce one or more low
crystallinity polymer components (LCPCs) and one or more of the reactor trains
produce one or more high crystallinity polymer components (HCPCs);

(b)contacting in the one or more of the reactor trains configured in parallel



(b)contacting in the one or nore of the reactor trains configured in

paral l el WD 2009/ 082463 PCT/ US2008/ 013857 5 produci ng HCPCs: 1) propyl ene,
2) opti o 2eedgbese and/ or C4 to Cl2 al pha ol efins, 3PCONS2@8/0m35E

catal yst systens, and 4) optional onesor nore diluents or solvents,
wherein the pol ynerization systemfor at |east one of the reactor trains is
at a tenperature above the solid-fluid phase transition tenperature and at
a pressupgodwcihg i#CPUsan 1) (prvPslenel QY dptmnal @tdylpné rindfore€s woeCandiphass

t han 1500 MPa, contacting in the other one or nore reactor trains

conf i gur e@léfinsy @) Anecdr more atalysy systoms; anyl Hroptiansd ope qsrwpye diuents)orone
or nore C2 to C30 .al ph ol efins _and/ or  non-copj ugat ed djenes, 3) one or
nore cat aISQt‘iengsy&%‘P@ﬁd’oi)}meﬂﬁ?atf%a“gﬂg%f’”r?ﬁ onf ?ﬂ rgacfor Uascsy o
wherein t j zal | € o] NP f e I ns
Is at a t%?rpd;?gr%ﬁgrg %dtg%oégg}/iéﬁé oﬁlg{)PH}?g’h%Eﬁia&p ?%rﬁgflﬁl?gﬁgrtj%ﬁprag?a{tﬂrae and
at a prespréRurond ower tHaanl LMINPBelos! thy dlbed poiittressuréandressiae 1800 | ess
than 1500 MPa, wherein the polynerization systemfor at |east one of the
reactor t MPascontatiing rindthenother aincedr moralygaetor ttgains jconfigured emparalielr e
and critical  pressu wherein the polynerization systemfqr eagh act or
trainis ipﬁo‘ih%%n%kiréﬁcﬂ uih ethylene Qﬁ@%ﬁ)‘r{ﬁ“%éé 1%y Ob MBRFI @hé%&@s@ﬁ? any
et hyl ene e y, A al ef | r t - conj thed

i one. pr QTR b P b BogrbaChg, °4f bhe ¥ SRES 0 Afafie g
wher ei n t bgtioAat 8/ oF nftdeh® 0P 36INchRaWHREeih Ak ItPMEFizEESN SPeR foFOr €
catal yst precursors, one or nore activators, and optionally, one or nore
cat al yst atigust tone ofhthreeteactdretraipsliy mtrai teaparatusy sbewe fthe selidkfluidaghase
train conprises less than 40 wt % of the optional solvent; and gc) f orm ng
a react or t@nsitigantemperaiyae 95d athamsgesneoae lomsr ¢hap HAsMEsoblewt theelond:

m xture in each parallel, react raig); . (d) combi ning the. reactor.effluent
conpri si n&of PIf E)@Hgolﬁ%s aB?@%@Q& %P%Fﬂé‘rt%dxﬂ‘rerlzﬁ#‘%ﬁ?@ef‘} B%a_etach
paral | el 1[&R¢t Gfe téia'tﬂ?tféawfr”h%ir?so%hﬁ drddant Pardifel | 4eBbove Cits BRESING

t he conbi ned reactor effluent through the high-pressure separator for
product bhtanperagurenahdroviticat -pressdres epherdtin ahe pgdlynmerizatian rsystenh hfer each
tenmperature and pressure within the high-pressure separator above the

sol i d- f | urerqtertain isaiksits idgase fluid state and comprises any propylene present, any

ethylene present, any C4 to Cs alpha olefin present, any non-conjugated diene

present, any diluent or solvent present, and the polymer product, wherein the
catalyst system for each reactor train comprises one or more catalyst precursors,
one or more activators, and optionally, one or more catalyst supports; wherein the
polymerization system for each reactor train comprises less than 40 wt% of the
optional solvent; and (c) forming a reactor effluent including a homogeneous fluid
phase polymer-monomer mixture in each parallel reactor train; (d) combining the
reactor effluent comprising the homogeneous fluid phase polymer-monomer
mixture from each parallel reactor train to form a combined reactor effluent; (¢)
passing the combined reactor effluent through the high-pressure separator for
product blending and product-feed separation; (f) maintaining the temperature and
pressure within the high-pressure separator above the solid-fluid phase transition
point but below the cloud point pressure and temperature to form a fluid-fluid
two-phase system comprising a polymer-rich phase and a monomer-rich phase;

(g) separating the monomer-rich phase from the polymer-rich phase to form a



poi nt but bel ow the cloud point pressure and tenperature to forma
fluid-fluid two-phase system conprising a polyner-rich phase and a
nonomer - rvolzo@heses3 (g) separating the nononer-rich phaeg/uscasioniss?

pol yner-rich phase to forma WO 2009/ 682463 PCT/ US2008/ 013857 6

pol ynmer-enriched stream conprising a blend of LCPCs and HCPCs and a
separ ated nononer-rich stream and (h) further processing the polyner
enriched pslymenestficHed) streainurcohgrisimgoy eblang obIMERCS dandieHCPAsd/and a
monormer and then formng it into pellets to yield a pellet-stable product
bl end of KsePaTatednaoniorPEs-rich stosaam, and (h) fsthesdseeessurg theep@lyaes anriched

di scl osure, rel at to dvant ageous in-1] bl endin rocess faqr
produci ng SHE?‘F‘ef’fzg)aB‘P 3{}5‘3@ 6F@P|gﬁ Sadt( é?llagnbaﬁ}lﬁﬂti @4{819 T{Q%BOYBFYO\?P& HE"t wo
or nore r rotral Wc]i%s | I r

O o or e L A BRIGRIE U pLILABAILFha g bicd BT PPN fad HOPCs.
trains configured in parallel, wherein one or nore of the reactor trains

produces #mﬁ)]or A Gk IRW Ssp¥ett 6F tepickeMOHNERIsuFfOraINeS b an( 4dVinrdgedind one
or nore o the reactor trains produces one or nore high crystallinity

pol ynmer  campimeenblsndipigCPei)cesy bforc optadicingy ipelletistablee polywiefensof bidmes
reactor trains confiqured in parallel producing HCPCs: 1) propylene, 2)
optional EOMPrisiRg: af) providingdtwor or mershesaglosftrains confignecdon pajallet and) yst
systens, and 4) opt.i.opal one or nore LLuents or .solyvents, wherein the
o yror | 2 80P it e i frksp e SEaAThlogs deigly e led 3B B By i op b tgols?
t enper at ug& ;RPN | At diul S L o tepbts a
pressure Fl%l ovverlélﬁgcrllq@(# lgélbgﬁ‘ oe\?v‘}ﬁtfi h@%?glﬁ}gd %O%Heg:aéggoﬁrﬂéglgsng esésérs t han
1500 MPa, opneniranbtelbw rrysigllmityepolonter doniurentACCPCs) aad meconinogelofd i n
paral | el producing LCPCs: 1) ethylene or propylene, 2) one or nore C2 to
C30 al phtheoregctorstramg/ produces ooajargarosel higle megstallinibh polyimeroeempanents st
nore diluents _or solve ein,the

oot yror | 2 BB S, BB APMAeHTE in ths dihecpie mATe, sl URbAr (TP O LE0Ed 4
et SRR H R ICTE! U aRRE P TEcsR o
1500 MPa, alighar elefins18) portey/ 92T nodé icatalpytsswiRher add 4) eptbnalnendfort hfore
reactor trains configured in parallel is above its critical
diluents or solvents, wherein the polymerization system for at least one of the
reactor trains is at a temperature above the solid-fluid phase transition temperature
and at a pressure no lower than 10 MPa below the cloud point pressure and less
than 1500 MPa, contacting in the other one or more reactor trains configured in
parallel producing LCPCs: 1) ethylene or propylene, 2) one or more C, to Cs,
alpha olefins and/or non-conjugated dienes, 3) one or more catalyst systems, and
4) optional one or more diluents or solvents, wherein the polymerization system
for at least one of the reactor trains is at a temperature above the solid-fluid phase
transition temperature and at a pressure no lower than 10 MPa below the cloud
point pressure and less than 1500 MPa, wherein the polymerization system for at
least one of the reactor trains configured in parallel is above its critical
temperature and critical pressure, wherein the polymerization system for each
reactor train is in its dense fluid state and comprises any propylene present, any

ethylene present, any C, to Cs alpha olefin present, any non-conjugated diene

present, any diluent or solvent present, and the polymer product, wherein the



tenperature and critical pressure, wherein the polynerization systemfor
each reactor trainis inits dense fluid state and conpri ses any propyl ene
present, woyoosaishBene present, any C4 to C30 al pha ol efcm/yse@seniss7 any
non- conj ugat ed di ene present, any dikhuent or solvent present, and the

pol ymer product, wherein the WO 2009/ 082463 PCT/ US2008/ 013857 7 catal yst
system for each reactor train conprises one or nore catal yst precursors,

one or nor@t#Agt atéh Sor ach epadtonahainy compeises on®log meteatatalyss ppauricrs,
wherein the polynerization systemfor each reactor train conprises |ess

t han 40 wténeodr mioee actpvatorsaland sipfienally.cone omnore catalyst snppomtssovbergin tect or
effluent including.a honogeneous fluid phase pol.yner-nmononer. nm xtu in
each par all?(?j)’mteé‘&@tl‘é‘ﬂ SygteH] E‘gr (’%ﬁsn f)%gqrntga‘f‘h%orﬁﬂ?%%%éﬂ tﬁ@g?{’owt é‘f‘f’f ﬁ'éﬁnt s
fromone of I ot_fyr - of _th C ' ugh
[10m oN® Q0GP Alertag, ), ol ah"Enekd SeafiBRc iy JpoRatil o
pressure Vdhbgerdcdfs ON8id0 phass §dIyMbr-icifomiére mikaar it @ash afuruRelt Feactor
solid-fluid phase transition point but bel ow the cloud point pressure and

t enper at urteaihp (d)opassirgether umedecéd wadtdr effientsofrphaene ©y gneresbuti nét fremch

t wo- ph t i Si ] - i ched ph .and -rich
ohase,  ancilk 8 dhe nATBllelnEEaREToIraInS HEQNEI 288 T, BIATE MUEBAITGSABFe SRPRRHRIS

h i h.of t hi gh- t .

ot e separBeRinIRg ife etap R Ao PR R 15 BRE S indrd digirerkgase
phases; (%Rg&msrume thl&soHEenald gzas(%dﬂ)%&sm&s- Bt mitesk1BhagRscIbuarpdiie one

or nore high-pressure separators wth the one or nore unreduced

react or efpressuiné and nemiperstumy to forrreopaoamat fidddlwid tiweaphaset systemsmmath
m xture of one or nore polyner-enriched phases and the one or nore |
unr educed gaghdworphestisysiens comprisingea palyraer-esichedphase laad a wweeBeItid ns

to f nbi ffl t st t hat i h | i | end
L ormanon: Psen s separetie ané rhGRihefenHERe G he iRt attichsd Pt
ffl t f i Wel P
ol endi ng anagliof i Bhe oo IERTuSEEREN (o REAPOAL B nidte sEhAAMA
pressure Whbhomet-fiRhapteisesrandi gie BE Qﬁ@ﬂér%ol?ﬁib@f@irithedfpl(afsés;a(fe()\&)rﬁlﬁﬁing
e

solid-fluid phase transition point but ow t he cloud point pressure and

t enper at urthetanef or more polymer-enriched phases from the one or more high-pressure
separators of (d) with the one or more unreduced reactor effluents from one or
more parallel reactor trains to form a mixture of one or more polymer-enriched
phases and the one or more unreduced reactor effluents from the one or more
parallel reactor trains to form a combined effluent stream that comprises the
polymeric blend components from all parallel reactor trains; (f) passing the
combined effluent stream of (e) into another high-pressure separator for product
blending and product-feed separation; (g) maintaining the temperature and
pressure within the another high pressure separator of (f) above the solid-fluid
phase transition point but below the cloud point pressure and temperature to form
a fluid-fluid two-phase system comprising a polymer-rich blend phase and a
monomer-rich phase; (h) separating the monomer-rich phase from the polymer-
rich blend phase to form a polymer-enriched stream comprising a blend of LCPCs

and HCPCs and a separated monomer-rich stream, and (i) further processing the

polymer-enriched stream of (h) to further remove any solvent/diluent and/or



a fluid-fluid two-phase system conprising a polyner-rich blend phase and a
nmononer -ri ch phase; (h) separating the nononer-rich phase fromthe pol yner-
ri ch bl erslopb@a32460 f orm a pol ynmer-enri ched stream conprcsiusgoos/odssnd of
LCPCs and HCPCs and a separated nonoser-rich stream and (i) further
processing the polyner-enriched streamof (h) to further renove any

sol vent/di |l uent and/or WO 2009/ 082463 PCT/ US2008/ 013857 8 nononer and then
form ng i tmbnbmepahd ehen fornyinglid irtopeilees tosyiehd e pelletistabldprodiico blend@Cs
and HCPCs. éOOll] These and other features and attributes of the disclosed
in-1ine pJrOREssad HGPCsr oduci ng pel |l et-stabl e polyol efin blends and their
advant ageous applications and/or uses will be apparent fromthe detailed

description that fqllows, particularly when read in cqnjupction with the
fi gures ad@@ﬁ&ﬁd hethass, andrpther et AN At ﬁA%*I(%STIGWZ]m'IlH‘e

assi st tho rl Y rel ' ' ' t he
ubj cct T Per SFeabbrousitl et shitie R, Blehds el ekt aBlivalBodt?
wherei n: [ARBhtiGAG andl/dt @SENNSIlE IR BpPARAS ftéth tHE detAINCIdeSerigiom ahatTer
blends in a two-stage series reactor configuration (prior art); [0014]

FI G 2 pr colows, partiextarpl shgniread imeornjohgtier withethdifrgpres appaxsiedhehetont i c
for producing pellet-stable polyolefin blends wwth a single separation
vessel ; [0015] FIG 3 presents an exenplary in-line polymer blending

process e ' i = S e polyolefin blends with
mul tiple acQ raﬁé%éﬁgggwtﬁgéﬁmgpr esents an exenplary in-line
pol ymer blgpgh'd PrRSGssist HRRNSE bedih@fy RKRONEIRE BRIVARE aft AP aiRk YRlce! i n
bl ends vvit[ﬁ pr];duct efeasfﬁlsjent ﬁﬂ)erlt nE‘é for lﬁrrprove gfltend ratﬁ%
control; [y th&stbjdet phesenhsreaf, eeferguicarig madei toethrobppeniddd dratvings,
process schematic wth product effluent buffer tanks that al so serve as
mononer / prylerein:

[0013] FIG. 1 presents the process for the production of polymer blends in a

two-stage series reactor configuration (prior art);

[0014] FIG. 2 presents an exemplary in-line polymer blending process
schematic for producing pellet-stable polyolefin blends with a single separation

vessel;

[0015] FIG. 3 presents an exemplary in-line polymer blending process
schematic for producing pellet-stable polyolefin blends with multiple separation

vessels;

[0016] FIG. 4 presents an exemplary in-line polymer blending process
schematic for producing pellet-stable polyolefin blends with product effluent

buffer tanks for improved blend ratio control;

[0017] FIG. 5 presents an exemplary in-line polymer blending process
schematic with product effluent buffer tanks that also serve as monomer/product

separators for improved blend ratio control;



separators for inproved blend ratio control; WO 2009/ 082463

PCT/ US2008/ 013857 9 [0018] FIG 6 presents an exenplary in-Iline polyner

bl endi ng woao@ss2463chermati ¢ for produci ng pellet-stabl eprpgwlusedosivizssbl ends
with one slurry reactor train; [0019) FIG 7 presents an exenplary in-1line
pol ymer bl endi ng process schematic for producing pellet-stable polyolefin
bl ends with buffer tanks for inproved blend ratio control and wth the
option forjoetg] ti vaFIG! vrpeesehendinngxemphargnaniine [ polFderFbléndingrmeeedss an
operating regine in accordance with the process disclosed herein for a
react or opehamatig fon produeiggep¢liaistable medeolefipoblends vath oner slysmt seagtor
operating reginme in accordance with the process disclosed herein for a

r eact or oﬁ@?giing inaliquid-1iquid phase; [0022] FIG 10 presents an
operating regine in accordance with the process disclosed herein for a

gravity s or;ﬁa@? FINITG\I% 2 Far 1:.t.he r pQs i '

I nventi o.ne@ﬂ?’lei he m?E lpﬁ%sregtso:a [S%g%]pﬁl&ycﬁ{'ghgs?&gygﬁeﬁlein;ﬁlrclémr%g%sst 0 be
the conbi %héﬁatieffo?ngrdamcifg Pellcaabls poPfdlefih SKIen8 WRK NBIsffén tari3e fér
nore activators. Any part of the catal yst ~ systemcan be optionally

support ed imprewtd Blgmal tdtid esntrohandiveith tlaes eptiba foumdditive/polyateroblendingof
the catal yst system [0025] Fluids are defined as materials in their liquid
or super crdompagient; uid states. Dense fluids are defined as fluid nedia in
their liquid or supercritical state wth densities greater than 300 kg/ nS.

[0026] Solid-fluid se transition tepperature is defined a he

t enper at u r[982él wh |F32§a§ PEPSHLHAN ﬁP@Fat%Eeeg"g’@p‘é‘r %Qcé’éd?‘}“t?n’f"ftﬁetthe process

pol ymer - cq |0l fl Ui ' -at ' [ re. The solid-fluid
phase tr an‘gu;‘?{’%gn é?#ﬁ‘gﬁitau‘{eébfg’aﬁgﬁﬂ*% i3 o, gpels it BB s2008/ 013857 10

[0021] FIG. 9 presents an operating regime in accordance with the process

disclosed herein for a reactor operating in a liquid-liquid phase;

10022] FIG. 10 presents an operating regime in accordance with the process

disclosed herein for a gravity separator; and

DEFINITIONS

[0023] For the purposes of this invention and the claims thereto:

[0024] 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.

[0025] Fluids are defined as materials in their liquid or supercritical fluid
states. Dense fluids are defined as fluid media in their liquid or supercritical state

with densities greater than 300 kg/m’.

[0026] Solid-fluid phase transition temperature is defined as the temperature
at which a solid polymer phase separates from the polymer-containing dense fluid

medium at a given pressure. The solid-fluid phase transition temperature can be



determ ned by tenperature reduction starting fromtenperatures at which the
polymer is fully dissolved in the fluid reaction nedium Solid-fluid phase
transiti owotempseasur e can be nmeasured by turbidity in aduiuscars/o1zssot her
known neasurenent techniques. [0027]10Solid-fluid phase transition pressure
Is defined as the pressure at which a solid polynmer phase separates from
the polyner-containing fluid nedium at a given tenperature. The

sol i d- f | ui gktérpsined t byarieinipetdiufy esdustioncstartieg feahetempaatudys ak eshichethe

reduction at constant tenperature starting frompressures at which the

pol yner i pdlyiey idi il \dissolyed ha theuflyid ggaetiom mediuom Solideflyiduphasephase

transition pressure can be meagured b\éwfjgrbi &!t'ti/ i.n a(ij(ﬁi.tion ttﬁ ot her known

neasur enefFansSEigh tENRETAYI§ AR beHReasy YIURRId{ty i9.3dditigndo Qther kpgway o

bel ow whi ¢ | ven . erature, the polynerization system becones
falhofet {Enighe

turbid as adimr Oiveira, C. Dariva and J. C. Pinto,
Ind. Eng, Chem Res. 29 (2000) 4627. For purposes of this invention and

the clai obﬁg eto,g 1f2f=pﬁi‘d) MhaBitfinsttfon Ei?és%ﬂf@qs (t}lyem@dnw%e pekiu haser

t hrough the sel ected polynerization systemin a cloud point cell onto a
phot ocel | vahidhresslidpolynidigphase separatestfrdrhahe pobimer-compiring ifluid e@ekiumn
light scattering (turbidity) for a given tenperature. The cloud point
typi cal | y atoar gieandemperatens. t r Fhsi solidrfluidnphasei fgnsitionyiptesshiss ecano hewo

fluid h . | -rich d | - fluid ph ) 0029] A
i ohar o SieGeriined By P suire 7eaifor ab SonsTRR e bt StoBSE Hom 3Gkt

t . [0 . i nel ' L O/ - . . . .
pol yrr | 2dtich g poltiet §f MLPALAEES §Fhe i RERTRATREALAR, Solid.uid, |

Copol yner iphaké eans#idnoprRSsife Tafhe Mehsured ib?&hf&ﬂityﬁﬁfaﬁﬂﬁ_ibrpfo biber Rhotay €
nmononers. [0031] The new nunbering scheme Tor the Periodic Table Goups is

used as poéAsuséredni tecliHgMECAL AND ENG NEERI NG NEWS, 63(5), 27 (1985). WD
2009/ 082463 PCT/ US2008/ 013857 11 [0032] When a polyner is referred to as
conprising an olefin, the olefin ) .
g[0028] The cloud point is defined as the pressure below which, at a given
temperature, the polymerization system becomes turbid as described in
J. Vladimir Oliveira, C. Dariva and J. C. Pinto, Ind. Eng, Chem. Res. 29 (2000)
4627. For purposes of this invention and the claims thereto, the cloud point is
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 rapid
increase in light scattering (turbidity) for a given temperature. The cloud point
typically corresponds to the transition from a single fluid phase to two fluid

phases (a polymer-rich and a polymer-lean fluid phase).

[0029] A higher a-olefin is defined as an alpha-olefin having 4 or more

carbon atoms.

[0030] Use of the term “polymerization” encompasses any polymerization
reaction such as homopolymerization and copolymerization. Copolymerization

encompasses any polymerization reaction of two or more monomers.

[0031] The new numbering scheme for the Periodic Table Groups is used as

published in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).



present in the polynmer is the polynerized formof the olefin. [0033] An
oligoner is defined to be conpositions having 2-75 nononer wunits. [0034] A
pol yner iwodedyvased3t o be conpositions having 76 or norePODUSREIS/013887tS.

[ 0035] A series reactor cascade can include two or nore reactors connected
in series, in which the effluent of an upstreamreactor is fed to the next
reactor downstreamin the reactor cascade. Besides the effluent of the

upstream [0e3gf or ( SWhehhe potytlepfis abferfedacs as amipiisingugneiéfie thiet blefiny
conbi nation of additional nononer, cat altyst, scavenger, or solvent fresh
or recycl euresengdn tha pelymer i theapplymsirized oaaci?tfdhedﬁﬁgn-guration, t he reactor
or reactors in series cascade that forma branch of the parallel reactor
configuration is referred to as a_ reactor train, [0036]. Reactor train or
react or brl@038] or rAmQligomeryiy defined tte be SOMPASILIONS PABINEZ 41150 MONAREHr  or
to a group Ofs pol ynmeri zation reactors of the in-line blending process

di scl osed HBBi n t hat produces a single polyner blend conponent. |If the
reactor train contains nore than one reactor, the reactors are arranged in

eator i n UPAEC A BOLELIsherfitd o ampBiBEE hafing R bGP oA, o1

conponent gAfgnot be produced at the desired rate economically in a single
reactor but there could be also reasons related to bl end conponent
quality, such as nolecul ar weight or conposition distribution, etc. Since
a reactor [0035h carA seriepréstomtdscagdé ean daclude swanor nrore eeaxtors camestddn
series, the single blend onent produced in a reactor train may itself

be a pol yniBrsesieantn mhlﬁbﬁly%g%ﬁ)@emafmnem@arwr@ﬁctvarw.fﬁb tordhe agrhFeagoIght s
G 1 or ont GREBAENE F 11acioR F9sRRTE] Mo fhooiatDbgal s M ir ey 1,
T/ Uszbodrialsh e 181, 8 SAF deffioh (Bhhe SuBRILEF Bilth aly, coHpaef ot
conponent ddiadiit] eafor@mdr} Scatalyst, 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.

[0036] Reactor train or reactor branch or reactor leg refers to a single
polymerization reactor or to a group of polymerization reactors of the in-line
blending process disclosed herein that produces a single polymer blend
component. If the reactor train contains more than one reactor, the reactors are
arranged in a series configuration within the train. The need for having more than
one reator in a reactor train may, for example, arise when an in-line blend
component cannot be produced at the desired rate economically in a single reactor
but there could be also reasons related to blend component quality, such as
molecular weight or composition distribution, etc. Since a reactor train can
comprise multiple reactors and/or reactor zones in series, the single blend
component produced in a reactor train may itself be a polymer blend of polymeric
components with varying molecular weights and/or compositions. However, in
order to simplify the description of different embodiments of the in-line blending

processes disclosed herein, the polymeric product of a reactor train is referred to



nol ecul ar wei ght and/ or conpositional dispersion. For the purpose of
defining the process of the present invention, parallel reactors wll be
al ways cowneid@roseicas separate reactor trains even if tirey/yscadocss?
essentially the sanme in-line blend cmnponent. Also, spatially separated,
paral l el reaction zones that do not exchange or m x reaction m xtures by,
for exanple, punp-around |oops, or by other recirculation nethods, wll be
consi der edimply epabkind pangdneht roeapolymdricaiblends\vempotiean repasiessaoflitsel
zones are present in a comon shell and fall within the in-line_ blending
process dimolesulad Weight andf@osmmpeetiend) dispemsianef Eog the pusposcopbdgliningn of

ool yoor Bk 83 o SBE istat. bl RIS PSR B AR SR 44 "o e
or more reaghoke YLALBS rdifP38kn AifFlﬁEf' rﬁhuéee%%e?%iaflﬁn{ﬂeg&if ANjd bldides

two or nore‘reactors or reactor tralrs connecte parallel. react or

train, bragghiportit! ads®fsphtiglipsepdradd, pariie] gactibh 2ons@yhat dol il @xohange
reactor or nore than one reactor configured in a series configuration. The
entire paral ik reastivor mizniresylyat fosnexdmplee pyropsaneund doops; pr deessher

2 R S STIS GE  l BET
to t ti . di Vi ded
by the torefertirobpaBiTR 2hats el ShSatiin ARARER B2 A ARR A Cindlie

[ 0040] Polp|eRdingrbessH$l16§8d Fer€Rf i ned to be nmononer (s) plus conononer(s)
pl us pol yner(s) plus optional inert solvent(s)/diluent(s) plus optional

scavenger(s). Note that for the sake of convenience and clarity, the

catal yst 9988%M i s Redasersbatkdfefersad thepantiiahtion of tahlepglyareizatidh eatorson
from other conponents present in a polynmerization reactor. In this regard,
the pol yrisrthzapaolpmesizatiom sesticrfdfnibg inelire pahmmekblending presessalisclpsed he

art of pqlynerigzation that typically considers the cat.al yst systemas part
of the OS50S o SRSIOHRA BRI OTRRISEE QINES JRAIIILTSY systom By t he
current definition, the mxture present in the

[0038] 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.

[0039] Monomer recycle ratio refers to the ratio of the amount of recycled
monomer fed to the reactor divided by the total (fresh plus recycled) amount of

monomer fed to the reactor.

[0040] Polymerization system 1is defined to be monomer(s) plus
comonomer(s) plus polymer(s) plus optional inert solvent(s)/diluent(s) plus
optional scavenger(s). Note that for the sake of convenience and clarity, the
catalyst system is always addressed separately in the present discussion from
other components present in a polymerization reactor. In this regard, the
polymerization system is defined here narrower than customary in the art of

polymerization that typically considers the catalyst system as part of the



pol yneri zation reactor and in its effluent is conposed of the

pol yneri zation system plus the catalyst system Dense fluid polynerization
systens hwoeogromsaicer than 300 kg/ nB fluid phase densitycraiskoosiiissaei r
conponents |isted above, i.e., the m3noner(s) plus conononer(s) plus

pol ymer (s) plus optional inert solvent(s)/diluent(s) plus optional
scavenger(s), are in fluid state, or stating differently, none of their
conponent polpmierization dysteat.e. Biothe tiaent definitiony athef nbeturo pseseny inethe
different for the catal yst systemsince it is not part of the L

pol yner i zawilymesigatiennrepgton 1dndrive ifsoleffiwentzist rompeyed &h thenppbmpsrazation ngl e

fluid ph t fluid ph . [0042]. A h : i zat
cyst em coryaiers PRy Bl R ESe Hese s BDRHEHARIN DREBR 4" 81 RN ar

le. In ' [ , j ' . t t
be-i 1 heitpith BR0IEYRE; AR pHRGTRRRTRY L oF PP LIt U EP ol e BRT 10
def i ni ti onn@hofmBRsPOIPIERT | dithowsmeNS) eplapepolpier(snclplde tosticmal al inett

system thus the catalyst systemmay or may not be honogeneously dissol ved
in the polsphemt@Eydiloantg)stpdns obtionab geavengeres) s tagen indlnidh astate; egni stadingi t h
concentration gradi ents,oq}'Pu}l there would be no sudden, di conti‘nuo S
changes ofditlsrawly t NeRe oot dhgirc compoBENtS: a3 INniSOHMAN State s Rplemthaty these

Component el euBpn AEBGERSHEr R LA EREAE sTURRF Ted s hoEpabl 3 the
system i sp&%eﬁgg@&g g When it is partitioned to nore than one fluid

phases or to a fluid and a solid phase. The honobgeneous fluid state of the
pol ymeri zation systemis represented by the single fluid regioninits
phase di agoeq1] [ 0043]e polieneritionusy siehydwml fami ione singlkeflaid phast o8 twiot h a
honogeneous pol yneri zation system Note that the catal yst systemis not
part of tHidphlageseri zati on system thus it is not necessarily dissol ved
honogeneously in the WO 2009/ 082463 PCT/ US2008/ 013857 14 pol yneri zation

system A reactor in which a honbgeneous, pol ynerization process is carried
out will HOO0#ZF er r b homogenpewnBRlvERIZApEN SYSen SON9INS dlhef 45 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 polymerization 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.

[0043] A homogeneous polymerization process operates with a homogeneous
polymerization system. Note that the catalyst system is not part of the

polymerization system, thus it is not necessarily dissolved homogeneously in the



[ 0044] Pure substances, including all types of hydrocarbons, can exist in
either a subcritical, or supercritical state, depending on their

t enper at Wwe 2a0mbs2gBessur e. Substances in their supercri PCralS2eB8a1BSPOSSeESS
i nteresting physical and thernodynam4c properties, which are exploited in
this disclosure. In particular, as supercritical fluids undergo |arge
changes in pressure, their density and sol vency for polyners changes over
a wide rangstymeeizBon Nsyiskems upgr egactorcitl whiehea Romegbséausc polyuneritaion a

t enperature above its critical tenperature (Tc) and a pressure above its
critical presssrie carigd owtl willbe sefgfred o 0 bapmgencounpolymertzationleastes of
nononers, polyners, and optional solvents, have pseudo-critical

tenperatures (Tc) and pseudo- crltl al. pressures ch for .
systens cal§04 g]a appruski sHbstances, Hs %Alﬂgaglf |%Heﬁ/vé’&glﬁf‘k8°§ P2 3N (ﬂ‘x‘ thidt

correspondi. crit ropert| h ju o ts.
M xt ures vﬁlﬁ'%r 2 tsghf)rdl‘éq ‘iﬁ%ﬁ tléafxesftg{e “%338‘83‘“ i ca {er?npé efﬂlﬁd a
pressure 315}‘8]%’3%& heSlfbs?a"tiEg 9n Cthéi&ls@l?lercrnrcals St4@ pokddss hftepditihgl ﬁhﬁecal Nardl
supercritical state or phase her modynam ¢ behavi or  of

super cri t i thaeimeodyramiespropeitidsgwhid agaxploitedsinphicdistiosate. phr partlsubls;amces.
For purposes of this disclosure the critical tenperatures, (

critical prupesitioal fligs vndengotlarge 9‘@#%% uagraw& théuedﬁaﬁtmatsldt ﬁgv%llﬁ)’r ent
invention .are . those that found in

EM STRY. S| CS,
v o R oF DIV ShARGeAVEr @ BAfE TahEt T oho Jbf 10 TG poURER ATy |

AT L L e aﬁ&%’@c 9‘?““’{ B R ) A

Hexane 507pressiir® 2boNe oipaieeitid@P pBeskurd 8Pc)s o dixames 16X7 h?dﬂ)cﬁfbdﬂ:s Jecladbfl. 8
1.11 thane 305.3 1.872 ethane 190.56 1.599 Cycl obutane 160.0 98 But ane

125. 12 3. 7maixtugcbbpnonemers ipolymers 1am mptmel splents. bave pﬁem@ﬁ@cahg 5

1.0z Pr Opyleren?a%rgtgrdfesg('[%) and pse&gé-ec?l%c%le pressures ?P ?%\lthgﬁ ?t rerrﬁ%ng%gs'st%mls gan
be approximated by mole-fraction-weighted averages of the corresponding critical
properties (Tc or Pc) of the mixture’s components. Mixtures with a temperature
above their pseudo-critical temperature and a pressure above their pseudo-critical
pressure will be said to be in a supercritical state or phase, and the thermodynamic
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, 82nd edition 2001-2002, CRC Press, LLC. New York,

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



Pent ane 169.7 3. 37 sopentane 160.4 3.38 Benzene 562.05 1.895 Cycl ohexane

553.8 1.08 1-hexene 504.0 3.21 eptane 540.2 .74 273.2 K = 0C.
f ol | owi ngwelkbossseai ons are used: Me is nethyl,

sopropyl ,
tBu is tertiary butyl,

Pr is propy
| sobutyl,
trimet hyl si

pMe is para-nethyl.

"conti nuous
wi t hout i nt
produce a p
i ntroduced
wi t hdr awn.

hydr ocar bon
or nore, or
boi | i ng poi
al so referr
are typi cal
2009/ 082463
pol yreri zat
granul ar) f
medi um The
fluid phase
supercritic
| 'i qui d/ vapo
(dense) ph
het er ogeneo

supported m

I, iPr isi

lyl,

n- Pr 1ss

c

nor mal prop

yl, Bu i

p-tBu is para-tertiary butyl,
TIBAis tri-isobutylalumnum MO is nethylal um noxane,
fluis fluorenyl,

nt adi en

s butyl, i

TMS i s

Nanse neant
rr IIhT I on

'bie;qaaﬁ woul

B e th

pis cyclop
S
t"!'\

Ticr@gnde

f | Ayous

yl . _[0046

B ct(MPaper
process—t

Tapadeant s

ALK

Torooro

§68 8cont

i RY

II.U UIIC

Aanery o

i

T}H?E

UIO (1

0|I|n

ffer—Pp
dilu

SETET o,

P S
Uit rriu

to a

Mg a
C or

ErR]

T

LCZ)% or

%fetﬂﬁném

re
150

98|’56DUL
(]3 o]

S CTAE

re"than t he

cPibuRArRPY

100
to as sog

1606 (-

| vents

7o$C at

erein. In

Bgtaﬁ'i@"g) :

olefin pol

ungQpll

yner | zat

Bedi | uer
on, sol ve

g} e

C
CT/ US200

/013857

bbhg compr$ki ng

f
16_[0048]

Etteylexie nor e

Qlurrv nnl

28213don

/npri7at

gteets. VWO

on referd

leButenecess

P‘WEIHQ

41 95whi ¢

eRse fl "

i3 Oibart i cqum'lerm)I id

3§619ymar

46% g,

défﬁg%nefl ui

58| yre

Iyrre

3ﬁ%§t|on Ny

UI ul vu

BBbaa <

AC I LOlI. I UI

le or t

,Fn%'nﬁll adS

S

3U$Jflblltl

@apb?ﬁnkf'aﬁ
TSOBERARF | & of

B0 e

a8 n g

i d/ su
Beﬁ%rg

i Z
hse. urry

pol yner

56293 el 4uy

fluid
I t he
zat'i on prlo

gbbﬂﬁ%&aﬁé‘s

esses typ

595 1 N

cally e

I‘O%IIQUIC

pl oy

Ishés@hal yst
tall ocene

50p8rtic

3exl such

,

D ¥

and t

Elepéneg! er -
F The

022 ca

PAlgysts or

cat al yst

typi cal | y 2@h2Kes 0°C. t he het er ogeneous soI i d

[0045]

solid p

|l vireric g
7 )

[ 00451 The
Ph i s plremgis2o08i1385% et hyl ,

Bu is

By
at e)
0

1y
or 70C

ts are
nts

r oduct

The following abbreviations are used: Me is methyl, Ph is phenyl, Et

is ethyl, Pr is propyl, iPr is isopropyl, n-Pr is normal propyl, Bu is butyl, iBu is

isobutyl, tBu is tertiary butyl,

p-tBu is para-tertiary butyl, TMS is trimethylsilyl,

TIBA is tri-isobutylaluminum, MAO is methylaluminoxane, pMe is para-methyl,

flu is fluorenyl, cp is cyclopentadienyl.

[0046]

By “continuous” is meant a system that operates (or is intended to

operate) without interruption or cessation. For example a continuous process to

produce a polymer would be one where the reactants are continually introduced

into one or more reactors and polymer product is continually withdrawn.

[0047]

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

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

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 typically hydrocarbons comprising

five or more carbon atoms.



catal yst particles thus formng a slurry phase. Slurry polynerization
processes operate below the solid-fluid phase transition tenperature of

t he poynmewDzatymsmM63system [0049] Sol ution pol yneri zati eaTrsbes®11887 a

pol ymeri zati on process in which the golynmer is dissolved in a liquid

pol ymeri zati on system conprising substantial anounts (typically 40 wt % or
nore, or 50 wt% or nore, or 60 wt % or nore) of solvent. Note that sol ution
pol yrer i z10048] comBluagspalymeridationotefersr iz at polymeryaitiom pfimless iinnwhich

pol ynerization may be performed at conditions where a vapor and a |iquid
phase are particalate, Sﬁl&wﬁﬁﬁwsé@-gheg&w%ﬁrfmsi on aydense dBHPr PEk & he

| i quid phase..,[]0050] Advant ageousl!y, solytiqn po rization is perf.orned
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form ng vapor bubbles at a given tenperature. Bubble point pressures of
hydr ocar banliqhitdapar grolpmerization ynediomg rthe pedyiopr s‘tsadm;andtheeﬁqwﬁdq(@gs«hom
in the art of chem cal engineering. Methods &i t%il e.for conducting such
cal cul at i dHAS&r SIBHYRIYMeEZaUOR PIORESSES Bepically, emPIQY BEHECBBRFNS SRV SSuave

Redl i ch Kwon The bu ' f I.qui d ' t I ned
by educt HrERe pruBoly £t B ool bl b el an SRLERAS Rty S ™
PCT/ US200840 %35 ThelsoIRf pSlyaRifRy iodttet fypiddllyuadtidred fethel Hetérogepasusuaiid e is
formed. Solution polynerization is typically perfornmed in asingle
honmogeneouatdlystupattiochessthus biormisglauslumy pldsgre Slursy ipolymeripaticri pgodesses

| i quid phases are alsg known. In the latter case, the polynerization
system i s apsraig belowt thecsolidiflyid phass srapsitionpiempesgiyve offthetpoysaenzationyj ¢
phase transi{?i on pressure and tenperature. In these two- phase |liquid

pol yrmeri z TS systens, the polynerization systemis typically

partitioned into two |liquid phases, a polyner-lean and a polyner-rich

[a'r g“} ?nef’;[%ﬁsv] N ielidn HolyhezARyY Pl & W PbIyfRELfion PI68&s iINOWRRES €S
the polymer is dissolved in a liquid polymerization system comprising substantial
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
system. Solution polymerization may be performed at conditions where a vapor

and a liquid phase are present, in which case the polymerization system comprises

the liquid phase.

[0050] Advantageously, solution polymerization is performed with
liquid-filled reactors, in the substantial absence of a vapor phase. Liquid-filled
reactor operations are characterized by reactor pressures that are at or
advantageously above the bubble point of the polymerization system. Bubble
point is defined as the pressure at which a liquid starts forming vapor bubbles at a
given temperature. Bubble point pressures of hydrocarbon blends can be readily
determined by standard techniques known in the art of chemical engineering.
Methods suitable for conducting such calculations are equation of state methods,
such as Peng Robinson or Suave Redlich Kwong. The bubble point of a liquid

can be conveniently determined by reducing the pressure at constant temperature



di spersed. Note, however, that these two-phase |iquid polynerizations
systens have none of their conponents in solid state. [00511 Supercritical
pol yner i awoi2em/asefeer s to a pol ymerizati on process in  werCThistéus/013857

pol yneri zation systemis in its dense7supercritical or pseudo

supercritical state, i.e. when the density of the polynerization systemis
above 300 g/L and its tenperature and pressure are above the correspondi ng
critical @f apseudmessedt ifidd uatilethe Frstervapot i babblpolisy nferimed: i oBolusion
typically perforned in a single honbgeneous supercritical phase, but
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pol yneri zati gns systens have nope of thejr copponents in solid state.
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the dense fluid polynerization systemor my forma sdlid phase. In this
t er mi nol odwye slonerof thiér 200pondataa sBld/sti##2008/ 013857 18 pol yneri zation, in
whi ch solid polynmer particulates formin a dense fluid polynerization
system contai ning | ess than 40 wt % of inert solvent or diluent, wll be
referred t[008k a bduperdritica) palymesizatian i wehersr tic @s polymeénizatione Peeesy§e ndous
ocess. The polynerization ess in whic he po ric
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honobgeneous™ pol ymeri zat'i oh process. atron process 1 n which the
g/LL 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
comprising two supercritical fluid phases is also contemplated. In the latter case,
the polymerization system is below of its cloud point pressure but above of its
solid-fluid phase transition pressure and temperature. In these two-phase
supercritical fluid polymerizations systems, the polymerization system is typically
partitioned into two fluid phases, a polymer-lean and a polymer-rich fluid phase.
In a well-stirred polymerization reactor, these two phases are finely dispersed.
Note, however, that these two-phase supercritical fluid polymerizations systems

have none of their components in solid state.

[0052] Bulk polymerization refers to a polymerization process in which the
dense fluid polymerization system contains 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 1wt %
of inert solvent. The product polymer may be dissolved in the dense fluid

polymerization system or may form a solid phase. In this terminology, slurry



pol ymeric product is dissolved in a liquid polynerization system contai ning
less than 40 wt% or less than 30 wt% or less than 20 wt% or |ess than
10 wt % owo 2b@ams246Ban 5 wt % or |less than 1 wt % of i nertcsalse@stoizsst | be
referred to as bul k solution polyneriszati on process (as distinguished from
ot her solution polynerization processes in which the polyneric product is
dissolved in a liquid polynerization system containing greater than or
equal to A4fblyhfdrisalivgntin . which sedidy petymedt ipartipulatess foim ishiackdenbe fluid

pol yneric product is dissolved in a single- phase supercritical ]
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inert solvent or nononmer or their blends in their supercritical state. As
descri bed cumtaisingviess than stphewti of chlert Isolvent peily nbe i rederredh toy ssebulk
contains | ess than 40 % .or less than 30 % or less than, 20 wth‘;/ or
| ess t han hamogencoys n CFiRtiOTs PiRAsSS-orl NeeRRIYIME £t Ot BROGESS; inepvhic %hevent

and the paol yner .is. di,ss0l Vv ' h 5 1.1:] ' cess
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Homogeneoygas upew Y, b 4&ds thahYITEWi%alor ABssSiiar! 20 Raosli oitlesg tiavh e8! vithgor
het er ogeneous supercritical polynerizations, such as for exanple,
supercri tilesd thanl Sirwtdopootessshan 1t W% ef timert sblveini ovillabe rgferdedrtoeas bulk
supercritical fluids but form W 2009/ 082463 PCT/ US2008/ 013857 19 solid
pol yner paolutien apetymerization o Pyaeass z £ap ordiséagyished Sifram arether pgplution
honogeneous ,supercritical pol ynerization should be distingui shed fr.om bul k
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opposed t ' LGtk | ' ( Oy,
definitio squ@ﬁgzgg@glsgitk h g%t? g%%ggﬁtéﬁﬂig? 'Ig)rz&i%aﬁgi%) éi;ér) {évg%l i@ggt rm nei ng
whet her a gulyixiEizadeh ippdcdss daewhichi thehgslpgrRRoprdact itissolved in a single-
phase supercritical 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 will be referred to as bulk homogeneous supercritical

polymerization process.

[0053] Homogeneous supercritical polymerization refers to a polymerization
process in which the polymer is dissolved in a single-phase dense supercritical
fluid polymerization medium, such as an inert solvent or monomer or their blends
in their supercritical state. As described above, when the supercritical fluid
polymerization system contains 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 and the polymer is dissolved in the dense supercritical fluid, the process is
referred to as a bulk homogeneous supercritical polymerization process.
Homogeneous supercritical polymerization should be distinguished from
heterogeneous supercritical polymerizations, such as for example, supercritical

slurry processes, the latter of which are performed in supercritical fluids but form



[ 0054] Fouling refers to accunul ati on and deposition of solid polyner in
the interior reactor volune and/or in its interconnected parts such as
feed portwo2edgoseass (for stirred reactors), etc. For crgstusbéosnesspol yners,
the polyner tends to accunulate and ®eposit on the reactor interior by
crystallization on surfaces that are at or below the crystallization
tenperature of the polyner. Reactor fouling creates considerable

oper at i onajolidoPosyme Chatticuiatéduc ehe ppelghwirizationarertand Sintdlaels ebulk
downtime for cleaning. [0055] Reaction zone refers to the interior of a

pol yrrer i zdtdmogensaus supsehenitécal bpelymernizatian ashald she tdistinguishdde from bulk
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[0055] Reaction zone refers to the interior of a polymerization reactor where

both the catalyst system and the polymerization system are present and mixed
intentionally. The reaction zone is defined as the reactor interior filled with the
mixed polymerization and catalyst systems between the feed ports and the effluent
ports. By “where both the catalyst system and the polymerization system are
present and mixed intentionally” we mean the space where the polymerization
reaction is designed to take place and the polymer is designed to be present as
opposed to spaces where no reaction is intended to happen and no polymer is
intended to be present, such as the interior of the catalyst and monomer feed ports,
stirrer assembly, etc. Although the later spaces are directly coupled to the
reaction zone, no polymer is intended to enter and no polymer is intended to be

polymerized in those spaces.

[0056] Pellet stability refers to the ability of polymer pellets to avoid

agglomeration and remain free-flowing during shipment and storage.



fromthese low crystallinity polynmers have a tendency to aggl onerate (or
exhibit restricted flow), particularly after |ong-term warehouse storage
at anbi enwo 20@nseseat ur es, and hence exhibit what is refecragaos/oasspoor
pellet stability. [0058] A high-crystallinity polynmer conponent (also
referred to as HCPC conponent or HCPC) shall nean a polyner that is
primarily crystalline and incorporating at |east 90 wt % of

propyl ene-[@es7yed wilow-shRRtAiinity hsolpmepydampondgr (alsed refeiied aue OPC
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[0060] An tempesdtiiies, mnd Henceattibie whatigreferrpdneat poet pelletestabitied t o herein
as i PP, isotactic PP, and isotactic polypropylene) is defined as

propyl ene-based polynmer with all the nethyl groups |ocated on the sane
side of tHO0H8] ynerA diighwwrystabdimitycpolymuar ¢gpmppp¢ninlse refemedr tosaslHHCRE and

forns a helix configuration.. The equilibriumheat of. fusjion for .100%
crystall i r@m%t%tqrci'@é})rsbﬁﬁl@ﬁ%nias p@.?wmew atofs primarily;erystallingand

SLYSLRL TRRUESPRNY f S50 e OIS R N b e
di scl osed QpfrRdNMiRf Bive AR iASctiBiR] fra6tion of greater than about 90%. HCPCs
are also characterized by high melting points of >100°C, or >135°C, or >145°C, or
>150°C, or >152°C, or >154°C, or >155°C, or >156°C and high heat of fusion of
at least 75 J/g. Particles made from such high-crystallinity propylene based
polymers are generally hard to the touch and are not tacky. Polymer pellets made
from these low crystallinity propylene based polymers do not have a tendency to
agglomerate (or exhibit restricted flow), particularly after long-term warehouse

storage at ambient temperatures, and hence exhibit good pellet stability.

[0059] An ethylene-propylene random copolymer (also referred to herein as
RCP, EP copolymer, EP random copolymer and EP polyolefin elastomer) is
defined as propylene-based polymer with random insertions of ethylene along the
propylene-based polymer backbone. This is to be distinguished from ethylene-
propylene block copolymers which have groups or blocks of ethylene inserted

along the propylene-based polymer backbone.



pol ynmeri zati on and the pol yner bl ending processes are integrated in a
single process. Although in-line blending processes typically enploy

pol yner i 280i2009/08246ai NS usi ng sol uti on or honobgeneous SUPETWS2ASOEISST

pol ynmeri zati on systens, one or nore ;maf the polynerization trains may

enpl oy slurry polynmerization systens, particularly bulk slurry

pol ynmeri zaton systens. \Wen the pol ynerization reactor bank includes one
or nore sl{006@] pol VA isctattiopolypropylent idersf Eompohentofalsdroeferred|torhigrenr ai ns
are always heated to dissolve the polyner and are optionally pressurized
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5% or | e%%r{iaﬂgrl}m sld’ﬁay %Iyméﬁa%ﬁ %t%%@h%&: polymerization reactor
bank includes one or more slurry polymerization trains, the effluents of those
slurry trains are always heated to dissolve the polymer and are optionally
pressurized before mixing them with the effluents of other trains to enable fluid-

phase mixing.

[0062] Polymer pellets. polyolefin pellets, or pellets are defined as polymer
particles having a variety of shapes such as spheres, cylinders, eggs and disks.
Polymer pellets are typically formed with melt extruders, often twin screw
extruders, which function by melting a polymer or polymer blend and extruding it
through a die where it is chopped into small pellets having the above shapes. In

general, pellet size is measured by the total weight of 50 pellets.

[0063] The pellet-stable polyolefin blend disclosed herein refers to a mixture
of one or more low-crystallinity polymer components and one or more
high-crystallinity polymer components that are blended in-line in a process. One
or more of the components may be produced internally in the in-line blending

process and then mixed in the same process without recovering them in their solid



[ 00641 Discl osed herein are novel in-line processes for producing

pel | et-stabl e pol yol efin blends conprising one or nore lowcrystallinity
pol yner worzpevmseics (LCPCs) and one or nore hi gh-cryst alpcirnisegospadsgmer
conponents (HCPCs). The resulting paynmer blends retain the softness of
the LCPC while exhibiting nore rapid hardening and crystallization after
production as a result of the HCPC conponent. In particular, pelletization
of the polsysrer Opeowkdly, foneughmorefehe icomplontntsi sy g pmdtmedlwé'ﬁ-hpemmddes
pellets that attain a high degree of «crystallization within a rel atlvely
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produced fromthe LCPC. Pellets duced fr. pell et-stable yal efin
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pol ymeri zi ng and bl endi ng one or nore LCPCs and one or nore HCPCs, wherein

bl endi ng dhamB8%,rortlbss thani2)%herskess thansHifé, adless tthare dY%s ordetsoibiande by at

| east one of the reactor trains operates above the critical tenperature
and criti d&@gb]? -essure of the polynerization system In sonme other

enbodi ments, the polynerizations to produce the LCPC and HCPC conponents
in-1ine take pl ace i n honbgeneous pol ynerization systens. In yet other
enbodi mentiSETANE B DEREREEFIPNS to produce the LCPC and HCPC conponents WO
2009/ 082463 PCT/USZ008/ 013857 23 in-line take place in solution or in
honogenouq0064kr cr iDisclokedolhengini zarei arovedyshding prodessesonfirnapriodnsing
thereof. [00661 LCPC pellets al one have poor pellet stability .in that they
have a t erellehstableopa er‘herbéﬁrtslsmwgsmguqm ngoﬁﬁr\@lWr‘ifgS@leﬁf RALERST: .
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producti o upon production, polynmer pellets
gener al | y dxhyisitinpanere tapad hardening and cry_stalllzatlon after production as a result of

the HCPC component. In particular, pelletization of the polymer blends through
conventional finishing techniques provides pellets that attain a high degree of
crystallization within a relatively short period of time, upon cooling of the pellets,
as compared to pellets produced from the LCPC. Pellets produced from the
pellet-stable polyolefin blends exhibit reduced storage and handling prdblems

associated with low crystallinity propylene polymers.

[0065] It has been discevered that pellet-stable polyolefin blends may be
advantageously produced in an in-line process consisting of two or more parallel
reactor trains for polymerizing and blending one or more LCPCs and one or more
HCPCs, wherein blending occurs in the fluid phase. In some advantageous
embodiments, at least one of the reactor trains operates above the critical
temperature and critical pressure of the polymerization system. In some other
embodiments, the polymerizations to produce the LCPC and HCPC components
in-line take place in homogeneous polymerization systems. In yet other

embodiments, the polymerizations to produce the LCPC and HCPC components



spherical, cylindrical, disk-like, or other shapes in which the outer
surface of the pellets are curved as opposed to flat surfaces. Generally,
pol ynmer pebl2edssaree free- flow ng as the curved surfacegcofustévs/opmsst et s
have m ni mal contact surface and thuws slide freely past each other.
However, under certain circunstances, the curved pellet surfaces may
becone flattened during storage as a result of the pellets pressing

agai nst eaghinet tikie, pREeH ablutiodher it dioatbdenons rYuperaitica pélynfripatibhcant
vertical dinmensions. Wien this flattening of the surfaces of the polyner
pel | et s osygstenls, onint carhbunagians thereakes significantly, reducing the ability
of the pellet surfaces to slide past each other, |eading to aggl oneration
or restricted flow of the particles in subsequent iE{g(})c_essi ng. steps. A
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after the pellets are stored for long periods of tine at high anbient
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lowcrystallinity polymers may achieve this |evel of hardness follow ng
product i oflowingnasytheaturved sspsfases afethe pedletehave ahintmatisestact sutfacaiandd as
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crystal li gafkRnpRisinBea@fhstBicd Vet espéciflPWHEn &tored in containers with
significant vertical dimensions. When this flattening of the surfaces of the
polymer pellets occurs, contact area increases significantly, reducing the ability of
the pellet surfaces to slide past each other, leading to agglomeration or restricted
flow of the particles in subsequent processing steps. A similar restriction of flow

may also result from the binding of tacky surfaces or the combination of

deformation and binding.

[0067] By increasing the rate of crystallization by incorporating one or more
HCPCs into the LCPC to form a blend, flattening of the surfaces of the pellets is
less likely to occur and the pellets can become hard in the course of conventional
polymer finishing steps to provide free-flowing pellets, even after the pellets are
stored for long periods of time at high ambient temperatures. The resistance of a
pellet to flattening of its surfaces is related to the level of crystallization of the
polymers and may be determined by measuring the hardness of the polymer
pellets. Pellets having a Shore A Hardness (ASTM 2240) of at least 50, or

advantageously at least 60, or more advantageously at least 65 have a reduced



hardness, in a short period of tine after production, which enables the
pellets to flow freely, even after |ong storage periods. The

hi gh- cr yswal2beaise463bl end conponent may al so form a coatrcmgsewsniisse tacky
soft conponent that resists binding 24hus prevents the fomation of |arge,
aggonerated pieces. [0068] As disclosed in U S. Patent Application No.

60/ 876,193 filed on Decenber 20, 2006, herein incorporated by reference in
its entirefeiidersy itopagylecherate: | | Whiler petlets hawdeblfeoidi nmnyoligwergstamityeen
devel oped to inprove blend quality and reduce the capital and operating
costs assopdlimsss wmayh aéhl@biﬁﬁhﬁelfvel\;@f yhaesdnesatfoblowdang pspduetiony ibimay takehe
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unconverted nononers that energe fromthe parallel reactor trains of the

in-1ine flfluid phase protesses fbt epraidueingr pelistsstabldi pelyotafin Hderdsn deseribed
particular, the noyve| recycle net tlgds.are ngl i cabl e wh %ei n each'i](gg)no_rrer
conponent Hezgin; peed fthe rat rQﬁﬁﬁU@Fa FUIQh} POANNEF RSSO oPIOVide &y d
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I ncorporated herei'n in its entirety by reference, discloses a novel process
for fluid dhpPat G2y GlsdPETmUS2 00&1E] 88&r7 the? faghklyast iconmipomenb itieatdiestytsof

pl asticized pol yners, wherein one or nore of the plasticizers are produced
in a reactindingzthys prevsatathedongtion efrlarges aggomerated piasssd to produce the
one or nore polyners. [0071] U. S. Patent Application No. 60/993,646, filed

o SO gt SR BRSPS Wbt 51§t i
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pl asticizers are fed roces
in-line process for blending polymers has been developed to improve blend

quality and reduce the capital and operating costs associated with a combined
polymerization and blending plant. The present disclosure expands the scope of
U.S. Patent Application No. 60/876,193 to an in-line blending process with two or

more parallel reactor trains for producing pellet-stable polyolefins.

[0069] U.S. Patent Application No. 60/905,247, filed on March 6, 2007,
incorporated herein in its entirety by reference, discloses novel recycle methods
for the unconverted monomers that emerge from the parallel reactor trains of the
in-line fluid phase polymer blending processes disclosed herein, In particular, the
novel recycle methods are applicable wherein each monomer component fed to a
first group of one or more reactor trains of the said in-line blending -processes is
also present in the feed of a second group of one or more trains of the said in-line

blending processes.

[0070] U.S. Patent Application No. 60/993,647, filed on September 13, 2007,

incorporated herein in its entirety by reference, discloses a novel process for fluid



reactor train and while the base polynmer still has a substantial quantity
of light conponents to forma plasticized polyner blend. [0072] As

previ ouslwodemasedsed, U.S. Patent Publication No. 2006/ @¢8386ds/01338T ei n

i ncorporated by reference in its entizsety, discloses blends of at |east two
pol ymers incorporating propyl ene-derived units and processes for producing
such bl ends wherein one polyner of the blend is a low crystallinity

pol ymer i nsHageli ingling ridgrydiapeofigslastivizadhipotymed, twkereac wid pelmoks ofsthe hi gh
crystallinity polyner including propylene-derived units. The processes for
pr oduci ng Blasticizers g pradused de ageaetos &ainin panallgbwithathe gaactar tipin usddeto

pol yneri zati nder sol uti o&¥g§)FoI yneri zation conditions. The pol yner

ns
bl ends exrﬂrﬁa‘clceat U cHIMOERR Por the polymer pellets to aggl onerate
whil e mai ntai ning the desirable physical properties, such as el astoneric
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| east one of the parallel reactor trai'ns operafes under supercritical

condi t i ondn-lifeeblendirighef biffilide phradwcedr plastisieersdirst imhiad prededed polyymars) ze

one or nore LCPCs, and one or nore HCPCs, which are subsequently bl ended

i n-1ine t ovhgredtthe oseapn sqre| plasticizerst argc fadet@ the praeessoafterr the aplymen i on
nor

dvant agedgerig ¥ aBawaife e rasC Batnen sl Bis,n SRBiiadnl Rty of tight
advant ageqish orf’%hﬁ &%}ngg%aggg&elag%g%gﬂgg&ﬂa! y at least 60, and still

nore advant ageously at a atively short period tinme (i.e.,
within 40 mnutes after initial cooling of the pellets, nore WD 2009/ 082463

PCT/ US200800%3B57 AZsﬁp?éW@{ﬁHl?Qi%@éﬁbé/d,Yﬂ'JIS?ith&ﬁ Pablidation N8I 2066/038884€0US| y
within 20 mnutes, nore preterable within 15 m nutes, nore advantageously

wi t hi n 10 hereint iasogpodatedr gy refévenceaeits sinyiretys discldsesiblendss pf atdeasdtpar ed
to pellets |?r oduced from,the one or, nore LCPCs alone. In one errbodi‘ggﬂt,
the Shor e PRIWREEBSeROIating propylene-denyed unifs apd proeessey fpoprodyengysusdund

by L eor Y gblgd SpBRA SYETL by S BFN lg EES GiGATP R
propylene-derived units and the second polymer is a high crystallinity polymer
including propylene-derived units. The processes for producing such blends
include both series polymerization and parallel polymerizations under solution
polymerization conditions. The polymer blends exhibit a reduced tendency for
the polymer pellets to agglomerate while maintaining the desirable physical
properties, such as elastomeric properties, exhibited by low crystallinity propylene
polymers. Disclosed herein are improved in-line fluid phase processes for
producing pellet-stable blends of one or more LCPCs and one or more HCPCs
wherein at least one of the parallel reactor trains operates under supercritical
conditions. The in-line fluid-phase processes disclosed herein polymerize one or
more LCPCs, and one or more HCPCs, which are subsequently blended in-line to
produce stable pellets that achieve a state of crystallization sufficient to provide a
Shore A hardness of at least 50, more advantageously at least 52, more
advantageously at least 55, more advantageously at least 57, more advantageously
at least 60, and still more advantageously at least 65, in a relatively short period

time (i.e., within 40 minutes after initial cooling of the pellets, more



nore LCPCs to help reach the requisite Shore A hardness. Al so, rapid
crystallization of the one or nore HCPCs hel ps achieve the requisite Shore
A har dnewe.200m824d€PC conponent may al so form a hard coaCirng2dosaisss?
elimnates tackiness of the pellet smrfaces. [00731 Some enbodi ments of
the in-line fluid phase bl ending processes disclosed herein allow for the
aggl oneration tendencies of pellets made from propyl ene based and et hyl ene
based LCPGalvantdgeonsigueithino30 elinviesamede hgivamtagéously Within 20hmasauted, andieng
with at | east one HCPC incorporating propyl ene-derived units

(i ncor por drefegable within 19gniguigss MmercoddMantagequslyy withimilfsmimies and imore

t t f.at | t..100 d heat of fusi f at t. 75 J/g). Th
one or - iy aniaBeau R AR S ) Epkanr oGS ProAfeRR o eties
parall el geRAetOT AP BRmeP! BNERE ehibodfef, tHOShoPé N hAFERSY i€ fdTR 30%Cr S

and formed into pellets all in one contindous in-Tine process, \%Eerel n one

or nore ofl20her PhtallR6l Withaat beingrtsiuil B eictirg it Us BelieveddtHat thé bledld of
conditions. [00741 In one formof the novel in-line process to Er oduce

pel | et - st dFFRC ansl HEIRE icomposgatsplinction totaceclorase esystalizhtide ofghovindiorg t wo
or nore reactor ins .configured in parall and, a hi gh-pressure |
separ at or IH%WnsL((?%Q?n fah yregﬁhng}?t éﬂgu‘tsﬁet ggoﬁe\/\xf\op -r e4HB%r 18P ns
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conponents (HCPCs). For the one or nore reactor trains producing HCPGCs, 1)
pr opy! ene tackinesstafdhalpeetsuréavesand/ or C4 to Cl12 al pha olefins, 3) one or
nore catal yst systens, and 4) optional one or nore diluents or WO

2009/ 082463 PCT/ US2008/ 013857 27 solvents are contacted, wherein the
pol yneri zd00BH systome embadimeaty ofntheoin-line flnishphese thlandingi progesses

pressure. SERGRAr hetin Mloviasar the AREFBera Baatndee e RGeS A% didh ¢ han
or pr opyi EraPY IS LARR 864 B Rl PR LIPS REDE A ciiimaied by B MRl
di enes, fluid phase blending with at least one HCPC incorporating propylene-derived
units (incorporating at least 90 wt% of propylene derived units and a melt
temperature of at least 100°C and a heat of fusion of at least 75 J/g). The one or
more LCPCs and one or more HCPCs are polymerized in two or more parallel
reactor trains, blended in one or more high pressure separators and formed into

pellets all in one continuous in-line process, wherein one or more of the parallel

reactor trains operates under supercritical conditions.

[0074] In one form of the novel in-line process to produce pellet-stable
polyolefin blend pellets, the process includes providing two or more reactor trains
configured in parallel and a high-pressure separator downstream fluidly connected
to the two or more reactor trains configured in parallel, wherein one or more of
the reactor trains produces one or more low-crystallinity polymer components
(LCPCs) and one or more of the reactor trains produces one or more high-
crystallinity polymer components (HCPCs). For the one or more reactor trains
producing HCPCs, 1) propylene, 2) optional ethylene and/or C4 to C,, alpha

olefins, 3) one or more catalyst systems, and 4) optional one or more diluents or



3) one or nore catal yst systens, and 4) optional one or nore diluents or
solvents are contacted, wherein the polynerization systemfor at |east one
of the rasoto09/0st46ai NS i s at a tenperature above the solpcdAfSas@dihase
transition tenperature and at a pressure no | ower than 10 MPa bel ow t he

cl oud point pressure and | ess than 1500 MPa. A reactor effluent is forned
I n each parallel reactor train, which includes a honbgeneous fluid phase

pol yrer - mypdverts afextontactednodrreinahe golymefizaboi system fdren leasrivnees the f orm
a conbined reactor effluent. The conbined reactor reactor effluent is then
passed t hrreaefhr tramnshs ghapempstateresapyeshe solidrfluig pbdse transitinnitemparature

product -feed separation. The t e e,and essur wthin the
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the polyner- rich phase to forma polyner-enriched stream conprising a

bl end of 30RO amuhor¢iCRatyshisyistamse pad #) eptionabore or ntdresditueats off kelvpntsy mer
enriched streamis ,then further processed to flr:é’t her rermve@tagl}/
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paral lel and two or nore high-pressure separators fluidly connected to the
two or norlé0feMRaor A rreactsr caffiieguise dornmedodn adack| paralielr sdactarntrainy, which of
the reactqr trains produces one or nore |low crystallinity polyner

conponent dnclpdepashompgensansofluigoplasst pelmeranenemer mixtrepr ThesseEcasty or
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optional @redwst blendingj htidnprodact-fldv sepasatiohier The tehpepatuyerandzpidsure
system forwithin the high-pressure separator is maintained above the solid-fluid phase
transition point but below the cloud point pressure and temperature to form a
fluid-fluid two-phase system comprising a polymer-rich phase and a monomer-
rich phase. This allows for separating the monomer-rich phase from the polymer-
rich phase to form a polymer-enriched stream comprising a blend of LCPCs and
HCPCs and a separated monomer-rich stream. The polymer enriched stream is
then further processed to further remove any solvent/diluent and/or monomer and
is then formed into pellets to yield a pellet-stable product blend of LCPCs and

HCPCs.

[0075] In another form of the novel in-line process to produce pellet-stable
polyolefin blends, the process includes providing two or more reactor trains
configured in parallel and two or more high-pressure separators fluidly connected
to the two or more reactor trains configured in parallel, wherein one or more of
the reactor trains produces one or more low crystallinity polymer components

(LCPCs) and one or more of the reactor trains produces one or more high



at | east one of the reactor trains is at a tenperature above the
solid-fluid phase transition tenperature and at a pressure no | ower than
10 MPa bewowodds24sBoud point pressure and | ess than 15@0TNR200s@MBSDr nOr e
the reactor trains produce LCPCs by msontacting: 1) ethyl ene or propyl ene,
2) one or nore C2 to C30 al pha olefins and/or non-conjugated di enes, 3)
one or nore catalyst systens, and 4) optional one or nore diluents or

sol vents, othsiaBinityt pelypadry cempaatnts(HORCeM fGne ontmomasf theeeadtot rains
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forma m xture of one or nore polyner-enriched phases and the _one or nore
unr educed at daast gincept M FRastorn GRINSHE A rie tRpeRgFure ol e sadiskfluid phasg ns
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and product-feed WO 2009/ 082463 PCT/ US2008/ 013857 29 separation where the
t enper at uran anteduced steaetozr effioennt iachling ko \henidgensak | fluid phase Ppodp@er-

transition point but below the cloud point pressure and tenperature to
monomer mixture. The unreduced reactor effluents from one or more but not

from all of the parallel reactor trains are then passed through one or more high-
pressure separators while maintaining the temperature and pressure within the one
or more high-pressure separators above the solid-fluid phase transition point but
below the cloud point pressure and temperature to form one or more fluid-fluid
two-phase systems with each two-phase system comprising a polymer-enriched
phase and a monomer-rich phase. The monomer-rich phase from the polymer-
enriched phase in each of the one or more high-pressure separators are separated
to form one or more separated monomer-rich phases and one or more polymer-
enriched phases. The one or more polymer-enriched phases are then combined
with the one or more unreduced reactor effluents from one or more parallel
reactor trains to form a mixture of one or more polymer-enriched phases and the
one or more unreduced reactor effluents from the one or more parallel reactor
trains to form a combined effluent stream that comprises the polymeric blend
components from all parallel reactor trains. The combined effluent stream is then

passed into another high-pressure separator for product blending and product-feed



forma fluid-fluid two-phase system conprising a polyner-rich bl end phase
and a nononer-rich phase. The the nononer-rich phase is separate fromthe
pol yner - wochodisersd phase to form a pol ymer-enriched st PearmuSec@sprissi ng a
bl end of LCPCs and HCPCs and a separmted nononmer-rich stream The the

pol ymer-enriched streamis further processed to further renove any

sol vent/di l uent and/or nononmer and is then forned into pellets to yield a

pel | et - st agparapibadwheredtientemperatirCandnpreskiiieGare aihtbinednatsoeethe solid-
advant ageous enbodi nents, the polynerization systemfor at |east one of
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separ at or (r§ch blend phas@fefotin APotyfér-tMechePdicaim Coipisinl 8 Bleidef LOPCane or
nore LCPCs and/or one or nore HCPCs, and thus elimnating the need for

separ at i nandi KE€PCoander sepatateshmonoatersithy streant r dahes thee polymereeryradhiedg
themto the appropriate reactor frains as disclosed in U S. _Pat. Appl.
60/ 905, 24 3trepln ScuBhenargssEd ther gemgye pRY sobuentidilientand(or mesioshen ng

one. monométidgo GEforiBIpdh BRIRIEL 81 aRESIpAEbtaher B BB gne™™ "
vessel , orgepearator blender, or high-pressure separator. The

separ at or - bl endi ng- vessel serves as both a separator and a bl'ender for the
pol ymer -cont ai ni ng reactor effluents of the two or nore parallel reactor

trains in[0076] r eadh 8bmidaddvanfagddus enibediments GRCHElynicriFationeyBleay fer stense
honobgeneous fluid polynerization system (i.e., defined as a honogeneous

supercritileast ane af tholreadton trainsy penfigarcdom paratlel ©perates jabout dts prtiedli ci al
to the proper operatipn.of . the in-lin blﬁndin rocesses .di scl.osed herein
to bring tHEPREIRRAGSHEH RSt and heceolgmentretiorsysissn day BaciuEshctory | n
each reactgqy: | 0. ' . tream of the
separator&Rﬁ?gﬁgﬁﬁgg%ggggﬁ%l4?2&2?8?ggﬂaﬁgﬁﬁ%Egﬁéﬁyggﬁéﬁin-Iine bl endi ng
conponents is/are

[0077] The above-disclosed in-line blending processes also comprehend the
option for recycling the separated monomer-rich stream from the separator(s) to
the one or more of the reactor trains producing the one or more LCPCs and/or one
or more HCPCs, and thus eliminating the need for separating mixed monomer and

optional solvent streams before recycling them to the appropriate reactor trains as

disclosed in U.S. Pat. Appl. 60/905,247, filed on March 6, 2007.

[0078] In essence, the in-line blending processes disclosed herein comprise a
polymerization section and at least one monomer-polymer separator vessel, called
the separator-blending vessel, or separator blender, or high-pressure separator.
The separator-blending-vessel serves as both a separator and a blender for the
polymer-containing reactor effluents of the two or more parallel reactor trains in
the reactor bank in which the two reactor trains employ a dense homogeneous
fluid polymerization system (i.e., defined as a homogeneous supercritical or a
solution polymerization process). It is also beneficial to the proper operation of

the in-line blending processes disclosed herein to bring the polymerization system



produced in a particle-formng polynmerization process, such as, for exanple
bul k propylene slurry polynerization with Ziegler-Natta or supported

nmet al | ocewe 20@aisadegst s, the so-produced solid pol ynmer pelChraissooseesdst o be
honbgeneously dissolved in the reactwmr effluent before entering the
separator-bl ending vessel. This can be acconplished by, for exanple,
punpi ng the reactor effluent slurry into a

hi gher - t erinasagh weautbi ghit effluess inte alhemoguhémrs stateeupsaeanbof tgssdpacatosact or
ef fl uent above the solid-fluid phase transition tenperature creating a
st ream i n blepdiog venselr dderefone,pvbery ene o5 meredadisoblending esyoperents jgareo]
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rati os and therefore blend properties in-line; flexibility i adj usting
product i orwhiah ¢lse rfactibe ppbéunet is hopmpenesusly dessobiedi ty i n i ndependent |y
controlling for each reactor the residence tinme, nononer conposition and
conversion, catalyst choice, catalyst concentration, tenperature and
pressure; [00%r ovedhisl mathogisaofi flyid phasgiipiline polymerdidiending off oacior meorgt e of

PG and toese Bhended prodiciioin Ui san, pLan. d sce, processecost
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processi ngf thoddiantagePof Mo disiesedsmethod oF RANAE BHdiRS iRGule, Bt ¥ not
limited to, improved polymer blend homogeneity because of molecular-level
mixing of blend components, impfoved cost of manufacture because of savings
from avoidance of the reprocessing cost associated with conventional off-line
blending processes that start with the separately produced solid, pelletized
polymer blend components, and because of the ease and simplicity of blending
polymers at substantially reduced viscosities due to the presence of substantial
amounts of mononomers and optionally solvents in the blending step; flexibility
of adjusting blend ratios and therefore blend properties in-line; flexibility in
adjusting production rates of the blend components; flexibility in independently
controlling for each reactor the residence time, monomer composition and
conversion, catalyst choice, catalyst concentration, temperature and pressure;
improved blend quality; flexibility in making a broader slate of LCPC and HCPC
blended products in the same plant; reduced process cost by utilizing the
monomer-polymer separator(s) for product blending; the ability to produce higher

MW-higher melting point HCPC components without fouling compared to



better control of blend ratio. A further inprovenent over the prior art
also relates to enabling the in-line production and bl ending of highly
cryst al | iwe,20évwogk4eBW i PP HCPC conponents in a honbgene®a3/uSs@Boiissn or
supercritical) polynerization systemianenable to in-1ine blending wthout
the additional cost of converting the reactor effluent from heterogeneous
t o honbgeneous polynerization system Prior-art processes were only able
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d for. insli.ne. bl ' f CPC and C A A
hey do_ndp nablpgr e B npPreBiiRcind Plending et quabicrp HILEE: bisk MWee -
fluid . iped W ER | ' 80 | 3
pol yol of | HEPb) BRI gicERfndrtats, O, ¥ oG EengdlR° oot e P Raital,

i ncl udi ng, pdlnefightibn BYste@darhonabloms dv-tinetsibhdingsviahout thy additforiad cosgsfoved
HCPC perfornance due to the ability to in-line produce and blend isotactic
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crystallinity. Such HCPC conponents provide superior pellet stability, due
Lo their RGIYMERZatoR SENER. o PEOF RropTasEsen o erepmlyi 2DIE e Arogecesioh bieh G

CRYSTALLI N P R NT; { L CP 0811 The f oW ' .
descripti g%-gg/’f ﬁ&ﬂ&r 39&%@&3‘%% t%}%ol@%)é{n% c%%?ﬁlgnzsrﬂt%tiscu%%P gég}g}?neﬁs &M n
the poly BiSousNpblymReti Aol SlieRl, Sich hR sINHYCEE SRS PIRmer pRVIARS € n.
In one fg?{n%t&{to%e LCPCai S a E)rolpyl ene cg’pg?glner ?I\A{T?C his%ﬁ (> 10#% or >
12 wt % orpotyi¥risatign.c ofhesergrotessed, sh¢wbeer, ratenoeddvantageaus for in-line

propyl ene-based LCPC). In another form the LCPCis an_ et hgl ene copol yner
wi th™ hi gh blsndingtof, the HCRGgnd 2 RE ompnnentsrsingeethey sdq apt delivgrethedd™ o as

t hyl -based, LCPC),. Wien th CPC i ith I d
ot ene. DEERAS AR Fhont B, BRSFED Sbichuty SRP XRS5 E dndins™
PCT/ USZOO%Q&@@Q? 32 [00821 When the LCPC is a propylene copol yner, it
I ncl udes

[0080] The pellet-stable polyolefins blends disclosed herein also yield
advantageous properties including, but not limitied to, improved pellet stability
due to improved HCPC performance due to the ability to in-line produce and
blend isotactic polypropylene HCPC components with increased melting point,
MW, and crystallinity. Such HCPC components provide superior pellet stability
due to their ability to create a stiffer scaffold within the LCPC matrix.

LOW CRYSTALLINITY POLYMER COMPONENT (LCPC)

[0081] The following is a description of low crystallinity polymer
components suitable for use in the polymer blends that may be produced in the
processes described herein. In one form, the LCPC is a propylene copolymer with
high (>10 wt%, or >12 wt%, or >14 wt%) comonomer levels (also referred to as a
propylene-based LCPC). In another form, the LCPC is an ethylene copolymer
with high (>12 wt%, >14 wt%, >20 wt%) comonomer levels (also referred to as
an ethylene-based LCPC). When the LCPC is either a propylene based or an
ethylene based LCPC, it shall be referred to as a LCPC.



propyl ene-derived units and exhibits low crystallinity. In this form the
propyl ene copolynmer conprises at |east 75 wt % of propyl ene-derived units
and 10 wWwonoov/@3468t % of et hyl ene, C4 to C30 hi gher al plraTaisedosnsiss?

non- conj ugat ed di enes and conbinati as thereof, and wherein the

propyl ene-derived units have an isotactic triad fraction of about 65%to
about 99% and wherein the polyner has a heat of fusion of |ess than 50

J/'g. The hees2pf fwWhen amd i EQPCtiis ta i gdopylenti agopullymer,poity mirtcludes wel |
as methods for determ nation of each, are described in WO 2002/083754 Al,
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resul t fr dartielgs ansleofronopelynystt alf ithizappe arepgénapaldp pofinte the toudlyaidipiagne
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the LCPC is a propyl ene copo
tendency to agglomerate (or exhibit restricted flow), particularly after long-term

warehouse storage at ambient temperatures.

[0083] When the LCPC 1is an ethylene copolymer, it includes
ethylene-derived units and exhibits low crystallinity. In this form, the ethylene
copolymer includes between 40 wt% and 88 wt% of ethylene-derived units and 60
wi% to 12 wt% C; to Cszo higher alpha olefins, non-conjugated dienes and
combinations thereof, and wherein the copolymer has a melting temperature of

less than 100°C.

[0084] The LCPC has crystalline regions interrupted by non-crystalline
regions. The non-crystalline regions may result from regions of non-crystallizable
polypropylene or polyethylene segments and/or the inclusion of comonomer units.
The crystallinity and the melting point of the LCPC are reduced compared to
highly isotactic polypropylene or high density polyethylene by the introduction of
errors in the insertion of propylene or ethylene and/or by the presence of

comonomer.



I ncorporates from10 to 20 wt % or advantageously 12 to 18 w% or nore
advant ageously 14 to 16 wt % of the ethylene-derived units. |In another
enbodi nenwp 200908k46PC i s an et hyl ene based copol yner t hatrcirnusesogonmsses from
from10 to 40 wt % or advantageously 32 to 18 wt % or nore advantageously
14 to 16 wt% of the propyl ene-derived units. [0086] In one enbodinent,

t he propyl ene based LCPC conprises at |east 75 w % of propyl ene-derived
units. I n [@908Sher dntmuti embbdirhést, tKEPT GRS iaspropylemenbasedne Spalpmed that% of
propyl ene-derived units. In still another enbodinent, the LCPC conprises
from 80 wtigserpogietivoms 19rtopy0 ewtXog cri gdvpniagaously désty 18, vabet aemore

enmbodi nent,, the et hyl e as LCPC ¢ ri ses, betyween , 40.wt % and 90, wt % of
et hyl ene- (Pélﬁ'?{}@geﬂﬁgi?'sﬁl EO aﬁgtwg‘rz” ?rﬁgg? ngtﬁxy,leqeﬁciéart unts, o 1 AN, 50
w%to 85 0 h f: i1.S. | rs ' t he
LCPC corrpréli\‘ébe@s(ﬁ reo?h %%etvjvt %o 1 cl)é éﬁd‘%ﬁ &%‘? %dtsﬁgf@#g@)ggrelpyﬁ mﬁﬁfﬁtﬂg.Qﬂngfg%@] I n
one enbodifigit10 0120 WaPE; Hesdvantippoaskhr 1keiNn@set%f of aAnfe tadaantagbowsly 9@. | n
anot her enbodi nent, the LCPC has a Shore A hardness of about 45 to about
90. I n stitbll6awtdehef therpropylematderived undPC has a Shore A hardness of about
50 to about 75. [0089] In one enbodinent, the LCPC has a nelt flow rate
(MFR) of about 0.1 to about 10,00Q g/10 mn. In_another enbodi nent, the

LCPC has dA086R of Ingnsembodimentagropylsne based LERC comprises at deast Her
nmbodi t he. LCPC, h : R.of -about, 1 t t 1 / i n. [.0090
g N o Rty T oL e Gl
heat of 1 Ussdis Wy 0oL IPBHIITIA deriiied BADY 12 SN DASASL:ldrfibodlfifend
heat of fusion, as determ ne y , ranging froma lower Iimt of 1.0

J/'g, or 1l.the LURC compgises dragn 80rwtdo fo 90 gwt% of prépylége-detivéd Unitsg, to an
upper limt of 50 J/g, or 40 WO 2009/ 082463 PCT/ US2008/ 013857 34 J/g, or
30 J/g. Wthout being bound by theory, it is believed that the propyl ene
based LCPG008%kri bdu ametherrenmbxadigentrthe legphylsue hasédLERG camiprisebbetween

I
propytene 40 wt% and 90 wt% of ethylene-derived units. In another embodiment, the LCPC
comprises from 50 wt% to 85 wt% of ethylene-derived units. In still another
embodiment, the LCPC comprises from 60 wt% to 85 wt% of ethylene-derived

units.

[0088] In one embodiment, the LCPC has a Shore A hardness of less than
about 90. In another embodiment, the LCPC has a Shore A hardness of about 45
to about 90. In still another embodiment, the LCPC has a Shore A hardness of
about 50 to about 75.

[0089] In one embodiment, the LCPC has a melt flow rate (MFR) of about
0.1 to about 10,000 g/10 min. In another embodiment, the LCPC has an MFR of
about 0.5 to about 2,000 g/10 min. In still another embodiment, the LCPC has an
MFR of about 1 to about 100 g/10 min.

[0090] The crystallinity of the propylene-based LCPC may be expressed in
terms of heat of fusion. In certain embodiments, the propylene based LCPC has a
heat of fusion, as determined by DSC, ranging from a lower limit of 1.0 J/g, or 1.5
J/g, or 3.0 J/g, or 4.0 J/g, or 6.0 J/g, or 7.0 J/g, to an upper limit of 50 J/g, or 40



sequences, and the heats of fusion described above are thought to result
from nelting of these crystalline segnents. In one enbodi nent, the LCPC
has a heawo 20d9/d8e3on of | ess than 30 J/g. I n one enbodipagrusooshesssevel of
crystallinity of the LCPCis also refdlected in a lower (less than 1000
melting point. 100911 In one enbodi nent, the propyl ene based LCPC has a
wei ght average ol ecular weight (My) within the range having an upper
limt of 5/806 80Q/g. Q/Wﬁhoupbeﬂa gOs¥Ur0By gheotly, itois tedizveaQhay thel propyibne

| ower linmit of 10,000 g/ nol 15, 000 g/ mol, or 20,000 g/nol, or 80,000
g/ nol , ancasedolL 6B dcsmeghherainsluas iganerahly ( mtgctl@haméalgzalzlédpwﬂm

| oferrod 1iangicss: gBf B dhRAS O Usiaedescrihed 30N e Hiatight 18 thsul o, an
upper | i mrhgﬂmgrcgﬁlthgge %?ysi%n%%ggﬁfﬂa ] ofie %%l%éhm%np th?rL@Pé ' h3y h@atJ ovver

limt of n-one e
propyl ene- &eﬁﬂsﬁﬁadomlsé ﬂwﬁi‘ 30 Ut% PIPBHE %ﬂﬂ)odi’@i%ﬁﬂ thERSvdlaferastanaitynsf the
tenperature of less than n anot her nbodi nent, the propyl ene- der| ved

units of tIt@PCGE’@lsbaeﬂeateﬂaala loster (less thear bﬂ(ﬁﬂé mdsmgtpmmt 55C. In still
anot her enbodi nent, the propyl ene-derived units of the LCPC have a peak
nmelt tenperature Iess than 50C. [00931 In one enbodi nent, the
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3.0, or 2.5, and a lower limit of 1.5, or 1.8, or 1.9.

[0092] In one embodiment, the propylene-derived units of the propylene
based LCPC have a peak melt temperature of less than 65°C. In another
embodiment, the propylene-derived units of the LCPC have a peak melt
temperature less than 55°C. In still another embodiment, the propylene-derived

units of the LCPC have a peak melt temperature less than 50°C.

[0093] In one embodiment, the ethylene-derived units of the ethylene-based
LCPC have a peak melt temperature of less than 100°C. In another embodiment,
the ethylene-derived units of the LCPC have a peak melt temperature less than
80°C. In still another embodiment, the ethylene-derived units of the LCPC have a
peak melt temperature less than 60°C. In still yet another embodiment, the

ethylene-derived units of the LCPC have a peak melt temperature less than 50°C.

[0094] In some embodiments, the crystallinity of the propylene-based LCPC
is reduced by the copolymerization of propylene with limited amounts of one or

more comonomers selected from: ethylene, C4 to Cyg alpha-olefins, and polyenes.



about 20 wt % of the al pha-ol efin conmononer units. In another enbodi nent,
the LCPC conprises fromabout 75 wt % to about 90 wt % propyl ene-derived
units amstoflzo@msatseut 10 wt % t o about 25 wt % of the et hycenms2esnizssd units.
In still another enbodi nent, the LCP3 conprises fromabout 80 wt%to about
90 wt % propyl ene-derived units and from about 10 Wt % to about 20 wt % of
the ethylene- derived units. In an additional enbodinent, the LCPC

conpri ses Jat oheasibodiment) thef LOPEhcoarprisds ratviedstuhl twtsnadf alpo alphbolefiis t o
about 30 wt % of the ethyl ene- derived units. £0095] The optional polyene
uni ts nay qemenamercenits. oln angthpy embedipen, the LGPCueempriseshabant 1kwito towo
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5- propenyl - 2- nor bor nene, 5-i sopropyl i dene-2-nor bor nene,

5- (4- cycl ajeeivednyilits- 2- nor bonrene,  5- cycl ohexyl i dene- 2- nor bor nene, and

5-vi nyl - 2-norbornene); and cycl oal kenyl -substituted al kenes, such as vinyl
cycl ohexene, allyl cycl ohexene, vinyl cyclooctene, 4-vinyl cyclohexene,

al lyl cycl[802%ne, Thengptienall palygne aiuts mayvbederiyedz &em aaydhydrocarbon
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al pha- ol efgolyeirs mugbe selected from straight chain acyclic olefins, such as 1,4-hexadiene
and 1,6-octadiene; branched chain acyclic olefins, such as 5-methyl-1,4-
hexadiene, 3,7-dimethyl-1,6-octadiene, and 3,7-dimethyl-1,7-octadiene; single
ring alicyclic olefins, such as 1,4-cyclohexadiene, 1,5-cyclooctadiene, and 1,7-
cyclododecadiene; multi-ring alicyclic fused and bridged ring olefins, such as
tetrahydroindene, norbornadiene, methyl-tetrahydroindene, dicyclopentadiene,

bicycle-(2.2.1)-hepta-2,5-diene, alkenyl norbornenes, alkylidene norbornenes,

cycloalkenyl norbornenes, and cycloalkyliene norbornenes (such as 5-methylene-

2-norbornene, 5-ethylidene-2-norbornene, 5-propenyl-2-norbornene,
5-isopropylidene-2-norbornene, 5-(4-cyclopentenyl)-2-norbornene,
5-cyclohexylidene-2-norbornene, and 5-vinyl-2-norbornene); and

cycloalkenyl-substituted alkenes, such as vinyl cyclohexene, allyl cyclohexene,
vinyl cyclooctene, 4-vinyl cyclohexene, allyl cyclodecene, vinyl cyclododecene,

divinyl benzene, and tetracyclo(A-1,12)-5,8-dodecene.

[0096] In one embodiment, the LCPC incorporates from about 1 wt% to
about 12 wt% of polyene-derived units, based on the combined weight of the



units, if any. In another enbodinent, the LCPC incorporates from about 1.0
w% to about 9.0 wt % of pol yene-derived units, based on the conbined

wei ght ofwoheoy/gseapyl ene-derived units and t he al pha- ol eCirrusdesiovsdr unit s,
if any. In another enbodinent, the LIPC i ncorporates fromabout 2.0 wt%to
about 7.0 wt % of polyene-derived units, based on the conbi ned wei ght of
the propyl ene-derived wunits and the al pha-ol efin-derived units, if any. In
yet anot hggropyteadideivied tihies drChiryldhecddrivedt anité rana eixoulpli-Olefinddériveabout
5.0 wt % of pol yene-derived wunits, based on the conbined wei ght of the
propy| ene-wsts; ¥ieahyunin ancther embodimént; thel LEPE- Weorpardtes rfmrg,a%out Ay wt¥0097]
I n one enbodi nent, the pal yene-derived units are derived.from .
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under the tradenane Vi stamaxx . [0099] Process conditions and catal ysts for
LCPC pol ynmolyemd-tderived enitdebasddoed the aenhbinedbetight dfothef proplytenegdereved
process condition information _suitable for useI In preparing the LCPC s,

r ef er ence Wnits, amghthe plphasmlgtin-dentyedunitspafrapyib | Incysti anetheacsobpdiment, VO

97/ 22639, of which are herein ,ihcoppqrat,ed byanr r ; .
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for use iﬁﬂ}tlﬁébg% y(r)reF ef){:%hgsﬂygndel roéessee escri bed herein. [00181] The

HCPC nmay hslefinfdegivedametshifiamgol ymer or copol yner. The pol ypropyl ene used

in the blends described herein may vary widely in form For W 2009/ 082463

PCT/ US2008/ 013857 37 exanple, a substantially isotactic polypropyl ene

honopol ynej0082h be Insede oembhdiment] ytheopylyene-denivedeunits tare derivedf fram
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random COpSO-e%/hr;‘ilrdegg-%t-g(I)rrgorllgerlle?ixsl atnr(])t neroermbodimen’t, the polyene-derived units are

derived from 5-vinyl-2-norbornene. In still another embodiment, the polyene-

derived units are derived from divinyl benzene.

[0098] Exemplary propylene based LCPC's are commercially available from

ExxonMobil Chemical under the tradename Vistamaxx®.

[0099] Process conditions and catalysts for LCPC polymerization are
described in detail below. For further general process condition information
suitable for use in preparing the LCPC’s, reference U.S. Pat. No. 5,001,205 and
PCT publications WO 96/33227 and WO 97/22639, all of which are herein

incorporated by reference.

HIGH CRYSTALLINITY POLYMER COMPONENT (HCPC)

[00100] The following is a description of high crystallinity polymer
components (“HCPC’s”) suitable for use in the polymer blends and processes

described herein.

[00101] The HCPC may be a propylene homopolymer or copolymer. The

polypropylene used in the blends described herein may vary widely in form. For
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[00102] In certain embodiments, the HCPC component is a highly crystalline,

high MW iPP with a peak melting temperature of at least 145°C, or at least 150°C,
or at least 152°C, or at least 154°C, or at least 155°C, or at least 156°C, a heat of
fusion of at least 90 J/g, or at least 95 J/g, or at least 98 J/g, or at least 100 J/g, or
at least 102 J/g, or at least 105 J/g, and a weight average molecular weight (M,,)
of at least 50 kg/mol, or at least 75 kg/mol, or at least 100 kg/mol, or at least 125
kg/mol, or at least 135 kg/mol, or at least 150 kg/mol.

[00103]  The propylene polymer HCPC component may be a combination of
homopolypropylene, and/or random, and/or block copolymers as described herein.
When the above propylene polymer component is a random copolymer, the
percentage of the copolymerized alpha-olefin in the copolymer is, in general, up
to about 9% by weight, advantageously about 2% to about 8% by weight, most
advantageously about 2% to about 6% by weight. The advantageous alpha-olefins
contain 2 or from 4 to about 12 carbon atoms. The most advantageous alpha-
olefin is ethylene. One, or two or more alpha-olefins can be copolymerized with

propylene.
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one, or two, or three, or four  LCPCs. In another form tB&,re may be one,
or two, orPrepylpentage-koudesqueck. methlroBelnd; maonengHe ylostanggbs one
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HCPC. In y 2. 'g@c@h _-ithe blend includes two LCPCs and two
HCPCs. Ind?télte anot %gfiq%g%, menf, ‘the blend includes three LCPCs and two

HCPCs. In still yet another enbodi nent, the blend includes three LCPCs and

t hree HCPGR0109010 ProddysOrengitivndi aRAt catalysieaforf HOPCt plpakiiagtion! grds
described herein incorporate fromabout 45 W% to about 98 wt% nore
advant agealestybéd omdetalhel 050 Thecatalyaboystemsusadois advantagdously ageonbioh from

about 60 wt % tq . abqut WO 2009/ 082463, PCT/ US200 857 39 98 .wt % [
advant aged\#8| a}/%a@bufosmc Y% o éﬂé@ﬁ‘@@’ \&ltltﬂiﬁf ﬁ/p%ﬁ §R8 50 Ry dncrease i
necessary by using a catalyst different from that used for making the LCPC.

LCPC AND HCPC BLEND PROPORTIONS
[00106] The in-line produced blends of the LCPC and HCPC may include one

or more LCPCs and one or more HCPCs. The one or more LCPCs may be

propylene based LCPCs, ethylene based LCPCs, or a combination thereof. In one
form, there may be one, or two, or three, or four LCPCs. In another form, there
may be one, or two, or three, or four HCPCs. In one embodiment, the blend
includes one LCPC and one HCPC. In another embodiment, the blend includes
one LCPC and two HCPCs. In another embodiment, the blend includes two
LCPCs and one HCPC. In yet another embodiment, the blend includes two
LCPCs and two HCPCs. In yet another embodiment, the blend includes three
LCPCs and two HCPCs. In still yet another embodiment, the blend includes three
LCPCs and three HCPCs. |

[00107] In one embodiment, in neat form, the polymer blends described herein
incorporate from about 45 wt% to about 98 wt%, more advantageously from

about 50 wt% to about 98 wt%, more advantageously from about 60 wt% to about
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pol ycycl opent adi ene resins, polycyclopentadiene resins, gumrosins, gum
rosin est énay alisodonten the opgoor maseilCBEs cangd theapne qirl mose iEPCsain thei |

rosin esters ol yter pene aromatic nodifi.ed |yt e , _Lerpene
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t er penes, BIENTY ADRENAMES
[00108]  The pellet-stable polyolefins blends disclosed herein may be also be

blended with other polymers and additives using the in-line blending process for
other polymers and additives depicted in FIG. 7, in an extrusion process
downstream of in-line polymerization/separation/blending processes disclosed

herein, or blended in an off-line compounding process.

[00109]  Tackifiers may also be blended either in-line by the processes
subsequently disclosed herein (see FIG. 7), in-line via an extrusion process
downstream of in-line polymerization/separation/blending processes disclosed
herein, or in an off-line compounding process. Examples of useful tackifiers
include, but are not limited to, aliphatic hydrocarbon resins, aromatic modified
aliphatic hydrocarbon resins, hydrogenated polycyclopentadiene resins,
polycyclopentadiene resins, gum rosins, gum rosin esters, wood rosins, wood
rosin esters, tall oil rosins, tall oil rosin esters, polyterpenes, aromatic modified
polyterpenes, terpene  phenolics, aromatic = modified hydrogenated

polycyclopentadiene resins, hydrogenated aliphatic resin, hydrogenated aliphatic



rosin esters. In sone enbodi nents the tackifier is hydrogenated. |In other
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typically present at 1 ww%to 50 wt% based upon the wei ght of the blend,

or 10 wt %inzatiPatetl%4cidor 2thyadridd. dUdéfuhifisatuaeedacilds yr holpdiddes ihabidefangr i s
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limiting examples include maleic, fumaric, acrylic, methacrylic, itaconic, crotonic,
alpha-methyl crotonic, and cinnamic acids as well as their anhydrides, esters and
salt derivatives. Maleic anhydride is particularly useful. The unsaturated acid or
anhydride may be present in the tackifier at about 0.1 wt% to 10 wt%, or at 0.5
wt% to 7 wt%, or at 1 to 4 wt%, based upon the weight of the hydrocarbon resin

and the unsaturated acid or anhydride.

[00110] The tackifier, if present, is typically present at 1 wt% to 50 wt%,
based upon the weight of the blend, or 10 wt% to 40 wt%, or 20 wt% to 40 wt%.
Generally however, tackifier is not present, or if present, is present at less than 10

wt%, or less than 5 wt%, or at less than 1 wt%.

[00111] In another form, the pellet-stable polyolefin blends may further
comprise a crosslinking agent. The crosslinking agent may be blended either
either in-line by the processes subsequently disclosed herein, in-line via an
extrusion process downstream of in-line polymerization/separation/blending

processes disclosed herein, or in an off-line compounding process. Useful



crosslinking agents include those having functional groups that can react
with the acid or anhydride group and include al cohols, multiols, am nes,
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hexanet hyl enedi am ne, di et hyl ani i nopropyl am ne, and/or nent hanedi am ne.
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downstream of in-line polymerization/separation/blending processes disclosed

herein, or in an off-line compounding process.

[00113]  Useful fillers, cavitating agents and/or nucleating agents include
titanium dioxide, calcium carbonate, barium sulfate, silica, silicon dioxide, carbon
black, sand, glass beads, mineral aggregates, talc, clay and the like. Nucleating
agents of the non-clarifying type include, but are not limited to, sodium benzoate,

Amfine NA 11, Amfine NA 21, and Milliken HPN 68.

[00114]  Useful antioxidants and UV stablilizers include phenolic antioxidants,
such as Irganox 1010, Irganox 1076 both available from Ciba-Geigy. Oils may
include paraffinic or naphthenic oils such as Primol 352, or Primol 876 available
from ExxonMobil Chemical France, S.A. in Paris, France. The oils may include

aliphatic naphthenic oils, white oils or the like.

[00115] Plasticizers and/or adjuvants may include mineral oils, polybutenes,
phthalates and the like. The plasticizers may include phthalates such as
diisoundecyl phthalate (DIUP), diisononylphthalate (DINP), dioctylphthalates



(DOP) and pol ybut enes, such as Parapol 950 and Parapol 1300 avail able from
ExxonMobi | Chem cal Conpany in Houston Texas. Additional plasticizers

i ncl ude two=eosdisswBosed in WO 0118109A1, U.S. Pat ent AppCiramskeosnlise?

10/ 640, 435, and U.S. Patent Applicati@an No. 11/177,004, which are

I ncorporated by reference herein with regard to plasticizer conpositions
and bl ending thereof. [00116] Useful processing aids, |ubricants, waxes,
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t he wei ghtp ethgagnehyg{dgggﬁ@mxrrﬁgamemd t he unsaturated acid or anhydri de.
Exanpl es include waxes nodified by nethyl ketone, mal eic anhydride or
mal eic acid. Low Mh polyners include polyners of |ower al pha ol efins such
as propyl §0011THut eldsefulpnictionalirak sazesmtlude thodeem odified fith golajeahol,
i ncl udes pol yhut ene having_an M of |ess than 1000 g/ nol. An exanpl e of
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such a polan@sid; er avkateng| Funedenalized meangthag the polyeaechasbog coniggted
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include any unsaturated organic compound containing at least one double bond
and at least one carbonyl group. Representative acids include carboxylic acids,
anhydrides, esters and their salts, both metallic and non-metallic. The organic
compound may contain an ethylenic unsaturation conjugated with a carbonyl
group (-C=0). Non-limiting examples include maleic, fumaric, acrylic,
methacrylic, itaconic, crotonic, alpha-methyl crotonic, and cinnamic acids as well
as their anhydrides, esters and salt derivatives. Maleic anhydride is particularly
useful. The unsaturated acid or anhydride may be present at 0.1 wt% to 10 wt%,
or at 0.5 wt% to 7 wt%, or at 1 to 4 wt%, based upon the weight of the
hydrocarbon resin and the unsaturated acid or anhydride. Examples include
waxes modified by methyl ketone, maleic anhydride or maleic acid. Low Mn
polymers include polymers of lower alpha olefins such as propylene, butene,
pentene, hexene and the like. A useful polymer includes polybutene having an
Mn of less than 1000 g/mol. An example of such a polymer is available under the
trade name PARAPOL™ 950 from ExxonMobil Chemical Company.



PARAPOLTM 950 is a liquid polybutene polymer having an WMh of 950 g/ nol and
a kinematic viscosity of 220 cSt at 100C, as neasured by ASTM D 445.

[ 001181 Uwefudy/osbesi fyi ng agents include, but are not | ipartusdoosoissshe
benzal sorbitol famly of clarifiers, #nd nore particularly di benzal sorbitol
(MIllad 3905), di-p-nethylbenzalsorbitol (MIliad 3940), and bis-3, 4-

di met hyl benzal sorbitol (MIliad 3988). DUSTI NG BLEND PELLETS [001191
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herei n prqvide for -roved properties, and hence use in a wde array of
appllcatle!-STﬁ‘° NI g2 but non-limting application, is in

d I f
el o PSR B PR AR BB A P
where the h@?élﬁrfﬁﬁ}/ %E‘d’tﬁforﬁﬂ e« fustddrewith Wndamiadek 'a@exllﬂ REARMRE Qie'IjSl rédRe€sSs
di scl osed herein Tind appliCation is in various conversion processes. In

parti cul araggldmeratiochi nAngartti-gticlaagentois typicatlyl aapomieghtE)mmplyﬁ'plaanmickner s
in either simlar or di fferent proportion, the nolecular weig

di st ri but iaganisf ok aee sgleetad igmpwanes, JUvethgIaes, P@Vpaszdemmgl@s?alcmn

stearate, and mixtures thereof. The anti-stick agent level will generally range

from about 100 parts per million (“ppm™) to about 8,000 ppm, based on the
weight of the polymer blend. In certain embodiments, the anti-stick agent will be
present in the range of about 500 ppm to about 7,000 ppm. In other embodiments,
the anti-stick agent will be present in the range of from about 1,000 ppm to about
5,000 ppm. In still other embodiments, the range is from about 1,000 ppm to
about 4,000 ppm.

BLEND APPLICATIONS
[00120] The pellet-stable polymer blends made by the fluid phase in-line

blending process disclosed herein provide for improved properties, and hence use
in a wide array of applications. One such exemplary, but non-limiting
application, is in medical applications requiring improved resistance to sterilizing
doses of high-energy radiation. Another exemplary, but non-limiting application
of where the polymer blends made by the fluid phase in-line blending process
disclosed herein find application is in various conversion processes. In particular,
by combining high and low molecular weight propylene polymers in either similar

or different proportion, the molecular weight distribution of the blend may be



significantly broader than of either individual conponent. The ratio for
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environments.

[00122]  Still yet another exemplary, but non-limiting application of where the
pellet-stable polymer blends made by the fluid phase in-line blending process
disclosed herein find application are those where materials requiring a
combination of stiffness and impact resistance and/or a combination of heat
resistance and impact resistance. A polymer blend useful for these applications
are similar in composition to the blends specified for impact resistant devices and

packages.

[00123] Still yet another exemplary, but non-limiting application of where the
pellet-stable polymer blends made by the fluid phase in-line blending process
disclosed herein find application are those where a device and/or package must be
sterilized by high temperature and also must be soft and able to withstand impact
abuse even at low temperatures. Where increasing softness of packages and
device is desired, one may use a greater fraction of the one or more LCPC
components in the blend and smaller fraction of the one or more stiff HCPC

components in the blend. Polymer blends useful for this particular application
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at lower temperatures and seal strength at normal temperatures.

[00125]  The pellet-stable polymer blends produced by the processes disclosed
herein are typically used in any known thermoplastic or elastomer application.
Non-limiting examples include uses in molded parts, films, tapes, sheets, tubing,
hose, sheeting, wire and cable coatihg, adhesives, shoe soles, bumpers, gaskets,
bellows, films, fibers, elastic fibers, nonwovens, spunbonds, sealants, surgical

gowns and medical devices.

[00126] As will be appreciated by one skilled in the art of polymer
engineering, variations to the aforementioned polymer blends and their
advantageous applications may be made without deviating from the spirit of the
polymer blends provided by fluid phase in-line blending process disclosed herein.
Set forth below are further details of the methods of making the HCPC and LCPC
blend components previously described utilizing the novel in-line blend processes

disclosed herein.
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supercritical process, the solution process type, or a combination thereof in order

to provide the precursor polymer for blending in a dissolved fluid state in the
direct reactor effluents suitable for in-line blending without further processing.
Bulk homogeneous supercritical and bulk solution polymerization processes are
particularly useful for producing blend components due to the simplicity of the
monomer recycle loop and due to the enhancements in reactor productivity and
product properties, such as molecular weight and melting behavior, as will

become apparent from the following discussions.

[00128] For producing iPP HCPC in-line blend components, homogeneous
propylene polymerization processes operating in a dense fluid state with elevated
monomer concentrations (more than 2.5, or more than 3.0, or more than 3.5, or
more than 4.0, or more than 5.0, or more than 10.0 mol/L in the reactor effluent)
and reduced solvent concentrations (70 wt% or less, or 65 wt% or less, or 60 wt%
or less, or 50 wt% or less, or 40 wt% or less in the reactor effluent) at

temperatures above 90°C, or above 95°C, or above 100°C, or above 105°C, or



above 110C and above 11 MPa, or above 13.8 MPa, or above 34.5 MPa using
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[00130] The processes disclosed herein can also utilize certain other
polymerization processes making in-line blend components, for example, in the
form of a slurry, wherein the HCPC blend components (e.g., iPP) form solid
pellets in a dense fluid polymerization system. In such instances, a dissolution
stage is added between the polymerization reactor train and the separator-blending
vessel. This dissolution stage typically consists of a pump followed by a heater to
bring the reactor effluent above the solid-fluid phase transition conditions
affording a stream that contains the polymer blending component homogeneously
dissolved in the dense fluid polymerization system. In order to facilitate the
dissolution of the polymer pellets, increased shearing may be applied, which
typically is provided by stirring or by pumping. Because of the added processing
and investment costs of such reactor operations, homogeneous polymerization
processes, such as homogeneous supercritical or solution polymerization, are
typically cost-advantaged and thus advantageous to produce the in-line polymer

blending components.
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polymer(s) is/are dissolved in the dense fluid polymerization system comprising
one or more monomers, the polymeric product(s), and - optionally - one or more
inert solvents, and — optionally — one or more scavengers. Fluid-phase operations
have some further advantages from certain product quality and operation stability
perspectives since they do not require supported catalysfs that significantly
increase the ash level of the products and can cause fouling and excessive wear of
downstream process hardware. The fluid reaction medium may form one single
fluid phase or two fluid phases in the reactor. For more robust and simpler reactor
operations, conditions affording a single fluid phase in the reactor, i.e. operating

above the cloud point conditions, are advantageous.

[00132] In one embodiment of the pellet-stable polyolefin blending processes
disclosed herein, the blending of two or more reactor effluent streams containing
the dissolved polymer blend components occurs simultaneously with product

separation in a single downstream separator-blending vessel. The separator-
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polymer-rich phases are accomplished in the same vessel eliminating the need for

a separate blending vessel and blending process step. The bulk of the monomer(s)

and the optional solvent(s) separated from the polymer is/are then recycled back

into the polymerization reactor bank of the plant.

[00133]) In another embodiment of the pellet-stable polyolefin blending
processes disclosed herein, one or more reactor effluent streams containing the
dissolved polymer blend components are fed to independent separators or
separation vessels (also referred to as single-stream high-pressure separators)
upstream of the separator-blending vessel for separation of a polymer-enriched
stream from some fraction of the monomer and the optional solvent/diluent
content of the said streams. Such single-stream high-pressure separators deployed
upstream of the separator-blending vessel (high-pressure separator) in essence
afford a partial recovery of the monomer and the optional solvent present in the

reactor effluent thus allowing their recovery and recycle before being mixed with
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pol yner i z4he orisasity ek thesehstreaspremauch beloav Rhatogk ko @ssemsiatly putg molishase,
i.e. above the fluid-solid ph t it im.ts. nbodi ts,
the | nveragmeps bbusderitaded He-aiBR o1 Bablosing aphAaompeRRe B 117 1 he
honbgeneo | d [0 [LCHHt | . r
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pol ymer i zafligserve asbuffer weabele)dfrdigiThe dinetNed corteoll ofveiet blend page ®ss has

a conbi nation of solution and supercritical ) _ _
compensating for the small but inevitable fluctuations in the production of the
individual in-line blend components. The buffer capacity of these vessels is
defined by the volume between the maximum and minimum levels of the

separated polymer-enriched lower phase.

[00134] As opposed to using a cascade of series reactors for the in-line
blending of LCPC and HCPC, the blending processes disclosed herein provide for
the individual LCPC and HCPC components of the polymer blend to be made in a
bank of parallel reactors. Such direct blend production may be advantageously
achieved in polymerization processes that operate in a homogeneous dense fluid
phase, i.e. above the fluid-solid phase transition limits. In some embodiments, the
invention process has at least one reactor train that operates in the homogeneous
dense fluid phase in its supercritical state. In other embodiments, the invention
process has at least one solution polymerization train. In yet another embodiment,
the invention process has a combination of solution and supercritical

polymerization trains. In certain advantageous embodiments, at least one of the



pol yneri zation trains. In certain advantageous enbodi nents, at |east one of
the WO 2009/ 082463 PCT/ US2008/ 013857 51 polynerization trains operates at
el evat ed wonoes24sencent rati ons characterized by nononmecTase@sOizsat i ons
hi gher than 2.5, or nore than 3.0, orsinore than 3.5, or nore than 4.0, or
nmore than 5.0, or nore than 10.0 nol/L in the reactor effluent. [001351
Pol ymeri zation processes that operate in a hompbgenous dense fluid phase

use ei t hempdlpgietizandry eains dperatodaaievdted mondrher Comdontrations ahafacterized
sol vent / di I uent in their liquid or supercritical state. Hence, such

paral | el rl:e'amonomer@pncaltmtmrlsﬂnghﬁryh‘em in;tqranowbaeﬁsﬂ ioF moes nhamﬁni;gerneous

supercritical n their iqui d state. ercriti and

i qui d opdhers AN Audes) mPﬁ’et b ma%ﬁ/%lﬁp@e@w it Teiter efifuent!

pol yneri zation pr ocess oper at| ng with | ess than 40 wt% or less than 30
wt % or O/ or less than 10 wt % o % nert
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process reactors operate at k honbgeneous supercritical conditions

as has beeplvetit@lilueseih threitliGuidPat superdiititdl ssateorHednse, shdh $arthlRS deavtdrs
11/177,004, herein incorporated by reference in their enti retg [001361 In
or
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fluid state, which is required for the ‘downstream in-1ine bl endi ng of

pol ymers. cB‘anhrtsmllmt(memmm in I’tbcrmamaadsnm@mﬁ embodimeputisy essentially dree
processes i ng rs in a eneoys fIU|d tat erfor d
s oo & Grsadhien | \N@A %SOB@e@m PG SpIDOSIMERLAE e fisglos e The
sol ution 0 |

an | nert 3%?&2%@0@4 BPLA ; S8 hEoe oL R do%t% RGBT,
their |iqyistisdt en Ule PABROANIEatiSHPRDS! 11/433/889 and 11/177,004, herem

incorporated by reference in their entirety.

[00136] In another embodiment, one or more of the reactors included in the
parallel bank of reactors operate in the homogeneous supercritical state and one or
more of the reactors included in the parallel bank of reactors operate in the bulk
solution state (combination of bulk solution process and homogeneous
supercritical process reactors). Both solution and homogeneous supercritical
polymerization processes provide polymers dissolved in a fluid state, which is
required for the downstream in-line blending of polymers. Both solution and
homogeneous supercritical polymerization processes providing polymers in a
homogeneous fluid state may be performed in a bulk monomer phase using
essentially pure monomer(s) as solvent. The solution process provides for a
polymer-containing liquid phase either in an inert solvent or in the essentially neat
monomer or in their mixture in their liquid state. The homogeneous supercritical

process provides for the polymeric fluid state by dissolving the polymeric product



process provides for the polyneric fluid state by dissolving the polyneric
product WO 2009/ 082463 PCT/ US2008/ 013857 52 either in an inert solvent or
in the eswenviwisb4s3neat nmononer or in their mxture in PChHAiSzoosOpBsTriti cal
state. [00137] In another enbodi nent,s2one or nore reactors included in the
parallel reator bank operate in honbgeneous supercritical node and one or
nore reactor trains operate in the slurry node (conbination of slurry and
honobgeneousthes WP ah Ghért iseRlen® or 60 Mk Bsehtinllpeal tiohynasrdrsal theiranixture in
processes). The dense fluid phase(s) of the slurry polynerization

pr ocess( egheidsppergeiticahstatee or nore trains of the invention in-line

bl endi ng process can be either in its/their liquid or in its/their

supercritical state. Before bringing the effluent(s) of the sluyrry train(s)
to the sdff137br - dnanethes %@@@mqn% oL BF gscgerrea@eb%m&!u&ﬂ @rtlﬂ@r@ralrl.& i ne

bl endi ng rocess, of the.invention, the effluents ar reated to ful
di ssol ve (HRISE Bafk;eRgag dn EPopRikous nersnuitel mefind A8 by ety
step. the qifietoRoRechp fE ify Bodd EoMbRAIGHD of' AGAYS ali SORDEENRS! 1
are not affected by having particle-formng polynerization reactors in the
reactor banlerchtical erfvodibinationay Puayiael seluddngroacksas). adhe denseefltidi n
applications due to the ability of the slurry process _to produce certain
HCPP bl endhasefsp o the slustic polanerzation: procgss(99r dgploxek imane orynpre trains
Zi egl er - Nat cat al ﬁsts. lt is, however, tc}la%ln al l.y mare. e en?j ve due to
the  addedpiScEuEntian dndine, Prcsss . cam B ithern IHBIE IR he
different .. t ' i f | ' t he
target - pr A DR RpERAca? Wt BT urinifin YPBINRINE) BT EAE SHER"RERNo
l'i ke, for tRxaEphftor-bBRndingd ivesdel %é{glﬂbr@?ﬁﬁfet sEshra@Iry 8T fheain-fifie fslehdinlgi es.
The optimal configuration can be eterm ned by standard techni ques wel |
known i n tprecesstofofhec insrentiah, ¢ngicfidaentngre it sd fTly dissalve dhe rsdarriedr
configuratiogn disclaosed herein permts for., flexibi|]ity in independently
controll i rp@?yrapré GomaRansinty K1 drisldieelutionstep. H othsr asBRgis ATLPS h-and
conver si on; yst I.C . CO, Melakt ' le in a
']ln[ecl?l%ﬁ‘h% : pr%gc%t .&Sclﬁggd E?léa% Are nﬁt&‘é@%&% %&@%&uﬁ@%ﬁ?@f@-ﬁ%n@n is.

series reactor confifgurati on ndi-ng . conpon
I't al so mMyleRpmeHgatici @RERBAN in CBR! fedktdf baiaCt TR ERTHORAIMEHE &P $rovide

product advantages in certain applications due to the ability of the slurry process

to produce certain HCPP blend components, such as isotactic polypropylene made
with Ziegler-Natta catalysts. It is, however, typically more expensive due to the
added processing and investment cost. The optimal choice between the different
reactor configurations of the invention process depends on the target product slate
or even on some production site-speciﬁc issues, like, for example, the utilization
of existing polymerization facilities. = The optimal configuration can be

determined by standard techniques well known in the art of chemical engineering.

[00138] The parallel reactor configuration disclosed herein permits for
flexibility in independently controlling for each reactor the residence time,
monomer composition and conversion, catalyst choice, and catalyst concentration
not available in a series reactor configuration for blending LCPC and HCPC blend
components. It also makes the independent control of reaction temperature and
pressure easier thus enhancing the control of the polymerization processes

yielding the individual LCPC and HCPC blend components.



pressure easier thus enhancing the control of the polynerization processes
yi el di ng the individual LCPC and HCPC bl end conponents. WO 2009/ 082463

PCT/ US200800Qa®388746353 [ 001391 U. S. Patent Applicati on NesT/Ub14048838889 and
11/177,004 disclose a flexible honmogsneous pol ynerization platformfor the
honbgeneous supercritical propyl ene polynerization process (also referred
to herein as the "supercritical process”). In the referred supercritical

propyl ene [POI3ET i A3Si PatitoappHcatiqroNozeil 483,880 iand CEI/1 72004 Udis¢losa a
substantial ly supercritical nononmer medium thus it is a bul k honpogeneous

super cr i t ifiediblsdigmegéneauis golynetaation plasfosal forghe hiosagengons ruprsaEboal y

di ssol ved state in the react or _and the reactor effluent, thu
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to recover pPgl.y [ u o] ed
form U S PHesSE Adpt iy SRl S it pbonflehd PR S Sprodien
that the W@hk&ﬂl&ahs RAlI¢EE but 3h | DBUBNARRIE RipdttAasalamondyait meaims,
nmeans to the so-called solution processes, particularly to the

convent i orthus &ak wt bulk hgnogasoas supercaiticabpelynierizationprooess. cBlnmpolynmn ons
(less than 3.0 or less than gs[Oin(})I/L in the reactqr, effl uent H

abi ity tdspnrcuhemageneoyslydistolyed si@te in dhe reanter and invegractor edtluprly

mel t - flow ate) Jisot ct|C|PP e |

slurry poI Per QlélPlgO eprrggc‘étggegfﬁ[%ﬁ% S@ﬂg@& :}{){SI % eﬁro% @@&Fﬁ?sﬁeﬁffﬁ&g

pr oduce etdpé!r Ry Ehepxb%eo&ém%n@bé lé BRodilced16h GREPRBAAL Sellitized srduced
tacticity, s reduced pol lting point wthout fouling. As

previ ousl >balerchf(&hen(1§38 Phitehit AsplevatioAddos. chl/433,880sand111/433,088%lsm deach
11/177,004 are incorporated by reference in their entirety herein. [001401
Advant agedhat thel smermtml@qdbmyammom PEoGass @ravlde& @fptbantageoys Bneans toof

h | | | d
ow oryst dnF1 ATERIER! SHEHOBo RERtBNeS s PAMGHFRY. BhdhaSopRaRiRA SRBHRRar i on
Processes }ﬁ@%{ es8é §8b€1%t1fng wﬂhqg Bﬁ{érco%élgﬁﬁtw&' Qésyth%ﬁﬁbadrl le8€than

pol ymers, not ow crysta |n|ty products b cause e polyner
pel lets std.§knélogpinthie reaatetieffuémyin itg abilityte predaé®highfpelysigliat] Righnmakes

t he production of soft
molecular weight (i.e. low melt-flow rate) isotactic iPP blend components. Unlike
gas phase and slurry polymerization processes, the supercritical process may also
produce ethylene-propylene copolymers and iPP blend components with reduced
tacticity, and thus reduced polymer melting point without fouling. As previously
referenced, U.S. Patent Application Nos. 11/433,889 and 11/177,004 are

incorporated by reference in their entirety herein.

[00140] Advantageous pellet-stable polyolefin blends are composed of a blend
of (a) one or more highly crystalline polymer component(s) and (b) one or more
low crystallinity polymer component(s). Slurry and gas phase polymerization
processes may provide for high molecular weight, highly crystalline polymers, but
not for low crystallinity products because the polymer pellets stick together
causing fouling of the reactor. Fouling often makes the production of soft
materials, such as, for example, ethylene propylene copolymers commercially
impractical, particularly when the ethylene content exceeds approximately 9-10

wt%. In contrast, solution polymerization processes has no such limitation and



materials, such as, for exanple, ethylene propylene copolynmers commercially
I npractical, particularly when the ethyl ene content exceeds approxi mately
9-10 w %vol2n098picBast, sol ution pol ynerizati on processesThs3008013B8Th
limtation and WO 2009/ 082463 PCT/ USZ208/ 013857 54 may provide for |ow
crystallinity products because the polyner is present in solution in the
reactor, and therefore cannot foul it. However, the solution process has

i i tati ongay rprigvRIdUCbrN o i @lybtallédivis tprbdidte, betaase i golymer Mg rsentr duct s
with higher nelting point. One particularly relevant limtation of the
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pol ymeri zati on process for the pellet-stable pol yolaifi n bl endi ng procgesses
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operati ng dfsoteed Batshl thé- polyiterizatian eytteanallowing girect bleadingnivitheoutiey not
| ower than 10 MPa bel ow the cloud point of the polynerization system

[001411 Theeddioomedissdlutionstep. nThhse brikutss make it & particadardy gduartegesitsd
herein are propyl ene, ethylepe, and optiagnally on r re,.conmpnoner s
conpri si nd"’flg@feﬁ%ﬁ'iw%?@c@ ?bgﬂ' éﬁ%nﬁ?ﬂ o empﬂ?@f’BQeﬁ?r&’r‘?goH?%ﬁs one
or nore c LS : Loel -1,
pent en- 1 SR Sreff TR idihahQite, By b GAOR b1 POl MOHIMAS Brotésen
thereof . Bp@imf With Réns®@qolymerizafion 3@ferR® |iiage ez ideployedeir xhd linilthe
conponents serving as

blending processes disclosed herein as long as at least one of the reactor trains

operates with a homogeneous polymerization system and in its supercritical

condition. Homogeneous operation is ensured by operating above the solid-fluid

phase transition point, advantageously not lower than 10 MPa below the cloud

point of the polymerization system.

[00141] The monomers for use in the bank of parallel reactors disclosed herein
are propylene, ethylene, and optionally one or more comonomers comprising four
or more carbon atoms. Non-limiting exemplary optional one or more
comonomers comprising four or more carbon atoms include butene-1, pentene-1,
hexene-1, octene-1, decene-1, dodecene-1, and combinations thereof. Exemplary,
but not limiting, non-polymerizing (inert) fluid components serving as
diluents/solvents include light paraffinic and aromatic hydrocarbons and their
blends, such as butanes, pentanes, hexanes, heptanes, octanes, toluene, xylenes,

cyclopentane, cyclohexane, fluorocarbons, hydrofluorocarbons, etc.



di l uents/sol vents include light paraffinic and aromatic hydrocarbons and
their blends, such as butanes, pentanes, hexanes, heptanes, octanes,

t ol uene, wgplemwas2463cycl opent ane, cycl ohexane, fl uorocar lPOWA;S2008/013857

hydr of | uor ocar bons, etc. WO 2009/ 082463 PCT/ US2008/ 013857 55 [001421 The
conditions in the polynerization reactors of the aforenentioned olefin
pol yneri zati on process may be established such that the entire reactor
content, i[0ol42 ng THeecomdicions (6 )the Pplyrasdzativi rexetorgest thengfofdmentioned
catal yst systen(s), optional scavenger(s) and polynmeric products, is in a
honogeneoudefin | polyimesizatianvpnocasse mayl pei established| sudho thajethgoantire teagton at e.
In one form the K conditipns in at ¢§ast .one, of the reactors,af trgi?

af or ement | ORIty iBcding, the smonowiezis)y RREORAle nogrpQlymerizing | fluid, gafalyst
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reaction tenperature. Since often polyners with higher nol ecular weights
and/ or hi gloaditieist inngt eashbee afe thie s¢actars ofhthghafoodmertiored proceseapesett ur es
(>250C) are general | y not advantageous. . |ncreased tenperatures can .al so

degr ade mo¥eh thahihe cantanys are W iherfupersrisicaliflagd statfs andradvaptaggouyy in a

avoi di ng excessi ve éjﬁolﬁmari zati.ﬁg lt@nﬁe tures. At the current state of

the art of NPy REFREPBHSUREFUHEH 24551t enper at ures above 350C are not

reconmended. For the slurry polynerization processes, the upper

t enper at ur Wi TS Lzatd on tnf : byt W | Ui d
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phase transition condi trons since run 1 Ng near the SO ase

transiti O'brbgéﬂﬁek qR&tSaret Strdwll| iRAueledd bYiahe TeAGVh tethperaturePesiate @ennot
hi gher than 5C bel ow the solid- fluid phase transition are advantageous,

not hi gherpalymersi@@htdgber modecdan weights aind/ph higher maeltingi pointsrare desired,
parti cul arly advant ageous. [001441 The | limts of reactiopn tenperature
are det er i dPRymeiizatigas ﬁé@ae@mryﬁe@%ﬁ\gﬁiramegﬁnt r 1Pk {ageeys.
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honogeneous por ymet izat T of” ~pr 6Cess ower |1 m ion
tenper at Urgofie® AdaSBn dfSreavbildrk Rkcefifive polymerization temperatures. At the

current state of the art of polymerization, polymerization temperatures above

350°C are not recommended. For the slurry polymerization processes, the upper
temperature limits of polymerization are also influenced by the solid-fluid phase
transition conditions since running near the solid-fluid phase transition line leads
to fouling. For that reason, slurry operations not higher than 5°C below the solid-
fluid phase transition are advantageous, not higher than 10°C below the solid-fluid

phase transition are particularly advantageous.

[00144] The lower limits of reaction temperature are determined by the
desired polymer properties. Lower temperatures generally favor higher
crystallinity and higher molecular weight. For homogeneous polymerization
processes, the lower limits of reaction temperature are also determined by the
solid-fluid phase transtion temperature. Running the reactors below the solid-
fluid phase transtion temperature of the reaction mixture may lead to operation
problems due to fouling. For the production of highly crystalline polypropylenes

(melting peak temperatures >150°C) in bulk homogeneous supercritical



solid-fluid phase transtion tenperature. Running the reactors bel ow t he
solid- fluid phase transtion tenperature of the reaction m xture nmay | ead

t o oper atworroogmsedsBens due to fouling. For the producti eaTafS26us@idsy7
crystalline pol ypropyl enes (nelting sseak tenperatures > 150C) in bul k
honobgeneous supercritical WO 2009/ 082463 PCT/ US2008/ 013857 56

pol ynmeri zati on processes, the mnimum operating tenperature is about
95-100C. polymbsizatieripeidessespthd musimumm|dperating eohperatuse is albdutas-100°C.

et hyl ene-propyl ene_ copol yners, si qr]i ficantly | ower reactor tenperatures,
e.g., 90CInothespopduywsion of logmr, meltisgopmly@ges susheas ethylans-propylang used

i t hout fouling. Th licati f tain i t t h
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need for solvent handling. [00145] The critical tenperature and pressure of

t he pol yndeinpatatare of theefouling-fredidpeeateon régime, talibouvght ag discussegeeardier,pur e

conponents, and thu su&ercrit,i cal opera]téi ons, at er:rE ratur.es | oper  than
tRYF ® m

the criti ¢he sulsipai nse qf ipert sobisnisalso tends teli eRIREReL mofecular g5

for propyl S| | S¢l eiyn. 1 Addi 1] :
near - amor proet 2 R8T IR Tuctile R, @RGRraReT e Rich B8R broduction
produced Wokha@ud td Pelcld 8y solvest Rwmdlie. critical tenperature of the
reactor blends, 1.e., at tenperatures that correspond to the condensed
liquid state of the polynerization systemin the reactor. In these

i nst ances,[00145joperidiei exiticd etenpeadtures and\prossube lofwhe lpplymbtiketigoispstents t he
reaction mxture and thus the reactor operates at what is often referred
to as |iquire-differeati framdheiasitical valussnef pureseempesentsuand dhis sepeseritieale

could e destieth e aohl ove 1 Gl b coul e e oL o LS ot
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bl end pregRatini NAddisiohaly fleditarhErphas and RPNGYphsud mdterials Wit fow melting
points may be produced without fouling even below the critical temperature of the
reactor blends, i.e., at temperatures that correspond to the condensed liquid state
of the polymerization system in the reactor. In these instances, the operation
temperature may be below the bubble point of the reaction mixture and thus the
reactor operates at what is often referred to as liquid-filled conditions. In some
instances, such operation mode could be desired to achieve high molecular weight
(MW) and thus low melt flow rate (MFR), particularly in the manufacture of
copolymers, such as propylene-ethylene copolymers. Thus, reactor operations
under conditions at which the polymeric products are dissolved in the monomer or

monomer blend present in its liquid state, also known as bulk solution

polymerization, are also disclosed herein.

Polymerization Temperature for Homogeneous Fluid Phase Polymerizations:

[00146] The polymerization process temperature should be above the
solid-fluid phase transition temperature of the polymer-containing fluid

polymerization system at the reactor pressure, or at least 2°C above the solid-fluid



pol yneri zation, are also disclosed herein. Polynerization Tenperature for
Honogeneous Fl uid Phase Pol yneri zations: [00146] The pol ynerization
process twopeswisauee shoul d be above the solid-fluid phase/usc@ssiisson
tenperature of the polyner-containing7luid polynerization systemat the
reactor pressure, or at |east 2C above the solid-fluid WO 2009/ 082463

PCT/ US2008/ 013857 57 phase transition tenperature of the

pol yner - c@hhagé Nragitioni @nipdraties | ghaithe npolgier @onadininige frddcpolynisrasione, or
at | east 5C above the solid-fluid phase transition tenperature of the
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pol ymeri zati'on system at the reactor pressSure. In sti anot her

enbodi nentanothee eptodiment, ahe polymenzaon precpss emperatsino shouldebebatonecthe 50
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[00147] In certain embodiments, polymerization is performed in a
supercritical polymerization system. In such embodiments, the reaction
temperature is above the critical or pseudo-critical temperature of the
polymerization system. In some embodiments, some or all reactors operate at
homogeneous supercritical polymerization conditions  Said homogeneous
supercritical polymerizations of the in-line blending processes disclosed herein
may be carried out at the following temperatures. In one embodiment, the
temperature is above the solid-fluid phase transition temperature of the polymer-
containing fluid reaction medium at the reactor pressure or at least 5°C above the
solid-fluid phase transition temperature of the polymer-containing fluid reaction
medium at the reactor pressure, or at least 10°C above the solid-fluid phase
transformation point of the polymer-containing fluid reaction medium at the
reactor pressure. In another embodiment, the temperature is above the cloud point
of the single-phase fluid reaction medium at the reactor pressure, or 2°C or more

above the cloud point of the fluid reaction medium at the reactor pressure. In yet



solid-fluid phase transition tenperature of the polyner-containing fluid
reaction nediumat the reactor pressure, or at |east 10C above the
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pressure ngy°ee determ ned by process econonics, since both the investnment
and operating expenses increase with increasing pressure. The m ni num
pressure limt for the production of the individual blend conponents
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mol ecul ar weli ght (MY and nmelt flow rate (MFR). [001491 Reduci ng process
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lead to phase separation creating a polymer-rich and a polymer-lean fluid phase.

In well-stirred reactors, where mass transport is sufficiently high due to efficient
mixing of the two phases, product qualities may not be impacted by such fluid-
fluid phase separation. Therefore, polymerization process conditions under which
there is a polymer-rich and a polymer-lean phase are provided herein as long as
both phases are above the solid-fluid phase separation limit thus preventing
fouling and are well mixed thus preventing substantial mass transfer limitation
leading to poorly controlled increasees in molecular weight and/or compositional

distributions.

[00150] Exemplary, but not limiting, process pressures, are between 1 MPa
(0.15 kp§i) to 1500 MPa (217 kpsi), and more particularly between 1 and 500
MPa (0.15 and 72.5 kpsi). In one embodiment, the polymerization process
pressure should be no lower than the solid-fluid phase transition pressure of the
polymer-containing fluid polymerization system at the reactor temperature. In
another embodiment, the polymerization process pressure should be no lower than

10 MPa below the cloud point of the fluid polymerization system at the reactor



(0.15 kpsi) to 1500 MPa (217 kpsi), and nore particularly between 1 and 500
MPa (0.15 and 72.5 kpsi). In one enbodi nent, the polynerization process
pressur e wboauésbhsbs3ino | ower than the solid-fluid phase transkiosomspr essure
of the polyner-containing fluid polysyerization systemat the reactor
tenperature. In another enbodi nent, the polynerization process pressure
should be no ower than 10 MPa bel ow the cloud point of the fluid
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supercritical polynerization system "I n such enbodi nents, the reaction

pressure 435 am¥eanich?9 kpsit respectivelypr essure of the pol ynerization system
In sone enbodi nents, sone or all reactors operate at honobgeneous

supercritical polymerization conditions. The supercritical polymerization
process of[00R81] n- ilnneertaine rembedipreniss ties pRlyBIcsizationeisi perfeiyndase warar i ed

o e R B RRESSAIG o™, SRR BR D SR sl
g R e s G

the react mb&iTRRS, UsEme! Norandl hehciPoheraty | att HonbEaBuS seperbaAtivglen 20
and 500 MPa, between 20 and 300 MPa, or between 20 and 250 MPa. | n one

form the polgmsrizations camdition20 , TheGupercr3ivab pMSsmerizatimngriocessf afrtire inHine
pressure iﬁ bel ow 1500, 3_00 3881 250, oy 200, or 100 MPa. Total Mononer
Conver si orP ?@nm&sﬁ% isclasgd herein Jeayope FaEid ot a5 ihe folloymppressiiegasi ng

he, converi! 8 SpbB G ERSTRL 5ot Pate? IR BBl D o
transition pressure of the polymer-containing fluid reaction medium at the reactor
temperature or no lower than 10 MPa below the cloud point of the fluid reaction
medium at the reactor temperature. In another embodiment, the pressure is
between 20 and 500 MPa, between 20 and 300 MPa, or between 20 and 250 MPa.
In one form, the pressure is above 20, 30, or 34.5 MPa. In another form, the

pressure is below 1500, 500, 300, 250, or 200, or 100 MPa.

Total Monomer Conversion for Homogeneous Fluid Phase Polymerizations:

[00152] Increasing the conversion of the total monomer feed in a single-pass
in the individual reactor trains of the parallel reactor bank can reduce the
monomer recycle ratio thus can reduce the cost of monomer recycle. Increasing
monomer recycle ratios (i.e., the ratio of recycled/total monomer feed to the
reactor train) require the treatment and recycle of larger monomer volumes per
unit polymer production, which increases production cost. Therefore, higher
monomer conversion (lower recycle ratios) often provides for improved process
economics. However, because high polymer content in the polymerization

system, particularly in homogeneous polymerization systems, yields high



nononer recycle ratio thus can reduce the cost of nononer recycle.

I ncreasing nononer recycle ratios (i.e., the ratio of recycled/total
nononmer fweadoamstdse reactor train) require the treat mercrasdoospcisst e of
| ar ger nononer vol umes per unit pol ygwer production, which increases
production cost. Therefore, higher nononer conversion (lower recycle
rati os) often provides for inproved process econom cs. However, because
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conversion. Therefore, the production .
often limited by product viscosity or by product property targets, the conversion

of some highly reactive monomer components present in some monomer feed
blends may be higher than 90%. For example, the single-pass conversion of
ethylene in ethylene-propylene or in ethylene-higher olefin feed blends may be

nearly complete (approaching 100%) and is disclosed herein.

[00153] As mentioned above, another factor limiting the total monomer
conversion is the MW-decreasing effect of conversion. Therefore, the production
of polymer blend components with high MW requires the moderation of monomer
conversion in a siﬁgle pass beyond that of what viscosity and other practical
operation considerations would dictate. Hence, for the production of blend
components with high molecular weight (particularly those with higher than >200
kg/mol weight-averaged molecular weight -M,,), the total monomer conversion
may need to be below 30%. Again, the conversion of some highly reactive
components in a monomer feed blend may be higher, and may even approach

100%.



of polymer bl end conponents with high MNrequires the noderation of nononer
conversion in a single pass beyond that of what viscosity and other

pract i calwoepermiicen consi derati ons woul d dictate. HencecTfusroishesss?
production of blend conponents w th di gh nolecular weight (particularly
those with higher than >200 kg/ nol weight-averaged nol ecul ar wei ght -My),
the total nononer conversion my need to be bel ow 30% Again, the

conver si orf@i54{0me Theg§ihgld-pasdt cottversionpianget soliymerizaton macloesdiddlesed may
be higher, and may even approach 100% WO 2009/ 082463 PCT/ US2008/ 013857
61 [ 00154]heftin manht edpwserd by theeambinationtafecaalystrannicentration and total feed

di scl osed _herein y be adj usted, by the conbi nati on.qQf cat.al yst

concent r atii¥ rasd ﬁ%@ otaf 2%Qﬁjr9tF&ﬁt THIRCS YieaYIREr r?%aﬁnqeaf‘@edépear hatles t he

aver age resj ' | = T : Gt

Vol s i JTaH gebhaausl & Tereiael vERERE BRAHER SOHR, 1@ BRAGRS' b
sane convehfel ONtHEBYRRNAC NTRKSANR cORVESiohemiadl eite Bchiklé® abYowBE F@iddnte t he
catal yst concentration i'n the feed and vice versa. Lower catalyst

concent r attime byeincreadinpetheacathlyst consantration metheafesd aneldvice wersaimdtavier
productivity thus requiring higher residence tines, and ultinmately a | arger
reactor &atalyseoneenisation mas feuce ¢atalyst epsty Rt mavealse rpduce yphmelticon

capacity. Th opti pum bal ance, bet ween, resi.dence ti nelr t or _vol unes and
catalyst  reouRivahS eAugNechigB b PR BT aamd T et 35, 2 L, RN S s
known in t : Wal-% :

component Sia M8 drigtfern0es il 20pt i Nanfd Abh A RhEioR AR The

r esi dence dptifan' ebidame f berwekns eresidencé 2Qime/feaqrar t volumed y afid orvafalgsic to

60 min, nore particularly from5 sec to 30 mn, still nore particularly
from 30 seoncentgyion maybeidgierminad by standaph engivgerng ynethpdswimomnnmt he30

i Scl osed Hier 81 WIGEEFASEF S RALIRE S1aerooIcie <o pPEO RIS PUSe e REPGIT may
ess than 1157 Faetfls AERsLd Hbrdl o(FealdB ietitc imes ah BB LR e 8l 4
enbodi nent}9) Miin, FastulRE o NesdceRC 60min, ahoge partichearly from 5 sec to 30

min, still more particularly from 30 sec to 30 min, and yet still more particularly

from 1 min to 30 min. In yet another form of the in-line blending process

embodiments disclosed herein, the residence time in the reactors disclosed herein

may be less than 120, or less than 60, or less than 30, or less than 20, or less than

10, or less than 5, or less than 1 minute(s).

[00155] In certain embodiments, at least one of the reactor trains of the
disclosed process operates at supercritical conditions advantageously at
homogeneous supercritical conditions, or bulk homogeneous supercritical
conditions. The residence times in the supercritical polymerization reactors,
particularly in the bulk homogeneous supercritical reactors disclosed herein are
generally lower than the residence times in solution, gas phase, and slurry
processes due to the high reaction rates achieved at the conditions of the
supercritical polymerization process. In-line blending processes disclosed herein
applying bulk homogeneous supercritical polymerizaton often choose residence

times between 1 and 60 min, and more particularly between 1 and 30 min.
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di scl osed herein are generally |lower than the residence tines in solution,
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pl ant may need to produce several polyner blends with different polyner

[00157] It should be recognized that the catalytic activity and thus the
volumetric productivity in the individual reactors may be different. If the reactor
effluents for in-line blending are directly blended, the catalytic activity and the
volumetric productivity may determine the reactor sizes required for the
production of the individual polymer blend components. In order to reduce cost, a
single plant may need to produce several polymer blends with different polymer
components blended over a range of blend ratios. Consequently, a parallel reactor
bank will often have reactors of different sizes allowing for a flexible and thus
more cost effective configuration for the production of different polymer blend
grades. The optimal reactor volumes may be determined from the combination of
the composition of the target polymer blends and the volumetric reactor
productivity data using optimization methods known in the art of chemical

engineering.

[00158] In commercial practice, reactor productivity tends to vary to some
degree, which in turn may lead to the corresponding level of variability in

polymer blend ratios. In one embodiment, buffer tanks may be added to the



conmponent s bl ended over a range of blend ratios. Consequently, a parallel
reactor bank wll often have reactors of different sizes allowng for a
f | exi bl e wocoddmnss463nore cost effective configuration forcrhms2@sodssti on of
di fferent polyner blend grades. The @ptiml reactor volunes my be
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bl ends and the volunetric reactor productivity data using optim zation
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booster punps may be alternatively installed
the pressure/density changes allowed in the buffer tank and with the size of the
buffer tank. In the latter case, the process streams may be driven by a gradual
pressure drop downstream of the reactor to avoid the cost of installing and
operating booster pumps. However, booster pumps may be alternatively installed
and operated within the process to increase the pressure range and thus the
buffering capacity of the system. When no booster pumps are deployed, the
pressure of the buffer tank should be lower than that of the reactor, but higher than

that of the lines downstream of the blending point.

[00159]  Apparently, while feasible, controlling this kind of buffer system is
difficult and it is not very efficient. Thus, in another embodiment, when the
individual reactor effluent is stored in the buffer tank in its supercritical state or in
its liquid state but at pressures above its bubble point, the conditions in the buffer
tanks may be set to achieve fluid-fluid phase separation (separator-buffer tank
operation). Buffering in this mode can be achieved by allowing the fluid level of

the denser polymer-rich phase to move up and down between the minimum and



and operated wthin the process to increase the pressure range and thus the
buffering capacity of the system Wen no booster punps are depl oyed, the
pressure WO 206v08bweBf er tank shoul d be | ower than that ofrcrhus2e08macissT, but
hi gher than that of the |ines downsteeam of the bl ending point. [001591
Apparently, while feasible, controlling this kind of buffer systemis
difficult and it is not very efficient. Thus, in another enbodi nent, when
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separator-bl endi ng vessel that recovers the nononer of the direct reactor
ef fl uent polymer-rich effluent(s) of the separator-buffer tank(s) are combined with the
direct, unseparated effluent of one of the reactor trains upstream of the
separator-blending vessel that recovers the monomer of the direct reactor effluent
as a supernatant and the in-line polymer blend as the bottom phase. In this
particular embodiment, one of the separators serves as a separator-blender, while

the rest of the separators serve as separator-buffers.

[00160] In another embodiment of the processes disclosed herein, polymer
additives may be added to the pellet-stable polyolefin blends at ratios of up to 40
wt%, or up to 30 wt% , or up to 20 wt%, or up to 10 wt%, or up to 5 wt% to
further improve product quality and product properties. Exemplary, but not
limiting polymer additives, include specialty polymers including polar polymers,
waxes, polyalfaolefins, antioxidants, plasticizers, clarifiers, slip agents, flame
retardants, heat and uv stabilizers, antiblocking agents, fillers, reinforcing fibers,
antistatic agents, lubricating agents, coloring agents, foaming agents, tackifiers,

organically modified clays such as are available from Southern Clay, and



as a supernatant and the in-line polynmer blend as the bottom phase. In this
particul ar enbodi nent, one of the separators serves as a separator-bl ender,
whil e thwonestosoic3t he separators serve as separ at or - buPCeES20080038801 | n
anot her enbodi nent of the processes disscl osed herein, polyner additives
may be added to the pellet-stable polyolefin blends at ratios of up to 40
w% or up to 30 %, or up to 20 wt% or up to 10 % or up to 5 ww%to

further i mRiQ¥barhesucsntalidhg taboved compduehtspr dderdd, esne Fore rpirar polywdr not
limting polynmer additives, i1nclude specialty polyners including polar
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pol ymeri zatr on processes are particularly sul r providing the
product polyner in a dissolved fluid state. In one particul ar enbodi nent,

the superqppiéH2l The homogeneous supercritical polymerization and the solution
polymerization processes are particularly suitable for providing the product
polymer in a dissolved fluid state. In one particular embodiment, the supercritical
polymerization process is performed in the substantial absence of an inert
solvent/diluent (bulk homogeneous supercritical polymerization) and provides the
product in a dissolved supercritical state for the downstream in-line separation-
blending process.  More particularly, the supercritical polymerization of
propylene is performed in the substantial absence of an inert solvent/diluent (bulk
homogeneous supercritical propylene polymerization) and provides the product in
a dissolved supercritical state for the downstream in-line separation-blending

process.

[00162]  The total amount of inert solvents is generally not more than 40 wt%
in the reactor feeds of the invention process. In some embodiments, where the
feed essentially comprises the monomer or monomer blend, like for example, bulk
slurry, or bulk supercritical, or bulk solution polymerizations, the minimization of

solvent use is desired to reduce the cost of monomer recycling. In these cases, the



pol yneri zation process is perforned in the substantial absence of an inert
sol vent/di | uent (bul k honogeneous supercritical polynerization) and

provi des wbeooypmsegact in a dissol ved supercritical statecrars2eiseizsnnst ream
i n-1ine separation- blending process.¢sMore particularly, the supercritical
pol yneri zation of propylene is performed in the. substantial absence of an
I nert solvent/diluent (bulk honbgeneous supercritical propylene

pol yner i zaypiea) selvenpendentativhanthedeattor feedas diftendbelets 401mas, drt bela
state for the downstreamin-line separation-blending process. [00162] The
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reactor fee of the jnvention process., |l n sone .enbodi nents, where the

f eed essen‘f’ﬁq;ai Ii” E’BFrp'#DF%’e 15Cise Fidy the m%@%‘?r&ﬁéﬁtem RRMDEISER, e e,
bul k sl ur Kk FASTRE| ' o} LZabho t he
i i g 10 oY @it RRELE HoldrGBirboflt, 4 BoSMubralbIE Tl Hhaf 00 s
recyel | ng-tohiénkNIHEaRES fork AidMdRANY 652 488 pBGTHHTZARS HIstéih corhfrisesdi cal
sol vent concentration in the reactor feed is often below 40 wt% or bel ow
30 Wt % orlessethaw 20 wis) oo lesbethany 300wideysordesh tham2 @ witégsaturatedealipletion 1

w% In one formdisclosed herein, the polynerizati gn syste co(ggrisles | ess
than 20 whxdipearhons and adyantageeusly dess4h08 HayEG. OF yessdhan 30wty ofless

toluene. Ip angpiheg, f di scl gsed her ei o] ' [

conpr i ses BB idh oGRS P TonaEh.ot ohiafebsor FeplaEt, B fRE3hETver
saturated itdmgt&cbutgﬁgsrgp?ﬁgﬁﬂg AllcdupRtirgeously less than 40 wt% or
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m xtures. | N-LINE BLENDI NG PROCESS CONFI GURATI ON [ 001631 The fluid phase
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conf i gur eGeadtof trains and their configurations in the parallel reactor bank may be varied.
Typically, each reactor train serves to produce either an LCPC or a HCPC blend
component. A given train of the parallel reactor bank may be configured as a
single reactor or two or more reactors in series. From a practical commercial
plant design standpoint, however, there should be a minimum number of reactors
for a given train of the parallel reactor bank in order to make a given polymer
blend component. Generally, not more than ten series reactors are utilized and
more particularly not more than three series reactors are generally utilized in a
given reactor train. The number of parallel trains in the parallel reactor bank may
be two, three, four or five or more. The number of reactors in the parallel reactor
bank may be any number, although for economic reasons the number of reactors
should be maintained as low as the desired product grade slate and plant capacity
allows. The optimum number of parallel reactor trains (also referred to as legs of
the reactor bank) may be determined by standard chemical engineering
optimization methods well known in the art. Most typically, the polymerization-
blending plant will have two or three parallel polymerization reactor trains or legs

in the reactor bank producing product blends with the corresponding number of



single reactor or two or nore reactors in series. Froma practical
commercial plant design standpoint, however, there should be a m ni num
nunber ofwoeaetmses3 for a given train of the parallel reactuseoosamnssy n or der
to make a given polyner blend conpongnt. Cenerally, not nore than ten
series reactors are utilized and nore particularly not nore than three
series reactors are generally utilized in a given reactor train. The

nunber of jpaiml | gdlyiedi blerid ¢diBpoRenas.| el Hovasiee! rhark thay theeet arallélr ee,
four or five or nore. The nunber of reactors in the parallel reactor bank
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liquid, molten, or dissolved polymer components and polymer additives prior to
being transferred and metered to the separation-blending vessel or to a mixing
point upstream or downstream of the separation-blending vessel. Polymer and
polymer additive components may be accurately metered to the blending vessel or
to another mixing point by one or more pumps or if the downstream pressure is
lower, through the use of one or more pressure letdown valves. The optional
additives and modifiers can be mixed into the product upstream of or directly in
the separator-blending vessel or downstream of the separator-blending vessel of
the processes disclosed herein. In order to simplify monomer treatment in the
monomer recycle train and thus to reduce the cost of monomer recycle, it is often
advantageous to add the additives and modifiers downstream of the separator-
blending vessel. In such embodiments, the additives and modifiers may be mixed
with the in-line produced polymer blend in dedicated pieces of equipment or in

the hardware of the product finishing section of the processes disclosed herein, for

example, in the devolatizer extruders.



|l iquid, nolten, or dissolved polyner conponents and pol yner additives prior
to being transferred and netered to the separation-blending vessel or to a
m xi ng pwonbowssdseam or downstream of the separati on- plceruszong/ovasssel .

Pol ymer and polynmer additive conmponessts may be accurately netered to the
bl endi ng vessel or to another m xing point by one or nore punps or if the
downstream pressure is |lower, through the use of one or nore pressure
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down val ves, which function to bring the reactor train effluents to the
be optionally introduced prior to or into the separator-blending vessel to minimize
further polymerization outside the polymerization reactors. Optionally, one or
more static mixers positioned before the separator-blending vessel, but
downstream of the mixing point, may also be utilized to enhance mixing between
the reactor train effluents. Optionally, some or all reactor train effluents may be
heated before the pressure letdown (not shown in FIG. 2) in order to maintain the
temperature in the downstream lines and in the separation-blending vessel at the
desired value, i.e., above the solid-fluid phase transition temperature of the
polymer-rich phase of the separator-blender, but below the cloud point of the

combined effluents entering the separator-blending vessel to allow the formation

of a polymer-rich denser fluid phase and a monomer-rich lighter fluid phase.

[00166] After the combined reactor train effluent streams enter the
separator-blending vessel, monomer recycle (monomer-rich phase) emerges from
the top of the separator-blending vessel and a polymer-rich blend emerges from

the bottom of the vessel. The polymer-rich blend may then be conveyed to a



common pressure of the separator-blending vessel. Catalyst killing agent(s)
may be optionally introduced prior to or into the separator-blending
vessel towoineamsz4s3 further pol ymerization outside the polryusesosnadsson
reactors. Optionally, one or nore st@tic m xers positioned before the
separator-bl endi ng vessel, but downstream of the m xing point, may al so be
utilized to enhance m xing between the reactor train effluents.

Opti onal | Wovatstieasi Bhishigacitage t fori furhédl uaohemery stbippitigatdegingefapdéort he
pressure | etdown (not shown in FIG 2) in order to maintain the
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to be separated prior to recycle to the individual reactor trains in the
paral | el beeyclisrg loop section of the process.

[00167] FIG. 3 depicts an alternative exemplary embodiment of the fluid
phase in-line pellet-stable polyolefin blending process disclosed herein in which
each reactor train has a dedicated separator vessel with the exception of one
reactor effluent train where all polymer-rich phases from the other reactors are
combined in a high-pressure separator that also serves as a blending vessel (also
referred to as multiple separation vessel operation). In this embodiment, for all
but one of the reactor trains (all but train n in FIG. 3), the single-stream high-
pressure separator serves as a separator to separate a polymer-enriched phase from
a monomer-rich phase in the reactor effluent stream. In order to keep the content
of low molecular weight components higher and thus to keep the viscosity of the
polymer-enriched phase lower, the single-stream high-pressure separators
dedicated to the individual reactor trains often operate at a somewhat higher
pressure than the one downstream high-pressure separator that serves both as a

separator and as a blender (separator-blender). Therefore, there is an optional



reactors. In summary, this enbodi nent may be sinpler and thus |ower cost in
the separator section, but may be nore costly in the nononer separation
and recywbizng/dsewmp section of the process. [001671 Fl GPC3/U$e@soimsan
alternative exenplary enbodi ment of tfe fluid phase in-line pellet-stable
pol yol ef i n bl endi ng process disclosed herein in which each reactor train
has a dedi cated separator vessel with the exception of one reactor

ef fl uent tpredsarevieed@vilbetwetry Rise separafvraand the sepdrhwrdlaeder! durtthe Dner e
conbined in a high-pressure separator that al so serves as a bl endi ng vessel
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may be utilrzed to enhance” m xing between the polfynmer-rich phases of the

reactor tnipedandnf théSepara@rs)intludiny thefdepuitionoblehing weéloat theaddsired

associated with the separator-bl ender. Optionally,
value, i.e., above the solid-fluid phase transition temperatures of the polymer-rich
phases but below the cloud point of the streams entering the separators, including
the separator-blender, to allow the formation of polymer-enriched or polymer-rich
denser fluid phases and monomer-rich lighter fluid phases. The process of this
embodiment may be advantageous in the production of polymer blends that
include different homopolymers or homopolymer(s) and copolymer(s) as blend
components. In this embodiment, the homopolymerization train(s) has/have its
(their) own separator(s) and the copolymerization train (or one of the
copolymerization trains in case of more than one copolymer trains used) serves as
a blender. The monomer(s) recovered in the separator(s) dedicated to individual
reactor train(s) may be recycled to the corresponding reactor train(s) without the
complex sej)aration from other monomers as was associated with single
separation-blending vessel operation previously described. Hence, one advantage
of this embodiment is that monomer recycle is simplified and thus affords lower
cost in the monomer recycle loop. . While multiple separation vessel operation

increases cost in the separator section, it adds flexibility in the monomer recycle



sone or all reactor train effluents may be heated before the first pressure
| etdown (not shown in FIG 3) in order to maintain the tenperature in the
downst r eawo 2béss46and in t he separators, including the separsatnsomsst endi ng
vessel, at the desired value, i.e., Bbove the solid-fluid phase transition
tenperatures of the polyner-rich phases but bel ow the cloud point of the
streans entering the separators, including the separator-blender, to allow
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reactor bank is provided with its own buffer tank to enable the fine-tuning of the
mixing ratio of the blend components. Pressure let down valves may be
positioned on the inlet and outlet side of each buffer tank to control the in-line
polymer blend component flow. Optionally, the reactor effluents may be heated
to maintain the desired temperature in the downstream separator-blender as
described above. Catalyst killing agent may be optionally introduced prior to or
into each buffer tank to minimize further polymerization outside the
polymerization reactors. Optionally, one or more static mixers positioned after
the mixing point but before the separation vessel for blending may be utilized to
enhance mixing between the reactor effluents being fed from the buffer tanks. In
comparison to the single separation vessel operation of FIG. 2, this alternative
exemplary embodiment allows for more precise control of the blend ratio and
quality but without the benefit of dedicated monomer recovery provided by the
configuration depicted in FIG. 3. As previously discussed, this embodiment may
improve the control of product blend ratio and hence product quaility, but its

buffer capacity may be limited.



which is provided a dedicated buffer tank in which no phase separation
occurs for each reactor train and in which the reactor train effluents are
conbi ned WO 200%iseHBe separ at or - bl endi ng vessel (al so retCenuseastosas single
separation vessel operation wth buffer tanks). Each of the n parallel
pol yneri zation reactor trains in the reactor bank is provided with its own
buffer tank to enable the fine-tuning of the mxing ratio of the blend
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t he polyner-rich phase fromthe supernatant
more precise control of the polymer blend ratio. For reactor train n, the
high-pressure separator (separator-blender) functions to separate the polymer-rich
phase from the monomer-rich phase for the reactor effluent from reactor n and
also to blend the polymer-rich phases from all reactors reactors (1, 2, through n in
FIG. 5). From a blend control point of view, there is no buffering for the in-line
component n, and thus all other blend component flows to the separator-blending
vessel, and ultimately their production rates, are controlled by the production rate
in reactor train n in order to maintain the desired blend ratios. Catalyst killing
agent may be optionally introduced prior to or into each separator vessel to
minimize further polymerization within the separator. Optionally, one or more
static mixers positioned before the separation vessel for blending may be utilized
to enhance mixing between polymer-rich phases of the reactors and the reactor
effluent of the reactor associated with the blending separator. For heat and

pressure management, the same considerations, configurations, and controls may

be applied as described for the previous embodiments. As in all process



nmononer -ri ch phase and storage of polyner-rich phase prior to conveyance to
a downstream bl endi ng separator. These singl e-stream separators dedi cated

to indi wourad/sesmst or trains afford buffering by all owpog/usb@sloesset of the
denser polyner-rich phase to nove bet3ween an upper and a lower limt. This
buffer capacity allows for the correction in the potential fluctuations in
the production rates of the individual in-line blend conponents and thus

provi des acgidmgaticis, aptiohakempdifiérs andaidditilesahay ibe ingbdtesd bitlerdpriat 6.

For reactor train n, the high-pressure separator (separator-blender)
functi ons into epeparator-hkending viessek ordownstegam pf thm t he nononer-rich phase
for the reactor effluent fromreactor n and also to blend the polyner-rich

phases fromall reactors reactors (1, 2, through nin FIG_5). Froma
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cost and tends to be prone to fouling and other operational issues. Other aspects
of the in-line blending process disclosed herein, such as catalyst killing, additive

blending, heat and pressure management, as described in the previously described

embodiments, apply hereto as well.

[00172] FIG. 7 presents still yet another exemplary embodiment of the fluid
phase in-line pellet-stable polyolefin blending process disclosed herein in which
one or more optional polymer and/or more polymer additive storage tanks may be
added to the process for the storage and metering of other fluid polymers and
polymer additives to the blending vessel. Optional pump(s) may be used to
convey the polymer(s) or polymer additive(s) to the separator vessel for blending.
Note that FIG. 7 presents the particular embodiment wherein the one or more
optional polymer and/or more polymer additive storage tanks are added to the
single separation-blending vessel operation with buffer tanks configuration of
FIG. 4. However, the one or more optional polymer and/or one or more polymer

additive storage tanks may be added to the processes depicted in FIG. 2, FIG. 3,



di ssolved state before in-line blending, the reactor effluent is brought
into a heated stirred vessel. In order to keep the entire reactor effluent
i n a denswofbamd24sbase, the pressure of the reactor efPlcuarstoos®13issarr eased
by a slurry punp. Slurry polynerizati4on typically operates at | ower
tenperatures than supercritical and solution polynerizations and thus may
afford products with higher nolecular weight and nelting peak
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addi tive hyepgbditht PGFSmIdteP F&f/tENSITRNAIP PRBEess economics, which can be
readily determined by standard engineering techniques. However, the in-line
blending processes disclosed herein are advantageous relative to the prior art by
the virtue of reduced blending cost due to savings in investment and operation
costs, and enabling well-controlled and cost-effective molecular-level blending to

yield enhanced polymer blend performance.

[00174]  The processes disclosed herein provide an effective recycle pathway
for homogeneous supercritical olefin polymerization, an example of which is bulk
homogeneous supercritical propylene polymerization (SCPP). As will be
discussed in more detail below, the efficient separation of monomer and polymer
is achieved by advantageously utilizing the cloud point pressure and temperature
relationships for the relevant (polymer/olefinic monomer) or (copolymer/olefinic
monomer blend); e.g. (polypropylene/propylene monomer), (ethylene-propylene

copolymer/ethylene-propylene monomer blend), etc. mixtures.



as described in the previously described enbodi nents, apply hereto as well.
1001731 As wll be appreciated by one skilled in the art of chem cal
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- reactor trains (G1) are combined with the effluents of the said second group of

reactor trains (G2), the combined effluent stream essentially contains only
monomers that are present in the feed of the said second group of reactor trains
(G2). Stating it yet another way, the effluents (or reduced effluent streams
derived from the effluents) of the said first group of reactor trains (G /) essentially
do not introduce new monomer components into the recycled effluents of said
second group of reactor trains (G2) when the effluent streams of G/ and G2 are

combined. In a mathematical form, these conditions can be described as follows:
N(G1 + G2)=N(G2) and N(G1) < N(G2)

Where N(G! + G2) is the number of monomers in the combined monomer pool of
the first and second group of reactor trains of the in-line fluid phaseé polymer
blending process; N(G1) and N(G2) are the number of monomers in the monomer
pool of the first (GI) and second (G2) group of reactor trains of the in-line fluid
phase polymer blending process, respectively. The monomer pools present in the

individual reactor trains of G can be the same or different. However, the



first group of one or nore reactor trains of the said in-line blending
processes (d) is also present in the feed of a second group of one or
nore traiwe 20069/a8be3said in-l1ine blending processes (&pcsawskdaidshen the
nononer pool of the said first groupreof trains (A) is conbined with the
nononer pool of the second group of trains (&), the said conbi ned nononer
pool and the nononer pool of the second group of trains (&) are the sane.
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bl endi ng process (G) can be one, two, three,
blending processes disclosed ‘herein, the 51mp11ﬁed monomer recycle methods
disclosed in U.S. Patent Application No. 60/905,247 are applicable to the present
disclosure. In all embodiments of the simplified recycle processes, the monomer
recycle streams recovered from the product streams of G/ before mixing them
with any of the effluents of G2 are recycled to G/ while the monomer recycle
streams recovered from the mixed polymer-containing streams of G/ and G2 are
recycled to G2. Since the mixed streams that contain monomers originated both
from G and G2 are recycled to G2, the simplified monomer recycle methods also
ensure that the monomer component recycle rates in the recycle stream originated
from the combined G/ and G2 product-containing streams and sent to G2 are not

higher than the desired monomer component flow rates in the composite feed of

G2.

[00176]  The simplified recycle methods described above and in U.S. Patent
Application No. 60/905,247 are particularly advantageous to the in-line blending

processes for producing pellet-stable polyolefin blends disclosed herein because



four, five, or nore. Simlarly, the nunber of reactor trains belonging to
the second group of reactor trains of the in-line fluid phase pol yner

bl endi ng wpromassss (&) can al so be one, two, three, fegorjuskeos@13ssr nore.
It should be wunderstood that as all 77eactor trains of the in-line fluid
phase pol ynmer bl ending processes disclosed herein, the one or nore reactor
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LCPCs will generally result in a relatively lower level of stereospecificity to result

in low cystallinity. In contrast, the catalyst system for polymerizing the one or
more HCPCs will generally result in a high level of stereospecificity to result in

high cystallinity.

[00178]  An exemplary family of suitable catalysts for producing both the
LCPC and HCPC blend components is known in the art as bridged bisindenyl
metallocenes. As described by many papers (see for example, W. Spaleck et al.,
Organometallics, 13 (1994) 954, W. Spaleck et al., “New Isotactic Polypropylenes
via Metallocene Catalysts” in Ziegler Catalysts, Fink/Mulhaupt/Brintzinger, Eds.,
Springer, Berlin, 1995, and L. Resconi et al., J. Am Chem. Soc. 120 (1998) 2308).
This family of metallocene catalysts can provide both high and low stereo
regularity for propylene incorporation depending on the substitution on the
bisindenyl scaffold. For example, the unsubstituted parent (such as for example,
the Hf version, dimethyl (u—dimethylsilyl)bis(indenyl)hafnium activated by MAO

or borate non-coordinating anion activatiors) may provide for low



conbined with the unreacted propyl ene and et hyl ene nononmers fromthe second
parallel reactor train and recycled back to the second parallel reactor
train usiwg209ms2&8npl i fi ed nononmer recycle met hods di secwamsdoos@usssn.
CATALYST SYSTEM OVERVI EW [ 00177] The 18n-1ine process for polymerizing and
bl endi ng LCPC and HCPC bl end conponents disclosed herein may utilize any
nunber of catal yst systens (also referred to as catalysts) in any of the
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hi gh- cr y%%t%ll}llsit r]slytst%rrllspﬁl é_(l)crgg rgellc (r)]rd tr%&@pr%% r]cto%iprise aluminoxane (for example,
MAO) activator, while comprising non-coordinating anion activators in some
other trains. In another embodiments, the catalyst systems in some reactor trains
may comprise Ziegler-Natta catalysts, while the catalyst systems in other reactor
trains of the invention process may comprise metallocenes or nonmetallocene
metal-centered, heteroaryl ligand catalyst compounds (where the metal is chosen
from the Group 4, 5, 6, the lanthanide series, or the actinide series of the Periodic
Table of the Elements) activated by aluminoxane or non-coordinating anion
activators or any combinations thereof. While the number of different catalyst
systems déployed in the invention processes can be any number, the use of no
more than five different catalysts and more particularly, no more than three
different catalysts in any given reactor is advantageous for economic reasons.
The deployment of no more than ten catalysts or the deployment of no more than
six catalysts in the reactor bank of the polymerization process is advantageous for
economic reasons. The one or more catalysts deployed in the reactors may be

homogeneously dissolved in the fluid reaction medium or may form a

heterogeneous solid phase in the reactor. In one particular embodiment, the



[ 001791 The in-line process for blending polyners disclosed herein may al so
utilize the sane or different catal ysts or catalyst mxtures in the

di ff er entwoizn@dvoseaal reactors of the reactor bank of tireTISC®8013857

i nvention. It should be wunderstood that by using different catalyst
systens we nean that any part of the catalyst systemcan vary and any
conbination is allowed. For exanple, the invention process may use
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combi nat i fisbsed herein may be supported on particles, which either can be dispersed in
the fluid polymerization medium or may be contained in a stationary catalyst bed.
When the supported catalyst particles are dispersed in the fluid reaction medium,
they may be left in the polyméric product or may 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 section. If the catalyst particles are
recovered, they may be either discarded or may be recycled with or without

regeneration.

[00181]  The catalyst may also be supported on structured supports, such as for
example, monoliths comprising straight or tortuous channels, reactor walls, and
internal tubing. When the catalysts are supported, operation may take place on
dispersed particles. When the catalyst is supported on dispersed particles,
operations may take place without catalyst recovery i.e., the catalyst is left in the
polymeric product. In another embodiment, unsupported catalysts may be

dissolved in the fluid reaction medium.



honogeneous and het er ogeneous catal yst systens sinmultaneously present in
one or nore of the individual reactors of the polynerization reactor
section, woeng/mee3 reactor of the polynerization secti eaTafS2a08@135ESEnt

i nvention may contain one or nore hawogeneous catal yst systens and one or
nore het erogeneous catal yst systens sinultaneously. The process discl osed
herein may al so use any conbination of honbgeneous and het er ogeneous
catal yst 990182 dequtalyersysterhd enaypled jmryducad imo theaeacor bg ahly arumbdrasfe
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wi t hout cat al recovery i.e., the catalyst is left in the polyneric
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Catal yst s stem; nay be |ntruced |nto the reactor by any nunber of

met hods. 22t zas Kol be introduced with the nononer-
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through o multiple po erea ports are%sed
for introdijedipged H&eln may utilize any number of catalyst systems (also referred to as

catalysts) in any of the reactors of the polymerization reactor section of the
process. The in-line process for blending polymers disclosed herein may also
utilize the same or different catalysts or catalyst mixtures in the different
individual reactors of the reactor bank of the present disclosure. It should be
understood that by using different catalyst systems we mean that any part of the
catalyst system can vary and any combination is allowed. For example, the
invention process may use unsupported catalyst systems in some trains while
using supported catalyst systems in other trains. In other embodiments, the
catalyst systems in some reactor trains may comprise aluminoxane (for example,
MAO) activator, while comprising non-coordinating anion activators in some
other trains. In another embodiments, the catalyst systems in some reactor trains
may comprise Ziegler-Natta catalysts, while the catalyst systems in other reactor
trains of the invention process may comprise metallocenes or nonmetallocene
catalysts used for the production of Versify™ family of polymers activated by

aluminoxane or non-coordinating anion activators or any combinations thereof.



catal yst, those ports may be placed at essentially the sanme or at different
positions along the length of the reactor. If nmultiple ports are used for
i nt roduciwg 206v@8245at al yst, the conposition and the amourCcTafSzasaisyst feed
t hrough the individual ports nay be dgthe sane or different. Adjustnment in

the amounts and types of catalyst through the different ports enables the
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or more of the individual reactors of the polymerization reactor section, 1.e., any
reactor of the polymerization section of the present invention may contain one or
more homogeneous catalyst systems and one or more heterogeneous catalyst
systems simultaneously. The process disclosed herein may also use any
_combination of homogeneous and heterogeneous catalyst systems deployed in the
polymerization reactor section. 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. The one or more catalysts deployed in the process
disclosed herein may be supported on particles, which either can be dispersed in
the fluid polymerization medium or may be contained in a stationary catalyst bed.
When the supported catalyst particles are dispersed in the fluid reaction medium,
they may be left in the polymeric product or may 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 section. If the catalyst particles are

recovered, they may be either discarded or may be recycled with or without

regeneration.



advant ageous for econom c reasons. The depl oynent of no nore than ten

catal ysts or the deploynent of no nore than six catalysts in the reactor
bank of twe 20aisy4wBri zati on process i s advant ageous for PETAISRONSM1388ASONS.
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catalyst, the composition and the amount of catalyst feed through the individual
ports may be the same or different. Adjustment in the amounts and types of
catalyst through the different ports enables the modulation of polymer properties,
such as for example, molecular weight distribution, composition, composition

distribution, and crystallinity.

Catalyst Compounds and Mixtures:

[00187]  The processes described herein may use any polymerization catalyst
capable of polymerizing the monomers disclosed herein if that catalyst is
sufficiently active under the polymerization conditions disclosed herein. Thus,
Group-3-10 transition metals may form suitable polymerization catalysts. A
suitable olefin polymerization catalyst will be able to coordinate to, or otherwise
associate with, an alkenyl unsaturation. Illustrative, but not limiting, olefin
polymerization catalysts include Ziegler-Natta catalyst compounds, metallocene
catalyst compounds, late transition metal catalyst compounds, and other non-

metallocene catalyst compounds.



i nternal tubing. Wien the catal ysts are supported, operation nmay take pl ace
on dispersed particles. Wen the catal yst is supported on di spersed
particl eswo 20pasaisBons nmay take place without catal yst PeTasesog/01isse., the
catalyst is left in the polymeric prsaduct. |In another enbodi nent,
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[ 00186] Catal yst systens may be introduced into the reactor by any nunber

of et hode0188)r eDdsyhetion bkowldtabis betvaerbactivy tadlizes] aMd Fefefied ron@ner -
containing feed or separately. A so, the catalyst(s) may be introduced

t hr ough orfetalyst systemsherepmrang eatalylst presaicsasrcompoundst | Qhtalyssrsystearseanesed

for introducing the  catal yst, those ports be placed at essentially the
sane or ataCHV?f‘@ttagﬁftsp‘EfgpPﬁﬂﬁg ong SHd'RPWeCP@ PIGPULSAE CPERAUAMS, ppe or

I 'tipl LOgT ' e I h sj t.lqn and
the. amuntiore Gt Sa0eds. nld SBENRRIE dior il tPhort o CHPSBE M e
or differ gbfteAlkphdssBNbaidd sl ehePOBIERhErafiBA olf YRS Satalyst ﬁ?éc%'ré/o?tcdn’&!i&ﬁﬂfg the
different ports enabl es the nodul ati on of polynmer properties, such as for

exanpl e, muitlesut! imnplyiigy bhatdthst adtivet catalyst dsghe iprecursoc copgpeiunidoslone. It
di stribution, and crystalljni t%/. Cat al yst Conmpounds and M xt ures: LO_0187]
The procesbeuldydsc ungdetstend dhat #hy catalysh\PresvssaE isz inactivec axithops: beisgpabl e

SE . Al | | :
out 1 encPflalid 08 WRAE Alad 3 HE RroB monbha Ruhe s Finlainebei n
Thus, G Qubivit18ctdvAGS|i$ |iRRCHRRE fwﬁhaﬁy c&?i'b'iﬂiﬁg' itablit @ﬂ’?"yﬁ' g@]bhﬂf‘ of

catalysts. A~ suitable olefin polynerization cdtalyst eto

coor di nat préaurs@r cahpeund.sds wilbbecane cldak roranhe fskowingldektiriptiah] Some
Il lustrative, but not limting, olefin polynerization catalysts iInclude

Zi egl er - Nactivators ateywary ebfipisohasd cambelused stichiomedrigally, cwhibo sonte otherse

RGN N I N S S T

e Dot AP SRR e D 8 AR A oL 2 A Pl
compounds. Since some of these activators, for example methylaluminoxane
(MAO), increase catalytic activity as expressed based on the concentration of the
catalyst precursor compounds, they are sometimes referred to as “cocatalysts” in
the technical literature of polymerization.
[00189]  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 4, 5, 6, the lanthanide series, or the actinide series of the Periodic Table

of the Elements).

[00190] Just as in the case of metallocene catalysts, these nonmetallocene
metal-centered, heteroaryl ligand catalyst compounds are typically made fresh by
mixing a catalyst precursor compound with one or more activators.

Nonmetallocene metal-centered, heteroaryl ligand catalyst compounds are



active catal ysts conprising one or nore catal yst precursor conpounds, one
or nore catalyst activators, and optionally, one or nore supports.

Cat al yti cwecbemistas3 i s often expressed based on the coneemtusaioisomnss? t he
catal yst precursor conpounds wi thouts4i nplying that the active catalyst is
t he precursor compound alone. It should be understood that the catal yst
precursor is inactive without being contacted or being treated with a
proper anmgesdrittfd ad i Wrttgit . i nPCAY | Patenbe Puldicatipas ados.vaw® 0238628;ti ve
Wi thout conmbining it with a proper anount of recursor conpound. As will
becone. I GHO G3/BA009% (Hages A tach I0eBEP 103 I4S20 1pages Bb 1o 630,000 31940233

'n excoos (4R 7 S WWOLOPRAGATETbaes>| o MY, o APReedeh; gnfl 0.8
activity BaditsRatoRRHh Nb. 197 £2546/Uach!dfWnih it Berdifim pbraté#byr SOr
npounds. "SI NCe"s

one of these activdior’s, Tor exanple nethylalum noxane
(MAO), ingeRasRecatal ytic activity as expressed based on the concentration
of the catalyst precursor conmpounds, they are sonetinmes referred to as
"cocatalysts” in the technical literature of polynerization. [00189] As
di scl osed [0@t9H]n, ParglutariNaseful anttallpsine catelyshané noafmetadtlbcene astalystr st ,
second, third, fourth, and fifth generation catal %/sts i n the PROPYLENE
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t he met al n from the ant hani de series, or the
actinide series of the Periodic Table of the Elements). [00190] Just as in

the case ¢qhorgal | Q‘%@nPrd‘@%%sﬁﬁﬁnlosteh@rdﬂ@% anhple9N thixtees| off Ratatysd,
heteroaryl |igand catalyst conpounds are typically nade fresh by mXxing a

cat al yst pospousds tootaflonrtbie propemties that are desiced feororthe polynmst aMizedne
net al -centered, heteroaryl |jgand cata %Fst co unds are WD 2009/ Q82463
PCT/ US2008A@1385YSe8) PREPRFSHEQM Mgett Ong YPRIERVISPL 50 gA £aos .

WO 02/ 386%§’employed in the in-line blending processes to alter or select desired physical or
molecular properties. For example, mixed catalyst systems can control the
molecular weight distribution of isotactic polypropylene when used with the
invention processes or for the invention polymers. In one embodiment of the
processes disclosed herein, the polymerization reaction(s) may be conducted with
two or more catalyst precursor compounds at the same time or in series. In
particular, two different catalyst precursor 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.

[00193] As disclosed herein, two or more of the above catalyst precursor

compounds can be used together.

Activators and Activation Methods for Catalyst Compounds:

[00194] The catalyst precursor compounds described herein are combined

with activators for use as active catalysts herein.



WO 03/ 040095 (pages 21 to 51), WO 03/040201 (pages 31 to 65), WD 03/040233
(pages 23 to 52), WD 03/040442 (pages 21 to 54), WD 2006/ 38628, and U. S.
Pat ent Apwbizo@basess3Seri al No. 11/714,546, each of whi chprrs/usesosionss?

i ncorporated by reference. [00191] PRarticularly useful netall ocene

catal yst and non-netal |l ocene catal yst conpounds are those disclosed in
paragraphs [0081] to [0111] of U S. Serial No. 10/667585 and paragraphs
[0173] to[bopesy] ofAda&ivater isadefiliod dslady ¢Ofvbinatien of acapgntnthat dicredsesh are
herein incorporated by reference. [00192] The processes disclosed herein
can enpl oyhenirateuatewhith 8 amatay somploxpolymsrizes pasatyrated snpnespers; isueh tasat
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processes ~dfScl erein, € polynerization reaction(s) nmay be conducted
with two[00196) e daioakyfetmpore ot sworecaiuminorimeatare ntlizedras anraetivatdrnin
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catal yst ph@lade Shicthylhipinodans AMAO) seddifgr thethylAaiiinakgies (MMAO),
Activation Methods for Catalyst Conpounds: [00194] The catal yst precursor
conpounds etlgdshinbiadxées a@nd mobutydatbmiroxank. t A Kylaluatinexarfesr and enedifigdt i ve
catal ysts r]g)gle' n.. WO 2009/ 082463 . PCT/ U826308/ 013857 85@&.00 9?}] acti vator
i s def i ne@lldalRingyangsn ¢ oHIBPLG Aty CAtRYSthaFUY3{EF aR@dicularly when the

abstractable ligand is a halide. Mixtures of different aluminoxanes and modified

aluminoxanes may also be used. For further descriptions, see U.S. Patent Nos.
4,665,208, 4,952,540, 5,041,584, 5,091,352, 5,206,199, 5,204,419, 4,874,734,
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 European and PCT Patent Publication Nos. EP 0 561 476 Al,
EP 0279 586 B1, EP 0516476 A, EP 0594 218 A1 and WO 94/10180, all of

which are herein incorporated by reference in their entirety.

[00197] When the activator is an aluminoxane (modified or unmodified), some
embodiments select the maximum amount of activator at a 5000-fold molar
excess Al/M over the catalyst compound (per metal catalytic site). The minimum

activator-to-catalyst-compound is typically a 1:1 molar ratio.

B. Ionizing Activators:

[00198] It is contemplated to use an ionizing or stoichiometric activator,
neutral or ionic, such as tri(n-butyl)ammonium tetrakis (pentafluorophenyl)boron,
a trisperfluorophenyl borone metalloid precursor or a trisperfluoronaphtyl borone

metalloid precursor, polyhalogenated heteroborane anions (PCT patent



the rate at which a netal conplex polynerizes unsaturated nononers, such as
olefins. An activator nmay al so affect the nol ecul ar wei ght, degree of

br anchi ngyo 2eevBp@aer content, or other properties of treTskeoswI3ssA.

Al um noxane and Al umi num Al kyl Activadeors: [00196] In one form one or nore
al um noxanes are utilized as an activator in the in-line blending
processes di sclosed herein. Alkyl alum noxanes, sonetinmes called

al um nox ag_aslicétidrml@r WO98/4398%), abbiic 0adido(BIS.C PaHROWYIS ST 439)i Y
--Al(R)--0- subunits, where Ris an alkyl group. Exanples of al um noxanes
i ncl ude meomplirdtion thexenfeas( amaytivatorhétesnl dsdgbatemplatedafios ustAhiergdn, are

et hyl al um noxane and i sobutyl al um noxane., Al kyl al, oxanes and mcﬁhf I, ed

m
al kyl al unPRBEaL@S100G agtiyatgr @logs or dp sopalinglaen Wity alumiggxane or Mmq en
the abstr I lgand is a halide. Mxtures of different al um noxanes
and mdif?@gﬁﬁgﬁgﬂ‘l{ﬁ%&aﬂgg&my al so be used. For further descriptions, see
U S. Patent Nos. 4,665,208, 4,952,540, 5,041,584, 5,091, 352, 5,206, 199,
5,204, 419 4,7 , ; - i
5. 245, 01 B, oBfemplesef fgpital Sidfiflofictic hoHymars inclnde drttueed,
Publ i cat i ®8rd¥Qsluaihuin 5841146 add .indilnkh Or 20X 86 tHetéof EFhE thide substifuentP O

594 218 Al and WO 94/10180, all of which are herein incorporated by
r ef er ence groupstase cae indepepdenthy selestedifeomtalkylscalkenylss halogan, substitutedane

(rmodi fied gr unnodifi ., ;SO enbodi ts.sel ect the maxi num anpunt of
bettvat or afky1s BSpboenaRuidRSy AkoxAndCaAlides w Db e s SROBTROEONY ( per
nmetal cat | ' Ml | . OF - ¢at a - d,

ypi cal 1y okl o aldgth, hB) Gt e e (At FRE RS UERTRRAY Cars,

cont enpl apR&/14, Cariéb BlkRAyl @OIFIOMAdS "andlt AiiLilir &I TERTEST, G}Q&'t'ié’@lhﬂz, adviRitddedlus Or
lonic, suchas tri(n-butyl)amoniumtetrakis (pentafluorophenyl)boron, a
trisperf| aor alkeay) Igrovpsohevingt &l too2@ qarleaniasams,oalky! tgrowpse having drt@pROy|

borone netalloid precursor, polyhal ogenated heteroborane ani ons (PCT
pat ent WOoaon) seniscalkery Elaubb bR ISEE 2@ cahom 3temsi 24 Wl SreyRscHaNIng3) |

boric aci g t%Lb(TQ' Car%%%eﬁbmlgo(inaugﬁn% él?Dgs)[ltlﬂer aryls). Alternately, the three groups

are alkyls having 1 to 4 carbon groups, phenyl, napthyl or mixtures thereof.
Alternately, the three groups are halogenated, advantageously fluorinated, aryl
groups. Alternately, the neutral stoichiometric activator is trisperflugrophenyl

boron or trisperfluoronapthyl boron.

[00200] Ionic stoichiometric activator compounds may 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 European patent publication Nos.
EP-A-0 570 982, EP-A-0 520 732,  EP-A-0495375, EP-B1-0 500 944,
EP-A-0 277 003 and EP-A-0 277 004, and U.S. Patent 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 No. 08/285,380, filed Aug. 3, 1994, all of which are herein fully

incorporated by reference.



conbi nati on thereof as an activator herein. A so contenplated for use
herein are neutral or ionic activators alone or in conbination with

al um noxawe 2009/03e@Bfi ed al um noxane activators. [00199pCEABRWSES3SOT
neutral stoichionetric activators inc7ude tri-substituted boron, alum num
galliumand indiumor mxtures thereof. The three substituent groups are
each independently selected from al kyls, al kenyls, hal ogen, substituted

al kyl s, anyNeon-dénilzii! Ade@gatosd:koxy and halides. The three groups are

i ndependentTy selected from hal ogen, nono or nulticyclic (including

hal osubst i[002@4]) ardtivatoralaky bypicallyistadne lei&@nidsunﬁi@handy playt eitleer the
thereof, particgularly advantageous are al kenyl groups having, 1 to 20
carbon at SR, 0§|1R9/uzng% SEROTHENAGS 126 20T AFtHAOR W}O%lkcﬁﬁﬁcﬁ?ﬁﬁﬁé

(et uai ndSuEihe R RRRERAT aB et s Ps ARpvols s “hre el kyi <

having 1 to 4 carbon groups, phenyl, napthyl or m xtures thereof.

Al ter nat e'&dezd e 1 IiRfra iBHFtﬁf Rirfal HeRBAD aiLA ds GHNFHAIERALTEY Wikty ldwiidt ed,
aryl groups. ternately, the neutral storchionettic activator 1Is
trisperf | aoidsphendisplabamoaffimityt for sigefdrinad nenaral hyindsor Ditese[[#218 Acidsoare c
stoichionetric activator conpounds may contain an active proton, or sone
ot her cat itypicaldy unsaturstedvor weakly coendinated.d Exampdes of non-iomizing adtvyatory

coordi nated .tog, tRe,nenaining ion of the ni.zi ng, co wnd. C conpounds
ond the | elde R BERAGTRARIRIOR 8 giotp. | Sraiciet BBAr Ron Sashydieesh B 870

982, EP-A 2 = A P- - A 1 and
b A0 27 P gBF i RS tpthdyurilanyk oros Rleial i, iyl 3 n

5, 206, 197 ardne2 i ) Perflordfite® Wereld WoRGdnikAde aRtvhioss alss endludappbildgt i on
No. 08/285,380, filed Aug. 3, 1994, all of which are herein fully

i ncor por akedrdigated fteansiton méal 200cdddd 8GciPaT 1dvealkdt 0kIBbTomplexet.
Non-1oni zing Activators: [00201] Activators are typically strong

Lewi s-acids which may play either the role_ of jonizing or non-ionizing
act i vat or [00203]vat M@-Em nguexamples cof peep-ignizing activators include BMe;,

BEt3, B(iBU)3, BPh3, B(C6F5)3, AIMC3, AlEt3, Al(lBll)3, AlPh3, B(C6F5)3,

aluminoxane, CuCl, Ni(1,5-cyclooctadiene),.

[00204] Additional neutral Lewis-acids are known in the art and will be
suitable for abstracting formal neutral ligands. See in particular the review article
by E.Y.-X. Chen and T.J. Marks, “Cocatalysts for Metal-Catalyzed Olefin
Polymerization: Activators, Activation Processes, and Structure-Activity

Relationships”, Chem. Rev., 100, 1391-1434 (2000).

[00205] Suitable non-ionizing activators include R'YR"),;, where R is a
group 13 element and R'! is a hydrogen, a hydrocarbyl, a substituted hydrocarbyl,

or a functional group. Typically, R is an arene or a perfluorinated arene.

[00206] Other non-ionizing activators include B(R'%);, where R'? is an arene
or a perfluorinated arene. Alternately, non-ionizing activators include B(Cg¢Hs);
and B(C4F5);. Another non-ionizing activator is B(C¢Fs);. Alternately, activators

include ionizing and non-ionizing activators based on perfluoroaryl borane and



lonizing activators may al so be used as non-ionizing activators. [00202]
Abstraction of formal neutral |igands nay be achieved with Lew s acids
t hat di spiveyo@msadeBi nity for the formal neutral |igandsPCThiss@sloessss aci ds
are typically unsaturated or weakly ssoordi nated. Exanpl es of non-ioni zing
activators include RIO(R')3, where R10 is a group 13 elenent and R11 is a
hydr ogen, a hydrocarbyl, a substituted hydrocarbyl, or a functional group.

Typi cal 'y, eﬁléoﬂoﬁr}ﬁlnboﬁté%n@uél{ & PANMeH BICRH, T (GH NO- B@GkFé)PQ and

activat ors al so include weakly coordinated transition netal conmpounds such
as | ow valB{Fe¢kefin conpl exes. [00203] Non-limiting exanpl es of

non-ioni zing activators include Bwe3, BEt3, B(iBu)a3, BPh3 B( C6F5) 3,
AlMe3, AIEt3, Al (iBu)3, ALPh3, B(C6F5)3, alum noxane

Ni (1, 5- cyd08Hadi tzonqlmm}orﬁ\dhat maiyabe weed mith Ewgtaéxst EOMPAMESown

See in padisaied Hertn dofitEathend SGbRT i MECTE Hent Buph Bytio 9?%85
(Jocat al Yayp b ool A1 RhRIVRflc gggagéggl v%y&%éﬁé& LA

Activation ocesses, el at1 onshi ps em Rev
100, 1391-1434 (2000) [ 00205] Sui tabl e non-ioni zing activators include

RIO(R11) 3, ?me RWUdilordal WheHPacki/afdr8 TP us@ il thd brocesSesWREREEA hefein
hydr ocar b a ‘substituted hydrocarbyl, or a functional group. Typically,

R11 i s anim¢lade cays thet fHawer beer etdeamﬂenmth[ﬁ)ﬂﬂ%(]sudl has Hy804)oandi thgn
actlvators i nclude B(R12)3, where R12 is an arene _or a perfluorlnated

arene. Al combined yithhagtal @bkl rgnehces Vsﬁtbylglummum)ease@@mﬁ dAd Hatem i) 3.

Anot her act.i yat F activato

i ncl ude i g\ﬂ? Fo’gléaa#% AoH- ﬁgn%rﬂeﬁ’é g&?ﬁ/i‘%@?gf\ e %6%’ p%?f’l%%%%f?@ B3r ane
and WO 203?%2%%3%@ / US2008/ 013857 88 perfluoroaryl borates such as
PhNMe2 H+ C6H5) 3C+ B(C6F5)4 , and B(C6F5)3 [002071 Additi onal
activators that nay be used with the catal yst conpounds disclosed herein

i ncl ude t ljggzoglesciAdiRdtdrd 41§d may H¥ sipdrisCand dichde ionleXehalbd43pdtd

which is incorporated by reference herein in its entirety.
silicate having an acid site of at most -8.2 pKa, the amount of the acid site is
equivalent to at least 0.05 mmol/g of 2,6-dimethylpyridine consumed for
neutralization. Non-limiting examples include chemically treated smectite group
silicates, acid-treated smectite group silicates. Additional examples of the ion-
exchange layered silicate include layered silicates having a 1:1 type structure or a

2:1 type structure as described in “Clay Minerals (Nendo Kobutsu Gaku)” written
by Haruo Shiramizu (published by Asakura Shoten in 1995).

[00210] Examples of an ion-exchange layered silicate comprising the 1:1 layer
as the main constituting layer include kaolin group silicates such as dickite,
nacrite, kaolinite, metahalloysite, halloysite or the like, and serpentine group
silicates such as chrysotile, lizaldite, antigorite or the like. Additional non-
limiting examples of the ion-exchange layered silicate include ion-exchange
layered silicates comprising the 2:2 layer as the main constituting layer include
smectite group silicates such as montmorillonite, beidellite, nontronite, saponite,
hectorite, stephensite or the like, vermiculite group silicates such as vermiculite or
the like, mica group silicates such as mica, illite, sericite, glauconite or the like,

and attapulgite, sepiolite, palygorskite, bentonite, pyrophyllite, talc, chlorites and



[ 002081 Additional useful activators for use in the processes disclosed
herein include clays that have been treated with acids (such as H2SO4) and
t hen comvonrea/osedsd netal al kyls (such as triethyl al um romusassdemsT i bed in
US Patent No. 6,531,552 and EP Patersy No. 1 160 261 Al, which are

I ncorporated by reference herein. [002091 Activators al so may be supports
and include ion-exchange |ayered silicate having an acid site of at nost

- 8.2 pKa, thdBkenmheicldfs drocoatictedswith dnsaciéguisalglilkal, @&t okiddidihg @Qgent,
mrol /g of 2,6-dimethylpyridine consumed for neutralization. Non-limting
exanpl es ameducing @gent o krgating agent eombaining-a gomppund iinfercalatebledegtweeneat ed

tit i |icat Addi t i onal . of the. .ion- h d
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constituting layer include kaolin group silicates such as dickite,
nacrite, kmetmentter, salbtmhathbntyisi partichlkrlyogdvamsageoushe Thk reateddclogrment i ne

group silicates such as chrysotjle, lizaldite, antigorite or the |ike.
Addi t i onatheiohe qomacwﬂ@vl&mﬁpmgvamr %map@wriesv@ﬁaatﬁgi%«%ew@ thg cpialyst

i ncl ude ign-exchange |l ayere j | icates conprising the 2:2 layer as the
mai n constPTROMH t&&?@?n¥ﬁ%?§ﬁiﬁm3nectite group silicates such as
nmontnorillonite, beidellite, nontronite, saponite, hectorite, stephensite

or the || E&)Z]I"ﬂr m ﬁ’:‘hﬁ&tﬁﬁgf&’ﬁp thé bblf)ﬁa&?za?}b?gbﬁ&rﬁ%gﬁgpﬂ'sé 1&s%han Tsflﬁ:}g ke,

m ca group Silrcates such as M ca, Ite, cite, auconite or

l'i ke, ang@oRirtspetied) diless ERADU I WEs, OBlerg diak B tvet% pentespithan 2pyt2epby ldsst e,
talc, chlorites and WD 2009/ 082463 PCT/ US2008/ 013857 89 the |ike. The
cl ays ar etlamnt aglgdrdessithan 1990dhpm, erdess than Z0kppm, onlesothati 0Ggpagent, a
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[00212] In yet another form, the polymerization systems comprise less than 5
wt% trimethylaluminum and/or triethylaluminum, or less than 4 wt%, or less than
3 wt%, or less than 2 wt%, or less than 1 wt%, or less than 1000 ppm, or less than
750 ppm, or less than 500 ppm, or less than 250 ppm, or less than 100 ppm, or
less than 50 ppm, or less than 10 ppm.

[00213] In still yet another form, the polymerization systems comprise
methylaluminoxane and less than 5 wt% trimethylaluminum and or
triethylaluminum, or less than 4 wt%, or less than 3 wt%, or less than 2 wt%, or
less than 1 wt%, or less than 1000 ppm, or less than 750 ppm, or less than 500
ppm, or less than 250 ppm, or less than 100 ppm, or less than 50 ppm, or less than
10 ppm.

[00214] The in-line blending processes disclosed herein may use finely
divided, supported catalysts to prepare propylene/l-hexene copolymers with

greater than 1.0 mole% 1-hexene. In addition to finely divided supports, in-line



treatnment or salt treatnent is particularly advantageous. The treated cl ay
may then be contacted with an activator conpound, such as TEAL, and the
cat al yst woanpased3t o pol ynmeri ze ol efins. [002111 | n anechars26o8/onsst he

pol yneri zati on systens conprise | ess 9han 5 wt% pol ar species, or |ess
than 4 % or less than 3 W% or less than 2 wt% or less than 1 w% or
| ess than 1000 ppm or |less than 750 ppm or |ess than 500 ppm or |ess
than 250 pendieg presSséshdizcldsed frminanay ass fuhsed Silicpsapports lirsshichahe 10
ppm Pol ar species include oxygen containing conpounds (except for

al unoxanesyppert partigle diara¢ter syayarpge fronk 208 fagstramgde 89 angstrems, wgallr s
and ethers. [002121 In yet, another form .the polynerization systens

conpri se |eggéglf];% rgla\ﬁPﬁﬂchﬁétrﬁ?‘Ftéﬂ%memﬁn and/or triethylal umi num or

|l ess than 4 % or less than 3 w% or less than 2 ww% or less than 1

wt % or | th 1000 ppm or less than 750 ppm or |ess than 500 ppm or
| ess than%ﬁmﬁ}s'ess than 100 ppm or less than 50 ppm or Iess than
10 ppm [ Q6@ | NI tdddthete oo e Tcat 41y 4D cél\liz?oﬁ’i@ﬂohﬁ%f ZRdid Oph#xés i ke
conprise 'methylal um noxane and | ess than 5 % trinmethylal um num and or

tri et hyl ableridingprevessessdis¢lbsed Kerefrnagrintlesls o suppodt matdriabor caseert Fam 2

w% or less than 1 ww% or |ess than 1000 ppm or |ess than 750 ppm or
| ess t hanesamplethe ope or anere: ¢aialysEEOBPANCIHE NS QNEPF MOLE Apthyaters Mays
than 50 ppm ,or lLess than 1 [002141 The.in:-lLine bl endi.n r ses
di scl osed%ﬁeg@?(ﬁnﬁayoﬁsQomaﬁgq(ﬁ%%’v?'m,lzeguwm’t %ncgeél[ g?’ygf s‘“?i%‘%;??%% re
pr opyl enel/]: X ' r Yerdrflexene. I n
adl 11 on vounRr ARErBRDRE MR Bedin or o 83} B miqlERyppoiFRh S

PCT/ US2008/ 013857 90 bl endi ng processes disclosed herein may use funed
silica suppgrie] | N'THEI Slippdie mEEPAr mdartd g Wfamké etorfvetionalgsuppom 200
angstrons to 1500 angstrons, snmall enough to forma colloid with reaction
medi a. Catwdtgsalspdardme: fdrA) 246 supportetbiateridlanay beteepemualsypporangissial,i ons

of fluid phase in-Iline )
F%'or example, talc, inorganic oxides and inorganic chlorides. Other support

materials may include resinous support materials such as polystyrene,
functionalized or crosslinked organic supports, such as polystyrene divinyl
benzene polyolefins or polymeric compounds, zeolites, clays, or any other organic

or inorganic support material and the like, or mixtures thereof.

[00217]  Useful support materials are inorganic oxides that include those
Group 2, 3, 4, 5, 13 or 14 metal oxides. In one form, the supports include silica,
which may or may not be dehydrated, fumed silica, alumina (PCT patent
publication No. WO 99/60033), silica-alumina and mixtures thereof. Other useful
supports include magnesia, titania, zirconia, magnesium chloride (U.S. Patent No.
5,965,477), montmorillonite (European Patent No. EP-B10 511 665),
phyllosilicate, zeolites, talc, clays (U.S. Patent No. 6,034,187) and the like. Also,
combinations of these support materials may be used, for example, silica-
chromium, silica-alumina, silica-titania and the like. Additional support materials
may include those porous acrylic polymers described in European Patent No.
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



bl endi ng processes disclosed herein may include a support material or
carrier. For exanple, the one or nore catal yst conponents and/or one or
nore actiwetzormsewy be deposited on, contacted with, vaporiszedonssh,
bonded to, or incorporated wthin, adsorbed or absorbed in, or on, one or
nore supports or carriers. [00216] The support material may be any of the
conventional support nmaterials. In one form the supported material may be

a porous gefiibed HRWeOI%9/4860Rr spheaulitte as tddseribéd @ JUS. Papx Nde $,9721510
i norgani ¢ chlorides. O her support materials may include resinous support

mat er i al sasdicholyserid yeradsens, descoibedi omaWMQ 89/%13 1ds owhi¢hkare eHgharein

supports, ,such as pol ystyrene divinyl benzene polyolefins or polyneric
conpounds}nci’éﬁq"iaf“é&?yE‘Ftlﬁg"s"',ceor any other organic or inorganic support
material and the like, or mxtures thereof. [00217] Useful support
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WO 99/ 600 icacalum na and m xtures there O her useful sUOpports
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5,965,477), nontnorillonite (European Patent No. EP-B 10 511 665), . .
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her ei n by ap&thef e th&shiffacs RO the%ﬁbﬁbﬂt@h@tefiapistiﬂQhBQéﬁ)ggfépﬁﬁﬂnt souds
described in PCT WO 99/ 47598, aerogel s as WD 2009/ 082463 PCT/ US2008/ 013857

91 descri H6d torabaGt 390485@5 pospielumé from aboue8doidbout 30 Oc/g arbhavensge

5,972,510 a%p,ol yneric geadé 25 d scri'l(ged in WD 99/50311, which are all
herein i RBGIDSPEEARY Akew QA¢ do apagbkBUMrhe support naterial, for
exanpl e an inorganic oxide, has a surface area in the range of from about

10 to abo%oiﬁ? an\]%h—]E)grro%svs%lpBo S 'nqa)'E Ql 50 BEWed fas supports in the processes
described herein. For example, in a one embodiment the nonporous, fumed silica
supports described in U.S. Pat. No. 6,590,055 may be used and is incorporated by

reference herein.

POLYMERIZATION SCAVENGERS

[00220] Compounds that destroy impurities are referred to as scavengers by
one skilled in the art of polymerization. Impurities may harm catalysts by
reducing their activity. Scavengers may be optionally fed to the reactor(s) of the
in-line blending process disclosed herein. Catalytic activity may 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 precursor employed in preparing the active
catalyst system. For a given reactor operating at the same residence time,
catalytic activity may also be measured in terms of catalyst productivity,
customarily expressed as the weight of polymer made by a unit weight of catalyst

precursor with or without the weight of the activator.



fromabout 0 to about 4.0 cc/g and average particle size in the range of
fromabout 0.02 to about 50 m Alternatively, the surface area of the
support maDenels2463 in the range of from about 50 to alpeutus2@8/omdsy, pore
vol une of fromabout 0 to about 3.5 @c/g and average particle size of from
about 0.02 to about 20 m In another form the surface area of the support
material is in the range is fromabout 100 to about 400 nR/g, pore vol une
from abouLo@my abPhé stalerwdery fondusev ar alye prpaesses|disclogel herdin omagbbeit

0.02 to about 10 m [00219] Non-porous supports nmay al so be used as,
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POLYMERIZATION SOLVENTS

[00222] One or more solvents may be present in the polymerization system.

Any hydrocarbon, fluorocarbon, or fluorohydrocarbon inert solvent or their
mixtures may be used at concentrations, advanatageously not more than 80 wt%
in the feeds to any individual polymerization reactor of the in-line blending
process disclosed herein. The concentration of the inert solvent in the reactor feed
and thus in the polymerization system in certain embodiments utilizing bulk
polymerization processes is not more than 40 wt%, or not more than 30 wt%, or
not more than 20 wt%, alternatively not more than 10 wt%, alternatively not more

than 5 wt%, and alternatively not more than 1 wt%.

[00223] Other solvents may also include C, to C,so isoparaffins, or C4 to Cygo
isoparaffins, or C, to Cys isoparaffins, or C4 to Cy isoparaffins. By isoparaffin is
meant that the paraffin chains possess C, to Cyo 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



generally applied in excess of what is needed to fully activate the

catal yst. These scavengers include, but are not limted to, alum noxanes,
such as meohyév/osadeam noxane. The scavenger may al so be ipotrrusdusedssd t he
reactor with the nononmer feed or witds any other feed stream In one
particul ar enbodi nent, the scavenger is introduced with the
nononer - cont ai ni ng feed. The scavenger nmay be honobgeneously dissolved in

the pol ynmefjeast thece 6thee thtbonadingrorat leay oherside chairfae ananslecukt hvisg. | n
one particular enbodi nent, scavengers are dissolved in the polynerization
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| soners ohn@asdldc abhperatilBeraswiSOPARI saidsy ofeisopassffins. Other suitable
isoparaffins are also commercial available under the trade names SHELLSOL (by
Shell), SOLTROL (by Chevron Phillips) and SASOL (by Sasol Limited).
SHELLSOL is a product of the Royal Dutch/Shell Group of Companies, for
example Shellsol TM (boiling point = 215-260°C). SOLTROL is a product of
Chevron Phillips Chemical Co. LP, for example SOLTROL 220 (boiling point =
233-280°C). SASOL is a product of Sasol Limited (Johannesburg, South Africa),

for example SASOL LPA-210, SASOL-47 (boiling point = 238-274°C).

[00224] In another embodiment of the in-line blending process disclosed
herein, solvents may include C4 to Cys n-paraffins, or C, to Cy n-paraffins, or C4
to C;s n-paraffins having less than 0.1%, or less than 0.01% aromatics. Some
suitable n-paraffins are commercially available under the tradename NORPAR
(ExxonMobil Chemical Company, Houston TX), and are sold commercially as
NORPAR series of n-paraffins. In another embodiment, solvents may include
dearomaticized aliphatic hydrocarbon comprising a mixture of normal paraffins,

isoparaffins and cycloparaffins. Typically they are a mixture of C,4 to Cys normal



The isoparaffins may al so include cycloparaffins with branched si de chai ns,
generally as a m nor conponent of the isoparaffin. The density (ASTM 4052,
15. 6/ 15. 6P 2009/d8bsse i soparaffins may range from 0. 70 t ec®B300g/omdss7 t he
pour point is -40C or |less, alternatdsvely -50C or less, the viscosity
(ASTM 445, 25C) is fromO0.5 to 20 cSt at 25C, and the average nol ecul ar
wei ghts in the range of 100 to 300 g/nol. Sone suitable isoparaffins are

comer ci alphyaffing) isepiraffimdanid cydlepirafiing) e, BAPARoL ExtodbbiTheCiventaial
Conpany, uston TX), and are described in, for exanBI e in US Patent Nos.
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SASOL-47 (boiling point = 238-274C). [002241 In anot her enbodi nent of the
in-line blending process disclosed herein, solvents may include C4 tqo C25
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Sui t abl e dearomati zed al i phatic hydrocarbons are commercially available

under the [I)()fijbeinamfn CRther HBSRANRPE e RS glllasgoquﬂﬁ{yprocess for blending

disclosed herein, the inert solvent comprises up to 20 wt% of oligomers of Cy to
C)so0 paraffins, alternately Cq9 to Cgg paraffins, alternately Csq to Cyso paraffins,
alternately Cso to Csqo paraffins. In another embodiment of the fluid phase in-line
process for blending disclosed herein, the solvent comprises up to 20 wt% of
oligomers of l-pentene, 1-hexene, l-heptene, l-octene, l-nonene, 1l-decene,
1-undecene and 1-dodecene. Such oligomers are commercially available as SHF
and SuperSyn PAO’s (ExxonMobil Chemical Company, Houston TX). Other
useful oligomers include those sold under the tradenames 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 Chemtura Corporation in
Middlebury CT, USA, EMERY™ available from Cognis Corporation in Ohio,
USA.



Houston TX), and are sold commercially as EXXSOL series of dearomaticized
al i phatic hydrocarbons. [002251 In another enbodi nent of the in-line

bl endi ng woao@ss24B3scl osed herein, the inert solvent ceopriss@s/ouwssto 20
wt % of oligoners of C6 to Cl4 ol efi n®s and/or oligoners of |inear olefins
having 6 to 14 carbon atons, or 8 to 12 carbon atons, or 10 carbon atons
having a Kinematic viscosity of 10 or nore (as neasured by ASTM D 445);
and havi nF)(EZZﬂgS COWitly ré%!ﬂﬂxto( t'h‘e’?dlynﬁﬁizd&@m miedigdsuitabl&SéMets2aréOthoke 100
or nore. [002261 In another enbodi ment of the fluid phase in-line process
for bl endihag andi selubkedn handiinertt tee thexgnenewey eamd anympethse palpmesizaiont % of
oligoners of C20 to Cl500 paraffins, alternately C40 to O ooo paraffins,
al t er nat eFYMPgneRts attsppplymgrizagon te‘é‘PFWé”Pa WU C500 paraffins. In
anot her enbodi ment of the fluid phase in-line process for blending

di scl osed herein, the solvent conprises up to 20 wt% of oligoners of

1- pent ene pOL- YRHEREZA TIORPREAGC TOROCONEIGURAONENG, 1-decene, 1-undecene
and 1-dodecene. Such olrgomers are comrercially avail able as SHF and
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REACTOR FI GURATI ON .[ 00228] . The .pol yneri.zation processes of the fluid
phase i n- [?¥e%p WEe%“sSl&c;Fac BL:FrPE‘tS-IEtadérgﬁ%lqugé’F&hmbl endi ng di scl osed
herein may be carried out in two or

[00229]  As previously described, the in-line blending LCPC and HCPC blend

components are produced in a reactor bank composed of at least two parallel
reactor trains. A reactor train of the parallel reactor bank may include one or
more reactors that may be configured in series configuration. The number of
parallel reactors trains or branches in a parallel bank may be any number, but for
practical reasons, is generally limited to less than ten, alternatively not more than
six parallel reactor trains, alternatively not more than five or not more than four
reactor trains, alternatively not more than three parallel reactor trains, and
alternatively not more than two parallel reactor trains. The number of series
cascade reactors constituting a given | reactor train or branch of a parallel
configuration may be any number, but for practical reasons, is generally limited to
not more than ten reactors in series, alternatively not more than six reactors in
series, alternatively not more than three reactors in series, and alternatively not

more than two reactors in series.

[00230] In one embodiment, the polymer-containing effluents from two or
more reactor trains configured in a parallel configuration are combined yielding a

polymer blend comprising the polymeric products of the individual reactors



nore reactors making the one or nore LCPC and one or nore HCPC bl end
conponents for downstream bl ending. In one enbodi nent, an LCPC and an HCPC
are nmade W9 20®/08g46BWO reactor trains in a parallel confiPpgunskeosni3ssn
another form one or nore LCPCs and wne or nore HCPC are made by using
three, or four, or five, or six reactor trains in a parallel
configuration. [00229] As previously described, the in-line blending LCPC
and HCPC Kyigivhit firsneeoeating alie pplyaseriegroducts of dud rdividokl actors énl sofid at
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recovering the polyneric products of the individual reactors in solid

f orms. Theonfigumtiompard sizestway theadetcrminest by uatandard rengiagesing techniques
reactor., or alternatively, two or
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for the fluid phase in-line process for pellet-stable polyolefin blending
0 o0 9229 LS 0Pl 55 e MR PRy M5 SRS i R i
phase in-line process for blending disclosed herein. The optimal reactor design
may be determined by standard engineering techniques known to those skilled in
the art of chemical engineering. Non-limiting exemplary reactor designs include
stirred tank with or without an external loop, tubular reactor, and loop reactor.
The reactors may operate adiabatically or may be cooled. The cooling may be
achieved within the reactor, or through the reactor jacket, or dedicated heat

exchange loops may be applied.

POLYMERIZATION REACTORS
[00233]  The fluid phase in-line process for pellet-stable polyolefin blending

disclosed herein relates to processes to polymerize one or more LCPC and one or
more HCPC comprising contacting propylene, ethylene and/or one or more C4 or
higher olefins with suitable catalyst compounds and activators in a fluid reaction
medium comprising one or two fluid phases in each parallel reactor. The
polymerization system for at least one parallel reactor train producing either the

LCPC or HCPC is in its supercritical state. Catalyst compound and activator may



the reactor train are not necessarily constructed the sanme way, for
exanpl e, the individual nmenbers of a reactor train nmay be stirred,

unstirr edyoanososewmabi nati on thereof. The individual reactrarssoosmy3sat so be
of equal or different size. The sane 97is true for the reactors in the
entire reactor bank. The optinmal reactor configuration and sizes nay be
determ ned by standard engi neering techniques known to those skilled in

the art obeiiVesed aeagonrism 0gsluiB02RREr feparitghetothepebyioes mixed arlineact or
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m xed i n- lor differentto padhoicactor @nd theia deast ratesrmay hedhe samgarghitfesantan
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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. Withstanding these high pressures and temperatures may
allow the reactor to maintain the fluid reaction medium in its supercritical
condition. Suitable reaction vessel designs include those necessary to maintain
supercritical or other high-pressure ethylene polymerization reactions.
Non-limiting exemplary reactors include autoclave, pump-around loop or

autoclave, tubular, and autoclave/tubular reactors.

[00235] The polymerization processes of the fluid phase in-line process for
blending disclosed herein may operate efficiently in autoclave (also referred to as
stirred tank) and tubular reactors. Autoclave reactors may be operated in either a
batch or continuous mode, although the continuous mode is advantageous.
Tubular reactors always operate in continuous mode. Typically, autoclave
reactors have length-to-diameter ratios of 1:1 to 20:1 and are fitted with a high-
speed (up to 2000 RPM) multiblade stirrer and baffles arranged for optimal

mixing. Commercial autoclave pressures are typically greater than 5 MPa with a



above conponents are added to two or nore reactors connected in series. The
cat al yst conponents nmay be added to the first reactor in the series. The
cat al yst woaopasews may al so be added to each reactor i rcrhms2®s8niss7 react or
train. The fresh catalyst feed if added to nore than one reactor in the
series train may be the sanme or different to each reactor and their feed
rates nay be the sanme or different. [002341 Pol yneri zation processes of the
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hi gh-pressure reactors where the reactor is substantially unreactive with
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the reactor is also possible and may be advantageous. In one exemplary
embodiment, in reactors where the length-to-diameter ratio is from 4 to 20, the

reactor may contain up to six different injection positions along the reactor length

with multiple ports at some or each of the lengths.

[00237]  Additionally, in the larger autoclaves, one or more lateral mixing
devices may support the high-speed stirrer. These mixing devices can also divide
the autoclave into two or more zones. Mixing blades on the stirrer may 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 may connect in a series reactor cascade to increase residence time or
to tailor polymer structure in a reactor train producing a polymer blending
component. As previously described, a series reactor cascade or configuration
consists of two or more reactors connected in series, in which the effluent of at
least one upstream reactor is fed to the next reactor downstream in the cascade.
Besides the effluent of the upstream reactor(s), the feed of any reactor in the series

reactor cascade of a reactor train can be augmented with any combination of



reactor. Reactors with large dianmeters may have nultiple injection ports at
nearly the sanme or different positions along the Iength of the reactor.
When t heyweaneo/qsesst i oned at the sane | ength of the reaetconys2aismiissj ecti on
ports are radially distributed to aldow for faster interm xing of the feed
conponents wth the reactor content. In the case of stirred tank reactors,
the separate introduction of the catalyst and nononer(s) may be

advant ageadditichaPr giooimdtg tdtalyses oirblkselvehor frash oor ofecholeds foéd sthedrhe
unstirred feed zone between the m xing point and the stirred zone of the
reactor. [Theseforanit ahouldober understoodsthatothe aPBner tHRR: ¢apodymeniblending
reactor is also Eoiq%iﬂbl e and may be vant a eoas. | n .qne ,exen‘gl,ar#
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Addi ti onaldligpergian; he | arger autoclaves, one or nore lateral m xing devices
may support ‘the high-speed stirrer. These m xi ng devi ces can al so divide
the autoclave into two or nore zones. M xing blades on the stirrer may

differ fi10o0238]ne Tababirerchotord ey 418b e dsdd ar ehiet fldad phaseoin-Hheprocesy and
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wi th i ncr gagedeBlAC Ul RibWa §BActaRIhave GPIPOSAL iRt 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. Alternatively,
tubular reactors may be fabricated with smooth, unpolished internal surfaces to
address wall deposits. Tubular reactors generally may operate at pressures of up
to 360 MPa, may have lengths of 100-2000 meters or 100-4000 meters, and may
have internal diameters of less than 12.5 cm. Typically, tubular reactors have
length-to-diameter ratios of 10:1 to 50,000:1 and include up to 10 different

injection positions along its length.

[00239]  Reactor trains that pair autoclaves with tubular reactors are also
contemplated within the scope of the fluid phase in-line process for blending
disclosed herein. In this reactor system, the autoclave typically precedes the
tubular reactor or the two types of reactors form separate trains of a parallel
reactor configuration. Such reactor systems may have injection of additional
catalyst and/or feed components at several points in the autoclave, and more

particularly along the tube length. In both autoclaves and tubular reactors, at



di spersion. [00238] Tubul ar reactors may al so be used in the fluid phase
in-line process for blending disclosed herein and nore particularly

t ubul ar rwecb@vm24apabl e of operating up to about 350 WPa/Usiavswhss7
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typically precedes the ular reactor or the two types of reactors form
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“along the reactor length.

[00240] At the reactor outlet valve, the pressure drops to begin the separation
of polymer and unreacted monomer, co-monomers, solvents and inerts, such as
for example ethane, propane, hexane, and toluene. More particularly, at the
reactor outlet valve, the pressure drops to levels below that which critical phase
separation allowing for a polymer-rich phase and a polymer-lean phase in the
downstream separation vessel. Typically, conditions remain above the polymer
product's crystallization temperature. The autoclave or tubular reactor effluent
may be depressurized on entering the downstream high-pressure separator (HPS
or also referred to as a separator, separator vessel, separation vessel,

separator/blender vessel, or separation/blending vessel).

[00241]  As will be subsequently described in detail, the temperature in the
separation vessel is maintained above the solid-fluid phase separation
temperature, but the pressure may be below the critical point. The pressure need

only be high enough such that the monomer may condense upon contacting



may operate at startup, but not after the reaction reaches steady state if
the first mxing zone has sone back-m xi ng characteristics. In tubular
react or s,woheodasest section of doubl e jacketed tubing may/useodspaisstl
(especially at start ups) rather tham cooled and nmay operate conti nuously.
A wel | -desi gned tubular reactor is characterized by plug fl ow wherein plug
flowrefers to a flow pattern with mninmal radial flowrate differences.
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hi gh- pressure separa so referred to as a separéator, sep%rator

vessel , sedf{ at hpinnaasealkyl. separ at or/ bl ender vessel, or
separation/ bl endi ng vessel). [00241] As will be subsequently described in

detail, the tenperature in the separation vessel is maintained above the
sol i d-fl uije0242]se Hepar altennativeeembodimens, theitHR $empy ey wperated dyer dbeow
the critical point. The_pressure need only be high engugh such that.the
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required produced with a revamped high-pressure polyethylene (HPPE) plant. The
recycled HPS overhead is cooled and dewaxed before being returned to the
suction of the secondary compressor, which is typical of HPPE plant operation.
The polymer from this intermediate or high-pressure vessel then passes through
another pressure reduction step to a low pressure separator. The temperature. of
this vessel is maintained above the polymer melting point so that the polymer
from this vessel can be fed as a liquid directly to an extruder or static mixer. The
pressure in this vessel is kept low by using a compressor to recover the unreacted

monomers, etc. to the condenser and pumping system referenced above.

[00243] In addition to autoclave reactors, tubular reactors, or a combination of
these reactors, loop-type reactors may be utilized in the fluid phase in-line process
for blending disclosed herein. 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 the total average residence time. A cooling jacket removes reaction

heat from the loop. Typically feed inlet temperatures are near to or below



for polyethylene units. The relatively | ow pressure in separator reduces
the nononer concentration in the liquid polynmer phase which results in a
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from 1, or 5, or 10, or 15, or 30, or 45, or 60, or 120 minutes.

[00245] The monomer-to-polymer conversion rate (also referred to as the
conversion rate) is calculated by dividing the total quantity of polymer that is
collected during the reaction time by the amount of monomer added to the
reaction. Lower conversions may be advantageous to limit viscosity although
increase the cost of monomer recycle. The optimum total monomer conversion
thus will depend on reactor design, product slate, process configuration, etc., and
can be determined by standard engineering techniques. Total monomer
conversion during a single pass through any individual reactor of the fluid phase
in-line process for blending disclosed herein may be up to 90%, or below 80%, or
below 60% or 3 to 80%, or 5 to 80%, or 10 to 80%, or 15 to 80%, or 20 to 80%,
or 25 to 60%, or 3 to 60%, or 5 to 60%, or 10 to 60%, or 15 to 60%, or 20 to 60%,
or 10 to 50%, or 5 to 40%, or 10 to 40%, or 40 to 50%, or 15 to 40%, or 20 to
40%, or 30 to 40% or greater than 5%, or greater than 10%. In one embodiment,
when producing isotactic polypropylene and long-chain branching (LCB) of the



operating above the crystallization tenperature of the polynmer product. The
| oop reactor may have a dianeter of 41 to 61 cmand a |length of 100 to 200
met ers arwlo 20@yosoqwer at e at pressures of 25 to 30 MPa. | RCaA®REOSOMSSAN
in-line punp may continuously circuliede the pol ynerization systemthrough
the | oop reactor. [00244] The pol yneri zati on processes of the fluid phase
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essentially complete, approaching 100%.

PRODUCT SEPARATION AND DOWNSTREAM PROCESSING
[00246] The LCPC and HCPC reactor effluents of the processes disclosed

herein are depressurized to a pressure significantly below the cloud point pressure.
This allows separation of a polymer-rich phase for further purification and a
monomer-rich phase for optional separation and recycle compression back to the
reactor(s). The reactor effluents may be optionally heated before pressure let
down to avoid the separation of a solid polymer phase, which causes fouling of
the separators and associated reduced-pressure lines. The separation of the
polymer-rich phase and the monomer-rich phase in the processes disclosed herein
is carried out in a vessel known as a high-pressure separator (also referred to as an
HPS, separator, separator vessel, or separation vessel). The high-pressure
separator located after the mixing point of the polymer-containing product streams
of all reactor trains of the parallel reactor bank is also referred to as, separator-

blender, separator-blender vessel, or separation-blending vessel recognizing its



pol ypropyl ene is desired (g <_ 0.97 based on GPC- 3D and using an isotactic
pol ypropyl ene standard), single pass conversions nay be above 30% and
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enbodi ment, when isotactic pol ypropybene essentially free of LCBis
desired (0.97 < g' < 1.05), single-pass conversions may be not higher than
30% and alternatively single-pass- conversions may be not higher than 25%
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blend ratios by compensating for the momentary fluctuations in the production
rates in the individual reactor trains of the in-line blending process disclosed

herein.

[00248] The polymer rich phase of the separator-blender may then be
transferred to one or more low-pressure separators (LPS also referred to as a low-
pressure separation vessel) running at just above atmospheric pressure for a
simple flash of light components, reactants and oligomers thereof, for producing a
low volatile-containing polymer melt entering the finishing extruder or optional
static mixer. The one or more low-pressure separators are distinguished from the
one or more high-pressure separators in generally operating at lower pressures
relative to the high-pressure separators. The one or more low-pressure separators
also are located downstream of the one or more high-pressure separators including
the separator-blender. Moreover, the one or more low-pressure separators may
function to separate light from heavy components comprising the polymer blend

of the in-line blending process disclosed herein, whereas the one or more high-



104 dual function of blending the said polymner-containing product streans
whil e also separating a nononer-rich phase froma polyner-rich phase, the
| att er ofwalzn@s2aenpri ses the pol yner bl end of the in-Pcmasbéosnuissy
processes disclosed herein. [0024711b5 certain enbodi nents, single-stream
hi gh- pressure separators enployed to partially recover the nononer(s) and
optional solvent(s) fromthe effluent of a single reactor train before
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Mor eover, € one Or nore | ow pressure separators may function to separate
| i ght from heavy conponents conprising the polyner blend of the in-line

bl endi ng po@LeRs dis onesatbbaifént: ofVifs TR IpHAsONA-1RTe PRERsYIfBP blending
LCPC and HCPC blend components disclosed herein, polymerization is
conducted in two or more reactors of a type described herein above under
agitation and above the cloud point for the polymerization system. Then, the
polymer-monomer mixtures are transferred into a high-pressure separation-
blending vessel, where the pressure is allowed to drop below the cloud point.
This advantageously results in the denser, polymer-rich phase separating from the
lighter monomer-rich phase. As may be appreciated by those skilled in the art, it
may optionally be necessary to increase the temperature before or in the high-
pressure separation vessel to prevent the formation of a solid polymer phase as the
polymer becomes more concentrated. The monomer-rich phase is then separated
and recycled to the reactors while the polymer-rich phase is fed to a coupled

devolatilizer — such as a LIST dryer (DTB) or devolatizing extruder.

[00250]  The recycle runs through a separator, where the pressure depends on
the pressure-temperature relationship existing within the reactor. For example,

supercritical propylene polymerization can be carried out under agitation in the
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appreciated by those skilled in the art, it nay optionally be necessary to

i ncrease !mmrrpem&mmgaﬂmrme QPredsird e diopped RIptdlyeupbpdsntxanpksssel
to prevent the formation of a solid polynmer phase as the polynmer becones
nor e concegreatert ¢thn Tneequaloteeaboicté PBa/sed,s thenphasespavillt separatedrapidlyc| ed

to the reactors while the polyner-rich ase is fed to a.goupl.ed.

devol at i | P$ERItUNG G'&%r%@ﬂﬁe Qf tie rapy@mem%g)p € @8 \oligidy i“ﬁé’%ﬁﬁ%&féw of

[ 00250] The. recycl 0, r t ds on
the pr bsstrErEansenapdtEr YehChs 3ehsR a0 the eas MisE, (ERRATES dpBrivpEd
exanpl e, by those skilled in the art, this eliminates the need for the energy-intensive

compression and condensation steps.

[00252] The polymer-rich phase is sent directly to a coupled devolatilizer.
Suitable devolatilizers may be obtained, for example, from LIST USA Inc., of
Charlotte, North Carolina. The devolatilization is a separation process to separate
remaining volatiles from the final polymer, eliminating the need for steam
stripping. Working under low vacuum, the polymer solution flashes into the
devolatilizer, exits the unit and is then transferred on for further processing, such

as pelletization.

[00253] Any low or very low molecular weight polymer present in the
monomer-rich phase to be recycled may optionally be removed through “knock-
out” pots, standard hardware in reactors systems, or left in the return stream
depending upon product requirements and the steady-state concentration of the

low molecular weight polymer fraction in the product.
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react or awo400%032460 MPa and 95 to 180C. The product mPKITIUS2008ANKBSEE

di scharged into a separator vessel, where the pressure is dropped to a

| evel of 25 MPa or lower, in which case, the mxture is belowits cloud
point, while the nononer has not yet flashed off. Under such conditions,

it woul d pgo23#jpecliedofutivh RadesZ peicesses, prastnt prgcticdseempReyed b9 9thos86,
5520- 5525 and Loos et al., Fl'uid Phase Equil. 158-160, 1999, 835-846 that

t he nononskilleddh thizase typicallyl etfenh sepasatien byt faghing saenamar gpdselvenb@r

nol ecul ar wei ght po r and have a, density of approximtely 0.3-0.6 g/niL.
The pol yn@?@%g@ﬁtﬁﬁwmﬁaﬂge Ci‘%fﬂeE‘? to have a density of

approximately 0.5-0.8 g/nL. [00251] Assuming that the pressure is dropped

rapidly e fo X I reater. t Nols , the
phases w W@éar ai'bg?gtgl&a?Wn’g%‘gqu@ﬁgﬂtlﬁgorﬁgg‘%ﬁlEaa?gﬁ H?ﬁ@nﬁoﬂﬁ%?ﬁgl ch
phase as gidydapbht, Wit je?SHEnGther MAMNNG FrARSTOYRATRS -d igpivipttase
return toe%d#lg gggﬂ’phalse%éAséﬂggiege appreerci ated by ?hose ski | Iggd li n the
art, thisseparatiomtessélhevheredttieopréssare woull bienfenlserv boweredpifedesiced dod
condensation steps. [00252] The polymer-rich phase is sent directly to a
coupl ed denbangeiphase separatipn gfitee pelysneriich and mengmeferish phasgsd Infither
exanple, fromLIST USA.Inc.,.of, Charlotte, ;North rolina. The

Govol at | 105 28 Sprrs heein BEscuitich 5F Bartingt, REFLFRPE. Brflent.is oer<des) es
fromthe {iLpal r L m .l f : hiP B : ki ng
under 1 ow IR RiBFETE e st IR AhR N1REHA 1Al BLBATHRYL b BT iali)
exits thestapd.t Guue h%aih,hﬁﬁe toramdte khock-oat fpots fnuytberenmlo?:ed;sb ndd iaubb as
pel l etization. [00253] Any low or very |ow nolecul ar weight polynmer present
in the noemoeal-ofilow modecalaroveight polymherdromythe ge¢cyslebtrgame r empved t hr ough
"knock- out" pots, standard hardware in reactors systens, or left in the
return stream dependi ng upon product requirenents and {he ,staiady-st_ate
concent r al0S&: t A maywbgorrRIgriatedictbgrt a5e| RassIbE rand jopHmal PRFaPRSduct .

regimes for reactors and for the gravity (lower critical solution temperature
(LCST)) separator. Referring now to FIG. 8, for reactors operating in a single
liquid phase regime, a possible region for operation is just above the LCST and
vapor pressure (VP) curves. The optimal region (shown within the shaded oval)
for operation occurs at temperatures just above the lower critical end point

(LCEP) and at pressures slightly above the LCST curve.

[00257]  Referring now to FIG. 9, for reactors operating within a two-phase
fluid-fluid regime, the possible region for operation occurs basically anywhere
below the LCST curve. The optimal region (again, shown within the shaded oval)
occurs just below the LCST and above the VP curve, although, as may be
appreciated, many factors could have a bearing on what actually is optimal, such
as the final properties of the desired product. As recognized by those skilled in
the art, the two-phase liquid-liquid regime is the economically advantageous

method if polypropylene is to be produced with a revamped HPPE plant.

[00258] Referring now to FIG. 10, for the case where polymerization is

conducted at conditions below the cloud point and the polymer-monomer mixture
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processes, present practices enployed by those skilled in the art

t ypi cal | ywef2h@aus2epar ati on by fl ashing nmonomer and sol Pemwtuses0s/0a886BSSi Ng
the high-tenperature cloud point. [0Q@b51 I n another form polynerization
I's conducted at conditions below the cloud point, with the pol yner-nononer
m xture transported to a gravinetric separation vessel, where the pressure
coul d be trantpistted tvar@dvinhetdiesLCST separatof)aheepasbitie regipar off operatibntike

pol ymer-rich and nononer-rich phases. In either of the fornms herein

descri bedanywhereobelowr thet BICSSH shvecang abpy¢ éhe VE suresy dihedoptimpl eegienyi ng

in arelatively high density,, |jquid-]like (supgercritical bul.k i quid
state. Ontagaimpshow i HatheR th Shaded el ogcuss rathin fhasep hign dpa Sstapdie ) e
removal of | I | t . itk 61 As
may be apBP lgg)}alg\gg’&?%ghgéroe@ gﬁécr)%g%fg‘égashgwgpt@ﬁg{a?%%glbgth |§Stnl; regal[sgrrlgééf or
reactors g theredeb®y Wsa\iktoptithized! Rristdlsaldesivhblei Onavsidpspattion in (theST) )
separator. Referring nowto FIG 8, for reactors operating in a single

| i gui d phasgion dgitween ahpdsSSHl and spinodal ourveseinaoiden tosobtaint gebd\gravilg LCST
an vapor pressure (VP) curves. The opti.mgl regign (shown within the
shaded ové&etiling perfopanpnes. oMOEOVES this @Sﬁ%lﬁtthgte&lej é@araégg\,gs ?ﬁgﬁ?a\ﬁér

Co0z571 revEieny Ak rindtedl, & Shab Ganani Ao afa” e P Bl ace
fluid-fl “bgg{rﬁ&- phise.Patid Bl féﬁﬂir@ﬁhﬁpfh%ﬁérht?ﬁ‘e QEGHE ikAsreial the

anywher e ow the LCST curve. “The optinmal region (again, shown within the
shaded ovaéparawe berttighersthahehowmperatueSTn drereablorés)t he VP curve, al t hough,

as may be appreciated, many factors could have a bearing on what actually

Is optimal, such as the final properties of the desired product. As

r ecogni ze@002859 hos ddsiantdgedusly, thheliguid n¢romewrighasesycleysitigam ®andbeegi me

is the econom cal | d t th i f pol I is to b d d
Wth o r oURMBAH 1P aptor LoftEs e TRBIG RYmBE e iesead of o FrRECeace

uher e ol (RREKEALE Yol eq FOPEMREoRE SAYEGRNARRL oW the ol oud pornt and

POLYMERIZATION CATALYST KILLING

[00260] The use of the processes disclosed herein and the relatively low

pressure in the separator vessel greatly reduces the monomer concentration in the
liquid polymer-rich phase, which, in turn, results in a much lower polymerization
rate. This polymerization rate may be low enough to operate this system without
adding a catalyst poison or “killer”. If no killing compounds are added then the

killer removal step may be eliminated.

[00261]  If a catalyst killer is required, then provision must be made to remove
any potential catalyst poisons from the recycled monomer-rich stream (e.g. by the
use of fixed bed adsorbents or by scavenging with an aluminum alkyl). The
catalyst activity may be killed by addition of a polar species. Non-limiting
exemplary catalyst killing agents include water, alcohols (such as methanol and
ethanol), sodium/calcium stearate, CO, and combinations thereof. The choice and
quantity of killing agent will depend on the requirements for clean up of the

recycle propylene and comonomers as well as the product properties, if the Killing
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separator, the possible region of operation is anywhere bel ow the LCST
curve andwvehwowastdse VP curve. The optinmal region (agai rcTalsesus/owssshi n the
shaded oval) occurs within that portiien that is below the spinodal, but
not too low in pressure, as shown. Qperating in this reginme assures that
the energy use is optimzed. It is also desirable to avoid operation in the
regi on beppe@nhishov-Golatdtd. SThoQdedlysiukilisg iagenr deyy be imdbdudedoing theavi ty
settling performance. Moreover, it is desirable that the separation is

ef fect ed atactenxfifiuenestréam hafigh the pressareuletdown yalvigabutbgforaithe HRS. obheloes
not occur Ln,the

pol yner-rich phase. This y require, that the tenperature
of the mi £heice and quaatity @B&ilimgragset magh‘iqpegaaﬁp ﬁ%ereﬂeﬁﬁ@ﬁaf%ﬁg qtl??r}f) HR
reactor(s 00259] Advant ageousl| l Oy ' yel ream
can be ré&t}% B¢E I?rl‘?gyl]eélggetnglrl]c?é?ﬂéljﬂgr% ﬁssgtu."'ﬁ %ﬁﬁg :ﬁgédé‘?i}gh?ﬁ%g’t leatgé of a
hyper - COEHH@%%%%M ERABW €6lafifity.conventi onal pol yet hyl ene units.
PCLYMERI ZATI TALYST KILLI NG [ 00260] The use of the processes discl osed
herein and the relatively low pressure in the separator vessel greatly

reduces the nononer concentration in the |liquid polynmer-rich phase, which,
in turn, PELLEEFORMATION| ower pol ynerization rate. This pol ynerization

rate my engu t er at LS _Sys i t hou addi a_ cat al yst
poi son or ?&Qééi\iver " ?eﬁé}s r?g tBEIHe?lﬁgs%gbﬁ)Bﬁlé'gie &@eé’gaé’i?sfﬂg?fj Bﬁ@m RN ¥
renoval s I I} : ] [1hde©Tn | lofed,
t hen prov g‘l@)dr?%?m ta@egﬁ{aﬂgé?%hrng vgﬁ' parhguggg?n(ﬁ%%} 85{15%13’% bg%?@%ﬁg from
t he recychedintinefhiid phake dlemiaig peodess dyscldved hgeinpthd LGRCHOPEdsiendent s
or by scavenging with an alum numalkyl). The catalyst activity may be
killed byisdduectedrirom a lpwl pressyrecieparatdoie lannextrudsr, anémdvantageaudyyat

nts incl ude wa al cohol s as_net hanaol

killing age er suc nd h | ),
sodi un o PSR SHrEveeREer: d the N SiF - SR TEARS, DR PEGroTe T Ly dechngd
uantity ghold lrﬁdfﬁeaaqﬁl@ﬁ 18 e BRRANITRE ddifdeP J0tdeS RO Rek Ahrdlstfd &g Of
the recyCle propyléne and corpnonmers as well as the product properties, if
the killiggultihole die with or without the use of a gear pump to form a multiplicity of

LCPC-HCPC polyolefin strands. A pelletizer utilitizing rotating knives is then
used to cut the LCPC-HCPC polyolefin strands into pellets. Chilled water
(temperature of 0°C to 10°C) is supplied to the pelletizer to instantly chill the
molten polyolefin strands as they exit the die face. The water may contain a
suitable anti-coagulant such as calcium stearate, to prevent the pellets -from
adhering as they pass through a pipe to a spin drier while being quench-cooled. In
one form, the polyolefin pellets are cooled in the water maintained at a
temperature of 0°C to 10°C from 2 minutes to 60 minutes to promote sufficient
crystallization of the LCPC-HCPC polyolefin blend of the pellets to provide
Shore A hardness values sufficient to reduce or prevent agglomeration in
subsequent handling and storage as discussed above. In a second form, the pellets
are cooled in the water maintained at a temperature of 0°C to 10°C from 2
minutes to 30 minutes to promote sufficient crystallization of the LCPC-HCPC
polyolefin blend of the pellets to provide Shore A hardness values sufficient to
reduce or prevent agglomeration in subsequent handling and storage as discussed

above. In yet a third form, the pellets are cooled in the water maintained at a



WD 2009/ 082463 PCT/ US2008/ 013857 109 agent has |low volatility. The

catalyst killing agent may be introduced into the reactor effluent stream
after thewpnemasessl et down val ve, but before the BPS. TireT/usb@soessand
quantity of killing agent may dependiomn the requirenments for clean up of

the recycl e propyl ene and conononers as well as the product properties, if
the killing agent has |ow volatility. PELLET FORMATI ON [ 00262] Pell ets of

the pel | eteriperatie ! 0T €6 i10°C! RofS2 datititésord 1 O enimutes TRy pRsmoter sufficikait by
any suitable technique for producing polyner pellets. In one formof the

i n-1ine fkoistalinatéen wifethdi RERCE-GIERE polyolefine blengdt @ifnthet pelleterto- perddel end
is direct froma | ow pressure arator to an extruder, and . )
advant ageggg{ey,Aaﬁartdﬁf’Fﬁ s‘@jléﬁ é%?ﬁ&ﬂ%? 10| FPQUEE O W%EPEV%@E?WE%‘PP e or
nore addi {j.v cri t he bl end. The extruder
forces th&%uwgﬁflg a&?@ﬁ'%aangfﬁ%ﬁ&g%i(ﬁ%ugg%le%%fh or without the use of a

gear punp to forma multiplicity of LCPC HCPC polyolefin strands. A
pel l eti ZeL0m3 It Th@%hflﬁh?ta'ceae%é’ﬁ% Héﬁdélhﬁg soYRAKHdte A hatdiss Ghlre§ICPC
IT1Ted wate (

pol yol ef i h strands 1 nto perlets. tenperature of 0C to 100
i's supplieflat leabh80pét 6@ 6iz65 niay baathizi by inlthe hbdve threelfoans,pial theltihe n
strands as they exit the die face. The water may contain a,  suitable

ant i - coagbtfore theipellels argl ailleetes: furbagging or padingnin theecortinequs progass.
adheri ng in.drjer while bei

quench- ¢ oﬁ‘@ fﬂ"?‘?ﬁéﬁg %%’2%} fq{?&ﬁ%@ﬁ&% %eoi% I(%]%?P?lﬁgé Ihyeg‘_:‘? U¥ce0 %Sp’é’d&]‘ﬁﬁ' t FBe vat er
romote. SOy pRUeh SRRyt bF cBhyelied' @ a Plirs Gl bEF ob B el kA | ©

the pell elpy ag BrieYitHE peHe®y and reaiclRs Sarfaet UeatesUf The igdlets tayeBe aleRr
prevent aggl onmeration in subsequent handling and storage as discussed
above. | ncansnednif fevessaryhto pdubter $o bardastedowitl amnanthaegghkoneeratian agantyed at

a tenperature of  OC to 10C_from inputes to 30 mnutes {o pronote.
suf fi ci enBs degeribgd ia;aﬁ?-onFtxlra?lﬁ/hén“ngﬁ@Jl lle&)l%lcginEYQf{ dAR packaging

a0l omer acelRtthe Bagll oo AR NP RA S o age ae i scussed

[00264] The size of the polyolefin pellets disclosed hereing may have a first
dimension that ranges from 2 mm to 10 mm and a second dimension that ranges
from 2 mm to 10 mm. In one form, the pellets may be spherical with diameters
ranging from 2 mm to 10 mm. In another form, the pellets may be disk-shaped
with diameters ranging from 2 mm to 10 mm and thickness ranging from about 2
mm to about 10 mm. In still another form, the pellets may be cylindrical with
diameters from about 2 mm to about 10 mm with lengths of about 2 mm to about
10 mm. In other forms, the first and second dimensions of the polyolefin pellets
may range from about 2 mm to about 8 mm. In still other forms, the first and
second dimensions of the polymer pellets may range from about 2 mm to about 5
mm. The pellet weight for the LCPC-HCPC blends described herein may range
from 1.0 to 3.0 g/50 pellets, or alternatively from 1.2 to 1.8 g/50 pellets.



above. In yet athird form the pellets are cooled in the water naintained
at a WD 2009/ 082463 PCT/ US2008/ 013857 110 tenperature of 0OCto 10C from 2
m nut es twol0owmsmeBes to pronote sufficient crystallizaCras2as/ol1issr

LCPC- HCPC pol yol efin bl end of the peliiets to provide Shore A hardness

val ues sufficient to reduce or prevent aggloneration in subsequent
handl i ng and storage as di scussed above. [00263] The chilling accel erates

t he har depppavVEPREL.Edhat Shore A hardness values of at |east 50, or 60, or 65
may be achieved in the above three forns, in the time before the pellets

are col eﬁﬂg@mgmaguzmmu n the continuous process The

erjirfegcggm_ ) brolee G get Rieas Kisrdevay, Kutrs Suihisd & #EOO wner e
b then " LoRpsey 'feegaf‘ «Zegg%ggfﬁﬁ ARty GEIEE Tof HabRe Gelifh o, g mBfibmt s ™Y

anti - aggl prEdiig SftidECEthyl@fe GRags ubEQAﬁ*gayeplsEaﬂaw yNJl)ewfas abediged el | et s
are conveyed to a packaging station for bagging or fo a silo for storage.

[ 00264] Thighspresswrt cytiadewsl yol ef i n pel l ets di scl osed hereing may have a
first dimension that ranges from2 nmto 10 nm and a second di mensi on t hat
ranges from2 mmto 10 mm |n one form the pellets may be spherical wth
di aret er 3[002&6@ ngChistom blendst @melnrmg ethylenand rpropylenet werqpprapared iy be
di sk- shapgd | di aneters r,om nd_t hi ckn

rangi ng f B\‘ﬁeab c Q’OW?rob yvagotteq]ﬁo f grqu?q)r grr%‘? htEF ngpainet ﬁgeﬁ‘él lets
may be cy#,é&gflcal with dianeters fromabout 2 mmto about 10 mmw th

| engt hs o out 2 mmto about 10 mm In other forns, the first and second
di rensions of the polyolefin pellets nmay range from about 2 Mmto about 8

mm In St dydzr@aherGfa@rs E®ipldshRefd aﬁﬁy@mumﬁg@%mbmrmgam Jlechh6lol ?n!s ymer

pellets gefroma out 2 M to about The pell et weight for the

LCPC- HCPCghd edhdsmdtrpeaptbGCe requmpeﬂyvmmn@hmef rlonmrzatlﬁntdntectﬁr gFID)peht et s,

g&?b&%ggrbﬁgg Wfa{éan grlld Zlarggsu%é %ogt/rglocgr%lplagsta?i'on\.mfﬁg 23419155%4‘228 performed
with a 30 m 0.53 mm ID HP AL/M megabore capillary column (film thickness 15
micron). The carrier gas was helium. The temperature 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.

[00268] 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 molecular sieve (5 A, activated in flowing N, at 270°C) for water
removal. The flow rate and density of the feed were measured by a Coriolis mass

flow meter (Model PROline promass 80, Endress and Hauser) that was located



EXAMPLES Et hyl ene- propyl ene copol yneri zation [ 002651 Propyl ene G ade 2.5
(Airgas, Piscataway, NJ) was obtained in #100 |ow pressure cylinders

equi pped wot2nosdispiBeg for |iquid delivery to the nononercrhisesdionsysst ati on.
Et hyl ene Grade 4.5 (Airgas, Piscatawayz NJ) was obtained in high-pressure
cylinders. [002661 Custom bl ends cont ai ni ng et hyl ene and propyl ene were
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conpensatjon... The analysis was performned with a 30 m0.53 mnmID HP AL/ M
megabor e BEQYIMeRt Ordita, Germanym t hi ckness 15 micron). The carrier gas was
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Chrom Scsampling poess)d gsvughdhpyGOWsammhing loapn The &6 was pregranoed 1&g,
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nol ecul ar Y& chfcufaticist | ThEadtdl febd QMAIOINR was Zededatédbyvwauirming eheval .
The flow rate and density of the feed were neasured by a Coriolis nass

f1 ow et emonbinte| fePR@Aowmeater measiweddy thedmess: flamd medersand thagatalyss flayeat ed
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rate measured by the weilg t drop iln t%e catalyst feed vessel.
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[00270]  Catalyst solutions were prepared in an Ar-filled glove box by using
toluene stock solutions of the catalyst precursor and the activator, and were
delivered to the reactor by a continuous high-pressure syringe pump (PDC
Machines, Inc., Warminster, PA). The pump rate directly afforded the catalyst

solution feed rate for the mass balances.

[00271]  Material balances were calculated from two independent composition
data sets. One of them relied on effluent gas analysis and propane internal
standard. The other one was based on product yield and BCNMR and IR
compositional analyses of the product polymer. The on-line analysis provided
conversion, yield, and product composition data, therefore allowed to monitor and

control those process parameters.

[00272] The polymerization results for representative samples are listed in

Table EP1 and EP2 below.

[00273] Table EPI. Reactor conditions for the synthesis of

ethylene-propylene copolymers using dimethyl
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[ 00272] The polynerization results for
Table EP 1 and EP2 bel ow.
Tabl e EP1. Reactor conditions for the synthesis of

[ 00273]

et hyl ene- propyl ene
WD 2009/ 082463 PCT/ US2008/ 013857 113

(-di methyl silyl)bis(indenyl)hafniumcatal yst precursor activated with



met hyl ani | i ni unt et r aki s( hept af | uor onapht hyl ) borate Batch # React or
conditions Tenp Pressure C3= conv. C2= conv. Res. tinmne C psig MPa % % m n
1 96 1080802409%5B2463. 9 43.2 5.1 2 89 10217 70.46 10.6 19P¢TAIS200881837 30364
209.4 17.8 30.7 4.6 4 105 10278 70.9148.9 40.8 5.0 5 105.7 10467 72.2
19.2 48.5 5.5 6 106 10436 72.0 19.6 45.6 5.0 7 104 10190 70.3 19.0 47.4
5.4 WD 2009/ 082463 PCT/ US2008/ 013857 114 Table EP2. Characterization
resul ts fabRiED2.cOhafichtization reowied Wbylpn&pw}@dené)yopdb'ng:rd pragtangd

(-di methyl silyl)bis(indenyl)hafniumcataly precursor activated with

di et hyl ani | i ni untley uainlgscllhﬂfmln)alf(Ipudﬂmnﬁp’ﬂﬂlw)b)lﬂmdﬂrwl)lﬂﬁmmm gatidyRt Mel ti ng
(first) dass trans. DRI Ethyl ene content Peak tenp. OHf Cryst. Tg at Mw
Mv Mh Mz/ Mv by | RWCETSQTNWV@C dovithn C J/ig %1/2 p, kg/nmol nmol %wt % nol

(z)a/o\g 4?9/0 2122 g 411(9) gdlzng“égﬁafg'im “ﬁeﬁ?{k‘i(l’éﬁgafg‘%f%&%ﬁgﬁég%ﬁi1515352;06949.29

5.1 2.5 -30.7 111.5 2.02 1.57 22.4 16.1 20.5 14.7 4 21.8 48.4 5.8 2.8
-30.1 129.7 2.03 1.64 20.0 14.3 20.9 15.0 5 20.5 47.3 12.5 6.0 -28.7 125.6
2.03 1.62 21.1 15.1 18.6 13.2 6 19.3 48.6 3.8 1.8 -29.8 123.3 2.02 1.62

21. 0 19gdtch]. MFRAT O Meltlny. (firstf 0. O]Glasbtrahsd - 30. ®RL31. 3 2. OOEthyl&ié cafler? 14‘. 4
19.5 1379 Hropyl Freex Ennpped ] zageon | [00IwdMn] Mevedui print Jaiyd’CritRhlods
used fdr_maHengmippl oplyVenk %va““ﬂ?é G4 fas déscri Bed %oyt %4 lims! %] wt%
et hyl ene- pr dpyi-®enk @8fal 5 9.9 267 4r oMl ehgd | 158 | 111§ 155 | 109

2 | 88 49.2 21.9] 106 - 65 201.8] 201 163 [ 167 | 11.8] 163 | 115

3 236 49.9 51 | 25 30.7 111.5]  2.02] 1.57 | 224 | 16.1 | 205 | 147

4 218 48.4 58 | 28 -30.1 129.7]  2.03] 1.64 | 200 [ 143 | 209 | 15.0

5 205 473 | 125 6.0 28.7 1256] 2.03] 162 | 211 | 151 | 186 | 13.2

6 19.3 48.6 38 | 18 298 123.3] 2.02] 162 | 21.0 | 151 | 208 | 149

7 18.1 46.6 75 | 36 300 | 131.3] 2.00] 1.62 | 202 | 144 | 195 | 139

Propvlene homopolymerization

[00274]  The equipment and methods used for making polypropylene was the
same as described for the ethylene-propylene copolymers, except that propylene

was fed directly from the vendor-supplied cylinder equipped with a dip-leg.

[00275] The polymerization results for representative samples are listed in

Table PP1 and PP2 below.



was fed directly fromthe vendor-supplied cylinder equipped wth a dip-Ieg.
[ 002751 The pol ynerization results for representative sanples are listed in
Tabl e PP woana/@R3bel ow. WO 2009/ 082463 PCT/ US2008/ 013@6T/ustds/oimbt e PP | .
Reactor conditions for the synthesisiof isotactic propyl ene honopol yners
using dinmethyl (-dimethylsilyl)bis(2-nethyl-4-(3,'5 -di-tert-
but yl phenyl )i ndenyl ) zi rconi um cat al yst precursor activated with
di met hyl amablg PRIt Riehedsr s6nditionas fopthenyathdsisoef sbeacBatpedpyleeact or
conditions M-K Tenp Pressure C3= conv. Res. tine Cpsig %mn g/10 mn 1
118.0 834Boﬁﬁ)pbl)8n6rsammgdﬁﬂﬁh71 QedmatyksiBlbig2- m@thlyl%t B,55386tdr6-. 0 3.4 35
4 119.3 8316 15.2 3.4 35 5 118.6 8306 14.6 3.5 30 118.1 8065 14.3 3.3
36 7 118l mt%nlzglyihnqeryl)ﬂmnugnP@gilzstam@}lrigr ﬂctgfa&e@?vlthg 119.2 8176 14.4
114.4 3.4 39 12 119.3 8153

3.3 38 1Q.119. 34, 11 1
T4 3, 4 Simethy iR akipestaiuorgphi zﬁ‘H@% 8154 14.3 3.4 34 Average

118.9 8209 15.0 3.4 35 0—6—90-+—1— S—\O-—26691-04m-#e3
PCT/ US2008/ 013857 116 |Bach # > Reacior Conditions
Temp | Pressure | C3= conv.]Res. time
°C psig % min g/10 min
1 118.0] 8349 15.2 35 37
2 118.7] 8255 18.3 3.5 34
3 118.2]} 8326 16.0 3.4 35
4 119.3] 8316 156.2 3.4 35
5 118.6f 8306 14.6 3.5 30
6 118.1] 8065 14.3 3.3 36
7 118.1] 8125 141 3.3 29
8 119.3] 8076 16.4 34 37
9 119.2] 8176 14.4 3.3 38
10 119.2] 8149 15.2 3.4 34
11 119.2] 8181 14.4 3.4 39
12 119.3] 8153 14.3 3.4 37
13 120.0] 8300 14.8 3.5 37
14 119.3] 8154 14.3 3.4 34
Average| 118.9] 8209 15.0 3.4 35
STDEV 0.6 97 1.1 0.1 3




Tabl e PP2. Characterization results for isotactic propyl ene honopol yners
prepared by using dinmethyl (-dinmethylsilyl)bis(2-nethyl-4-(3,'5 -di-tert-
but yl phernyb)2000Bm468) zi r coni um cat al yst precursor acti vareu/useaos/013857

di met hyl ani |'i ni unt et r aki s( pent af | uor aphenyl ) borate Batch # Crystallization
Melting (second) DRI Tc onset Tc peak Tm peak N-If Cryst. Mv MW Mh Mz/ Mv  C
CCJ g %kg/nmol 1 117.9 113.6 155.2 97.3 47.0 168.4 1.85 1.59 2 119.5
115. 1 155718 PM. 4Chdratiesizatidn 3OsultsSFor isdtdclic propieng htﬁﬁoﬂol?ﬁhe@s 47.3 176.4
1.83 1.58 4 116.5 113.7 154.2 97.4 47.0 163.2 1.89 1.61 117.0 113.5
155. 2 97. prepdred WyBusidg Himadthlyl §p-diteth@sily Dbis(2 nicby 134 43,'5- d18t.ent-174. 4 1.96
1.60 7 118.1 114.5 155.0,99.4 48.0 193.5 2.02 1.63 8,119.4 115.7 154.8
97. 2 46. obutyiphenyl)gndenybzircgnivm C&tabﬁpse%wr@%a@dﬂ?l 178.7 1.89 1.59
10 118.7 5 99.9 .48, 2 11 119.2 115.0 155.7 100.1
28,3 170, eyaanigumleraksentficdoreSpbedtes g o 175 3 1 82 1 57 13
119.5 115.5 156.0 97.7 47.2 182.3 1.97 1.63 14 118.1 114.3 155.3 100.2
48.4 176.1 2.00 1.63 Average 118.4 114.6 155.2 98.7 47.7 177.5 1.91 1.60

STDEV 0.9 0.7 O gatéh#TE.—ySﬁ";Egﬁbm “Widhing (SEETnAY [anal y§p$g'|of .po_l ymer s usi ng

Differential Schanning v e -1-5 t g phase
L 56 3 st MWMY,? MZMw gp .
transiti ons wer Ay e at -:.Em. == t he solid

state and nelt, , o1 metry
(DSC). Measuren 2 1 mi S(}52920 or
QL000 Tzer o- DSC t peo % dP,rg si 9 sebf tware by
the vendor. Typ DRL| W6 (iapshj 3611 an

al uni num pan an : 198&.4"’“4700{372 1.08] 1.63

99.6] 48.1] 174.4 1.96] 1.60
99.4] 48.0] 193.5] 202] 1.63
97.2] 46.9] 176.6 1.90] 1.61
98.9] 47.7) 178.7 1.891 1.59
. . 4] 99.9] 48.2] 182.0 1.96] 1.61
11 119.2] 115.0 155.71100.1] 48.3] 179.7 1.89] 1.58

12 118.5) 114.9 154.71101.3] 48.9] 173.3 1.82] 1.57
13 119.5) 1155 156.0] 97.7] 47.2] 182.3 1.97] 1.63
14 118.1] 114.3 1565.3] 100.2] 48.4] 176.1 2.00f 1.63
Average 118.4] 1146 165.2] 98.7] 47.7) 177.5 1.91 1.60
STDEV 0.9 0.7 04} 14 0.7 7.5 0.07] 0.02

Thermal analysis of polymers using Differential Scanning Calorimetry (DSC)

[00276] Heat flows during phase transitions were measured on heating and
cooling the sample from the solid state and melt, respectively, using Differential
Scanning Calorimetry (DSC). Measurements were conducted using a TA
Instrument MDSC 2920 or Q1000 Tzero-DSC and data analyzed using the
standard analysis software by the vendor. Typically, 3 to 10 mg of polymer was
encapsulated in an aluminum pan and loaded into the instrument at room
temperature. Sample was cooled to either -130°C or -70°C and heated to 210°C at
a heating rate of 10°C/min to evaluate the glass transition and melting behavior for
the as-received sample. The sample was held at 210°C for 5 minutes to destroy its
thermal history. Crystallization behavior was evaluated by cooling the sample -

from the melt to sub-ambient temperature at a cooling rate of 10°C/min. The



tenperature. Sanple was cooled to either -130C or -70C and heated to 210C
at a heating rate of 100 mn to evaluate the glass transition and nelting
behavi or wonroowdsetsas-recei ved sanpl e. The sanpl e was helpdTaS2020385Dr 5
mnutes to destroy its thermal histary. Crystallization behavior was

eval uated by cooling the sanple fromthe nelt to sub-anbient tenperature
at a cooling rate of 10C m n. The WD 2009/ 082463 PCT/ US2008/ 013857 117
sanpl e wagarfigledwas helial 0 Toonpsnpdratuee ffor 10Qmiriutes &s fillly equilibratgiin/ther at e
in the solid state and achieve a steady state. Second heating data was
nmeasur ed $olid Istd¢ endt hilievela stieadytsiatei z8acendnbicating dadd/wiash megsusddby

Egﬁi lg% cheded i rﬁ%l??%??ﬁ?ll%ﬁi%r?ﬁ <5t 0sCit noreand WERURR AR ANEL | on
Ir 2 t ] ' ' | 11
anal yzed PR SR, o SRR IR R RS DRty

t enper at UE&SdifiBRY’ t Thel BnddBetafld) Bfeldhg frigsideak(firet tandd sedctipaneltunad from
the second nelt unless otherwi se indicated. For polyners displaying

nul tipl e pesthermicherystaljivatiometarsitiprpwake amatpeechforransetof trpusitien andipgsk

transition reported _is the tenperature at whi¢ch heat capacjty change
is half temperatuse. Jeraclingdsmnesyecsgepaeed i Fabigs %ﬁﬁ’ﬂ?éﬁ?ﬁ neatmgocm

i?:‘a'g‘ onatamietatles Jhuhe " Seeld, RGRRSY orbeseTRafaltR o RbbimeslL 1
can be : . : L Ri ;
oo ved RIBAFEnRHiBlpedS, HROBBREOeIY peak teripéohrurd i Seponel. Dlass

pol ypr opytransitioairepbred iy tHeadenpeaatute aenhich hparr ¢apdcity chBngd\iACe) lis balf
"Thermal Anal ysis", Academ c Press, Page 418, 1990). The percent
crystal | i itsttgtal yabuel (stepaclangesbettyeen equilibrinm, liquidde eavilibrivmesalid Hate)

(Joul es/ 4 1) ,/.87Q0 (Joules/nol] * 100. Melt-Fl

ll;/ls\as ure ngtﬁ'c?‘??‘f‘ ?‘6’6‘%’7 g'glrf%ﬂ% g%@%’!e- h‘l‘%&?ﬁ&fﬁ%d&a S,ﬁ%ashpd&& %Frrﬁ?rsve;[/"ﬁ?rgol\#gfpt 3%’?71’ ned
y using t '

foll ow ngd%gﬂn ?r?rfcg%lk%‘ﬁ@%gég rﬁ:i) %é%rtﬁf) ;{ﬁgaée%rélﬁ e@g%&k/&%l&ﬁ%%&%?&é E?'Z’tfl on

manual , MehRedliBity. Kealiit 6108l 7Tkl molvwadabbl s 108 8quilibridint heat &f fudidibfdeg and

230C. Al sanpl es
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.

Melt-Flow Rate Measurements:

[00277] The Melt-Flow Rates (MFR) of polymers were determined by using

Dynisco Kayeness Polymer Test Systems Series 4003 apparatus following the
method described in the Series 4000 Melt Indexer Operation manual, Method B.
The method follows ASTM D-1238, Condition L, 2.16 kg and 230°C. All samples

were stabilized by using Irganox 1010.

Molecular weights (Mw., Mn and Mz) by Gel-Permeation Chrdmatograplﬂ
GPC):

[00278] Molecular weight distributions were characterized using
Gel-Permeation Chromatography (GPC), also referred to as Size-Exclusion

Chromatography (SEC). Molecular weight (weight average molecular weight,



were stabilized by using Irganox 1010. Mol ecul ar weights (My, M and Mz) by
CGel - Perneati on Chromat ography GPC : [00278] Mol ecul ar wei ght distributions
wer e charwotesymed3usi ng Cel - Perneati on Chr omat ogr aphy PCERSR(08AlBE7
referred to as Size-Exclusion Chromat®ography (SEC). Mol ecul ar wei ght

(wei ght average nol ecul ar wei ght, WD 2009/ 082463 PCT/ US2008/ 013857 118 My,
nunber average nol ecul ar wei ght M, Viscosity average nol ecul ar wei ght,

M, and Znwehagfbeiverdeamoldiuldit welght MRS Vistesity mveaikeumbletultiroWweight,
Tenperature Gel - Perneation Chromatography equi pped with a differential
refracti viivnded detacrage (DBlocular vesight; eMi)| yyase dotermimeditusimg Hagh-her
from Waters Corporation wth_ on-1jne V\{/att DAWN ".ECS; an&_l WAt ﬁr GPCV

vi scomet erl copeseiEs s GelnPepgegtion  ChsematograRly wqwiPBed | Pad @ aditierentialpany

and Vi scote rporati Vi S er o) perd ai | t he
measur erreﬁ?éﬁ‘%gvccglﬂfﬁ§ ‘3?“‘8“8&3%&8 &‘%t‘lﬁﬁ% é (Iﬁy g{r%gtcg’rn g%@ﬁ@n%ﬁ%ﬁieﬁfr@@am ,
R R Ch S AN ol uitRCv19,
6812- 682??9%550051%&% b, Y E> Shthe ﬁ?iﬁmngs perfe?)}%(r?gd Egiangﬂaatef\\/d\aters GPCV
2000 (Gel vifenmeat detectdrs,oonPolyraph Labotdtoties with datlind iWyatt ThinitDAGEN
detectors were in series with Watt DAWN "EOS" MALLS 18 ang] e | aser |ight
scatteri ngnde , ctitve

i ngndeVissotek Gorperaticmovissgereter, detrstonyy  diperisnanial setadlst pacthey

I ndex) then Differential , Viscomete etector. The de tor ut signal s
are obl | ot diocedud i deorpedin 6 deralinS B TSRy B2 BB KRS <
program t Al Lt ' ' I . 68922801
St andar ds@%&gg’aﬁﬁp(’ 32’ %fgr%ér%g% f'ggg(f%ﬁﬂ{oﬁ%‘lidbllé%’ Zgoq%]BJga’ Numbé 99} 6
(1,2,4-tr i&ﬁbp(m)l@q?}zene) sol vent. Four NBS pol yet hyl ene standards were used
for calibrating the GPC. Standard identifications are listed in the table
bel ow. The sanples were accurately weighed and diluted to a -1.5 ng/nL
concent r aff00279nd Thecanalydis Was Jeafotareds vaimg sanWlatas wabPC Yl aeea”gcaela PL
Labs 260 .
Permeation Chromatograph) with triple detection. The three detectors were in
series with Wyatt DAWN “EOS” MALLS 18 angle laser light scattering detector
first, followed by the DRI (Differential Refractive Index) then Differential
Viscometer detector. The detector output signals are collected on Wyatt’s ASTRA
software and analyzed using a GPC analysis program. The detailed GPC

conditions are listed in Table 1 below.

[00280] Standards and samples were prepared in inhibited TCB
(1,2,4-trichlorobenzene) solvent. Four NBS polyethylene standards were used for
calibrating the GPC. Standard identifications are listed in the table below. The
samples were accurately weighed and diluted to a ~1.5 mg/mL concentration and
recorded. The standards and samples were placed on a PL Labs 260
Heater/Shaker at 160°C for two hours. These were filtered through a 0.45 micron

steel filter cup then analyzed.

[00281]  The concentration, c, at each point in the chromatogram is calculated

from the baseline-subtracted DRI signal, IDRI, using the following equation:

¢ = KDRI IDRY/(dn/dc)



Heat er / Shaker at 160C for two hours. These were filtered through a 0.45
mcron steel filter cup then analyzed. [002811 The concentration, c, at
each poi nwoinogdsessshr omat ogram i s cal cul ated fromthe lpavaiscovs/sisbt ract ed
DRI signal, IDRI, using the foll ow ngiequation: ¢ = KDRI IDRI/(dn/dc) WO
2009/ 082463 PCT/ US2008/ 013857 119 where KDRI is a constant determ ned by
calibrating the DRI, and (dn/dc) is the sanme as described below for the LS
anal ysi s. wilieré KIDRI Roaasoriseins detranigb@wly ddibsatiniesiss DRI, andofdntdv) iSHRe

met hod are such that concentration is expressed in g/cnB, nolecular weight
i s expr essauieias dgsenibes] below fortthe A analysis.odinits onspasapratersdhirqughoyt ths

1002821 For the light-s tering detecior used at high tenperajure, the

pol yrer ﬁﬁfﬁ“é’%!(’&roﬂgleﬁ& WFthé’% %rgcqqcbdflgﬁcqqpepﬁgtle r‘%ﬁﬁg’%ﬁ i} g/em’,

det er mi ned nal yzi.n out S| . ' l:o T Is

l'i ght scamogg‘flﬂgr Ff\%@t g’I-?%J’lchqkleérls,édLllﬁgg/tlil[l (gg’a%]ﬁ grllh{r%gjsfér %ng%rlr%re EB‘TQSE?(? cl)I?\s,
Academ c Hress, 1971): Koc _ 1 + 2Acc AR(0) MP(0) [002831 Here, OR(0) is

t he neasured excess Rayl eigh scattering intensity at scattering angle 0, ¢
is the pol yner concentration determned fromthe DRI analysis, A2 is the
second vi [0¢@82]0ef For ti@nlight{dajteringtdetedtor usddeatittiph ftemparatume) dut pokynser

random coi |l (described in the above reference), and Ko is the optical
const ant frnleciar sysightn M avreash( paindcim th&ochronatographiis hdetarmened by

Syarom TRRADEMEE 1S Quibk SipeSthe Zisny biooskdonstgsie i abcne a B
I ddi ti = Q. : but
pol ymor s, TUglfi [t it A ARA ARF SOMUC Actitmic B {90  or but ene

pol yners. [002841 A high tenperature Viscotek Corporation visconeter was
used, which K,c 1

AR()  MP()

+2A.c

[00283] Here, AR(0) is the measured excess Rayleigh scattering intensity at
scattering angle 0, c is the polymer concentration determined from the DRI
analysis, A2 is the second virial coefficient, P(6) is the form factor for a
monodisperse random coil (described in the above reference), and Ko is the

optical constant for the system:

4n*n?(dn/dc)?

K. =
° AN 4

in which NA is Avogadro’s number, and (dn/dc) is the refractive index increment
for the system. The refractive index, n = 1.500 for TCB at 135°C and A = 690 nm.
In addition, A2 = 0.0006 for propylene polymers and 0.0015 for butene polymers,
and (dn/dc) = 0.104 for propylene polymers and 0.098 for butene polymers.

[00284] A high temperature Viscotek Corporation viscometer was used, which
has four capillaries arranged in a Wheatstone bridge configuration with two
pressure transducers. One transducer measures the total pressure drop across the

detector, and the other, positioned between the two sides of the bridge, measures a



has four capillaries arranged in a Weatstone bridge configuration wth two
pressure transducers. One transducer neasures the total pressure drop
across t hwo 2d@toseicdr, and the ot her, positioned betweenpPchasteus/osisdes of
the bridge, nmeasures a WO 2009/ 0824632PCT/ US2008/ 013857 120 differenti al
pressure. The specific viscosity, is, for the solution flow ng through the
visconeter is calculated fromtheir outputs. The intrinsic viscosity, [rl]

,, at  eadiffgehtial pressire. cThespeeificavistasityae ufoatthd sbhatort Aewing lthrsugh
equation: [fl1l1 =rlsi / C, where the concentration, C, was determ ned from

the DRI othewiscoinetass] catbelatadafrom iheir watputs.g' The ntriabicuviscesityudnhg athe
output of the SEC-DRI-LS-VIS nethod,as fqllows branching index g' is
def i ned a$ach RAWbHIR emaiogram 1s/caégfsle‘§§ﬁa(l}'%lg qlﬁggﬁ%‘f"f%?q‘{qt%“' of a linear
pol ymer, where the «calculated theoretical [rl] of a linear = k Ma where k
= 0.0002288 and a = 0.705 for pr opybﬁngd{)izldrrer s. [00286] My is the

S S

vi scosity average nol ecul ar wei ght n'nol ecul ar wei ghts det erm ned
by light-scattering (LS) analysis. The viscosity average nol ecul ar wei ght,

W, of th%@gﬁi@?dr&eﬁﬁhﬁ%f‘gﬁ%@&a ified Er&hMl?e bﬁlmopdt{ a [00287] M =

mol ecul ar wel or eac i ce, om the chromatogram and the
summations are carried out over all chronotographic slices, i.e., between
the integration linmts, W 2009/082463 PCT/ US2008(/013857, 121 Tabl . Cel
Per neat i o0& #mat 44 apranchiorr) index s (8 b rignealeBlatrd i g WQS?RUNENP}::V@?FERS

2000V Tvpe: TYPE 'B" 10
(hi'gh por SECHRSFSTYIS ot 40 Toows, | herbEnghink mdek o s Mertid 55
Sample measured [n] / calculated theoretical [n] of a linear polymer, where the

calculated theoretical [n] of a linear = k M*
where k = 0.0002288 and a = 0.705 for propylene polymers.

[00286] Mv is the viscosity average molecular weight based on molecular
weights determined by light-scattering (LS) analysis. The viscosity average

molecular weight, Mv, of the sample is calculated by:
My = {EhM;® /T h;}

[00287] M; - molecular weight for each time slice, h;, from the chromatogram,
and the summations are carried out over all chromotographic slices, i.e., between

the integration limits.
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Supplier | POLYMER LABS
SOLVENT A 0.54 ml/min TCB inhibited
PROGRAM
GPC console setting was 0.5 mL/min to
which 8% expansion factor (from Waters)
makes actual flow 0.54 mL/min
DETECTOR A: Wyatt MALLS 17 angle's of laser light
scattering detector
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(DRI) in series
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STANDARDS BROAD PE NI ST 1475a STANDARD Et hyl ene content analysis y using
infrared (I R) spectroscopy [002881 Ethyl ene anal yses of ethyl ene-propyl ene
copol ynerwowesswnspssf or med using thin polymer filnms. Forcrhms2@sto3sdD wt %
et hyl ene concentration range, the cabkibration correlated the area ratio of
the peaks at 1155 and 722 cm 1, representing the nethyl wag and -(CH2)r;
rocking vibrations, respectively, and was fitted by the follow ng

expr essi om@mm)gne W. %F 72.698[3286 45 X + 13.696 X2 where X = [peak
area at [LI55 cml )7 (peak area at 722 cm 1). The calibrati on was
i ncor por pMOL.WMI® a spectral procesgi ng macro that ran wwthin the OW C 7.1

Operati n i ersion 1 firmamorao varciogn 1 ’)R\ of—ou

Ni col et BIAMPEE| R (Therno Fl ectron @oirﬁ)w)(v‘yolitllfﬁlmgﬁ@lbgﬁt@ﬁﬂ"tanal ysi s| big

i nfrared m T et | ¢ Resongree—NMR—SpeetFoscopy—086289+—Car bon
NMR spect tp neasure¢ nononer sequence- distribution,

conposi t SQ'LMTED SHEN-EQ and reg m@qﬁﬁgi oncentrations. VWO

2009/ 082183 PEFFUS20087013857 123 Qefinic en group concentratlons are
typi cal | y~t AT ready[anal ySi g itﬁggial\lm 98330041 Py

spectra mgrAgﬁ?bquu li(gf(}r with the 10- mnh?soa d prsobe oh t%ﬁ Var | an
Uni t yPl usNAORONWIPEBanpl es ywere prepared 1n 1,1,2,2- tetrachl oroethan
(TCE). Sanpl e prepar ation (polymer dissolution) was perfornmed at 140
order to| SPAMDARIIBeni cal $hift regolution, the sarrpl es were prepared

d2
I

P -
-
I~
-

W t hout phromum acetyacetprate—+elHaation—agenrt—SHghral—to-—not-se—was
enhanced| BRQABVRE| ng t he spectra wiltWSHul4 & Over hauser enhancenmen{ for
10 second r he acqui $i ti on pylse—Fhe—3—2—secont—aceutsttt+on peri od
was follp addi ti onal del ay|of 4 seconds, for an

Ethvlene content analysis by using infrared (IR) spectroscopy

[00288]  Ethylene analyses of ethylene-propylene copolymers were performed
using thin polymer films. For the 0 to 40 wt% ethylene concentration range, the
calibration correlated the area ratio of the peaks at 1155 and 722 cm’', representing
the methyl wag and -(CH,),- rocking vibrations, respectively, and was fitted by the

following expression:

Ethylene wt. % = 72.698 - 86.495 X + 13.696 X

where X = (peak area at 1155 cm™)/ (peak area at 722 cm™). The calibration was
incorporated into a spectral processing macro that ran within the OMNIC 7.1
operating software (driver version 7.2, firmware version 1.26) of our Nicolet 6700

FTIR (Thermo Electron Corp.).

Ethylene content analysis by using infrared 13C Nuclear Magnetic Resonance

(NMR) spectroscopy

[00289] Carbon NMR spectroscopy was used to measure monomer sequence

distribution, composition, and clustering, and regio defect concentrations.



aggregate pul se repetition delay of 17 seconds. Free induction decays of
3400- 4400 coadded transients were acquired at a tenperature of 120C. After
Fourier woan&fmsessati on (256K points and 0.3 Hz exponentraluskensm138s7
broadening), the spectrumis refereneed by setting the upfield peak of the
TCE to 74.054 ppm [002911 The Journal of Applied Polyner Science article
by DO Martino and Kelchtermans (J. Applied Polynmer Sci. 56 (1995) 1781)

provi des @1 i¥ a%ﬁ%ﬁ%bé&xcehﬁaﬁbﬁg 208 19pically fdaﬁrrbwaforsmafdry aAslysRBYL S

for the pea |nthesectrum The review article by Rand

( Macr onol 5611NMR27(8) (1994) 2120) gives an overview of the procedure for
converting the peak areas to the nononer sequence triads that define the
chain mcrostructure. The nonencl ature adopted for our analysis is

t abul at ed[m%}v vﬁaﬂmmgbﬂm@ecmweusagmaImWMeluhméxm@har@mmber ange

(ppm NMR region Chaln trygtur 48 A PPP+1/2PPE 43 - 43.
Pt 4100 Hye pVareno Uni Play SQOB PEPS ( $aMPIeSENEiSE RIEPTSHpiR éifs‘fazér'ss 95

2,1-

2,1-P 2, 1;

2 1E 2 ae?%gﬁm% hape oy (TCEY . SupiniC rgbiisfiol, "Ypofymner; dissefyriony ™ ap”

32.9- 33. 48§f§1%5ed 32 140‘&2 InorlieP t@ optitiizé Ehémidal %hift, réboilatibn Ethe?sadmples

2, 1EE 30.5-31.05 D EPP+2, 1-Pt +2, 1-Pe 30.6-30.7 yy PEEP 30. 2- 30. y8+

PEEE + 2, WweRe pfepared 30withsut ( EE]E‘))mlum acetylacetonate relaxation agent.
Signal-to-noise was enhanced by acquiring the spectra with nuclear Overhauser
enhancement for 10 seconds before the acquisition pulse. The 3.2 second
acquisition period was followed by an additional delay of 4 seconds, for an
aggregate pulse repetition delay of 17 seconds. Free induction decays of 3400-
4400 coadded transients were acquired at a temperature of 120°C. After Fourier

transformation (256K points and 0.3 Hz exponential line broadening), the

spectrum is referenced by setting the upfield peak of the TCE to 74.054 ppm.

[00291]  The Journal of Applied Polymer Science article by Di Martino and
Kelchtermans (J. Applied Polymer Sci. 56 (1995) 1781) provides a very accessible
tabulation of the chemical shift assignments for the peaks in the spectrum. The
review article by Randall (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 nomenclature adopted for our analysis is

tabulated below:



27.8

PEE 24.2-24.9 HPEP 21.2-22.3 1|1
19. 76- 20.\802809RBRIGIEPE 15.0 2, 1-P-t 2, 1-P-t

29 F PPP 27.5-27.9 By 2,1-E-E 27.25 -

PPPmm 20. 5-21. 2
15.4 2

27.45 Gl PEE 26.9-27.25 &

12 PPPnT +PPE
, 1- PPCTAIS200B10138517 . 2

2,1-P-e 2,1-P-e 17.5 2,1-P-e 2, 1-P-a24\D 2009/ 082463 PCT/ US2008/ 013857 125
[ 00292] The distribution of nonomers in the chain can be nodeled with a
statistical nodel for the polynerization. The sinplest, Bernoullian, nodel
assu t T dJto the hain w [ hout e
15hifP P _ vaA fi _ ~Bham StFauid
nmono rerth::"ﬂ]?éaen. \Yi a.ﬁg%t(ﬁgﬂ@hall n ter mﬂnus.rpgﬁe next - hi gher orger node the
firs{- order M#Xk4s/i an, assynes that th& nononer is| sensitPPE+12PPRe
curréent _chain- i it i _ i
mat h¢mat i cal ﬂ%sﬂ?-'rgpt ion off a reacti c?nl'gyst em s prpensity fot-Phaki ng
al t ermating—TgdpyT and btgck Copot WIERS.  111e Marfkovian ang ypgs of
finite EP pol yﬂer&chai ns by |Randal | a)r?dFﬁ)SRucker ( Melcr onol ecufﬁé)s/ 7(8)
(1994) 2120) ezphlgins the nmdgthematics bBhind the st BREPs{l/DREEFEREH ND)RPE
the polymer mcrostructure land is excerpted inpart here. [00293] There—
are four basP&4ri38H-order Narkov tr arislPi on probabjlites 24rPeiRel-Pt our
possibte—adiohrmiyng par Ts—of monomer—ury 1 (dirads) 1T a copst L Cpgi M. 1IN
a Markov di aéS,‘Qt %’g first unit is cal IQé%I:Pt he initial stat eg’én tzhlgpgecond
unit|[Ts calledsq-ghg final stlate. Woh-Ehg1axception| of 2JieEedd-BEa2psPt a
di adldescription requires tlhat each unit in i
both{an initi¥-8:3B& e and alfinal statelE For a copll(;l ymer cha?A:Ethere are
onl y rtwoe pﬁag‘ggii '33 tsgca for—the—initi a'Q SEEte and, > 1-EE
32.9-33.4 C EPE
32-325 2,1-P 2,1-Pt
31.1-31.25 2,1E+2,1-EE 2,1-E, 2,1-EE
30.5-31.05 D EPP+2,1-Pt+2,1-Pe
30.6-30.7 Yy PEEP
30.2-30.3 v&" PEEE + 2,1-Pe
29.8 - 30 36" (EEE)n
27.8-29 F PPP
27.5-27.9 By 2,1-E-E
27.25-27.45 Gl PEE
26.9 -27.25 G2 PEE
24.2-249 H PEP
21.2-223 11 PPPmm
20.5-21.2 12 PPPmr+PPE
19.76 - 20.3 I3 PPPrr+EPE
15.0 2,1-P-t 2,1-P-t
15.4 2,1-P-t 2,1-P-t
17.2 2,1-P-e 2,1-P-e
17.5 2,1-P-e 2,1-P-e




| i kewi se, only two possibilites for the final state. The four transition
probabilities are summarized in the table below [00294] Probability

desi gnat iwo0d%us248 hyl ene- propyl ene copol ynmeri zati on | mciritskooStoadse7 Add
Final state Transition probability &£ EPEEE P P PEP P EEPPE P PP
PPP [00295] The statistical treatnent that follow wll be derived for a
pol y(et hyl ene-co- propyl ene), but they apply to any copol yner chai n.

Accor di ng{op292e aiphy adifeibutionass niérymesodatlid chaigscanibe hodekidatéth as
fol l ows: WD 2009/ 082463 PCT/ US2008/ 013857 126 PEE + PEP = 1 PPE + PPP = 1
1002961 Esfatisticals n@dehdforo thie olymerizationpt iThes siroplest,o Pegaeulbanomedelas

will be seen |ater, additional ferns,are re UII’ .V\/ne t he, end .gr oups

r epr esent a3SUMgsg fhatj E%‘F?‘Pnoﬁ’(%%rf\fféiblt% tlhtea&(?"ﬁ Vﬁ'ﬂ?ﬂ'ﬂ RSy S‘g tgl
(002971 A o) | e

PPE = PE nldg Pler; ‘{“g%tmwtk@\é ‘%ra‘ﬂ&hﬁ'gﬁb qﬂgq‘%’& ?‘ﬁ%%rwu e Sg‘ﬁ?,rf‘ 3 P
whi ch denpgd MEAOVIdIR asStiRied tRAtOBRGAbhOMe! N sagﬁﬁwtd HRceeee otiEn-cadst ens
is i ndependent of the identi ty of the initial state. Consequently,

Ber noul | i amnosiatdwing tie additipaasactian. ddhisnedows tthe mlnﬂthemaacahd@@emtient

vari abl e and first order _Markov anal yses are defined with two i dh&cgdent
vari abl esof o rersiion BEstem’s RQRFRBLY OB Maliing galternatings random, 3 ovi an

The Tir st CoRSMSTS: Mo Markiias aifitisihAtle B AISrRE als ) Rebhy ohf "
appr opr i akﬁcké@qgh&fo%ble gg'@vtzi)tg?gf @1120) égl}@m@tﬁe rﬁ&lﬁhhﬂaﬁ@@‘beﬁﬁfd‘ met ons

are necessary: proba n I g unit at any location in a
copol ymer statisfical modeling of the polymer microstructure, and is excerpted in part here.

[00293]  There are four basic first-order Markov transition probabilites for the
four possible adjoining pairs of monomer units (diads) in a copolymer chain. In a
Markov diad, the first unit is called the initial state and the second unit is called
the final state. With the exception of the end groups, a diad description requires
that each unit in a copolymer chain serves as both an initial state and a final state.
For a copolymer chain, there are only two possibilities for the initial state and,
likewise, only two possibilites for the final state. The four transition probabilities

are summarized in the table below:

[00294]  Probability designations for ethylene-propylene copolymerization

Initial State Add Final state Transition probability
E E E PEE
E P P PEP
P E E PPE
P P P Ppp

[00295] The statistical treatment that follow will be derived for a
poly(ethylene-co-propylene), but they apply to any copolymer chain.

Accordingly, the above four transition probabilities must be related as follows:



1PE = probability of finding a "E" unit at any location in a copol yner
chain and, 1Pp+ 1PE= 1. WD 2009/ 082463 PCT/ US2008/ 013857 127 [00298] In
terns of woan@ydse4sd probabilities, the probability of fipg@iusgoosiotdssr a "P"
or "E" unit anywhere in a copolyner abain follows fromthe consideration
that the preceding unit can only be an "E' or "P". Therefore, 'Pp = 1PPPPP
+ 1PEPEP 1PE = 1PPPPE + 1PEPEE Solving gives: 1 Pp = Mole Fraction of "P"
= PEP (PEP + PPE) 1 PE = Mdle Fp %t#opE9f="E" = PPE (PEP +PPE) [00299] A
sequence of any length in a copol yner chain can now be defined in terns of
only two transition probabilites. A summary of derivations for the
concentration in terns of transitpgﬁ merﬁbLlities are given in the table
bel ow. Sequence Concentration in terns of‘transition probabilities
PEP(1-PPE) PP 1 PPPPP = (PEP +PPE) [PP] 2 EPE 1 PEPEPPPE (PEP P PPE) _

bpe) 4 el pEfbes 2eeg 10 dcosties the ghtiohs I8  bydpagalibporil s il ©
has al so B@e#égﬁeﬁ?é}s'[z{fd@it?&la{lnﬁm§ ARONRuiiredS wheh Ol Mid(‘;é%}cl § irdPresent a

descri ption r an infinite chain that the probability ndi hg a PPE
sequence kignificant, observable fraction of the chain composition.

[00297] A first order Markovian system reduces to Bernoullian when

Ppg = Ppg = Pg = mole fraction of “E”, and
Pgp = Ppp = Pp = mole fraction of “P”,

which demonstrates that chain propagation for Bernoullian copolymer systems is
independent of the identity of the initial state. Consequently, Bernoullian
statistical analyses are defined with only one independent variable and first order
Markov analyses are defined with two independent variables. To describe a
sequence of any length in a first order Markovian statistical scheme, it is
necessary to define the probability for finding the first unit of the sequence. The
subsequent units are defined by the appropriate transition probabilities. The

following additional definitions are necessary:

1PP = probability of finding a “P” unit at any location in a copolymer chain
1PE =  probability of finding a “E” unit at any location in a copolymer chain
and,

Ipp + Ipg = 1.



WO 2009/ 082463 PCT/ US2008/ 013857 128 the sane as the probability of
finding an EPP sequence. The first order Markov description for a

conpl et e,woanepedsesed triad distribution is given bel ow PCERRSpRocs/0138PEPEEPEE
=PPE (1-PEP )2 (PEP +PPE) [EEP + PERR7 =1 PEPEEPEP + 1 PPPPEPEE = 2 PPE PEP
(1-PEP ) (PEP +PPE) _ P P2 [PEP] =1 PPPPEPEP = (PEP + PPE) _ P2 P [ EPE]
=1 PEPEPPPE = (p EP + PPE ) [PPE + EPP] =1 PPPPPPPE + 1 PEPEPPPP = 2 PPE
PEP ( 1- PPF)0298] PEPHPRIEIs bftRhsitibn HrBbibiRERs,(the fiBbabRity ofHiRng (Jiher 4 PPE)
[003011 Note that the E- and P-centered triads sumindependently as

fol l ows: “PEBREf‘E? uniEmywREE]ina dopphjmer ¢iriin follays frmpthe pusigerptiprthat [ PPE
+ EPP] + [PPP] = PEP = [P] (PEP + PPE ) _apd, of course, the six triads sum
to unity. LhmE@Ee‘ih&Bt‘E’t‘t &’é‘\] %éliygﬁ‘s?ﬂ J;EEﬁbp {;r Thersfores) | but can be hel pf ul
when testing experinmental data for the best trial values for the
transition probabilities. Aftgr subgti tuting, for the nole fractions, the
triad equations becone: WO 20Bp/982ReRBppCT/ Wg2REL/ 013857 129 [EEE] =
(E)(1-PEp)2 [EEP + PEE] = 2(E)(1-PEP)PPE [PEP] _ (E)(PEP)2

Ipg = IppPpg + 1PEPEp

Solving gives:

1PP = Mole Fraction of "P" = —Pep
(Pgp +PpE)

1PE = Mole Fraction of "E" = P

(Pgp +Ppg)
[00299] A sequence of any length in a copolymer chain can now be defined in
terms of only two transition probabilites. A summary of derivations for the

concentration in terms of transition probabilities are given in the table below:

Sequence Concentration in terms of transition probabilities

Pep(1-Ppg)

1 —EP\ " " PE/ _

PP PpPpp — (Pgp +PpE) = [PP]
EPE 1ppProP _ _PhePep) = [EPE]

E"EP"PE (Pgp +Ppg)

2PgpPpe(1 —Ppg)
PPE+EPP  lPpPppPpp+!PLPEpPpp = — 5 o——TE" = [PPE + EPP]

(Pgp +Ppg)

_ Ppg(1-Pgp)?

EEEEE IpPrp)?
EVEE (Pep +Ppg)

= [EEEEE]

[00300] It has also been demonstrated in the above first order Markov triad

description for an infinite chain that the probability of finding a PPE sequence is



[EPE] _ (P)(PPE)2 [PPE + EPP] = 2(P)(1-PPE)PPE [PPP] = (P)(1-PPE)2 [00302]
By performng a |least-squares fit of the calculated triad areas to the
exper i nenwelodwisag3ar eas, we obtain the Markovian probalpciriusces/oidsat al | ow
us to predict the concentration of apy arbitrary sequence. The nol ar
conposition of the polynmer is sinply the sumof the E-centered triads for
et hyl ene content and P-centered triads for propylene content. [00303] One
met hod f othehthaak ahé Prolatiliey b€ fiddiny anfERR sequenees The fipst ymier Markiov a
non-random fashion is the cluster index devel gped by Randal|l ("A Review of
Hi gh ResoMdasdriptioni fgniaccongaiate, aermalizediriaddiseibugionds giegncbelow:
Char acterizations of Ethylene-Based Polyners", JM5-Rev. Macronol. Chem
Phys. (1989), C29(2 & 3), pp201-317). This nmeasures the deviation in the
concentration of isolat edgﬁg?gorferptri,ads:(ﬂlﬂ’gg s) fromthat predicted
d iidek EEo l(p}%}EPE]ngserved - [EPE], a" dom
te

by a Bernoullian nodel: er i
[Pl bserved - [EPE],tndom which can be resta internms of the nononer

triads: O usterd =10, 14- o[ EREt bsan EPEZP pg Rl EPRB) obser ved +
[ PPE + EPP] obser[ﬁe%g%)i)[@;%_L%EgEEﬁRi[ gllpgé]%)'é@lom [(BQ30#cYe can now
consi der sonme of the extrene cases for the copolynmer mcrostructure for a
50/ 50 nol e-% EP copol yner. An al ternating copp wll have all the P
mononer in one-nononer bl oc[REP]ﬁ‘}BPPPE]?ER)ﬁsﬁ'tég?—"V P] observed, WO

2009/ 082463 PCT/ US2008/ 013857 130 and the cffE8t'erPBindex becones 0. A
random copol ymer wi ||l have [ EPE] observed = [I;E random giving a cluster

i ndex of 10. In the case OfEPE lqujtjr:s% e raction in the
brackets becones -0. 33, ang th]e) cl ust '%de(&’éﬁf@pg)’hi s is summarized in
the table below. Mcrostructure Cluster index for 58/5 c(?pi;ly r
[PPE + EPP] =!PpPppPpg + !PgPEpPpp = —LE-EE——PE.
(PEp+PpE)

] _ Pep(-Ppp)?
[PPP] ="PpPppPpp =
(Pgp +Ppg)

[00301]  Note that the E- and P-centered triads sum independently as follows:

P
PEP]= —®% — =[E
[EEE] + [EEP + PEE] + [PEP] s [E]
— Pep —
[EPE] + [PPE + EPP] + [PPP] = ot [P]

and, of course, the six triads sum to unity. These latter relationships appear
trivial, but can be helpful when testing experimental data for the best trial values
for the transition probabilities. After substituting for the mole fractions, the triad

equations become:



Alternating 0 Random 10 Bl ock 13.3 [00305] The sensitivity of this index
to conposition can be illustrated by considering the case of bl ocky

mat er i al swof200a82488Ss conposi tions. The tabl e bel ow showeTiuseoosfoimst of
conposition on the cluster index of am AB bl ock copolynmer. As the

propyl ene concentration increases, it becones increasingly difficult to

di stingui sh between Bernoullian and non-Bernoul | i an pol ynerization. The

index wll be npbst sensitive at 2concentrations. Mole-%P
Cluster index for block copoly W@gﬁ? 50 13 99 -10 [00306]

eactivily rat o§°mé'é”aﬁﬁs‘éﬂ>t% REH o gD B REG as rate of

honmopol yreri zation divided by the rate of copglynerization, multiplied or
divided by the ratio [E]/[P]. RE[PERE= (E?Gﬁiﬂ% kEp PEP[E] RP PP = ~PP [F]
KPE PE P WD 2009/ 082463 PCT/ US2008/ 013857 131 [00307] Cal cul ating these

reactivity ratios fromthe NI\/Rd ?WP\%W I nformati on about the
nononer ratios in the reactor, F often are not avail able.

Mul tiplying these quantitie R, npove the monomer ratio
dependence: RERP = PEE PPP S[BEE-EE%PT 2%(10@” )P

[PPP] = (P)(1-Ppg)?

[00302] By performing a least-squares. fit of the calculated triad areas to the
experimental triad areas, we obtain the Markovian probabilities that allow us to
predict the concentration of any arbitrary sequence. The molar composition of the
polymer is simply the sum of the E-centered triads for ethylene content and

P-centered triads for propylene content.

[00303] One method for characterizing the tendency of comonomers to
polymerize in a non-random fashion is the cluster index developed by Randall (“A
Review of High Resolution Liquid BcCarbon 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 - [EPE]"”“’W [EP E ]mndam ]
[P ]observed [EP E ]random

which can be restated in terms of the monomer triads:

Cluster index =10- [EP £ Lbserved [EP E ]random
[P PP ]observed + [P P E + EPP ]observed + [EP E l)bserved [EP E ]random

[00304] We can now consider some of the extreme cases for the copolymer
microstructure for a 50/50 mole-% EP copolymer. An alternating copolymer will

have all the P monomer in one-monomer blocks. Thus [EPE]ssserved = [Plobserveds



[00308] In principle, this product can be determ ned from any pol yner

anal ytical technique that yields a triad distribution and also from

Ki neti cs wexpevdispmat s. The inportant result of this cal egiratseas/ oismsst hat
there are certain values for the trassition probabilities that provide
break points for describing blocky, alternating, or random pol yners, and
these are tabul ated bel ow. Transition probabilities RERP Pol ynmer structure
PEE=1 PEPzf QRe BluzedsYindER etohtitE 10 BEEfn(ﬁ)nPEBEoE'nierf'&ﬂﬁ(hﬁ\/e RBPE] D= ©
PEE=O PEP=1 0 perfectly alternating Ppp=0O PpE=1 [00309] Several region
def ect s WREBE}sqingreivingnal clustergimalezdofi H.t Ha t&wasepﬁcatb virpadymks etheed.
These resylts fromre

erse (2,1) additjion o he ropyl.ene nongr., .
fol | owed HBERCHPR gy the &F%ﬁﬂ‘ﬁl‘% copige <-#3y and,t r°]lugk9r 3 éﬂgs rrﬁHEI Bre
designated 2. 1-P .2 E,_.an 1- EE, respectively. Peak assignnents for
t hese def §%W§la5%?dﬁg%§%[ﬂ@e gﬁlzot e work of Cheng("13C NVMR Anal ysis of
Et hyl ene- Propyl ene Rubbers", Macronol ecules, 17, (1984) , 1950- 1955). The

defects are illustrargg Qg r—ajc SEAETa0E 5050 &hpelyvineP M I ef t to
right: WD 2009/ 082463 PR 014850 St 4 s dor SR el S 1 E1

1,2 2,1 EE1,2 -[ 1,2 2, Alterridtidg2 2,1 1,2 1,2 [00300] The qugntification
of the regi o defgct-concentrations gan -be done through-thelHnear
al gebrai ¢ anal ysi|s of all Rh%d%ect ral i ntegral redioons. I f.the

Block 13.3

[00305] The sensitivity of this index to composition can be illustrated by
considering the case of blocky materials of various compositions. The table below
shows the effect of composition on the cluster index of an AB block copolymer.
As the propylene concentration increases, it becomes increasingly difficult to
distinguish between Bernoullian and non-Bernoullian polymerization. The index

will be most sensitive at low comonomer concentrations.

Mole-% P Cluster index for block copolymer
1 50
33 18
50 13
99 ~10

[00306]  Another pair of common descriptors for the polymerization process
are the reactivity ratios, RE and RP, which can be expressed as rate of
homopolymerization divided by the rate of copolymerization, multiplied or

divided by the ratio [E]/[P].

Ré _keg _ PgslP]
kgp  PeplE]
kep _ Prpl £]




defect concentration is low, it may be advantageous to integrated
representative regions for each defect, and conpare that (average)

i nt egral woaveais24se total nononer triad concentrati onpPCThissoosiotisgat es the
possibility that slight errors in thetlarger integral measurenents wl |
skew the regi o defect concentrations. [00311] For the materials considered
here, we used the 33.8-33.9 ppmregion to quantify 2,1-E defects, and the
33. 4-33. 5@0%9?]0“ Calculifiig these readtivityEhatitef f6in theTNMVR, datk wiedldcteguivben
present give characteristic (and well-resolved) peaks in the 15-17.5 ppm
regi on) . iitfesnatior about ther moaenley gatiohin theoreactasu {EPHR], whigh @fienharg not
(2,1-Pe) and threo (2, 1-Pt) stereochemﬁr t he defect si e.F%)00312]

Appl i cant 8vailable.aMuliiplagthess quaniules %&m& Meentan ‘éﬁﬁﬁoveablﬂ ROMBHhs of

t he disclgsed,subj,ect matter that could be reasonably foreseen. However,

t here matyr @%?ﬂeéﬂdsg%%am e, insubstantial nodifications that remain as

equi valents. Wiile the present invention has been described in conjunction
with specific, exenplary enbodi man&s thékdhf, it is evident that many
alterations, nodifications, and va 41&1T9ﬂ§o w || be apparent to those
skilled in the art in light of the foreg8i fig description without departing
fromthe spirit or scope of the present WO 2009/ 082463 PCT/ US2008/.013857
133 di scl Hﬁw)@] Achorpinfiple, thie prpdudncan; be| determined fraranaBy PRIYEMS: ace

Gesor pti oy iR Sqniaf® e AR B 1A SRIIRL 30l alolE PORBigRE ' o

cited ner ghforimbts! USHROirRpoRAN desHRCHMBNS ScaldigtibH | isYihah (REROAR! B6ktAll
reference t trﬁe extent such disclosure I's not Inconsistent with this
i nvent i onvaluds ffor the! trangitienli probabidities thahiptbvidecbreakcpoints dor alescrsbing
permtted. [00314] Wien nunerical lower limts and nunmerical upper limts
are |i st eblockyy elternatinggersrandom pelymesswand these aredabwhatadpdeW. i nit are
contenplated. Al nunerical values within the detail ed description and the

clainms herein are "about” or "approxinately" the indicated value, and take

i nto account experTiBdtien pobabilitieand vali at RERS thEt Pudyther stricaxect ed by a
person having ordinary skill in the artl W) 2009/ 013857

Pge=1 Pgp=0

) blocky

Ppp=1 Ppg=0

Pee=.5 Pgp=.5

EE B 1 random

Ppp=.5 PPE=-5

Peg=0 Pgp=1 0 perfectly alternating

Ppp=0 Ppe=1

[00309] Several region defects were assigned and integrated in the NMR
spectrum where observed. These results from reverse (2,1) addition of the
propylene monomer, followed by either a propylene, one ethylene, or two
ethylenes, and are designated 2,1-P, 2,1-E, and 2,1-EE, respectively. Peak
assignments for these defects can be found in the work of Cheng(*"*C NMR
Analysis of Ethylene-Propylene Rubbers”, Macromolecules, 17, (1984) , 1950-
1955). The defects are illustrated below for a chain segment growing from left to

right:



134 CLAIMS: 1. An in-line blending process for producing pellet-stable

pol yolefin blend pellets conprising: (a) providing two or nore reactor

trai ns combDi2gawoseuedn parall el and a hi gh-pressure separaras2eewmmssT eam
fluidly connected to the two or nora3sreactor trains configured in
parallel, wherein one or nore of the reactor trains produce one or nore

| ow crystallinity polynmer conponents (LCPCs) and one or nore of the
reactor trains produce one or nore high ﬁ}él nity pol yner conponents
(HCPCs); (b) P25 'tEcting in the one or rmre%i reactor trains configured
in parallel producing HCPCs: 1), propyl ene, 2); optional ethylenejand/ pr C4
to Cl2 al pha ol efins, 3) one or| nore catalyst systens, and 4) optional one
or nore diluents erein the po |
| east one of the reactor trains is at a tenperature|above the solid-fluid
phase tran5|t|or1 Jenpeqat uge angl2at a pressung no 2, pwer gt hang 10 fyPa - kg2 ow
the cl oud point pressure and | ess than 1500 MPa, cont act i ng in the other
one or nore reactor trains configured in parallel producing LCPCs: 1)

et hyl ene or propylene, 2) one or nore C2 to C30 al pha olefins and/or

non- conj ugat e@ 4li pnes, 3) one or nore catalyst systens, and 4) optional
one or nore diluents or solvents, wherein the pol yneri zation system for at
| east one of the|lreactor tiraing is at a tenperature above the solid-fluid
phase transitio d at a pressure no |ower -than 10 MPa bel ow
the cloud point t han 1500 MPa, WO 2009/ 082463

PCT/ US2008/ 0138372 13pqwheq@i n 4pe pol ynmerization systemfor at |east one
of the reactor

[00310] The quantification of the regio defect concentrations can be done
through the linear algebraic analysis of all the spectral integral regions. If the-
- defect concentration is low, it may be advantageous to integrated representative
regions for each defect, and compare that (average) integral against the total
monomer triad concentration. This mitigates the possibility that slight errors in

the larger integral measurements will skew the regio defect concentrations.

[00311]  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.

[00312] Applicants have attempted to disclose all embodiments and
applications of the disclosed subject matter that could be reasonably foreseen.
However, there may be unforeseeable, insubstantial modifications that remain as
equivalents. While the present invention has been described in conjunction with
specific, exemplary embodiments thereof, it is evident that many alterations,
modifications, and variations will be apparent to those skilled in the art in light of

the foregoing description without departing from the spirit or scope of the present



trains configured in parallel is above its critical tenperature and
critical pressure, wherein the polynerization systemfor each reactor
train i s wo2asosesase fluid state and conprises any propglrarseoognesent, any
et hyl ene present, any C4 to C30 al phas ol efin present, any non-conjugated
di ene present, any diluent or solvent present, and the pol ymer product,
wherein the catal yst systemfor each reactor train conprises one or nore
cat al yst A{s@RI$uEQ" Accopdingly, e eprasdnt WHbclosureagdintgridedntal émbraveealbsucior e
catal yst supports; wherein the polynerization systemfor each reactor train
conpr i sesalt¢rations,moadifBations.aind: vasiations ©f she sbovedetailad desaiptia: ni ng a
reactor effluent including a honbgeneous fluid phase pol yner-nononer

m xture in each parallel reactor train; (d), copbining the reactqr effl uent
conpri si nfPAH3] hondBlle patinds, festi aronedyrespoaidhedt Frbrf%ﬂf%’lm‘?ﬂt%t?} f¥Sfeach

[1el . j f i d f : i
o Conbi insiiding i r apSunBhiS Ak Y ECoRRERbE btk 1o He BRERL "
product b&%}ﬁhg&m@ﬂfk Piﬁ@ﬁﬁfcbn&@é’eﬂt %ﬁﬁﬁgﬁgiiﬁ%mm afi@ifot 8i1uAsdichiens in

tenperature and pressure wthin the pressure separat or above the

sol i d- f | uishigthaseh incenorhiiomis perimitteut bel ow t he cl oud point pressure and
tenperature to WD 2009/ 082463 PCT/ US2008/ 013857 136 forma fluid-fluid

t wo- phase system conprising a polyner-rich phase and a nononer-rich phase,
(g) separ {1031¢]t heWheEmo nemericah lgwers éinfitsoand hamperigateupper climitg hare dlisted f or m
2egglr é?ﬁéh%ﬁ@ﬁ%ﬁgpg Ef{:pelggrgg E,P\gvleg:lﬁ%t 6%0 b%lneyn ?Jppec:)rf lilr'ncl:tpgie %r(])gltel;ln%al%%ef n%l?

numerical values within the detailed description and the claims herein are “about”
or “approximately” the indicated value, and take into account experimental error

and variations that would be expected by a person having ordinary skill in the art.



(h) further processing the polyner enriched streamof (g) to further
renove any sol vent/diluent and/or nononmer and then formng it into pellets
to yi el d wopeddmse4est abl e product bl end of LCPCs and HCPC3/US2008Dis85Pr ocess
of claim1, wherein the LCPCs are chasen from (a) one or nore

propyl ene- based copol ynmers conprising at least 75 wt% of propyl ene-derived
units and 0 wt%to 25 wt% of ethylene, C4 to C30 al pha ol efins,

non- conj ugatAdMsdi enes and/ or conbi nati ons thereof, and wherein the

propyl ene- derived units have an isotactic triad fraction of 65%to 99%
and a heat of fusion of less than 50 J/g; (b) one or nore ethyl ene-based

copol yners conpri sy ng -\ at 04 derived units
and 60 wt%to 15 \i/vt%@Hw%%ég?l%frg?&fﬁﬁrsmor{%%i%hj&#tg#e d| enes and/ or
conbi nat i BBEIOIéE{BQBdfp@Pl@ts)/\&ﬁﬁ ptisinghe et hl yene-derived units have a
melting temperature of |less than 100C, and c) conbinations of a) and b). WO
2009/ 082463 PCT/ US2008/ 013857 137 3. The process of claiml1, wherein the
HCPCs are chosen from _ (a) .one or nore isotactic, polyprop dIene

honopol yners with a @apr%dmg@vq ehpwrareactorgrains configyredigaralleh one or

nore propyl ene-based cop r wt % of
ethylene, C4 to Cl12 al phgngﬁléhgﬁgysﬁi‘dé%%%@ml Nﬁg%& lEgrtggéﬁ‘nru?e\/‘&nere| n
the copolymers have a pegkhd®id bﬂﬁxérew&walﬁs%ﬁﬁgﬁfedlwhrmélc and (c)
conbi nations of a) and b). 4. The process of claim1l, wherein the
pel | et-stabl e bl end of L&H{eseincomt ¢iGAGse ofitheudestof tmmsél;irotlucé)&nwb% LCPCs
and from2 to 55 wt % HCPCs. 5. The process of claim1, wherein the one or
nore catal yst systens more low crystallinity polymer components (LCPCs) and one

or more of the reactor trains produce one or more high

crystallinity polymer components (HCPCs);

(b) contacting in the one or more of the reactor trains configured
in parallel producing HCPCs: 1) propylene, 2) optional
ethylene and/or C, to C,;, alpha olefins, 3) one or more
catalyst systems, and 4) optional one or more diluents or
solvents, wherein the polymerization system for at least one
of the reactor trains is at a temperature above the solid-fluid
phase transition temperature and at a pressure no lower than
10 MPa below the cloud point pressure and less than 1500
MPa,

contacting in the other one or more reactor trains configured in
parallel producing LCPCs: 1) ethylene or propylene, 2) one or more C; to Csg
alpha olefins and/or non-conjugated dienes, 3) one or more catalyst systems, and
4) optional one or more diluents or solvents, wherein the polymerization system
for at least one of the reactor trains is at a temperature above the solid-fluid phase
transition temperature and at a pressure no lower than 10 MPa below the cloud

point pressure and less than 1500 MPa,



are chosen from Ziegler-Natta catal ysts, netall ocene catal ysts,

nonnet al | ocene netal -centered, heteroaryl ligand catal ysts, late

transiti owormedsls2awat al ysts, and conbi nations thereof. @cCT/iseooenosssss of
claim1l, wherein the polynerization aystens of the two or nore reactor
trains configured in parallel conprise |ess than 20 wt % of the optional
solvent. 7. The process of claim1l, wherein the two or nore reactor trains

configured in paralyheleif e pbRmdtd4tion kst foicatl leat ddeIfdRe gédctorcal
tenperature and critical or pseudo-critical pressure of their

pol yrer i zamimsrcoayigueed in/garallebisGdp46 3tsREificabrinpirange and ct3RaBprerbarepr ocess
of claim1, wherein the conbined propyl ene and ethylene concentration in
the conbined feed to each reactor train configured in parallel is 35w %
or nore. 9. The progcess of claim11. wherein the c i L CPC .angd. HCPC
concentration in t R&CEHP eeH?g@er&?&?n&fy@{%b%acg‘%ﬂgsgtrPgbgtlgrl rains
configure i r i t laim1
further cgﬁ%gre?%?@g&é%?ggi%ﬁ @%vés%lﬂe}?g?%?gggé%m’ oP] %Egz%erag?ﬁlé\%\?vt’%ygcul ar
wei ght polCyneiCyg alpbh\odeflin Présean tangmonseorjigattd diend presentf afiy dituetteor
separated nononer-rich phase through the use of at |east one knock-out
pot, at |e@lwnbmsmtpangthmolwmmmd;ucta conbi nation thereof. 11. The
process of claim1 further conprising providing one or nore storage tanks,
and feeding fromthe one or nore storage tanks one or nore polyners, one

or nore plasticize r [?.qgé'- i process
after (c). 12. The%?gﬁggég%?ﬁgﬁ}a%t@ﬁ gfgééllil?]@drfﬁ |nlE:1Icu§@)sﬁéf%3e ?r?é t he
pol yner  giyre chedystipréaifsérs, 682 of f1028 @chvatory, and @ptiohaHe Usite sepr@t ors to
further separate the nononers and other volatiles to forma

f urt her - enatalyséduppirysyer stream conprising a bl end of LCPCs and HCPCs. 13.
The process of claim 12 further conprising feeding the

wherein the polymerization system for each reactor train comprises

less than 40 wt% of the optional solvent; and

(c) forming a reactor effluent including a homogeneous fluid
phase polymer-monomer mixture in each parallel reactor

train;

(d) combining the reactor effluent comprising the homogeneous
fluid phase polymer-monomer mixture from each parallel

reactor train to form a combined reactor effluent;

(e) passing the combined reactor effluent through the
high-pressure separator for product blending and product-

feed separation;

(f) maintaining the temperature and pressure within the
high-pressure separator above the solid-fluid phase transition

point but below the cloud point pressure and temperature to



further-enriched polyner streamto a coupled devolatilizer to further
separate other volatiles to formthe pellet-stable polyol efin product
bl end, whwoeanew/ishes3 coupl ed devol atilizer operates undercramsoensioessabl i ng
the further-enriched polyner streamis® flash off the nononmers and ot her
vol atiles, and wherein the coupled devolatilizer is a devolatilizing
extruder. WD 2009/ 082463 PCT/ US2008/ 013857 139 14. The process of claim

12, wherein one or nore fotmeefliid-foRl So-phRsesytan tcomprisisg and/ or one or
nore pol yner additives are added to the pellet-stable product blend (LCPCs

and HCPCs) at the hi gh- prsdymer-rivbptraac and a mhpomenrishqdwgee separator, the
devol atilizing extruder or conbinations thereof. 15. The process of claim
1, wherein the high-pressure separator is a gravinetric separation vessel,

the pol yror -1 oh phasdEh 2Pagoife ndfit eBbhad fohtul poighRRHA and
process of claim1, whergHaséb¢foren h rha#enﬁclﬁémffteeaﬁ; cBApHasSa Olerd

| east 50. 17. The process of claiml, erein the formng into pellets step
of (h) includes pell eti zfilgCREd aaddHCRGsianda sepaeated olanonmer-ach atream,
tenperature between 0 and 10C the further enriched pol yner stream of (h)
to produce a Shore A har ##dss for the pellets of at |east 50. 18. The
process of claim1 wherein the pellets have a dianeter of 0.5 mmto 10 mm
and a length of 0.5 mMmmto 10 mm 19. The process of claim1l further

conprising coating on ey sEf gﬁgﬁgﬁg?gfggwﬁt&rﬁhgats%hﬁ{ oftt¥gen froma

wax, a pol yethylene, a polypro cal cium stearate, and m xtures

thereof, wherein the mat durther Femdveanyssliveat/diduertrandéortmonomepund therom
about 100 parts per m-lion to about 8000 parts per mllion based upon the
wei ght of the pellet. 20.forming itiine pellatsitnyield a peHst-stableproduet bignd of

pel | et-stabl e pol yol efin L&ﬁg%ﬂﬁ@ﬁ&ﬁbss conpri si ng:

2. The process of claim 1, wherein the LCPCs are chosen from:

(a) one or more propylene-based copolymers comprising at least
75 wt% of propylene-derived units and 0 wt% to 25 wt% of
ethylene, C4 to Csq alpha olefins, non-conjugated dienes
and/or combinations thereof, and wherein the propylene-
derived units have an isotactic triad fraction of 65% to 99%

and a heat of fusion of less than 50 J/g;

(b) one or more ethylene-based copolymers comprising between
40 wt% and 85 wt% of ethylene-derived units and 60 wt% to
15 wt% Csto Csq alpha olefins, non-conjugated dienes and/or
combinations thereof, and wherein the ethlyene-derived units —

have a melting temperature of less than 100°C; and

¢) combinations of a) and b).



WO 2009/ 082463 PCT/ US2008/ 013857 140 (a) providing two or nore reactor
trains configured in parallel and two or nore high-pressure separators
fluid'y cworeimeueito the two or nore reactor trains comrCirgiseed/oii3ss7
parallel, wherein one or nore of tha3reactor trains produces one or nore
| ow crystallinity pol yner conponents (LCPCs) and one or nore of the
reactor trains produces one or nore high crystallinity polyner conponents

(HCPCs); (b) contagti n%bgéms@ﬁ@leﬁm NDxRerein HREHCPTH 4 chosémfroannf i gur ed
in parallel producing HCPCs: 1) propylene, 2) optional ethylene and/or C4

to C12 al pha olefins, 3) one or nore catalyst systens, and 4) optional one
or nore diluents or so]vents, wherein the_ pol yrrfri ation system.for at
%

| east one of the read®brong efimers sotactig pokypiepxlencomeRlYMGEs Wahidy- 1 | ui d

phase transition tenperatuyr . at ressur Q an 10 MPa bel ow
the cl oud point pr essur e P4 g‘ﬁgglggttﬁ%ﬁ@i gr%/?’%?ﬂi%m?g%tl’ng in the other
one or nore reactor trains configured in parallel producing LCPCs: 1)

et hyl ene or propylene, 2) one or nore C2 to C30 al pha ol efins and/or

non- conj ugat ed di enes,(bB)onena morapropytateabasst copsiyanars contprisipg dgssi onal
one or nore diluents or solvents, wherein the polynerizatijion system for at

| east one of the reactor thamongqual tarl Oawiemicetvigne, §ad0 12 AlPha @lehips | i d
phase transition tenperaturge and,at a pressure no lLower than 10 ,MPa bel ow
the cloud point pressur ea'@r@fF8§@1?%%§f§%°fxﬁ¥ﬁemﬁ§%ﬁ‘émm have a

pol ymeri zati on system for SRS, acali configured in
parallel is above its crir%e?}:(zﬂ-l te%gﬁgfﬁ%’t%}éaﬁgﬁf??ﬁﬁé (t)pcgeds?l?ure, WO

2009/ 082463 PCT/ US2008/ 013857 141 wherein the pol ynerization system for

each reactor trainis inits
(c¢) combinations of a) and b).

4. The process of claim 1, wherein the pellet-stable blend of LCPCs
and HCPCs includes from 45 to 98 wt% LCPCs and from 2 to 55 wt% HCPCs.

5. The process of claim 1, 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.

6. The process of claim 1, wherein the polymerization systems of
the two or more reactor trains configured in parallel comprise less than 20 wt% of

the optional solvent.

7. The process of claim 1, wherein the two or more reactor trains
configured in parallel operate above the critical or pseudo-critical temperature and

critical or pseudo-critical pressure of their polymerization system.



dense fluid state and conprises any propyl ene present, any ethyl ene
present, any C4 to C30 al pha olefin present, any non-conjugated diene
present, woyoadsasat or  sol vent present, and the pol ymectprseehsoiissnwher ei n
the catal yst systemfor each reactor 188ain conpri ses one or nore catalyst
precursors, one or nore activators, and optionally, one or nore catalyst
supports; wherein the polynerization systemfor each reactor train

conprises |ess thgn 4Thehprosdss ofelant 1, onhtreimtheardmbinsd g’r@%yléﬁe ghdg an
unreduced reactor effluent including a honogeneous fluid phase

pol ymer - metiyriene eoncentration in shhcombingd fsed te gaelvreactasitrain canfigured ing t he
unr educed rggﬁﬁor §ff% ents fromone or nore but not fromall of the
paral l el P& is 39 Xt78 QTHRBESyh one or nore hi gh-pressure separators,

mai ntai ning the tenperature and pressure within the one or nore

hi gh- pressure separators above the solid-fluid phase transition point but

bel ow the cloud point Tﬁé?séwsso%ﬁhihﬁmh@*emﬂaet@mﬁ@iheu@@mranmaepc
fluid-fluid two-phase systens with each two-phase system conprising a

pol yner - emoncérdrhtivmaineha efiflacntwfeach of ithd twe loa sere aaacteeprainatdondiguhed
nmononer -ri.ch phase fromthe _polyner-enriched phase in each of the one or
nor e hi ghdn ppeadlel isegreates than2 @il or m one or nore separated nononer- rich
phases and one or nore pol yner-enriched phases; WO 2009/ 082463

PCT/ US2008/ 013857 142 (e) conbining the one or nore pol yner-enriched

phases from the ong OofLEDEEcdds P cPlifs b Wikh&G RMBENANE réhobing W h the one

3
or nore unreduced reactor e?% luents fromone or nore- parallel reactor
trains tonelecular meightraligoimersclow modeculapweight pobymeshselvphddibseraod t he
one or nore unreduced .
combinations thereof from the separated monomer-rich phase through the use of

at least one knock-out pot, at least one separation tower, or a combination thereof.

11. The process of claim 1 further comprising providing one or more
storage tanks, and feeding from the one or more storage tanks one or more
polymers, one or more plasticizers, and/or one or more polymer additives to the

process after (c).

12. The process of claim 1, wherein (h) includes feeding the polymer
enriched stream of (g) to one or more low-pressure separators to further separate
the monomers and other volatiles to form a further-enriched polymer stream

comprising a blend of LCPCs and HCPCs.

13. The process of claim 12 further comprising feeding the
further-enriched polymer stream to a coupled devolatilizer to further separate
other volatiles to form the pellet-Astable polyolefin product blend, wherein the
coupled devolatilizer operates under vacuum enabling the further-enriched
polymer stream to flash off the monomers and other volatiles, and wherein the

coupled devolatilizer is a devolatilizing extruder.



reactor effluents fromthe one or nore parallel reactor trains to forma
conbi ned effluent streamthat conprises the polyneric blend conponents
fromal |l wenaddmbisseact or trains; (f) passing the conbi mew/Uusbéoswesss7 st r eam
of (e) into another high-pressure saparator for product blendi ng and
product - feed separation; (g) nmaintaining the tenperature and pressure
within the another high pressure separator of (f) above the solid-fluid
phase transition pgj nThéptodess oficidid Il aulibrpidi dric Or sose pelyaners, bwarper at ur e
to forma fluid-fluid tw-phase system conprising a polyner-rich blend
phase andmorephastisizars ehd/opleaser nione pdpaen addigives ereqeddadtio thech phase from
the polyner-rich . bl end as form I r-enr.iched stream conpri sing
a blend BF“E@@E‘%&HBHP&&QD‘iA’éeg(gé&éralé&g&%%hﬂwg?lg TRIFSSULE SERAFATOLNG (i )
further p ' e r | t enove
any. sol verts oy bR sePRratgE e del Sl iy GREIRE of Bonfiinatl e difeck 207
yield a pellet-stable product blend of LCPCs and HCPCs. WD 2009/ 082463
PCT/ US2008/ 013857 143 21. The process of claim 20, wherein the LCPCs are
chosen from (a) d&fe The poocespobpldimnk-volzereih thegughpressuce sgparationds at

| east 75 wt % of propyl ene-derived units and 0 wt%tq 25 wt % of , et hyl ene,
C4 to C30SHHRELUEE é@parli%t,lomUﬁSS@bﬁka@rﬁtrb@edn@n@@eam%dﬁwé%hB$ Aglengits of her eof

o1 oune U BN S BBYEnAe SERURCHE D IR L ochy o
et hyl ene- %@aqﬁgfnggpol ymers conprising between

16. The process of claim 1, wherein the pellets have a Shore A

hardness of at least 50.

17. The process of claim 1, wherein the forming into pellets step of
(h) includes pelletizing and cooling in a water solution at a temperature between 0
and 10°C the further enriched polymer stream of (h) to produce a Shore A
hardness for the pellets of at least 50.

18. The process of claim 1 wherein the pellets have a diameter of 0.5

mm to 10 mm, and a length of 0.5 mm to 10 mm.

19. The process of claim 1 further comprising coating on the surface
of the pellets a material chosen from a wax, a polyethylene, a polypropylene, talc,
calcium stearate, and mixtures thereof, wherein the material in the coating is
present in amount from about 100 parts per million to about 8000 parts per million

based upon the weight of the pellet.

20. A in-line blending process for producing pellet-stable polyolefin

blend pellets comprising:



40 wt % and 85 wt % of ethyl ene-derived units and 60 % to 15 % C3 to C30
al pha ol efins, non-conjugated di enes and/or conbinations thereof, and
wher ei n twe 2eddnisysae- deri ved units have a nelting tenpecatuse@soisssess t han
100C, and (c) conbinations of a) andilm). 22. The process of claim 20,
wherein the HCPCs are chosen from (a) one or nore isotactic polypropyl ene
honmopol yners with a peak nelting tenperature greater than 100C, (b) one or

nore propyl ene based gapgirpwkiifg eWORTIMoOrRIehess traifsadoriigueed il paalled Wt % of
ethylene, C4 to Cl12 al pha olefins and /or conbinations thereof, wherein

the copol ymers have a peukl tved of myre digleprassurg sgparatens fluidly a@oecteshd (c)
conbi nations of a) and b). 2009/ 082463 PCI/ US2008/ 013857 144 23. The
process of claim 20, whert@thetwe qgdnpLs reactop traimy cqdiggied inppiallely Hepcs

i ncludes from45 to 98 Mv%ér%frﬁéngggrﬂJrQ'Hf%?%Pe&éﬁr‘é’%g{%s Fg‘%?s %?F)OIhe

process of claim 20, wherein ormmng i S'S I ncl udes

pel l'etizing and cooling ifofe WA BFystllibity PdlphePcdpbRémS (LEPCRY) wadone and
10C the further enriched pol yner i;}itreamt%?@(yﬁltgrl to producemé Sho?e A
hardness for the pellets mfmate bfthetred@or AAinsTrodpeescassonioct high 20

wherein the pellets have a dianeter of 0.5 mmto mm and a length of 0.5
mmto 10 mm P crystallinity polymer components &‘?CPCS); J

(b) contacting in the one or more of the reactor trains configured
in parallel producing HCPCs: 1) propylene, 2) optional
ethylene and/or C,4 to C,;, alpha olefins, 3) one or more
catalyst systems, and 4) optional one or more diluents or
solvents, wherein the polymerization system for at least one
of the reactor trains is at a temperature above the solid-fluid
phase transition temperature and at a pressure no lower than
10 MPa below the cloud point pressure and less than 1500
MPa,

contacting in the other one or more reactor trains configured in
parallel producing LCPCs: 1) ethylene or propylene, 2) one or more C, to Cs
alpha olefins and/or non-conjugated dienes, 3) one or more catalyst systems, and
4) optional one or more diluents or solvents, wherein the polymerization system
for at least one of the reactor trains is at a temperature above the solid-fluid phase
transition temperature and at a pressure no lower than 10 MPa below the cloud

point pressure and less than 1500 MPa,

wherein the polymerization system for at least one of the reactor

trains configured in parallel is above its critical temperature and critical pressure,
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wherein the polymerization system for each reactor train is in its

dense fluid state and comprises any propylene present, any ethylene present, any

C4 to Csp alpha olefin present, any non-conjugated diene present, any diluent or

solvent present, and the polymer product,

wherein the catalyst system for each reactor train comprises one or

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

catalyst supports;

wherein the polymerization system for each reactor train comprises

less than 40 wt% of the optional solvent; and

©

(d)

forming an unreduced reactor effluent including a
homogeneous fluid phase polymer-monomer mixture in each

parallel reactor train;

passing the unreduced reactor effluents from one or more but
not from all of the parallel reactor trains through one or more
high-pressure separators, maintaining the temperature and
pressure within the one or more high-pressure separators
above the solid-fluid phase transition point but below the
cloud point pressure and temperature to form one or more
fluid-fluid two-phase systems with each two-phase system
comprising a polymer-enriched phase and a monomer-rich
phase, and separating the monomer-rich phase from the
polymer-enriched phase in each of the one or more high-
pressure separators to form one or more separated monomer-

rich phases and one or more polymer-enriched phases;
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(e) combining the one or more polymer-enriched phases from
the one or more high-pressure separators of (d) with the one
or more unreduced reactor effluents from one or more
parallel reactor trains to form a mixture of one or more
polymer-enriched phases and the one or more unreduced
reactor effluents from the one or more parallel reactor trains
to form a combined effluent stream that comprises the

polymeric blend components from all parallel reactor trains;

(f) passing the combined effluent stream of (€) into another
high-pressure separator for product blending and product-

feed separation;

(g) maintaining the temperature and pressure within the another
high pressure separator of (f) above the solid-fluid phase
transition point but below the cloud point pressure and
temperature to form a fluid-fluid two-phase system
comprising a polymer-rich blend phase and a monomer-rich

phase;

(h) separating the monomer-rich phase from the polymer-rich
blend phase to form a polymer-enriched stream comprising a
blend of LCPCs and HCPCs and a separated monomer-rich

stream, and

(i) further processing the polymer-enriched stream of (h) to
further remove any solvent/diluent and/or monomer and then
forming it into pellets to yield a pellet-stable product blend of
LCPCs and HCPCs.
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21. The process of claim 20, wherein the LCPCs are chosen from:

(a) one or more propylene-based copolymers comprising at least
75 wt% of propylene-derived units and 0 wt% to 25 wt% of
ethylene, C,4 to C; alpha olefins, non-conjugated dienes
and/or combinations thereof, and wherein the propylene-
derived units have an isotactic triad fraction of 65% to 99%

and a heat of fusion of less than 75 J/g;

(b) one or more ethylene-based copolymers comprising between
40 wt% and 85 wt% of ethylene-derived units and 60 wt% to
15 wt% Csto C;¢ alpha olefins, non-conjugated dienes and/or
combinations thereof, and wherein the ethlyene-derived units

have a melting temperature of less than 100°C; and

(c¢) combinations of a) and b).

22. The process of claim 20, wherein the HCPCs are chosen from:

(a) one or more isotactic polypropylene homopolymers with a

peak melting temperature greater than 100°C;

(b) one or more propylene based copolymers comprising less
than or equal to 10 wt% of ethylene, C4to C,; alpha olefins
and /or combinations thereof, wherein the copolymers have a

peak melting temperature greater than 100°C; and

(c) combinations of a) and b).
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23. The process of claim 20, wherein the pellet-stable blend of
LCPCs and HCPCs includes from 45 to 98 wt% LCPCs and from 2 to 55 wt%
HCPCs.

24. The process of claim 20, wherein the forming into pellets step of
(i) includes pelletizing and cooling in a water solution at a temperature between 0
and 10°C the further enriched polymer stream of (h) to produce a Shore A
hardness for the pellets of at least 50.

25. The process of claim 20 wherein the pellets have a diameter of

0.5 mm to 10 mm and a length of 0.5 mm to 10 mm.



