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FI ELD OF THE | NVENTI ON [ 0001] The present disclosure relates to the field of
ol yner ' [t nore particularly relates to a no

Brogess %rsr}?él-/ ?Or?é bl endi ng of pol yol efi n-based pol ym?gqﬁ%zﬁoﬁfeﬁ&;ﬁks& d
phase. Still nore particularly, the present disclosure relates to a _
sinplified nononer recycle process for pdl-ynerization plants nmaking in-1line
pol ymer bl ends of honopol ynmers and copol ynmers in the fluid phase.
BACKGROUND [0002] Pol yner bl ends nay be nade by a variety of methods. A
flexible MONOMER RECYCLE PROCESS FOR FLUID

PHASE IN-LINE BLENDING OF POLYMERS

FIELD OF THE INVENTION
[0001] The present disclosure relates to the field of polymer blending. It

more particularly relates to a monomer recycle process for in-line blending of
polyolefin-based polymers in the fluid phase. Still more particularly, the present
disclosure relates to a simplified monomer recycle process for polymerization
plants making in-line polymer blends of homopolymers and copolymers in the

fluid phase.

BACKGROUND
[0002] Polymer blends may be made by a variety of methods. A flexible

but expensive off-line process of making polymer blends uses solid polymers as
starting materials, typically outside the polymerization process that produced the
polymer blend components. The polymer blend components are typically first
melted or dissolved in a sol\}ent and then blended. These processes are known
as melt-blending and off-line solution blending, respectively. In melt blending,
the solid, often pelletized or baled, polymer blend components are first melted
and then blended together in their molten state. One of the difficulties presented
by melt blending is the high viscosity of molten polymers, which makes
blending of two or more polymers difficult and often imperfect on the molecular
level. In solution off-line blending, the solid, often pelletized, polymer blend
components are first dissolved in a suitable solvent to form a polymer solution,
and then two or more polymer solutions are blended together. After blending,
solution blending requires the extraction of solvent from the blend and drying of
the blended polymer. Solution blending can overcome the viscosity issue
associated with melt blending, but is expensive due to the need for redissolving

the polymer blend components and due to the cost of solvent handling.



but expensive off-line process of making polyner blends uses solid polyners
as starting materials, typically outside the polynerization process that

pr oduced I r blend conmponents. The pol yner bl en are
typicallJ&p?Ps Oﬁgﬁted or dissolved in a solvent and thgﬁ%ﬁﬁgﬁﬁﬁgﬁé%hese
processes are known as nelt-blending and2eff-1ine solution blending,
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m xi ng devices, e.g., mechanical stirrers, such series reactor

confi gur amayhbarfdﬂggef:mandnddntm mure thamantiver-stage seres configpratioasthed
product quality contral prob]e due to the close coupling of the reactors
in the cagégb‘?é% r@f’féoﬁfmt%é‘e%s eneragys aseries of n geactersdnay, presesracblend
practice is ensuring proper blend and nononer ratios to deliver consistent
blend quality. Additional conplications arise when the blend conponents
have different nonomer conpositions, particularly when they have different
nmononmer pools, such as in the case of blending different copolyners or in
t he case of bl endi ng hono- and copol yners. Since the nononer streans are

bl ended, there is no option for their separate recovery and recycle
mandati ng costly nononer separations in the nonomer recycle |ines.



[ 0005] The above-outlined issues with series reactor operations are apparent
to those skilled in the art of chem cal engineering. These difficulties are
particul agh%osd@Bdof! cant in polynerization because unli ke ijd,sdRhisoso! ecul e
synt heses, reactor conditions determ ne not only reactor pr OéUCtI vities
related to product blend ratio, but al se3product properties related to
controlling the quality of the polyner blend conponents. For exanple, FIGS.
2 and 3 show how reactor tenperature and pressure affect polymer properties
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i ncreased, a parallel reactor arrangenent ‘necessitates
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Patent Application No. 60/876,193 filed on Decenber 20, 2006, herein
i ncor por at®#epyvhar dhenblendn companents daye differept omenomer| comppsitionss f or
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paral | el reactor. trains. Because the nononers are of high value, the
unconvertéﬁc%ﬁéwg?' streans are typically recovered by separating themfrom
the polyneric products and recycled back to the pol ynerization reactor

bank. However, when the nononer-rich phase from a high-pressure separator

cont ai ns t[@008] norEhe above-outlined issues with series reactor operations are
apparent to those skilled in the art of chemical engineering. These difficulties
are particularly significant in polymerization because unlike in small-molecule
syntheses, reactor conditions determine not only reactor productivities related to
product blend ratio, but also product properties related to controlling the quality
of the polymer blend components. For example, FIGS. 2 and 3 show how
reactor temperature and pressure affect polymer properties of fundamental
importance, such as molecular weight (MW) and melting behavior.
Surprisingly, we found that monomer conversion in the reactor also influences
these critical product attributes (see FIG. 4). Since in a series reactor cascade

the effluent of an upstream reactor flows into the next downstream member of



WO 2008/ 109094PCT/ US2008/ 002899 different nononers, separation and recycle
becone nore chall engi ng and conplex. In particular, when the nononer-rich

phase fropya.dd@beRr essure separator contains a m Xt ureppf R 6RAMEES Stream
from a honopol yneri zation parallel reactor train and a conononer stream

froma copol ynerization parallel reactor-4trains, recycle of the nononer and
conononer streans becones particularly challenging due to the fact that the
nononer conposition of the recycle streamis often too far fromthe desired

reactor fegft euERAStAdcAle, MY PediddiRledfifife, CAMIDS nft4@oh) fah&%BMoH@Fn
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recovers the nononers in separate trains that do not contact each other and
conbi ne the nononer and conononer streans before, during, or after the

mononer seff@06]i on fApplyingeparallghecactorseannoveroemeahd disadaatapes Itlateds ar e
kept separate and nmay be recycled to thejr correspondi ng pol ynerization
reactor trig M Wikesboupbingephdhe mprlymesization reactoss tinean dading pokwmer

h I ization train by th f th | i.zation train.
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reactor triacreasing theswshafidhe preveds.blAndiscidsed wndi SuPatknt A gplicationsNeUSs
pol ymer bl end coa‘gonents in their nolten state, as opposed to their diluted

fluid stat®/8EdA3diled s Pecemnber 8feR066, heimansorparatednbly deferanesdnkitend
quality. entirety, an improved 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 blend plant.

[0007] One problem associated with the fluid phase in-line blending
process utilizing two or more parallel reactor trains and the two or more high-
pressure separators fluidly connected to the two or more reactor trains
configured in parallel is that the polymerization processes do not convert 100%
of the feed monomers in a single pass through the parallel reactor trains.
Because the monomers are of high value, the unconverted monomer streams are
typically recovered by separating them from the polymeric products and
recycled back to the polymerization reactor bank. However, when the

monomer-rich phase from a high-pressure separator contains two or more



[0009]FIG 5 depicts the process flow di agram of another prior art nononer
recycle process used in conjunction with fluid phase in-line blending of

pol ymer s.wBsh&ifobdg to FIG 5, the reactor effluents (1p-3AR2603k0dso9m t he
two parallel reactor trains (1) and (2) are blended in tﬁe single
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[0008] There are a variety of possible options for recovering and recycling
the monomers. One option, outside the scope of the present disclosure, recovers
the monomers in separate trains that do not contact each other and combine the
monomer and comonomer streams before, during, or after the monomer
separation from the polymers. The monomer and comonomer streams are kept
separate and may be recycled to their corresponding polymerization reactor

trains without concerns about contaminating the feed of the homopolymerization

train by the comonomer of the copolymerization train. While this option



phase in-line blending of polyners. [0012] One aspect of the present
di scl osure relates to an advant ageous nononer recycle process for use with

fluid pha\%ﬁzb@hlo.b@? bl endi ng of pol yners conpri sing: (a)PCWlﬁ%Og}OE'ﬂm;V‘D or
nore reactor trains configured in parallel and two or nore high-pressure

separators downstream fluidly connected .0 the two or nore reactor trains
configured in parallel; (b) contacting in the two or nore reactor trains
configured in parallel 1) olefin nonomers having two or nore - 8- carbon

atoms. 2) GNRHCEUE nERl Tov 3ha 0 0BT assRbiall WCLerARfi ] S SR AR™" S

4) optional one or nore scavengers, an Iona ts or
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and wherein the catal yst systemfor each reactor train conprises one or
nore catal yst precursors, one or nore activators, and optionally, one or

more cat al [02099upporBKG. Gc)lepiztsiithg procesy diiueediaprant of abitereptiot it udi ng
a honogenous fluid phase pol yner-nmononer mixture in each parallel reactor
train, whefOnemsEdesyclggracess used ipasaivrgtionewithofluid phase inelineblending st
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feed nononer (FE))EM in each reactor train of 02 are the sane; (d) passing the
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rate to the appropriate reactor train(s). However, it also applies a complex and
expensive monomer separation train. A recycle process that can operate without
the full recovery of each individual monomer components would be cost

advantaged, simpler to operate and maintain, and thus desirable.

[0010] Besides separating the monomer components present in the
monomer recycle stream emerging from the separator-blender, heavier
impurities, such as solvents used in the catalyst feed, oligomeric side products,
excess catalyst Killer(s), etc. need to be separated and purged from the monomer
recycle stream in order to prevent their buildup in the reactor trains. Again,

referring to FIG. 5, separation tower (1) separates the combined monomer-



one or nore high-pressure separators of (d), any unreduced reactor
effluents of G not passing through the one or nore high-pressure

separ at or nd the unreduced reactor effluents o tor
trains th 8%é%sg§%(b9f§her hi gh- pressure separator for pr od%gg‘n%?@%@p%g&and
product-feed separation; (f) maintainingsthe tenperature and pressure

wi thin the anot her high-pressure separator of (e) above the solid-fluid
phase transition point but below the cloud point pressure and tenperature
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carbon at o#s%hozid beaingderstepd: thattin the case ef mopon®y regydle streams €omprising
conononer s 4%t%{]{‘§nal one_or rmrglé%{:g}\gengers,. and 5) optional one or nore
di l uents ofO%%] O MGNGASTH. Jrore R ERATAUPR 1OKEIS TBRY DEAIGSESBENE? gur ed
in parall elec : i |.ui -fr.ansition
tempor at ur ooy o M i VR G R YRR L Fhcee Bt AR5l R ot 1o
| vf Pa bel oand hssediated haidwarer 8ss ekpedivé he RtallEForAahi Odpifal SéquTpAtRHt | €SS
t han 1500 | VI Pa, wherein the pol ynerizati on systemfor each reactor train is
in its denyandpaint andaexpensive: tomapesats from olibify standpoindr s Thenyepaoatboroner
present, a%j:di I Llent. or sol ventsgr esent, an s.caveg\gehr gr esent, and the
pol ymer pr GQfER , A3 SNGFRESE HAPHENNEe, FOsts %%g?‘éi?ﬁdf ith _the gpolymezizatipaact or
train co i r :cataly , r. r tivataqrs,
and opt 1 opeyemedRan I RIGiGH, e EpaR REDOES s FisB infgle Bk qVat Al
ef f1 uent iinclinelbinding progssc@usplekity AnaRes (R |ptTBAbIITB 8FProdBsy lupsbts! N
each parallel reactor train, wherein one or nore of thé parallel reactor
trains defThereforej rtheregrisup 1) fof areaimiproved ainethaahdhatnaiahereduve thie nor e
of the parallel reactor tr?i ns define a second group gOZ)' of reactor
trains, whelBPISXHHand castof smonpmentscyclenelated o ghe melingpodyreer bleading or G
(N(@QD)), otd&) ), and for the combined feed nononer pool of Gl and &
(N(GL + 02)) are related as follows: N(GL + 02) = N(&) and N(Gl) N(®X),
and wherein the nonomer pool in each reactor train of 02 are the sane; (d)
passing the reactor effluent conprising the honogeneous fluid phase
pol yrer - noSIdMBVIARYt ure from each reactor train of 01 and G2 through the
hi gh- pressure separator for product blendi ng and product-feed separation;
(e) mai nt gpp t he ; : 10 Bt j 0 by ure
separ at or qggg\?g thePg&;Yqug{iﬁﬂ?lgop agxglret% ?gl#sg Pil%gtre\%pgqrn"{ﬁb‘gltﬂ@é‘?ggvﬁfhe cl oud
poi nt pr egshase indhickettdemdingtofipelymefsor ma flui d-fluid two-phase system
conprising a polynmer-rich blend phase and a nononer-rich phase; (0
separating the nmonomer-rich phase fromthe polymer-rich blend phase in the
hi gh- pres eparator to form.,a polyner-rich blepnd and a separated
nonomner - r ﬁ@h%ﬁase; 6&%*‘?@“ r‘g?fh’,el E’ﬁ"g"%f‘h@‘%‘é‘b%ﬁr%trégat?ﬁ)ﬁ%r@ adyvaptageouse of
0 to one [ tdl i t he
( rﬂB?&%F ré%féa ?g%ée%é‘ 85 uSk v@ﬁl fLRP éﬂels% inliné 'B?érﬂfj@ 2)%37%3%@&5

present disclosure _ S 10 an advant ageous Tonorner Tecyc for
use with fdomgtighgs€a) pravidingbived d iforef§ reReoY iRNiss EREIreHE par@llelPdrvi di ng
a first group (01) of one or nore parallel reactor trains and a second
group ( 02)twef oo morerhighipregsareaképdratars downstreamnfnidip eoanecteét tpahgterd zes a
pol ypr opyl ene honopol yner and 02 Lymerizes pol ypr opyl ene copol yner, and
wher ei n orf¥ ’HP%I%C&%ET‘@S%@Fg‘f m Qa’f'qlfﬁid(ts onipdngein the tyo RANAFOt her

of the pararief ST BhAERrdd 1 GatyfTTRels3h bonbagy Hanife 9 P ok ST



nononer, 2) one or nore catalyst systens, 3) one or nore conobnoners in each
of the parallel reactor trains of &, 4) optional one or nore scavengers,
and 5) omv'b% /109({3& or nore diluents or solvents, V\hereiPeTﬁ%g&s%%s%pe
parall el reactor trains for G and & are at a tenperature above e
solid-fluid phase-transition tenperature-gf the polynerization systemand a
pressure no | ower than 10 MPa bel ow the cl oud point pressure of the

pol ynmeri zati on system and | ess than 1500 MPa and have at | east one comon

monomer,  WRGHRI" atéifis P2 BRY | glhd BUBIAD (¥efiEch) Pl ofEAH Hodk! @ n

of G and Is in its dense conpr i propyl ene

any di | ueniconfonomersnd) ppeEoRdlt oneAbY nFsre VRIS geRs, OfRINS) opfiondlNénd 6t YRGe
product, and the polynerization systemfor the second reactor train further
conpri ses dilgents apselventsmnwherein atrdastheneiof theereaatos! tyains sgwifurédrineach
par al | el rea&h&r .train of G an npr Sﬁs, one or nore catal yst

& co
pr ecur sor s PARHIEl ds ahf temperatyre ahave 'i‘ﬁcﬁoé‘ﬁ‘r widaphase-teansition tasppEratitrg of st

PUOPE phas S pORRAGRR SRt AR SRSk g hlioh ity 10'5abe bRV e cTRRaS
and &; (dpohssresdirt uT thergslyareizagantsYksteph faht 98EsS tHAO M5 ok Wﬂ,e%fff]gr e of

the G parallel reactor trains through & hi gh-pressure separat or
mai nt ai ni nthe pelymeenzatixnusestamdfapreachureactor tthdin it g its dbnger flakdisatsapar at or
above the solid-fluid phase transition point but below the cloud point
pressure aREMpEsgeihe aledin mongmears, anyurempnomer pigsephany dijuansras sobvamti si ng
a pol yner - i ched phase and a nmononer:rjch phase, and separatjng.th
MONONEr - r i Eésﬁﬂgs%n SV ST o BTE RN  an itbﬁeﬁ‘ﬁﬁﬁepﬁoﬁufhegq‘é g‘Hi-‘?}%é‘k fe
separ at or r < k) r- i d
hace. . (c) ALt BLACRERA CAch T AROP Ml CORRrROFBhe 3P fndte AR pEEELGRS
separ at or ofe (af) nané tbiivatorsgdamb dptionally) obkef biafbte Qhtdlyit SEppoReSt @)
trai ns through another high-pressure separator for product blending and
product - f eE¥YBEapmtyyRdugsd) resgtor sfflnent inddudisgparhomogenous fluéd phase
above the solid-fluid

wi thin the_anpot her high-pressur.e separator of éez
phafse trangPB'%?{'IBé?Pﬂ e&ygxx%gled%elaﬁg P@r*&}ff‘d IERSIRE (rpine Shereinone ‘P’él/%’é? fure
19 Torm s Hebgnibusddconraasermist s 04008 MARRAEFTLIRORRIRAAR S

separ at i ngohdrer moensf thei paralibleteactoramihb denak W&icond Grolip §02) RIFassctop t he
anot her hi gh-pressure separator of (e) to forma polyner-rich blend and a

separ at ed Wowsnther¢inithe maseher(dfympaemers Q) iththesteed rmoromen pootsrforiGh
phase of ( t . D reactor traips . of A; and (i) recyc¢ling the
separ at ed %@)ﬁ)@’r E&l @ﬁ&%‘ﬁ)ﬂs gnti&o;( §3€ PW“BH?%IC)%CW@“?@QEPSP{ P%Q 1n§néfG%)2.
[0015] Sti he. e i_S re . e n
advant ageo{}gé@n% rT g@ngﬁ)h%cr;%;?;#g& %? géléé‘ggf @Kéi s"_g t—hﬁlﬁ(ﬁéy &ng fﬁé@h %1{'@?@’

bl endi ng Oénd)WhBéP@hSthE%GHhﬂnBﬁiergﬁ%l%%él?kéb?t& thdih Of @3 AHPtH KR l(gpne or
nore reactor trains and a second droup (02) of one or nore reactor 'trains,
wher ei n G passinghei unreduceplodes prod ¥l eerets icom pak orenorerst the (Potaagedri tégifis a

pol ypropyl ene copol yner, wherein a high-pressure separator is fluidly
connect ed Hsough gne ayomors highnpressuret sepatatorse araintainingi the tamperatnre and ed
parallel to and flujdly connected to.the 02 reactor trains; .(b) contacting
in each ofprteﬁ%urfe‘ﬁt{bg’r ﬁler gpﬁé’rdpofﬁg PEPPSurey SC;RPE?&&?T%?\‘&O%H&%?I}&S‘PI ne or
nore catal S : r .C ' c f r
raine of B fahaiion plinC et HeldR e ABRIWTAE phétsERENG kB ERELST
nore di | ueform fluidgluié tivd-phdser §ysterfgdi @dcht 6 thedatodr friore ighPressurénd 02

are at a tenperature above the solid-fluid phase-transition tenperature of
t he pol ynesdpaeatpesn withs each dwe-phascesystera eamprisiog a2 ipplymer-reiched phashe

cl oud point pressure of .the polynerizatign systemand | ess than_1500 MPa
and have a?n(f)@agl_onBH?r'crb?th‘rBhg?ﬁan@éf?pW}EP%i et‘H@“BE‘FWr@?‘i Eé‘l‘ﬁeoﬂ'og}lélﬂ‘_’em f or
each reaCt]g(gR/He?léﬁr&ile@&lﬁgg iI??eabﬁ dfithk! ed&nﬁfm% lh'i'%ﬁj- pRhfe r&QrPd S€S
propyl ene oner, any diluent or solvent present, ny Scavenger present,
and the poforfiebnrdidmeire sepsratdt misHomer-tiekiphabess ¥ad el 6F nidle SEGETY-
reactor train further conprises one or nore conmononers, and wherein the

cat al yst semwichedf phasesic(e) passingthe oaeroranotd palyindrenricghedi pheses fimno theror e
catal yst precursors, one or nore activators, and optionally, one or nore

catal yst supports; (c) formng a reactor effluent including a honogeneous
fluid



- 13 - phase pol ymer-nononer nixture in each reactor train of Gl and 02;
(d) passing the reactor effluents fromeach reactor train of 01 and 02

t hr ough t‘gszpé"eg%%@gessure separator for product bl endi ngcq.nﬁﬁ@rﬁ}a?%g;-feed

separatio narntaining the tenperature and pressure Wt _

hi gh- pressure separator above the solid-bluid phase transition point but
bel ow t he cloud point pressure and tenperature to forma fluid-fluid

t wo- phase system conprising a polyner-rich blend phase and a nononer-rich

;o (f g e Aok e -khch bl end
Phase i n 1 RACRE ribleBightre R Tebatatdnd ST oy SRIECR REACIRE NP 6
separ at ed Gdneotegassingthphdgtetheadie 68 ndré high-prgsshifeseRPabAl SEGTPARARAe i Ch

phase of (0 to the one or nore reactor trarns of 02. [0016] Thesé aqd ot her
feat ures aWaregduced beaetor o¢fflugntsdiofcthes 62 meantor traies ythiagh' aneteeshifhr

fluid phase_in-1line bl endi of polypers. and their advantageous . _
appl i cgt i oR¥S3E/ SFPRYE v@B?I p u&bpgﬁéatn& r%ﬂﬁ{' tM@dH%éeFleﬁeH?%lpﬂiptﬁfbn
t hat foll ous,; 1 a r ' J UREt | with, the.figures
et o | oHp BRI AR SRR UBEH e RS Lh ISR
of ordi narsepakatbt of fe} AsoveetRVasHd-Auid pﬂawamti@@goﬁﬁ'mﬂ He\ﬁAﬁwStHPJc?&ﬁd
matter hereof, reference is made to the appended df awm ngs, ereln:
point pressure and temperature to form a fluid-fluid two-phase system
comprising a polymer-rich blend phase and a monomer-rich phase; (g)
separating the monomer-rich phase from the polymer-rich blend phase in the
another high-pressure separator of (e) to form a polymer-rich blend and a
separated monomer-rich phase; (h) recycling the one or more separated

monomer-rich phases of (d) to one or more reactor trains of G1; and (i) recycling

the separated monomer-rich phase of (g) to one or more reactor trains of G2.

[0013] Another aspect of the present disclosure relates to an advantageous
monomer recycle process for use with fluid phase in-line blending of polymers
comprising: (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; (b) contacting in the two or more reactor trains
configured in parallel 1) olefin monomers having two or more carbon atoms, 2)
one or more catalyst systems, 3) optional one or more comonomers, 4) optional
one or more scavengers, and 5) optional one or more diluents or solvents,
wherein at least one of the reactor trains configured in parallel is at a temperature
above the solid-fluid phase-transition temperature of the polymerization system
and a pressure no lower than 10 MPa below the cloud point pressure of the
polymerization system and less than 1500 MPa,wherein the polymerization
system for each reactor train is in its dense fluid state and comprises the olefin
monomers, any comonomer present, any diluent or solvent present, any

scavenger present, and the polymer product, and wherein the catalyst system for



[0018] FIG 1 presents the process for the production of polynmer blends in a
t wo- st age series reactor configuration (prior art); [O019]FIG 2 presents

ff rizati on tenperature on the nol ecul '
ot o oo i S

nel ting poi'nt of “pol ypropyl ene made in supercritical po _ _

MAG- activated (u-di methylsilyl)bis(2-nethyl-4- phenylindenyl)zirconium
dichloride (Q Zr-MAQ catalyst at 207 MPa (30 kpsi); - 14 - [0020]FIG 3
presents the effect of polynerization pressure on the nolecular weight and

VRO a0t vatag (FaerAPRUORPRSET Sis. O AR Shtalyel RrcBLEBYS 2O 43 Ribre
di chl ori deaétiyalors\iatll epticrayly} one dr2dode dataBfst Gupports; (c) forming a reactor
effluent including a homogeneous fluid phase polymer-monomer mixture in

each parallel reactor train, wherein one or more of the parallel reactor trains

define a first group (G1) of reactor trains and another one or more of the parallel

reactor trains define a second group (G2) of reactor trains, wherein the number

of monomers (N) in the feed monomer pools for G1 (N(G1)), G2 (N(G2)), and

for the combined feed monomer pool of G1 and G2 (N(G1 + G2)) are related as

follows: N(G1 + G2) = N(G2) and N(G1) < N(G2), and wherein the monomer

pool in each reactor train of G2 are the same; (d) passing the reactor effluent

comprising the homogeneous fluid phase polymer-monomer mixture from each

reactor train of G1 and G2 through the high-pressure separator for product

blending and product-feed separation; (e) 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 blend phase and a monomer-rich

phase; (f) separating the monomer-rich phase from the polymer-rich blend phase

in the high-pressure separator to form a polymer-rich blend and a separated
monomer-rich phase; and (g) recycling the separated monomer-rich phase of (f)

to one or more reactor trains of G2.

[0014] Still another aspect of the present disclosure relates to an
advantageous monomer recycle process for use with fluid phase in-line blending
of polymers comprising: (a) providing a first group (G1) of one or more parallel
reactor trains and a second group (G2) of one or more parallel reactor trains,
wherein G1 polymerizes a polypropylene homopolymer and G2 polymerizes a
polypropylene copolymer, and wherein one high-pressure separator is fluidly
connected to G1 and another high-pressure separator is fluidly connected to G2;

(b) contacting in each of the parallel reactor trains of G1 and G2: 1) propylene



[0021]FIG 4 presents the effect of propylene conversion in the
pol ynmeri zati on of supercritical propylene using MAO acti vated

i di met ' lo3( 2- met hyl - 4- phenyl i ndenyDzi r coni um di ' Zr - MAO)
gf 130C %Q%@lﬁ(gﬁlw MPa (10 or 20 kpsi, respectivel y?%?{t%é@gfogsg 5
presents a prior art nononer recycle pree¢ess with full recovery of
I ndi vi dual nononer conponents used in conjunction with a fluid phase
in-1ine polynmer blending process; [0023]FIG 6 presents an exenpl ary
nmononer re ' I 13- kY ' r ith
one. separ af ool 3R rhole PAENAL SEehR, p) B B AACWorndiRer IR Bl
stream of wfdh¢ pardllchirascto¢d jraisdof 232, 49 wptiondl bfe or ahore Qc)av‘éh%é't@}lhnd 5)
recovering individual nononer conponents; [0024]FIG 7 presents an
exenpl ary @PHERR one Oy dnerepdiduenys drosolyents.dwhheese each |dfrthe paraliélngacfor

| it h | - bl.end i th .
Dad 4 ver pUaseloTss LR st AcissaRgn b0 YR oI Beheheioicangtign o
stream of E‘?ﬁﬁ%’@ﬁg&; tﬁ% #gﬂ%m@ﬂgatggﬁ s ﬁg%ﬁcﬁdjatpgegs{l?é Ro (8Wel i Yd MPa

recovering r-conponeée
below the cloud point pressure of the polymerization system and less than 1500

MPa and have at least one common monomer, wherein the polymerization
system for each parallel reactor train of G1 and G2 is in its dense fluid state and
comprises propylene monomer, any diluent or solvent present, any scavenger
present, and the polymer product, and the polymerization system for the second
reactor train further comprises one or more comonomers, and wherein the
catalyst system for each parallel reactor train of G1 and G2 comprises one or
more catalyst precursors, one or more activators, and optionally, one or more
catalyst supports; (c) forming an unreduced reactor effluent including a
homogenous fluid phase polymer-monomer mixture in each parallel reactor train
of G1 and G2; (d) passing the unreduced reactor effluents from the one or more
of the G1 parallel reactor trains through a high-pressure separator while
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 systems comprising a polymer-
enriched phase and a monomer-rich phase, and separating the monomer-rich
phase from the polymer-enriched phase in the high-pressure separator to form a
separated monomer-rich phase and a polymer-enriched phase; (e) passing the
polymer-enriched phase from the high-pressure separator of (d) and the
unreduced reactor effluents of the G2 reactor trains through another high-
pressure separator for product blending and product-feed separation; (f)
maintaining the temperature and pressure within the another high-pressure
separator of (€) above the solid-fluid phase transition point but below the cloud

point pressure and temperature to form a fluid-fluid two-phase system



[0025] FIG 8 presents an exenplary nononer recycle process for fluid phase
i n-line blending of polyners with two separati on vessel s;

2008/ 109 B 08/ 002899 - 15 - [0026]FIG 9 presentl,%Tﬁ%% %stggenpl ary
nononer Sgéyg;fgeggtr%gcess for fluid phase in-line blending of OP W t

two separation vessels with a product effijuent buffer tank that aI so serves
as nononer/ product separator for inproved blend ratio control; [0027] FI G

10 presents an exenpl ary nononer recycle process for fluid
‘comprising a polymer-rich blend phase and a monomer-rich phase; (g)

separating the monomer-rich phase from the polymer-rich blend phase in the
another high-pressure separator of (¢) to form a polymer-rich blend and a
separated monomer-rich phase; (h) recycling the separated monomer-rich phase
of (d) to the one or more reactor trains of G1; and (i) recycling the separated

monomer-rich phase of (g) to one or more reactor trains of G2.

[0015] Still yet another aspect of the present disclosure relates to an
advantageous monomer recycle process for use with fluid phase in-line blending
of polymers comprising: (a) providing a first group (G1) of one or more reactor
trains and a second group (G2) of one or more reactor trains, wherein Gl
polymerizes a polypropylene homopolymer and G2 polymerizes a polypropylene
copolymer, wherein a high-pressure separator is fluidly connected to G1 and G2,
and wherein the Gl reactor trains are configured parallel to and fluidly
connected to the G2 reactor trains; (b) contacting in each of the reactor trains of
G1 and G2: 1) propylene monomer, 2) one or more catalyst systems, 3) one or
more comonomers in each of the reactor trains of G2, 4) optional one or more
scavengers, and 5) optional one or more diluents or solvents, wherein each of the
reéctor trains for Gl and G2 are at a temperature above the solid-fluid phase-
transition temperature of the polymerization system and a pressure no lower than
10 MPa below the cloud point pressure of the polymerization system and less
than 1500 MPa and have at least one common monomer, wherein the
polymerization system for each reactor train of G1 and G2 is in its dense fluid
state and comprises propylene monomer, any diluent or solvent present, any
scavenger present, and the polymer product, and the polymerization system for
the second reactor train further comprises one or more comonomers, and
wherein the catalyst system for each reactor train of G1 and G2 comprises one or
more catalyst precursors, one or more activators, and optionally, one or more

catalyst supports; (c) forming a reactor effluent including a homogeneous fluid



phase in-line blending of polyners with two separation vessels and with
addi ti ve/ pol yner bl endi ng conponent option; [0028]FIG 11 presents an

exenpl ar recycl e process for fluid phase in-1li | f
B L TR e Serflsopdnsp

polymers wt eparation vessels, one also serving and with
addi tive/ pol yner bl endi ng conponent option, [0029]FIG 12 presents cloud
point isotherns for Polynmer AchieveTM 1635; [0030] FIG 13 presents cloud
poi nt isothernms for Polymer PP 45379 dissolved in bul k propyl ene;

[0031] FI G phdsePp&igairsmEhomer Rtlixilire it Rhé¥e FeRtdrAtaiRYNET anbG20RE passing
the reactor effluents from each reactor train of G1 and G2 through the high-
pressure separator for product blending and product-feed separation; (e)
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 blend phase and a monomer-rich phase; (f) separating the monomer-rich
phase from the polymer-rich blend phase in the high-pressure separator to form a
polymer-rich blend and a separated monomer-rich phase; and (g) recycling the

separated monomer-rich phase of (f) to the one or more reactor trains of G2.

[0016] These and other features and attributes of the disclosed monomer
recycle processes for fluid phase in-line blending of polymers and their
advantageous applications and/or uses will be apparent from the detailed
description that follows, particularly when read in conjunction with the figures

appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]  To assist those of ordinary skill in the relevant art in making and using

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

[0018] FIG. 1 presents the process for the production of polymer blends in

a two-stage series reactor configuration (prior art);

[0019] FIG. 2 presents the effect of polymerization temperature on the
molecular weight and melting point of polypropylene made in supercritical
polypropylene  using  MAO-activated  (u-dimethylsilyl)bis(2-methyl-4-
phenylindenyl)zirconium dichloride (Q-Zr-MAO) catalyst at 207 MPa (30 kpsi);



di ssolved in bul k propyl ene; [0032]FIG 15 presents cloud point isotherns
for Polynmer AchieveTM 1635 di ssolved in bulk propylene; [0033]FIG 16

presents logt isotherns for Polyner PP 45379 dis ' Kk
propyl ene‘?b%&f@%ﬂ[ 0034] FIG 17 presents cloud point i ?gbﬁg?orgé}a?%r% Pol ymer

PP 4062 -14-

[0020]) FIG. 3 presents the effect of polymerization pressure on the
molecular weight and melting point of polypropylene made in supercritical
propylene using MAO-activated (n-dimethylsilyl)bis(2-methyl-4-
phenylindenyl)zirconium dichloride (Q-Zr-MAO) catalyst at 120 and 130 °C;

[0021] FIG. 4 presents the effect of propylene conversion in the
polymerization of supercritical propylene using MAO-activated (p-
dimethylsilyl)bis(2-methyl-4-phenylindenyl)zirconium dichloride (Q-Zr-MAO)
at 130 °C and 69 and 138 MPa (10 or 20 kpsi, respectively);

[0022] FIG. S presents a prior art monomer recycle process with full
recovery of individual monomer components used in conjunction with a fluid

phase in-line polymer blending process;

[0023] FIG. 6 presents an exemplary monomer recycle process for fluid
phase in-line blending of polymers with one separator vessel (separator-blender),
the combined monomer recycle stream of reactor trains (1) and (2) recycled to

train (2) without recovering individual monomer components;

[0024] FIG. 7 presents an exemplary monomer recycle process for fluid
phase in-line blending of polymers with one separator vessel (separator-blender)
and with additive/polymer blending component option, the combined monomer
recycle stream of reactor trains (1) and (2) recycled to train (2) without

recovering individual monomer components;

[0025] FIG. 8 presents an exemplary monomer recycle process for fluid

phase in-line blending of polymers with two separation vessels;



di ssol ved in bul k propylene; [0035]FIG 18 presents a conparison of
| sopl eths for PP 45379, AchieveTM 1635, and PP 4062 di ssol ved in bulk

ropyl ene; G 19 presents a conparison of isopl | eveTM
pr opy 0[29&21[%(54 ?E'i‘ﬁlsm)%/&ﬁf%;?%ri v

1635 and literature data as described in J. VMiadimr Qdiveira,

and J. C. Pinto, Ind. Eng, Chem Res. 2952000, 4627; [0037]FIG 20
presents a conparison of isopleths for PP 45379 and |iterature data as
described in J. Mladimr Qiveira, C. Dariva and J. C. Pinto, Ind. Eng,

Chem  Res. 16626]2000)FIG 68 prebéifis Hnlottier &denBpIaRF ThéndnELTRA/S Pross fi
| sopl et hs For IJP 4062 andp ' tbIRFY A Process for
fluid phase in-line blending of polymers with two separation vessels with a
product effluent buffer tank that also serves as monomer/product separator for

improved blend ratio control;

[0027] FIG. 10 presents an exemplary monomer recycle process for fluid
phase in-line blending of polymers with two separation vessels and with

additive/polymer blending component option;

[0028] FIG. 11 presents an exemplary monomer recycle process for fluid
phase in-line blending of polymers with two separation vessels, one also serving

as buffer, and with additive/polymer blending component option;

[0029] FIG. 12 presents cloud point isotherms for Polymer Achieve™
1635;

[0030] FIG. 13 presents cloud point isotherms for Polymer PP 45379
dissolved in bulk propylene;

[0031] FIG. 14 presents cloud point isotherms for Polymer PP 4062
dissolved in bulk propylene;

[0032] FIG. 15 presents cloud point isotherms for Polymer Achieve™
1635 dissolved in bulk propylene;

[0033] FIG. 16 presents cloud point isotherms for Polymer PP 45379
dissolved in bulk propylene;



literature data as described in J. Viadimr Oiveira, C Dariva and J. C
Pinto, Ind. Eng, Chem Res. 29, 2000, 4627; [0039]FI G 22 presents a basic

phase di a\%%@sr/l%mm xture of propyl ene monomer with se ?’%ﬁgz‘ﬂ’@ﬁxgg% acti ¢

(i sotactiC pol'ypropyl ene - i PP, syndiotactic pol ypropylene -°s

pol ypropyl ene - aPP, or propyl ene-ethyl epg. copol yner); [0040]FI G 23
presents a conparison of the density of supercritical propylene at 137.7 C
with liquid propylene at 54.4 C, - 17 - [0042]FIG 25 presents an

operating {ee34fF | N PREC192Pr&sets 'IGIE point isotherms for Polymer PP 4062
dissolved in bulk propylene;

[0035] FIG. 18 presents a comparison of isopleths for PP 45379,
Achieve™ 1635, and PP 4062 dissolved in bulk propylene;

[0036] FIG. 19 presents a comparison of isopleths for Achieve™ 1635 and
literature data as described in J. Vladimir Oliveira, C. Dariva and J. C. Pinto,

Ind. Eng, Chem. Res. 29, 2000, 4627;

[0037] FIG. 20 presents a comparison of isopleths for PP 45379 and
literature data as described in J. Vladimir Oliveira, C. Dariva and J. C. Pinto,
Ind. Eng, Chem. Res. 29 (2000), 4627;

[0038] FIG. 21 presents a comparison of isopleths for PP 4062 and
literature data as described in J. Vladimir Oliveira, C. Dariva and J. C. Pinto,
Ind. Eng, Chem. Res. 29, 2000, 4627;

[0039] FIG. 22 presents a basic phase diagram for mixture of propylene
monomer with selected polymers (isotactic polypropylene - iPP, syndiotactic
polypropylene - sPP, atactic polypropylene - aPP, or propylene-ethylene

copolymer);

[0040] FIG. 23 presents a comparison of the density of supercritical
propylene at 137.7 °C. with liquid propylene at 54.4 °C;

[0041] FIG. 24 presents an operating regime in accordance with the

process disclosed herein for a reactor operating in a single liquid phase;



process disclosed herein for a reactor operating in a liquid-liquid phase;
and [0043]FIG 26 presents an operating regine in accordance with the

process dj erein for a gravity separator. WO
2008/ 109%@3@@308/ 002899 - 18 - DEFIN TIONS [0044] FGI ERE pUFposes of
this invention and the clains thereto: -17-

[0042] FIG. 25 presents an operating regime in accordance with the

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

[0043] FIG. 26 presents an operating regime in accordance with the

process disclosed herein for a gravity separator.



[0045] A catal yst systemis defined to be the combination of one or nore
catal yst precursor conpounds and one or nobre activators. Although

t hensel vegoahe/i9fescatal ytically active (need to be coni-haiishhsds
activator to becone active), the catal yst precursor conpounds are often
referred to as catalysts in the art of pe8ynerization. Any part of the
catal yst system can be optionally supported on solid particles, in which
case the support is also part of the catalyst system [0046]Dense fluids
are defi ne®EBINITIONS®edia in their liquid or supercritical state with
densities greater than 300 kg/n8. Note that gas-phase fluids are excluded
fromthe gi@@ﬂ#}of ddregehé purptses pOhHis fidedritibnf dnd theiaias thegsrsi ti on
tenperature is defined as the tenperature at which a solid polynmer phase
separates fromthe pol yner-containing dense fluid nmediumat a given

i d- ' . [t [ d ined b
b L S
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turbid, wharhnotoatabytidatler activebfherretoobe Gambified &¥ifls afdadivaidt 8 BEcainé aser
t hrough the nmedium and detecting the sudden increase of |ight scattering as

described PFHVE), theaentalyst mea'[cuesiogagnltpoémﬁs iay%ioﬁnd rafetrfed e aismataly:r;lg.in Elrag, »
Chem Res. _29 £2000) 4627 004 ol i d-fluid phase transitign press
a hgfﬁ}o&%’ﬁ whi

defined as®Th8! Figation. 28 10f gthso cgtabyst prstem seamn ber eptippally t he
pol ymer - cogigiaed%n sotid particles, in which case the support is also part of the catalyst

system.

[0046] Dense fluids are defined as fluid media in their liquid or
supercritical state with densities greater than 300 kg/m’. Note that gas-phase

fluids are excluded from the group of dense fluids.

[0047] 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 determined by temperature reduction starting from
temperatures at which the polymer is fully dissolved in the dense fluid reaction
medium. At the onset of the formation of a solid polymer phase, the
homogeneous fluid medium becomes turbid, which can be observed by eye or
can be detected by shining a laser through the medium and detecting the sudden
increase of light scattering as described in J. Vladimir Oliveira, C. Dariva and J.
C. Pinto, Ind. Eng, Chem. Res. 29 (2000) 4627.

[0048] Solid-fluid phase transition pressure is defined as the pressure at
which a solid polymer phase separates from the polymer-containing fluid

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



medi um at a given tenperature. The solid-fluid phase transition pressure
can be - 19 - determ ned by pressure reduction at constant tenperature

starting r ures at which the polyner is fully dipgsRlsY6d0bIted NE
fluid rea‘&??(%%r?e ?um At the onset of the formation of a soF@g po?yrrer

phase, the honmpbgeneous fluid nedi um becowes turbid, which can be observed
by eye or can be detected by shining a | aser through the nedi um and
detecting the sudden increase of light scattering as described in J.

VI adi mr Loy el | : '

(2000) 46%?t*‘ﬁ*a%‘%s]%%g?f%‘éie%@?h‘fﬂ ?§°J‘§¥%2%fn§§‘%%‘h'§%%%%§?ﬁ?%m_ L %Sv‘ﬁ%ﬂ ch,
at a gi venatt ehiiedy eeupelynidreispill lymdiss6etainniheofliRNRaRASAURelium.d AR tdie/m
becomes turbid upon pressure reduction at constant tenperature as described
in J. VI adonsct oOthesBrmation. ofmsokid pahumer pl(asePthetlmmOgmeoﬁsg]m&hmdluRﬁs. 29
2000) 4627. For rposes of this jnvention and the clainms thereto, the

f:l oud) poi n eqog“?ﬁe& edViigh gan engbsgryﬁ;’ i’MrﬁYIeaE%re?a"c he slstasted by shinipg ey

ol nt™ d by ; | i % g
Phe pr eseapectanfoe e Bediuf BHs BRcRhelfe sodin i@ gl ifent sfdfrbi®'d g ven
t enper at urdesciiBe®GhA. WabRhircOAvefraNC. DARfd BkE 12T Binfo, ol Hhg) ey, four

or nore carbon atons.
Res. 29 (2000) 4627.

[0049] The cloud point is defined as the pressure below which, at a given
temperature, the polymer-containing homogeneous fluid medium becomes turbid
upon pressure reduction at constant temperature 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 for a given temperature.

[0050] A higher o-olefin is defined as an o-olefin having four or more

carbon atoms.

[0051] Polymerization encompasses any polymerization reaction such as

homopolymerization and copolymerization.

[0052] Copolymerization encompasses any polymerization reaction of two

Oor more monomers.

[0053] The new numbering scheme for the Periodic Table Groups is used

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



[ 0051] Pol ynreri zati on enconpasses any polymerization reaction such as
honmopol yneri zati on and copol yneri zati on. [0052] Copol yneri zati on enconpasses

any pol yngpif@lfo9ds" €action of two or nore nmononers. - p2Queddidahbyhen a
polymer is re erreé to as conprising an olefin, the olerln present 1n the

polynmer is the polymerized formof the obefin.

[0054] When a polymer is referred to as comprising an olefin, the olefin

present in the polymer is the polymerized form of the olefin.

[0055] An oligomer is defined to be compositions having 2-75 monomer
units.
[0056] A polymer is defined to be compositions having 76 or more

monomer units.

[0057] A series reactor cascade (also referred to as series reactor
configuration or reactors in series) includes two or more reactors connected in
series, in which the effluent of an upstream reactor is fed to the next reactor
downstream in the reactor cascade. Besides the effluent of the upstream
reactor(s), the feed of any reactor can be augmented with any combination of
additional monomer, catalyst, scavenger, or solvent fresh or recycled feed

streams.

[0058] 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 reactor 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.



[ 0055] An oligonmer is defined to be conpositions having 2-75 nononer units.
[ 0056] A polyner is defined to be conpositions having 76 or nore nononer
units. [QQ85hdA/R60l €S reactor cascade (also referred topag,R86dsfsbeact or
configuration or reactors in series) includes two or nore reactors
connected in series, in which the effluenit- of an upstreamreactor is fed to
the next reactor downstreamin the reactor cascade. Besides the effluent of
the upstreamreactor(s), the feed of any reactor can be augnented w th any

conbi nat i oFfo¥evaf din' draeflo JRIMITY the GRSGHMRIN o SEINEEALmMbAinRtY 6Pthef neSh or
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recycled feed streans. [005 ctor train or reactor branch or reactor |eg
refers to hnebbgiding provessészdiselosed heinthepolymarig fofpaledomer itéadd i on
reactors of the in-line blending process disclosed herein that produces a
si ngl e pol ifmsefestedndo cimmyens .blend t eempenentopr t pelymerisntiénds coprponensan one

reactor, the reactors. are arranged in a.,series canfiguration within fhe
train. The'TF&E efsbrth%i%‘bleﬁlblﬁéqf'ﬁghp&HQ?QIeSWBPSIF‘HngPrdé%’@f%?n'tr Ph t#’r%ly,
for exanpl ' dve6 I 0=l C at
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reasons rehbtayd donsideped] as cepurarnteattonltidins esere if ey Proaaes assenHhlith®r
conposition distribution, etc. Since a reactor train can conprise nultiple
react ors asamein-isgdlend zomponent. sAljos spatizlly s¢paghtedppanatietmaption mones
produced i eactor train may itself be a polynmer blend of polyneric

poly
conponent st DAk Gxehpngs) e X regetio MixgHes &Y. defms¥ampie fump-around

loops, or by other recirculation methods, will be considered as separate parallel
reactor trains even when those parallel zones are present in a common shell and

fall within the in-line blending process disclosed herein.

[0059] Reactor bank refers to the combination of all polymerization
reactors in the polymerization section of the in-line polymer blending process

disclosed herein. A reactor bank may comprise one or more reactor trains.

[0060] A parallel reactor configuration includes two or more reactors or
reactor trains connected (also referred to as fluidly connected) in parallel. A
reactor train, branch, or leg may include one reactor or alternatively more than
one reactor configured in a series configuration. For example, a reactor train
may include two, or three, or four, or more reactors in series. 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.

[0061] 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.



- 21 - However, in order to sinplify the description of different
enbodi ments of the in-line blending processes disclosed herein, the

pol yneri G, pra I7I]I((‘)BO99f a reactor trainis referred to si mk;ﬁﬁ%@{ﬁ&%

conponent or ymeric bl end conponent regardless of its ecul ar "wei ght
and/ or corrp05|t|onal di spersion. For thezpurpose of defining the process of
the present invention, parallel reactors will be always considered as
separate reactor trains even if they produce essentially the sane in-line
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0059] React k refers.to the conbjnation of all polynerjzation reactors
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di scl osed t Mo no eactor i ns.
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paral lel. A reactor train, branch, or |l eg may include one reactor or

al ternati vpbl}'nmrlmtmhamhaineyp]eaid:y oconsiders gthee dataiyst systéras as opdrt 0off ahé on.
For exanple,, a reactor train pay_ include tw, or three, or four, or nore
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d h th n of, all
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[ 0061] MonogRterh PHISHR datdlySt §yRt&ghS to the ratio of the ampunt of recycl ed

[0063] A homogeneous polymerization system contains all of its
components dispersed and mixed on a molecular scale. In our discussions,
homogeneous polymerization systems are meant to be in their dense fluid (liquid
or supercritical) state. Note that our definition of the polymerization system
does not include the catalyst system, thus the catalyst system may or may not be
homogeneously dissolved in the polymerization system. A homogeneous system
may have regfons 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 densé fluid phase. Apparently, a polymerization system
is not homogeneous when it is partitioned to more than one fluid phase 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.

[0064] Pure substances, including all types of hydrocarbons, can exist in
either a subcritical, or supercritical state, depending on their temperature and
pressure. To be in the supercritical state, a substance must have a temperature

above its critical temperature (Tc) and a pressure above its critical pressure (Pc).



nononer fed to the reactor divided by the total (fresh plus recycled)
anount of nononer fed to the reactor. WD 2008/ 109094PCT/ 1JS2008/ 0(§2899 -
22 - [00 B ,jzation systemis defined to be the S
comng)neﬁgé)z%%@g&%ol ymer(s) plus optional inert sol veg??gﬂ;g%@l%)goe%té(}s_) pl us
optional scavenger(s). Note that for theasake of convenience and clarity,
the catal yst systemis always addressed separately in the present

di scussi on from ot her conponents present in a polynerization reactor. In

this regarqyg; p, | | I S+ Wy r r_than
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State of t palCeIPIESRrEY (1) of celtilf pARbsEREE IR 1o IHE e BRIRDERIG

region in atesthpbateatdoagd amthe 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 selected substances are:

ame Tc (K) | Pc (MPa) [Name Tc (K) | Pc (MPa)
Hexane 507.6 3.025 [Propane 369.8 4.248
Isobutane 407.8 3.64 [Toluene 591.8 4.11

thane 305.3 4.872 ethane 190.56 4.599
Cyclobutane 460.0 4.98 utane 425.12 3.796
Cyclopentane | 511.7 4.51 thylene 282.34 5.041
1-Butene 419.5 4.02 ropylene 364.9 4.6
1-pentene 464.8 3.56  [Cyclopentene | 506.5 4.8
Pentane 469.7 - 3.37  [Isopentane 460.4 3.38
Benzene 562.05 4.895 [Cyclohexane 553.8 4.08
1-hexene 504.0 3.21 Heptane 540.2 2.74
2732K=0°C.

[0065] 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.



[ 0064] Pure substances, including all types of hydrocarbons, can exist in
either a subcritical, or supercritical state, depending on their

t enper at %SZMOQJﬁSSUfe- To be in the supercritical st?}EESUSZ%OBMQZ%Bane

must have a tenperature above its critical tenperature a pressure
above its critical pressure (Pc). - 23.24 M xtures of hydrocarbons,

I ncl udi ng m xtures of nononers, polyners, and optionally inert solvents,
have pseudo-critical tenperatures (Tc) and pseudo-critical pressures (Pc),

whi ch for syst Lat - I QN- el

aver ages. of0U4e1°2c, FAE SCRfinbC RORUAT St Rt SpbiREL (G BeREF o

m xture's ppéfags)anithoutMnidriiption/\bit bes@aﬁ@ﬁm%awm?pégsavmithns process to
pseudo-critical tenperature and a pressure above théir pseudo-critical
pressur e wptdduse aspolymey weuldrbeaopepehere ith¢ cedctatainre contiedly, introduted

t her nodynam ¢ behavi or of sgger rifical m xtures will be anal ogous to
supercriti HEP 0BGk msIearioEsandpelymeryeductys contigually, Bithdsawni he criti cal
tenperatures (Tc) and critical pressures (Pc) of certain pure substances
relevant to the current invention are those that found in the Handbook of

Chart Sy, WUETIY=! Shur Pl ore P Rsindt d iy,
sel ect ed sphicatates salid: pdbymer (e.g., granular) forms in a dense fluid or in a
liquid/vapor polymerization medium. The dense fluid polymerization medium
can form a single or two fluid phases, such as liquid, supercritical fluid, or
liquid/liquid, or supercritical fluid/supercritical fluid, polymerization medium.
In a liquid/vapor polymerization medium, the polymer resides in the liquid
(dense) phase. Slurry polymerization processes typically employ heterogeneous
catalyst particles, such as Ziegler-Natta catalysts or supported metallocene
catalysts, and the like. The solid polymeric product typically adheres to the
heterogeneous solid catalyst particles thus forming a slurry phase. Slurry

polymerization processes operate below the solid-fluid phase transition

temperature of the poymerization system.

[0068] Solution polymerization refers to a polymerization process in which
the polymer is dissolved in a liquid polymerization system, such as an inert
solvent or monomer(s) or their blends. Solution polymerizarion comprises a
homogeneous liquid polymerization system in the reactor. The temperature of a
liquid polymerization system is below of its supercritical or pseudo supercritical
temperature, thus solution polymerizations are performed below the supercritical

temperature and/or pressure.

[0069] Supercritical polymerization refers to a polymerization process in
which the polymerization system is in its dense supercritical or pseudo

supercritical state, i.e. when the density of the polymerization system is above



Tc (K) Pc (I APa) ame Tc (K) Pc (MPa) Hexane 507.6 3.025
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300 g/L and its temperature and pressure are above the corresponding critical

values.

[0070] 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 1
wt % of inert solvent. Inert solvents are charaterized by their lack of
incorporation into the product polymer chain. In the production of polyolefins,
solvents are typically hydrocarbons comprising 4 to 20 carbon atoms,
advantageously 5 to 10, or 5 to 8 carbon atoms. Note that the polymerization
system may also contain inert diluents that do not incorporate into the product
polymer chain. They are typically introduced as impurities present in the
monomer feeds. For the purpose of the current disclosure, the inert diluents are
considered separately from the inert solvents, the latter of which are added
intentionally for their ability to keep the polymeric products in their dissolved

state.

[0071] A homogeneous polymerization system contains all of its
components dispersed and mixed on a molecular scale. In our discussions,
homogeneous polymerization systems are meant to be in their dense fluid (liquid
or supercritical) state. Note that our definition of the polymerization system
does not include the catalyst system, thus the catalyst system may or may not be
homogeneously dissolved in the polymerization system. A homogeneous system
may have regions with concentration gradients, but there would be no sudden,
discontinuous changes of composition on a micrometer scale within the system
as it is the case when, for example, solid polymer-containing particles are
suspended in a dense fluid. 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
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one fluid phase or to a fluid and a solid phase. The homogeneous fluid state of
the polymerization system is represented by the single fluid (liquid or
supercritical fluid) region in its phase diagram.

[0072] Homogeneous  supercritical  polymerization refers to a
polymerization process in which the polymer is dissolved in a 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 les; 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 solid polymer particulates in the polymerization reactor.
Similarly, bulk homogeneous supercritical polymerization should be
distinguished from bulk solution polymerization, the latter of which is performed

in a liquid as opposed to in a supercritical polymerization system.

[0073] An in-line blending process disclosed herein refers to one where the
polymerization and the polymer blending processes are integrated in a single |
process and at least one of the polymerization trains operates under solution or
homogeneous supercritical conditions. Although in-line blending processes
typically employ polymerization trains using solution or homogeneous
supercritical polymerization systems, one or more of the polymerization trains
may employ slurry polymerization systems, particularly bulk slurry
polymerization systems. When the polymerization bank includes one or more

slurry polymerization trains, the effluents of those slurry trains are always heated
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above their solid-fluid transition points and optionally pressurized before mixing

them with the effluents of other trains to enable fluid-phase mixing.

[0074] In-line polymer blend or in-line blend disclosed herein refers to a
mixture of two or more polymeric components, at least one of which is produced
under either homogeneous supercritical polymerization conditions or
homogeneous solution polymerization conditions. The polymeric components
are produced internally in the in-line blending process and are mixed in the same
process without recovering them in their solid state. Optionally, the in-line
blends may also contain additives produced outside the invention process, such
as plasticizers, UV stabilizers, antioxidants, etc., and off-line polymeric
additives/modifiers in minor amounts, i.e., less than 50%, or less than 40%, or
less than 30%, or less than 20%, or less than 10%, or less than 5%, or less than

1% by weight.

[0075] Single-pass conversion of monomer i in reactor train j is defined by

the following formula:

Single pass conversion of monomer / in reactor train j (%) = 100 x [(reactor train
J effluent flow rate in weight per hour) x (polymer product concentration in the
effluent of reactor train j in weight fraction) x (monomer i concentration in the
polymer product made in reactor train j in weight fraction)] / [(reactor train j
feed flow rate, including fresh and recycled, in weight per hour) x (monomer i
concentration in the feed of reactor train j, including fresh and recycled, in

weight fraction)].

[0076] Overall conversion of monomer i in reactor train j is defined by the

following formula:
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Overall conversion of monomer i/ in reactor train j (%) = 100 x [(reactor train j
effluent flow rate in weight per hour) x (polymer product concentration in the
effluent of reactor train j in weight fraction) x (monomer i concentration in the
polymer product made in reactor train j in weight fraction)] / [(reactor train j
fresh feed flow rate, excluding recycled, in weight per hour) x (monomer i
concentration in the fresh feed of reactor train j, excluding recycled, in weight

fraction)].

[0077] The total monomer feed rate of a given train is equal to the sum of
fresh (make up) monomer feed rate plus recycled monomer feed rate in weight

per hour.

[0078] The flow (feed, effluent, recycle, purge etc. flow) rate of monomer
component i in weight per hour is equal to the total flow (feed, effluent, recycle,
purge etc. flow) rate in weight per hour multiplied by the weight fraction of

monomer component &

[0079] Conversion rate of monomer i in reactor train j expressed in weight
per hour is equal to [(reactor train j effluent flow rate in weight per hour) x
(polymer product concentration in the effluent of reactor train j in weight
fraction) x (monomer i concentration in the polymer product made in reactor

trainj in a single pass in weight fraction)].

[0080] Monomer pool describes the number and nature of the monomers
present not less than 1.0 wt %, or not less than 0.5 wt %, or not less than 0.1 wt
%, or not less than 0.05 wt %, or not less than 0.01 wt %, or not less than 0.001
wt % in the process or in certain feeds or effluents or recycle streams or vessels
or products of the process. In general, one can refer to the monomer pool of

reactor r, or the monomer pool of reactor train j, or the monomer pool in the feed
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or in the effluent of reactor » or of reactor train j, or the monomer pool of the
entire process, or the monomer pool of the product of a reactor train or of a
reactor group, or of the process, etc. While the monomer pool pertains to the
number and nature of the monomers it represents, it does not speak to the
quantity or concentration of the monomers of the polymer pool (except for
setting a minimum/threshold level below which a monomer is not considered to
be a part of the monomer pool). Two or more monomer pools containing the
same and only the same monomers are considered to be identical or the same
even if the (higher than the minimum/threshold) concentration or the ratio of the
monomers in the pools are not the same. Naturally, a monomer is not present in
a pool when its concentration is below a defined threshold and thus only
considered to be present in a monomer pool or considered to be part of a
monomer pool when its concentration is higher than the defined threshold. Two
examples of monomer pools are as follows. (1) The monomer pool of a stream
containing ethylene, propylene, and 1,5-hexadiene has three members: ethylene,
propylene, and 1,5-hexadiene. (2) The combined monomer pools of reactor train
I containing ethylene and propylene, reactor train 2 containing propylene and
butene-1, and reactor train 3 containing propylene has also three members:
ethylene, propylene, and butene-1. Note that the monomer pool of train 1 has
two members: ethylene and propylene, the monomer pool of train 2 has also two
members: propylene and butene-1, and the monomer pool of train 3 has one
member: propylene. Also, note that in this example, propylene is present in all
individual monomer pools (the pools of train 1, 2, and 3), therefore propylene is

called a common member of all three monomer pools.

[0081] Unreduced reactor effluent refers to the whole effluent stream
emerging from a reactor train, leg, or branch that has yet to undergo phase
separation in one or more high pressure separators., i.e., it contains the entire

unreduced polymerization system as it emerges from the reactor train, leg, or
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branch. As opposed to unreduced reactor effluents, reduced reactor effluents are
the polymer-containing streams derived from the unreduced reactor effluents.
Reduced reactor effluents contain less than the entire, unreduced polymerization
system as it emerges from the reactor train, leg, or branch. In practical terms,
reduced effluents are formed by separating and removing a part of the monomer
and the optional inert solvent/diluent content in the form of a monomer-rich
stream. In the practice of the present disclosure, the separation of the said
monomer-rich effluent and thus the reduction of the unreduced reactor effluent is
performed by phase separation that generates the said monomer-rich stream and
the said reduced reactor effluent, the latter of which in the form of a polymer-
enriched stream. Stating it yet another way, the unreduced reactor effluent is the
whole reactor effluent before any split of that effluent occurs, while a reduced
effluent is formed after at least one split in which some of the light components
(monomers and the optional inert solvents/diluents) are removed from the whole,

unreduced reactor effluent.

DETAILED DESCRIPTION

[0082] The monomer recycle processes disclosed herein operate in

conjunction with the in-line fluid phase polymer blending processes described in
detail in U.S. Patent Application No. 60/876,193 filed on December 20, 2006,

herein incorporated by reference in its entirety.

[0083] One form of the improved in-line process for blending polymers
disclosed in U.S. Patent Application Serial No. 60/876,193 includes (a)
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; (b) contacting in the two or more reactor trains configured
in parallel olefin monomers having two or more carbon atoms with: 1) one or

more catalyst systems, 2) optional one or more comonomers, 3) optional one or
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more scavengers, and 4) optional one or more diluents or solvents, wherein at
least one of the reactor trains configured in parallel is at a temperature above the
solid-fluid phase-transition temperature of the polymerization system and a
pressure no lower than 10 MPa below the cloud point pressure of the
polymerization system and less than 1500 MPa, wherein at least one of the
reactor trains includes an olefin monomer that has three or more carbon atoms,
wherein the polymerization system for each reactor train is in its dense fluid
state and comprises the olefin monomers, any comonomer present, any diluent
or solvent present, any scavenger 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; (c)
forming an unreduced reactor effluent including a homogenous fluid phase
polymer-monomer mixture in each parallel reactor train; (d) 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-rich phase and a monomer-enriched phase,
and separating the monomer-rich phase from the polymer-rich 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-rich phases; (¢) 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 the 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
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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; and (h) separating the monomer-rich phase from the
polymer-rich blend phase to form a polymer blend and a separated monomer-
rich phase. The polymer-rich blend phase is conveyed to a downstream
finishing stage for further monomer stripping, drying and/or pelletizing to form a
polymer product blend. The fluid phase in-line blending process improves the
resultant polymer blend by blending polymers in the presence of monomers as a

solvent, which aids blending by reducing viscosity in the blending step.

[0084] Another form of the improved in-line process for blending polymers
disclosed in U.S. Patent Application Serial No. 60/876,193 includes: (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; (b) contacting in the two or more reactor trains configured
in parallel olefin monomers having two or more carbon atoms with: 1) one or
more catalyst systems, 2) optional one or more comonomers, 3) optional one or
more scavengers, and 4) optional one or more diluents or solvents, wherein at
least one of the reactor trains configured in parallel is at a temperature above the
solid-fluid phase transition temperature of the polymerization system and a
pressure no lower than 10 MPa below the cloud point pressure of the
polymerization system and less than 1500 MPa, wherein at least one of the
reactor trains includes an olefin monomer that has three or more carbon atoms,
wherein the polymerization system for each reactor train is in its dense fluid
state and comprises the olefin monomers, any comonomer present, any diluent
or solvent present, any scavenger present, and the polymer product, wherein the

catalyst system for each reactor train comprises one or more catalyst precursors,



2.74 73.2 K =0 C [0065] The foll owing abbreviations are used: M is _
methyl, Ph is phenyl, Et is ethyl, Pr is propyl, iPr is isopropyl, n-Pr is
nor mal  prWQe%hes/fabgeyS Putyl, iBu is isobutyl, tBu is terpigdros@idioNdse P-t BuU
is para-tertiary butyl, TMSis trimethylsilyl, TIBAis _
tri-isobutylalumnum MAO is nethylalum-ngxane, pMe is para-nethyl, fluis
fluorenyl, cp is cyclopentadienyl. - 24 - [0066]By continuous is nmeant a
systemthat operates (or is intended to operate) without interruption or
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react ors arfdrmiigy e regutodetfluent docludingalal howidgetlead 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 form a fluid-fluid
two-phase system comprising a polymer-rich blend phase and a monomer-rich
phase; and (g) separating the monomer-rich phase from the polymer-rich blend
phase to form a polymer blend and a separated monomer-rich phase. The
polymer-rich blend phase is conveyed to a downstream finishing stage for
further monomer stripping, drying and/or pelletizing to form a polymer product
blend. The fluid phase in-line blending process improves the resultant polymer
blend by blending polymers in the presence of monomers as a solvent, which

aids blending by reducing viscosity in the blending step.

[0085] The novel recycle methods disclosed herein provide for simplified
recycle methods for the monomers emérge unconverted from the parallel reactor
trains of the in-line fluid phase polymer blending processes described in U.S.
Patent Application No. 60/876,193 (will be referred to herein as the in-line fluid
phase polymer blending process or the in-line polymer blending process).
_ Particularly, the novel monomer recycle methods are applicable for use with said
fluid-phase in-line polymer blending processes in which each monomer
component fed to a first group of one or more reactor trains of the said in-line
blending processes (G1) is also present in the feed of a second group of one or
more trains of the said in-line blending processes (G2) so that when the

monomer pool of the said first group of trains (GI) is combined with the
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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(GI + G2)= N(G2) and N(G1) £ N(G2)

Where M(GI + 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 phase polymer
blending process; N(G/) and N(G2) are the number of monomers in the
monomer pool of the first (G/) 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 monomer pools present in the individual reactor trains of G2 are
always the same, although the monomer concentrations or monomer ratios may
be different (but may also be the same). The number of reactor trains both in the
first and in the second groups of reactor trains (G/ and G2) can be one or more
than one. In practice, the number of reactor trains belonging to the first group of
reactor trains of the in-line fluid phase polymer blending processe (G/) can be
one, two, three, four, five, or more. Similarly, the number of reactor trains

belonging to the second group of reactor trains of the in-line fluid phase polymer
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polymerization reactor trains or legs both in the first (G/) and in the second (G2)

group of reactor trains. However, more than three reactor trains/legs per reactor

group may be employed if the production of the target product blends so

requires.

[0086] When the above-stated conditions for the monomer pools are met in
the in-line fluid phase polymer blending processes described in U.S. Patent
Application No. 60/876,193 filed on December 20, 2006, the disclosed novel
monomer recycle methods provide for a simplified and thus advantaged
monomer recycle method for the monomer recycle streams. In all embodiments
of the novel recycle processes disclosed herein, 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 disclosed novel monomer recycle methods also ensure

that the monomer component recycle rates in the recycle stream originated from
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at |east one of the polymerization trains operates under solution or
honobgeneous supercritical conditions. Al though in-line blending processes
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al ways heah&(ii gr\(%)p 2o r%é%t%?qgal}gsczbvf%% 1%9 911208n%?ners at rates that are not higher
than the combined purge rates of the corresponding monomers for the entire
process plus the combined conversion rates of the same monomers in the second
group of reactor trains (G2). In these embodiments, the invention processes mix
the unreduced effluents (i.e., without recovering monomers for recycle) of the
first group of reactor trains (G/) with the effluents of the second group of reactor
trains (G2). The monomer-rich recycle streams emerging from and downstream
of the mixing point of the polymer-containing effluent streams of G/ and G2 are
recycled to the second group of reactor trains (G2). Optionally, some parts of
the monomer recycle streams are purged from the system to control the buildup
of light inert components, such as light alkanes (methane, ethane, propane, etc.),
nitrogen, etc. Since these purge streams typically also contain monomers, the
rate at which monomers are recycled to G2 are typically somewhat lower than
the combined reactor effluent flow rates of those monomers. Note that since at
least as much of the monomers common to the first (G/) and second (G2) groups
of reactor trains is consumed in G2 or removed in the optional purge streams as

much brought in by the effluents from G, there is no excess monomer inventory
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recycled, \0n¥h&@Plich rs?r%taﬁo%érging from the separator-blender is recycled to G2
while the polymer-rich stream emerging from the separator-blender is sent to the
finishing section for further monomer and lights removal. The monomer recycle
streams emerging from and downstream of the separator-blender may be purged
to control undesirable heavy and light components, such as solvents, inert
alkanes, N, excess catalyst killers, etc., before they are sent back to feed the
second group of reactor trains. Note that in such embodiments, the monomers
are recycled without recovering them individually before or after the product
streams of G/ and G2 are mixed saving substantial capital and operating costs as
compared to methods that separate and recover the individual monomers from
the recycle streams. These embodiments, however, require the combined
unreduced effluents of the first group of reactor trains (G/) deliver monomers at
rates not higher than the combined purge rates of the corresponding monomers
for the entire process plus the combined conversion rates of the corresponding

monomers in the second group of reactor trains (G2).

[0088] In other embodiments, the combined effluents of the earlier-
described first group of reactor trains (G/) of the in-line fluid phase polymer
blending process carry one or more monomers at rates higher than the combined
purge rates of the corresponding monomers for the entire process plus the

combined conversion rates of the same monomers in the second group of reactor
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monomers in G2 in these embodiments, the excess monomer flows need to be
removed by phase separation before mixing the product streams originated from
GI and G2 and thus before they are recycled to G2. Therefore, in embodiments
where the combined effluents of G/ carry one or more monomers in excess, the
disclosed processes remove the excess monomer streams from the effluents of
G1 prior to mixing the effluents with the product streams of G2. The removed
excess monomer streams are recycled to their corresponding G/ reactor trains
without separating and recovering the individual monomers present in their
essentially pure forms. The said excess monomer recovery is achieved by phase
separation performed in high-pressure separators as described in U.S. Patent
Application No. 60/876,193. It comprises the removal of enough monomers
from the one or more effluents of the first group of reactor trains (G1) to ensure
that after the reduction, the combined polymer-containing streams originated
from G! bring in no excess monomer flows into the recycle streams sent to G2.
It means that after removing the monomer excesses, the combined polymer-
containing product streams originated from G/ deliver monomers to the
blending point with the effluent streams of G2 at rates that are not higher than
the combined purge rates of the corresponding monomers for the entire process
plus the combined conversion rates of the same monomers in the second group
of reactor trains (G2). The monomer-rich recycle streams emerging from or
downstream of the mixing point of GI and G2 product streams are recycled to
G2. Consequently, at least a part of the monomer content of the product streams

from G/ will be delivered to G2. Note that since no excess monomer is brought



[ 0080] Monomer pool describes the nunber and nature of the nononers present
not less than 1.0 wt % or not less than 0.5 w % or not less than 0.1 wt

% or notwb%&{ltﬁ%g 0.05w % or not less than 0.01 MP%I/I%EOO@B&SB&FZS t han

0.001 wt %in e process or in certain feeds or effluents or recyc

streans or vessels or products of the progess. In general, one can refer to
the nononer pool of reactor r, or the nonomer pool of reactor trainj, or

t he nononer pool in the feed WD 2008/ 109094PCT/ US2008/ 002899 - 29 - or in

the effluems Wf stre@@sOmiedotvifl th€@FHQENGTS GJ, 1n<9fex£f=é%% HRRRIERY MPflosel the
entire process, or the nononer pool of the product of a reactof train or of

a reactor gnengnersrbuilds hp jir €22even ewithothrdcovetiag eomesr gdAf er sadns to
t he nunber and nature of the nononers it represents, it does not speak to
t he quant i fjonMersfEmy thgtmepoBrerrich rasyelessteeants racovprsdyateor downsttesmept

cons der ea o QBT JAinE AL BebRE ARG B fclrSBe RS iy G nahd tré?-t o8B
de i
dont | cal e Ao BndRECRIAY of ER e E RO ks G O R PRI Bi6T g

concent r at berpesfortried bptusingoindibRluab featross trath Efffudi@Pbs b3 @siﬁgtc&ﬁtﬁnéém-
Natural ly, a nmononer is not present in a pool when its cOncentration Is

bel ow a defffhant thendsnef tvand mongsreantoy trains vt saine cndiomperepseols. iWhen
Concent rat CnPEE ALEN ik GORETER Thedere: PHCESh BIROmMER CERERTH 68 Teryatenoer
bt opyl one, TaGd” (EKEyele! mbABHE R, BAT b indt @t [N P el hina
Er gp Keiggi’ ﬁa?agtor(t,?éinﬂ'hﬁoﬁgﬂihid@ﬁoﬁﬂnmeﬂﬁ@ﬁéﬂ BE £k 8 2hE Yy hrafiof r# oEé’:ﬁE?i ni ng
et hyl ene and ﬁ;opyl ene, reactor train 2 containing ’propyFene a J utene-1,

and r eact ofliselased I®reisnaghievegther opnoealeofiaxcedss mdromersnfrohethe readtgt ene,
of train 1 has two

-1, .h h ] ] . ,
Peber o e CaROERE B disyIcEmuns mbassRpARoRL Guripe whighis Banemerion o
: I - . 1.h I train as one
menber . pr BN ARl b indr.cBMiriBE BB RIRLerk R Agn Epbase et recaiaedng i n
al | indivifigsd tHOBRNtP 0P lohe (AMB0PORLestOf triaf &l%n%%lﬁel;‘i‘)ngégl) girfcléelrhggé) re

propylene is called a conmon nenber of all three no
[ 0081] Unr ephiasecseparations aeé perfenmededrestsedms topigindied exefubivedy frdih re@dtor

energing ftrrgims aotr 5?,(: Ehoery ;[Nril?lb%’ relfgr%éd % at;rg? Cpqlatsg %E:p:r%tsorg,ef)r tGOI genpda(la';t%(r)s Phase
throughout the current disclosure. Recycling the thus-separated one or more
monomer-rich streams to G/ ensures that no excess monomer stream is directed
toward G2. Naturally, since no foreign monomers are present in these
monomer-rich G/ recycle streams, there is no need for monomer separation
before their recycle to the appropriate reactor trains of G/. The reduced
polymer-enriched streams along with other (unreduced) product streams of G/ in
turn are mixed with the (unreduced) product streams of G2 to ultimately yield an
in-line polymer blend product. The reduction of the effluents originated from
the first group of reactor trains (GI), i.e. the recovery of excess monomer
streams recycled to their corresponding reactor trains belonging to GI, is
controlled by adjusting the temperature and pressure of the phase separator so

that the combined flow rate of each monomer component derived from G/ and

blended with the product streams of G2 is not higher than the combined purge



separation in one or nore high pressure separators., i.e., it contains the
entire unreduced polynerization systemas it energes fromthe reactor

train, |e&go 868109 ?0 - branch. As opposed to unreducedpb%ﬁf‘sgﬁk,o@{s% uents,
reduced reactor e19 | uents are the polyner-containing streans derived from

t he unreduced reactor effluents. Reduced4oeactor effluents contain |ess
than the entire, unreduced pol ynerization systemas it energes fromthe
reactor train, leg, or branch. In practical ternms, reduced effluents are

formed by sgRa6REAIMIsADI6SIRY BSmPoRaht fd?ft]hE RtTO BPORSss ?J'(T:'lgs {H@ccﬁﬂbixﬁéﬁa'

i nert solvent/diluent content in the formof a nmononer-r stream In the
practice ofconwersipreszetof ¢acls sagimmenohiee coaponeht INGI The adpistmentefmbe- ri ch
effluent and thus the reduction of the unreduced reactor effluent is
performed EPngHions ebgheaphase separatgemdpmtrecovenings thel Grbnoenemer cigc¥eleeam

dth [ d d t ff t, .,the latt of ich in the formof a
Dol y oy - enSERGA S61 cbthreadily s b5 dsttite sapgrd {shermlinl sameeroRe or

i - f ol f t
Ceeur o o ipetioUe ifeIUERE Hask HehtFidh MELAfdmaRy, W8l ko e 1. 'rHE"

whi ch sone peddudieontgihing st@ans wfsG( andodRr sreaddnbihedoistRam of Berih the
sol vents/di |l uents) are renoved fromthe whol e, unreduced reactor effluent.

DETAI LED Dh&gRpressa¢ $apasaprmidewnstroamr of theylabteGiir phass separitarcasndestribedei n

operale | n AL 21 W Ve L e L Y e Bbass RO R

bt oty DREFIHAR: a8 a A8ATunES L dpd Y B HhSGilerich St S & polyiner-
rich stream while blending the monomer and polymer components originated
from GI and G2, it is also referred to as separator-blender. The monomer-rich
stream emerging from the separator-blender is recycled to G2. A part of this and
other monomer recycle streams of the process may be purged to control the
buildup of undesirable heavy and light components, such as excess solvents,
catalyst killers, light alkanes, etc. The polymer-rich stream emerging from the
separator-blender is sent to the finishing section of the in-line blending process
disclosed in U.S. Patent Application No. 60/876,193. The monomer-rich
streams emerging downstream of the separator-blender may be combined with
the monomer-rich stream emerging from the separator-blender for recycle to G2.
They may also be partially or fully be purged from the system to control the
buildup of undesirable components. Note that monomer recoveries in the
disclosed processes are achieved by phase separations as opposed to the
conventional cryogenic distillation required for the separation of monomer
recycle streams emerging downstream of the point where the product streams of
G and G2 are mixed. Phase separations are simpler, require lower investment,
and operate with less energy, making the processes disclosed herein

advantageous over the conventional recycle methods requiring costly distillative

separation and recovery of the individual monomers.



[ 0083] One formof the inproved in-line process for blending polyners
disclosed in U S. Patent Application Serial No. 60/876, 193 includes (a)
provi di ngybWeosPlood¥gr € reactor trains configured in paralpl-ghs3fidohi¥g, Or nore
hi gh- pressure separators fluidly connected to the two or nore reactor
trains configured in parallel; (b) contagfing in the two or nore reactor
trains configured in parallel olefin nononers having two or nore carbon
atons with: 1) one or nore catal yst systens, 2) optional one or nore

CONMDNOITET S {oF391CPt | ORALoMB&Mbodimetts of rfﬂf ?10%’8?‘}1%({?&;% B{%cac'ggesd'é}g%rﬁﬂtxg ng! one

or nore diluent’s or so%vents, erein at Teast o e rea al ns

conf i gur ed conjumetiahveith tise Bi-life R phase'pelyake \Hendifig pebédhsés déstribed in
phase-transition tenperature of the polynerization systemand a pressure no
| ower t handeilvim Hg)- oRatent Applichtioni No. p6@'836,183pfthe rurpbesy rofr imoabmen
system and | ess than 1500 ¥/Pa, wher ei Ieatsﬁt6 one of the reactor trains

at
i ncl udes aSNCBIPERFALS IS AIHeP ompeis PeRls f the 1epds e they Grstgtonp offisaF®rn t he

pol ymeri zat|i f C rain s in i e fluid state
bnd” conpr 1 ey (PRI oBEOF MER°AR! i ooty Mol 3r IR Bhctartrdin of s
sol vent pr €xefiay lﬁd\mess‘ai\x’{@ﬂgﬁﬁff@xfeﬁﬁﬁmonéaﬁtﬁé’@ar}ﬁ@l‘-ﬁ@?N(Grloﬁwﬁr): Weergi n
the catal yst systemfor each reactor train conprises one or nore catalyst

pr ecur sor s and MV Gi) W €2 condidions For giedmopbdbinep ?bbl’s, ofothe eakliederfited flsyst
supports; é&) form ng an unreduced reactor effluent including a honbgenous
flui d phaseGpbepdsecanshr) greups wfaeactor trainspare anéte| Foreexanuple; thei reactod)
passi ng the unred d reagtor eff]Juents fromone or nore but not fromall
of the par §'|a}r§| 1 gggt’BPyt*ﬁi\irﬂgk‘? HL‘BLP@H’%A’@“&PW@r HE @ HPE)@R?GPE]C"Q or

separ at or s; [ j i !Dt@hgh ey afdne an u Lihin the one or nore
hi gh- pr essg?g%gggg?gtglg :!1 o%’%“?ﬁ% étgl)f ac-ﬁf ﬁ'tﬁoéﬁgaaé%%@%g?%%ne%ﬁ “ but
bel ow t he prepiderntObnethyl@ssbuendnt dteNOSHGH #ess)! Or iy PR MoréWhsh one
fluid-fluid two-phase systens with each two-phase system conprising a

pol yrer - r i bomopatymensd (e gnorpohysthgleneched pbhpeopyede)s eprarmorenghameone
nmononer -rich gphase fromthe polyner-rich phase in each of the one or nore
hi gh- pr essﬁ?%ﬁé’g’&é’r (8- set{‘]lﬁlegﬁ‘tﬂ*f?%}‘ﬁ@n%ranﬁo? yisaghulerst 1 nsHonepPolymerphases
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oot yorer - on?h SpsP e TRk € HoRitfimet Shg SATBINAY nae S0P RimER, fiopwy o
(d) with t&embfifation, B916ng A5 e GeshdReChOb1s Ifftheqeeds {d MO RAGtR trd1RS $n

parallel reactor trains to forma m xture of the one or nore

pol yner - enGiZ2céadpribassmamberh ef dhe combined moromercpools exfcther feel ltoiehé s
fromthe one or nore parallel reactor trains to forma conbined effluent
stream t hatCaEip s sin: fd - pdhy A ralk embasimentspehdhe novebreeaygle progesses

i ohe or esolisEREed haPET' B, Wil HBSUE sl r R g ity 85
separat | onprodibt SREANS oRigha(b BT BOPIALED ARdefiEd Yo T2 Hlidpéncanot hor

hi gh pressure separator O above the solid-flurd ase transition point
but bel ow miade cirou@/ pmayt hpvesther eamedot edifferaituaeerage f aioleculart wveightsyi d

t wo- phase system conprising a polyner-rich blend phase and a nononer-rich
phase; andmolgcular, yyeight glistaibutionsnereltingh apd aeeystalizatiane bsbiayiass, melh

bl end phase. to.f.orm a pol.yner bl end d a.sepatated nmononer-rich phase. The
pol ymelro- ri‘glﬁé?ﬁléﬁ%l %?{85851%gn§0ﬁ9%\y88%8 a‘si‘dﬁﬁéqqsea(?ﬁ F?Wirgeé’?‘ﬂt’r?ldlss &% or
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urt her nOTRERECSHd gl Of r@é&’tbf'grfi&ﬁ (ep) gﬁé#e%técéid?ﬁn%{-’s Eeﬁﬁhﬂng‘}we%f

product bl end. The flui'd phase in-1i ng process | nprove
resul t ant moke meondrherscthay alll lend idgnpichly mRnenier pduds phdsthecfeedfmopmaeEr s as

a solvent, which aids blending by reducing viscosity in the blending step.
pool of said second group of reactor trains (G2) comprises each monomer
present in the combined feed monomer pool of the first group of reactor trains
(G1). The polymers made in the second group of reactor trains (G2) may have
the same or different average molecular weights, molecular weight distributions,

melting and crystallization behaviors, average monomer concentrations,



[ 0084] Anot her form of the inproved in-line process for blending polyners
disclosed in U S. Patent Application Serial No. 60/876, 193 includes: (a)

provi din r re reactor trains configured in para
hi gh- pr eggh\?gosglé)%%at or downstream fluidly connected tok)kjﬁ}ellsg@gmgzrw%mr e

reactor trains configured in parallel; (lap-contacting in the two or nore
reactor trains configured in parallel olefin nononmers having two or nore
carbon atons with: 1) one or nore catal yst systens, 2) optional one or nore

comonomer s cofipdi® Akt BAioRs, B ComBIERACHiRredtTd The IR OBRL B, MOr e

di luents or solvents, wherein at |east one oPl%{ e reactor tr %ot gur ed

in paral | elmosoraer & metprort itf ¢hakowtbihéd esQhérls fdfuihg ﬁmsgoheg&s} dcft
tenperature Qf the pol ynmerization systemand a pressure no | ower than 10

MPa bel ow tFaNE (@il thasi the pembingd putga teses of the comaspanling shemomers fass
t han 1500 gﬁg,e#\her ein_ at ]rea t one of?}i‘he reactor trains includes an
ol efi n nonSherSEREPINGESS RIUS. I cRBItined, qogNersiomdatesnel dhe, qomesponding

ol yneri zaty t; in iS4 n-ts dense fluid state
Pod” Conpr t ehoRbRUSiRThe SEedtRCatoub Ut rdhctbl Rafhsi &) THeSmproRcy gt fextcor

sol vent pr stremns emyrging \denartrearit 9€the Midng t%)iﬂlobf' Thé é)W(l)ﬁﬂHP—tcon%kﬁﬁgi n
the catal yst _system for each reactor train conprises on r nore cataPyst
pr ecur sor s ciflygt steams o094 PoW G2200 8¢ XD the3Rcond @Reup bf B&dctor trains

activators d tionally, one or_nore catal yst supports; (c) formng a
reactor ef ngnt(ﬁﬁm PR PrgtoaE Hisomenomer yegyels stigamgraze -pasgednfrom

i i | bn: o (d) _combining th , ffl
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conbi ned reactor effluent through the hi gh-pressure Separat

bl endi ng ahpigalbtialso coatuin sepreomerispthe fatd anwhidhamdnbhekd 8rel REPEkaly €2 and
pressure wthj n'tagfy hi gh-pressure separator above the solid-fluid phase
transi t i on3SofiYRICAY: SPBEWRAt Haver tham thsi eambinedsnenetoaredfluentpfont tates b6 f or m

fluid-fly N i, Si | -rich blend ph d
mononer - 11 oo miSHONERE W' GF)L SR a1 36480 oS bk the mrongrRese comonon ko
pol ymer - ri thig ﬁi‘s@f(dﬁgrh?ﬁﬁsédbnﬁo(@?ﬁgwgﬁgr%g:?&dtrgﬂlg g CSOZ§§ ae%igﬂlaGZ or

nononer -ri ch phase. The pol ymer-ri ase I's conv

downst r eantemaveshinrthe siptipaal pordeusttdunis 8DAMTArbrobEhiRl B thlé HiuarLRBHPT
pelleti zi n&éto forma polyner product blend. The Tluid phase in-IIne

bl endi ng pFécdBEre iHraveeXqene mengmerninyentenye buldepdibyGBl eveh nwitholy ner s
in the pr . of [s_as a solyent  which aids blending by reducing
Vi scosi tyeﬁ%ﬁgﬁ‘é‘%&’f?ﬁ%ﬁﬁg@@%59%66%?%@%%@?@@@@5%@ esedluentosed
herei n pr ot fienf the Stdaphd ¢ HONs ! t Ner.s _energe
unconverted from tehe pardafl?lgfeé eact (gf;?e '?%f?ﬁgé%qﬁbhsegffﬁ???% C;'flgi e'ﬁ’h%?se

pol yner blEAdilhgspembedimentdase thosithplor bhés arhi8hge Me ﬁ@@liréﬁpdle rosses
60/ 876, 193 w@%!sd Be referred to herein as the in-line fluid phase polyner

bl endi ng (fH greiman ithat they gnply resingleshighnpressureeseppratéiatd sepdrard v,

1 i o phadBt FEEveE FaRORuPerenarRg prouuseeich PhAT VIR flemfingethe

T e bl sy ner nd PORmE GifipderRe Brigind?Bd ok 7 Ha,67E et Biathng

That when Lo monaner pool of L he sard T e e et FPrgs FERRA () S0

conbi ned WSt¥§paréor-blender. The monomer-rich stream emerging from the separator-
blender is recycled to G2 while the polymer-rich stream emerging from the
separator-blender is sent to the finishing section for further monomer and lights
removal. The monomer recycle streams emerging from and downstream of the

separator-blender may be purged to control undesirable heavy and light

components, such as solvents, inert alkanes, N,, excess catalyst killers, etc.,.



- 34 - nmonomer pool of the second group of trains (&), the said conbined
nmononmer pool and the nononmer pool of the second group of trains (&) are

t he sane.y St ,t differently, when the effluents (o | uent
W§.2ﬁ(§§c/11r6?094 %C"fﬁﬂ?@%ﬂoﬁ%

streans derive romthe effluents) of the said first group of reactor
trains (GI1) are conbined with the effluants of the said second group of
reactor trains (&), the conbined effluent streamessentially contains only
nononers that are present in the feed of the said second group of reactor

trains (&)pefsiedhbPQrd eﬁfgachriethg tﬂ@yecdhh?rﬁ%ﬁ #)}f'?é%{c?%x(ﬂﬁing.e Edn&fif! vent

streans derived fromthe uent of the sai roup of reactor

trains (Gl)suelsenibodimyntdp thet nh(ﬁrtdrﬂéhscar@%cwnﬁmitmp@é@%ﬁ\?%mtﬂeﬁlhe
recycl ed effluents of said second group of reactor trains (&) en the
ef fl uent stipdixignadly gfore ar aftenthe produichstteams of Grhnhd @2 iavamiked savingese

oo e SRS KB ol ool Bl
the first r | Ln-4ine 1l hase
pol yrer bl Soch % T A e PHorofiieh Horhdft B:yCle G THR CbdIaRITED e
nmononer potowdvet,N@qhirt the CoMbiAdE ubRRIREd CERlemts Qif&hefﬁrgﬁgfau@rott fedkfor Of
the in-line fluid phase pol yner bl endi ng process, respectiVely. The nononer
pool s pr eséraing (G{ hdeliveh modonlers eticates not higher dfiarGhecesmbinedhgurganatesr

di fferent.ego ver, the pononer pool s _present in the individual reactor
trains of e CAITRERANAIng monemess  fsutie ©RErennTeRess pbisc dhe reambingdor
nmononer rat| diffierent (but..may al so be the sa . The nunber of
react or trtgbﬁge%gﬁ?ﬁ #iéhef f(?lg‘fs(pgﬁglr}g]yqqunge&&ag%pfg{p&?%rroulpe KAFY  ai ns
(Gl and G}ragiyyd®.one or nore than one. In practice, the nunber of reactor
trains belonging to the first group of reactor trains of the in-line fluid
phase pol yner bl ending processe (C) can be one, two, three, four, five, or
nore. Siml arédi, t he nunber of reactor trains belonging to the second group
ns

of reactor [9¢ ofIn; seme embodimants of thesevebrepyele pravesses operating in

2008/ 10909%&%‘%%&6?% Q08 AR282Rne flitd phase polymer blending processes described in

detail in U.S. Patent Application. No. 60/876,193, the number of monomer
components in any of the monomer pools of the feeds to the first group of
reactor trains (G/) may be one or more and the monomer pools of the feeds to
the trains of G/ may be the same or different as long as the earlier-set M(G/ +
G2) = N(G2) and N(GI) < N(G2) conditions for the monomer pools of the
earlier-defined first (G/) and second (G2) groups of reactor trains are met. For
example, the reactor trains in G/ may all make the same homopolymer (e.g.,
polypropylene, or polyethylene, or polyhexene-1, etc.), or the same copolymer
(e.g. ethylene-propylene or ethylene-butene-1, etc. copolymers), or may make
more than one homopolymers (e.g., polyethylene and polypropylene) or more
than one copolymer, (e.g., ethylene-propylene and ethylene-butene-1, etc.,
copolymers), or some may make a homopolymer and others may make
copolymers in any combination, as long as the monomer pools of the feeds to the
reactor trains in G2 comprise all members of the combined monomer pools of
the feeds to the reactor trains in G/. As in all embodiments of the novel recycle

processes disclosed herein, the monomer recycle streams recovered after mixing



bl endi ng processes (&) can also be one, two, three, four, five, or nore.
It should be understood that as all reactor trains of the in-line fluid
phase pol‘;(,g%ospllog({;gi ng processes disclosed herein, the 05/ 1Rb500dR0£08 €act or
trai ns of are configured in parallel relative to the one or nore reactor
trains of Q. The O and & reactor trai-ngs-are also fluidly connected to
one another. The total nunber of reactors in the parallel reactor bank may
be any nunber, although for econom c reasons the nunber of reactors should

be mai nt ai fke FREdhEWsREahS CoriSitiatedd IR IGSt atd 398 érka%ez%gﬁfé‘& R a5, capacity

all ows. The opti mum nunber of parallel reactor trains SO referred To as

| egs of theolymetsomauenin Gdyniwy daverthenssmbyostdifférit &@EEE aholecular
engi neering gQptim zation nethods well known in the art. Mst typically, the
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originated both fromd and G2 are recycled to G, the disclosed novel
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the in-line flurd phase pol yner ses descri
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group of reactor trains (G) deliver nononmers at Tates that are not higher
than the c¥iginaed Bony& anérdfare mecyoded és palydiong setevterd geodp of trésctent i r e

process plus the _cogbi ned conversion rates qf the sanme nononers in the
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- 37 - buildup in 02 even without separating and recovering sone or all of
the nononers fromthe reactor effluents or fromthe streans derived from

t he react‘gbzggsflllob@gts before recycling themto 02. Thes?c‘fﬁﬂ%?@is%ﬁﬁ‘b? are
t he sinpler ones anong the novel recycle processes disclose erern in that

they apply a single high-pressure separaygpr to separate and recover a
nmononer-rich and a polyner-rich phase while bl ending the nononer and
pol ymer conponents originated fromal and A. Since this high-pressure
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of reactor 'ﬂédrta%i?g. ﬁfﬁo{eed#ﬁgg ’ |ei}r]1é g%ﬁéﬁ%&ﬁqu?f)n{aﬁ%mﬁn%BW% Oé‘rgéngggycl ed
wi thout reg@ei(rNBrinBamroekcess nibdom&efons iffo tel/@EydIBStRARRUR: 86 EAMS Of
G and 02 are m xed saving substantial capital and o{)eratl ng costs as
conpared t & msahedbat hfter sepmving thednoremee extéses,nthevtctudinadd poR@icEr-f r om

the recycle streans. These enbodi nents, however, require the conbi ned
unr educed SPRIBIEAGsPEIduchestrsamy gfiginptest framac G deliviensmogoynats| fosdhe
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descri bed plussthegromigined coasetsion tates 0§ théhimembiemesy inl the Jecohd g?b@?e
pol yrmer bl endi ng process carry one or nore nononers at rates higher than
t he conmbi n@HreaciQydrains 6g2)f Thaaneremerpehdeeyslersiroams snferginghdovemstiaaem

Second ot ot B PERRE PoCRo5Y) 208062 errdissoneratoaus TeRsId tpalis (G2)

of the in-tofieduently, MREG PHirY BF thP RIS BhRGESE thes;s%tdh@pstiréams from
G will be delivered to G2. Note that since no excess monomer is brought in by
streams mixed with the effluents of G2, no excess inventory of those monomers
builds up in G2 even without recovering some or all of the said monomers from
the monomer-rich recycle streams recovered downstream of the said mixing
point between the product streams of G/ and G2. Typically, the high-pressure
phase separators applied to reduce one or more effluent streams of reactor trains
of G1 are used to treat the effluents of individual reactor trains of G/. However,
when G/ has more than one trains with the same monomer pools, their effluent
streams may optionally be combined before phase separation to remove the
excess monomer flow. In no instances, however, may two or more reactor train
effluent streams of G/ be combined to perform the removal of the excess
monomer streams for recycle to a reactor train in G/ if the monomer pools of the
reactor effluents involved were not identical. If the effluents of two or more
reactor trains of G/ are combined before the removal of the excess monomer

flow, the recovered monomer stream can be recycled to any one of the originator



differently, one or nore nononers are present in excess in the effluents of
A@. As in all enbodi nents of the novel recycle processes disclosed herein,
t he _rmnor(gbzwsg% 0§ Streans recovered after m xing all %?%6)%5(9)@68}89 treans
originated from and & are recycled to only one sel ected group 0O
reactor trains, &. Since such recycle.sgethod would | ead to a buil dup of
the excess nmononers in & in these enbodi nents, the excess nononer f|ows
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pur ge



- 40 - rate of each said nononmer conponent for the entire process plus the
conbi ned conversion rate of each said nononmer conponent in G. The

adj ust mer\;vo% sglrag ogonditions of the phase separators fo'i’C'i‘ﬁfS%’OﬁIOi)%% the G
nononer recyc?e s({reams can be readily perforned by using standard chem cal
engi neering techni ques, including phase.-bpghavi or neasurenents, well known
in the art. The product-containing streans of G and & are conbi ned
upstream of or in the high-pressure separator downstreamof the last G
phase sepa i i ri i . i i.0 .
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t he feed nononmer pool of Sai'd second group of reactor trafns ) conprises
each nonondestipaterentf ithe t feeycledbimatbrhere dtreamorecovered of at hégh-pkessugy oup
of reactor trains gGI ).. The polymers made in the second group of reactor
trains (GHFPAmoTdherefore, shvides thejilvigh-psessurs, sepayatonplivtoutvee arevpgitene

nol ecul ar wei ght distributions, melting and crystallization behaviors,
average nononer concentrations,



WO 2008/ 109094PCT/ US2008/ 002899 - 42 - conposition distributions, or
conbi nati on thereof The flow rate for each nmononer is not nmore in the

conbi ned f of the first group of reactor trainspt@EhliddRihsbde
conbi ned ‘gﬁrzgéek%iag(tﬁés of the correspondi ng nononers for t&e entire process

plus the conbined conversion rates of thegcorresponding nonomers in the
second group of reactor trains (&). The nmononmer-rich recycle streams
ener gi ng downstream of the m xing point of the pol yner-containing

sends back the recovered monomer-rich streams to G/, while the other one to
G2. The first among the serially connected separators of the novel monomer
recycle processes described herein that send their monomer-rich recycle streams
to G2 is also the first that combines all polymer-containing product streams.
Since it combines the functions of polymer-monomer separation and polymer-
polymer blending, it is also referred to as separator-blender. We need to point
out that in our descriptions the separator-blender designation is reserved to this
one unique, readily identifiable high-pressure separator. Therefore, the earlier
mentioned optional separators sending monomer-enriched streams to reactor
trains in G/ are never called separator-blenders in our descriptions even if their
function is to combine two or more reactor train effluents. Instead, they are
referred to as G/ phase separators or G/ separators. It is important to point out
that monomer recoveries in the disclosed processes are achieved by phase
separations as opposed to the conventional cryogenic distillation required for the
separation of monomer recycle streams emerging downstream of the point where
the product streams of G/ and G2 are mixed. Phase separations are simpler,
require lower investment, and operate with less energy, making the processes
disclosed herein advantageous over the conventional recycle methods requiring

costly distillative separation and recovery of the individual monomers.

[0091] In other embodiments of the novel recycle processes operating iﬁ
conjunction with the in-line fluid phase polymer blending processes described in
detail in U.S. Patent Application No. 60/876,193, the feed monomer pool of each
reactor train of the first group of reactor trains (GI) has only one monomer
member. The monomers fed to the different trains of the first group of reactor
trains (G/) may be the same or different. In these embodiments, the members of
the first group of reactor trains (G/) are also referred to as homopolymer reactor
trains or homopolymer trains or homopolymerization reactor trains or

homopolymerization trains. The homopolymers made in the homopolymer



effluent streans of GL and & are recycled to the second group of reactor
trains (Q&). Optionally, sone parts of the nononer recycle streans are
pur ged fr\?ﬂ‘zﬁ&‘ﬁloﬁ@éﬁtemto control the buildup of light iLpghls268ARRYENTS,
such as |1 ght al kanes (nethane, ethane, propane, etc.), nitrogen, etc.
Since these purge streans typically al soggontain nononers, the rate at

whi ch nononers are recycled to & are typically sonmewhat | ower than the
conbi ned reactor effluent flow rates of those nononers. Note that since at
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WO 2008/ 109094PCT/ US2008/ 002899 - 44 - the product streanms originated from
G and 02 are recycled to Q. The polyners nade in G may have the sane or
di ffer entyaugisa@6ooa0l ecul ar wei ghts, nol ecul ar wei ght  dipgtfijsBstisjofzse
melting and crystallization behaviors, nelt viscosities, conmpositlons,
conposi tion distributions, or conbinatiess thereof. The second group of
reactor trains (02) makes copol ynmers containing two or nore nononers that
all have identical nononer pools and the feed nononmer pool of said second
group of r i { BRﬁ%'h j ff&q‘oi ned
f eed rmnorre??ﬁggéb(ll hf:n?d ?ﬁ%ﬁé}i@rlsr{iﬂ g?gtdgﬁz‘? %r@ggl(l:({}gr t a}ms?gﬂ§.df¢%%mgo ymers
made in thé&ketirene Ir mop eatesseandmwomer dnventoS2) buitduphdne Gheveamsvithout

di fferent average nol ecul ar, wei ghts, nol ecul ar wei ght distributions,

nel ting an8cRATGERE RN FRRAVERINEHPME oF all o the mgpomens from Hurrsaator gfflaents

of The. ear Pr ol S anS deFivedcfTm, i enelag ebffderits bR ore e it freshdSor
nore nonongrs ’?ﬁesreaétﬁﬁoq]h%?{]attmg.srilﬁﬁl&mg gﬁ%n Sﬁg%orv@f fﬁ?iygfe Oﬁﬁa‘éesses

correspondi ng nononmers for the entire proce the co ned conver si on

rates of tHizckmed Hopeianir that théyappBeaningle dtiph-Predsads beparhfori tdSseparate

Stating it differently, one or nore nononers are present in excess in the

ef fluents and gecoygr anmgnongrench and @ pdlyrher-riclv gphasecwhile plendigs dbe

di scl osed herein, the noner recycle streans. recqyered_ after m xing al

e br oduciOmEs ARG MeA oM ORI BHBCO RS ] 09 &7 o Stas S highe

sel ected g f [ cendd h l g . 0 | ead
PARNBUAR!chBASLOLrVES b o % BT SHEL GRS & TR o

to a build excess nobnoners in ese e cess
nmononer fl gygepaatbrilender! eTheadoRYmRRARE SERM %&ﬁé}girlffgeh%h? the %kparatdie
product streans originated fromOl and 02 and thus before they are recycled
to 02. Thebkhder is iracyutbddonéidt whileette pblynuoriichnastreenf emengimgofrofi tharry
one or nore m)non_ri)rs c{en,excess, thte _dL,scI osed processes renove the, excess
monomer st SRPRAEROF-blgRdeRds sent gethedinishing seetign fob furthermonpmesendJights wi t h

t he produc r.eang, 0 . Th d _ex S .pononer. streang_are I cl ed
to their plc;)ernﬁéa\éagb %enéno%%n}%rargg g&%?s:ﬁgela&s %ﬁ?%ﬁ% ?%Oé‘bélf@t‘;%‘a“n@ﬁ%‘“? é)(f gﬁ%ri ng
the indivi gilatoRBRRICE RISSVY pudgbdieid é&Qu%@Oﬁ{la&%%feD%aV?%%/ HERPOS -
45 - essentially pure forins. The Said excess nononer recovefy Is achieved
by phase semapenhé¢nts, pecH asnsdvemtshimdrt pllemresy &N,s exeesy oatalyst kilers; idwed in
U S. Patent Application No. 60/876,193. It conprises the renoval of enough
nmonomer s f Pelere Hieyore sent hesketafaed thatsecend grasprofireactgr diainsf Notathap in
trains (01 0 ensur.e that after the reduction he.conpi ned .

pol yner - co%ﬂc nqrﬁ%oilp}e‘%% G | MORQESS ¢ ?rgmr@ycg?‘# nﬁ“?’ﬂ‘qﬁor ceQuERe nﬁ’r‘?gher
flows int 0irfd'i‘@idh§ﬂ¥ @e?or‘é?br%ﬂf% heProlfictreahs FESSadd 8L el RixddedRAY the
nononmer excesses, the conbi ned pol'yner-contal ni ng product streans

ori gi nat edsibseantial cdpitalvard oparating ok dsheonparedito gndthods thvittseparaee aid | uent
streans of G2 at rates that are not higher than the conbined purge rates of
t he corr esissa¥ehenpdbrndual menomees Fam the reeycle strepings These eotsidiments,
conversion rates of t.he same ngners .in f{he secon raup of reactor, trains
(@) The MORER: Fquint HECgRmbBret Grtaueed PEIREROBNAE PEd atonb GRGcRte ng
poi nt of Qraf‘?@(t(ﬁé IR Hhordrh 63 ﬁfef% ﬁcﬁ%gh&dthtaﬂ e 'comﬁ?@g)%?%é Yatc?"‘t

| east a part of the nononer content of the product streans from®l wll be
del i vered ¢p the. cdveéspontiig shosemess €sceabhs emirenprodess bplaygthe icantbinéd r eans
mxed with the effluents of 02, no excess inventory of those nononers

bui | ds up ¢enveesienagatesiafitbgtcorrespordinggmenemers inathe ssicond greup dfreactiorr s
fromthe n.omzrﬁ-géi ch recycle streans recovered downstream of the said

m xi ng poi HtMH en the product streans of GL and 02. Typically, the

hi gh- pressure phase separators applied to reduce one or nore effluent
streans of reactor trains of Gl are used to treat the effluents of _

i ndi vi dual [go®2§t or thadther embdimehtseyLthe WHedl fedydlesprdeesses hﬁj%ra?tmgbﬁﬁ al ns
with the sane nononmer pools, their effluent streans may optionall e

conbi ned bedrguectpdmvathshgandinoflutdphaseqadymice blending prasessasrddscobed im no

i nst ances, ,howev two or nore.re ain effluent stre of, G be
combi ned téetaermﬁ-% Prent Anplisetion mé@‘?@éégﬁbﬁéﬁ# W&éﬁ@@gﬁﬁmm e
to a reactor train in 01 if the nonomer pools of the reactor effluents

i nvol ved were not identical. If the effluents of two or nbre reactor trains

of 01 are conbined before the renoval of the excess nononer flow, the
recovered nononer stream can be recycled to any one of the originator - 46



reactor trains of G or can be split anong them The proper choice can be
determ ned by nass bal ance cal cul ations well known in the art of chem cal
engi neerigpg. ti oned before, the separation 'proce i d
herein ac‘ﬁlgez\(}@?wg@gr enoval of excess nmonomers fromthe ?ggé{sgé(ﬁfebb%?fents of
G by perform ng phase separations duringiwhich a nononer-rich phase and a
reduced pol yner-containing (polyner-enriched) phase are recovered fromthe
effluents of one or nore reactor trains belonging to G. Since these phase

Penarat onseRédr AR TR ARvOLIORRTBE ABLI LA E57) 1B GHY S RdgRte"

trains of G, they will be ref dto as epara

separ at or s thémbagh@he mbromery il tolttecdifftent trfas ol the Firshgrdupust faRagat ed
one or nore nononer-rich streans to G ensures that no excéss nonomner
streamis draiee(@d) maxdretthezameendifferent. dnrthesenembodieants,the omanberaraf

present in_ ihese nono -rich g r cle stregns, .there is no need for
monomer seﬁfa? ?ﬁtﬁoﬂBf%?rrgaqtﬂ%Frﬁmrse@gél ae@lsq rrdempd i ps hamoppbavenreactasi ns
of G. The c P i r ong W t.h other (unreduced)
br oduct st ran B BEmSEBRE GaRS, B iR RRR R Shuce ot Buge: o
streanms of hGthdpolyetipaien traihe! d T8 homo y b e
reduction of t r?g) 3(Lak:‘nf Iluent S (r)ri gi nat ed ?ﬁ%afyr{g&isi {r]??egirlﬁgge (F)}i&ﬂgg@ygl}?
trai ns (GLains eanthaver fuosamy of differens mmmgaennawﬁaﬂavéigmsgIrﬁdlebalafrhei r

correspondi ng reactqr trains belonging to G, is controlled by adjusting
the tenper & gy gl‘ﬁinb\"@%%%r gleiqmg rndy erxdaligptiont behayiorshanelt heiscasitiés)ed

fl t : t deriyved from G bl ended with th
br oduct st £ouBBSHOR Bl OB Berdt, i, sodoaThuR Ghuradior HeineC Bach
sai d nonomgie GREMABARNbE Whichh8reMidd it%efé@%eﬁe&;g%&s@&&o%ﬁ%ﬂg% iveesi on

rate of each said mononer conponent in nment ndftions
of the phasepalypwrdtains of aopobmnenzatiun tdwtds trame WFedopobfmeligatidd AN, can
be readily rfornmed by usi ;g standard chem cal engi neerlng techni ques,

i ncl udi ng & copakymas thatallicemprise idewtical mmanemémpadis (et coffipesed of

pr oduct - copt.ai.bi ng eans of a & are conbi ned. upstream of or .in the
hi gh- pres sﬂ{ree%g%a%a azlﬁ%rmawmgf&e@d"g]?e tTAGNPIREE @Tﬁﬁa%as@iﬂﬂlm}’lléﬁon
descri bed {rgirgqm)i&ﬁﬁlpli-gb p = ' ian No. 60/ 87 93.
Since this high-pr essure ssé%gpar{lgrrl %ggpg@s%ﬁgﬁn ﬁ%ﬁ%é‘ﬁgﬁege?}g?%ﬂeﬁgog?b}
nononer - r i tie kémepotyimerntrainp ¢G/yer Thé pb]&&ﬁé[@m&@ﬁﬂl %é’k@ﬁéﬁgﬁ%rtt nfaponer
and pol yner conponents originated from and &, it is alSo referred to as
separ at or - ¢prepaigd of Hbe ngameranonomer smitsaand mayihayef thensame or different
separator-phlender is recycled,to . A part qQf this and other nononer
recycle stre o] o} e

ycl ei?rge f“"??\%ﬁ%‘il weshtyy melecplar s aveight dptrrbytionse wglting, panst
undesi r abl gvhaf2atRRd bel 0 3 L S1C xcess solvents. catalyst
killers, I%ht al kaneg th‘{ﬂgFézTﬂqéﬂB%%%lrt&rgi ger%g"%gr eglﬁqr}g%?rgic%cqrp@%ome
separ at or - timpokition s distributions,heorf | omBiMione Clhiefibfof UG iébzdnhﬂ% blgndi ng
process disclosed in U S. Patent plication : , . e

di scl dinUS. P Appl i [ No. 60/876,193. The

mononer - r i RAMepPelymes eomldgber podiypwopylenanard thteopehanat could badehyleny- be
conbined with Ihe m)nomai?-gri ch st ﬁ)eam ener gi ng from the separator-bl ender

for recycl¥OP¥IBS orprapylene-biitens-ionpranyAsne heyener || aryprgpylenepstera-bm t he
t t Ll desj | . te . that thi

b0 mont Tobropgere ece, £ B0ty 8%, | I BRI epo L e rartis™ ©

ef fl uent sdeseribed dirst@roapbfGattvr PRty ﬂ}j )’cafrl?f Qi'i@roir'?ﬂortehﬁoﬁ&iﬁl%?ss%m@&mr S

by phase separation prior to blending e polynmer-containing product
streams ofhigherafiwincthei pomhinedepuengst mtesh bérihie rcoofespdrading aneasmess €or tird i n

U S. Patent plication . 60/876,193. Note also that the said
separ at or-%tlg%(?é?ceéﬁ pﬁ%hl}%r%g negqnverdan iratey) of thesamgtmappmetsain the No.
60/ 876, 1934 L I, g0~ u e tor . t seriall
connect ed%gg%%(?a c())rg t6 Eal{yagl}éﬁgfr%%ﬁak@ﬁ.h2%@%?[@@%{%{;{&,nan%qu ﬁ’é?l‘ies of
G and G.mbhomersedre PresEntiin Réess In TP BRI RS %P@V.F §id'RNe d({i{l)’:l%gtns f

ef fluents originated from and downstream of the said separator er are
recycl ed tthe tnved exeopclegpronesses tiseloved ( Bejeimgnthendforiomém eedyicls tst@amsp of
reactor trains ). The nmongner-rich streans recovered by the single-line
G separ atrS?%Veﬁé)‘?taft@érWan I“}ﬁ g produph staearns wrigierted foomiGé andh62 arend,
are always recycled directly to their own reactor trains belonging to d
(al so wi thout nononer separation). The destination of the recycled nononer
streamrecovered in a high-pressure separator, therefore, divides the

hi gh- pressure separators into two groups: one - 48 - sends back the
recovered nononer-rich streans to G, while the other one to Q. The first
anong the serially connected separators of the novel nononmer recycle
processes described herein that send their nmononer-rich recycle streans to

o o, o, g, I . .




conjunction with the in-line fluid phase pol yner bl ending processes

described in detail in U S Patent Application No. 60/876, 193, the feed
nononer |, of h reactor train of the first group o i ns
(01) hasggﬁlzg 6%2(% noner menber. The nononers fed to t grr&%?@og{o%}r??@trai ns
of the first group of reactor trains (GQ.s;0ay be the sane or different. In
t hese enbodi nents, the nenbers of the first group of reactor trains (01)

are also referred to as honopol yner reactor trains or honopol yner trains or

honopol yner,j L r t j o) | yneri.zat | tains. .The
homopol yrne*rljgégéaﬁag%n&ijl e eo%rlé@lg%q@rgp uB -&?1%%9%/ rtgi“ﬂ& % ﬁéﬂﬁ? ?‘H’é‘ eysleo,
di fferent ayemade wol@Clehdr to'Rl 8ildup "Bf ¢! Xce¥® HbhoreR! ih PED! i Shese
mel ting and crystallization behaviors, nelt viscosities, conpositions, or
conbi nat i orembediswhts, THe secessl monomenf flowacheed tfoaibes rémdved t be prageer s

of which are also referred {o as copol yner reactor trains or copol ymner
trains or SGPRNARBrbeAars Hyxing thepradust streamscorigingtedr frem ih and FAsandnakes

exaot” same U8 belire RTEAC Fey R 16 20T TRTFeake S oprbbofistentthBRTe: Wei ns
(&) conpriceasbified RFMSASRT ¢/ %ﬁﬁ'?réode”ort. @'g’r?: M&ﬁ&s TREESs, RRE ldis%iostege

honmopol yner trains (Gl). The polyhers nma e copolyner’trarns ar

conposed ofprotessesramovntheeexaess torwnerageahay fohtheséfMets off &7 Privitto
average nol ecul ar_wei ghts, nol ecul ar wei ght distributions, nelting and
crystal | i zZRx&ne sheRfflyents witht tha produoti seeamsy of aG2. ndiheneemoved excess

concentrations corrtFosi tion distrjbutions, or comnbination thereof. For
exanpl e, t NEOHERYROTSARS AR beTL'Wr epyespeading Gi/necagtnsdraing withautd be

t hyl - . . | - h -1 .
D oyl aner SCPALBRE id REBOUIFEIG thaiky BonBERY pRAESOR TS Prssitialive 1 or
each nonompuré fornet. The aiidrexdass ﬁ@ﬁﬂnﬁ&qe@é\férng%h?@ea cﬁﬂarsé tseﬁa{rgHBnOf

reactor trains (61) than the conbined purge rates of the”correspondi ng
monorer s f Berforaed rini highypresswwe sgparatarseascdexsribed inobiv&r Batent Mgiptieatibnt he

correspondi in the .second grou f reactor trains (&). The
MONOMer - r i N‘%’g pﬁ#ﬁéit :he%ﬂmp@ﬁ%gr'g‘ﬁ{@g%\ﬂﬁgg?’é‘a‘ﬂﬁlbmmﬁ)@% ftamg theypne obf t he
pol ymer -co L Nd f t r .02 recycle o . he, second
group of r {eﬁa(gll? (r;érfﬂtg ggt{snésf“'%?gtép g@r?gfrle%mgg%ég%z@{[gtgfﬂ%ﬂ? _ Siter _%P%cycl e
streams ar geductiongithier cumbined posyfiet-tontarithg SlreaMs JRIZiNALE fRim ¢ OBLink 6" 1
conponents, such as |ight al kanes (nethane, ethane, “propane, etc.),

ni trogen, BPEXCSismenemesdopusrigto therreayae tsyrpamsisent @ 69, dpnicahs tHIpARLET S,
the rate at_ _whi.ch noners are recycled to G2 are typically somewhat |ower

than the cHBPHBE e pIomern exessscs, ig cambined nolipmer-eontaiming. prastust t hat
i t| - f : he .first (Ql d d
C02)  oroupSreime orififated frdMeGTOBONTmoR IR 4 hE DleadiRe DRbyRHE the t e
optional pefflyRns IreaNs ofGINUE Fathd B0 ke hbt %h%f"?ha%f e Y& Binkl mﬁ ratb{er e

IS no excess nononer inventory buildup in even W thout sep ng and
recoveri ngodhe enrregponding meonemerseifer fthenertire pecwisor plekf theekbmbaied r om
the streans deri.ved fromthe reactor effluents before recycling themto &.
These errbo%‘?%ﬁ%lenar%ﬂstg}éﬂﬁ SHNEr mgRemeEirith ghe 1second, group of dleactpr draiss es

di scl osed el f | singl e hi.gh-pressure s rator to
separ at e aﬁgj)r' egr(})l\k/gjr1 bg&&rrlg%gﬁ’\érl%ggﬁ% SEFF&“}S ByFe g-‘qutiﬂ?%é’?p ¢ M¥XHl&ndi ng
the nmononesoinef PR MG 2GHERABER Y h@i Ry Qdd k6 e, G ﬂ%&b%a ShiYeGsttd! S
hi gh- pressure separator serves both as a separator ‘and & l1en§?ar, M as

al so r ef erpastiof theamosepwr @batent lof thie prodice streamasErorh iGh will 'HeadBl RFBS DidJ
fromthe s&gar tor-blender is recycled to G while the polyner-rich stream
energi ng fFomYfE thatsines Be exressdapnomes isdrought ireby streams myxed ovithothe or
further i ght s repoval . The noner recycle.streans _gnergi ng
from andngég@nﬂg{nrsg(g&?ndc% g’[%héx%gf,é?\éﬁ%?lf}’b%ﬁ%&,ﬂ WB?OB?¥Sp k}mj@a Upoie g?t ¢in
undesi r abl\eitheaVyecavwerihi Sets es,

N2, excess catal yst %l?gg:é?&g??{]gggﬁ%ﬁgwfﬁig’%ﬁ%&\g% @gc@%%é"%g% he
second graepyde stemaisoredavarets doMatstreaimabf ithe Ssad reixogipHent Betvidt@ fHNOMET S
are recycled w thout recovering themindividually before or after the
product  stRredNEt Hreams ghdo Gandr €2ni Xupicallyi the hidlepeassursl phasei separators
operating costs as conpared to nmethods that separate and recover the

i ndi vi dual nmonomers fromthe recycle streans. These enbodi nents, however,
require the conbi ned unreduced effluents of the first group of reactor
trains (@) deliver nononers at rates not higher than the conbi ned purge
rates of the correspondi ng nononers for the entire process plus the

conbi ned conversion rates of the correspondi ng nononers in the second group
of reactor trains (&). [0092]In other enbodi nents of the novel recycle

o o o o o,



conjunction with the in-line fluid phase pol yner bl ending processes
described in detail in U S Patent Application No. 60/876, 193, the feed
mononer pREhoed106REN WO 2008/ 109094PCT/ US2008/ 002899 - pod/urs200sfidzb®r train
of the first group of reactor trains (01) has only one nononer nenber. The
mononers fed to the different trains of -the first group of reactor trains
(Gl) may be the sane or different. In these enbodi nents, the nenbers of the
first group of reactor trains (GlL) are also referred to as honopol yner

o o) 2pBRedfo RAIRRANE mbfebfIucat oML YERI S RANRON RGNl @'

or honopol yneri zation trains. The nmopol yners na

trai ns can tieav ¢h¢ le€flsente oft indivitlaalerdacetetraing 0foGec uHaiverer 0When @Plipgul ar
wei ght distributions, nelting and crystallization behaviors, nelt

vi scosi t i egnoredhppLane isaigs with dbeisamgtonomiee peols, theie e§Beentdstipamspmaf
reactor trai ﬁs élﬁsz% thwm? of, which are also referred to as copol yner
react or t r &PHENANY b5 smbined heforephase ssparalion toAemays the£4Csss MoROREr o
copol yneri ), O ' o] I ' ' t

ronomer - poaer (i HointncBs M ARRC T b Ror rbadBERAI™ ENAER S EBNS ver
pool of saiofl Gbpelsumbingadtib Gerfordi fife fRRIva] YTRhe RS SOMONORIR feaRisSfopNt 1 n
t he conbi ned nononer pool of the honopolyner trains (01). The polyners nade

in the cop&teyels te raareastar rainoinp Gk df tife monosmngpouls @fethe ueattor affluemy have
r. wei ghts, nol ecul ar wei ght

the sane or_different average ul |

di stri but i ghOIVed wer ﬁ@oéﬂifl‘gwg? gﬂe ﬁ!ez%ﬂiusntsukfm oF BiorenseactQn Gainsiafi @4,

aver age no 1.00S osition distributions, qr conbination

t her eof . Fggrgég%g&?%ﬁogé htgrgmrﬁgf Q rosflctglﬁ | G Bbqwgpapgnethgrfﬁc?%ge

copol yner gRflothdiSstlalty L& Be PEGRIEERPaly oRé BPHEREsiRUtdeador Hhins of ]
propyl ene- hexene-1, or propyl erie-octené-1, or propyl ene- ecene-fcopo ymer,
etc. The contvanebk split asming terh heTharproper- desice idaadbé idesérngined (byoindsgact or

trains (01) carry ?ne or nore npnoners at rates _higher than the conbi ned
pur ge rat eBal@nce healeyateay owell nknewnoirerther aft of cchemicale epginsssiagpl udst he

ComD) e, PR e TR TR A B0 il
S LnoPREES s BOHEThE ol oiRehd O PR IR e il
recover ed sépaeationsxiduying which pr ethmmeatriclanphasei ghdah egeduced Fdlyanet- 02
are VO Zogosr{t%i%?gg ngc?l{/ﬁn%i-ze%gisc/h%g)z?)%gse are recovered from the effluents of one or
more reactor trains belonging to GI. Since these phase separations are
performed on streams originated exclusively from reactor trains of G/, they will
be referred to as G/ phase separators, or G/ separators throughout the current
disclosure. Recycling the thus-separated one or more monomer-rich streams to
G ensures that no excess monomer stream is directed toward G2. Naturally,
since no foreign monomers are present in these monomer-rich G/ recycle
streams, there is no need for monomer separation before their recycle to the
appropriate reactor trains of GI. The reduced polymer-enriched streams along
with other (unreduced) product streams of G/ in turn are mixed with the
(unreduced) product streams of G2 to ultimately yield an in-line polymer blend
product. The reduction of the effluents originated from the first group of reactor

trains (G/), i.e. the recovery of excess monomer streams recycled to their

corresponding reactor trains belonging to G/, is controlled by adjusting the



- 52 - recycled to only one selected group of reactor trains, G. Since
such recycle nethod would lead to a buildup of the excess nmononers in & in
t hese e [ t he excess mononer flows need to be ase
separatrgﬁegg@%@%wﬁixing t he product streans originated%ﬁggﬁg smgﬁg & and
thus before they are recycled to &Q. Thersetore, in enbodi nents where the
conbi ned effluents of G carry one or nore nononers in excess, the

di scl osed processes renove the excess nononer streans fromthe effluents of

G prior t Qeﬁ‘?géhﬁﬁret Aed ?féskﬂf‘e”&? thd Pﬂastehf'eggf'éigf’g{)] tﬁétrt‘ﬁ@%n%in%i'ﬂnogb%ate

renmoved excesS nononer Streans are tecyc to their correspo

reactor trafneachi triomemereanponetd detivade fioverG nandhlended Wiithiahe rHREQG&! S
present in their essentially pure forms. The said excess nononer recovery
i s achi evedtiegmsfs@Zde pat highen than ther eenibinedipurpe patesafigachsaph mnonseras
described in U S Eﬁ&eﬂtg AE).pI ication No. 60/876,193. It conprises the
removal of SORRANNHEMNOE Lt progass Phkths carbined copyensian tte oh gagh said

f i t . t t h ti t
Qonbi ned pargianet SRRl bn G227 THE Fadiiinedh 4 i Sot BRRY ntscPissgess
mononer fl @eparattr forerécdvefihg fHel B mBROIet Teb¥ele! StrdHAY ahNBE f@(ggg?

renovi ng the nononmer excesses, the conbi ned pol yner-contal ning pro

streans or ipgrfoamed by usin@ stardardechemicahengintering) ¢edhinéqubisn gnqloding phdse t he
effluent s rgarr,s of & at rates that are not higher than the conbined purge
rates of t RENBYLF BGASHERTAGNtRoWEHdmoWI in ihféaléntﬁﬁ‘epliﬂd@ébg@ntplmagtsﬁéams

nbi ned ' t f th in_the. d f
feactor tratnd! e G Emhied; BiRroam, ok of o, the BigNBIEHG QeRRrEtF cam
of the m xigaoyrRteitn of &2 19&(’6%%3%&6{ 88" Feséfibed ?ﬁ%’c’?s@ﬂbé@ i,

Consequently, at least a part o omer content o e product Streans

from 01 wi Patemt AgilicationdN6.c60Z876,N88 e Sihed this high-presqufe 8eparatrdimra disal
brought in by streans nmixed with the effluents of G2, no excess inventory
of those mbHHFHIS SERATALIRE FomoroEraieh sticamofrom ecpelymergicosream whileof

the said oners.fromthe nonpnmer-rich recycle strea recovere .
downst Ir ga%ggefnr{ﬁ% ﬂéeamwrnﬂmgw&fn%e‘f%gﬁ%m% opieinled fram (éfr}?“af(;él tand
&2. Typi cald Yisot RFehb@NoPiEsepYratR e RdSEPaHAL eroﬁo ertich sRRRh &4 %én educe
one or nore effluent streans of reactor frains o 8 are use tof3 aP the

ef fl uents 6fom itk yephwatorHieradedris tédiched &f G2, - AHueUL this whabthdr MdRofie: €
than one trains wth the sanme nononer pools, their effluent streans nmay

opti onal | yrésaclorsticams loéf thee ppocese mayabat purgedo to ecanteolt e ebuiklmp whnoner
flow. In no iinstances, howeue may two or re reactqr train effl uent
streans of u@esdré’%i%ﬁ?ﬁ‘ﬁ'eﬂ‘\,\{fﬁg{ﬁ@?Q’BEW‘E’H@ Sr“é?gg\?ﬁxcﬁgfs Stogiéelg%c,‘@é%l)’%‘ﬁ RESs
streans fof; a Al N Lf - f, the
eactor of | EHEmKahes, bR ThEEhAher fieh fuchmSmbreie Fiol B Ripab BBt o,
mor e react iy sdnt 3 rthe dinisHingrsechonofihe iR Blehbig prRvs dREIdskE ifNG&SS
mononer flow, the recovered nononer stream can be recycled to any one of

t he ori gi nBatent rApplieatian dNes 667876,193. cafhehanempdrner-schnstrédnsn eribrgipg oper

choi ce can ,be deterni ned by nass, pal ance cal cul at.ions well known in the art
of cheni caﬂo\é{ﬁﬁtir??éﬁrqfﬂ'g‘? a%%‘b@r@é‘@r 3o PE © n%w\ﬁ’ﬁﬁh%mw@s@@@

di scl osed j { eV, r f f Leagct or
effluents %l?éagl %Bf}e\?gié‘%r@?ﬁh‘ﬁﬁ Sg a;e_réglﬁgragfﬁ)g%gwﬁgﬁgémm& %’gm%%é -rich
phase and ﬂt'ﬁﬂy&&%ﬂ?'b&f@rg@@fﬁ(ﬁhfthélgyét@m eIt the BeHdup BEsAd&difble
recovered fromthe effluents of one or nore reactor trains belonging to G
Si nce t heseopharents.ephiode ithais this eemplbodiorent carecss fentie anogpmet estcesses

exclusively fromreactor, frai of G, they will be referred to as 3 phase
separ at orsgreé?mdn pSAmbise ?ﬁr"ﬁﬁb%ﬁ%mﬂﬁ’é‘&b@ﬁgﬁz s ppgiallyerecpeeng i ng

brcess mondRo eRLES e TPbe, BRRETRERrLAn ShESETR) blndind, dB¢| SSwhRE: on°
MONOMEr S AgEhtAIESE Produtt sHEsRs BIMPMhd G2 in He fﬁﬁyﬁbﬁbféd&amhé Eﬁ‘d@csé S no

need for nononer Separation before their recyc to the appropriate reactor
trains of da#scribed ined8:ePatpnt Wpplication dNed661876a193. alNwig aléd thaytthersaid
(unr educed p%agglgﬁ streaps, of G in turn are mxed with the (unreduced)

product st epsler 0ok (the nprosess deserabedh innU.$ndatenty Amplisrtian Nooduct .
The reduction of the effluents originated fromthe first group of reactor

trains (@), i.e. the recovery of excess nononmer streans recycled to their
correspondi ng reactor trains belonging to G, is controlled by adjusting
the - 54 - tenperature and pressure of the phase separator so that the

conbined flow rate of each nonomer conponent derived from @ and bl ended
with the product streans of & is not higher than the conbi ned purge rate
of each said nmonomer conponent for the entire process plus the combined

. o o o o " T Y M
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hi gh- pressure separator anong the serially connected separators that

combi ne alh Hh&GohRlymer - contai ning effluents of G and Geq,lsbodsRo ?§o

i nportant to enphasize that the nononer-rich effluents originate rom and
downstream of the said separator-blenderssre recycled to the second group
of trains (&) and not to the first group of reactor trains (A@). The
nmononer-rich streans recovered by the single-line G separators upstream of

the said se¢pagag, 093 bk ehdefirst Might r ?0 - GV C jhectly
to their own reactor trai r%gs belgoﬁgf%glﬂf@oseg?ﬁl arl gfgﬁ)\,r\g %?e%ﬁ%%ﬁﬂegﬂed
separ at i onsepatators ¢lsdti comibiae adlf thehlymey-cbatimiBpWTHueRts 0TaRT AR Rdsi N a
hi gh- pressure separator, therefore, divides the high-pressure separators

into two gebgpEpytantdesmphasize thatetheanonemenrichrefftuents iocigisated drem tnd G |

while the qgther one tp &. The first ano the serially. connected
separators %8?" qsﬁga%gg the, Spidhsepar @89‘@?@‘%? Gee deexcled de rthe sgcond eroup oft

send their i t §.S.: the, first that. '
combi nes al po{@%{rﬂ-‘(ﬁgﬁt g‘%@n@%ré@ﬁ@?i@ ?égéﬁ%r%lrg ﬁ(gé)l ?h%%?%?'flﬁl%
functions efrefinkyrROVERIOTRT tHEPsihald-Rie 209 Bgﬂ»afﬁﬁfrs_ StFBim POENAE Nghigi t 1S
also referred to as separator-blender. W need to poi out that 1 n our

descri pt i oseparhtordderders on-theeother haied;i areatlivays irscydled diredtly aotthei Gwg
uni que, readily identifiable hi ghé,pr essure separator. Therefore, the
earlier nmeRfactledrainy i Relangiogpio aGdr falsenwithguhomenemes nsenanation)t r ekhe to

reactor trgi N G ca h.called separator-blenders in ou

descri pti oﬁgﬁglvayr%mi oty thel :}gﬁ\‘l)m%(fl TRUPTCE SUEm; FREOV GRS dotn n‘i‘)rlé‘gilé%rﬁ%’lret rain
ef fl uent s. sépurhRfdtheréfye, id&f e’ t S rak.o .

separ at or s.s plrbt? is i rrport%?tiﬁ%%&pg{enﬁ%gﬁe?ﬁggsﬁgﬁ%ﬁngs ?‘g@é@’gré@éﬁﬁngﬂﬁe

di scl osed perutsebanksther recavbicdvmonbynepirictestsenns ab iGNswhle thp WiRer bhe the

convent i onE;J c og&ni c distillation required for the separation of nonomner
recycl e st @ané“@ shiamen Wit serdally spnnerted separaiwraraef theengvel duonosier eans

oL a0 RlyBl iy AT BRI o e B e s o
her el n advRTGIRO UlsOURY firdeta ROBBIhENall pEITHTSIRRRALS pEGlith 'dfdlinOS! | Y

distillative separation and recovery of th oners. 6
[0093] I n sBimeedt kembines dierfimictions éfhpolymeelmoremer Sepiration w®l pOI§hidrl Ng i N
conjunction with the in-line fluid phase pol yner bl ending processés

descri bed PAlymardlendinguitss Fise sefierredpioi asasdparatii-blétles 7 6Veagedt toepdined

nononer pool.s.of .the first group of react trai,ns (Gl) have one nenber and
they ar ept W thapin o é‘&%ﬂlmg% SﬁBBT@tOPI'ﬁf?nfiFF Q?Slghtééﬂ & resgrvadoto tisi ns,

t he nmenber joC : : )| y tQr, trains or
nomopol ymee™s Faluet etfiy MARIBIE HALRIAsiE RPROLY BlerbRE, fle Ldifte
honopol ynementibhedh dptidnab sephatdre nwadingehonoeehAchéte sRRARROLY FBActbfF ai NS
can have the sane _or different average nol ecul ar wei ghts, nol ecul ar wei ght
di stri but i Gas 18G L erbnaver ealledrsepautor-blendsescimndumdescpiptions eaen of theini ns
(x), then&%nFers of whi gh ale also referred top as_copol yner reactor trains
or copol yneRCHPR;iI§oFOrRBIg D¥R Qr oG eactar trgin effuents.or Instsgd) yher as&at i on

trains, nmales GPRPLY B ghés}é% glr'#é(r)lg’&p@il ss%ﬁh&?&ls' Clis %@ﬁl[{%[ﬁt tg)gﬁclanslt it €

conposed of the exact sane m§: and ‘the nononer™ po

copol yner i that iméndémat tecvetiesC iiMhe Sdisclobed 'ProeeREs RireSaHieved 13e phase
honopol yner trains (G). The polyners made i'n the copol yneri zati og trains
are conposisparations asappesed to ther corvedtiongl ¢ryogenicalistiliationr redjuitedrfenthe
aver age nol ecul ar i ght, nol ecul ar weight distyibution, average nononer
concent r at SiCBPlfat'@(B‘n‘\ﬁg?gPPBWr é’l‘?%hj? ﬁa?ff%?m@rglesréamﬁeam phtheqgint where

exanpl e, t r n he | yoer _coul d be
et hyl ene- p@gﬁﬁgﬁgto%t%lé%{l%%g&ge- %u?'?n%‘glgﬁ%ér‘fﬁ’é‘%@?éﬁ@?{é‘@ﬁg%‘? SgRpIet.

pr opy| ene-reghi@doiver QhvestARYE eARt ggem@wditm&%l ey, ﬁ{a%n%-r lige TprOMiss&t e for
t he nononer is not nore in the conbined effluents o¥ the first "group of

react or t rdiselosgdchgreimadvaitageaushoverdtheuwramentivnal xecytleemethradssequitingg
nmononer for the.egi?iére process plus the combined conversion rates of the
cor r espondfAsgY sistylative; separationanshrecgy erypidghe individyal menamers) . As in
each enbodi ment of the novel recycle processes disclosed herein, the
nononer-rich recycle streans energi ng downstream of the m xi ng point of the
pol yner-containing effluent streans of G and & are recycled to the second
group of reactor trains (&). Optionally, sone parts of the nononer recycle
streanms are



WO 2008/ 109094PCT/ US2008/ 002899 - 57 - purged fromthe systemto control
the buildup of light inert conponents, such as |ight al kanes (nethane,

et hane, PLERANGIRLC ), nitrogen, etc. Since these purg@czﬁl{sgﬁ]gmgsgpi cally
al so contaln nononers, the rate at which nononers are recycled to & are
typically somewhat | ower than the conbi neag-reactor effluent flow rates of
t hose nononers. Note that since at |east as nuch of the nonomer common to
the first (d) and second (&) groups of reactor trains is consunmed in &
or renoved e opth o p 5&iTH r t .

ef fluents f[Pg?n3 , E%e?@hfsk&?\l%%emss n[??\lgsnergr}fcﬁﬂgeﬁpgér]y ‘Jﬁg’(‘ﬁéug’pﬁ?‘:ﬁsﬁﬁ even
Wi t hout  sepipepdtintgirfoschjupctore Wittotheoelins flald phdsetgityien Ol&idihg Proddises
reactor effluents or fromthe streans derived fromt%e reactor effluents
bef ore recylesenbed iredetat icl). STRatant dppiitiation No. 6048 76193 the! feed avemmerng

hi g or s DI b e S BFGOR BEFaaTar GAMS: (CHO e oneumember andithenarehe
olymer-ri has | ' e ner onent s

oot o ea SH i eadthlofigMleZIIRY, TE AR 1RBRD o33 dBt K, ABFRAREES ofur
as a separ aiiichanél alsole & to h§ hofmopoFankefeatidtdrdifs s hSfRHoN Mer Blaﬁ{egder-

The nononer-rich stream energi ng fromthe separator-blender 'is recycled to
& while tioe pomppelymeniatiinr agactenetrginsg of r hombpelynegridationr thligsdeThes
sent to the finishing section for further nononer and |ights renoval. The
monomer 1 edWEIQPAYMEELadRdndhe Jramepslymer dips car have the game or different
separ at or - r e pur to gontrol undesj.rabl e heavy and, |i ght
conponent sgbg{}%% ggoqé%lfqe%n\?@%ﬁ?ﬁﬁem&%ﬂugné’%e,'g ,d‘gﬁ’?’é’ggni’af’ I?/%'f‘bmal%loérs,
etc., beforgerkhey : rains.
BEY TRE ReSGHY %%kot A t%&a@ﬁ‘?‘iréxﬁ?(@?f?l‘?é’g%nﬁ%’ege s\%ifft\?]lggﬁta% afsh

Note that in such enbodi ne , e nononers arg re recovering
t hem i ndi vireffieatedytobes copolpmeaireastot hraimy adispolginet arinbr €bpalythdrizatio
m xed saving substantial capital and operating costs as conpared to nethods
t hat separ &¢3ct@htramsc oy €ppelyaenigatiand trainspmmakes r copfol ymersh that eall) compsiseeans.
These enbodj nent however, .require the corbined unreduced effl uyents_ of the
first gr Oub('legﬁlclazg&qr&m?rr%ﬁbﬂg %('@’ )COFMGSG ror}?'hﬁ X3hbirIne é{lo’i‘%ﬁl%#ﬁé‘@ thegher
than the coididest r : ' far ire
pracess. pl G B L S oD Db e BT RO R EElss. g hldhofits
conver si onpreseas iof thbe hoaiopoipmeti RYNOATM! | Thehpobafenrd Ma@IPiPfthe .
reactor trains (02). . )

copolymerization trains are composed of the same monomers and may have the

same or different average molecular weight, molecular weight distribution,
average monomer concentration, composition distribution, or combination
thereof. For example, the homopolymer could be polypropylene and the
copolymer could be ethylene-propylene or propylene-butene-1, or propylene-
hexene-1, or propylene-octene-1, or propylene-decene-1 copolymer, etc. The
flow rate for the monomer is not more in the combined effluents of the first
group of reactor trains (G/) than the combined purge rates of the corresponding
monomer for the entire process plus the combined conversion rates of the
corresponding monomer in the second group of reactor trains (G2). As in each
embodiment of the novel recycle processes disclosed herein, the monomer-rich
recycle streams emerging downstream of the mixing point of the polymer-
containing effluent streams of G/ and G2 are recycled to the second group of

reactor trains (G2). Optionally, some parts of the monomer recycle streams are



[0094] I n sone ot her enbodi ments of the novel recycle processes operating
in conjunction with the in-line fluid phase pol yner bl endi ng processes
descri bed, o, TN U S Patent Application No. 60/8 eed
nononer 389{}2&2‘@9% first group of reactor trains (01) %Ege}%%(g)ﬁ}g%%ber and
they are the sane in each nononer pool. -Bhe first group of reactor trains,
the nmenbers of which are also referred to as honopol yner reactor trains or
honopol ynmer trains or honopol yneri zation reactor trains or

honopol ynerg i i h; trains
can have tk?é& g%(;re%é)]? Hgéi %é?‘éﬁtﬁ %;mggﬂéé/gﬁ?é‘éﬂ?ﬁ?%?g&&&%ﬁ%@ﬁﬂﬁc%ﬁ ght
di stributi dight abkaresnimethanerethiins, grbpdig €3,0MitrogeAUcOf SiRaThede puidlens
(02), the nenbers of which are also referred to as copol yner reactor trains
or copol ynstreamgi tipieally qsst yaoatainamonomerscthe rateaiahswhichc opoioymersi arat i on

trains, makes copol rs that all conprise identical pomer pools (i.e.,
conposed of % e(gg%ﬁgagrgnté{p MW OMEE t Hr?e?orggmeddieagt&r&fﬂuent

| or "4 . : _ F
onopol yety 3ftet o sfdsel fiphofiRFE N it RTERt B TRAML of Tt Hibmomes; s
are conposednhoi 16 the fRst\@NONBicE sé&lﬁld”f(‘UZ)h%x?bg{)E l0¢ readtBr Bhirfdl i @nSiitned

average nol ecul ar wei ght, nolecul ar wei ght ribution, average nononer
concent r at ilbry2 campaisovedin dhetoptional purgersteantsi anmwh bheughtfin bprthe
exanpl e, the,honopol r could be pol ypropyl ene and the copol ymer could be
et hyl ene- pf W‘Eﬁ«%‘%%r%{ oBVATE & 5L EXGRSS MORPmEF dpyanteoh bitiddep In G2 even

pr opyl ene- QG - . propyl ene-decene-1 copol r, etc. The conbi ned

ef fl uents 8{1{@’2 séga}rl(ﬁlflgg_ag@s%g%%raﬁg PP O nggg monamgr {rpm ﬁ‘f raforcarry
the nonomeeffidentabe$rdth IE5tréAAY defi®ed IRBHNRE rfﬁ&&e ffﬁfeﬁ%oﬁ?éfolf]?ec cling.
correspondi ng nononer for the entire process plus t%e Corbl hed conversi on
rates of tHeemdoerAoildese embddimeatcaredhgrsimplerfones agherg theanovel (18@Ycle

Stating it differently, the nononer is present in excess in the effluents
of G. As PFPessses digrloserdhersinan tat they Gppl e 2uge -higly-pressund separator so of

ecover e SRty RGORRF 8 RoRFrBRTIcn Sad acbelVeier Slahaeutse  VhliF GlendinE o
are recycl gt hfdndfer &ﬂepél?h?&tﬁﬂﬂ% s ?Pig?}rﬁﬁ‘&d Plorh ' Bfd & .S?hgéﬁ?igucr‘

recycle nmethod would lead to a e excess nonomers in

t hese enboHigieptessurehsepaxates ssefues0oth fdsow separhtdo aRd 4 ehleneét, by iBhase
separation before m xing the Froduct streans originated from & and & and
t hus bef or tefered taras separatpeblander> Thrnaromomer;ri¢h seedrodimenging it ¢he he

conmbi ned effluents,of, d. carry, t.h oner in excess, the disclosed,
processes TEIRQISrPignder dssec lr?grrg)r @r‘&%‘ﬁﬁ ftﬂ%rﬂ HOCET N PHEam (§Megging j or

to mxing fog eid lséi?di‘&t%r-‘éﬂééﬁ'ﬂetrhﬁ sRhP 4 the Finf 5 éfcgf‘? forTF.g'Fﬁe?r%XS&n%fgcess

nononer streamis recyc to their correspondi reac rarns Wt hout
separ at i ngamdhdliglts ovamnong. t h@hendhoncited REYCITEEtrodMS Cofetgingt Sropgsand i al |y
pure fornms. The said excess nononer recovery is achieved by phase

separ at i ondpwpstsear @fithe senanatorddendes may be purged tascanérsd nindesirable biesvy

Pat ent Applicatjion No. 60/876,193. It conprises the renoval of enqugh
nonomer fr %rh‘f ﬁﬁbpﬁ‘?@pBPe% k35 %ﬁ?@someﬂéﬁ?‘?% f\l 2 P¥ERSS &Ptarl)éﬁgﬂﬁﬁrst rains
(A) to engir t i t i - cont { ni ng
streans or;étgi’gjzﬁf Q%t tfhr%gn%? %s@ﬁflbéggﬁ?%%ﬁ‘%hxeciéggﬁ%éﬁﬁ%fﬁgé%&g?i‘irr#[gs’?t ﬁjé) te
recycl e stthanif saeienibod@nents] theatsndniérs #2E tre€ydle Wit trBEovVER R Bem
excess, the conbi ned pol yner-containi ng product” streanms originated fromda
del i ver noingirddually beéors| asrafiarghp girnducti streaniseo 26| ameh G 2sareaninedodaviidy at a

for “the. entybREngiab caRial AL OReraton RaFie Cmarpdite mothods tk Separadend
i - | | - Th £ich

fecycre st ieeaveredAdoBiiomER i tHedefiyt Stumin 15se Eibgdiests,

product Stlﬁ&ﬂé@er@iﬂlﬁfﬁcﬁ@ ESbihe@Anre@RRNEATehYs oilaﬁhbé ﬁ?s?tgréué)ggtr?%’ét%fz he

nononer content of the product streams from Q@ wl e dellve

Not e that tained (W) delivessthaumonemer sathratasghot highley than ehereonibined wutge t he
effluents of G2. no excess jnventory of those nononmers builds up in G2 even
wi t hout r@RsePf tRe somesranding menemer far ghergntire pragessnplve the sombined ch

recycle - 60 -



streans recovered downstream of the said m xi ng point between the product
streans of G and 02. Typically, the high-pressure phase separators applied

to reduceygngoPloodder € ef fluent streams of reactor traingc@fusSBosAbBosised to
treat the effluents of individual reactor trains of G. However, when G

has nore than one trains, their effluentsgstreans may optionally be conbi ned
bef ore phase separation to renove the excess nononer flow |f the effluents
of two or nore reactor trains of G are conbi ned before the renoval of the

excess MoNeBRyersidiWatbdIBf HRER FSONE! Qi any
one of the reactor tar al ns of élﬂ%%?o@%ggig&é(gfll&teﬁgnﬁgeﬁgﬁﬁe&gﬁegg@f

choi ce cantiaénsd@2x m ned by nass bal ance cal cul ations well known in the art
of chem cal engineering. As nentioned before, the separation processes

di scl osed herein achieve the renoval of excess nononers fromthe reactor
effluents by rform ng,phase, separations during which_a nononer-rich
phase and iéqge%;uced | 3P -&g‘ﬁf aF’i‘i’ibﬁaR{‘fJ‘thyﬁgr then rmeved dTeqyles eprocesses
recovered f ih : :Oh r g al el onging to Q.
S nce t hesPorng i ohjiiitiod with 306 g M 55t Pobira FRgfiig iggecsies

excl usi vel dedoribedriaaietail it UsS ateht Spplitateon Wol 606l £ lftﬁ@?eédonngﬁo&%r phase

separators, or Qd sg_parators t hroughout the current disclosure. Recycling
the thus- sppelsafabie diret groupoofereavtonrteains (GHh) haveene niemberlaahtieyeseithat no
excess nmononer .streamis directed_toward 02. Naturally, since no foreign

monomer i sSPPEdRFRACH merragr Repbndhe dirsh stgup et yeactorsiraisanthe miearbers of no
df ' f t hel le.to th late . t

(rai s of AU e ARGEE (B H mbpyind St s s RPpaRdtarains ' '

(unr educedyr m@ﬂuﬁdlgidr%ﬂ’énpfea@ioﬂ Rradibd %@%ﬂ%ﬁi}?ﬂg\éﬁﬁ%ﬁtié}#e&éﬁﬁgr edpged)

product streans of to ultimately yield an 1 n- yner end product.

The reduct hemopolynssehadaiénthe bomgpohimer fraing danehdvier thie @ingsipr diffeRAct or
trains (@), i.e. the recovery of excess nononmer streamrecycled to their
cor r espond? Yj28& dBP uiqrai“f%glﬂésl snelicpglar oweight i distributiasts, eet lspmeinatidn ng
low rate SR THe ReBR0 dhfiud oLkt Fols (P 3rPemmembier ehabihre e,
product sticfered &f abeopslyér refof A0S 4P ABABITH A EARE FARIIR mefifario! ONer

than the conbined purge rate of the sai r conponen ire

process plggctondrainsrivrnespodymesivation traihs; mbkésheopelytherdNRAE LI CIREHENT i N
02. The adj,ustnent of the conditions of the phase separators for recovering
the G nondRRICH dBORPBCE Poelink-cc.agomposashaf the pxact samedmiopomeirsjgand the

monomer pool of said copolymerization trains (G2) comprises the monomer
present in the homopolymer trains (GI). The polymers made in the
copolymerization trains are composed of the same monomers and may have the
same or different average molecular weight, molecular weight distribution,
average monomer concentration, composition distribution, or combination
thereof. For example, the homopolymer could be polypropylene and the
copolymer could be ethylene-propylene or propylene-butene-1, or propylene-
hexene-1, or propylene-octene-1, or propylene-decene-1 copolymer, etc. The
combined effluents of the earlier-described first group of reactor trains (GI)
carry the monomer at rates higher than the combined purge rates of the
corresponding monomer for the entire process plus the combined conversion
rates of the same monomer in the second group of reactor trains (G2). Stating it

differently, the monomer is present in excess in the effluents of G/. As in all



standard chem cal engi neering techniques, including phase behavi or
nmeasurenents, well known in the art. The product-containing streans of d
and & ar i upstream of or in the high-pressure
domstrea‘?ﬁoggggtﬂt?g@?ast G phase separator as descri bed Fﬁ% eg@%{a 23319i n U S
Pat ent Application No. 60/876,193. Sincesthis high-pressure separator has a
dual function separating a nononer-rich streamfroma polyner-rich stream
whi | e bl endi ng t he nonomer and pol yner conponents originated from @ and
G2, it is ahitwdiefs' 6f the Méveie 0 efd; rthel am
energing fromthe' separat or-belqefr%é]?rei fgréﬁg%{/&él gﬁcyg’s%zm%%:ﬂe @#}n@h‘{es and
ot her nonomesyclesireiras seceared affter mixing alisthergrodhet strggre otiginded FImt he
bui | dup of pJ[,lpde iéfbl e heavy and |ight conponents, such as excess solvents,
catal yst ka4 and G4 prgniecyrledriosonlytane selectpdigyonn of redetern trainm GderSineg f r om

bl andi ng. P otk CeSATE need 1t Tedd B p iRAAE B8 Trskonhonsgheman 168 inThe
MONOMer - T | ﬂ’fbsétérﬁBH&in%fﬁigiHégﬁﬁ@é@Q%Bﬁé‘mepfﬂ&»ber%e%ﬁpﬁ)r Eé%gﬁé%@?@& _;miaéﬁbe

combi ned Wi th the nonomer-rich streamenerging fromt der
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[ 0095] I n anot her enbodi nen oft t he J&ovel recyﬁ_l e processes operating in
recovering some or all of the said monomer” from the monomer-rich recycle



conjunction with the in-line fluid phase pol yner bl ending processes
described in detail in US. Patent Application No. 60/876,193, there is one
honmopol yngp shéstoboe4 G ) and one copol yner train (&), i-?c /lﬁ%&ﬂ@/o@s@nd (€74
have one reactor train each and the feed nononer pool o EJ as one
nononer. The nonomer pool of the copol yngy-conprises the nonomer of the
honmopol yner. As stated earlier, the nunber of different nononers for the
conbi ned process yielding the polyner blend is equal to the nunber of
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the sinpler ones among-t € processes close erern in that
they appl y& ensigte thitaio presssunensaied sile@m is0dirediad abwasd G2.e PoafalFy,
monomer -rich and a pol yner-rich phase while blending the nonormer and

pol yrer cofineéf e Breigngnpaemer is prasent indiest mapiomer-rith & hieglcler semms
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separ at or - ' cl t [ N s 1 tr rgi ng
From ho s Betar fsaind, GCEY! e eBated Bolinfi- G ol Rbedins disHel SR SIFRE!

mononer anfudre@tiéed)r pivavied strEmsMBAESin! REMCAR AlikERBitE MREI(UiFedyca and
downstream of the separator-blender nmay be purged to control undesirable

heavy and praghict soepusefit(s) tasultimatelys pield an dn-linegrdlymiek bhaxsl prdducexThe s

catalyst kil]ers, et¢c., hefore they are sent hack to feed the second group
of reactor® PHE_OtIl\]g‘FeﬁtﬁHﬁlﬂtsiQP%IHBW%eﬁﬁﬁm Ist grovR ofgpester FamsdGBsycl ed

i t hout ' iendi vi I f f h tr f
G and co et PRPRET dfCBsE Monbatet SR reBhofel oy e SoHElRGIdigE™ °
conpar ed t geagRirh@4ins BénSAp ALY 49@:051%%6%)1 HdosﬂHQ‘thé’%éinp@Pd’tﬁf@bﬁdf rom
the recycle streans. These enbodi ments, howevér, Tequire the unreduced

ef f | uent opraskerehainthegphase rsepatatomsa thdtrthé Gbmtdaréd \flave rateeo fitheamenonter a
rate not higher than the conbined purge rates of the correspondi ng nononer
for the enbdmeopsRicderived: ffom G washblended uith dhe pealuck sreamsiQlcG2 is not
correspondi ng nononer in the copolynerization reactor train (&). - 65 -
[ 0096] I n anot her enbodi nent of the novel recycle processes operating in



conjunction with the in-line fluid phase pol yner bl ending processes
described in detail in US. Patent Application No. 60/876,193, there is one
honopol y%bzﬁ@"?‘f-o@qﬁg) and one copol yner train (62), i'?c l}%z&olﬁ/ofﬂw@nd (€74
have one reactor train each and the feed nononer pool o H as one
nmononer. The nononmer pool of the copol yner-conprises the nononer of the
honmopol yner. As stated earlier, the nunber of different nononers for the
conbi ned process yielding the polyner blend is equal to the nunber of
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propyl ene- hexene-1, or_propyl ene-octene-1, or propyl ene-decene-1 copol yner,
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pol ynmer-containing streamoriginated fromd@ bring in no excess nonomer
fl ow i nt o Stis@m ewmprging frora dhe sepanator-blarier (for reegnke toh@P. dfegrmagaisvibey t he

nononer e t he polyner-coptainin roduct streamaoriginated from 01

del i vers ﬁ%ﬁ@% of E"]ﬁﬁhgtﬂuégﬁd) ﬁ’&"b&en‘g' S\Eﬁr{‘ ko PHE“@E cdupldup ofoundesirable at a
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G and & product streans are recycled to 02. Consequently, east ~a part
of the noABPrefxceshtmanomers thy phese ciepstatmmmpirionntdSblendingbthed glolyaeed t o

02. Note thaE .Since no excess mer. i s brought in by stream m xed with
the ef fluéit ad‘P‘“@zP,roaBC'egiEf‘é’é%s gﬁ&(ér&%’r 2dp tBﬁéeﬁﬁﬁtﬂfebleBdW eisthgprogess2 even
w t hout r i I : i fy,om t he ner-.ri ch
recycl e s??méd:glcgegsggieﬁm%gﬂ%%%%oﬁ%f %Mgsin ﬁﬂ@ BGP&SQ{;@%%@H t he
product stepaatordflefderaind He pASceIENEésABddbEf WS, Pﬁ%nfeﬁﬁéﬁ%dt% Npcesses
di scl osed herein achi eve the renoval of excess npnoner fromthe reactor

ef fluent 60/8&36,193 pertherfirshchighgressiepaepaiator durdngg théhisefialdy roonasetedr i ch
phase and a reducggl pol rrer-gogt ai ning (polyner-enri ch:%} zhase are

r ecover ed StREATAH thatconiipe alsthe;polynge-sontainiag sifuents o7 hand/G2.sIt is
performed on a streamorigi nated exclusively fromd, it will be referred
to as G phase separator, or G separator throughout WO :

2008/ 109094PCT/ US2008/ 002899 - 67 - the current disclosure. Recycling the
t hus- separat ed nononer-rich streamto G



ensures that no excess nononer streamis directed toward 02. Naturally,

since no foreign nononer is present in this nononmer-rich A recycle stream
there is &ﬁzﬂ&?ﬂmfﬁr nononer separation before its recy%k%ljé)goog/]wﬁwe
reduced pol'yner-enriched streamis mxed with the (unreduce product
streamof 02 to ultimately yield an in-l.igge pol yner blend product. The

reduction of the effluent originated fromd, i.e. the recovery of excess
nononer streamrecycled to A, is controlled by adjusting the tenperature

and pre r 0 C ined f|. r.at e of the

ononer - cor s lmpOfatainRRR S R oA Rnel e TR ol S Hnd o

02 is not hloerdahinoftithe sapdrepadidililenddrade Rbytled oot @pﬁﬂiﬂ%oﬁgrﬁpnem
e sal

for the entire process plus the conbined conversion rate o

nmononer coripng (G2) and hot Thdheadjrsts grompt ofofeattor traing{ G pnThef mohemehaid
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perf or med B{FeAMSnEEQVeRed by cthensing gi'ﬁ@i erseRyatAshHpsfiean phcthgdisaid
phase behayj 2 S I Il]%o in the art. The,. rglg(uct-cont ai ni ng
streans of \%gérgmgﬁgé%%lo%rﬁ%r g&?g%lg\fayarrefzxclpﬁéhfﬁc _16 thedr pwn
separat or qeN¢i6f I'e#ifs Obeloligind tBhE&E @RRAN A dioRr! ' S. Trat ent
Application No. 60/876, ?L93g"% nceafhi@%%i gﬁ]‘?lgués?ure sépgfeg?ﬂgﬂohj)és ﬁgual
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bl endi ng the nononer and pol yner conponents originated fromd and 02, it
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catal yst killers, I'ight alkanes, et r-ric ream ene

the separ aresycld pratessdssdeseribed hetdin thatdendi théir sR61i orfier-fich trbeyd18 stredis

bl endi ng process disclosed in U S Patent Application No. 60/876,193. The
nononer - r i &h G4 el dhe diyshthatosambinearlbpolymeerseqrtaining irbductestreanys. be

conbi ned wth the noner-rich streameperging fromthe separator- bl ender

f or recyc}N(S“?ccS: gfo% S the fﬁ?%O%O%@’%sm%agw&mwﬁ@o%i oobmoer-- 68
- partiall f 3 ol wthe buil dup  of
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excess presanthatrintdue deestiptiens eid beparitobbl@RIE debighatiaNds Pesepved s thid! | Y
recovering the excess nononer by phase separation prior to blending the

pol yner - copp@iumiqle, peadily tidentifiable high-@ressnce 6eparatorheThepforel thie bhdieder of

t he process d«tascri bec{.i n,U S. Patentwﬁg lication No. 60Q/876,193. Note al so
that the sHICGUOBRG ORtignAl SERAEALOEs S¢ Er@@@g@ea@%wh%ostmnu to mactent

Applicatio 360/ I j gl oh-DEe re.separator a t he
serially cgﬁlr}lgcl'%l 2%1 2‘2%5‘%2 {)Féll%(ﬂg?ﬂ d&s)t?r)%ibrlléerma%ffhf §§PS§?“§H§}Q’§&%€& lﬁiqﬁ%r
effluents fincfonaiRdtdd2ombiné $wal 60 morBaehédl tifin WTRNRSISZ €Trisiéd, Ftﬂ@y are
nmononer-rich effluents originated fromand downstream of the sai

separ at or - tafemedto as €5} pbysd separatodon (@ separatorsd It i limpopantres point lout
streans recovered by the single-line 3 separator upstream of the said

separ at or - H18b TBEROMSE feRaVERigR AN sy disclosgd vprpsesses yareeackieved tby nhaset s

i I i i th . i .. Th
Gosti nat 1 orcraf@idhs ' SHSEE & Inckoneritfboll bR I AR ST Rt Bl e o
Separ at or , spaRIRIPOPmONOHIcHTEciUIE SiHeis RIS HEAIORI? bF (bGink Whe OuPS:

one sends back the recovered nononer-rich s ns to G, whi e ot her
one to Q.thehproductstreamsft 6d amed A2 bye aunedctRithsseepanitions @t sifplapvel
mononer recycle processes described herein that send their nonomer-rich
recycl e st ¥C94HE loyveepinyestment, apd qperale wihtlessorpergys making the processes

pol ymer -co W)l . treaps. Si.nce it conbjnes the functions.of

pol ymer - noél%@n@rgéés]gsgéggﬁ%%ngﬁ%gﬂ%Io;yﬁ{shep‘é?’g/ loBPLFﬁfiyﬁ - metheds taquiring
referred ! ostty iSHRANOSepat ASIPENd Mo RRRAof thelRlVid B mbAGheld” OUT
descriptions fhe separator-blender designation Is reserved to this one

uni que, readily identifiable high-pressure separator. Therefore, the
earlier-nentioned separator sending nonomer-enriched streamto the reactor
train in @ is never called separator-blender in our descriptions. Instead,
its is referred to as G phase separator or G separator. It is inportant
to point out that nononmer recoveries in the disclosed processes are

achi eved by phase separations as opposed to the conventional cryogenic
distillation required for the separation of - 69 - nononer recycle streans
ener gi ng downstream of the point where the product streans of G and & are
m xed. Phase separations are sinpler, require | ower investnent, and operate
with |l ess energy, making the processes disclosed herein advant ageous over

o, - - - o o o o,




[0097] I n all enbodi ments of the novel nononer recycle process operated in
conjuction with the in-line fluid phase pol yner bl ending processes

descri bedyj oy in U S Patent Application No. 60/8% 3008 99
pol yner - %920@?%% energing fromthe bottom of the abovgzr/c]}]%scr{oggd

separator blender is further processed i4s3the finishing section where the
remai ni ng of the lights are renoved to ultimately yield the in-line
produced pol ymer bl end product. The first stage of the said finishing

section tyoRab}y CORplandfir Ghfbeinfehl o thE S8y SPRRLEk YrdeoBLL Bhel Sl 720 O

as | ow pressure” separators, from the vol at & and

sol vents, aonj@ectim withahein-linehfleidr sz palyrhBebleffing/rocesses |escribed in
pol ymer - cont al ni ng stream energes as further-enriched polyner blend at the

bottom Sorfistail inl U.Sf Pateat reationi No. 60/&HnE9Bnhens ng dneohombpohmoetuct
finishing secti I .e., downstream,of e, separatQr-b| ender, may be
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recycl e st reasner, thecowmberlof différent mureimery feethei cmbined poogese ydeldingitheed t o

hi gher pressuyre before nerging themw th the nononer-rich recycle stream of
the separ atRYBER A isTemIal 4Q the aymber of menemer componerty usedge making
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equal to the number of monomers in the copolymerization reactor train. The
flow rate for the monomer is not more in the first reactor trai;1 (G1) than the
combined purge rates of the corresponding monomer for the entire process plus
the combined conversion rates of the corresponding monomer in the second
reactor train (G2). As in each embodiment of the novel recycle processes
disclosed herein, the monomer-rich recycle streams emerging downstream of the
mixing point of the polymer-containing effluent streams of G/ and G2 are
recycled to the second group of reactor trains (G2). Optionally, some parts of
the monomer recycle streams are purged from the system to control the buildup

of light inert components, such.as light alkanes (methane, ethane, propane, etc.),

nitrogen, etc. Since these purge streams typically also contain monomers, the



conponents, such as, e.g., inerts originated fromthe fresh olefin feeds,
an optional light purge stream nmay be renoved fromany or all recycle

streans. ‘ﬁa%&?l%@g nore |ight purge streans may advant @g%ﬂ}ﬁ(}(}glop 0} aken

fromthe T'owest-pressure nononer recoveries comng from vessel's downstream
of the high-pressure separator-Dblender dasgcribed earlier, i.e., fromthe
finishing section of the in-line blending process of U S Patent
Application No. 60/876,193. Such purge nethods save the cost of

reconpr essigie 8 whitds fdrofdrs gﬂg%@&g&e@?@g@?ﬁg%@g gs%fe%avweﬂr{a%m-
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recycle streans for reactor trains in @, said @ hig -pressure separators
may al so s&peromer frofif the reastoe keffluents wp fone théstreans detived fitone theoterorir

bl end conponent rati.o. The use and operation of separators as buffer
vessel s |ms) eg@éec‘}t? gstorme%‘tlmg them t9 %.2 . PEResgrembediments are the. simplaameso3s,
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high-pressure separator to separate and recover a monomer-rich and a polymer-
rich phase while blending the monomer and polymer components originated
from G/ and G2. Since this high-pressure separator serves both as a separator
and a blender, it is also referred to as separator-blender. The monomer-rich
stream emerging from the separator-blender is recycled to G2 while the
polymer-rich stream emerging from the separator-blender is sent to the finishing
section for further monomer and lights removal. The monomer recycle streams
emerging from and downstream of thé separator-blender may be purged to
control undesirable heavy and light components, such as solvents, inert alkanes,
N, excess catalyst killers, etc., before they are sent back to feed the second
group of reactor trains. Note that in such embodiments, the monomers are
recycled without fecovering them individually before or after the product
streams of G/ and G2 are mixed saving substantial capital and operating costs as
compared to methods that separate and recover the individual monomers from
the recycle streams. These embodiments, however, require the unreduced
effluent of the homopolymerization train (G/) delivers the monomer at a rate not
higher than the combined purge rates of the corresponding monomer for the
entire process plus the combined conversion rate of the corresponding monomer

in the copolymerization reactor train (G2).



processes discl osed herein, the phase separators need to operate in the
fluid-fluid two phase regi ne but need to avoid conditions at which

pol ymer i cwé%(ggqlﬁs,mul d separate. Since prior to the pha%%Tﬁ%E@)%ﬁBis% step
ams to

the stre e separated are in their single fluid phase state, their
process conditions need to be changed toebring themto their fluid-fluid
two phase state while avoiding conditions that would lead to the fornmation
of a solid polynmer phase. U S. Patent Application No. 60/876,193 teaches
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m xing efficiency (see above). [00103] The nononer recycle process of the

present di &l¢lusat o€ the thomopglymerization reactor train (GI) carries the monomer at
rates higher than the combined purge rates of the corresponding monomer for the
entire process plus the combined conversion rate of the same monomer in the
copolymerization train (G2). Stating it differently, the monomer is present in
excess in the effluent of G/. As in all embodiments of the novel recycle
processes disclosed herein, the monomer recycle streams recovered after mixing
the product streams originated from G/ and G2 are recycled to only one selected
group of reactor trains, G2. Since such recycle method would lead to a buildup

of the excess monomers in G2 in these embodiments, the excess monomer flow

need to be removed by phase separation before mixing the product streams



| nproved, | ower-cost separation-recycle nethod in which the nononers from
one or nore effluents of the first group of reactor trains (@) of the

in-1ine flyidfigng POl yner blending process are parti a&h#ﬁ/ﬁs?&)ﬁ)ﬁgfsgg by

phase separation 1n the formof ol efin-enriched streans. The said partially
recovered nononers are directly recycledeéo the said first group of reactor
trains (Gl). The one or nore polyner-enriched reduced effluent streans
originated fromthe first group of - 73 - reactor trains (@) are then
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are recycled to G2. Consequently, at least a part of the monomer content of the
product stream from G/ will be delivered to G2. Note that since no excess
monomer is brought in by stream mixed with the effluent of G2, no excess
inventory of the monomer builds up in G2 even without recovering some or all
of the said monomer from the monomer-rich recycle streams recovered
downstream of the said mixing point between the product streams of G/ and G2.
As mentioned before, the separation processes disclosed herein achieve the
removal of excess monomer from the reactor effluent of G/ by performing phase
separation during which a monomer-rich phase and a reduced polymer-
containing (polymer-enriched) phase are recovered from the effluent of GJ.
Since these phase separation is performed on a stream originated exclusively

from G1, it will be referred to as G phase separator, or G/ separator throughout



- 74 - polyner blending processes disclosed herein, it is advantageous
when at | east one of the reactor trains operates in a honogeneous fluid
phase anqNHQP&M&9@gvantageous when all reactors operatepkgnﬁgﬁ)Beﬂ@genous
fluid phase Tor econom c and process sinplicity reasons. Bu ﬁonngeneous
fluid phase polynerizations such as bul kghonbgeneous supercritical or bul k
sol ution polynerizations are particularly advantageous. 100105] The nononer
recycle methods for use with fluid phase in-line polynmer blending
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di scl osed herein relate to making pol ynmer
undesirable heavy and light components, such as excess solvents, catalyst killers,

light alkanes, etc. The polymer-rich stream emerging from the separator-blender
is sent to the finishing section of the in-line blending process disclosed in U.S.
Patent Application No. 60/876,193. The monomer-rich streams emerging
downstream of the separator-blender may be combined with the monomer-rich

stream emerging from the separator-blender for recycle to G2. They may also be



[ 00107] Di scl osed herei n are advant ageous nononer recycle processes for use
with direct in-line polynmer blend production in an integrated multi-reactor

pol ymer i zghi-gekb@uei n the bl ending step is achieved doywpghlssadlofdsed he
reactors in a separator-blending vessel (also referred to as the

hi gh- pressure separator). The productionepf polyner blends in the
polyneri zation plant is facilitated when the pol yner bl end conponents are
di ssolved in the polynerization systemsince the small-nol ecul e
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step. In general, however,” because - o processi ng apd rnvestment
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processes, such as honogeneous supercritical or solution polynerization,

are typi caol ¢cisselso the imoghapgombiaesy akbpdgmeezestining product streams.
Since it combines the functions of polymer-monomer separation and polymer-
polymer blending, it is also referred to as separator-blender. We need to point
out that in our descriptions the separator-blender designation is reserved to this
one unique, readily identifiable high-pressure separator. Therefore, the earlier-
mentioned separator sending monomer-enriched stream to the reactor train in G/
is never called separator-blender in our descriptions. Instead, its is referred to as
G phase separator or G/ separator. It is important to point out that monomer

recoveries in the disclosed processes are achieved by phase separations as

opposed to the conventional cryogenic distillation required for the separation of



- 77 - advantaged and thus advantageous to produce the in-line polyner
bl endi ng conponents. [00108] As descri bed before, in certain enbodi nents of

the in-| iwgz%m%&g processes for use with the nonone&,c&w&!sﬁmggﬁcess
e

di scl osed herein, one or nore reactor effluent streanms containing t

di ssol ved pol yner bl end conponents are f@d-to i ndependent separators or
separation vessels (also referred to as single-stream hi gh-pressure
separators, or Goup 1 separators, or Goup 1 high-pressure separators, or
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mol ten pol Yeriftigptely yield beintline prpdused pokymer bfendnprodbendiThg fixst stage
ts | he. t or- bl .. ti lly, the G
5008/ 10500254 o BBRb B et Hica P seifisey bpé i diore Pl separators,
tor- ' | af f ' n .
Trhroved conpieRereERy Gy IBRpRichesEpifarbis, MO SINIAOHE, yohalty Sadh 29 @

i nevi t abl enfdnemteratandnsolyenttshemprged us imdromér-title streging i uRé thp- While thkend
conponents. The buffer capacity of these vessels is defined by the volune

bet ween t hBobjmersgqriniaing stichmvethergss asnfusthdr-enrichednpoéymks biénd lae the
separat ed ggﬁx&e ' -S(e)pnrei 8rh ] (l)fo the' nﬁ)?l%%lee'r-rich streams emerging from the prbduct
finishing section, i.e., downstream of the separator-blender, may be combined
with the monomer-rich phase of the separator-blender for recycle to G2 and
some or all of these monomer-rich streams may be purged from the process to
control the buildup of volatile inerts, such as light alkanes, N,, solvent, etc., in
G2. Since the separators in the finishing section operate at lower pressures than
the separator-blender, the monomer-rich recycle streams recovered in the
finishing section are compressed/pumped to higher pressure before merging
them with the monomer-rich recycle stream of the separator-blender. The last
separator of the finishing stage is typically followed by a devolatalizer to remove
the last traces of the volatile residues to yield the product polymer blend. The

devolatalizer typically operates under vacuum and sometimes also serves as an

extruder.



[ 00109] As opposed to using a cascade of series reactors for the in-line

bl endi ng of polyners, the blending processes disclosed herein provide for
t he i ndi \Ldugs pegronents of the polynmer blend to be mggT}lﬁzﬁ)sB%K of
paral |l el reactors. Such direct blend production nmay be advant ageous?y
achieved in polynerization processes thatiooperate in a honbgeneous dense
fluid phase, i.e. above the fluid-solid phase transition limts. The

i nvention process has at | east one reactor train that operates in the
honogeneoug0d98re f! @i e.inP 1 i S t p ih a
hormgenousS[dens]é fl ui@ b‘%ggz t}rslegtyt elr)&?trrlllééﬁt% gglqggnlt?%l %r%&(r:r%ngir‘r@e&%s or
thei r m xt wpesatasg in sojuaction witlettie inAlind dutd h&s¢i pbl9ines bhiding brecdksest at e.
Hence, such_ parallel reactors operate with polynerization systens in their
honogeneoudlegeiibed dnpdatail jinj U=S. Batenh Applicationg¥iod 68¢8it6e193 ,nthizouhdesired
supercritigal and eratijan gro?des the process may be a, bul k

| liquid , t
pol yneri zat18% pF%@ngé%gB’éﬁsFﬂb R ITRQROMEE Feghclg: sugamgs and SLypiraly3o wt

% or |ess ; 9 S ! % e wt 0 of (i nert
ol vent pr SOnRsile Yiocks BlvarlSbalf Ml (e Vaterl B dfll fiibal 55
essenti al | yotr melddubasweiphn oligoindic Sideigt6atcis Ot BAS bel fepanfe® Migient of
t he di scl osed process, the reactors operate at bul k honbgeneous

super cri t i @iimesnaionpmes recydiestrbams taipsevears ehie boildus.of Radre (é.gArplved,i on
Nos. 11/ 43:?6889 imd 11/177, 004, herein_incorporated by reference in their
entirety. lOWzRolecyular weight: polymers.i @9 ehbamnfubcompanents (ushoasiekesssi s

subst anti al J i vent .(sal ut.ion process where the

pol yneri zat %lé(?rlfg rtreqﬁﬂﬁﬁycegér}? éﬁﬁég rrl%gétof ﬁ&*}%‘(‘ﬁdei%&’t‘vw&&%‘é?méf FGRF It rAMDr o
than 60 wt THeseépyhtidon asf havbe i sRd L catd .

2006/ 044149, herpleaiﬁn lirrllcor por a eﬁﬁggbﬁﬂtgrgngglfﬁgtgh@rl\ét |(9Ieét38 *}{% ;l/%ge
anot her endtfdiénepaes betwean thmbeilirig tpoénts eal: they dight ahonieters) lilke eltfnef

reactors ogglr?te in the honbgeneous supercritical state and one or nore of
the react oFYI¢RE. PIRRYIFRC.1and iiaResand gt p6the hesycamponenisand thusi may st at e

(conbi nat i I ocess.and ho eneoys supercritical process
reactors). 9@10@& rég{lflﬁ% Pgﬁ‘@k?ﬁ@%@@ﬁg&@?@ﬁ@r#mqﬁo . pol yneri zati on
processes provide polyners dissolved in a fluid state, which is required
for the downstreamin-line blending of polyners. Both solution and
honmogeneouf0Q98]er cr i Sindddrlypoiny nendeer atoi PirevrmC tRs duildupViodi G8dAHdMighti N a
honobgeneous fluid state may be perfornmed in a bul k nonomer phase using
essent i al | SOHRPBERHSNSHER (35) %8 SBENIE mriginatedy fiiose the hregtvlojefim fieads,han

honogeneous.. & | Ui ch- y | Qying _an i nert .solvent in substanti al
concentr at ?%rléﬁg(lﬁl @t%'%@%v&ﬁ%fx%?’gﬂe%@dsgpm A% Yr B dESYHE slheams- f or a
pol yner - coThaidtie"er lhékdl B i i ' |

essentially neat n{)nomar %WPE%%]E?%x@%f;hdlvﬁﬁ{aggl&?glﬁ{g%lug{egt Qt"é’m‘i%e
honogeneoubvessperessite aadngmerc expveriey icdasingofrof efely @dinstrbAmi 8f shat e by
di ssolving the polyneric product either in an inert solvent or in the
essenti al Igvghe%ﬁes%ﬁéﬁﬁ@ramr-blﬁndWedﬁtSCmbﬁd eadiérmi.chdromgbedinisting cettic at e.

[ 00111] The ral l.el agt or _confi i.on disclgsed herein permts for
f1exibili t?/foﬁ’r? ‘P#&%@ﬁ&gm& RrogEt 3@@-4&%3@ Pﬁt%%NpoﬁO{&%é, 1B deelee
time, non § G ' : ' nd cat al yst
concentr a'(t)limglr’% egﬂ(;%mg\a/g%?%hgf@ﬁf?gﬁ@o@ sggf%é@?@ﬁ%%r%ﬁ?’%hﬁgﬁsﬁ ¥ POPOBIEnai ng
of pol ynereontaining secovekestrédins. Nigpahsteslso ¢oimon t@hallr GaBdditertE BPeRat ur e
and pressure easier thus enhancing the control of the polynerization
processes KeE¥elgi pyoasses rdiselpsken harain iimethad! theerblendedd monpmee nétseams

emerging from and downstream of the separator-blender (i.e., downstream of the
point where the polymer-containing effluents originated from G/ and G2 are
mixed) are combined and recycled to only one of the reactor trains (i.e, to G2)

of the in-line blending process of U.S. Patent Application No. 60/876,193



WO 2008/ 109094PCT/ US2008/ 002899 - 80 - [00112]U.S. Patent Application Nos.
11/ 433,889 and 11/177,004 disclose a flexible honbgeneous pol yneri zation

pl at f or m{8hoddi@ofdgmgeneous supercritical propylene po;l%'ﬁfslbnfo%}oi)ﬁg process
(al so referre 0 herein as the "supercritical process”). In e re?erred

supercritical propylene polynerization prnbcess, polynerization is carried
out in a substantially supercritical nononmer nmedium thus it is a bulk
honbgeneous supercritical polynerization process. The polynmer is in a
honogeneoustithdlitS Sehargiinst ' t:ah; [ a f nt
thus making the rg?ctor %fﬁcﬁégfb‘;ségﬁgaglﬁg lﬁglrﬁgﬁiai ?he(%:t %ﬁngl{o?%at%bﬁﬁdi ng
oper ati on gembinedmonomerrreoycle stremal yneri c products in their solid
pelletized or baled form U. S. Patent Application Nos. 11/433,889 and
11/177,004 al so teach that the supercritical polynerization process

b1 byt o TS0 2DRCHP B0 iRt SHRIG RhaSH siradoro Boover menomss,
mel t-f1 ow reyele bGOAMEILE r&{&&yh%{}ﬁ mowpebp&"ﬁghilgi{g\%ﬂgg@srgasﬁgg&gfrg d%g}‘?o duce

slurry polynerization processes, e supéercri a

et hyl ene- palspysenve sopmifferevssseiy tpr ﬁﬂ?ﬁcﬁ'@etﬂw@@ﬁﬁbyr@ shav gdlymer Uaedd
tacticity, and thus reduced polyner nelting point wthout fouling. As
pr evi ous| yCPBPERERic Eat10. U, ‘Ehe pugee and sppsiration i afnsepmsatotsl /a4 3BuffBO vasstls is
11/ 177, 004d ference in thejr entirety herein.

.1 RCOr ated by, r ( ;
[00113] Adva%cgﬁ’g u¥! E’%F%é? 'ﬁt%nﬁ?ea? eAERIEC@ﬁlOecN@os@MSZQ1§3bllmp©fat€<é)
hi ghly crygérld ings € pent (s) and (a) low crystallinity conponent(s). In
particul ar, solution polynerization processes may provide for |ow
crystallinity products because the polynmer is present in solution in the
reactor, and therefore cannot foul it. However, the solution process has
i mi tati onG181pr oddai alh embadiments; of aht i mevel hhghomet eectwry verid hécypl@duct s
Wi th hi ghergglti racé)sc?oi t.. e arflicul arly relevant limtation of the
sol ution pé QEEVES | hetre’t“yﬂff‘ca IS¢ SCRAFOTS fresd e @perajp inilipflotilsBusd t hat
al so have fWPHhaR! fel | L | d, such products tend to
crystallize iﬁ the Fggg?%‘rt %gﬁ%?@;ﬁgggd #é)lb(ﬁﬁﬁﬁs a Wﬂé‘ghg?ﬁ'ﬂe,r“i ﬁ‘éh‘Ps\/V')OUId
2008/ 1090 Beparate/SSHMY $196i8R%he phase separation step the streams to be separated are
in their single fluid phase state, their process conditions need to be changed to
bring them to their fluid-fluid two phase state while avoiding conditions that
would lead to the formation of a solid polymer phase. U.S. Patent Application
No. 60/876,193 teaches that the desired transition from a single fluid state to a
fluid-fluid two-phase state may be advantageously achieved by pressure
letdown. However, in some embodiments, when the temperatures of the streams
brought to the phase separators are not high enough, such pressure letdowns may
cross the fluid-solid phase transition line in the phase diagrams of the fluid
stream leading to the formation of polymer solids and thus ultimately causing
fouling. In these embodiments, the heat content of a fluid stream to be separated

is increased by passing it through a heat exchanger prior to the pressure letdown.

[00102] Two or more polymer-containing product streams of the process
may be blended upstream of or in the separators. When product streams are

brought directly to the separators for blending, the separators advantageously



-81 - honobgeneous supercritical process may provide for both high
crystallinity/high nelting point and |ow crystallinity/low nelting point

pol ymer s Whbi@edoqu!l i Ng. It al so generates the pol ynmer Pg[rﬁﬁ%o%;apggpent s in
a dissolved state in the polynerization systemallow ng direct blending

wi thout the need for a dissolution step.-77hese attributes make it a
particul arly advantageous pol yneri zation process for the in-line blending
processes discl osed herein. Notw thstanding, any conbi nati on of

pol yner i zatyzq@ wﬁﬁﬁiﬁg%%e?&eﬁ %ix’ﬁg% %&Jﬁb@?ﬂ?&R@léé’%b’héﬁhﬁy%eS&iﬁ%@ggaogfagt be

deployed in the in-line bl ending ocesses di scl ose erern as

| east one dhe poiymericicompanentssodiry blepdedvstroas NOWhER THLST RRILY Prbddat | on
system Honbgeneous operation is ensured by operating above the solid-fluid

phase tran$ireams aseiblendedonpsireage ofi the separatoosystatichanxdr® mvida beanptivmiallyower
than 1 MPa,_ or n%# bI wer fhan.0.1 MPa, or BOt | ower than 0.01 M Pa_bel ow
the cloud pBIRIOYEH befyecen, Xing: pojAt apd the, dovensireamrsepasatos te rfacilisateys e

in the ban r ' | be an | efinic
conpounds. esnPISAA: bEind GRS HCBRAJNERTHICT RIS i B1€hr BiFoup
may be unspbsdudt itRdn aubehitdEreIMOBE I sERritoRs,| #NaldbvOvaRkeomBY ! C
group(s) and nay be part of an open chain or a non-aromatic ring.

Exenpl ary, alsot b deployeitdavenstigast iofithe noiximie paimhaearid thetlarenedrryingehe or
branched ol efins and thei ‘r@blc@gﬁis, such_as et hyl ene, propyl ene, butenes,
pent enes, ﬁ8§‘é’r‘l‘é§f StEeamendbe dspiyrsnt obn pressuregietdaner vabiedeastream of
non- conj ug . ghi I r.Qqar e. and the.l.i ke, Exe ary,
N SO OB Mn ! R e S B ing R AR R S

di | uent s/ sebmiﬁrsﬂfdaﬁﬁﬂédsha{ ista8owathRl dlbtd %oﬁﬂ?t}ﬁ{soﬂﬁruﬁ}é%rﬂﬁah Ypghand
their bl ends, such as butanes, pentanes, hexanes, heptares, octarnes,

tol uene, xphasessheforecflujikfuih phasey sépanstianbegihbuor (Saptoeiding a high-shear
hydr of | uor ocay bons, etc. = WO 2008/ 109094PCT/ US2008/ 002899 - 82 - content,
i ncl udi ng Mél%ﬂéﬁé‘?%§ thag are girgpdy im the fyid-fluid myofphase zoneatitlyes point
systen(s), -Lonal wgcavenger (.s) and .pol ri c pr cts, {s in a
homgenepugpﬁlgﬁ ; mﬁéﬁ\?gﬂ{’éﬁéé’ﬁgﬂ)}gi“ﬁggg%rpﬁgraep%ﬁﬁé’ﬁ@cﬁaéh?erpﬁy Sfate.
I'n certai npRybost BeAdditiohlct@RWh VaPS insdhe of 8 Ramh Rfied pgi directed

af orenenti onéd process nmay be set such that tﬁe Feactor contents AFrecsn
their supetathet mixihgfpointd FThedecadditionaldletddwgealisds)may be depl@fed fwsmageneous

supercritical fluid state.
the pressure letdown process and/or to bring the streams to be mixed to a
common intermediate pressure that is lower than the corresponding upstream
(e.g., reactor) pressure but higher than the downstream separator pressure. Such
pressure staging may afford advantages in heat exchange (by, for example,
allowing heat exchange at lower pressure and thus at lower cost) or in mixing

efficiency (see above).

[00103] The monomer recycle process of the present disclosure offers an
improved, lower-cost separation-recycle method in which the monomers from
" one or more effluents of the first group of reactor trains (G/) of the in-line fluid
phase polymer blending process are partially recovered by phase separation in
the form of olefin-enriched streams. The said partially recovered monomers are
directly recycled to the said first group of reactor trains (G/). The one or more

polymer-enriched reduced effluent streams originated from the first group of



[00116] The upper Iimt for tenperature is determ ned by the product
properties that are strongly influenced by the reaction tenperature (for an

exanpl e, ). Since often polyners with higher ppla&YWRH0NEs INts
and/ or hi\gﬁé})@#e %9igng poi nts are desired, high polynerization tenperatures

(>250 C) are generally not advantageous..7gncreased tenperatures can al so
degrade nost known catal ytic systens, providing another reason for avoiding
excessive polynerization tenperatures. At the current state of the art of

ol yneri zat L [ ' t ; - ot
Fecommended g SR 1P At %%Pybﬁmgﬂé’%%ﬁﬁls?%@éig@%?%? ?fﬁwnttsmmsat ure
limts of @efitst G Hha D) lovQiseaf Radthe ranls of Ml
transiti onmcﬂogldi tlisgﬁ(?lgi nr?egﬁﬁirﬁ%gmnear t he sozlu%tg{af I uisd phaésjglqtl@gﬁig‘?i{ii on
| i ne | eads phasé polymer beadintgptocessasThe volumeandpeympaosition o6thd ngdmdrhan 5

C below the solid-fluid phase transition are advantageous, not higher than
10 C bel owequFéA s15¢31aS Feqavergshatier mixingithe shflugnts pA G and &2 gﬂnabl&/agwa ous.

00117] The rolim of ..reaction tenperatyre are termned t he
Eiesi r e]d po!ﬂyongg dﬁ%%e&f%’f@%?“?@%%?’ Weﬁoﬂbﬁ@rgﬁeuﬁn{sﬁfgﬁeﬁﬁé%@o“p
crystal |'i nigfyreadtdr 'iteﬁﬁ'@(G'H"aﬁHLﬂrérse’(‘@h&?:tthzftft%yQ{Ane&@%ﬁlefﬁ?{}@ Gconltr  FOr
honogeneous pol yneri zation” processes, the [owe Imts reaction
t enper at ur @rauge of seadtet arainge@Dy witlkowtobuildinguial pkesss invansoryi 0R the
tenperature. Running the reactors below the solid-fluid ghase transition

t enper at ur ENYAOMERS eRIMBIQLEO Hokh (the fitsy (GHAdand sepanda(G3) group| afnecadter t o

i . ' 008/ 109094PCT/ US2008/ Q02899 - 83 -
fouling. F {alﬁsheﬁﬁgdt%%tﬂrgges%]ces o¥‘91e2 present 1Osclosure com ?net ¢ advantages of

solution blending of resin components without the need for costly separation and
recovery of individual, pure monomer streams before their recycle to the
polymerization reactors. The main advantage of the novel recycle processes
disclosed herein is that they balance the monomer flows of an in-line polymer
blending process and thus enable monomer recycle without the application of
costly cryogenic monomer separations. Instead of the expensive separation of
individual monomer streams, the processes disclosed herein employ phase

separators that cost less to install, maintain, and operate.

[00104] In essence, the monomer recycle methods for use with fluid phase
in-line polymer blending processes disclosed herein comprise a polymerization
section and one or more monomer-polymer separator vessels, one of which
combines all polymer-containing effluent streams of G/ and G2 and serves both
as polymer-polymer blender and polymer-monomer separator, called the
separator-blending vessel, or separator-blender.  The separation vessels
sometimes are also referred to high-pressure separators. As mentioned above,
the separator-blender serves as both a separator and as a blender for the reactor
effluents of the two or more parallel reactor trains in the reactor bank comprising
G and G2. Although any and all combinations of reactor operation modes may

be included in the monomer recycle methods for use with fluid phase in-line



hi ghly crystalline pol ypropyl enes (nelting peak tenperatures >150 C) in

bul k honbgeneous supercritical polynerization processes, the m ninum
operatin IREH re is about 95-100 C. In the producti mel ting
copol ym%?gsuc 0%5)2 et hyl ene- propyl ene and et hyl ene- hexgﬁg{@g%olgg}é\%%%er S,
significantly | ower reactor tenperatures,74e.g9., 90 C or even |ower (80 or
70, or 60, or 50, or 40 C, may be readily used w thout fouling. The
application of certain inert solvents nay further reduce the m ni num
operation t eatBlésdif ldi rat:| ﬁ&ig OLLg S
di scussed earlier, the gu%?te%%t@?éil&%?;éiiﬁ%%ngf@il%\g‘{ratvaso etrll S\Lﬁaellﬁs% F‘Jgﬁds to
limt the pmsdofttheoteactdratrainsi gheratesdimfd donidpenesis ifidd Ppledset SR ahSTLT €.
It also increases production cost due to the need for sol vent handling.

[ 00118] The ddvantagspus onben llireaciors pperateiria tie hemogengnerfluidt phases fat ens

are differ critical val.ues of re.c onents, and_t.hus
super I(:ri ti %gbnélélg&a{'{lgﬁgogqslst §Wbélr'°&tjyu ,rggsqng‘l;\equl%gﬁomeeppgg (;ty41duphase

t enper at ur mBHEZSi RO RYICRNEs & O, 92 G for, .
propyl ene) ‘bg’ié possi bl e anﬁ Sf' sgﬁlgscg]ﬁdg%&gﬁ&pA é’?{‘i(rgh%lll 9'9 l?1 r-sgmlroﬂhous
and anor phgedymeatieatierssareipafticwlutlveldvam@geeisit s may be produced wit hout
fouling even below the critical tenperature of the reactor blends, i.e., at

tenperatures that correspond to the condensed liquid state of the
pol yneri za in the reactor. In these instances, the operation

i t .
t enper at ur ibmz g BVF‘PHQH’_SEHGFXCISOFW@QQS e Up@ aith oﬂuhﬁll phage indiget hus
the react O'i)oﬂgﬁélat)féldﬁi% WiRlosed I?Jr%ﬁnoff&f {géﬁ‘lj??%@ @%gg{aﬁag%%géfag'gé ﬁg Prios

conditions. I'n sone I nstances, such opera

achi eve hi ght meklesds of reeydie MONomad. t % bOYhOR! bf ftlllé)\gdggﬁtdgﬁé%@tg}

particularly in the manufacture of copolyners, such as pro & et hyFene

or et hyl en®anoghes resyelei prosespobplye preseht disetosareindludephtyarer sot [TRusd
react or operations .under conditions at which the polyneric products are

di ssol ved {‘%‘Fg‘%ﬁnaﬁ%ﬁtaloﬂnw%ﬁm qostriy prvesiing the ineed| foquirefrigesated al so

k b [ on..Bq i zat | | so_di s¢l osed . heregin.

2008/ 10500 SBPPBCsATyBILUETErss Foa ik Bhcrafind bl B heiag e Tesl for

HonogeneoustiftyéuRieasentPok ¥t Atedaith %er&%@% ?]@ﬂri Lhifed %%(H&Hef §%%£Qti§ ocess
I | ul as -enper a

tenperature should be above the solid-flu transition ure of

t he pol ynmetowesst andiredudeddumdintehymer casts idas te)ysroeessadinipliityeati QHdRIRSSUr e,
or at Ieash{ez C.(ﬂb ve the solid-fluid phase transition tenperature of the
pol yrer - colteaflHid Phaseiig-linn pebymer tilending spresesst offers osecoomqreeefuhe, or

t | t 5 t: id i h .t it t t f th
o et S B S A4 Uk PR B GLb  io
| east 10 Chedaeyendibebeqiuise ofintbdciRaisvd] rrﬁ&?ﬁ%ﬁgtﬁ]e%n(ﬁgcdﬁggéﬁﬁen%, ib@?gm%

pol ymer-contai ning fluid polynerization syste or’p

anot her entestiofenanufhbieire beyamse afgavingspfroneacoit enges BiHY R psdudsifeghesabove
t he cl oud %gi nt of the single-phase fluid polynerization system ag t he

reactor pr¥¥eeiated gyith conyentipnadl gbbline thlendinguprassisses thatt $tertf dihd the

| i i t.t t | till th nbodi t,
Phe” pol yrercrdReNopmuBl Lot SR Bha Bolener Blepd aeanmensntsiand: keoases of or
bet 5 : H ' 70 d 250 C
ot ween 50 Sreas¢ 8d gmBlichFlortithdile Byt it sulba RS hadcedPEedtfiey s 5 o

40, or 50,dusertosthe presétite aff subStantial houdts 85moAoONIR9 an@ rog%i%ﬂallg sofvntd:
Exenpl ary up erb&(l)_llynerlzatlon tenperature limts are 350, or 250, or 240,

or 230, orln2% dng) stepy Baobildy afadjusting ddendratize andr thebefote 1b[l;€tﬁIL20] In
certain e'B’r88éHFe9t Sin-lﬂl%l;yﬁ%&fb%ﬁﬁll °h Iascij1|i)s(%1rrfg()rprpggu::tri]orii 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 blended products in the same plant; reduced process



supercritical polymerization system In such enbodi nents, the reaction
tenperature is above the critical tenperature of the polynerization system
In some %9%817{113?69§ some or all reactors operate at hopgpgRISAYH02899
supercritical polynerization conditions. Said honbgeneous supercritical

pol ynmeri zations of the in-line blending msecesses di scl osed herein may be
carried out at the follow ng tenperatures. In one enbodi nent, the
tenperature is above the solid-fluid phase transition tenperature of the

pol ymer - conggat By RAiliAing Wole ) j eSS a

oaet 5 G e o e b D SBE R BTl bl . s
- transi ti conmeembodimers,ofor predys ! bufforimott Alow bettéd ¢orrolFBlémDratRdi um at
the reactor pressure, or at |east 10 C above the solid-fluid phase
transformation point of the polyner-containing fluid reaction nmedium at the
reactor pregsuren:ln.angther enbodi he. 1€ (Rer at ur e I s .above the cloud
poi nt tenpeta R I, S TQCE R ST o | 3 Monomer Recucle Proeess; aact or
pressure, or abRy l.qu n . f J uid
reaction rrggpg?rgat tﬁerﬁ) éact o‘rarépplgggt}?eg lﬁ%ey%?%gg;gt% Egél%ﬁ%@d?ﬁréﬁﬁa,hoyhe

t enper at ur eBdch bftheenafplications3eqGired &l WiEseO baladce Betweed h¥aeiTineds and
250 C, or between 80 and 250 C. In one form the tenperature is above 50,
60, 70, 80 clapticitysand goughnes off theopolgmern heallpepolymers wonddt kerpastamsr e i s
bel ow 350, or 200 C. In _another form _ the cl|oud

250 40, 2 220, 210,
poi nt terrpé?i?fﬁfiéoi@eéggﬁ?éeqt@eéﬁﬁgr@cht‘?%mm?’énﬁmea‘?{]m? prethags enabling

pol yneri zaty d o n 60 and 250 C

bet ween 70tﬂer1ﬁgu°§égﬂ%{mgrm @5’%2’% g%’@% §Eg1(gVIdl?l§f é\gg’ néq{o‘fq{gpoqg&% rrthl"?e

cl oud poi ntabil@yneradjust ¢hé StiFRECeIaticiBRtouvthne$ObaliRee SP 120
C In still yetmlan.o_% her forlrn th% cll(g% OpC)gl(Plrrllte tearrpe(?eat upgg)i%gefbrﬂesmvgcge&
250, 240, Zgotheabilitp 10, meet @On&dsPof wnkroadatange ofr glitatiohandotigaveous
Fl uid Phase Pol ri zati,gﬂS' [0?%21] The paxj mum reactor pressure may be
det er ni ned S¥§2 Qteptighehpelyolefinicin deliveringedasired erformanee abpedusedng

The pr oductrsth Hiie MibMel et Yo RmRst bilamrEind) B SUEbELES kbrdewebeser
by the des Eﬁ(ﬂéctﬂﬁ@@%&tlﬁéo@ﬁbﬂﬁgem; llé%hcl%%g’iﬂ)é Heik aéon‘i‘ﬁésﬂﬁ&n((l}/.w xﬁmnEE' t

flowrate (MFR) (see, for exanpl
copolymers), stereoregularity, molecular weight, etc. The stiffness-elasticity-

-

toughness may also be readily shifted by making blends of polymers or by
producing composites. The in-line blending processes disclosed herein relate to

making polymer blends.

~ [00107] Disclosed herein are advantageous monomer recycle processes for
use with direct in-line polymer blend production in an integrated multi-reactor
polymerization wherein the blending step is achieved downstream of the reactors
in a separator-blending vessel (also referred to as the high-pressure separator).
The production of polymer blends in the polymerization plant is facilitated when
the polymer blend components are dissolved in the polymerization system since
the small-molecule component(s), such as monomer(s) and optional
solvent(s)/diluent(s) of the polymerization system reduce(s) viscosity thus
allowing molecular level blending in a low shear process. Hence, using the

reactor effluents wherein the polymer blending components are present in a



[ 00122] Reduci ng process pressures in honbgeneous polymerizations nay | ead
to phase separation creating a polyner-rich and a polyner-lean fluid phase.

In well -s\g,brzﬁ&(/img@?ctors, where mass transport is suffi¢i-@rishos/abago due to
: o

efficient mxin the two phases, product qualities nmay not be inpacted
by such fluid- WO 2008/ 109094PCT/ US2008/7602899 - 86 - fluid phase
separation. Therefore, polynerization process conditions under which there
is a polyner-rich and a pol yner-1 ean phase are provided herein as |ong as

o P Saaa b R i p  ABRgne 0 EATBHA bGHind B
[ ancior | Tha aalpmerisationoraaniqroondvaragéously asaj nbe €o8 ahe | RoffeRRtbA
wei ght and/s%rpefcgﬂﬁ:%f ip';(i)coerslg,lthg isgi[urtiio?lulgrioggsss' type, or a combination thereof in order
to provide the precursor polymer for blending in a fluid state in the direct reactor
effluents suitable for the in-line blending process. 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. The in-line blending processes disclosed herein can
also utilize certain other polymerization reactors making in-line blend
components, for example, in the form of a slurry, wherein the polymers form
solid pellets in a dense fluid polymerization system. When some of the in-line
polymer blending components are made in slurry reactor trains, 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. For
embodiments, in which excess monomers need to be taken out from the slurry
reactor effluents, the recovery of the desired fraction of the monomer can simply
be performed by filtration or by gravimetric separation of the monomer and the
polymer-enriched fraction prior to the polymer dissolution step. In general,
however, because of the added processing and investment costs of such slurry

reactor operations, homogeneous polymerization processes, such as

homogeneous supercritical or solution polymerization, are typically cost-



[00123] Exenpl ary, but not limting, process pressures, are between 1 Ma
(0.15 kpsi) to 1500 MPa (217 kpsi), and nore particularly between 1 and 500

MPa (0. 1?)%93?"7‘@9@4“5') Advant ageously, the process pﬁ)‘é%ﬁ%&ﬁ)s}ﬁz ?@t ween 5

and 100 and 14,500 psi) In one enbodinent, the polymerization
process pressure should be no | ower thansyhe solid-fluid phase transition
pressure of the polyner-containing fluid polymerization systemat the
reactor tenperature. |In another enbodi nent, the polynerization process

ar .no
o ver  han s eAUpd e AHES dvaRiRol ot oGy ' BYPIn i v AR nBhARR:
the fluid ponypmentati on systemat the reactor tenperature and | ess than

1500 MPa. In still another enbodi nent, the polynerization process pressure
shoul d be between 5 and 500 MPa, or between 10 and 500 MPa, or between 10

b 10 and 100, MPa

Exenl ary. NBRE0BEY &S reserifid bethre. in cestain gmbsdimans Qigheri: s bisnding7s,

ess e IMmIUS are

T500. 1000785540 Tor uSETRS ¥ Ththombr FRCH HréRRS I BSsak herpin Song ot
29, and 14 nﬁoﬂepsneactbes@maémelsxaean{sOOé&ﬁilhmgCEfHea' dis§3I0ed !}irﬁer blend

polynerization is perfornmed in a supercritical polyneri zat system
such embodicasponentstare fed te indeppndertiseparators lve separation vessetalalsd @efEﬁ@dS U re

of the pol ITEI‘I zation s I n some enbodi nents, sone or all reactors
oper at epat q’l&ﬁﬁ%%éﬁ@éhé’&hcpﬁeﬁ‘tfﬁl sepgyatarsper (roup APsepansoes) 8r00aago |

high-pressure separators, or G/ separators, or G/ high-pressure separators)
upstream of the separator-blending vessel for separation of a polymer—eﬂriched
stream from some fraction of the monomer and the optional solvent/diluent
content of the said streams. Such single-stream (G/) high-pressure separators
deployed upstream of the separator-blending vessel in essence afford a partial
recovery of one or more monomers and the optional solvents present in the
effluents of the first group of reactor trains (G/) thus allowing their recovery and
recycle before being mixed with monomers and optional solvents used in the
reactor trains of the second group of reactor trains (G2). Such processes may be
advantageous by elifninating the need for cryogenically separating mixed
monomer and optional solvent streams before recycling them to the appropriate
reactor trains of G2. The polymer-enriched streams from each of these single-
stream (G) separators are blended in one of the high-pressure separator vessels
that serves both as a polymer-monomer separator and as a polymer-polymer
blender (separator-blending vessel). In this embodiment, the operation
conditions of the single-stream (G/) separator(s) upstream of the separator-
blending vessel may be adjusted to yield polymer-enriched stream(s) that still
contain(s) enough low molecular weight component(s), such as monomer(s) and
optional inert solvent(s) to keep the viscosity of these streams much below that
of the essentially pure molten polymer(s) thus facilitating the mixing of the

blending polymer components in the separator-blender. Optionally, the G/



- 87 - polynerization conditions. Said honbgeneous supercritical

pol yneri zations of the in-line blending processes disclosed herein nay be
carried qpbzgknbgg4follomﬁng pressures. The supercriti calrRRbYHRLIsESL 1 ON
process of the in-line blending processes disclosed herein may be carried
out at the follow ng pressures. In one enigaedi nent, the pressure is no | ower
than the crystallization phase transition pressure of the

pol ymer-containing fluid reaction nmediumat the reactor tenperature or no

| ower than aMtaer(e¥! ihbe Hgng ' b h (e NN s [ [ t he
reactor t err%%r at ur(e).e fleﬁalggogﬁlerg enbgaéimr%gﬁ{h,n %t ﬁ%gsgyég%?%gé sﬁggg\%geﬁgﬁg} and
500 MPa, orvésselgeafafilingdan3atprbPed controbofeke bléhdndio?BP dispenSatikeirpeen
10 and 100 MPa, or between 20 and 250 MPa. In one form the pressure is
above 10, 2fie sspalbdugpacvitable fhickeatians:im thehproduetiemiof the ihdividual 58din&00,

300, 250, ar._100 A . ot her for t he cl qud poLnt pressure is

bet ween 1 éﬁg“%@”}vﬁ&?n r Fﬂlﬁnﬁﬁ ‘iapé]ﬁlfyégaéh?\?lﬁa‘fesﬁéisb% mgym@gme or
between 1 anqwelR tHe Mﬁﬁﬁ 0 h or he cl oud
poi nt pressure ?léq 2%0\??%&, , “?0?@8%%&%%‘% I@pﬁhu%e{evg%t(ﬁeﬁlef orm
the cloud pepatated poBmicr-érridheddowbPhase00, 300, 250, 200, or 100 MPa.
Total Mononer Conversion for Honobgeneous Fluid Phase Pol ynerizations:

[ 00125] I ncreasing the conversion of the total nonomer feed in a single-pass
reactor bank can reduce

intheindi&bg@gt re%(gor trains of the parallel r, re

the nonomed | e PRPYeYst B8N ducascadre of sriesfreastoninder the jailine

| ncreasi ng r ratl i.e.. the ratio of .recycl ed/{otal
nononer feeg ﬁoHEhoetir §§l§@e§§, rea?%fﬁi%m?cém?%e 'F?](é)’ﬁ?‘irﬁfelérﬂoy t‘?reth(?'f

| ar ger nonaAgividwl] WodpdiRintd! B tthe Yol ' g |

production cost. Ther e? oyg, hi gheﬁJ ﬁ%ﬁ%%?@%g%gﬁ%@?@ 2’??%?%“61
ratios) of weactprsoviSieh tireci iperal pdoduamivgs sayc b8 oademtaddowshe achiePedune

hi gh pol ynmer cont.ent in the polynerization system particularly in
honogeneouPOBIN§HERtUL Presesssssthahoperateliaa homageneossdense fJuidihake, i.e.
correspondi ke . or m xing, heat_transfer, and downstream

pr oduct haﬁggél%éﬂ%lﬁ?n?ggp{i%%%}%trr?Bﬁ%‘r?é‘rh%tﬁveT}%‘? gyenHon RIprgaschasatdeast gg .
has practi oak e@fitet | @4in ItHad Vi Scasi t =hal v s and
thus the practical convgr Si onS(?pierTn&t%g ?:Ign e%ﬁ%&%eggg%&%sh@ab?’@?%ndard
engi neer i nolpnbidatidm processest that ayperdtd! ink Miomogenoly idens&R Ui PHase Bisé-

Wl f, J. Rheﬁl . .47 (2003) 869). Single-pass conversions also depend on
operat i ng EBRES (Nhsokisat(s) eaupenemeHs) tordbeirfuixturesnad e, sdlvéat/diluenova how

i ncreasing hon reduces th ol r mol ecul ar,_ wei ght. Therefore
nmononer coﬁ}\?/eg?\s{ﬁé'z& r%ys%eggltb%al csgﬂ%t r ﬁ%&ﬂ’ sYch parallel; reactors joperate skithhe
mol ecul ar i i2dtidnhe d; N [ j . ctor train.
Exenpl ary, Y?gu}?mnrtl)t 1I im ﬁlﬁg’@ ;[ngt a Pm)noo r g’lu%g eé@gasgig\ég%ht\glcga?séro% tg?lé
bel ow 90% liquidestate.t ilnWath | the bapererfH and Kauid! opBaGoP Mbd&sU ke ?)YO&?E ow
60% Total nononer conversion is defined as the weight of pol ymer nade in a
react or or May be adudk polymerizatinn prragss ppetatingomith dess than gt wo % ronteser s

d ' he feed it t t train. It should b
inder ot o0d TR Whi%Feoh RSH theh 20 Sofbo R essahum 1Bt &r drsSchan it S 0By
duct vi i ty, L v L i .of
product vi e bkt YsoruRle REQPSP! ! FERTSS il SRNCLSIONOLnFOT™

hi ghly reactive nonorter conponents preséent Tn sd

be hi gher edsentigiyifrdeoflessxihan! lewt %y ofiiﬂ&h%om@s.Cm%ﬁé%n%b&fne%%%\"tﬁ@e in
ethylene-prppﬁgene or in ethylene-higher olefin feed bl ends may be nearly
conpl et e (displosed hpragesnothe aeactoss dipsratesat tdkehomdglAd@s Anperiiticahed

above, - anoLfeiibRE hhas been af3dsDd in U8 PARAE Adplication Nos. 11/433.889 and

11/177,004, herein incorporated by reference in their entirety.

[00110] In another embodiment of in-line blending process for use with the

monomer recycle process disclosed herein, optionally one or more reactor trains



conversion is the MVMdecreasing effect of conversion (see FIG 4).
Therefore, the production of polynmer blend conponents with high MNrequires
the nodergpi, &/1{3 gofoNONMEr conversion in a single pass b?&?ﬁ%z@gﬁ){ns; what
viscosity and other practical operation considerations wou Ictate.

Hence, for the production of blend conpaments with high nol ecul ar wei ght
(particularly those with higher than >200 kg/ nol wei ght -averaged nol ecul ar
wei ght -Mn), the total nononer conversion may need to be bel ow 30% Again,

t he conver sj fat SRt t i N, A JmRaner. . bl end
may be hi g?\dr,atgn% my“&/’g’gﬁﬁ‘%ﬁ@%&d@ﬂ’%&m%ﬂgﬁbﬁ %ng)gugé[ﬁ?’g? /Té%‘ggﬁlaé)oZBQQ
- 89 - [ 00liaéh Sodveit (8dItiDAT06ER3WhéereOthel pbly AR iRl RAd i C8hthRRGhefeS

di scl osed herein may be adjusted by the conbination of catalyst

concent r at ithan oYl wbt%l sdleent, ftiypicatlyt mor@hthaho6@l wt Sédsolatnt)das diasi beesh t he
aver age res(iigénce ti r%gﬁ_l n a. back-m xed reactor equal to the reactor volune

di vi ded by 9ipglosesd an uhublicatian No.r WMQ 2906/044 149, | hesgin incpsporated: by

[ ' t .l id Lt by i ' th
catal yet _cduetefe Bk SR 1n S¥EmdrhE PRESTimedl op¥ pe MRS (e seaciors
concent  at RBIB Sk iotcklort SperatOth (B HOMGRIBEAShELHER' de

productivity thus requiring higher ence tines,” and ultimte

react or andindharse bf ghere éfithesteaetors dmdudédin thebaskref REAGERT op¥rauit fhen
capacity. The optimum bal ance bet ween residence tinme/reactor vol unmes and

catal yst cSRBEHNY state hcombingtioncafesolitien prpcessaanthhamoggneews seperostibalds

known in the art. A wésge;]éat@gelof.%ﬁol ég&r bl end conponent s be. prooduced
in the readt8r&SdrFadPEYe AL IR apd hampgensops sHRercriticak pelymgrizationom 1
ec to 120 4n i OfE . - M . rLi fromb5
Sec 1o 30 MialessBbfdvile BolymersOsdolEe ih & Hiid"udle, WNERACLABILA RN O |

nore parti dovatstieafir dmrlihenblending3 @fnpslyniets.y eBottn@ohftiord ahth Rémbpenddus! i ne
bl endi ng process enbodi ments di scl osed herein, the residence tine in the

reactors disyperssidigahpobymerizatiase preeasseshpnoviding polymers ithanhéfpgemedusss
t han 30, or , or less than 5, or less than 1

R th 0, | .th 0
m nut e(s). qlﬁg%’%fl’ﬁ%éi‘t B?rrlfo’éﬁ%idl'i‘ r?gﬂf']i(, monemes phase ysing essentially Rurss t he

i nvention T bt ugl y .at
vent | on BRRFASHEPR &iSeft o A6k e HolFRBE ) BATROARLER ARSRIRINE
condi ti ons byTé@pl@ahgenc téri RBEenl ih NubStaReiaF 'cohtGttatRMsYAR!,| 60O or
reactors, particularly in the bul k honbgeneous supercritical reactors

di scl osed Hmore).n Ehe sglutéomalprgcdssvprovideanforhe podameeoortaining diquid sphasti on,
gas phase, ﬁﬁd sl ur %rgr cesses, dﬁe to the high reaction rates achieved at
the condi t CYRET Bran Hl %Fﬁ@?@r?ftlpé_ F epranfiatlyincat monosieade theis mixfre in

bl endi ng prtl?éi?siﬁﬁﬁddétﬁ&l. OSfik t}l%rn%é]sn%gﬁg yélﬂ)%rémkéél process provides for the

polymeric fluid state by dissolving the polymeric product either in an inert

solvent or in the essentially neat monomer or in their mixture in their

supercritical state.

[00111] 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 of
polymers. It also makes the independent control of reaction temperature and
pressure easier thus enhancing the control of the polymerization processes

yielding the individual in-line polymer blend components.'



WO 2008/ 109094PCT/ 1352008/ 002899 - 90 - honpgeneous supercritical
pol yneri zati on often choose residence tines between 1 and 60 mn, and nore

articul n 1 and 30 mn. [00129] The pol yneri zairRR,§RAGI9s S Of
Fhe nnnorar‘e&@é?@?tyc g process for fluid phase in-line polynmer 6‘fend£|8ng may be

grouped into reactor(s) making a single.gbendi ng conponent, called the
reactor train. The reactors of the parallel reactor trains producing all
t he pol yner bl end conponents are referred to as reactor bank. The reactors

in the indipgy trag ' ' f ' sef ul
For maki ng oolyRbrs (For atent RpplEsfit N3, T80 Ba 11/ PO BReIRE cee
React or Teahnflexible bliofogendousypolyniditzatiofy Plagesh a fof Bl YHBﬁlogéheO\ﬁnd
Eng., Vol. 14, HF. Mark et al., Eds., WIley, New York, 1988, and JBP

Soar es, LCs8peshitical prepylane medxmetizadoy mrocers a@lsconefermgidneeheredn 5. thvbyer
const r uot od SURECTHAET REdreR Dol B TSN SHESTCTRGabpIIRYATS BABTASCARieD. and
Cont 1 oo A e S ST S BT, e
Feactors may bert Troront &P HEHIEEREOLS sOpASHELAN phlsmetitdtion BRceLe S
are direct [hheppelydwat, ist ineadmmbgeneoushyt dissolvednstatehin Wed vemitér and in the

roductivity na ternine the reactor sizes required for the production of
Ito he i ndivi &éﬂto‘){) F{pmsema 1ngthereaatar effluest guitahle foradirect dewnstaeanngl e

| ant . e several pol yner bl ends wi.th different polyper
Eoﬁgongﬁ%/sggeﬁ@#gg g\gée{?l&na p?%?ﬁggo 5?‘:0 YICEhE P’a?t PB&m@ﬁ;}’éagl%ﬁ?I‘?, _ﬂ?f“péf’gﬁl el
reactor bapkligizdd Qrl SaldiBrheactoss mberl! WisiRalion! X&3, 214438801 ghga
flexi ble and thus nore cost effective configuration for the production of
di fferent pdllyfei0bhbsodeactadest. thesmperritival pobanézation Efﬁt%szﬂpyoﬂées an

determ ned fromthe conbination of the conposition of the target polyner

bl ends anda@Ygntageous means to the so-called solution processes in its ability to produce
highly crystalline, high molecular weight (i.e. low melt-flow rate) isotactic
propylene homopolymers.  Unlike gas phase and slurry polymerization
processes, the supercritical process may also produce ethylene-propylene
copolymers and propylene homopolymers 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.

[00113] Advantageous polymer blends are often composed of a blend of (a)
highly crystalline component(s) and (a) low crystallinity component(s). In
particular, solution polymerization processes may provide for low crystallinity
products because the polymer is present in solution in the reactor, and therefore
cannot foul it. However, the solution process has limitations in producing highly
crystalline, high molecular weight products with higher melting point. One
particularly relevant limitation of the solution process is that it typically cannot
produce high MW products that also have high melting point, and if it could,

such products tend to crystallize in the reactor and cause fouling. In contrast, the



- 91 - volunetric reactor productivity data using optim zation nethods
known in the art of chem cal engineering. [00131]1In conmercial practice,

reactor RLEdHs Yoy tends to vary to some degree, whi gbhrigddidlobhed®y | ead
to the corresponding level of variability in polyner bl en;ilr ratios. In one

enbodi ment, buffer tanks nmay be added tosgihe process downstream of the
reactors conprising the bank of parallel reactors, but before the polyner
m xi ng or bl ending point to conpensate for the fluctuations of the

vol umet ri ¢ Hynaekknlelbmt bl i I f ' L.ndi v dua
bl end conponents. '?Egtsgﬂﬁarelrﬁ%tﬁ Q fgt%gr%&{ %fn%@o@%@?ﬁgg@hﬁgéihct??’%tﬁgfmb'zﬁ’tg:hoI of
the final pneltingtpdiheand 16y drostpliiityZiows nidlang P pa?hleweﬁﬂﬁfut%ﬁiiﬂg.ms
and by allowi ng a nore independent metering of the polymer blend
conponent s It \whh ggnerates thel palymendilend tooaiponents irerd dissobtedr sthté rint the
buffer tank in it.s liquid state at, a ress%re bel ow its bubble point,

r

n t .
essenti al | ;Po{lmeg?ﬁtf% Votihe a@f’“f‘ﬂ% Ueelerblending; avithout| she engest for a
conpensat i : jffe S, 4 ndi.ng_and_producti on rates.
ovever  wnesopio" sith | TREREZatibiF BakR: 'S P Batink st ani
in its supeobymeétiggions tprbessr fom thd Sinllifi -at e e ve
Its bubbl ep gir nt ,1 thoga égnse liquid ?P lg%ég%ﬁl? c%ﬂl&??%%dmt’s?ﬁ%gatﬁ%égﬁti re
tank. In s dthetamding) anydeembimeatidiibf @olyrgedzativti pyocdssed op&ratingPRRht Y to
devi at e frgmthe i nstant, reactor flowrate, is nore limted and is

associ at ed Rt PRlNISSsIZtion syseErsMay berdenlexedain thedd-line bleodng pracesseak and
with the sj t utfqr tank.. tn the | er case, the process streans
may be dri ggsﬁl(%%daﬁegfgldagﬁoﬂéeaﬁsatr iea&i §pe FeagiQlofrainseOpeatasoWIthoa sy oi d
t he cost ohombdpkatdit gmﬁie \ 00 +. DOQst er, punps
may be al te(r)‘rT\ig)tgi vel ysn?gst alr?%gr(gltng?%%@f aﬁeﬁhaﬁq{q&?\lst e%%t‘r{%gé%s?%ggrel%ngg ease

t he pressuppenatingaband thaselidituidusfase itn@sithpeginy, ﬁvahf@eéﬁﬁk%t ¥Mhep no
booster pu %ﬁfe depl oyed, the pressure of the buffer tank should be | ower
t

than that @rgiot lgwer thagh&MPraer notalovair thare 0L MBa, dowrttiowem of

the bl endi §3,RPH{viPa \490%99%/ 0319)?1 %%I?C%Téfl%}?g%% ){rggrzlz%?t?on_ sygs%er;l.
[00114] The monomers for use in the bank of parallel reactors disclosed
herein may be any olefinic compounds containing at least one aliphatic double
bond. The olefin group may be unsubstituted or substituted by one or more
aliphatic or aromatic group(s) and may be part of an open chain or a non-
aromatic ring. Exemplary, but not limiting, olefins include alpha and internal
linear or branched olefins and their blends, such as ethylene, propylene, butenes,
pentenes, hexenes, heptenes, octenes, nonenes, decenes, styrenes, non-
conjugated dienes, cyclohexene, norbornene, and the like. 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.

[00115] The conditions in the polymerization reactors of the aforementioned

olefin polymerization process may be established such that the entire reactor



[ 00132] Apparently, while feasible, controlling this kind of buffer system
is difficult and it is not very efficient. Thus, in another enbodi nent,
when t he \!VBQPNS’/]?H(?LI reactor effluent is stored in the byffafo,i@Rlhshd 1ts
supercritical state or in its liquid state but at pressures above its
bubbl e point, the conditions in the buffgr. tanks may be set to achieve
fluid-fluid phase separation (separator-buffer tank operation). Buffering
in this node can be achieved by allowing the fluid | evel of the denser

POVLITE" 1 | EonARSHRUIAR: the 'MGABHARYT BROHEP hohl)foIfirdh AR g "Bilafsr

level s allowed for the desire separ _
mononer - i systemgs) ophianel scdvengert(beane palyheric Prbliectsy istirha HdnssERoaeNt 1 Ol
valve. One skilled in the art can see that this operation node iS anal ogous
to the opefld.oandadyaptageenslyatik & isingld hémbgendaugufldidoistate. cdmterting t he

pol ynmeric preduct and.a vapps. phase containi the nore volatile

conponent s $m§>8 gwggtsmow&ﬁé?l%aﬁh a&?%?ﬁrﬁ ébr} .g‘h? ﬁ%ﬂ?@%ﬁ?&?é MreEesaImaXgi e,
bhase |5 alpary suh AhECRETREAELmeRR fis i e shifblunht fiid el

Wi t hdr awn advanagooishygined singlonémokessbusaupereitidal Bdid statgTeki ng a const ant
bl end ratio, independent of the short-termfluctuations in the production

rati os of the individual blend conponents. A simlar anal ogy nmay be derived
for |iquidfJll.ed operations., The_polymer content, and thus the viscosity

I .
of the pol [A%ASIi ch1hgauBPer dinpit EQsnisraperatitgy s, dstrsmineddpyughe npraduet
t enper at ur n n I e. dipusting the pressure at, constant
te %er at u rlgr O?Ertf‘ﬁe fiegpgrregtsgrg-ﬁgfé'f f 'gﬂu%jlicﬁa( t}' hIen g?ﬁ‘ﬁt'émg KEBRFREHE, (fg’ﬁ ean
pol yrer - r i @tangple] YeOKRG. 9f. t 7 f @Lisht ) i W th
the direct, t:ﬁésepar at erolli e?? I uﬁfémrﬁ?%yﬁ?ﬁe%tgagg%%%trpg{eﬁg&gp@%@gsm of
t he separ aanst/on hightmenelting epointmtare edesireds Hile polyaiseizatibnt fegnpsliraeeés

react or eI;EI %8% as a supeﬂat ant and the in-line polynmer blend as the
bot t om phdS&@>01 )t ftes gpasrallyunelr adwentagerus: , loaecased tthmpergurest cars adser ves

as a separat, ilethe rest of the.separators serye as-, .

separ ator-(géé? %deér)gﬁ&i vé’rﬁ@é@%?,syftﬁglss@ﬁw D& 2pPUNSH dFajan LFnavRiding t o a
react or tredicessioki pulyesRRAbNY MRim LY AQNERN ih Gt

separ at or-btj:f?er. vﬁétss]gel s are V\Dlg%-g8 %%90%2%/ %@8@@/%%58@% ﬂ-le9%n-°f
connect ed palymieeizabompolpotpmetizatiors. Ehiperstundd guibalveon 33D °ows Jrbie pecovery

and recycle of a sji a}ni ficant portion of unm xed nmononer(s) w thout the need
for separ JEFOREENdsHh niRfother slurmyr polymerigatinn processssothei uppep demperataet i on

train. Thi r he. fl.ui d- phase.in-1ine bl endi ocess for inproved
nonomer relgnﬁ:t é)lpvﬁlyﬁlgglzalé%ﬁrg@ qm eé‘&?&rbyd eaﬁ&g%gf%ﬁ,nilﬁ%,trapﬁ@on

sub- headi r@ndVsRMSIncBRERAMIiISe PIEE i atj d t.Lh ElLuid Phase
I n-Li ne Polymer BI errllgi ng. " 1[%01%%] ?% gﬁ@?%“r{ae%o i ?r@h?luo%ﬁ ﬂﬂé lﬁragget ses

di scl osed fhelieg.n Fopohatreasom diirty \operations it adgiest than ShC peloweie fIend at
ratios offglpto 40 wt % or up to 30 wt % or up to 20 wt % or up to 10 w
% or up tiBd Rhass transiliamate adyantageopsoteichighen thany 10°€ belowutte solid-
propertiegy. .. | ary....out not limtin ol yner additives, include

speci al tyﬁlﬁld%ﬁg%séﬁ%f’%iaﬁ%pww arﬁ%?% =CQlixes, pol yal faol efi ns,
antioxidants, plasticizers, clarifiers, slip agents, flane retardants, heat
and uv stabilizers, antiblocking agents, fillers, reinforcing fibers,

anti stati 0@t} s, Thdrbwei ilimgitagsieaction RMpEarIeNire, déeainea ﬁ?eﬂ%&
tackifiers, organically nodified clays such as are avail able from Sout hern
d ay, anddgsisedrpelymeareprepertigs.ni nhowisov teroperpturet gendrieliy e favarre higheror e
pol ymer addi tiy.e. storage .t anks. cont ai ni iquid, nolten, or dissolved

pol yrer CSWES?'I!‘H{% %ﬂfg%?n@f)le&b‘g@ﬁ W\‘ié‘g‘%nd@r ge experic; se¢ HdGor Dk edius

di scl osedpLBg{d S) [ I r additive storage
tanks, it shoﬁege%lg P ﬁ@hgeg{r?eaﬁgé ﬂl}?gédglg?f tp Eéaggfgﬁﬁr%l ﬁe%ﬁorr‘ é%IBPfc'ﬁa re
previ ous| yrelsise debathihed by dhe sbRdavsidphase 'tx%ﬁ§i@i%ﬁ%h§>e§ﬁ9?é. aRUARINGARES | N
the sol vent recovery and recycle section of the procéss. For exanple, when
t he pol ynigacterst helove theoselid-flusd pghdser tradsitions tgepemturecef theopsactiog, t he
of f-1ine B{io&‘uced p?ql%ger additives may al so be advantageously dissol ved in
super cri t FTEEMHBABHY to aperation.problems, dpg dadopbRgofFemthepproghetiomedi t i ve
conponents may be used when the additive conponent is brought into its

nmolten state or when the additive conponent is a liquid at anbient
t enper at ures.




WO 2008/ 109094PCT/ US2008/ 002899 - 94 - [00134] The honpgeneous supercritical
pol yneri zati on and the sol ution pol ynerization processes are particularly

sui tabl e \R,Brzo&r/ﬁ%%,gi ng the product polyner in a dissol V?@des%og/oﬁfs% e. In

one particular enpbodi ment, the supercritical polynerization process is
performed. in the substantial absence of &a-inert solvent/diluent (bulk
honpbgeneous supercritical polymerization) and provides the product in a
di ssol ved supercritical state for the downstreamin-Iline

ation- i i gli ' .
;S)gloiﬁrer: zatl?gﬁﬁg?ﬂ%ﬁ%?ﬁnei I?ng g};ep ? %#ﬁ%ﬁ%bé%téﬁ@g@% |5al 5t:gt)lbs n'cneb% an
i nert sol vdmimogéneens s(dpekdriﬂinufopxﬂyﬁwuﬁaﬁpﬂep@b&sb&atheph@iﬂ)”ﬂlﬁﬁ?.og).erating
pol ynerization) and provides the product in a dissolved supercritical "state
for the doiRBYPEEHHIS is-abioyk 98U}t %t dmthg pmﬂungoprr(])d'deggr Vr:{ﬁdbgﬂgﬁb?'ﬁb'n:egg,glt N
t of I t_solyvents is general]y nqt re than oin the
Foeie o A e RS RERE et e cmier b
essenti al | | o] (2ol K€~ OF an , bu
hurry, - or o e e R e e Ot E b O T or R B3 or

m ni m zati dl ¥C), anhy bt readilyi Gsedewithodt FoulifeUdhe! HSplE@sHonObf Eﬁ@ﬁﬂei'hert
recycling. In these cases, the typical solvent concentration in the reactor

feed is of selvents owysurther yeduge thel miniftimtopegation teepratiide \off the feulimge! ow
elow 1l w % In one formdiscl osed

10 Wt % or. below 5 wt 9% or en } C _

Ee (rj ein, ’ L hdTSSoPRATaRPE LEEIBM é\?‘%‘@&ﬂgc%ﬁzﬁwg%&iﬁ {talaﬁrinzlgl?;mtllaz«)mr;sﬂtrﬁg.off .
rocar bor . A _

diyscl osed E@?@%ﬁ}%ﬁ%ﬁgﬁ%&%&ﬁﬁﬁt ?,ﬁf%‘i?céofﬂﬁ!{?c pEght o%@n e%])c

saturat ed adlfihgipeak ¥MHpREAGRONE A56 iﬁ&!@é&ﬁgSHg?k%gS?Sdrh@@Jtrh‘eégné@d f6r°

hexanes, or 1pentanesZ or butanes, and propa
solvent handling.

[00118] The critical temperature and pressure of the polymerization systems
are different from the critical values of pure components, and thus supercritical
operations at temperatures lower than the critical temperature of pure propylene
and C4 plus monomers (e.g., 92 °C for propylene) are possible and disclosed
herein.  Additionally, near-amorphous and amorphous materials with low
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 or ethylene-higher olefin or propylene-higher olefin 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.



- 95 - Mononer Recycle Process Configuration for Use with Fluid Phase
In-Line Polyner Blending: [00136]As previously described in Detailed
Descri pt i\?ﬂ’zo(ss}/‘l% Joyproved rmononer recycle process for ?§g/dg560§/05ﬁg9 fluid
phase in-l1ne po?yner bl endi ng may have different detailed process
configurations. For exanple, the nunber .@4. parallel reactor trains and
their configurations in the parallel reactor bank nmay be varied. Typically,
each reactor train serves to produce a single in-line blend conmponent. A

given trai 'I"g?{m&ﬁﬁ’atﬁﬁ‘f ?Eh@brdiﬁ&cf&eregeé%%ulmdsgtﬁoqg%%xsi%ga 4'§¥' §ng! ©
reactor, orf tWo or no [ X "ci al

pl ant desi §@0tt9ndpditet polyayeizakiont protessstepipetatife %dﬂlaiﬁyﬁﬁ&?@ﬁrs&fd-
reactors for a given train of the parallel reactor bank in order to nmake a
gi ven pol yfkid b phagecotrpositinn. Gmperaturg, obt ther epdligarericontainiriges fhddct or s
are utilized and.m%roﬁl gyarti cul not nore than three geries reactors are

ri
general |y BPPMerizeY S0 A the Jeagier pressHre, Thatlaatie} ofabavsi the solid-
conprisin lLer J:ned f] d.second (&2 Qup of reactor
trgF ns m?ﬂ%@? t %}faskhrfergﬁgl?gﬁr %érrﬁ l?‘%@é‘%i &&n)r_éﬁ?n 2 X’%’e&?"é’aiﬂm er of
reactors i polynterpitidnl §)stdrRafitRE readtbr ?Pé%ﬁfe? 0%t ®adt ¥ ' CHHTY RE s@ﬁg-
nunber, although for econom c reasons the nunber of reactors shoul e
mai nt ai nedflagd | phase ttansiten r etnpperdiee gsfadehs| Pclymiee-cohithinga P Fiid Y

al lows. The optipum nunbﬁ{g of parallel reactor trai ns (also referred to as
| egs or erﬂléE‘é%“Z@flof‘h@ akcastorppreRsurgagr ¢ loast elthi’Geabdye theasaolid-dluid

chem cal epgineer.| ot m zati.on t hods well known ipQ the art. Most
typically, E%%Jeg E%hgﬁ)er dglg i BRI hd gpﬁfyéﬁ?r's\?mfm’ﬁ%&eﬂfll&g YRgFigation
paral | el pglsysmRraZtd 9Eadt6RDr&sutd. 2l Il o hBg Lgact or
bank pr odu%: ng product bl eng)g v%iut% tﬁgaggtrﬁfgg%gﬁéqlﬁ{g&gh%ezrpoﬁf&lfﬁ-z?ti’%
pol yner bl pregessotepaperatuse shouldhbe eationdi e ndlsudfpditteof MRy Singte-pRENC Higid
nmet hods di scl osed herein, the reactor trains ofp the in-1ine blending
process arROlymgrizationsysisanat the reactorepressifrener2f°Cr ot myreabovt the abowat

trai (C R | ier-defined : f t trai &). At
| cast one Bt RS HEGR, OB FagtRa iR SRER A i 1R decidbanaher by ng
| east . .

2008 1090540 CeBgon) O anas" 2 g Pferes Tefblrantl shoulg be, hetregp 4 o

react or tr¥ithC,(dBibetwnen 40 andal30 D eoObdIRieeh SN 230 B NoSLARER 7@%@16
sai d secozzd%ﬁgoup of reactor trains é@). For exanple, and as descri bed

before, i & exbapyean8GanddsAekt , Ex¢mplayibewenpolyaraiationttempesature t he
reactor b < W one.pargll el .t.raip producing an olefin ho ol ymer
and t he sggﬁﬁ%aﬁ%}r@’l ?Iéw’t?rag?l’ %‘%2 ulf ﬁé, %B%I‘é‘f o ’ﬁerQmé”r’eer:Q(ghe :
ol efin comiemmlan)appen ﬁ@,{gl}_ ' h no. in,ghe olefin
honopol ynmer par aPIhePptrg? : %g%hoff&r%?ge%gé;#lmlp;#er%%@%rgﬂ’e széfgyorbe
enpl oyed 230 be2p0osh 210, @t 200, bPE902619ER0,RIrAFAC br PEENES SO requires.
Besides the in-line polyner blend conponents, the final polyner blends
often contain additives and nodifiers that are not produced wthin the sane
pol yner i zi{w@ﬂ? procegss. Therefore, it shoul d be understood that the nunber
of conpon It nl £ Porin  capbRdiments, neholpmeraatin il porfoemed ghier at han

the ”U”bteguﬁércfi’ﬁ%ﬁlt Oﬂol&ﬁ%}i’}ﬁti%' E?@teﬁl‘fanﬁ Qhichl Nahl ggirxqgrlltg,@Leblreeancgion

conponent s.
temperature is above the 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



[ 00137] As nentioned above, the fluid phase in-line blending processes for

use with the nononer recycle processes disclosed herein may al so optionally

i ncor por ol ynmers, and polyner additives that

out si de t gzr%es};@%()g? bat h of the processes discl osed her\gl%lriﬁlsﬁogﬂg%??onal

ot her pol yner and pol ynmer additive conponsents may first be transferred into

solution or nolten fluid state before being blended with the in-line

produced pol ynmer bl end conponents. These ot her pol yner and pol ynmer additive

conponent s timgiths HRp&dnird S B6IvATdidd L

liquid, nolten, or é?gsol ved pol ;Ere conpgxéﬁ{:t{gg%%?ﬂ)%?&y@r ﬁ%@?}"ﬁbié}g@'epri or

to being treadbe pressussdomat dsastl 100°C ebove preadolidR flal & pHASI theASKRMatioh

di ssolved in,a nmpnoner solvent common to the honopol ymerization and

copol yrer i Pinto theapalymesrcantaining fluid) rpasition mediumazan thefreactar ipreisssal ved

in a nono vent ,comymon to the honopol yneri zati pn and copol yneri zati on

trains) oﬁé(ﬁﬁ@ﬁr e?mc%df'm[eﬂé tggﬁgp&{:{a&ﬁgf’b‘ﬁéﬁb@i"ﬁéﬁ%s&@ RoInbimperatugg of

pol ymer .adéhd ki3 1S&BRRQN r t he,hlendi n

vessel or to aln thgr m g?%‘g‘%ﬁﬁ?%g‘?@#@g{o?{g@{& &_gsstu(%e’ or2 teor mote

2008/ 109094b6¢ tHS20fR POt I8mpebature offPhé fRIFAIREa o fnetdli\?mdﬁ"‘ﬂ'étlreﬁ@m[r

pressure is lower, through the use of one or nore pressure |etdown valves.

The opt i onf@resgurs tinvess anotheremtiodiment, dhe bemperatureiinbetween $0 add 350005t r eam
or downstream of the

of or diregt in_the ag.at.or - bl endi ng, vessel

separ at or - ﬁFé%?ﬁ"n@é \?892)3% (52 hetwepn 3@6@%35@?@: ppbetversy 89 and | 2500iGlednt o
sinmplify t it recy. r e n hus Jeduce
Sl Y TBRe i ARt SO ROTTSTEb0r ATV St 8 g 1S 158 e s
and rodi f i &1 anoihen$reahedfeniptPathfP Y BLIBW 556188 D 42958 %2b“2§e'c 200
enbodi nents, the additives and nodifiers nmay be mxed Wththe Im-117ne
produced pdlynir apothat formjethieceload poiatasmperatatd imabbverthé nupbecritdativar e
of the product fij n%glrt]i ng section of the processes disclosed herein, for

exanpl e, i IFRPRIAES Of She pelymsrizatigarsystenyor between 5Gand 84P1°Ct betvedne6Qr i or
t | i traj 1 and ] ich th

o 11 uent o P2R0°F; pebled 16 AP ) P biGvash, 8 Bnd asoShatiost Rptbkee:

for recovefir thR1oud boRit eRDFRIRTRS SReCSEN0, 0. SLIY, 190, §10) Ypnt s

of the two reactor trains. The polyner-rich €ffluert of the

separ at or - k2@ fQednstibk yetranotherHermpthe cloug PoymEenpetitdre RBNSRE D, RS0sENt
to the fi n%&gi r%% stage to renove the remaining nononers and other volatiles
before rec A g229e21%-qri29@ &)I yner blend in a formsuitable for shipping
and sal es. The nmononer-rich effluent of the separator-blender is sent to a
cryogeni c separation section to recover the individual nonomer conponents

bef ore r ecpelyiitdi oM Fressued foCHohld¥elSods Fitild Phadd Bolintdrizatidhton train

al so enpl oys a tower or a Knock-ou fleavy purge stream
that conprf0®d21%ol v&he smaaimgmééaoﬁiﬁes@iT@Qﬂ@?Sbe edqesasinedt B%'YEltocUsé lers,
etc. The distinctive feature of this prior art formis the application of
one or nor¥€oBPFHEBNFECE Bath| thet investroortr and coparatihg expensesbaaaasengvitf t he
nmonomner feﬁgfs t hus_renderi t he. conpositions of the feeds to Reactor

trains 1 and 2 W& PEBFWS or e KAIRIMERL PresSHFG dimitfor fhepproghstion) efnthag

conponent Fhitgals ak ] I C it requjres.one .or, nore

refri gera’?Tl ggiw(}gl?alcﬁli%?i:aeg?&? 8\%‘?‘5 {i%c@gg%tl?(egga gé’tssﬁg be the! desired product
properties, such as molecular weight (MW) and melt flow rate (MFR) (see, for

example, FIG. 3).

[00122] Reducing process pressures in homogeneous polymerizations may
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-



WO 2008/ 109094PCT/ 1JS2008/ 002899 - 98 - two or nore nononers in the
conbi ned nononer recycle stream based upon differences in boiling point

t enper at %85068%'0%955 exenplifies a case for two mnomr§c§ﬁg§§0§h§g9én

Separation tower (2)). It should be understood that the exenplary process

schenme depicted in FIG 5 serves only toghighlight the differences between
the prior art processes and thus is a sinplified conceptual version of the
processes enconpassing prior art recycle nmethods. [00139]FIG 6 exenplifies

t he enbodi Sy} | : | eff nt of Reactor
(D are al [Mdcphite"Srrbalicl.  TRERTore, HTaRReRAfoh bolfu” chdisrbndE™
React or ef Whiehtthérk)isar polyaherbtioh @hdt)polyiniét- Reh Phas@bes prbHded Merein as
conversion rates of the correspondi ng nononmers in Reactor (2). As descri bed
earlier inlergaas botugrhases atenaboee dhe msolidiBuicephase sepatatine divhit nehs
nononer fl ows of. Reiia or effluent d (2) to Reactor (2) wthout

C 1) a
bui | di ng aRTEX&LLE OH\i}é‘ﬂt%arwaﬁﬁJ&B‘IedttHBS REGSREINS swbstantial masrdeapstars (1)
and (2). The.: -contai ni u d. Reactor. effluents (1), and,(2) are
opti onai 1y TR TEaRR @) BbOfly R rERERSS o e st gk{ Bhd/or
downst r eamcompobRionafdistiibutiéiey, € the conditions are not the sane as those
in the reactors and thus would yield polynmer fractions with different
pol ymer properties (c.f. FIG 2, 3, and 4). Such polyner fractions may | ead

t o undesi rﬁ(go@gﬂnge in the performance of the final polymer blend product
and thus t | i cdiesplary, ot 410 Jimiting, precasapressutasy ame hgoveen | MPaough

Wfter the [FES A RE) SGGMPYRGLL kst n@iahoRs paisufirty ehucs canst 500" °
ef fluents MPa(0.180ind 7215 kﬁﬁ).p%%aag@%m{tﬁf‘g}'waetsg [ﬂﬁesrsﬁﬁgﬁsoééw%g% ’

certain enbodi nents woul d add the cat al yst e exi

react or orasdriloiviRa (Fa6tandf14;500 psichs Dnelbmbodiinét] Yhé PolliRfisati®y be
introduced at nmultiple injection ports to inprove their efficiency or to
control thBfacesy pressirsmbopld be nedowess thasdthe melid+ftuidgthiase tnansitioh)pressiré 2)

opt i onal Tyobi BebnBoRiRERIERNE  TFREe PebiraeiGichresvstanor Bepdeatipon and

for pol ymefenjdryties. YR Mﬁéll(@H@&ﬁfﬁgnfsgl?@%o%&%%%ation process pressure
should be no lower than 10 MPa (or no lower than 1 MPa, or no lower than 0.1
MPa, or no lower than 0.01 MPa) below the cloud point of the fluid
polymerization system at the reactor temperature and less than 1500 MPa. In
still another embodiment, the polymerization process pressure should be
between 5 and 500 MPa, or between 10 and 500 MPa, or between 10 and 300
MPa, or between 20 and 250 MPa, or between 10 and 100 MPa. Exemplary
lower pressure limits are 1, 5, IO, 20, and 30 MPa (0.15, 0.75, 1.45, 2.9, 4.35
kpsi, respectively). Exemplary upper pressure limits are 1500, 1000, 500, 300,
250, 200, and 100 MPa (217, 145, 72.5, 43.5, 36.3, 29, and 14.5 kpsi,

respectively).

[00124] In certain embodiments, polymerization is performed in a
supercritical polymerization system. In such embodiments, the reaction pressure
is above the critical the pressure of the polymerization system. In some

embodiments, some or all reactors operate at homogeneous supercritical



- 99 - Dblending. Optionally (not shown in FIG 6), one or both of the
reactor train effluents nay be heated before the pressure | etdown in order
to maint aj erature in the downstream |ines andy]

Separ at ora‘yglzg%g%@g{) the desired value, i.e., above thePggﬁsg@)fgll08?isgl9 phase
transition tenperature of the polyner-ri-gh-phase but bel ow the cl oud point
of the streans entering the separators, including the separator-blender, to
allow the formation of a polyner-rich denser fluid phase and a nononer-rich
l'ighter fl gl IS8t at Q4; . . hase
that 16 1 ecye) aneato Eon R  So  ndgt N RrftichP BRNEheri A L 6P
recycl e st rthanmtige bdendimgi peccessésh disdlesedmbeesiBr mayC Be SEareiRAS o &RV fHeed
downstream of the Separator-blender in the product finishing stage. Since
the | ow pr deawing apgssares- s Hhewsupersaiticel pohemexipation protdssnaf thopeslitee at

| ower pressyre..than the Separator-hl ender, the streaps recovered fromthose
separ ators%;?fbdlpﬁ PHEFISH; 5Fﬁ°ﬁ cdeBeryn Hay Beesamisd, qutpat dﬁ@ E‘P{W@ge

conbi ned w it H e ' f e ar.at or= bl ender .
The nonone ?Sesgf;éc\slremgte {rqgaerr}{sﬂ ér géqgg}?? g%élgé %néllw%&%sg%séﬁéﬁagu@&mi ned
nononer r ephabetrahsicidmprognroof dié poRahéricairainfth ANIPHIRBN TREAUAT ACThet OVET
or knock-out pot that renoves a heavy purge stream conprising undesired
heavy conpd&fRAek tampsrature ion nohkowearcthar rlddMRanbetew theagloud peintasfithe fuidh as
ol i goneric he:il.vi es, gexcess é’gl vent and/or catalyst killer, etc, Not shown
in FIG 6, I89 1°§’htmifﬁ\”§’e alt thea ReaRkgr demperdurspt | bnanpther cpmbedimentn thee

i | il f ligh
ot comBrEsfirel 6T MPah® STBTEAN of Beokier” Ui At add Kbk or Bltyens [y
i ntroduced 10idrfd 200 MPA QSFbetiveed s 02snd 'I'DO'h'l\iiP%a,eér betheeRR APbsh NPhL.- RYT 9¢€

stream may be advantageously taken fromthe l'ow pressure nononer recoveries
in the finoshifegnsetpressureiisatsend hly 20) or SOniPas Inemotliagtfoads i pregslirei t h

: ELSEE st PERRIPoLi B SUDe ol ot € D0 er 1R RYPy. EEEL&}{%L fm&lﬁﬁgim h
eattor {eBE RSy s TRaEth, fdd, 50D el et 1 ind 50 MBE et bisives

React or (2ind 200] ¥€betiWeRfiN AFKED0, SOHGNR 4\,%90 ¢ 08/-902899
- 100 - feeds and the Mononer blend recygpesvﬁcfg% dt%?g%q%gﬁ% al'so

recei ve cathel gloudfpmnt prdsoirb4i] #idse ¥, xe0p20,f dre30 IMPas aiEstill e afiofhegnar i o
as descri bgd above for the process shown in FIG 6, except that facilities

are provid dhe clawd pRinbpressE)is helomid 500300 (308 250,200, \0e< 00dVEPae
product stream FIG 7 shows an exanple in which the additives are all
i ntroduced at one point, upstreamof the optional static mxer. It should

be under st Dol MIONGMEF CohVérsid forlismdeeicod FIGPERLL WIS HeriZaY okt F 0duce
additives at multirple points and nma nor e

poi nts anyj00d26] dowirstreasing die tivevdrsiontofithesstal thdmdinitaieed M ¥ Sgbifass t he
pol ymeri zation reactors. The point of introduction of additives 1s selected

based on t¥Wethfedndividpal ckeartos tainsr ofiithe parallekmeastieri danki simgeduce lise
presence o iscositysreduci.ng |ight, components, such as the npnoners, and
si npl er, r%? ébﬁjggﬁgq%%ﬁ%%thlgeﬁ?g‘ieguﬁ% 106RY iBANQIREr Esyrls. vingreasing
i nt r oducedmgh ek of 1 ai.shi cing their carryover
into the m)goerrlzl‘r%’i rr&%&é?éi@ ?Z(ilir%i t'l(ijlllre }ey\}@og&g&?ydcﬁ%&{téf;?&’oégﬁvoge |d 9 eget her
by i ntroducacyr ttiuin) chyuie! theatieten @ntaeeydleofhrgdtenbASne M YBRAIREs peryc! €
stream Naturally, the opti rrumlr])_m nt will also depend on the nature of the
addi t i ves.umbpelymek prodicien; syhighuingrénses prodedion tostt haheedfprerhigheh

fraction d would not harmthe cat al us advaptageously are
e ol 16

st, .t
i ntroduce PRCT, SQTYLSIAN GOWET reeycls Ealos joftenpronides ior improediproeeshe
catal yst, C t k i ei.r jntrodyction to.avoid
negative ieﬁgggw%ﬁ CF:}E) gﬁeygg gg |ut\§?t g@\r’\\hbpﬁ}é&o&g}]{fﬁ B ﬂ’ceeggpyﬂ%ﬁtf%.
system, particularly in homogeneous polymerization systems, yields high

viscosities, which correspondingly may make reactor mixing, heat transfer, and

downstream product handling difficult, the monomer conversion in a single pass



[00141] FI G 8 depicts another exenplary enbodi nent of the nononer recycle
process for use with fluid phase in-line polyner blending disclosed herein

in which 4two parallel Reactor trains (1 and 2)qq g,;aln 1
repr esentl ng @ﬁg)@as a dedi cated separator vessel (Separ at or %('0%6 28an

be used to produce, for exanple, an ol ef-i8e- honopol yner (for exanple -10I -
pol ypropyl ene, polyethylene or polybutene). It may al so produce a
copol ymer, for exanpl e ethyl ene-propyl ene or ethyl ene-hexene-1, etc.

However, i Ihatsf‘;ﬁ'abﬁédl% &8366n IMRRE! Ohd ¢iscBSir DfioAGMer- ?B a’lﬁ@ts etnﬂ %nd

nmononers, two of V\/mch need to be common wth the two u eac or (1).

React or (2)thus dhbe epracticalg cGhverbimm dinsiepanat be - mbdﬂ{ieestablmuabydst%azi}dl t
where the polynmer-rich phases fromthe two parallel reactor trains are

conbi ned. |%8tf}ﬁe§1n8rfﬁ6@n0ﬁ1ékmwmelacthgrane(ﬂ\m Iiml G1lufieR. \Harst, BbAe Wolfoher f
th what d | d React t (2

the same mihsl 49720017, Bp%, " SRETF B EoRiRRIGR. pleds depeC opapariing
( Separ at or cﬁillll?tl(ﬁ‘m)cirfw dult b Y‘ﬁés t ‘Pﬁ[ l%é(gﬁ?ﬁ? '?l@”grsthrg') (% 13 preasing, | o

nmononer-ri ch streamfromthe ctor e 0 ba

nononer r ecypaversidn aeducésd thdopdlytnlia rbledular Ofve@pttes s THRRIORY, SmiodoRR&cCt Of
(2). The nononer-rich phase recovered in Separator (1) is recycled to

React or (1)COHYWStﬂfU@FaX @lwohcreﬂnsmaquaby thie desicento inersaserthe imoepkarat or
(1), it typic @gew s at a so 432 B gher pressure than the one
downst r eam g]ﬂt%t; FRd sepponept madgting F\Eé‘éerbEﬁaﬁt(Hstr‘ans@éﬁmmléfy,ahm a
bl ender (S r e e o] sure

| et down va Bﬁ lg‘hﬂv\égnﬁ%epgr}roa 1o (%{n%;l P attSE &gﬁggsf@{f%ra? @‘38& ét gf%}'gt
killing agpamdmaﬂ)bbew 8098 ahY stillt fr@i‘é“f}ﬁﬂld?ﬂéﬂ’i bERwP%O'%‘t TopsiPRofbiier 1

and/ or the Separator-blender to mnimze further polynerization outside the

pol yner i zappowrsmateéinedmm tdlnawlght ofipohmeromads tin i reactiox o $n poghtiopned
nder Ves but . downst ream of the m xing point,

before the, K Sepgrato
may be uti Ffak'galvtlé C{eh %éombklil Wﬁéghx/é{fr{nm@nsfﬂ a}nﬁbeompaﬁmmasre eoeed

Cpt 1 onal |y A e tgp%r(r%éwéﬁ%ﬁhat flestbhon sen SpaRRicd Bt ufiE High, tota
ef fluents Fdhoageraversibeiosfed Nnildd 5 ggs%g% g{: Iei;wp irBd @t BPér%é

mai ntain the tenperature in the d ownstregmlln esep

i ncl udi ng targetsefher carniversibh efdiony highbereactiveirhenstaer cempoatmts presedt in above
the solid-fluid phase transition tenperatures of the polyner-rich phases

but bel ow $9/BENBRRMELHTGRA bﬁengﬁ@aﬁt bééhghfé‘rihénlﬁrcﬁ)&ot rl@rs@@m}dﬁoﬁwdslnglcl- udi ng
h t t
o yer 1 RS RS eyl oo B ameR 6B BoI GBRAGHE highst ofefin

feed blends may be nearly complete (approaching 100%) and is disclosed herein.

[00126] As mentioned above, another factor limiting the total monomer
conversion is the MW-decreasing effect of conversion (see FIG. 4). Therefore,
the production of polymer blend components with high MW requires the
moderation of monomer conversion in a single 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%.



phases and nononer-rich lighter fluid phases. The process of this

enbodi nent nmay be advantageous in the production of polyner blends since
t he nonomﬁbga%”%%EQvered in the separator dedicated to Gl hRYoRRessssYC! ed
to the corresponding G reactor train(s) wthout the coonex separation
from ot her nononers as was associ ated wi-tsh-si ngl e separati on-bl endi ng
vessel operation previously described in FIG 5. Hence, one advantage of
this enbodi ment is that nononer recycle is sinplified and thus affords

| ower oSt [00#2TIe MPROWRigIE BAKCLEIASRN iHftht Polfthbliphiors FARGH: IAMINGSS !

operation increases cost In the separator sec , It adds exi y and
reduces codteseinnmapeberadjustrd bgalie!onisiapion AF daedlystoeeitepaheabs, ardgtaovel
application of Gl separators disclosed herein is advant ageous because it
appl i es | ofeed &lo3y ratsnohbe totak &ash rate depsrmiress theaaearage residénpentiuhe@ ar e
nononer pogl.s, are rged to bal ance nononer, strea in the recycle | oop as
opposed to%taﬁ'é"BPﬁeg?feg?‘Préﬂ%Eé%ﬂF Eeéﬁéﬂra‘fqllﬂﬂ’en&é’g“éia&jt ‘Flé‘étaf elumetsicer
pool s merg I er 0 . f j;di.n
Cnneceasary Soral DT e PIKREE, SRr SahBor kbR anEf ¥ BpnRYBIChicBwer
depi cted i mediléncetinas b@vnlr)c_r@zib@n$ rthé reatdly ot dnéinetafion({d 1R Feéd)an@l vicgact or
trains. However, the operations for multiple parallel trains in either or
bot h group¥etsa. r dxovar catelyishsongentoatioreanay yedieoe vatdlyst aost, hbuts ataymalsehown
ain to FIG 8, Separator (1) separates a

in FIG 8. {_15)014§J|l?eferrin 8 ! ) '
nonomer - ri & aYQIYIRgiHc P%B ‘3%Y‘1Y i thHs presEring rhigher: trepidenee ntimey, ‘ardact or
train (1) i | re okefin-based ho olLyners, although
in general FlYt(E)}hg&l(l% )énlog%e?? F%‘ﬁﬁrsg{é? Ii%ls h@egflgngﬁgﬂlf@gFE%p ﬁmesp&iymf*rt WO
or nore nopeddiction! CapAtErSPEThE | oheda | 5o h -rich
phase frompSeparlgtnora}t() 1) tyiss ?}ééyf:ll)tggﬁgli (ri%gdtrfé% tg% ggc%srlg?nrcgi ﬁnﬁ@\g\fo{rhout
the need fuyolwnes and cotady st epacentration avisr e dortrinieediby aeimiaed caphiceriapd

conpl exity. Tge pol ymer.-enri ched phase from Separator (1) is conbined with
React or ef f&ieeds kBgwaia the @t f Aovridestangsrofipalymer bjenthdompeneritednay behe

o o RS R M i AOhS R S S
oo ol RO 18Y Rl TR gt RRRIFP ity 60

nononer pool o n"the spetific e i ment 'shown™1n

Separ at or - bi 8fderinsstilirabes particararigrfromc B0 KEas® 80nkak, NAnd yeeSktilluaore
nononer from Reactor train (1) and conononers from Reactor train (2) from
the pol ynePagticgjarby &ioin dhede te 3% mini dg xetminotheroforwl ef the bakine biembipg! yner
and ol efin C yner. Lkn cases when Reactar, train (1) conprises two
or nore re gq%ggsdt?ﬁ?%@{?%? ‘i‘ﬁ%@ﬁe‘?nh‘iff:@u € LrRidengs 61’mig'roi"!e tgF F9R6tAT8ses
the same NAREIRBE] Hpdi gl W a r
pool s may opti onal | géltr)le&?:gntt%c fnéengEéerféere), %)ﬂzeséatlﬂéﬂzsfof Iohgﬁéggmfieg@eﬁ[kgget he
G phase stpar2), or 1¢ssrthpa 0} af lespdaires, srdesyvban lamgndte@ycl e to one or nore

of the corresponding trains in G. It should be noted that as other trains
in @, the nononer pools of said parallel reactor trains wth the sane

nmononer po haye naqt. onl ne, but al so re than one nbers. A
special ¢ a@g 1gﬁ¥t heY’étS’SVQmC 85’#’981}?‘8‘9‘?0 POINE regotor; 6&6&8&%@?{ §nigen g
have the s pgol e ' I ts of all 4
react or tr%{@ﬁg@m ogf i gfr)]zflup Sk/&gfetn%z%%@%@g&én%gg%‘g{&ggfR’é’%‘?gﬁneB%ti'al
mononer r esupeecritidadr comlitiohs o balk HARgRedas ssh{p%rmbahtl&ncﬁsioﬁé?e The
nMoONOMer - ri chhﬁhase_ emerging fromthe Separator-blender may be fed to a

si ngl e sepeeskiened timekin dhe lsupeicritical potymerizationyreactutesparitubariy yn the

conponent h as excess sol vent. and catglyst killer, oligoneric
si de- pr odh‘guﬁ%‘%‘egeﬁ%ﬁﬁ SyRerepticatereactars I%Clgﬁ‘?(ﬁhﬁﬁ%@ araeziisralimlewer he

id t ’ . : i ng from the.top of
The t oner. than (HEELTIEKe Hiftas ify oIBRRETRL SAISE NG TRIFY RFod 800 bOE 10 e O3
Opt i onal | yhighatactionwateadllieveBat thie édrﬂﬁﬁoxﬂ)élbﬂﬂxeszidﬁéﬁ?‘izﬁ@dl XSJI eRgatigGioved

an

fromthe recycle streambefore feeding it to Reactor ). t ageousl vy,
|'i ght pur gerosesseans Indineal blending alpeocessesm diselosed e draeimmeapplyingl otk r eam
of the Separator-blender. Such purge configuration can reduce the

conpressi on cost associated with bringing the nononer recycle streans
recovered in the finishing 4



- 104 - section to the pressure of the optional heavies separation _
t ower/ Mononer bl end recycle stream Overall, the enbodi nent depicted in

FIG 8 myobgsib@sconplicated and higher cost in the sgpgnRbkGRSS 1 ON

relative to FIG 5, but may be sinpler and | ower cost in the nonomer
recycl e | oops because of the decreased nged for separation towers.
[00144]FI G 9 depicts an enbodinent that is configured and operates as the
process shown in FIG 8, except that the separator serving Reactor train

it . s fe. rators as
1) serves
(1) 5o ves RhasydigRs QU NEPASmeHA MR LIRASE PRl RER BRI
60/ 876, 193,1 and:60 poinahed nivee patticwlatly betwéér etand 30084#5] FI G 10 and 11 show
speci fic enbodi ments that operate as the processes denpbnstrated in FIG 8
or 9, respectively, except for the facilities for istorlpg an]g fegldl ng_

| ymeric er ditives . n.solution or, jn nolten form.for endi ng
\?\A’OtK th:a pip@ﬁgé bl ehRf Polymerization reactorse of the dngnomge fB‘FXFd%sI.%r%eﬁSnf(FIGl
10 and 11 i ' hag: addit Lves re e optional statyc mxer. In
practi co, amihtale i Bl RB R e bR efg&?macig&atga&?;s & the
reactor traine dichdiBy compin¢fit! dalled!th®@P€aR6r RIS THEReft6rs! YR fitslel
Ceneral ly, tnr%eearlier, i.e., the further upstream these adcgll:ltﬂl \Pe%s are
m xed wi t hreanton traisess praducingrall thee pehsnar biend conpogerits ateerefeardéd o lagwer
viscosity of the process streans. However, nany of the additives nmay be

poi sonous TEAHHebk ol g reagtorsmin @’&d@é“@ﬂ“@hﬁi@@ﬁ'{@ﬂd@ﬂh@ﬁgtirm?ﬁg{; carl]% ;l/)ebe
oper ati ons | Nad 4 Hy! rocess. For. thaL reason, .
bPought i nO?%P g?ﬁ) "% ﬂseé.ﬁlpf%%ﬁgﬂlgmg}ef%% atrSVm“hP{trp_ TeRt %‘?}Xﬁ‘eéﬁaﬁpﬂat e
the possi biddctors e ReRtdIEDEHNToLY BGF5E. THRAY i3 mfﬁh&a]ﬁ@éém% ﬁcﬁgf}r{%ﬁi' at ed
by those experienced in the art of" polynerization technoldgy, the opti nal
m xi ng poi 8¢i.fand Enigli Moteb4,iH.F ddailf bralt, Edhe Wit Newe-YUTRC €988 CaldPyBRt | ons
and can be_det erﬂicng_d by . a?pl i ng standard chem cal and p_oi ymer engi neering
met hods.  Soares, imon in the Handbook of Polymer Reaction Engineering, T. Meyer
and J. Keurentjes, Eds., Wiley-VCH, Weinheim, 2005, p. 365-430.) and can be
constructed the same way or can be different. The optimal reactor type and
configuration can be determined by standard techniques well known in the art of

polymer reactor engineering.

[00130] 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



- 105 - [00146]As will be appreciated by one skilled in the art of chem cal
engi neering, the process schematic details of the design of the nononer

recycl e RLBSERSHShor use with fluid phase in-line pol y@%‘i/{%&(ﬁ)@ﬂbﬂ&%

di scl osed ﬁereln |n terms of reactor configuration, separa
configuration, valving, heat managenent,.g9etc. may be set dlfferently
w t hout deviating fromthe spirit of the nononer recycle and in-1line
bl endi ng processes disclosed herein. The choice between different

enbodi ment §,¢Mmei& Péa%?(ﬁs n ugh%fégotﬁﬁglﬁ ﬁ\b@tlﬁh%\%}lﬁl(gﬁﬂ‘%ﬁl}]g@;kﬁ glﬁdtlﬁ%t

per f ormance requi renents SS econ

detern1nedszOﬁémmﬂmanmq? .ing techni ques. However, the nononer recycle

processes for use with fluid ase in-line polyner bIending di scl osed

herei n are advant ageous relatlve to the prior art by the virtue of reduced
ation towers, reduced operating costs due to

I tal
¢ etuced ut APP1TL, paRcERTMERGal BiNsiie, REICHT-PRSRUE R L HendR D PADKoEeme

T e porisiee iy i chrr L B4y 8 4Rk cdri SO il et ih”
i nvest ment patmeplaid Aidz0S TS ,onenéinsaaf%émg bwe} R frﬂg‘ Bé Aa€d to the
cost - effectlve nol ecul ar-1evel blending to yield enhanc pol ynmer bl end
per f or manc @rocdss Gloaistieempobthesweastors soﬁxpssm@ﬂred)anlqomb%ardﬁemaefofrgdiutve
recycl e pa maki ng .in-1ine polynmer blends nade onpgeneous

ol efin pol i?ﬁgrpztgﬁ iPSAY IBED BHS HRsOr bh@mmmpamwommmsme rfg@tmtlons

el i por e rLBBEREAS pradbthitly b cheheRacbrdivie” Redibis b”aﬁgslgﬁl“vtlﬁua'?
supercriti %Péncpé&ﬂﬁbﬁé}ﬁs p@ﬁ%ﬁffﬁﬁ%a?%&g riia{% ?ﬂgm\gﬁhene 5§?t10n% control of

propyl ene- et hyl ene or propyl ene- xene-

propyl ene- dut final prloduet blends byl homogarmtingrthe Aadinidual beadibﬁeﬁh&ﬂtb ad byr e
detail below, the efficient separation of nmononmer and pol yner is achi eved

by advant agHewing amere indapendeat meserng of the pelysearrilend gompopentst When

h h / ol ef
(copol ynor ABRdidal SeARERa ofgRgnt Fstofalin' Be Sufp B inogS liawid s 1 ene
mononer) . G HBILANBeRWRY bEBBICTRARL LIRE: RIBUhE UGtiPd OBIIREBF IRVWIER: Bh&")

etc. mxtur
is available for compensating for the differences in the blending and production

rates. However, 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 dense liquid or supercritical fluid fills the entire tank. In such
operation modes, the buffering capacity, i.e. the capacity to deviate from the
instant reactor flow rate, is more limited and is associated with 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.



[00148] For illustration, cloud point curves are shown in FIGS. 12-21 for
three different polypropyl ene sanpl es having different nol ecul ar weights

and cryst‘@blzb(;y(]ltob(% di ssolved in propylene (at 18 wt %chﬁf‘s%oﬁ}éﬁzswy’ PP

is a commercially avail able netal | ocene-catal yzed i sotactic polypropyl ene
having a Melt Flow Rate, MR, (110/12-ASbi. 1238, 230 Cz 2.16 kg) of 32
dg/mn (dg = decigram = 0.1 g) available from ExxonMbil Chem cal Conpany,
Houst on, Texas. ESCORENE PP 4062 is a comrercially avail able |sotapf|c

ol ypropyl in 0 7 ] I ek il
Cnem cal” caonneY FoABPanmtlyg e (biElt FoneMng RS KA B BEKRS 98i6tn i
havi ng an MiRiailt 300 iddé mon vergdifeieibntisi Thus? if WM reémBBHRhERS Mfen thed
slurry polymerization process. Polyner Blend Formnul ations anq_Products:

[ 00149] Manyindividealgractoy géRuatt ipsigredin the bufferrtankbin itwsepdryritival stateovrer
recycl e prace Wi th fluid phase ip-1ine polyner blendin

f A g
di scl osed HBr‘gﬁsﬁauﬂogﬁéﬁg ut pt presshresrabove| ith hubkle pgint ghe £ondisansy inmthee by

i ght of t I ] rasktion bjend is defined as | ess t.han
509 by wei GTTCE AR nidy baSE i ARV Bia. BBl St EpaGiidd ﬁgr;aratkcg%f{fﬂ f
fluid ph ' eRgiopd! [ hae! =Y ; for
P odUc g o e L e 1 (it oTe Ao Rl B IR BUSMD. o
into two grewlsof 1Bd demderpolymer-nichcphaseetd ahdwniupg andndibwh obetweehi gkl ed:
N(P1 + P2) = N(P2) and N(P2) N(P1) where N(Pl1 + P2) is the nunber of
monomer s | AMPHBUREL ARG maKimyme hevelpalipwed for thandeshedpelginel sepavatpan wiile

?'I(Dg)l) g?gﬂp%@ﬁ% &ﬁé%&@?m?%%ﬁégﬁ;& _rall(s)g%{lf oif ?hé rs]eepafriltro?'tbu(fFelr)vignadprse(ggt?rrc]:d
control valve. One skilled in the art can see that this operation mode is
- analogous to the operation of a buffer tank filled with a liquid phase containing
the polymeric product and a vapor phase containing the more volatile
compbnents, such as monomer(s) and solvent(s). In the supercritical regime, the
upper phase is a polymer-iean supercritical fluid, while the lower phase is a
polymer-rich supercritical fluid, the latter of which can be withdrawn for
blending at a controlled rate required for making a constant blend ratio,
independent of the short-term fluctuations in the production ratios of the
individual blend components. A similar analogy may be derived for liquid-filled
operations. The polymer content, and thus the viscosity of the polymer-rich
phase can be controlled by properly adjusting the temperature at constant
pressure or by adjusting the pressure at constant temperature in the separator-
buffer tank(s). In this embodiment, the 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. Advantageously, the separator-blender is connected to a reactor train

making a copolymer blending component while the separator-buffer vessels are



- 107 - [00150] I n particular, the nononer recycle processes for use wth
fluid phase in-line polyner blending disclosed herein are advant ageous for

roducin l,efd sed polyner bl ends of a homopol yner apg R.63R0s¥srer or
EI ends o?‘vgzﬁ@#@%@?ymr and terpolymer or blends of a copolyner and a

terpolymer, etc.. Still nore particularl-p3-the nononer recycle processes
forpusg with fluid phase in-line polyner blending disclosed herein are
advant ageous for produci ng ol efin based pol ynmer bl ends of a honopol ynmer and

a copol ynerconfigéted not the H‘tﬁﬂangﬁlgmftrﬁ?ﬁ. CPRR! & ﬁ;@ﬁ&l AGWIHE ROV -

That is the nunber of feed mers of the copo rizationrea

i s equal tandirecycleiodra signifivart pmMB?$UMjiﬂQn©ﬂ6ﬁ1eﬂgﬁ without thé'fleed for
copol yneri zation reactor trains. Non-limting exenplary o _
hofmpgl y neSeRYAHPYHdFom  rapaemerk fergigm o e cpirespandimP)pohymerizatyore train,

- I | yner . PP haonopol yner - propyl ene-butene-1 (PB)
copol yror - 1051 yBOR, oicHle F3BFPhAELin tigs: Yiah: i) %%;mpme@omnm?r,cl e
capo : . e noner I
P osesses o e sl pe HERAbEAZSE ot dBhsl eldbh Bhdlr (R RlEheadht
herei n ar e “Mammelv RecageoBrodess @6 afién dop W RARE 18R] YRate Qhands of a
honopol ynermgwgmﬁ%mm‘lmﬁ‘a‘ﬁrt he.
nononer re € iR for use with fluid phase in-1ine polymer blending

di scl osed herein are advantageous for producing ol efin-based polymer bl ends
of a honopol yner or copolynmer and a terpol yner wherein the honopol yner or

rs,, fespectively.
That 1ot nEoeer o TRl By S PR RS riioskd hTeRERabmel ai n
i s equal taddibiges be addéEeAthEOpSITRIeE B¥nd Q@raﬁ%mf%dt&%%t 0L up to

copol yneri zation an tergol ynmeri zation reactor trains: .
exenpl ary B@VAP6 yareup tee2ovty¥oeor apdodd woeh,usteufPR Heveped Filier-improve

syl ene gyl pic.hut ene 1 (E5, Lorpol yrpr, B £ Lerpolymer
e
]E ? ; E?! gglsér %(%l?;aig‘gd)li%Egis%ﬂéggfd%rglﬁ,ﬁé?ﬁ%gﬁgb%%ﬁ?%ﬁf Eﬁ?hagghfs; ﬂ[agpelISe%elrdagts\,Ae 9
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 master
batches containing above components. Hence, one or more polymer additive
storage tanks containing liquid, molten, or dissolved polymer components and
polymer additives may be added to the processes disclosed herein. If solvent(s)
is used in these polymer additive storage tanks, it should be the same as used in
the polymerization reactors previously described in order to avoid an increase in
separation costs in the solvent recovery and recycle section of the process. For
example, when the polymer synthesis process is performed .in supercritical
propylene, the off-line produced polymer additives may also be advantageously
dissolved in supercritical propylene. Solvent-free introduction of the polymer
additive components may be used when the additive component is brought into
its molten state or when the additive component is a liquid at ambient

temperatures.



bl ends nade by the nononer recycle processes for use with fluid phase
in-line polyner blending disclosed herein may be simlar or different. The
pol yner RLgndss 1‘3505?' osed herein nay also derive simlar pi-FRIQNBTHRbLs from
conbi nati ons 011‘ different materials in simlar or different proportions.
One non-limting exanple of a useful pol-geer bl end nade by the fluid phase
in-line blending process disclosed herein includes a major fraction of a
hi ghly crystalline noderate nol ecul ar wei ght polyner and a mnor fraction
of a very lo@fg4m! e i I PERd kD r .
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the bl end provides superior initial ductility as well as retention of
ductility and tolerance of the sterilizing radiation to the blend while the
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phase in-line polyner blending disclosed herein find application are those
where materials requiring a conbination of stiffness and inpact resistance
and/ or a‘?gr}%mgdﬁn of heat resistance and i npact resi §5§R%§008,50395Lymar
bl end useful tor these applications are simlar in conposition to the

bl ends specified for inpact resistant dewsces and packages. More

particul arly, polyner blends useful for this particular application my
include from60 to 99 wt % of a stiff propyl ene honopol ynmer and/or a

rel ativel y Mbhébfner | R¥/HPIOEESs CONRuUPAh RHP RIS NG PAQLd Pras@ - Lind0 W
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conmononer , PolymenBiendingpr opyl ene el astoner (like ethyl ene-propyl ene
rubber). The stiffness and heat resistance may be increased by increasing

the honopoll§¥E$6lor sAs tprevigusty rdascribed i ion Detailede Descyiptionp| thadimproved

ol astonor . ARy aRssSS Tor b R g Tasn dnlingep v pise DlsdIBE ' he
bl end. Th i ' | i shed

car ot ul  bal i MRS AR rBRCetdlicBHOAUES cBhFibAED PR eREuBIE R quplbEd ot °

exenpl ary, patdllel ecadtoriraing GindrAtir GdhiighrAfondhif tke pARIIBPFATESr BinkNHigy Bede by
t he nmononer recycle processes for use with fluid phase in-Iine po y}’rer

bl endi ng divetedsellypicaly neacdeagtot train iservearte prodsee wheingle inkdiniecbleadd/ or
package nust be sterilized by, hi gﬁ}terrp rature and al so nust be soft and

abl e to w CAZPIRENG npagtveapitain of the parallghreastarcbankumay. besopfighras ands
useful for [ i gyl { ion may include from75:-99 w % of .one
or nore st Is.iﬁn%'l%g@ﬁ%c%%ﬁ, &xetgoaﬁg%(#r%?gﬁgﬁom SEFHhohEM 2 me?‘f?gﬁomm%}bclﬂj one
or nore pl prn®AeSiEN s'téﬁ’ﬂﬁdi’nt',‘ﬁo@vreiflél_t,Qhéﬂe@hbﬁl@ﬁ@?%ﬁ%uﬁfﬂ@ﬁ%&?B?rea% S

et hyl ene- propyl ene rubbers. "Where i ncreasing softness of packages an

devi ce i s fersamgivkn tain ofiyheiparaleyreadter bhnkadi iovderofo inake angiveh poliymes of t

conponents I n the blend and snaller fraction of the one or nore stiff
conponent sbleqdispmpensnd. @engrally, Bebmese thart tan sesiestigpetopnate utilized and

i cati op pay aksa i jop fracti the soft rents and
m por 1 r actiofs pafticfian Qi iRof BBnCitd 864 BsBlors d8n efnersf Bcbdron-809
Hence the pARACreabicl QhyEr THEADER S A 6mprheiheeaflide e el frst

y conponent .

pol ymer conponent and 10-95 wt % of the soft p

[00157] Sti (&1 end secirde(G2X grpipaof redetdr trains Imay be ngoapifeec fhirast ffe vher e
the polyner blends made by the nononer recycle processes for use with fluid
phase i n-| Mo&e @ ¢agt 2BPepdi ddednumbse cof reactors i the qapalielaréastorabenk i | ms

Cenper at ar SOHBHSER, 67 AR (ramay 5 B nhiose. Sifiveh i eOnae Faashns therhe
range of bhgnbef dFMesbtbiOSBorHeyd ?xga%htéi Gl flb@fdas{ B 88%@;(; ??8@’1&:& ggqade

tenperature resistant devices and/or packages woul d app

parti cul arslatepand pldnt Icapagipt llewispMTh&Soptitiim meindr STSplirBHe PREGRR rains
conpeting properties and the relative usages of the relative conponents
woul d al solakgpraferrgd te wisdegsp pr ibranahes ofvbe aeaesor bank)amiay beadetenained by

hi aher 1 entbdiFdr bhemighl chERee ¥ e Apamizaun irmhoR cwel dglawh e art.
conmponent gRyt mfﬁﬁ r%g ?Iol}tr%ﬂ%ﬁ&{lb?etndhr?é"ﬁfani VAL o iled Falallel

strength at no atures.
polymerization reactor trains or legs or branches in the reactor bank producing

product blends with the corresponding number of in-line polymer blend
components. In the embodiments of the improved recycle methods disclosed
herein, the reactor trains of the in-line blending process are divided between the
earlier-defined first group of reactor trains (G/) and the earlier-defined second
group of reactor trains (G2). At least one of the reactor trains of the in-line

blending processes employing the improved recycle methods disclosed herein



[ 00158] Ot her polymeric materials may also be utilized as the soft conponent
for the applications previously described. For exanple, propylene

honopol erb%P@grgﬁs,ds,gw cononomer copol ymers cont ai ni ng re%_@%}%@&o\é/obggg

e
guantities aln defects such as stereo- and/or regio-defects nay be
used in the aforementioned blends in plagg.of or along with the plastoners,
et hyl ene- propyl ene copol yners and ot her nodifiers. However, one distinction
bet ween the hi gh defect propyl ene honopol yners and | ow cononomer copol yners

| | ters an | '
o her ot T 8 F S e eRhBEbOreRCRr (FhAV(GPFaR! N Iher e E8EIGh, e

relativel y ttais delongsavaheRhidsedond gmuPefmuét@r taeid (GPY For EREmBlEnda
because their glass transition tenperatures are not depressed bel ow t he

senied before, in qnel gxemplainembediahentie mimbégof paratet traimgunt s
norm f or peosy 0 e [00159{)As will be
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verview in the olefin homopolymer parallel train. Three or more parallel reactors/legs
may be employed if the production of the target product blends so requires.
Besides the in-line polymer blend components, the final polymer blends often
contain additives and modifiers that are not produced within the same
polymerization process. Therefore, it should be understood that the number of

components in the final product polymer blend typically is higher than the

number of reactor trains or the number of in-line polymer blend components.

[00137] As mentioned above, the fluid phase in-line blending processes for
use with the monomer recycle processes disclosed herein may also optionally
incorporate other polymers, and polymer additives that were produced outside
the reacfor bank of the processes disclosed herein. The optional other polymer
and polymer additive components may first be transferred into solution or
molten fluid state before being blended with the in-line produced polymer blend
components. These other polymer and polymer additive components may be
stored in polymer additive storage tanks containing liquid, molten, or dissolved
polymer components and polymer additives prior to being transferred and
metered to the separation-blending vessel (if dissolved in a monomer solvent
common to the homopolymerization and copolymerization trains) or to a mixing
point upstream (if again dissolved in a monomer solvent common to the
homopolymerization and copolymerization trains) or downstream of the
separation-blending vessels. Polymer and polymer additive components may be

accurately metered to the blending vessel or to another mixing point by one or



[00160] The nononer recycle processes for use with fluid phase in-line
pol ymer bl endi ng di scl osed herein may utilize any nunber of catal yst

systems (@hSfugibfyred to as catalysts) in any of the r?@%{%ﬁtﬁ)sfﬂpzeswe

pol ymeri zation reactor section of the process. The nobnoner recyc
processes for use with fluid phase in-ling.polymer blending disclosed
herein may also utilize the sane or different catal ysts or catal yst

m xtures in the different individual reactors of the reactor bank of the
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[00138] FIG. 5 exemplifies the prior art recycle process with two reactor
trains (1 and 2) in which the effluents of the two reactor trains are brought to the
separator-blender for recovering the bulk of the monomers present in the
combined effluents of the two reactor trains. The polymer-rich effluent of the
separator-blender containing the in-line polymer blend components is sent to the
finishing stage to remove the remaining monomers and other volatiles before
recovering the in-line polymer blend in a form suitable for shipping and sales.
The monomer-rich effluent of the separator-blender is sent to a cryogenic
separatibn section to recover the individual monomer components before
recycling them to Reactor trains 1 and 2. The distillation train also employs a
tower or a knock-out vessel to separate a heavy purge stream that comprises
solvents, oligomeric side products, excess catalyst killers, etc. The distinctive
feature of this prior art form is the application of one or more cryogenic
distillation towers to enable the rebalancing of the monomer feeds thus rendering
the compositions of the feeds to Reactor trains 1 and 2 suitable for making the
desired in-line polymer blending components. This separation step is costly

because it requires one or more refrigerated (or chilled) towers to fractionate the



ligand catal yst conpounds (where the netal is chosen fromthe Goup 4, 5,
6, the | anthanide series, or the actinide series O}‘lthe Perlog)llsc Tabl e Sf
the Ele defined as the class of nonnetall oce P er ed,
het er oambﬁl})%séﬁg&éat al yst conpounds, where the netal ig%g{@%en/()?%g;mthe
Goup 4, 5 6, the lanthanide series, or.gghe actinide series of the

Periodic Table of the Elements. Just as in the case of netallocene

catal ysts, the nonnetal |l ocene netal -centered, heteroaryl |igand catalyst
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different catal yst systens depl oy I SC processes can be any
nunber, the use of no nore than five different catalysts and nore

particul arl no nore than three different catalysts in any - 114 - given
reactor is [éQﬂ/%ﬁ]t agdolfs. forexsmplifiesc the asmbedirménts diapl whivhntthef nromonmere
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het er ogenecatss phis thepbamseersiont fages Oﬁftﬁ@borrle%pq?m% MRl inSRBAGLFRD).. the
catal yst(s) is (are) honogeneously dissolved in the fluid reaction nedi um
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[ d. 0164] The process discl ose
L:?git gr n'aIyE: @Yﬁ%ﬁm@ﬁﬁ&%{qt q%é%k%%&%?%%&ems El and 22) to Reactor (2) without
building an excess inventory of any of the monomers present in Reactors (1) and

(2). The polymer-containing unreduced Reactor effluents (1) and (2) are
optionally treated with catalyst killers to stop the polymerization downstream of
the reactor, where the conditions are not the same as those in the reactors and
thus would yield polymer fractions with different polymer properties (c.f. FIG.
2, 3, and 4). Such polymer fractions may lead to undesired changes in the
performance of the final polymer blend product and thus the application of
catalyst killers may be advantageous. Although in FIG. 6 the optional catalyst
killers are added to the reactor effluents after the pressure letdown valves, they
can be added to the reactor effluents at any point of the process downstream of
the reactors. Thus, certain embodiments would add the catalyst killer at the exit
of the reactor or some other parts of the process. Also, catalyst killers may be
introduced at multiple injection ports to improve their efficiency or to control
their stoichiometry if so desired. Reactor effluents (1) and (2) are brought to the
high-pressure separator, called Separator-blender, optionally via one or more

static mixers for polymer-monomer separation and for polymer-polymer



honogeneous and het er ogeneous catal yst systens sinmultaneously present in
one or nore of the individual reactors of the polynerization reactor
section,‘kogmmnﬁ&p4reactor of the polynerization sectiogcghmagﬁm9{g§ent
i nvention rmay contain one or nore honbgeneous catal yst systens and one or
nore het erogeneous catal yst systens sinmulgpaneously. The process discl osed
herein may al so use any conbi nati on of honbgeneous and het er ogeneous

catal yst systens deployed in the polynerization reactor section. These
conmbi nati o ri : Il 0 oryal | . r r e i nal e
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tortuous ¢ er-rich phasg that|is zecysied tonReactar (DubAsglepitted in FIG: % thigst s
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product. In another enbodi nent, unsupported cataly
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the reactor by any nunber of nethods. For exanple, the catal yst may be

i nt r oduced@iQWen pressrgdhan -the feparatary blander, the sstreanmst micveradstront those

catal yst(s e introduced.through one or nultiple ports to the reactor.
| f muy“ |(o| %ef%’ggﬁogs apd 1, Ihe, ‘Pbﬁh'?%tsF%b‘t}ber‘FgWﬁﬂﬂb?ﬁdalP%fgfq tftela(o%fs qorbigedny be
pl aced at ' 3 a ' pRsi i t he ngt h
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t he conposimonomentedycke atweams (br @8t aépisted’ aeoFIG! GIofhet Eﬁﬁgl@@oﬂtﬂﬂ@ﬁ

ports may be the sane or different. Adjustnent in the anobunts and types of
catal yst t Pos@gertieeyelefsteeaan: mpyrhes opiied! bys passed rthrhnight 4 saparhtipnltgwer
properties uch as, for . exanple, | ecul ar wei ght distrjbution,
conposi ti off E’E% 584t P%‘Haﬁff‘g&‘fm"ﬂ%‘{y BW@cSiramueomprising undesirgd heavy
Cormpounds ghipbhésits” Biesent in the recovered monomer recycle streams, such as
oligomeric heavies, excess solvent and/or catalyst killer, etc. Not shown in FIG.
6, a light purge stream may also be optionally removed from the monomer
recycle stream going to Reactor (2) to control the buildup of light inert
( components, like methane, ethane, propane, nitrogen, etc., typically introduced
with the monomer feeds as impurities. The optional light purge stream may be
advantageously taken from the low-pressure monomer recoveries in the finishing
section thus saving the compression cost associated with bringing the lower-
pressure streams to the pressure of Monomer blend recycle stream. Before
feeding the optionally purified Monomer blend recycle stream to Reactor (2), it
is pumped to the pressure of the fresh reactor feed. Note that Reactor (D

receives only fresh feeds, while Reactor (2) receives fresh makeup monomer



[ 00167] The processes described herein may use any polynerization catal yst
capabl e of polynerizing the nononers disclosed herein if that catalyst is

sufficie | under the polynerization conditionsggdi rein.
%b&g@%bdb@ F@'rﬁfsh&y%}%ﬁ'zsb@

Thus, G oup- transition nmetals may form suitable polynerization

catal ysts. A suitable olefin polynerizatiign catal yst should be able to
coordinate to, or otherw se associate with, an al kenyl unsaturation.

Exenpl ary, but not limting, polynerization catalysts include Ziegler-Natta

catal ysts, feetlabh@eRMRInMYSIEEd rﬂ&émﬁtg&{ﬁc Hfh T @bisCARS ?({c‘r’egvrﬁ ?ﬁé@gar yl

| i gand cat al yst conpounds (where t metal I's chosen oup
4, 5, 6, thigedant hanide series, or the actinide series of the Periodic
Tabl e of the Elenments) catalysts and late transition nmetal catalysts.

[ 00168] Di stinction should be nade between active catal ysts, also referred

1 t al 1 h i d t al 1 | d_. Cat al 1
systems. ar dooas0Y e CBFG Vi xdtonfifis 566 SedRepior i ecnasoars, descuitisdumtnic
conpounds, oA e promse shéival SFI@C \éﬁ&gﬁsthaf" ng@ég gﬁgot%h%e%ggq{g{&ﬁgggi o

supports. Catalytic activity is oftén expressed Dase

of the cat alpyonappebuneoand otauadtiitives fodic praduct Rerehhat ggﬂfr ‘PQ%&\%(IE an

catalyst is the precursor conpound alone. It should be understoo

catal yst pre¥atpdein ivwhich 4be iadditives fsatal lbizitragluceditat ohe haint, lupistrgarr ¢Rghed
with a propet. anpunpt. of .activator. Simlarly, the catalyst activator is
i nactive wi h‘8{}5}) égar%i HHRE - i tl?vﬁ?‘ﬂ'flcg ber BRd¢rstaaduhovwsevesr daatr ther pranepsasnd.
As w || begNmo&de £ 0 h W, npg:..descripti,an, sone, activators are
very efficient ée\lelr(lidﬁcezgé;llﬁb@agsgghg#doc%cﬁ?glrtr&%ﬁ % lillﬁp\l%iﬂoéméoﬁ’éd R alsgr e

used in exdessducntiechnatsOnebt s pdiftts aBYHhese dB@n?ﬁth%]rﬁV& E%ts Slée?%}c'r%i c

activity as expressed based on thé concentration o e catalys ur sor
conpounds. l&dawa walies efter s pohaneérizatiomsreatturs.e XBe poinTes fhivkrlduslioR wine

(MAO), incr e catalytic activity as expressed based on the concentration
of the cat 3&@@&"35%65&6‘1‘1 6%‘4?60%&%@ bestegngineeringreompeemisss betwedntaasies

fiiihas: A R SRR R A
monomers, and simpler, more robust monomer recycle achieved when the
additives are introduced closer to the final finishing step thus reducing their
carryover into the monomer recycle streams or even avoiding that carryover
altogether by introducing them downstream of the recovery of the last monomer
recycle stream. Naturally, the optimum point will also depend on the nature of
the additives. Some, like polymers, would be carried with the polymer-rich
fraction and would not harm the catalyst, thus advantageously-are introduced
more upstream. Some, particularly inhibitors, could harm the catalyst, and thus

care must be taken with their introduction to avoid negative impact on catalyst

activity and the overall process stability.

[00141] FIG. 8 depicts another exemplary embodiment of the monomer
recycle process for use with fluid phase in-line polymer blending disclosed
herein in which there are two parallel Reactor trains (1 and 2). Reactor train 1,
representing G/, has a dedicated separator vessel (Separator (1)) and may be

used to produce, for example, an olefin homopolymer (for example



conditions for making one or nore of the in-1line blending conponents,
honogenous pol yneri zation catal ysts, such as netall ocene-based catal ysts

and ot her 29@/1% &t e honogenous catal yst systens may b?c gﬂbtsﬁ)%%m For
exanpl e, en po ymeri zi ng propyl ene under supercritical conditions

particularly useful netall ocene catal ystmiand non-netal |l ocene catal ysts are
t hose disclosed in paragraphs [0081] to [0111] of U. S. Patent Application
No. - 117 - 10/667585 and paragraphs [0173] 'to [0293] of U S. Patent
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polymer. M xed cataly S ens prepared from nore than one cat al yst
precur sor dmm&@sR@mOroé)md@y@havmat Ieastithrdei menobiners)itwg qurwhtehmdt 0

alter or select desired,. si.cal or, nplecul ar pertie For exanp
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different activators_and introduced into the polynerization systemat the
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the monomer recycle streams to avoid the buildup of excess monomers in
Reactor (2). The monomer-rich phase recovered in Separator (1) is recycled to
Reactor (1). In order to control the rate of monomer recovery in Separator (1), it
typically operates 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 pressure letdown valve between
Separator (1) and the Separator-blender. Catalyst killing agent may be
optionally introduced prior to or into Separator 1 and/or the Separator-blender to
minimize further polymerization outside the polymerization reactors.
Optionally, one or more static mixers positioned before the Separator-blender
vessel, but downstream of the mixing point, may be utilized to enhance mixing
between the polymer-rich phases of Reactor trains (1) and (2) associated with the
Separator-blender. Optionally (not shown in FIG. 8), one or both of the reactor -
train effluents may be heated before the first pressure letdown in order to
maintain the temperature in the downstream lines and in the separators,
including the separation-blending vessel, at the desired 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



Activators and Activation Methods for Catalyst Conpounds: [00172] The
cat al yst precursor conpounds described herein are conbined with activators

for use %0‘3}8@:;’/1\690996"[ al ysts herein. [00173] An acti vatorll',b%/lge@smggs,@s any

conmbi nation ‘of reagents that increases the rate at which a metal

pol yneri zes unsaturat ed nononers, such agoxal efins. An activator may aI so
af fect the nol ecul ar wei ght, degree of branchi ng, conononer content, or

ot her properties of the polymer. - 118 - A. Al um noxane and Al um num Al kyl

ACtivat or S:phases and monomer-rich lighter fluid phases. The process of this embodiment
may be advantageous in the produetion of polymer blends since the monomer(s)
recovered in the separator dedicated to G/ may be recycled to the corresponding
'G1 reactor train(s) without the complex separation from other monomers as was
associated with single separation-blending vessel operation previously described
in FIG. 5. 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 and reduces costs in the monomer recycle loops. As mentioned
before, the novel application of G/ separators disclosed herein is advantageous
because it applies lower-cost monomer recovery by phase separation performed
before monomer pools are merged to balance monomer streams in the recycle
loop as opposedb to the prior art cryogenic separation necessary once the
monomer pools merged. It should be understood that for the sake of avoiding
unnecessary complexity of the examples provided herein, the process depicted in
FIG. 8 has only one train in both groups (G/ and G2) of reactor trains.
However, the operations for multiple parallel trains in either or both groups of

reactor trains can be readily derived from the scheme shown in FIG. 8.

[00142] Referring again to FIG. 8, Separator (1) separates a monomer-rich
phase from a polymer-rich phase for Reactor train (1). Reactor train (1)
typically makes one or more olefin-based homopolymers, although in general,
one or more trains of G/ may also produce copolymers with two or more
monomers. In the specific case depicted in FIG. 8, the monomer-rich phase
from Separator (1) is recycled directly to Reactor train (1) without the need for
one or more separation towers and the associated costs and complexity. The
polymer-enriched phase from Separator (1) is combined with Reactor effluent
(2) emerging from Reactor train (2) and then fed to the Separator-blender.

Reactor train (2) is typically producing an olefin-based copolymer the monomer



[00174]1n one form one or nore alum noxanes are utilized as an activator
in the in-line blending processes disclosed herein. Al kyl alum noxanes,

soneti e ,um noxanes in the art, are generally ki 6B§fob£%;99
corrpoundévg)gh(%szflan@ng --Al(R)--0-- subunlts where R is an lggy gro

Exanpl es of al um noxanes include nethyl al(nm noxane (MAO), nodified
met hyl al um noxane (MVAO), ethyl al um noxane and isobutyl al um noxane.
Al kyl al um noxanes and nodi fied al kyl al um noxanes are suitable as catal yst

act | vat or s plofhHCR dotpHIR dt 16ack BRYKEGhaRets! SERERdtSr falle{ 1) (But Mgt ur es

of d|fferent al um noxanes and nodi al um noxanes nmay a use For
further dedmvepd ilangsr maeomlerSpoBhtthart t}i\@mormrﬁﬁ{% @6Bof 47 BL2Ih4Re spebfit, 584,

> 091, 352, e?nbzcg)d?mle?x% shgw%oxﬁ §%8 84 t}E13e7ge}Zz;’lsrAfatorffblgrzchlferoslc:%arszteé9 (218mgg§mer rich
phase containing residual monomer from Reactor train (1) and comonomers
from Reactor train (2) from the polymer-rich blend phase containing a blend of
olefin based homopolymer and olefin based copolymer. In cases when Reactor
train (1) comprises two or more reactor trains (not shown in FIG. 8) and two or
more of them uses the same monomer pool, the effluents of the trains with the
same monomer pools may optionally be combined before the said effluents are
sent to the G/ phase separator for partial monomer recovery and recycle to one
or more of the corresponding trains in G/. It should be noted that as other trains
in G/, the monomer pools of said parallel reactor trains with the same monomer
pool may have not only one, but also more than one members. A special case of
the above configuration is when all reactor trains of G/ have the same monomer
pool. In these embodiments the effluents of all G/ reactor trains may optionally
be combined before bringing them for partial monomer recovery for recycle to

Gl.

[00143] As shown in FIG. 8, the monomer-rich phase emerging from the
Separator-blender may be fed to a single separation tower or knock-out pot to
remove undesired heavy components, such as excess solvent and catalyst killer,
oligomeric side-products, etc. from the monomer recycle stream at the bottom of
the said tower or knock-out pot. The monomer stream emerging from the top of
the tower is then recycled back to the copolymerization Reactor train (2).
Optionally (not shown in FIG. 8), a light purge stream can also be removed from
the recycle stream before feeding it to Reactor (2). Advantageously, light purge
streams may also be taken from the streams emerging downstream of the
Separator-blender. Such purge configuration can reduce the compression cost

associated with bringing the monomer recycle streams recovered in the finishing



4,968, 827, 5, 329, 032, 5, 248,801, 5,235,081, 5,157,137, 5,103,031 and
Eur opean and PCT Patent Publication Nos. EP O 561 476 Al, EP 0 279 586 BI,

EP O 516 5R40 594 218 Al and WO 94/10180, all of rein
|ncorpora\§7é§ @y re?erence in their entirety. [00175] V\hen%?LeQ%Og{olﬁzvgfor S

an al um noxane (nodified or unnodified),1®ene enbodi nents select the
maxi nrum anount of activator at a 5000-fold nolar excess Al /M over the
catal yst compound (per netal catalytic site). The m ni num

activator- s8et7éH 0 Y pFRSRRUSEtHeSoptidtdl HehVie séparafiBhdbwefMGnomer blend
recycle stream. Overall, the embodiment depicted in FIG. 8 may be more
complicated and higher cost in the separator section relative to FIG. §, but may
be simpler and lower cost in the monomer recycle loops because of the

decreased need for separation towers.

[00144] FIG. 9 depicts an embodiment that is configured and operates as the
process shown in FIG. 8, except that the separator serving Reactor train (1)
serves also as a buffer vessel. The use and operation of separators as buffer
vessels is described in detail in U.S. Patent Application No. 60/876,193,

incorporated herein in its entirety.

[00145] FIG. 10 and 11 show specific embodiments that operate as the
processes demonstrated in FIG. 8 or 9, respectively, except for the facilities for
storing and feeding polymeric and other additives in solution or in molten form
for blending with the polymer blend product made by the process. The
processes in FIG. 10 and 11 bring in the additives upstream of the optional
static mixer. In practice, additives may be blended in at different points
downstream of the reactor trains and may be mixed in at one or more than one
locations. Generally, the earlier, i.e., the further upstream, these additives are
mixed with the process streams, the easier the mixing is due to the lower
viscosity of the process streams. However, many of the additives may be
poisonous to the catalyst or may cause other complications in the operations of
the in-line blending process. For that reason, they may be brought in later, i.e.,
further downstream, to minimize or even eliminate the possibility of such
negative process impacts. As it will be appreciated by those experienced in the
art of polymerization technology, the optimal mixing point for additives is
specific to the additive-process combinations and can be determined by applying

standard chemical and polymer engineering methods.



B. lonizing Activators: [00176]1t is contenplated to use an ionizing or
stoichionetric activator, neutral or ionic, such as tri(n-butyl)amoni um

tetraki s \B&hsAH bdégrophenypboron atri sperfl uor ophenyl pBQRRBGsIIEIse4 | O d

precursor or a tr| sper fl uoronaphtyl borone netalloid precursor,

pol yhal ogenat ed het eroborane ani ons (PCTigmtent publication no. WO

98/ 43983), boric acid (U S. Patent No. 5,942,459) or conbination thereof as
an activator herein. Also contenplated for - 119 - use herein are neutral

or ionic a b‘i% rs R'SOQFBOQ%MQEB J&atﬂaf%r?‘gug h“EHOI g2 Om?f.éﬂ%%ifciued

al um noxan act| at ors ric

activators dngihdeingl ltlhe Erﬁ&ks seHerflatid aemils oi'théndes}igh dfaht iriehGer tdegtclem or
m xtures thereof. ree substituent groups are each independently

sel ect ed f rprocedsky Ifer usd kathy flajd phaseyimline podymenblmdag disclosadyhesein in
aryl hal i des, al koxy and halides. The three g{rou ps are i ndepg@ient |y
sel ected f ri§HMRalYgeieactasncoMiguirtipny c3§Rardton cconfigyrationy s Madyingyi begt
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having 3 to 20 carboni atons (including Substituted aryls). Alternately, the
t hree grourtetecen diffytent kmbodiméntscofithegsriooessgs digedosed Hesryin, wilh bt rdrivenr

m xtures thereof. Alternately, the three groups are hal ogenated, preferably
f1 uori nat ey @r‘)qlucgrmrﬁgmamwermwntﬁ raadn praceas ego@omms(armhwhccatt tevat or

I's trisper frlea&l li t%%llnecp Bonta%rda%(i g’%referlul{g rté)c ct]l;] S. ﬁowever, the monomer

recycle processes for use with fluid phase in-line polymer blending disclosed
herein are advantageous relative to the prior art by the virtue of reduced capital
costs for monomer separation towers, reduced operating costs due to reduced
utility expenses, and reduced maintenance costs due to process simplification
while still maintaining all the benefits associated with in-line polymer blending
(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).

[00147] The processes disclosed herein provide an effective recycle pathway
for making in-line polymer blends made by homogeneous olefin polymerization
processes, particularly for bulk homogeneous polymerization processes, such as
bulk supercritical and bulk solution olefin polymerization, an example of which
is bulk homogeneous supercritical propylene polymerization in combination
with propylene-ethylene or propylene-butene-1 or propylene-hexene-1 or
propylene-octene-1, etc. copolymerization. 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



[00178] lonic stoichionmetric activator conpounds may contain an active
proton, or sone other cation associated with, but not coordinated to, or

only Ioos&b;&g&(l)ﬁg i4nat ed to, the remaining ion of the ig?igﬁisg&%ﬁi@&und'

Such conpounds and the |ike are described in European p publication
Nos. EP-A-0 570 982, EP-A-0 520 732, EP-f60 495 375, 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

uU. S. t licaty on 1] e 1 | l.ch
are horei n APy | ador poboyREiER/pRibyIcAc SCmbifgen, hyidic ppy i
Act i vat or s:copbBadei%thgleneapropsleaeandndenblepidytetongidtemiss- aci ds whi ch may

play either the role of ionizing or non-ionizing activator. Activators
previ ously described as ionizing activators nmay al so be used as

non- i oni zi ngo fgky vatiors;, [00180T Apsty acti on of 'L oryl, neutals | gagds, my
three different polypropylene samples having different molecular weights and
crystallinities dissolved in propylene (at 18 wt %). (Achieve 1635 PP is a
commercially available metallocene-catalyzed isotactic polypropylene having a
Melt Flow Rate, MFR, (I,¢/I,-rASTM 1238, 230 °C, 2.16 kg) of 32 dg/min (dg =
decigram = 0.1 g) available from ExxonMobil Chemical Company, Houston,
Texas. ESCORENE PP 4062 is a commercially‘ available isotactic
polypropylene having an MFR of 3.7 dg/min, available from ExxonMobil
Chemical Company, Houston, Texas. PP 45379 is an isotactic polypropylene
having an MFR of 300 dg/min produced using a supported metallocene in a

slurry polymerization process.

Polymer Blend Formulations and Products:

[00149] Many different types of polymer blends may be made by the
monomer recycle processes for use with fluid phase in-line polymer blending
disclosed herein. A major fraction of a blend is defined as 50% or more by
weight of the blend. A minor fraction of a blend is defined as less than 50% by
weight of the blend. The monomer recycle processes for use with fluid phase in-
line polymer blending disclosed herein are advantageous for producing olefin-
based polymer blends in which the polymers can be divided into two groups, P1
and P2, for which the following conditions satisfied:
N(P1 + P2) = N(P2) and N(P2) > N(P1)

where N(P1 + P2) is the number of monomers in the combined monomer pool of
P1 and P2 polymer groups, and N(P1) and N(P2) are the number of monomers in
the first (P1) and second (P2) group of polymers, respectively.



acids that display an affinity for the formal neutral |igands. These Lew s
acids are typically unsaturated or weakly coordi nated. Exanples of
[ ' gyrent  and

non-i oni hpegt ors include RI(R')3, where R is a greHR203/061s _
R' is a @9%8%@??%3 hydrocarbyl, a substituted hydrocar %y? or a@f uncti onal

group. Typically, R' is an arene or a penét.uori nated arene. Non-ioni zing
activators also include weakly coordinated transition metal conpounds such
as |low valent olefin conplexes. [00181] Non-limting exanples of

Lo S at ; ' 3 Me3,
Rigt 5 f)n X ZI( Ir%g)ng] XiPﬁg ?ag?&uggfg%nﬁig%%l%%es%§:for RisCoRRh3 fufd

Ni (1, 5- cyclpimse anilineeh@ynied bl&2diAgddiscloseal hereirt arl advantazeans dor pfdiluléng/\/ﬂ in
the art and wi_ll be suitable for abstracting formal neutral |igands. See in
parti cul ar @lganrhasedpolymerblengds of a omepolymeer andia Topolymer as blends of a

acti vat | on TrpORRYBIS anditeBpd Bl e bleRds A Rencliingt and terbolgRer. Ris
0 g o PP AT A
hydr ocar bylin-linespblyimdrislendingdlioclaséy heredi afe AdVantdgddak f8F prottuchyPblefin V-

RiTs an arb%r;éad O;r)ol(';/n?eerr flchl:JnOdrsl rg}t (:ld h%;r(xaor})%lymer and a copolymer wherein the
homopolymer and copolymer have a common monomer. That is the number of
feed monomers of the copolymerization reactor train is equal to the number of
feed monomers of the combined homo- and copolymerization reactor trains.
Non-limiting exemplary homopolymer-copolymer blends include polypropylene
(PP) homopolymer — ethylene-propylene (EP) copolymer, PP homopolymer —
propylene-butene-1 (PB) copolymer, polyethylene (PE) - EP copolymer,

polybutene — PB copolymer, polybutene — ethylene-butene-1 copolymer, etc.

[00151] The monomer recycle processes for use with fluid phase in-line
polymer blending disclosed herein are also advantageous for producing olefin
based polymer blends of a homopolymer or a copolymer and a terpolymer. Still
more particularly, the monomer recycle processes for use with fluid phase in-
line polymer blending disclosed herein are advantageous for producing olefin-
based polymer blends of a homopolymer or copolymer and a terpolymer wherein
the homopolymer or copolymer and terpolymer have one or two common
monomers, respectively. That is the number of feed monomers of the
terpolymerization reactor train is equal to the number of feed monomers of the
combined homo-or copolymerization and terpolymerization reactor trains. Non-
limiting exemplary homopolymer-terpolymer blends include PP homopolymer —
ethylene-propylene-butene-1 (EPB) terpolymer, PE - EPB terpolymer,
polybutene — EPB terpolymer, etc. Non-limiting exemplary copolymer-
terpolymer blends include EP copolymer — ethylene-propylene-butene-1 (EPB)



- 121 - [00184] Gt her non-ionizing activators include B(R12)3, where R12 is
an arene or a perfluorinated arene. Alternately, non-ionizing activators

i ncl ude REE5HR)@o@Rd B(C6F5) 3. Another non-ionizing act ip¢ghRbodshofR686F5) 3.

Alternately, activators include ionizing and non-ionizing activators based
on perfluoroaryl borane and perfl uoroaryhogorates such as PhNve2H+

B( C6F5) 4-, (C61-15)3C+ B(C6F5)4-, and B(C6F5)3. [00185] Additi onal
activators that nay be used with the catal yst conpounds di scl osed herein

i nclude th ' | ¥ ' [ - 340 3A i ch
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useful actiteggolymet,astcuse in the processes disclosed herein include clays
that have been treated with acids (such as H2SO4) and then conbined with
nmetal alkyls (such as triethylalum nun) as described in US Patent No.

0,231, 252 cBaBR "2 i ) Bt iR n b e S e BARe Dl e
| on- exchanggeh &Y ffa38 by the monomer recycle processes for use with fluid phase in-line
polymer blending disclosed herein may be similar or different. The polymer
blends disclosed herein may also derive similar improvements from
combinations of different materials in similar or different proportions. One non-
limiting example of a useful polymer blend made by the fluid phase in-line
blending process disclosed herein includes a major fraction of a highly
crystalline moderate molecular weight polymer and a minor fraction of a very
high molecular weight, elastomeric polymer with low or no inherent
crystallinity. Another non-limiting example of a useful polymer blend made by
the monomer recycle processes disclosed herein includes a major fraction of a
soft, tough, low melting polymer with a minor fraction of a highly crystalline,
high melting polymer. Still another non-limiting example of a useful polymer
blend made by the fluid phase in-line blending process disclosed herein includes
a major fraction of a highly crystalline polymer with a minor fraction of a low or
non-crystalline polymer where the low or non-crystalline polymer is non-

elastomeric.

[00153] The polymer blends made by the monomer recycle processes for use
with fluid phase in-line polymer blending disclosed herein may 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. A polymer
blend useful for this particular application may include from 75 to 99 wt %
moderate molecular weight propylene homopolymer with 1 to 25 wt % of an

ethylene plastomer (EP copolymer). Alternatively, the ethylene plastomer may



silicate having an acid site of at nost -8.2 pKa, the anount of the acid
site is equivalent to at least 0.05 mml/g of 2,6-dinethyl pyridine consuned

'qu;iz‘cgt)g-sl i mting exanples include chem 9?&}%260%;3%2% i onal

for neutrghipal{
snmectite group si , acid-treated snmectite group silicates.

exanpl es of the ion-exchange | ayered siliogate include | ayered silicates
having a 1:1 type structure or a 2:1 type structure as described in "C ay
M neral s (Nendo Kobutsu Gaku)" written by Haruo Shiram zu (published by

Asakur a Shq,teefhpi]gbeh%g)ea ér%ﬁ#ﬁ%k@fﬁﬂ@hﬁécoﬁfglﬁﬂef QBnfEAIHEN AN BLE6 Ot %

silicate conprrsing t ayer as t I'n constituting layer include
kaol i n gr oghyehé.c dhesplastomesordhighi prépylenerddpelyren compoaentref dieablenysi t e,
hal | oysite or the |like, and serpentine group WO .

2008/ 109094rovidessepsiaondtd ductibity as welll asagtentionaftdustility apd éelerance of
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hectorite, tghpehent i the Blead! | POIyMerF Hlénds be sropyRene! hompesyrhec ands
vermculite or the like, mca group silicates such as mca, illite,
sericite, gtlylemniplastomert hor prdpylemmethyianepoodpplymer sapi generally pdéargoroski t e,
bentonite, pyrophyllite, talc, chlorites and the |ike. The clays are
contact ed WeaHy &h clgar @s the ynblended pronedene hamopglyanet GRIMBRRSM. * a reduci ng
agent or a treating agent containing a conpound intercal atabl e between

| ayers of an ion-exchange | ayered silicate. The intercalation neans to

intr oducet ggbfgqrrat %tilﬁ'an@ﬁ{e‘ﬁ’eﬁﬁélrﬂégx ,%&fmﬁa-iiﬁﬁlﬁ%%gﬁgﬁt&é@bf vihéte! the

mat eri al be I"ntroduced 1's ca S a guest co nong t hese

t r eat ment s polyaner bleads merde oy theambnomeatemycie processesiforuse withaflurhpleseous.
The treated clay nmay then be contacted with an activator caonpound, such as
TEAL, and trdingapalyjrer blerdingdiscdossdl herein Aindyjappligation is in' devices and

packaging materials requiring good impact resistance, and particularly in low
temperature environments. Polymer blends useful for this particular application
may include from 60 to 99 wt % of a stiff propylene homopolymer and/or a
relatively stiff, low comonomer containing propylene copolymer and 1-40 wt %
of an ethylene plastomer, propylene copolymer .containing 5-20 wt % of
comonomer, Or comonomer-propylene eiastomer (like ethylene-propylene
rubber). In applications requiring clarity, incorporating into the polymer blend a
minor fraction of a highly compatible ethylene plastomer or propylene
copolymer known to have a minimal deleterious effect or even a positive effect
on the clarity of blends with polypropylene may provide for such. Such
plastomers comprise those with a refractive index and viscosity similar to the
polypropylene with which they are to be blended. Compatible propylene
copolymers are exemplified by propylene-ethylene copolymers containing less

than 16 wt %, less than 11 wt %, or less than 6 wt % ethylene units.

[00155] Still yet another exemplary, but non-limiting application of where

the polymer blends made by the monomer recycle processes for use with fluid



[00189] Pol ar conpounds often act as catal yst poisons. Thus, in another
form the polynerization systens conprise |ess than 5 wei ght % pol ar

speci es an 4 weight % or |less than 3 wei ght %r/l%ﬁodsﬁ s%oé han 2
wei ght %\Qgrb essJ91I?han 1 weight % or less than 1000 wt ppm or ﬁess t han

750 wt ppm or less than 500 wt ppm or-hmss than 250 w ppm or less than
100 wt ppm or less than 50 wt ppm or less than 10 wt ppm Polar species
i ncl ude oxygen contai ni ng corrpounds (except for al um noxanes) such as

al cohol s, Wg@ th-1ihgt er Bl ?ﬁ?scl(?sghql%relﬁsfixﬂf ?gﬂf%é@é%h%ho%%?%}]{ n

yet anothe rm the pol yrrerlzat on systens conpr

tri met hyl almateriahs ﬁmﬁﬂﬁﬂngtef icofribihati atimofUstiffiridks lapdsSihp@il resivedrdet artd/oPra | ess
than 3 weight % or less than 2 weight % or less than 1 weight % or |ess

t han 1000 mgmblaatl¢re9§ heatimesiganos apdrimpact resistandean A5 pOlymempblendasseffidss -

123 - for these applications are similar in composition to the blends specified for

impact resistant devices and packages. More particularly, polymer blends useful
for this particular application may include from 60 to 99 wt % of a stiff
propylene homopolymer and/or a relatively stiff, low comonomer containing
propylene copolymer and 1-40 wt % of an ethylene plastomer, propylene
copolymer containing 5-20 wt % of comonomer, or comonomer-propylene
elastomer (like ethylene-propylene rubber). The stiffness and heat resistance
may be increased by increasing the homopolymer or stiff copolymer portion of
the polymer blend. Correspondingly, the ifnpact resistance may be improved by
increasing the plastomer, propylene copolymer or ethylene-propylene rubber
portion of the blend. The desired balance of product attributes may be

accomplished by a careful balancing of the two components.

[00156] Still yet another exemplary, but non-limiting application of where
the polymer blends made by the monomer recycle processes for use with fluid
phase in-line polymer blending 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. Polymer
blends useful for this particular application may include from 75-99 wt % of one
or more stiff homopolymer and/or copolymer components and 1-25 wt % of one
or more plastomers, low to no crystallinity propylene copolymers, and ethylene-
propylene rubbers.  Where increasing softness of packages and device is
desired, one may use a greater fraction of the one or more soft components in the
blend and smaller fraction of the one or more stiff components in the blend.
Polymer blends useful for this particular application may also include a major

fraction of the soft components and minor fraction of the stiff components.



than 250 wt ppm or |less than 100 wt ppm or less than 50 wt ppm or |ess
than 10 wt ppm [00191]In still yet another form the pol ynerization

systens GRBBhisSRedsgt hy! al um noxane and | ess than 5 weig 9
trimethyl ap%m num and or triethylalum num or |ess thanggT@F%Oﬁ/too%%g9 or |ess

than 3 weight % or less than 2 weight %iier less than 1 weight % or |ess
than 1000 wt ppm or less than 750 wt ppm or |ess than 500 wt ppm or |ess
than 250 wt ppm or less than 100 wt ppm or less than 50 wt ppm or |ess

than 10 wt po. thgqgggéaﬁggggr@gﬁg&ﬁas A IRAGH SYPWE I tHe Stift polviher

di vi ded, supporte repar e “propyl ene/1l -hexene copolymers with

greater thagmbdhefiPhrd ¥09Nwxenef thescftigolyindét domporepty di vi ded supports,
in-1ine blending processes disclosed herein may use fumed silica supports

in which the support particle dianeter may range from 200 angstrons to 1500

angstrons, snmall enough to f | 1.0i d with Li di a. I
Supports: [POHRT3] | réjﬁg'ﬁdiegépggl{?nfarﬁx%fég’é’at%ty‘ﬁ“[ %@é%ﬁ’gﬁﬁé&% L‘gh‘%%;oner

o T DS IS AL M G St g

di scl osed uppor carrier. For exanple,
the one or gl’i'ﬁ?;ceidlﬁhé'[;ﬁb?m_@l@ﬁ%ﬂﬁfg diselde@hefif fid featiohiarefilins wikixhbe
n ed with

deposi ted , contac , vaporized with, bonded to, or incorporated

wi thin, adape beghiced ebawibend iformar seal, ataetatelynbow deyated temperatarer yasr s.
still maintain integrity at much higher temperature. The range of blend
compositions previously specified for soft, elevated temperature resistant
devices and/or packages would apply for this particular type of film application.
Similar relationships between competing properties and the relative usages of the
relative components would also apply for this application. More particularly, a
greater fraction of the stiff polymer component may increase the seal integrity at
higher temperatures, whereas a greater fraction of the soft polymer component

may improve seal formation at lower temperatures and seal strength at normal

temperatures.

[00158] Other polymeric materials may also be utilized as the soft
component for the appliucations previously described. For example, propylene
homopolymers and low comonomer copolymers containing relatively large
quantities of chain defects such as stereo- and/or regio-defects may be used in
the aforementioned blends in place of or along with the plastomers, ethylene-
propylene copolymers and other modifiers. However, one distinction between
the high defect propylene homopolymers and low comonomer copolymers and
the previously described plastomers, ethylene-propylene copolymers and other
modifiers is that high defect propylene homo- and copolymers provide relatively
less improvement of low temperature ductility in the blends because their glass

transition temperatures are not depressed below the norm for propylene



[00194] The support material may be any of the conventional support
materials. In one form the supported material nmay be a porous support

mat eri al , l'e, talc, inorganic oxides and inorgapirfsSéshisdss-
Q her Supvgg)%)os‘?nfé)l%@i al s may include resinous support materi a?s such as

pol ystyrene, WO 2008/ 109094PCT/ US2008/ 002829 - 124 - functionalized or
crosslinked organi c supports, such as polystyrene divinyl benzene .
pol yol efins or polynmeric conpounds, zeolites, clays, or any other organic

[ [ : ' t ' | Xt ukee r eof
[00105] oot SRR U, THE PA8<Encd O IEnirichf, Aholhdlc ST TRAVIFIE Romonameere
incorporated into their chains.

[00159] 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.

Catalyst System Overview:

[00160] The monomer recycle processes for use with fluid phase in-line
polymer blending disclosed herein 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 monomer recycle processes for use-with fluid phase
in-line polymer blending 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 invention. 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 disclosed 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 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



Goup 2, 3, 4, 5, 13 or 14 netal oxides. In one form the supports include
silica, which nmay or may not be dehydrated, fumed silica, alumna (PCT

pat ent pL\?bl o0 No. WO 99/ 60033), silica-alum na andpppiiys@roshsr eof

Q her use supports i nclude magnesia, titania, zirconia, nmagnhesium
chloride (U S. Patent No. 5,965,477), nopfsrorillonite (European Patent No.
EP-B1 0 511 665), phyllosilicate, zeolites, talc, clays (U S. Patent No.

6, 034, 187) and the Iike Al so, conbinations of these support nmaterials my

the i ke, AdBTTONaic bt EoEr P shiplifafe Bt ApudgfBathbcAbnE™
pol ymer s d Rrhﬁﬁgoi'gf%mﬁdh(ﬁ%ttﬁ@feo&do EP O 767 184 Bl, which is
In

i ncor porated here reference. Qther support materials include
nanoconposi tes as described in PCT WD 99/ 47598, aer ogel s as described in WO
99/ 48605, Bherulltes as described in U S. Pat. . 5,972,510 and poI ymeric
beads as dd9816tkd iAs\dizdosesloarein, vlircgh:rdﬂ@taacata}yémem ﬁhﬁéwpf@rr&ti a§y

2 surt ace 4if8h SSPorAe (fadourtt G Jb ST TRISAD Y50 IR, PSRNl Ue
in the rangga gl dokORRAANLE IO %Ansé&%e&/g?&nq9%emgﬁuee§]ﬁé Shiglysigze 11

the range o om a 02 tb out térnative e surface

area of thénsh@pant r@ﬁi‘@{deédreld&sd:ﬂilbéd”l@s sintiogerratiorotatabew. 50 to about 500
n2/ g, pore volunme of from about to about 3.5 cc/g and average particle

size of from about 0 02 t o about 20 pm In anot her form the surface area

of the sup te s, in the ran Is from about 100 to .about 400
e/ g, pore%baﬁiﬁ fr ?ng’éﬁlﬂse@ F'Sr%o nglqgal cege a metalyesnteredy ﬁPq teroagylsi ze

Is fromab q%agg %%lg ?gr?l%ueﬂg there the2thel 1[19%§Z%ﬁ\?{brng erllg %irgﬁﬂpép%t may

al so be use e processes qede s eXanpl’e, in
a one enbodh&ERhtHdneddMRPIREO WS, tHeMREnfdd iseAes UMPQhé SPEESTIE! PaBlel bf Uhe

Pat. No. 6,590,055 may be used and is incorporated by reference herein.

Scavengers Elements) are defined as the class of 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.
Just as in the case of metallocene catalysts, the 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) catalysts are typically made fresh by mixing a catalyst precursor
compound with one or more activators. 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) catalysts are described in detail in PCT Patent Publications Nos. WO
02/38628, WO 03/040095 (pages 21 to 51), WO 03/040201 (pages 31 to 65),
WO 03/040233 (pages 23 to 52), and WO 03/040442 (pages 21 to 54), each of
which is herein incorporated by reference.

\

[00163] While the number of different catalyst systems deployed in the
disclosed 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



[ 00198] Conpounds that destroy inpurities are referred to as scavengers by
one skilled in the art of polymerization. Inpurities nmay harm catal ysts by

reduci ng jvity. Scavengers may be optionally f ct or(s)
of the m‘klp?h&es 6e9nd| ng process disclosed herein. Catal ‘f)?;fé{%é@?{ﬁ{)/{lsﬁ&‘

defined many different ways. For exanpl ejjgcatal ytic activity can be
expressed as turnover frequency, i.e., the nunber of noles of nononers
converted to the product in a unit tinme by one nole of catal yst precursor

el oyed | RLERBI00 ¢ NBVARMELS,C R LY Soriie FEbatOr T HelE &R Lo

operati ng e Ssane resi ytic actli vi

measur ed i RN tanQtn CGatay s lorPhe dplbynkit of HOLABES tHan ﬁ&%a@&l?@@ iasthehe
wei ght of polynmer made by a unit weight of catal yst precursor with or

wi t hout t heeawtoghiankf of hm&aqmlmenzan({rﬂmr@éc}sihas sclvaptageoss ffor ecmmonmict he
processes di scl osed_herein may be dlfferent chem cal conpound(s) fromthe
cat al yst adeasPRor . INenone rrPhWQrféx% yatsy deplenadydns the,eagtorsi ®akybezi nc,

' hyl al th
s num BRI SR A b Erar T MR RL LBV oy
al so be th¢epd %u%'%lﬁﬁgﬁhéés'in 3Rt IrgA8f. Andohnd [}gﬂ;ﬁlﬁ} le¥ntMneRE the

excess of mhat S needed t activate the ca These scavengers
i ncl ude, buatalyst(s)ols Karebt]&dnbgen@lusm rissohes] isuthe fuidmaehstiomimedianxane.
The scaven al so be introduced to the reactor with the nononer feed
or with an&’b@%é\ze fcet&intnsaamsentr\asansolbdrphaﬁal igr thenpRlymasizationeaelonvinger
I's introduced noner - cont.ai ning feed. The scavenger may be
honmogeneoudfdy g% Qﬁ;#n%PQ§“PPBGF meri zation reaction mediumor nay WO
2008/ 109094PCT/ US2008/ 002899 - 126 - forma separate solid phase. In one
particul ar enbodi ment, scavengers are dissolved in the polynerization

medi um [00164] The process disclosed herein may use any combination of
homogeneous and heterogeneous catalyst systems simultaneously present in one
or more of the individual reactors of the polymerization reactor section, i.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 fnay 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.



Pol ymeri zati on Monomers and Conononers: [00200] The processes di scl osed
herein may be used to pol ynerize any nononmer having one or nore

(non-conj‘?g%@sgll)m@l“i phati ¢ doubl e bond(s) and two or mg@g@&@g)@g@pn&
y

Mononers for use in the in-line blending process includ ne,

propyl ene, C4 and higher a-olefins (non-{ispaiting exanples include butene-
1, hexene- 1, octene- 1, and decene- 1); substituted olefins (non-limting
exanpl es i nclude styrene, and vi nyl cycl ohexane); non-conjugated di enes

(non-limti anpl ' ' e | Gﬁll%h 1

a, w- di enes [?%oér?jl imti nS%%ﬁ?ﬁ%ﬁ?ﬁW%&ggﬁgﬁéw% - oc%ggl}ﬂér?g) ;
cycl ool ef i mgr éﬂ&ﬂgld, FThoh61the Xcdiiprésing Redaiide dryortapas tchagnelsy fdactorxwary,; and
nor bornene. [00201] The processes di sclosed herein may be used to polynerize

any unsat uaatdotempaldubingyr Whanothercatalyists agé sypiested; opeoian evayrigke place

alternatively C3 to,C60 .0l efipg, alternatively C3 to, C40,0l efins, .
al t er nat i vOnydigpersgd @agtichess | Rdienaihe %ﬂtg]é(ﬁhé& g‘I‘RPQ@dt gn dispeised Padticlese

processes i ' ' ' ranched

o "oyl i o SPRRRRRdpp e hIFB R ST g P ¢ lRalysP et BEMBDCRY

C3 to C60 abpiAe¢ hrodact.al e 'aMAHRIrY efmBolinémtO \HsBPpoRbe  datslysRl hitiyndki vel y
C3 to C20 gl pha- ol 2¢i ns, and alternatively C3' to C?goal pha-o?lefi ns.

Sui t abl e oldéfsolveddndhe fhiidregadti®onanedimm.nor e of propyl ene, but ene, pentene,

hexene, heptene, octene, nonene, decene, dodecene, 4-nethyl-pentene- 1, 3-

met hyl pentene- 1, 3,5,5-trinethyl-hexene- 1, and 5-ethyl nonene- 1.

dy f th I scl d | h |
(00202 . Sagtdiy T PR s BESHERIFR e el Bl 2221
prochiral gkphénelsl It &arfple!l m&Rqtalyst kP Vedintioddced §4itTh® monomer-

conbi nati ons
containing feed or separately. Also, the catalyst(s) may be introduced through

one or multiple ports to the reactor. If multiple ports are used for introducing the
catalyst, those ports may be placed at essentially the same or at different
positions along the length of the reac'tor. If multiple ports are used for
introducing the 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:

[00167] 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 should be able to coordinate to, or
otherwise associate with, an alkenyl unsaturation. Exemplary, but not limiting,
polymerization catalysts include Ziegler-Natta catalysts, metallocene catalysts,

nonmetallocene metal-centered, heteroaryl ligand catalyst compounds (where the



t her eof capabl e of being polynerized by either stereospecific and non- WO
2008/ 109094PCT/ US2008/ 002899 - 127 - stereospecific catalysts. Prochiral,

as used fers to nononers that favor the forma ctic or
syndi ot ar(}t%f)?b%/ﬂog(ﬁer when pol ynmerized using stereospeci %anlggéogl(ﬁ&%@

[ 00203] &t her nonomers for use with the iLppl.i ne bl endi ng process d| scl osed
herein may al so include aronatic-group-contai ning nononers containing up to
30 carbon atons. Suitable aronmatic- group cont ai ni ng nononers conprise at

| east one arognptic rn t hr ..
2l tor nat ol yEAB b RpPodn et he T g 6. 5hE TRpRBRR SrBieSTpr i gotinide
ar omat i C- giseHPs %?@B@'P'éh%ﬂlmméebf e Eﬁﬁeﬁ%&thfﬂﬁs aid fatar3fifon metal
pol ymeri zabl e doubl e bond such that after zation, the aromatic
structure icatgbgstslant from t he pol yner backbone The aromati c-group

cont ai ni ng nononer nay further be substituted with one or nore hydrocar byl
groups including but not limted to CL to C10 al kyl groups. Additionally

omat | o o0RTE8En: cPiRETAR RS aHaE ebvedhiciive cdlyB et feremehiar i
structure g?g:ﬁg%ﬂ?& %t&?ﬁé%ﬁr &cﬁ@ﬁtﬁ @iééﬁkﬁr’?ﬁig‘?ﬁ%{%y[ ’S\Qéﬂag)ﬁtt 'sYStems

exenpl ary nomer s |ﬁ ude s yr

par aal kyl stayé abgse cialydts ebHpiRing \bneYorNMABR BataBRe prédurydr é@ﬂﬁ@ﬁ'ﬂis e
i ndene, and alternatively styrene, paranethyl styrene, 4-phenyl- 1 -butene

and al ly! loermeng cafabystoaqtivatorsy andt optianally, ongr oupnerensuppurtsy r@atalytics nay

al so be used
activity is often expressed based on the concentration of the catalyst precursor

compounds without implying that the active catalyst is the precursor compound
alone. It should be understood that the catalyst precursor is inactive without
being contacted or being treated with a proper amount of activator. Similarly,
the catalyst activator is inactive without combining it with a proper amount of
precursor compound. As will become clear from the following description,
some activafors are very efficient and can be used stoichiometrically, while some
others are used in excess, and in sometimes large excess, to achieve high
catalytic activity as expressed based on the concentration of the catalyst
precursor 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.

[00169] When utilizing homogeneous supercritical polymerization
conditions for making one or more of the in-line blending components,
homogenous polymerization catalysts, such as metallocene-based catalysts and
other single-site homogenous catalyst systems may be advantageous. For
example, when polymerizing propylene under supercritical conditions,
particularly useful metallocene catalysts and non-metallocene catalysts are those

disclosed in paragraphs [0081] to [0111] of U.S. Patent Applicafion No.



in the processes disclosed herein. These nononers may include up to 30
carbon atons. Suitable non-aromatic cyclic group containing nononers may
have at I&a%os?lra?mggol yneri zable olefinic group that is @,kﬁ:ﬂgrmo@;ﬁpggpt on
the cyclic structure or is part of the cyclic structure. e cyclic
structure may al so be further substituteg7oy one or nore hydrocar byl
groups, for exanple, but not limted to, Cl1 to Cl10 al kyl groups.
Non-limting exenplary non-aromatic cyclic group containing nononers

i ncl ude vi n i Cig! e - - Pl vl -

et hyli deneWéﬁ%@@gﬁacg%rf]g{b%ﬁ%aﬁﬁggz%c%% e(r)litlg'gj %@%oﬁ@?ggéﬁ&p%&

cycl obut ene, 1787004, fivd paka o whi@A 428 hbleth didotpomted By sefébohcel so be used
in the processes disclose herei n. These diol efin nononers include any

hydr ocarbon structure, or alternatively C4 to C30, having at |east two

unsat urate nds, erein at | egst two_ of .the unsaturated bonds are
readily iniQBnght edI he (gogesses yﬁ&lowﬁ derdiarcan smyplaysHedprgsc obrcatalyst

from al pha.Co s 8, BUE 1he prodctfied Ry i BRAT ot TBY pBLiRers AR
l'inear di - \dafyst"QRRMR Prepafid@frBhi'thoré %ﬂoﬁ@c%%ﬁ?%rﬁ%}gm&daﬁi ting

exenpl ary di enes incl ude butadi ene, pentadi ene, di ene, hept adi ene,
oct adi ene, beoeraployed,indhe dniliarecblendimecpaicesses tdadiee adiseleet desiretbphykieale,
t et radecadi ene, pentadecadi ene, hexadecadi ene, hept adecadi ene,

oct adecadi @ieNOlRsHiRIROPRRIRS; Febsuample mivedecatalystisEstemsaearocontrelnthe

tricosadi ene,, tetracosadi gne, pentacosadi ene, ., hexacosadi ene, .

hept acosad i"é?llg?u%% t%ﬁ@gdﬁgﬁ@,“%ﬂa ngﬁ At @olxpr PBXI%HF aﬂﬁ%’h aisedawithcthear |y
preferred di j aﬁ{h? - di -@ﬁq@gi

1, 9- decadi g%gaﬁgodlgfdd&g%&%%ﬂr&gﬁgk , ‘?ﬁggéjgg}é@%sﬁeml%fzé?rg? eca iﬁ@:e

1, 13-t et r agecestsendisclostd hereim)| teupalynierighionpeéachiohts)i #agsbé Monduesd t han
1000 g/ ol ). Non-limting exenplary cyclic dienes include cyclopentadiene,
vi nyl nor bowidh &0 95 Thereneadalyaepresutspr icommounds lab theesame gime oy irbssriasndn

di cycl opent adi ene qr hi.gher ring containing diolefins with or wthou
Subst i ¢ nonPartigulg te iy caay F Bhrurso Somondis 1 e sl G gy

pol ar unsa t : ol : O [t i ne,
il yi oo @ FRRATEICE pldfy 4 iffsodhced g sBAOGrerlialiph Ho@hl # 6F
vinyl ket orgmeSoh@iffsnert-times. Thesebystetrs dagr 4186, §ptRonallys B8 used with diene

met hoxynmet hy1- 5- nor bor nen- 2-one, acrolein, 2,2-dinmethyl-4- pentenal,
undecyl eni énegrperafide, toXadildatedohg thaincbrapphiagiusing mixed gatatyshsystems and

high levels of vinyl terminated polymers.

[00171] As disclosed herein, two or more of the above catalyst precursor

compounds can be used together.

Activators and Activation Methods for Catalyst Compounds:

[00172] The catalyst precursor compounds described herein are combined

with activators for use as active catalysts herein.

[00173] An activator is defined as any combination of reagents that
increases the rate at which a metal complex polymerizes unsaturated monomers,
such as olefins. An activator may also affect the molecular weight, degree of

branching, comonomer content, or other properties of the polymer.



- 129 - vinylacetic acid, 4-pentenoic acid, 2,2-dinethyl-4-pentenoic acid,
6- heptenoi ¢ acid, trans-2, 4-pentadi enoic acid, 2,6-heptadienoic acid,
nona-fl u -l e, ally! alcohol, 7-octene-1, 2-diol
2-nethy19&8@h?£@§@?ol, 5- nor bonmene-2- carbonitrile, PCT/US2008/002899

5- nor bor nene- 2- car boxal dehyde, 5-norbornepe- 2- carboxylic acid,

ci s-5-nor bonene- endo- 2, 3-di carboxylic acid, 5-norbornene-2, 2, -di nethanol,
ci s5- nor bonene- endo- 2, 3-di car boxyl i ¢ anhydri de,

5- nor bor nen&: %:lﬁﬂﬂﬂé)g‘én%nﬁﬁf%m » I A1k . Qi &r &ne- 2- endo- 3- exo- di net han(?‘l ,

5-nor bor ne tHanot, o= 1ot pon *bor nene- 2-y1l acetate,

142- (5- nor yoO#P4T 2- YREGAY Fbrm, one or more aluminoxanes are utilized as an activator |
3,5,7,9,11,13, 15- hept acycl opent yl pentacycl o[ 9.5.1.13'9. 15" 15. 17" 131octasil o

xane, 2- banzthel-in-limoridending, pabiessesl,disdped thadreinf | uddkel aliméhdremes,
acrol ein dinmethyl acetal,_ butadiene npnoxide, 1, 2-ei)oxi$- 7-0oct ene,
1, 2- epoxy- Gometisnes calledl akwpippxanescitethe arp, arstggperally, pligpaericasmpeynds|

| yci dyl . 2 5-dj - cycl en- 1: hy| ket al
oY1 931 ok inig AL BB SYPEARTE i HISRSRL FoBS o
may be car rjiggifikandt iib188¢ mthyiall Irﬁb&’i’?’letd%&h‘illleﬂ/blh{gﬁ%)?ﬁ%' red

inoXkaf QQIK@,
product conmposition at an econom cgﬁ s?ng? -pasz CONVEr si on.

concent r at i(MiSLAD} @kyltwhinoXaneandvibebutylddemiiixank. antkyidlandhoxaiRstand
solvents/diluents are cofed with the nononers and catal yst. Al though inert

sol vent s/ dimedified alkylabuminoxanes agosuitabile asicatalyst activasors, particadarly when
tratipn is often advant . d .0l d
ecovery.r abs abSurapiable BigadiRChilideenMisniet o GSHEF BIMPMANIGS G | od
t inth . t 0 [ -dJ. nt_ a rdin
olerin condloETER Aulinokaes' B30, Ao e (AL MU RudRrRBEARIOHE el U8 51 "

40 wt % or Puért, NoOs. £668,298, W,952,640,191081,53ad 536285 208006! 19975 ¥64 41 Pr
nor e. [OOZ%I n anot her enbodi ment, polynerizafions yielding thé in-l1ine
bl end conpdn&it,£34r 4,924:058% 4,808,468, #,968,827homB29032s €5248,801, 5231081,

comi ned 1 Gagt pf 4 eeqg, GATPL g her L PRI bUERLan NESSER G610
476 A1, EP 0279 586 B1,EP 0516 476 A, EP 0 594 218 A1 and WO 94/10180,

all of which are herein incorporated by reference in their entirety.

[00175] 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:

[00176] 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 publication no. WO 98/43983), boric acid (U.S. Patent No.
5,942,459) or combination thereof as an activator herein. Also contemplated for

\



WO 2008/ 109094PCT/ US2008/ 002899 - 130 - or less than 20 wt % or | ess than
15w % or less than 10 wt % or less than 5 w or even less than 1 w %

[ 00209] | Nwé 29@891% yl ar enbodi ment, ethyl ene-propyl ene cgeg}%g@rgmmsgpd
eds

conponents "are nmade with essentially diluent-free nononer fe cont ai ni ng
1- 18 wt % ethylene and 75-99 wt % propyi®ne. |n another embodinent,

et hyl ene- propyl ene copol yner bl end conponents are produced with essentially
di luent-free nononer feeds containing 5-30 wt % of butene-1, or hexene-1

and 65-95 % D1 I r.et: . 1 e .prQc . SCl d
herei n rray\l}%g ?}glfee tgx%%rngggrgg °§d§§%§{h§¥#§%§’9§r8}é’§goP§n@r g%ﬁﬁﬁggfﬁglﬁy%@
refers to alpainoihe Dy thodified euminiRdneactiviforg. or nore different nmonomer

units. Polymers produced by the processes disclosed herein include

honopol ynmers or copol yners of any of the above nononers.
[00177] Examples of neutral stoichiometric activators include tri-substituted
boron, aluminum, gallium and indium or mixtures thereof. The three substituent
groups are each independently selected from alkyls, alkenyls, halogen,
substituted alkyls, aryls, arylhalides, alkoxy and halides. The three groups are
independently selected from halogen, mono or multicyclic (including
halosubstituted) aryls, alkyls, and alkenyl compounds and mixtures thereof,
preferred are alkenyl groups having 1 to 20 carbon atoms, alkyl groups having 1
to 20 carbon atoms, alkoxy groups having 1 to 20 carbon atoms and aryl groups
having 3 to 20 carbon atoms (including substituted aryls). Alternately, the three
groups are alkyls having 1 to 4 carbon groups, phenyl, napthyl or mixtures
thereof. Alternately, the three groups are halogenated, preferably fluorinated,

aryl groups. Alternately, the neutral stoichiometric activator is

trisperfluoropheny! boron or trisperfluoronapthyl boron.

[00178] 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-0 495 375, 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.



[00211] I n one enbodi nent of the processes disclosed herein, the polyner is
a honopol yner of any C3 to Cl2 al pha-ol efin, or a honopol yner of propyl ene.

I n anot h #peTelol nt the polyner is a copol yner conpri gj e and
et hyl enee‘\gmgr el nb({gﬁe copol ymer conprises less than 70 V\%lbgﬁ]ts%%%}ea%‘%?%?ene, or

| ess than 60 wei ght % ethylene, or |ess-tban 40 wei ght % ethylene, or |ess
than 20 wei ght % ethyl ene. In another enbodi nent the polyner is a copol yner
conpri sing propylene and one or nore of any of the nonomers |isted above.

I n anot her cerfpgdi | ymers conprise one or nore diolefin
cononormner s%‘é@%m Eﬁv&t%?sqr nore C6 to C40 non-conjugated diol efins,
al ternati v§09178]e OrAﬁWaio@Gal'eOtygﬂ&l , Yrome isvis-aélds which may play either
2008/ 109092%CT79L1182008/ 002899 - 131 -ryot herghi her olefin andyolp))t |y_onal ly any
t hi rd nonottke role phiienizing empemdenigingativatas i Activaiers previoushydeveribed@ar |
branched or, cyclic nononers. |n another enbodinent, .the one or nore pol yner
bl end corrpé‘?fé‘%’cné AYATE MPeplsP Persed 23 NOPIORIAIRE FFUVAAY- ene and one or
nore of propyl ene, butene, pentene, hexene, heptene, octene, nonene,
decene, dodecene, 4-nethyl-pentene-1, 3-nethyl pentene-1, and

3,5, 5-tri mpodmao]hexeAbstiactioh &ft fdrmaaRubal ligahes nilBNbe achRveasvith 1T6wWis

pol ymer bl end conponents produced herein ar€ a copol yner of propyl ene and
one or nor acils thathgispley, abafmty fortheeformahaercatral ligepdsendhesecLends acidsene,
decene, dodecene, 4-neth -Pentene-l, 3- et hyl - pentene-1, and L.
3,5,5-tr] mz%ﬂmaﬁﬁeuqsa&rrﬁ egk pr | weakly apeurdutatedi oixameples phaasnionigingor e
pol ymer bl onant.s Pprogeuced her eipho are a_copol r of a or. hi gher
ol efin andggﬁ‘éﬁ%gnﬁ%‘ﬁgd%fﬁeﬁﬁyﬁ%nggeﬁ?r yllﬁr%,gr%ﬁgl%ﬁeﬂg?ﬂteﬁ%, ex¥n8,
hept ene, o n " e , - 2

et hy - pot e e R tR ACA Y 9T} PaRchonsl, prove.
enbodi nent Typidally, B’ beeasendicd parfidohiaatidrarehdic Noppionysing actiestors #led
conprise at least 50 mole %of a first nononmer and up to 50 nole % of ot her
nmononers. Mfladdtweaklynennrdinated transitin ynetal comnauads: suchr ps shovmyalansr
present at ‘{fﬁ}mm L60 95 nole % or 50 to 90 nole % or 60 to 80 nole %
and a conof CHPREXS? at from5 to 40 nmole % or 10 to 60 nole % or 20
to 40 nole % and a ternonomer present at fromO to 10 nole % or fromO.5
to 5 mle % or from1l to 3 nole % Such copol ynmer bl endi ng conponents can
be readil y[@0t8#]ced Néwhintitiagcexamplesr 66 nonsiohiting Juteacrs imeludeeBMe;l and

85 nmole %in the conbined feeds to the reactor nuki n}g t he copol yners.
BEt;, B(iBu);, BPh;, B(C¢Fs);, AlMes, AlEt;, Al(iBu);, AlPhs, B(C¢Fs)s,

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

[00182] Additional neutral Lewis-acids are known in the art and will be
suitable for abstractirig 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).

[00183] Suitable non-ionizing activators include R'°(R"),, 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.



[00214] I n anot her enbodi nent of the processes disclosed herein, the first

nmononmer conprises one or nore of any C3 to C8 |linear branched or cyclic

al pha -ol‘géi%ﬂ(g%obd}gl udi ng propyl ene, butene, (and all i ig?ﬁ{sﬁoorsmﬁfs%)f)’

pent ene ( 132 - isoners thereof), hexene (and I'SONMEers

thereof), heptene (and all isoners therepfi., and octene (and all isoners

thereof). Preferred nononers include propyl ene, 1-butene, 1-hexene,

1-oct ene, cycl ohexene, cycl ooctene, hexadi ene, cycl ohexadi ene and the |ike.

002151 | 0 300388 ik JRR oRlrib R SefiLABES FERd BAkIFEUMEE R e MiSrene

conononer onprises one oOor nore ranc

al pha- ol ef igis perfRIGriAGEEdCARKE S 'ﬁteﬂnﬁt&%&ﬁﬁﬂioniiiﬁgﬁcﬁ%ﬂﬁs #hclbdeB(EURY;
| ess), including ethylene, propylene, butene, pentene, hexene, heptene,

oct ene, nonrede B(gEgpe, Andtheenapndonizimmneactivatardaes eBECsH. adiAdternately,
hexadi ene, hept adi ene, pentadi ene, octadi.ene, nonadi ene, decadi gne,
dodecadi en@Cti¥atprs paclude 1gnizing japd: pRN-HIlzRE- activalers: based con dgetlyoroaryl

4-met hyl pepl el nd hEHIRGRhAT BBitedWchY & PRFRASH" B(CeFs)s, (CeHs)C
B(CeFs)4’, and B(CgFs);.

[00185] Additional activators that may be used with the catalyst compounds
disclosed herein include those described in PCT patent publication No. WO
03/064433A1, which is incorporated by reference herein in its entirety.

[00186] Additional useful activators for use in the processes disclosed -

herein include clays that have been treated with acids (such as H,SO,) and then
combined with metal alkyls (such as triethylaluminum) as described in US
Patent No. 6,531,552 and EP Patent No. 1 160 261 A1, which are incorporated

by reference herein.

[00187] Activators also may be supports and include ion-exchange layered
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).

[00188] 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

or cyclic

and



[00216] I n anot her enbodi nent of the processes disclosed herein, the
t ermononer conprises one or nore of any C2 to 40 |inear, branched or

cyclic al - jofS, (provided ethylene, if present, i$cRrRSERI00RL D MOl €%
o?/ | ess) ,‘9?%8 l/,l ?dr?g et hyl ene, propyl ene, butene, pentene, hexene, heptene,

and octene, nonene, decene, un-decene, dagiecene, hexadecene, butadiene,
hexadi ene, hept adi ene, pentadi ene, octadi ene, nonadi ene, decadi ene,
dodecadi ene, styrene, 3,5,5-trimethyl-hexene-1, 3-nethyl pentene-1,

- ; | d e 02171 4: ot her
onboc rent AHoREs Suck e CRRALAR, ARl afEO RSP e D e HAdiloRIChOR ov e

further conimitig @xamplesrofethéi Rymeexcliangp lagertd ¥iicate! ifblud@é idh-eXch to
1.0 weight % tg:gat gr.ngZ to 0.5 wei ghtg% gr at 0.003 to 0.2 weight %

based upon lgmregi(giacatmpgmrising the 2enfayet v the main constitmingdayenirel&0 ppm
o e, A o Sl S S5 B omits. swonipn o
ot {EATCASBI TR RN Nl Do TR L5 RS 1
{20 o amite ke v itcags gt i GECSTE S i
[00218] I n dikss hand eatieplilgiser sepialite, ppalygerskiteditenitasias pyraphyllitdetalc,
chlorites and the like. The clays are contacted with an acid, a salt, an alkali, an
oxidizing agent, a reducing agent or a treating agent containing a compound
intercalatable between layers of an ion-exchange layered silicate.  The
intercalation means to introduce other material between layers of a layered
material, and the material to be introduced is called as a guest compound.
Among these treatments, acid treatment or salt treatment is particularly
advantageous. The treated clay may then be contacted with an activator

compound, such as TEAL, and the catalyst compound to polymerize olefins.

[00189] Polar compounds often act as catalyst poisons. Thus, in another
form, the polymerization systems comprise less than 5 weight % polar species,
or less than 4 weight %, or less than 3 weight %, or less than 2 weight %, or less
than 1 weight %, or less than 1000 wt ppm, or less than 750 wt ppm, or less than
500 wt ppm, or less than 250 wt ppm, or less than 100 wt ppm, or less than 50 wt
ppm, or less than 10 wt ppm. Polar species include oxygen containing
compounds (except for aluminoxanes) such as alcohols, oxygen, ketones,

aldehydes, acids, esters and ethers.

[00190] In yet another form, the polymerization systems comprise less than
5 weight % trimethylaluminum and/or triethylaluminum, or less than 4 weight
%, or less than 3 weight %, or less than 2 weight %, or less than 1 weight %, or

less than 1000 ppm, or less than 750 wt ppm, or less than 500 wt ppm, or less



processes used to produce propylene copolyners with other nononer units,
such as ethylene, other cc-olefin, a-olefinic diolefin, non- conj ugat ed
diolefin NESEI0S094f OF €xanpl e C4-C20 ol efins, C4-C20 dipg C20
cyclic opgglﬁg%ocg?CQO styrenic ol efins. O her unsaturategﬁ%%ﬂ%ﬁgéégbe3|des
those specifically described above may bm3copol ynerized using the processes
di scl osed herein, for exanple, styrene, alkyl-substituted styrene,

et hyl i dene norbonene, norbonadi ene, dicycl opent adi ene, vinyl eycl ohexane,
vinyl cycl ohy a f i nical ] rs,
ot udt ng. URLE S, R ping pETess R TODt Bpf, oF 16, thin SO°1 BRAL XA 168! R

al kyl - substmﬁw&pgnmorbonenes Copol yreri zation can al so incorporate

a-ol efinic macronononers produced in-situ or added from anot her source.

Some enbodinments limt the copolynerlzatlon of cc-ol efinic nmacronmononers to
macr onono 1.th 2000 or |ess , Patent No. 6,300, 451,

di scl oses ”&éﬁilg\hsef ulIn gt nysteano %38“81 él(‘,‘F d%(ﬁY'é‘eFlé?té‘P% Styéte&ﬁn‘}ﬁg’r%is§ as

W2 second, IORIRLilBAREOLS. RASt i STURALIP e, irkRIRRATRARE Syl 5, 0o

herei n, wh PEREEL yners ar OW ng nononers can
be COp0| Y "Bfik lmntlﬂurﬂr @Pl@s@'ﬂ?an ¢Wgﬁtr% o@%ss'thﬂf‘&wél@ﬁt% 08 Mss than 2

4- met hyl pent - - ene, dicycl opentadi ene, norbonene, 000, C4-C200, or
C4-C40 i nmgbtr%;mrleﬁsehan dawvelight 86, or@dsmanGOOMv(ﬁplﬂ ontesﬂhzﬁﬂ@S(t)yﬁl ic

ol efins; and C4-C2000, C4-C200, or CA-CA0 linear or branched a-olefins. W
2008/ 109094PE¥/QdotbanOP9out ppms or Jessithan 260 mipRmapi st han [Aby2eprhe

pol yrTer | zat I RhQE SBS 5SS} RIS hAIETGWR R, PO! YTer i ze

[00192] The processes disclosed herein may use finely divided, supported
catalysts to prepare propylene/1-hexene copolymers with greater than 1.0 mole
% 1-hexene. In addition to finely divided supports, in-line blending processes
disclosed herein may use fumed silica supports in which the support particle
diameter may range from 200 angstroms to 1500 angstroms, small enough to

form a colloid with reaction media.

Catalyst Supports:

[00193] In another form, the catalyst compositions of the monomer recycle
processes for use with fluid phase in-line polymer blending disclosed herein may
include a support material or carrier. For example, the one or more catalyst
components and/or one or more activators may be deposited on, contacted with,
vaporized with, bonded to, or incorporated within, adsorbed or absorbed in, or

on, one or more supports or carriers.

[00194] The support material may be any of the conventional support
materials. In one form, the supported material may be a porous support material,
for example, talc, inorganic oxides and inorganic chlorides. Other support

materials may include resinous support materials such as polystyrene,



butene-1 (T, = 146.5 C; P = 3.56 NPa), pentene-1 (T, = 191.8 C, Pc= 3.56
MPa), hex-1 -ene (T, = 230.8C, P, 3.21 MPa), and 3-nethyl-butene-1 (T, =

179.7 C \Re200%/m900YP2) using these nononers or m Xt ur es pe@RRbicjohMEes NE

nononers at supercritical conditions or as a liquid. These processes may
enpl oy at |east one of butene-1, pentenei,- or 3-nethyl-butene-1 as
nononmer. These processes may also enpl oy reaction nedia that conprise
but ene-1, pentene-1, or 3-nethyl-butene-1. These processes can enpl oy

pol ymer i zatfypgtidrRaBedt BAtcros kel Bf{.ﬁﬁ@rsu Bits 2Quip! & ?b??t \si#hgbelt V\B}én 0.1

pentene-1, or 3-nethyl butene-1 and t centration

and 85 m)l denzerfe mxbymleﬁnstd)lemlmanouctsIﬂpommsbeze‘mﬁad yclayxeodr vmiyh offagh
ot her and with propyl ene, as nmononer, bulk reaction media, or both.

Pol yner i zalOrB#NISHr Jaoreanis Supperismaterizd and sy likeyrar mirdures theteofnt may be
present in the polynerization system Any hydrocarbon, fluorocarbon, or
fl uorohydrocar bon inert solvent or their m xtures may be used at

concentr at 5)0'[ r{%éfu* Qﬁﬁg@ te{‘idl atrg' gg%%c toi gLy tﬂﬂdf(pgggﬂhb}og

pol ymer i za | on eactor o | ne rocess discl

The conceniGraup@) 304, 5)e3 Idiielmim%ﬁil\(ﬁﬁtlesl rIntJH% foRRL tiRe sﬁﬂﬁﬂts@ﬁ@ld&é%héi‘ the
pol yneri zati on systemin certain enbodi nents utilizing bulk polymerization

processes Mthlﬂbtmﬂwer tthay i@ e dehyalratedndumed| yilivas ahmnmet HBRC T3 Parént%
Iternatel not nore than 10 wt %

Z: Eg RZE ie?/el ?gtt &QB%QJGO%B% &Ptaéwnmaepydnmlxm% thergal.1 Qihays
sl by 4 bR "R GG 5 02
oo Pl SRSHTR s A (AUSPETPTS ERBIISI LG,
xyl enes. | phybesilicate mOBleBOQM%GBYSUSZCE)SPﬁXQﬁBSNb 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 described in WO 99/48605, spherulites as described in U.S. Pat. No.
5,972,510 and polymeric beads as described in WO 99/50311, which are all

herein incorporated by reference.

[00196] The support material, for example an inorganic ‘oxide, has a
surface area in the range of from about 10 to about 700 mz/g, pore volume in the
range of from about 0 to about 4.0 cc/g and average particle size in the range of
from about 0.02 to about 50 pm. Alternatively, the surface area of the support
material is in the range of from about 50 to about 500 m%/g, pore volume of from
about 0 to about 3.5 cc/g and average patrticle size of from about 0.02 to about 20
pm. In another form, the surface area of the support material is in the range is
from about 100 to about 400 m%g, pore volume from about 0 to about 3.0 mL/g

and average particle size is from about 0.02 to about 10 pm.



- 135 - enbodinents, the diluent conprises one or nore of ethane, propane,
but ane, isobutane, pentane, isopentane, and hexanes. |In other enbodi nents,

the dil ue\g;bazb‘ﬁ/lro%xcl abl e. [00223] O her dil uent soga&a![ %QE}Z@%O%B&S% to

C150 i sopar ns, or C4 to C100 i soparaffins, | soparaf fins,
or C4 to C20 isoparaffins. By isoparaffimsi.s neant that the paraffin chains
possess Cl to Cl10 al kyl branching along at | east a portion of each paraffin
chain. More particularly, the isoparaffins are saturated aliphatic

Py ot BoOOBRee, MbfH s Sayfort o8k MSEAESHROAR R it

| east thre carbon at ons ecul e

havi ng one described heegihi aFyr Gxagpsie eimar yn€ ahitudinieathe rnposshsafuaggous! y
wherein the total nunber of carbon atons per nolecule is in the range

bet ween 6 ts#li®0 suppartyedeserihed oinaddi S24Patn Neoth¥0,85b anayrebe , usedd ahdois 10
to 15 in yet anoéageé berrbgﬁdi ment. Various isonmers of each carbon nunber will
typi cal |y BBCYPPEERRT DY FRETERGHIFIEM i ns may al so i ncl ude cycloparaffins with
branched side chains, generally as a m nor conponent of the isoparaffin.
The density (ASTM 4052, 15.6/15.6 C) of these isoparaffnms may range from
0.70 to 0. &agémgdps: t he pour point is -40 C or less, alternately -50 C or

| ess, the viscosity (ASTM 445, 25 C) is from0.5 to 20 cSt at 25 C, and the
aver age nol[@@198) weCompeunds that deatrgy infputidies tace Bferrgdrtolas sBavengars bybl e

i soparaffins are commercially _availabl e under the tradenane | SOPAR

( ExxonMobi |°n€hﬁ?ﬂle<£|moﬁwpaﬁy9f RAIXDMEHZatign. Jhapurities) sray heem catalysty by
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product of many HiffedenDuways. ShEbH eRamyile ocatabytitanictisity f 6dn deagRpresSelassol

T™ (boi | i gg]poi nt = 215-260 C). SOLTROL is a product of Chevron Phillips
Cheni cal irnpper figqueneipl-@, Se TRonber2of meles iofgmpoopnters: cpagerted t¢) the SASOL
s a produg&(ﬁ{_ $Sasol it 4 136 - Li m't]ed %J%Irl\ar%nesburg, Sout h rica), for
exanpl e SABERTYSHAT 21 ¥t EREAPY PGB o AR PLCSUEOompigyed HopEERpiing
anot her enbdh o cthlysP Sy SRR MFor eENeh GeRitOF gﬁéxeﬁin%oz{t tHe%ame 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.

[00199] The scavengers for use in the processes disclosed herein may be
different chemical compound(s) from the catalyst activator. Non-limiting
exemplary scavengers include diethyl zinc, and alkyl aluminum compounds,
such as trimethyl aluminum, triethyl aluminum, tri-isobutyl aluminum, and
trioctyl aluminum. The scavenger may also be the same as the catalyst activator
and is generally applied in excess of what is needed to fully activate the catalyst.
These scavengers include, but are not limited to, aluminoxanes, such as methyl
aluminoxane. The scavenger may also be introduced to the reactor with the
monomer feed or with any other feed stream. In one particular embodiment, the
scavenger is introduced v;/ith the monomer-containing feed. The scavenger may

be homogeneously dissolved in the polymerization reaction medium or may



with fluid phase in-line polymer blending disclosed herein, diluents may
include C4 to C25 n-paraffins, or C4 to C20 n-paraffins, or &4 to Cl15
n-paraf fi | ess than 0.1% or less than 0.01% a

sui tabl e Vgépa‘?s\éffﬂﬂgns are comrercially avail abl e under tﬁe%b@éfr?oa%gmNmPAR
(ExxonMobi | Chem cal Conpany, Houston TX)26-and are sold comercially as
NORPAR series of n-paraffins. In another enbodi nent, diluents may include
dearomaticized aliphatic hydrocar bon conprising a mxture of normnal

paraf fins, f,g@aPar p eof
4 to C25 nf'gﬁala ﬁ?r g??l ns, ggéggr a fPIrllésr}garl{t I%lgtf%h%q‘gﬁ&i[ %ﬁe@g&s ,
C5 to Cl2. drmvabntmerpommnmm eeddiemof aronatic hydrocarbons, or Iess
than 0.1, or less than 0.01 aromatics. Suitable dearomatized ali phatic
hydrocarbons are commercial |y available under the tradenane EXXSCL

( ExxonMbbi | and are sold commercially as
EXXSOL ser iel Yh3dr ocar bons. [00225] I n anot her

enbodi nent I f h, fl u hase
in-line pol[yrreréﬁl en g é?r8§§§¥%5(§%aﬁ§%§§F5?hrglayngftlwggil {?eﬁf)iyéggﬁﬂﬁ Ay up
to 20 wei glthofomér RAViEE Bk orGhofeq(ron- ed I near
ol efins haV|(r)1g 6 rto 114gcar b(gn %lt@g(rrs &ﬁﬂug‘%to )ﬁﬁ@g&;fé{%&gﬁgﬁ&g? §ngt\(¥gr bon
at ons havi 19§ Mo gachen atoms. lemo!nyersffoﬂﬁsc)m theria- lireesblendinigr prdclys iASTUMeD
445); and hgving a viscosity index. ("V as determ ned by ASTM D2270 of
100 or mor &! Y‘?&zﬂ'@@/y %@@ﬁ‘b@ﬂﬂu@ﬁ!@gl‘mﬁw (nq%hmltlagnfpxamrel@s upclude20

paraf 11 s, PASe Raberg ebobtishelsoh ARFeitL) relhndd A ed ronsipsbiol
par af i ns. ckBmpRat HRIURIDGHRIE adOYiny iy cidﬂean i ansh- &&Jggﬁﬁdp&g{i&gﬁl({@r

bl endi ng di scl 0sed herein thé dil conprises up to

ol i goner s dimitingperampies mﬁadenﬂnyle}’fmﬂ‘ieemae l}lqidlep@]tadqeﬁ@)ﬁea% dierfégcene,
1-undecene and_ 1- dodecene. Such ollﬁoners are commercially aval | abl e as

SHF and w&m@*mr ne $XampkesnNpsiude h@aﬂdlcaﬁr,pah? octasliend)n Tyoloolefinsr
ful ol | ud h | d d the t flui dTM
avai lable IO EHHDESHRMRIEY BE1EfsrctSheriete tyclodethana snE AR oBER oy n T

avai l abl e from BP Anbco Chem cals in London Engl and, NexbaseTM avail abl e
fromFortum Q| and Gas in Finland, SyntonTM avai | abI e from Chentura
Cor por at i 0f00201! ddIEMpyo@fsesUﬂkclM%mmmayaﬁﬂ @iséd a8 pOBMErize any

Corporation in Chio, USA
unsaturated monomer or monomers including C; to Cyqq olefins, alternatively C,

to Cep olefins, alternatively C; to Cyq olefins, alternatively C; to Cyq olefins, and
alternately C; to C,; olefins. The processes disclosed herein may also be used to
polymerize linear, branched or cyclic alpha-olefins including C; to C;qo alpha-
olefins, alternatively C; to Cg alpha-olefins, alternately C; to Cy alpha-olefins,
alternatively C; to Cyg alpha-olefins, and alternatively C; to C;, alpha-olefins.
Suitable olefin monomers may be one or more of propylene, butene, pentene,
hexene, heptene, octene, nonene, decene, dodecene, 4-methyl-pentene-1, 3-

methyl pentene-1, 3,5,5-trimethyl-hexene-1, and 5-ethylnonene-1.

[00202] In another embodiment of the processes disclosed herein, the
polymer produced herein is a copolymer of one or more linear or branched C; to
C3o prochiral alpha-olefins or Cs to C3 ring containing olefins or combinations

thereof capable of being polymerized by either stereospecific and non-



[00227] I n anot her enbodi nent of the nononer recycle processes for use with
fluid phase in-line polynmer blending disclosed herein, the diluent

conpri sesyg 2568911(356(99& ed hydrocarbon. Exenplary fl uorocaﬁ,?ggﬁééo?@k%%; or

per fl uor ocar bons PFC' or "PFC s") and or hydrofl uoroca

"HFC s"), collectively referred to as "fliziori nated hydrocar bons” or
"fluorocarbons” ("FC'" or "FC s"). Fluorocarbons are defined to be conpounds
consisting essentially of at |east one carbon atom and at | east one

f1uorine at@momiﬂ@bhﬁmﬁ&.ﬁmagw,% ddActein, Pedféﬁ td Hﬁfn%ﬂ?err?ﬂfhtifﬁ\é@r

conpound consi sting essentially of carbon atom an uorine atom an

i ncl udes f dheefammpitienl bficisotabtianehsgndivtazyic! pelynidr wheg4popenérized @singanes.
A hydrof | uorocarbon_is a conpound consisting essentially of carbon,
fluorine aridegeResHle catalysi(s).ncl ude t hose represented by the formul a:
C'HyF, wherein x is an integer from1 to 40, alternatively from1 to 30,
alternatively from1l to 20, alternatively from1l to 10, alternatively from

1 to 6, altfe0pes] Veg@ﬁér%lg?ﬁl@rszﬁ)rﬂisteQ{//i'?l?rtﬁé’ -M{lé rbg{:ﬂ%%%&}%s)s/ disclosed

alternatively from3 to 6, ternativel rom

i nteger gr derein mhpmlw irdudd atomtie@gtoup-conthiifing d1§n@ﬁefsné&ﬁﬁfniﬁ%@p%
| east one, alternatively and z are integers and at | east one. For

pur poses of30 Barbion- atoms. biSaiable apmostie gesuptcentaining meneimersaicontpirsecatai ms

t her et o, tllje ;er s h(}/dr of | uor ocar bon an H_{uor ocar bon do not include

chl or of | uor SEAr H¥h BIONYS SELCHIEN 81t YnEAm opet e thispoasd altespately a

processes f Ty L. d1p -1 1 ol r _bl endi ng di sc|] osed

eroin, o Arenyf andbyl, Moyl PO7 Rl | bRTeSs) 1O aedmalF et duiedtimang

per f | uor i na@sbriyd ﬁﬁl@lﬁ’érbékﬁmgﬂgesaahYéHstohH%(ﬂgﬁfepﬁﬁbleaﬂguﬂUl%rﬁﬁ%hé’l? tiYat@

m xture of a hydrofluorocarbons. In yet another enbodi nent, the

hydr of | uor 8&&r bpelymerizatianc glie oaramdtad sstneturien ig hgendanbefronf thé upslyRgerat ons

in the HFC, used. ' Oil)_ﬁz%]rl n gnot her enbqdi ment of the npnoner recycle

processes 11’8?1('2@'5’[' € aromatic-group containing monomer may further be substituted
with one or more hydrocarbyl groups including but not limited to C; to Cy alkyl
groups. Additionally two adjacent substitutions may be joined to form a ring
structure. Aromatic-group-containing monomers may also contain at least one
aromatic structure appended to a polymerizable olefinic moiety. Non-limiting
exemplary aromatic monomers include styrene, alpha-methylstyrene, para-
alkylstyrenes, vinyltoluenes, vinylnaphthalene, allyl benzene, and indene, and

alternatively styrene, paramethy! styrene, 4-phenyl-1-butene and allyl benzene.

[00204] Non aromatic cyclic group containing monomers may also be used
in the processes disclosed herein. These monomers may include up to 30 carbon
atoms. Suitable non-aromatic cyclic group containing monomers may have at
least one polymerizable olefinic group that is either pendant on the cyclic
structure or is part of the cyclic structure. The cyclic structure may also be
further substituted by one or more hydrocarbyl groups, for example, but not
limited to, C; to Cyq alkyl groups. Non-limiting exemplary non-aromatic cyclic

group containing monomers include vinylcyclohexane, vinylcyclohexene,



with fluid phase in-1line polymer blending disclosed herein, the
fluorocarbon is not a perfluorinated &4 to Cl10 al kane. I n anot her

enbodi ”Er\{vo 25&210549&'“ ocar bon PCT/US2008/002899
I snot per fl uorodecal i n, perfl uorohept ane, perfl uor ohexane,

per fl uor onet hyl cycl ohexane, perfl uorooct apg.-perfluoro-1,3 -
di met hyl cycl ohexane, perfluorononane, or perfluorotoluene. In another
enbodi ment, the fluorocarbon is present at nore than 1 wei ght % based upon

the weight vaylhbfbdrhef, OCaihiere ﬁ&lsonﬁegkfeoé%gpp@regg@éﬁym,gfggcﬁggéqf flet e

reactor, alternately greatef than 3 weig % an 5

wei ght % alytloheréms, cyglobateare, bhdvinylw@agbitabie. al ternately greater than 10
weight % alternately greater than 15 weight % In sonme enbodi nents, the

fl uorocarbons are present in the polynerization reaction media at 0 to 20
0L o, 0585 S B oA BT eI "
al ternatel yefbif, 0 1Tl¥é§|eur§?1(g‘glp ‘mntmers! ngcﬁggé V‘Viﬁ}h l{fcﬂgcrzéjrb%(r)l tsprﬁcture, or
pol yneri zatiron nedia, suitable diluents
alternatively C, to Cs, having at least two unsaturated bonds, wherein at least
two of the .ﬁnsaturated bonds are readily incorporated into a polymer by either a
stereospecific or a non-stereospecific catalyst(s). The diolefin monomers may
also be selected from alpha, omega-diene monomers (i.e. di-vinyl monomers),
alternatively linear di-vinyl monomers containing from 4 to 30 carbon atoms.
Non-limiting exemplary dienes include butadiene, pentadiene, hexadiene,
heptadiene, octadiene, nonadiene, decadiene, undecadiene, dodecadiene,
tridecadiene, tetradecadiene, pentadecadiene, hexadecadiene, heptadecadiene,
octadecadiene, nonadecadiene, icosadiene, heneicosadiene, docosadiene,
tricosadiene, tetracosadiene, pentacosadiene, hexacosadiene, heptacosadiene,
octacosadiene, nonacosadiene, triacontadiene, particularly preferred dienes
include 1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-decadiene, 1,10-
undecadiene, 1,11-dodecadiene, 1,12-tridecadiene, 1,13-tetradecadiene, and low
molecular weight polybutadienes (M,, less than 1000 g/mol). Non-limiting
exemplary cyclic dienes include cyclopentadiene, vinylnorbornene,
norbornadiene, ethylidene norbornene, divinylbenzene, dicyclopentadiene or
higher ring containing diolefins with or without substituents at various ring

positions.

[00206] Non-limiting examples of pdlar unsaturated monomers include 6-
nitro-1-hexene,  N-methylallylamine,  N-allylcyclopentylamine, N-allyl-
hexylamine, methyl vinyl ketone, ethyl vinyl ketone, 5-hexen-2-one, 2-acetyl-5-
norbornene, 7-syn methoxymethyl-5-norbornen-2-one, acrolein, 2,2-dimethyl-4-

pentenal, undecylenic aldehyde, 2,4-dimethyl-2,6-heptadiénal, acrylic acid,



sol vents are those that are soluble in and inert to the monomer and any
ot her pol ynerization conponents at the polynerization tenperatures and

pressureswoflgg(%%r@(bi“zat i on reactor configuration: [0023%#?}&{%{9}%}@%@;! zation

processes 0 e nononer recycle processes for use with phase in-line
pol ymer bl endi ng di scl osed herein may beimarried out in tw or nore

paral l el reactor trains making the polyners for downstream bl endi ng, and
nore advantageously in two parallel reactor trains The parallel reactor

trains may \ifiyfa@etididcl, o8 3Rhtendld Ycld)e2,9 adiettiy 19 bhAABL: hERES-haht-AoKIN
#ﬁy t alile

t here nust be” one nononer i n comobn bet'ween e or nore par

react or traicids. trdiie2 dapearithdienoraatid; 26-deptadienoid acidimata-A86RN 1 il¥xkie t he
sanme or different reactor conditions. The parallel reactor trains may al so

produce es$éili atlcphehe Zmetensr1,2idiokr edtmpthiy}sdebutenpr-ofuc Ssorbbtreneed: f or
downst r eam bl.end] rpgses, the prodyction of different polyneric |,
product s i§am¢{ﬂgg%ﬂ§%%?n%2%§b%aﬁw ar%‘lnpél?orfléﬁ‘?ﬂzo‘iaf paylic aeid,
roduce an .l ef] . Dpql 0 | &L, reactor frain my
D oduce an “or &7 1o BAREE-ACERS Atk e heRE SROTRBM Lo LRRE B! (b
two, three SofororteReemitRDB-dicarb)§IR NatiRirRlel S SONRbERTEHRD-BRAGTRENRRL Ween
the two parallel reactor trains. The nunber of feed nononers of the

copol yner i Zhmethanobabtmorbormeine-2rapdtd-exprdimethanok Srnotsornefie-Demdtimmonmer s

of the comhi ned hono-_and copql yneri zation parallel reactor trains.
[ 00232] Whe -%ﬁzﬂ%@m@-%&rl,a|5l-epﬁwéa@1€o2-xlr aretatear b-[2dScnarhomeae?-ybethydls

di scl osed heg 9i t oduct ion qf , pol yne I $9 L 81spessi bl e.. I n one
particul ar t}'éfift?)bdc;l” E’(ﬁS%?fﬂg%qlgﬂgﬁygﬁﬁk%gﬁ&[griqul nd_g1 wﬁf’ﬁtaéﬂf!’&jﬁ?%&-
nononer  ar @efiRekA- 5Ly ndeb Lpdst '@‘?ff? : o
confi gurat i gn, and ggvadr%tﬂggée’oulzﬁyqilv’\o’ ;’)gra ﬁrc%@i@ﬁ?é@r%fﬁlgiﬁgnpm% ting
exenpl ary hoemholbumdiené nolondxideg! Vie2-epbrnd.-ogtehy,priQRIdpeRe-9-getateut ¢e,
pol yhexene, WD 2008/ 109094PCT/ US2008/ 002899 ) )
epoxy-5-hexene, 2-methyl-2-vinyloxirane, allyl glycidyl ether, 2,5-dihydrofuran,
2-cyclopenten-1-one ethylene ketal, allyl disulfide, ethyl acrylate, methyl

acrylate.

[00207] Polymerizations may be carried out with any suitable feed
composition to yield the desired product composition at an economical single-
pass conversion. Monomer concentrations are generally lower when substantial
amounts of inert solvents/diluents are cofed with the monomers and catalyst.
Although inert solvents/diluents may be used if so desired, low solvent/diluent
concentration is often advantageous due to reduced solvent and monomer
recovery-recycle cost. In one embodiment, olefin polymerization is carried out
in the presence of less than 60 wt % of inert solvent/diluent affording olefin
concentrations in the combined feeds of the individual reactors of 40 wt % or

more, or even 55 wt % or more, and advantageously 75 wt % or more.

[00208] In another embodiment, polymerizations yielding the in-line blend
components are carried out in bulk monomer phases, i.e., with combined reactor

feeds comprising inert solvent/diluent at less than 40 wt %, or less than 30 wt %,



- 140 - pol yoctene, polydecene, and pol ystyrene. In one enbodi nent, the
honmopol ynmer conpri ses pol yet hyl ene, pol ypropyl ene, pol ybutyl ene,

pol yhexengq ¥ x0gpkane, pol ydecene, and pol ystyrene. | npahRishssofkbedi nent,
t he honnpoPyner i's pol yethyl ene or pol ypropyl ene. The copol ynmers nay be any

two- or three-conponent conbinations of -etdwl ene, propyl ene, butene-1,
hexene-1, octene-1, decene-1, styrene, norbornene, 1,5-hexadiene, and
1, 7-octadi ene. In one enbodi nent, the copol yners are nade froma

j ) ) | 1 | o/1l,..h ~ &
L o- componas esoHaNTEY h9%.r IMHANG wPORRYIIERShaRYHANES L or NGRS byt
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| n anot her %pbodveretess tharel saél yner i s an et hyl ene- propyl ene,
propyl ene- but ene-1, propyl ene-hexene-1, propyl ene-octene-1,
propyl ene-decene- 1, ethyl ene-butene- 1, ethylene-hexene- 1

ot nen: 8RO S b U B TERET, B tatd oot B
hyl QU . > - | - - / -
eyl ene. propaencaeniade yEUTK SRR ORSER AR 1t [P Boraining 1+ ne

in-1ine bl dddwngo pthylems asd TODERM Yo {p‘r@pﬁéﬁéiumdnbmeaeﬁmx%nééﬂfylﬁ?émos ed
of at least two parallel reactor trains and advant ageously two parallel

reactor tr&repylepe copetyanen bkind odmpbrents raat Ipeoducesic tvith Esseltially dilwehtide
one or nore._reactors ih%(t;% ma¥ .be cg)nfi guy ed in series configuration. The
nunber of PHEINPRPMEE Leqds containingsd50 Wt dnehutener 1z ophexenel apdrGs-9hytoe

any nunber,%lgﬂrf?rﬁf) leﬂégfgh&"f# d easons, is generally limted to | ess than
ten, alternative I§}Fno nor an six parallel reactor trains, alternatively

not nore than five or not nore than four reactor trains, alternatively not
nmore than three parallel reactor trains, and alternatively not nore than
two paral | €002¥Hct orThe aprocessse disclosed othessini anay aseadasddears Opfoduce
constituti rﬂg a g:lven reactor train or branch of a parallel configuration
may be any "RUMPRLYMELS oF sppplymaersca cepelymer nefergdnea gialymer synthdsized not

th i i | t ti I
2008/ 1000040 Co SHsFo 0D s58te. dferne Fighoinst mlisant elmers wodheed hy<Bei es,
al ternati vptocesds dRERsENHRrdifl' REIIRASAOFolyheis or CopofytleR! SEAAFIFYRLY ot

nore than two reactors in series.
above monomers.

|
[00211] In one embodiment of the processes disclosed herein, the polymer is
a homopolymer of any C; to C;, alpha-olefin, or a homopolymer of propylene.
In another embodiment the polymer is a copolymer comprising propylene and
ethylene wherein the copolymer comprises less than 70 weight % ethylene, or
less than 60 weight % ethylene, or less than 40 weight % ethylene, or less than
20 weight % ethylene. In another embodiment the polymer is a copolymer
comprising propylene and one or more of any of the monomers listed above. In
another embodiment, the copolymers comprise one or more diolefin
comonomers, alternatively one or more Cg to C4o non-conjugated diolefins,

alternatively one or more Cg to Cyo a,0-dienes.

[00212] In another embodiment of the processes disclosed herein, the one or

more polymer blend components are a copolymer of ethylene, propylene, or



[00234] I n one enbodi nent, the polymer-containing effluents fromtwo or nore
reactor trains configured in a parallel configuration are conbi ned vyi el ding

a pol ymeryRl rising the polyneric products of the indiyi _
regctgrs‘vpﬁﬁ@%P&??Pst regovering t he pol yneric product?cgﬁg%%%ﬂﬁg%?V|dua
reactors in solid forns. The two or noreijleactor trains constituting the
parallel configuration generally include a single reactor, or
alternatively, two or nore reactors in series. [00235]1In another

enbodi nent, ey f : ralrgi-n
erbod et oY SR AR K ol R TP o e
bl end conprdlefingsudte asoCy rter Cg, finedtjcbnehed g éyulic’ MBIRIMERACTRT fgthdhout
first recovering the Eolyneric products of the individual reactors in solid
form The tefbadimens the anerer m@n@pbl)unemblende:omp(mlehed proghukced heedin care at ,
enerally incluyde a si e reactor, or alternatively, two or nore reactors
ign seri e>s/. °P88§V§%Tf ’Ze&&i eo?‘%‘f ORetHMptf 9§@F‘P%@lﬂf‘orbl§9%fi,é?ﬁ;\r@re, thegenanoner
recycl e pr S S ] fluid.p LN ipne pol yne | endj n
i ol oscd REPSS oeten® Raeh, Ao#eﬁ%sih?o?iﬁs%ﬁ? Wﬂ%me@wh £Blese-f oty |
conpri ses fipentepe- Nwind 3,83Ctrithéthyl hexemIPeNs sAfl dnbBehdr@ab Hintdnf! e ¥ng d#°
ne(r:rgssari I monstlrl?(r:t ed t he samg Wa); for e>§arrp| e, trhe I ndi vi duaF rrer%gers
of a react drorerpalymenpléns eomponents preduceadehkrenr are & oopolyaidraof propyrRae The
i ndi vi dual rgact ors ma%/ ?I so be of equal or different size. The sane is
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true for tABYQRERIMOr @H@vlﬁmibt&em@mn%mxcna thepigse, gleneg aonene,
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142 - hexene-1. In still yet another embodiment, the one or more polymer blend
components produced herein are a copolymer of a C4 or higher olefin and one or
more of ethylene, propylene, butene, pentene, hexene, heptene, octene, nonene,
decene, dodecene, 4-methyl-pentene-1, 3-methyl-pentene-1, and 3,5,5-trimethyl-

hexene-1.

[00213] In another embodiment of the processes disclosed herein, the
copolymers described comprise at least 50 mole % of a first monomer and up to
50 mole % of other monomers. In another embodiment, the polymer comprises:
a first monomer present at from 40 to 95 mole %, or 50 to 90 mole %, or 60 to
80 mole %, and a comonomer present at from 5 to 40 mole %, or 10 to 60 mole
%, or 20 to 40 mole %, and a termonomer present at from 0 to 10 mole %, or
from 0.5 to S mole %, or from 1 to 3 mole %. Such copolymer blending
components can be readily produced when the comonomer(s) is (are) present
between 0.1 and 85 mole % in the combined feeds to the reactor making the

copolymers.

[00214] In another embodiment of the processes disclosed herein, the first
monomer comprises one or more of any C; to Cg linear branched or cyclic alpha

-olefins, including propylene, butene, (and all isomers thereof), pentene (and all



di scl osed herein. The optimal reactor design nay be determ ned by standard
engi neering techni ques known to those skilled in the art of chem cal

engi neerigg. adoymM ting exenplary reactor designs inc ' t ank
wth or V\‘nptar%g&}?ﬁgdr?“ext ernal |oop, tubular reactor, and :ngfgls?(sedg@{}%rg? The

reactors may operate adi abatically or may3ide cool ed. The cooling may be
achieved within the reactor, or through the reactor jacket, or dedicated
heat exchange | oops nmay be applied. Polynerization Process Details:

[ 00238] The iFBMRRL theérB6HC HRxPRO (RS eﬁ} fi@ém&%etﬁ@réégg,fs gg‘ﬁﬁég%@@ él'i'.'ik&ﬂg{s

pol ymer bl endi ng di scl osed herein relate to proc nerize olefins

conpri si ng thereod); t and ootemeo(andpal Bbaiern thérrwNg Rrefdriab indndméms' ieludrt 0s
with a suitable catal yst conpound and an activator in a fluid reaction

medi um conpg¥PRYlegeohduene, wohexenel bhateas, cyclahexens sycldostanes hemadignegnt |

the fluid reaction,mediumis,in its supercritical state. Catal yst conpound
and acti Vatc&;?%aglgnaélp%b? é‘bfeas a solution or slurry, either separately

to the reactor, mxed in-line just prior to the reactor, or m xed and
punped as an activated solution or slurry to the reactor. In one particular

enbodi ment ,[00205) 0! uln' ARstiRr eebodiment |dMehe RRtbcdsses VEBCIOSAF tiRrefn! aiHe Of
the parallel configuration, polynerizations may be carried out in either
si ngl e r ea®OBONSTAgTaCOONIISESNONE OC Imoxenofreny (botoo@gnlnear, branched or cyclic

tal yst Lact i . ) d opti I I t dded
Cont i huos AP0 TR vidBaCPOD Tate, 15 migPende 'y GHeicat Bpbrimolcdh, of Jeswhi ch
th b : t t t ' ' .
The cat al yar oo e, HOp9IdR, tife, HRihe FeBes nEPRAE ehd adeics °°

The cat al ysionefép aiteehe, ThddlceRe, belfddese, t %e%ﬁﬂgbern%?cbﬁfadLé?leE NRexgdibhis
reactor train. The fresh catalyst feed if added to nore than one reactor in

t he seri es heptadieneapentadi¢re, swtadiene,cndrizliant, decadiens, dedeiadien2 dtyirbge,r
feed rates é_he tFe same or different. WD 2008/ 109094PCT/ US2008/ 002899 -
143 - [oozéga% drynathylhgxensrlor ocessddmethylpsatenegld phaset-methylpenigoeyher

cyclopentadiene, and cyclohexene.

[00216] In another embodiment of the processes disclosed herein, the
termonomer comprises one or more of any C, to Cy linear, branched or cyclic
alpha-olefins, (provided ethylene, if present, is present at 5 mole% or less),
including ethylene, propylene, butene, pentene, hexene, heptene, and octene,
nonene, decene, un-decene, dodecene, hexadecene, butadiene, hexadiene,
heptadiene, pentadiene, octadiene, nonadiene, decadiene, dodecadiene, styrene,
3,5,5-trimethyl-hexene-1, 3-methylpentene-1, 4-methylpentene-1,

cyclopentadiene, and cyclohexene.

[00217] In another embodiment of the processes disclosed herein, the
polymers described above further comprise one or more dienes at up to 10
weight %, or at 0.00001 to 1.0 weight %, or at 0.002 to 0.5 weight %, or at 0.003
to 0.2 weight %, based upon the total weight of the composition. In some
embodiments 500 ppm or less of diene is added to the combined feed of one or

more polymerization trains, alternately 400 ppm or less, alternately 300 ppm or



bl endi ng processes disclosed herein al so conprehend hi gh-pressure reactors
where the reactor is substantially unreactive with the pol ynerization
reaction and is able to withstand the high p
tenperatd&ggeﬁﬂggbgccur during the polynerization react?gﬁﬁﬂé§§ﬁ§¥%%ding

t hese high pressures and tenperatures maysall ow the reactor to maintain the
fluid reaction mediumin its supercritical condition. Suitable reaction
vessel designs include those necessary to maintain supercritical or other

i gh- pressYed, B LRRbAIRINS & 1% 56 3o O UiedPS 2ddid {dtheSSHIBIrRY
reactors include autoclave, punp-around I'oop or autoclave, tubular, and

aut ocl ave/ tfaed bfiloneescinots polydhetizitivnetrfink y 6F 1 0@ Ppn® dr Phoks 98 €35099prh e
fluid phase in-line polyner blending processes disclosed herein may operate
ef fici ent | ynorg. aln yet anethenlembodiment ¢he coneenteationr efl diemekin thedcembinedr
reactors. tocl ave reactors may he operated. | ither a batch or

cont i nuous%uﬁ%‘gg’, &'zflrFﬂ%tG@I‘P FHavee rﬁ%gﬂ@ Qﬂfgleé’BQSMageous. Tubul ar
reactors always operate in continuous node. Typically, autoclave reactors
have | ength-to-dianeter ratios of 1:1 to 20:1 and are fitted with a

hi gh- speed [00218]0 2090 aRBifer "einboBimeRt i tHeepradstseafdis@ssa nrneiad ther
optimal m xi ng. Commercial autoclave pressures are typically greater than 5
MPa with apresdsseamuséd ttppprodiucg prepylenkacomdpmeRa willh etherx mononperessits,e  of
commerci al autocl aves, however, nmy becone h[%her W th advances in

mechani cal SHE af@tleylene, ather acelefieg inelediiie diolgfio2 o1 penaonjugated dinlefine has

may e i GUIAIGE. B CRRBPIY G GroalsfitheCr-bpiolsfinthErrlcacysic QglRtor <
ay be inj & | oG Phe - En _
or i 1eront EBaT] oid olgtin: - Offer e B ShOMeAr bhaas iR spks LS ™

posi ti oned dascrited sy ﬂna?gieh: olyrh@rii&iiﬁﬁiﬁ?thé otk ECdisEIdse@ hefeid for
radially distributed to allow for faster interm xing of the feed conponents

with the example, r seoe, corlkphsubstitutede shprenef sethyliden¢ ankorbeaméns,s,

t he separate ,introduction, of the catal yst and nononer(s) may, be
advant ageoﬁgﬂ?oﬁ“ﬁﬁ?‘gvﬁ’nti ’@yFH’é’eBE%@‘?’}ﬂ’e fvé?ﬁﬁY?IQEle@n%ot dpyicyclohexene,

unstirred n e I X [ ' of .:t he
reactor 1 AL SRES End SECBIHITCAI UAGBRIN oA, ILAHE, SB0F St
react or i soRlfiis, RASHi 4 eyclofentere P AorFHIACHQSARY alky I RuBEGueeE HOHdYenes.
enbodi nent, in reactors where the | ength-to-dianeter ratiois from4 to 20

t he react oCopajymerization can tlsosingospiokitereolefinic anadromdmemdrs prod@dednia-t he
reactor length with nultiple ports at sone or each of the |engths.
situ  or added from another source. ~ Some embodiments limit the
copolymerization of o-olefinic macromonomers to macromonomers with 2000
or less mer units. U.S. Patent No. 6,300,451 discloses many useful

comonomers. That disclosure refers to comonomers as "a second monomer."

[00219] In another embodiment of the processes disclosed herein, when
propylene copolymers are desired, the following monomers can be
copolymerized with propylene: ethylene, but-1-ene, hex-1-ene, 4-methylpent-1-
ene, dicyclopentadiene, norbornene, C,;-Cyogp, C4-Cipo, 0r C4-Cyo linear or
branched, a,0-dienes; C4-Cyp0, C4-Caop, or C4-Cy cyclic olefins; and Cy-Cogoo,

C4-Cyp0, or C4-Cyp linear or branched a-olefins.



[ 00242] Additionally, in the |arger autoclaves, one or nore |lateral m xing
devi ces may support the high-speed stirrer. These m xi ng devi ces can al so
di vi de tr\gog%stpfbb@xe into two or nore zones. M xing bl a‘ﬁ%%/l%%o%}%ﬁ?tﬁﬁi rrer
may differ fromzone to zone to allow for a different degree ot plug flow
and back m xing, largely independently, -i34-the separate zones. Two or nore
autocl aves wth one or nore zones may connect in a series reactor cascade
to increase residence tinme or to tailor polynmer structure in a reactor

train pr Odt@ihéﬁP@i@CFM%hoﬁie?ﬂdi ng conponent. As previously described, a
series reactor cascade or configuration consists of two or nore reactors
connect ed i[A0220] es, The péliynteridationf f)fdb‘essesoﬂisalosbéaﬁéremG}nﬁ?s?b%@ri&act or
is fed to the next reactor downstreamin the cascade. Besides thé effl uent

of the upstient-1 ddetorldé)s *End.eddHMBa)y peptencel (To=t hR1.8€Q; R~ BSGt Or
cascade of regctor trakn c me i.th any_conbi pati on of

addi ti onal “ﬁgﬁgﬂb‘i&iﬁ{:iﬁgsﬁ ?gg%scglug'eﬁg??é%abraq‘%%%ﬂbéﬂ‘bé?@esl (Ears.
Ther ef ore, ji U t t | endi ng_conponent

| eaving a rlggé?t)?’ %Fyﬁsg%"é ggg%e@ggedﬁlg@f%gée%nﬁéf&xﬁmﬁﬁy rpgrgﬁpgb €a

bl end of t meorsmnerspat wupércyitical icondaasRdofises Uii&iﬁid‘."’ei"ﬂfétseagmceﬁses m
conposi tional dispersion or even a blend of honpo- and copolyners. - X45 -
capabl e of eﬂﬂé@)ﬁtalt east pnecofabuienesls PeBeane- Nuow B anethgbbutsre- Rias hbhé@er.Wi t h

external cqoli nggrand one or "Eé i njection points along the (tubular)
reaction zdRESe AIOCESSEHt BAY a9 emplexr Feartien | wedisoithats compriseabutenerly
points for B i 3 e one or nore conpnoner, catalyst,
b m xt ur o BEREEL o SiHAFR LRI > hese e st 3n1 SGBRION Py ISR 4T PBws
for incr eaf&ﬂisﬁhﬂﬂﬁ@xﬁt_aﬁpﬁjv’@&é* 9an" S0 aldl¥ @4ldt ﬁﬂelﬂ&qoﬁbﬁt\éﬁe-lmgﬁgﬁ#ﬁ J.ow
surface-to-volunme rati o hinders any significant heat "renoval.  Tubu ar

react ors hhuteng-kpadi theiroaohemntrationecahatary dretwedsl 021 pINGS 88 R ok195 ke
t ube. The shockwave hel ps di sl odge any pol yner residue

backward al ong th . _

t hat has fS??FgB’ csﬁesee&@moumim §aR|ube ngeelpemixednwithl eaehaother| and twishil ar
reactors ] ' ot h npol i shed internal surfaces to
addr ess wa Opsg%%egﬁfgsﬂ%’ﬁb&l \ﬁlﬂr%g@g%}gleégﬁgfgp may operate at pressures
of up to 360 MPa, may have | engths of 100-2000 neters or 100-4000 neters,
and may have internal dianeters of less than 12.5 cm Typically, -tubul ar
react ors hBelymerizationt SoldemsiDiduentat i os of 10:1 to 50,000: 1 and incl ude up

to 10 different injection positions along its Iength. [00244] Reactor trains
that pair &9&&5“ avesolyank apd ) diluent mayobs presentainsthe quiymepizatien systetni n t he

f fluj n-1 i | bl i di scl d
horein . 1 o\ BOCBHRE DRoroeRthdte A inoraiairoatbba: fnerpsekiagcon faeir
t ubul t Arains of
ubul ar r em@tAFesOmalyse L¥&I by Qgﬁ%éégﬁ?&ﬁﬂg ?n&%rt??aﬁw{)@ /re% al{?;tﬂe%%gﬁﬁ chn of

paral I el reactor configuration. reactor systens may _

addi ti onal amyairadiyshuabpdlymerfigstibre esteesteot thetin-HaY YIHdiRLiptbseds dikBiBse

aut ocl ave,, and nopre particul arI%/ along the tube length. " I'n both autocl aves
and t ubul diereidacihe sonegntratjoncef the, intgeddvent én tthpreatoryfeed ainddthus imelae

Dol ymer prSIVRr SRR ST v CeRfi b oRERt e BHlk polyeaeahen 1
aut ocl ave BeEsRkE 95 ndt RIREABAET40TB% T@F’,‘fg@érﬁaﬁ%@t g@%gﬁq{ggﬂjggggbb&%r the

reacti on reaches steady state If the m XiI h m xi ng

char act er ialternatively notowiare Raclor st Yd)ealtdrhafelys ot RBrOTthaRUDD exi agket ed
tubi ng may be heated (especially at start ups) rather ’
alternately not more than 5 wt %, and alternately not more than 1 wt %.

[00222] Diluents for use in the in-line blending process disclosed herein may
include one or more of C,-C,4 alkanes, such as ethane, propane, n-butane, i-
butane, n-pentane, i-pentane, n-hexane, mixed hexanes, cyclopentane,

cyclohexane, etc., single-ring aromatics, such as toluene and xylenes. In some



WO 2008/ 109094PCT/ US2008/ 002899 - 146 - than cool ed and nmay operate
continuously. A well-designed tubular reactor is characterized by plug flow

wherein é refers to a flow pattern with m ni mal | rate
differ enc%lg% éﬁl%%%gf‘h mul ti zone aut ocl aves and tubul ar rgg?ﬁfosr%so?mééa% al yst

can not only be injected at the inlet, buss.also optionally at one or nore
points along the reactor. The catal yst feeds injected at the inlet and
ot her injection points can be the sane or different in terns of content,

density, angnbodiaRiMs, 2fheOBilulrmt @dﬁﬂ?f'iséseﬁﬂe %t friokd UF béﬁ%&@ﬁ%%&ef)uféﬁ?i gn

tailoring within a gi'ven reactor of reactor trairn an arnrng the

desired pr ddolmitane,t pentad, iisepenlitareg andehexanes. oln begtdmbddifehdd, Abe di@ent
reactor outlet valve, the pressure drops to begin the separation of polyner

and unr eactiddesistaier . co- nonomers, solvents and inerts, such as for
exanpl e et hane, propane, hexane, and toluene. Mre particularly, at the
reactor outlet valve, the pressure drops to | evels below that which

L1 el | PIROZESEDeT iU ALHEYAY 60, AR BT GRS o Cu

olymer-le own am separ at i
poly

condi ti ons isepmaffirahoy €,tH€ P MWoparafTins e C) 16 Cag %opataffiAft BYisSAFRFAIRIUN €-
The autocl ave or tubular reactor effluent may be depressurized on entering
t he downst maeantithafhther pasaffire chaipapassess (CiP® Gy alkgbbrazichingealong atdedst a
separator, separator vesse separation vessel, separator/Dbl ender vessel,
or separat iWﬁﬁ%‘Pé’lﬁ(ﬁaﬁB W shainodderg Agﬂmarlbbéhgum&ﬁm aregetigataded in
detail, they; h ' paration.vessel, i s nmaintai ned ahove, t he
sol i d-f1 ui ghéﬁg@g h?é’%%f%@?%%%ﬁ%é?% Bobies BRYE a{ges) mccirto DUt ¢ he
critical pednt.lodstthRicCotiet RaftRfiflaRithy oP Gt AR GRBVIEN cRHAYi1NA mhdiEcdRNOTeS
may condense upon contacting standard cooling water. '? e quid recycle

st ream may hawing boe rarcyore dertiary loz quenetnary watbonaaionty)j dnd wdRiantgepasim

i nstead of the ,hytger-c nmpressors required for polyethylene units. The
rel ati vel y WhsKkeigrthe dotal numbes of carbon atemsqeer melscilsrisne the tangerhetweemb i n

t2888|/ '18568 a@%b}'@(ygg?g%bg'@'&%% 281 la%gthie? e?nblo%renx\?md from 10 to 15 in yet
another embodiment. Various isomers of each carbon number will typically be
present. The isoparaffins may also include cycloparaffins with branched side
chains, generally as a minor component of the isoparaffin. The density (ASTM
4052, 15.6/15.6 °C) of these isoparaffins may range from 0.70 to 0.83 g/cm’; the
pour point is -40 °C or less, alternately -50 °C or less, the viscosity (ASTM 445,
25 °C) is from 0.5 to 20 cSt at 25 °C; and the average molecular weights in the
range of 100 to 300 g/mol. Some suitable isoparaffins are commercially
available under the tradename ISOPAR (ExxonMobil Chemical Company,
Houston TX), and are described in, for example in US Patent Nos. 6,197,285,
3,818,105 and 3,439,088, and sold commercially as ISOPAR series of
isoparaffins. Other suitable isoparaffins are also comrhercial 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



- 147 - polynerization rate. The polynerization rate may be | ow enough to
operate the systemw thout adding a catal yst poison or "killer". If a

cat al yst &blzb(ﬁlgﬁ)@)ﬂeqm red (e.g., to prevent reacti O“Spk?/&Qﬁth%P%l

pressure recy then provision nust be nade to renove any poten

cat al yst poisons fromthe recycled pol yress-ri ch nmonomer stream for exanpl e,
by the use of fixed bed adsorbents or by scavenging with an al um num al kyl .
[00247] I n an alternative enbodi ment, the HPS may be operated over the
critical 0 OREr AN e

Ui a1 ul 0 e (18hadnta Re STlth TR RE b le SHSOL EPARIGRASHI? | ¢
to be produdeoitingpaint ev28§:2%4 RCyh- pressure pol yet hyl ene (HPPE) plant. The
recycl ed HPS overhead is cool ed and dewaxed before being returned to the
suction of the secondary conpressor, which is typical of HPPE plant

ration. I r fromthis .inter | ate or high-pressure vessel then
gggses thr(;@ggzaﬁo%/ﬁg‘ra tggrsﬁmopgﬁﬁ‘&tt ggﬁgpwqrgeragchg}’eppgg% é’ép’éﬁat or.
The t enper gt; | S: Vv ' ' i -
poi nt 5ot ek P philtein! i Botynler BeRlle REIBR et SR Tkt |
to an extr@eto Qs Aipiraffing ¥eIC, €, Phasdtfftns, Prit) fo s %eﬂ)aﬂaf‘ﬁﬂstH{lvith by
using a conpressor to recover the unreacted nononers, etc.” to the condenser
and punpi ndessythannd.d &,eor dessthab 0.01%4 atemafics &ibdn¢ isuitable ayacafifimseare
reactors, tubul ar.react Qfaﬁ)}\eor a conbination_of these reactors, |oop-type

reactors m&§mpRergially 9wy uRder the Hadenaree NORPAR (EryeaMabilkGhemical

processes @ ' n IS reactor t non ers and -
pol ymer exﬁ@é@ﬁ?%ﬁ%ﬁg’#? )9’ EHH]PECr &9 5%’?‘!?1%8‘%!‘8@9 ﬁ@@gﬁ)feﬂfﬁ P& N5n
n-1ine PuBRrATARS! NUBHSIdothér EtiRidimenlc GRRBRAN af ' FRAIS Uddrithildized e
feed/ product takeoff rates control the total average residence tine.
cooling j aaldphaticehmmarb&nmdmpriﬁag?b fhnii xtiord hﬁndmﬁﬂ.pa"r'&ﬁhfsaidopafagﬁﬂs laﬂfl?t
tenperatures are near to or hel ow anbi ent tenperatures to provide cooling
t onPhe ex OPH%IPH?@?EE%tctTMWC?HYt‘]hé}’erﬁc@ anixgyeer af i Gg taifepsenomeal paraffins,

crystal 11 2ot iR BRA LY LchaPletindSor T 165, or C; to Ci,. They contain very low

levels of aromatic hydrocarbons, or less than 0.1, or less than 0.01 aromatics.

Suitable dearomatized aliphatic hydrocarbons are commercially available under
the tradename EXXSOL (ExxonMobil Chemical Company, Houston TX), and -
are sold commercially as EXXSOL series of dearomaticized aliphatic

hydrocarbons.

[00225] In another embodiment of the monomer recycle processes for use
with fluid phase in-line polymer blending disclosed herein, the inert diluent
comprises up to 20 weight % of oligomers of Cq to Cy4 olefins and/or oligomers
of linear olefins having 6 to 14 carbon atoms, or 8 to 12 carbon atoms, or 10
carbon atoms having a Kinematic viscosity of 10 or more (as measured by
ASTM D 445); and having a viscosity index ("VI"), as determined by ASTM D-
2270 of 100 or more.

[00226] In another embodiment of the monomer recycle processes for use

with fluid phase in-line polymer blending disclosed herein, the inert diluent



pol ynmer product. The | oop reactor may have a dianeter of 41 to 61 cmand a
length of 100 to 200 nmeters and may operate at pressures of 25 to 30 Mra.

I n addi t Qgm0 0?1694' ine punp nmay continuously circul atepkhgsBRis)iRbs Zat i on
system t hroug | oop reactor. [00249] The pol ynerization processes of the
fluid phase in-line polyner blending pretgsses disclosed herein may have
residence tines in the reactors as short as 0.5 seconds and as | ong as
several hours, alternatively from1l sec to 120 m n, alternatively from1
second to ' v n Q o m
alternat | ver e o\ G0 SHght Y5 oF cligefies ST Cdrogaiis Bhemately ¢ ¢,
60 m nut es Csartd @b pamffius)| gitérnatelyl Gk, rtot€;sh Q)aﬁﬁﬂm\snultematé‘l’?r@so to ij
particularly, the residence tinme may be selected from 10, or 30,

50, seconddaraffing. Ipangthesemimdigent sf the flppl phaseza lm prmem fcﬁ*dalendmgo

' b I :
Té‘“é?ssow%ésrc'f%%“drl?wgbqfe I R ‘I'ngg e Al pligamsey y%ggzrby
G vi ol ng 1 Rericne, P ERehE] PheBfbrct 1bAE EAOHEIE e ?‘5 ldﬁfd.e%%% od '

reaction tidodedsnet hSu&Mfﬁon@érs@@%@ﬂn@?@l@ﬂ teﬁ'aHBBler @ﬁSHIO'&ndLSM‘IS‘érS
conversions nay be advantg&eous to limt viscosity although increase the

cost of m)ﬁ’eﬁr@ (Eélf?@Mpbl bemmalr@mmp@mwHmomﬁ‘X)co@ﬁmrsxseﬁlltdh@mm’sI
| at e, ,process_confjguratign etc and

d d d duc

cgﬁege ggtrér?‘ﬁﬁ“ﬁu ﬂb?/eSSIQ%mﬂ !:})p gi erﬁrﬁﬁelmglﬁﬁgﬂu1 8ta¢‘;&*r’@;b romflwd
d ndi i dua eac

Shase - nCHSHSHPIATS OhémRP T i PAGUADTAAS, BhERInTE P5nae Tromdth, o

bel ow 80% AghodeIChenfiedtsoin BoR@8h Erplarkd, &Q%/xbéyem%v%ﬂa’m&f gﬁ%?t%f%o

20-80% or 25- 60% or 3-60% or 5-60% ‘or 10-60% or Y9 Of Y9 oOfr

10-50% orasd @A% lmrFIlﬂanldJ%SyMOW S59%ilabte lﬁemoqaihmn&@ @b‘i@oﬁhoﬁo-lﬂ()% or
greater th ng or 5@5 than 10% In one enbodi nent, when the product
Riadigh 1

i s isotact AMBRESY gyadebleoffom Cognis Corporation in Ohio,

or

USA.

[00227] In another embodiment of the monomer recycle processes for use
with fluid phase in-line polymer blending disclosed herein, the diluent comprises
“a fluorinated hydrocarbon. Exemplary fluorocarbons include perfluorocarbons
("PFC" or "PFC's") and or hydrofluorocarbons ("HFC" or "HFC's"), collectively
referred to as "fluorinated hydrocarbons" or "fluorocarbons" ("FC" or "FC's").
Fluorocarbons are defined to be compounds consisting essentially of at least one
carbon atom and at least one fluorine atom, and optionally hydrogen atom(s). A
perfluorocarbon is a compound consisting essentially of carbon atom and
fluorine atom, and includes for example linear branched or cyclic, C; to Cy
perfluoroalkanes. A hydrofluorocarbon is a compound consisting essentially of
carbon, fluorine and hydrogen. FC's include those represented by the formula:
CiHyF, wherein x is an integer from 1 to 40, alternatively from 1 to 30,
alternatively from 1 to 20, alternatively from 1 to 10, alternatively from 1 to 6,
alternatively from 2 to 20 alternatively from 3 to 10, alternatively from 3 to 6,

alternatively from 1 to 3, wherein y is an integer greater than or equal to 0 and z



pol ypropyl ene and | ong-chai n branching (LCB) of the pol ypropylene is
desired (g 0.97 based on GPC-3D and using an isotactic pol ypropyl ene

st andar d)woShikHo§opass conversions may be above 30% and %gh%&m;oiﬁvg\;ﬁ;y

si ngl e- pass conversi ons may be above 40% | n anot her eml))o I ment, en

i sotactic polypropylene essentially freejgf. LCB is desired (0.97 < g' <
1.05), single-pass conversions may be not higher than 30% and alternatively
si ngl e- passconversi ons nay be not higher than 25% To |limt the cost of

MONOMEr  SenaatinfdbeAfd 4t G¥4sh l0Rg,; a?%xﬂ%li@él&ggquntﬁg%éf‘e{ ﬁigg%m R FeRAPYHRE 3%

or above 5% or above 10% It shou e u e above exenpl ary
conver si on Ral prposes bEclie inlink Blendimgr proroyses disilosdd Rerein AAdABO\@4igON
obt ai ned by dividing the conbi ned conversion rate of all nononmers by the

t ot al nonortberet@edheattermsphbydrafhwrecarbbnndadarffuersearbonheda onoter micturdeof
the nore rggﬁt io&‘@ rmnoH&g conponent (s) w Il always be higher than that of
the | ess r Qi ERRIBREMs). Therefore, the conversion of the nore
reactive nononer comnponent(s) can be substantially higher than the total
conversion val ues given above, and can be essentially conpl ete, approaching
100% Prodyo0228par aln ofle 2ithoddvieht bEME RidHoasd redycle 18kt B6r hR2RHG
effluents of the processes disclosed herein are depressurized to a pressure
si gni fi cantflyidbgihmset hin-lineoupolyaiert Werdingr edisdlosed ahkris, sepaixturen of a
pol ynmer-rich phase for further purification and a nononer-rich phase for
optional s 8??%9“%\#63 Haed; Altcrpdivaly A mixtuse o a perflveringtesk hydroparbpne
reactor effl ue tionall y heated befor ressure |let do to

avoi d the é‘é‘gaﬁ‘f’ flgézﬁl%%%g%gpr 3"80%193%% )Ssae,rmgxﬁ‘rgrp%sc%g\gggoffmppq{ OBf- t he
separ at or s [gaREt apsSEe [ ¥ It t:he
pol ymer -ri ch%%has eﬂ{aélrr\?hfﬂfr\b(gl ﬁgﬁg’g\g?m Pﬁiﬁﬂ%‘ﬁré’? gﬂﬁ?\l ‘?@%‘?@?2‘@’2‘%‘%&%@&’0‘? ed
herein is ¢be numbepof fluoriac\atsmelin KroHiFGasea. hi gh- pressure separator (al so

referred to as an HPS, separator, separator vessel, or separation vessel).
The hi gh-pressure separator |ocated after the m xing point of the

pol ymer -co baWiNg . 15Q, - product streans of all reacior trains.of the
paral | el rz{%@?%%” banP ?%Oqﬁ?fsgm?’é’agr’%‘do gh%g?o%oé‘b%fr 'éﬁcéth%P’é)r?Héﬁe,s for use
separ at or - QiR d YRSSE in-1iRE tH180U;i | Cﬁ]@ﬂi j i 4.S
dual functi oln of lb?f)glndi an:] lt he‘iggﬁ{gilgé y&gg%{c]gér%?gﬁd/nﬁ%%r%}guc : gfz'!ri{eﬂ’g)grlsfsv\hi |l e
al so separ abt agpeaflovrinated G4 whCp0adlearie, O hathéryeRbodintdht Pihe FuorbBabbat t er
of which conprises the pol yner blend of the in-line blending processes

di scl osed MKer ei nhof 0025pgréiveredecating si nperflusrokeptaig, gh- prresfuomhsraae,at or s
In series %reﬁ‘luoromethylcyclohcxane, perfluorooctane, perfluoro-1,3-

dimethylcyclohexane, perfluorononane, or perfluorotoluene. In another
embodiment, the fluorocarbon is present at more than 1 weight %, based upon
the weight of the fluorocarbon and any hydrocarbon solvent present in the
reactor, alternately greater than 3 weight %, alternately greater than 5 weight %,
alternately greater than 7 weight %, alternately greater than 10 weight %,
alternately greater than 15 weight %. In some embodiments, the fluorocarbons
are present in the polymerization reaction media at 0 to 20 volume %, based
upon the volume of the media, alternately the fluorocarbons are present at 0 to

10 volume %, alternately 0 to 5 volume %, and alternately 0 to 1 volume %.



enployed to partially recover the nononer(s) and optional solvent(s) from
the effluent of a single reactor train (honmopol ynerization reactor train)
bef ore se\ggizﬁ&/top{g4pol yner-enriched streamto the domsﬁ)&ﬁﬁﬁhoosmo 899
separ at or - Iendler. The nononer-rich phase energing fromthe top of the

hi gh- pressure separator may then be direc®l-y recycled back to the

honmopol yneri zation reactor train without the need for one or nore chilled
towers. The downstream separat or-bl ender bl ends one or nore

pol ymer - eniposey St M MAIS rébdrd a9ahe’ al?h?erwaﬁsﬂumiar,eaﬁwetdiﬁLéﬁtﬁfahhue“tS
(from copol'ynmerization reactor train o yield a nonomer-rich ase and a
pol ymer - r i colyentés are thusel that are edluble din andnipertstestiehmonomereandohgy @thdrn one
form the nononer-rich phase may then be directly recycled back to the
copol ymer i PyBerization components ahthenpelymesizationdemperasurss @nd pessucesi | | ed
towers. In another form the nononer-rich phase may pass through one
chilled separation tower if there is a need to separate solvent, oligoners

and ot her AV eRZAG T for RREIRESidH:I oF to recycle. In another

enbodi ment , the srngle-stream mgn- pressure separator placed upstream of
the separ af00231}enderhapslynetivitionsroassses b the mondnsd retyele prassedfrf er
vessel ) by allowing the fluid level of the polyner-enriched phase to vary
in the sepaseatwith tfaﬂdalhasesadine pokymerublendinggdisclwistd heacinumey heccarsied
control of the bhlend rati osaﬁ conpensating for the nonentary fluctuations
in the pro®@Ytin SWo QR WOre par él ITRRGLOT Has making the pelymess toF dowasweamne

0 ool osed Mg AREREGR danbRBOUY ot hWh SaPHR ehior (P D i€ Paralii <! "0
separ at or - btgAGkefraiRYmh e RYA waikt és‘?»@ﬁﬂiélhaiﬂ@%ﬁ@rdretﬂffe?erﬁrl%e@sr, e{mfo‘ﬁgh

| ow pressure separators” (LPS also referred to as a | ow pressure sepafation

vessel ) rutigragnadt heusie mbnumeatimoopineon betweensthe awoosr moss paiatief teastorof
| i ght components, reactants and ol igoners thereof, for ;l)lr oduci ng_a | ow
vol ati | e- c&MRS ngypasillehEsacten traiapmeay he ruReatessgniiallythe sameqrrdifferent
optional static mxer.. The,one Qg re | ow.pressure separators

di sti ngui skgacflt&r %?ﬂ(ﬁﬁgn%n rp%pgpgﬁa&grptf%lgg Py 3@‘8&? é’?‘BF% eﬁf”"gj‘@ﬁé'rtgf:l y
operating gymkoVWerd r it t h - e ar 5, The
ohe. or ' Moy ST FT AIGERHRAVIIE, PGS ARhPUER, R TR ARE one
or nore hi ghrposesstheeprodpeation afdiffeedntdioigmetie redacwtisradvastugeous. MPogover ,

the one or nore | ow pressure separators may function to separate |ight from
heavy conp8kaRple, anepparellphreastorpaipnmayppreduce fant ¢lefinobased rhamepalymer
processes for use with fluid phase, in-line polyner blendi i scl gsed

et o ne  wn@bb SRR herallet sRERES whth, mAlC e an IERE ey EealyBier. o
separate | (@rrdd 0 r rator
e, monolererryd R Bl MTBAGRM RoltPhl BRe e M COHORbRR R, SRRERL "
the pol ynethere ab qeasemnidomdonsmer bewvéend tieatwe! pareReélt ffactorairinsOr THBY
function as buffers. As previ ouslé@stat ed, a high-pressure separator nay be
al t er nat i vannberpéfeesimonomersof the capolyRBrizstipnrasaor tregpmaythe equal sel |
separation_wvessel, s r gt or - bl ender, yessel .. or, separation-bl endi hg . vessel,
or separat i€ HPE‘r‘i’Géro.%p%?g mogopiers 1of r?ﬁmbwgsﬁ?lg - i3Rdc PP Q¥ meriZAtiQn ¢ h

| ow pressu r hi gh- pressure separator is not neant to identify
t he absol ngraEIr%gge?gﬁdgtfég@% s at which these separators operate at, but is
nmerely intended to given the relative difference in pressure at which these
separators operate. Cenerally, separators |ocated downstreamin the nononer
recycle pr [Q&'Hds f dvhem emultiptie f paratlebmeaator nrdinserpoisedein the rpliocgsses

di scl osed herein,operate at l.ower pressure relative tQ separators |ocated
upstream dReICs88 BPRIBoRser EboR B GopIDe: blend s PossTbie” K ne particular

embodiment, homopolymer and copolymer blends with a common monomer are

made by using at least two reactor trains in a parallel configuration, and
advantageously two parallel reactor trains. Non-limiting exemplary

homopolymers include polyethylene, polypropylene, polybutene, polyhexene,



[00254] The nononer recycle processes for use with fluid phase in-line
pol ymer bl endi ng di scl osed herein for supercritical propylene

pol ymer i [ be carried out under agitation in thgcgj 6@70%%e
regi on ifn‘ﬁ?ﬁg&r/@g@g{‘or at 40 - 200 MPa and 95 - 180 C (see I}P‘% 22). The

product m xture fromone or nore reactorldor-ains (typically the
honmopol yneri zati on reactor train) may be discharged into a high-pressure
separator vessel, where the pressure is dropped to a |l evel of 25 MPa or

lower, in wWolgdetems olydielit Xind oig%tyl?é’ﬁé?v‘lﬂ bife Eﬁl%g)ﬁirﬂ&iltmhe HéhbBofyer

mononmer has not yet flashed off (agai'n, see FIG 22). Under such

condi t i ons comprises| pblpethylquec pedy propyleiiad pokybatylehe, polytiexémy. pdhedtan&es .
1997, 36, 55%0- 5525 and Loos et al.., Fluid Phase Equil. 158-160, 1999,
835- 846 t hROIYdrEeRenaRd  PolystTens s elnwenpthe oembodinenss she thomepalymed. 5wt %

w nol I L, ght | yoer, and have a density of approximately 0.3-0.6
85 rr:_O(sgg %ﬁ&r&é%l)‘éﬁe epg&%ﬂ@(lgpf"ch ﬁaf‘sogogwﬁ?ﬁ ﬁ@yekf)é&yeawf’b (’I’ia%’éee&

ity of ' iohs ] N 1t ressure
s dr opped PaHORC EbmbIAlichs of el propenc] SREHET RelBAr-1t SEuBSTE"S
MPa/ sec, t lecaimdestydehk, sebonienel apisHakadige dd ny7idieadiesy.c! anofonkhe
nmononer-rich phase as a |iquid, wthout the issue of having the
nmononer - r i €Mbesiment, gheqepolymers aresmate feom/s twaycdmepeent eonzbiadtity dfhose

art, this elimnate need for the_energy-intensive

killed in th t he
iolrrpr essi oﬁElyﬁﬁtl%onEfé’Hé{ eonr&{t%‘bes'. ; [g\?’é%‘] he;’{?&f}jﬁn{e’r - FiF‘éfFr?e{ohasét)’rm}C,t hen
be sent to mﬁ,@ﬁér ThSERRLA 05 b £1¢ . ndi ng W t e _react or
ef fl uent f P g?n t he éoggln};/marl ngei,i %%J)rlgzg%%gar&?éeai _nfn fﬁ‘é’g}eépaﬁ"&f’gm‘%‘ﬁeﬁhsr
separ at es ao]m:ymr isr arg letRylRAE-propylede PRI OpREnd-b&fnk! 1€ ’}ﬂ-oggﬁﬁl%-hemﬂe- 1,
pol ynmer-rich bl end phase may then be sent 'to one or nore parator in
series or RESPYdenesestenel; epropylens-deceael, exthylleneltatténd- 1 £ ethydend-hbkene-1
devol atilizgrs may be (ibtai d, for exanple, fromLIST USA Inc., of
Charl ot t e, eﬁﬂi‘f”r‘?'@%‘i"l na.ana’ﬁ’é Sthengdecens-1 osopelymereparlat iyet anoties -
embodiment, the copolymer is an ethylene-propylene-butene-1, ethylene-
propylene-hexene-1, ethylene-propylene-octene-1, and/or ethylene-propylene-

decene-1 copolymer.

[00233] As previously described, the in-line blending polymer components
are produced in a reactor bank composed of at least two parallel reactor trains
and advantageously 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



process to separate renmaining volatiles fromthe final polymer, elimnating
the need for steam stripping. Wrking under | ow vacuum the pol yner

sol ution \ng%&‘?@ﬂﬂt o the devolatilizer, exits the unit P??glﬁba?@g%g%] Any
on :

transferre or further processing, such as pelletiza _

| ow or very | ow nol ecul ar wei ght pol yneciqr-esent in the nononer-rich phase
to be recycled may optionally be removed through "knockout” pots, standard
hardware in reactors systens, or left in the return stream dependi ng upon

product eyt ioRthan 30 rddefors iR 3Vies { Ain st ot i (Hrd€ rbS¥ors in
fHnativily o B Gtars

nol ecul ar wei ght polyner fraction in't n solu

reactor prceessamd gltezastivelp hac mareshanpvoYesttrs ihlRefigs.skilled in the art
typically effect separation by flashing nonomer and sol vent or accessing

t he high-tenperature cloud point. [00259]1n anot he;l f(r)]r m Iool ymerization is
It bel the cloud point, with the_ po r - nononer

i xture tr 1ROEEAE oo Bodns rbvidiment dheqlymer santamisg o aé’sg”‘f“rpnb?mﬁgsure
| d be f | ' separ.ati.on, of .t.he
ol yrrer -1 Ahoiab@YSEAeS bonfiEel il 4 Bper PREAEUATERI7F SPRIRG Hieidine

descri bed, at pelymuroblend dodipresiagTthe pdlyRRYicemdduts 6LaC REvittih] fekani NY
in arelati vgﬁ“// hi gh densi tlil, Ilggui -I?ke (??}S)ercri tical or ullaL ?! qui d)
state. Oncavithputdirsoresoveringthe polyaieriuprogats ofithe irdieiduad yesttoms iaisalidn t he
renoval of J ow ecul ar wei ght pol ymer fromthe recycle stream [00260]As
may be appf@M%it ethe fie ¢ Hioke Jsacto|teainn ¢onglitubing Beeparallelgconfiguration

generally include a single reactor, or alternatively, two or more reactors in series.

[00235] In another embodiment, the polymer-containing effluents from two
reactor trains configured in a parallel configuration are combined yielding a
| polymer blend comprising the polymeric products of the individual reactors
without first recovering the polymeric products of the individual reactors in solid
form. The two reactor trains constituting the parallel configuration generally

include a single reactor, or alternatively, two or more reactors in series.

[00236] The reactors of the polymerization system for the monomer recycle
processes for use with fluid phase in-line polymer blending disclosed herein may
be stirred or unstirred. When a reactor train comprises two or more reactors, the
members of the reactor train are not necessarily constructed the same way, for
example, the individual members of a reactor train may be stirred, unstirred, or a
combination thereof. The individual reactors may also be of equal or different
size. The same is true for the reactors in the entire reactor bank. The optimal
reactor configuration and sizes may be determined by standard engineering

techniques known to those skilled in the art of chemical engineering.

[00237] Any type of polymerization reactor may be deployed in the

monomer recycle processes for use with fluid phase in-line polymer blending



reginmes for reactors and for the gravity (lower critical solution
tenperature (LCST)) separator. Referring now to Flgi] 24, for reactors N
oper at i ng,,j hiagl e Iiquid phase reginme, a possible r o) peration
s just ggg\r/}g&{ﬁg@gCST and vapor pressure (VP) curves. %%gﬂféﬁél{?g regi on
(shown within the shaded oval) - 154 -_fgr operation occurs at
tenperatures just above the lower critical end point (LCEP) and at
pressures slightly above the LCST curve. [00261] Rleferrl ng now tﬁ FI G Zgl
for reactor ' Wi bl - I d- | [ i bl e
region for (g%cgggc?gﬁf%%cu?gé gggﬂ%ﬁeg@?\?&%@eﬂ@ g%v CF]%'HJLI@I, b&ugt\a}g&g@he
opti mal r eginginderiggi techsiqaeikubwhitd théke skiRetPth @iéalr oPEkéthical BaginbeliRy t he
LCST and above the VP curve, although, as nmay be appreciated, nany factors
coul d have Nomdimiting exemplaty eeacter dgsigrns efudenstirred ¢imlasvitther fwithalut an
properties of the desi retg]#)roduct. As recogni zed by those skilled in the
art, the t\ﬁé—tﬂﬂﬁﬁéo?ﬁ’qm an geActorn; idhdooR TERRIOBC oA BRI KEAFIOfS d&@)&lrm%ﬁjé‘@us
nmet hod i f p ' praduced. wi t h reya ﬁg PE. pl ant .
[00262] Ret SAIHANEREL 5P sl bb Bopfeay i Gt inAyhel HEER : phi R shaster,
conduct ed @ tEgh!the Péadi6r Rtkét) Br Abiddrelticat eREhnighe "heAPHIE

m xture transported to a gr}aavi metfi c LCST separatcg{g',a ?ﬁg g‘égm%qregl on of
operation is anywhere bel ow the LCST curve and above the VP curve. The
opti mal reqi ?n (again, shown within the shaded oval) occurs w thin that
portion thaRYRCHALQR rreceshDetAIS: | but not too low in pressure, as shown.

. . Ny . i . 2 h h . I . d'. .t .
?Eéaé'elé‘?r 1002 LB TRGEHES Brtnelt mraceoSey o et ik iRl Phise indine' °
[ i . o) a i y
Vr oover | Potiifer BICHAIRE diScI8RA HrGROIBAY nrodfbts AT O s, |

hi gh t enpecemprising sonthbidng ony o ahdrezAéfinnhaviag ab déas e icatbort 18ms with
pol ymer-rich phase. This may require that the tenperature of the mxture in

t he” separ afofuitable eatalyst kempauand: engdeamtantivator iher rfuidt teactipn medium

comprising one or two fluid phases in a reactor. In one embodiment, the fluid

reaction medium is in its sﬁpercritical state. Catalyst compound and activator
may be delivered as a solution or slurry, either separately to the reactor, mixed
in-line just prior to the reactor, or mixed and pumped as an activated solution or
slurry to the reactor. In one particular embodiment, two solutions are mixed in-
line. For a given reactor train of the parallel configuration, polymerizations may
be carried out in either single reactor operation, in which monomer,
comonomers, catalyst(s)/activator(s), scavenger(s), and optional solvent(s) are
added continuously to a single reactor or in series reactor operation, in which the
above components are added to two or more reactors connected in series. The
catalyst components may be added to the first reactor in the series. The catalyst
component may also be added to each reactor in the series reactor train. The
fresh catalyst feed if added to more than one reactor in the series train may be
the same or different to each reactor and their feed rates may be the same or

different.



[ 00263] Advant ageously, the liquid monomer-rich recycle streamcan be
recycled to the reactor using a liquid punping systeminstead of a

hyper - co lpoges€qui red for conventional polyethyl engcygi /00389959 -
Cat al yst WP??WS?OMWOZM] The use of the processes di sc?oseg erein and the

relatively low pressure in the separatocriaessel greatly reduces the nononer
concentration in the Iiquid polymer-rich phase, which, in turn, results in
a rmuch | ower polynerization rate. This polynerization rate may be | ow

Frou, £, RS EGSIATY. SiALreCChrod, R MibefUE o

el i m nat ed.blefiagSpidcessesatipichssedkhéreti also lcofipreRéhd tHigh-pRéRvites ireactopst be

made to where 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 inqlude autoclave, pump-around

loop or autoclave, tubular, and autoclave/tubular reactors.

[00240] The polymerization processes of the fluid phase in-line polymer
blending processes 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 arrangéd for
optimal mixing. Commercial autoclave pressures are typically greater than 5
MPa with a maximum of typically less than 260 MPa. The maximum pressure
of commercial autoclaves, however, may become higher with advances in

mechanical and material science technologies.

[00241] When the autoclave has a low length-to-diameter ratio (such as less
than four), the feed streams may be injected at one position along the length of
the reactor. Reactors with large diameters may have multiple injection ports at
nearly the same or different positions along the length of the reactor. When they
are positioned at the same length of the reactor, the injection ports are radially

distributed to allow for faster intermixing of the feed components with the



renove any potential catalyst poisons fromthe recycled nononer-rich stream
(e.g. by the use of fixed bed adsorbents or by scavenging with an al um num

al kyl'). TH6 H@@bgt activity may be killed by additi OnPefl"/I%Z(R)%JO@{Sﬁ§peCi es.

Non-limting exenplary catalyst killing agents include water, alcohols
(such as nethanol and ethanol), sodiunm c@sci um stearate, CO and
conbi nations thereof. The choice and quantity of killing agent will depend

on the requirenents for clean up of the recycle propyl ene and conononers as

h | N o [ 1] i d Lty
The cat al yarmipl Fone aoRnine,Eaoe, bf ot Kk HAR PO Bk sepiald Mol fioh ¢

st ream af t ehe tcaealpstesmsd! modcﬁhdimag/l be advdhta@ebes ¢n tprevditing fHepesigblee and
quantity of killing agent may depend on the requirenments for clean up of

the recycl dopmatpgn efidotspotsomoihenunstireesl feeld| zane hetwepn dhieixprmpeintiand, | f
ent .has low volatility., Pqlymer bl ending conponents:

f 882&?6; #Lg%ggyﬁgﬂszwoag&% TERFIOR- oﬁaggegfylﬁ iat§ éweslgd MHXE OSIHRRP al@n_gat{by
' ' d radi al
Star, br andtat of QR ofablr, R aIdP ipdstile Hhd) ey o8 Searfffusy” S B

novel isot @Rémf[plar?teiﬁbd)@imem,dirﬁb&didﬂs 3Heré (RO 162%h-t6- Al rald & frot 9t her
forms, crystalline polyners are nade. [00268] The processes Q|sclosed herein
produce pr ¢py20sithe pedctor maywcontain up to six different injection positions along the

reactor length with multiple ports at some or each of the lengths.

[00242] 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 additional monomer, catalyst, or solvent fresh or recycled feed
streams.  Therefore, it should be understood that the polymer blending
component leaving a reactor train of the process disclosed herein may itself be a
blend of the same polymer with increased molecular weight and/or

compositional dispersion or even a blend of homo- and copolymers.

[00243] Tubular reactors may also be used in the fluid phase in-line polymer

blending processes disclosed herein and more particularly tubular reactors



melting point of 40 to 165 C, and a wei ght-average nol ecul ar wei ght of
2,000 to 1,000, 000, 10,000 to 1,000,000, 15,000 to 500,000, 25,000 to

250, 000 o 150, 000. [00269] The processes disc |He Produce
pol yrner \?\\n'&/?ﬁzﬁ%s lﬁe(g% of fusion, Al-If, of 1-30 J/g, 2- 205@?@%2@?@8% J/g.

I'n another form the processes disclosedidserein produce polynmers having alf
of up to 110 J/g, alternately 50 to 110 J/g, alternatively 70 to 110 lig.
[ 00270] Di enes can be used as a conononer to increase the nol ecul ar wei ght

of the r esWapable BRlopePiting dp! @ SBGR 950 %ﬂgph?hBufégaﬂélﬁgﬂyF&aréﬁﬂWéd v 1 de

can be used as a conbnoner to I ncrease the degree o termnation in
the pol ynerext¢ri@P copling andoors oeandies iljosish poirms alewn the Ofbetar) reaction

| ong- chai n-branched pol ypropyl ene. Long- chai n branching is achi evabl e using
t he process®9edi sdB o¥eduleelayes, rdgae dingectionf peints hservedas téndnalpoantsofati ene
or other diene such, as, vinyl nqrbarnene are used. In one form less than 0.5
W % di ene TRIQOSE (SHCR A3 p%?ﬂﬁf:ﬂéd OPE OFf MY HLANNAMEHe CALALYStoRr MFESHE ¢ he

or“Toon i B L BEb Baton SpesBEto iy iy oSl
conversion relative to an autoclave, where the low surface-to-volume ratio
hinders any significant heat removal. Tubular reactors have a special outlet
valve that can send a pressure shockwave backward along the tube. The
shockwave helps dislodge any polymer residue that has formed on reactor walls
during operation. 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
metérs 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.

[00244] Reactor trains that pair autoclaves with tubular reactors are also
contemplated within the scope of the fluid phase in-line polymer blending
processes 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 injéction 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 injection, feeds are typically cooled to near ambient temperature or below to
provide maximum cooling and thus maximum polymer production within the
limits of maximum operating temperature. In autoclave operation, a preheater
may operate at startup, but not after the reaction reaches steady state if the first
mixing zone has some back-mixing characteristics. In tubular reactors, the first

section of double-jacketed tubing may be heated (especially at start ups) rather



[00272] I n some forms, the processes disclosed herein involve using as a
conononer an amdi ene and the ol efin/aa-di ene copolyners resulting from

t hat use. Ihitd ,I'y, the processes disclosed herein i B¢loSooisod27 -
copol yner@glbéééﬁ%éact ion of olefin nononers, wherein tﬁe reaction 1ncludes

propyl ene and ethyl ene copol ynerization-wset-h an a, co-diene and the
copol ynmers that are nmade. These copol yners may be enployed in a variety of
articles including, for exanple, filns, fibers, such as spunbonded and nelt

bl own fi ben | ﬁﬂﬁ,h ri ARG ' .. More
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films, injehdfacterineddby plugi floes whireiny phigd €ldvarrtfess @6, a fllGWepattdrhi withs,
foam | am nates and thernmoformed articles. [00273]It should be noted that
whi | e | i nedpiningl mdigleBow mteiiditferenees. du hoth twtizene antoglaves andetublitared t o
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di enes, sUQR Asre’ Bk AHY MR Feactlr. 2THEOEtS1yLY B&ls iBjScled St The il and

benzene.
other injection points can be the same or different in terms of content, density,

and concentration. Catalyst feed selection allows polymer design tailoring
within a given reactor or reactor train and/or maintaining the desired

productivity profile along the reactor length.

[00245] 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).

[00246] 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
standard cooling water. The liquid recycle stream may then be recycled to the
reactor with a liquid pumping system instead of the hyper-compressors required
for polyethylene units. The relatively low pressure ih separator reduces the

monomer concentration in the liquid polymer phase which results in a lower



[00274] Ot her forms include copolyners having from98 to 99.999 weight %
olefin units, and fromO0.001 to 2. 000 wei ght % a, wdiene units. Copol yner

forns rraywa%@s/ﬁ?(yﬁi ght - aver age nol ecul ar wei ght from SQF?%IZ(SO%/O&S 90, 000,

crystallization tenperatures from50 Cto 140 C and a nelt ow rate (MFR)
from0.1 g/10 min to 1500 g/10 mn. Theses4f-orns di splay high
crystallization tenperatures intrinsically, hence there is no need for
external |y added nucl eating agents. [00275]In other fornms, the copol yner
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wei ghts from 20,000 to 2,000,000, crystallization tenperatures (wthout the
additi on offeayired t@B..facpeyeniicagtions ¢n the high pressurcorergsled theml prewsionr om
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hept ene- 1, b4-staveyding-vaehasatumaniitalkyl: | - pent ene, 4-net hyl - | hexene,

5-nmethyl - 1 -hexene, 1-octene, 1l-decene, |-undecene, and 1-dodecene.
[00247] In an alternative embodiment, the HPS may be operated over the
critical pressure of the monomer or monomer blend but within the dense fluid-
fluid two phase region, which may be advantageous if the polymer is to be
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.

[00248] 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
polymer blending processes 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 ambient temperatures to provide cooling to the exothermic

reaction in the reactor operating above the crystallization temperature of the



[ 00276] Copol yners of isotactic pol ypropyl ene nmade under supercriti cal
condi tions include ethylene and C4-Cl2 conononers such as butene-1, 3-

nmet hyl pe 8’)@68?1’09@‘%%& 1, 4-nethyl pentene- 1, octene- 1Pcﬁ‘ﬂf§2&)§f6§ﬂ; 1. The
in-1ine blending processes disclosed herein can prepare these copolyners

wi thout the use of solvent or in an envingnnent with | ow solvent
concentration. [00277] Propyl ene pol yners produced typically conprise O to
60 wei ght % of a conononer, or 1 to 50 weight % or 2 to 40 wight % or 4

to 30 wei gfﬁogﬁ%eg{prg?ﬁgu g':lsléér’]":?&%]#ez{)éi%r?ﬁngg l'ga]QISZQ drEh&BE o041 dg HE affG OF

more of: 1. or nore, or 5 g or nore,

or 60 or ndeggthosf 700 @6 2001 @eteds afl@ Miy BpEfate QL gQ&sQfesl”ﬁﬁES t®30Par BT €,
or 100 or nore, or 105 or nore or an AHf of 30 J/g or less, or 20 J/g or O;

2. a wei ghtadditeomgn imeline pump weiygtontimwuskyaciocwlatebthe grdyDetizatén 2gsted0 or
nore, or 3Q,000,t J[,OO0,000, or 50,000 to 500,000, or 50,000 to 400, 000;
3. a melt fPERY & 8PP 63 10 min or nore, or 0.5 g/ 10 nin or nore, or
1.0 g/10 min or nore, or between 0.1 and 10,000 g/ 10 mn; 4. a nelting peak
tenperature of 55 C or nore, or 75 C or nore, or 100 C or nore, or 125 C or

nore, or 1300249] nOTRe putyMReiRatid® [H66esseS df the fluid phase in-line polymer
blending processes disclosed herein may have residence times in the reactors as
short as 0.5 seconds and as long as several hours, alternatively from 1 sec to 120
min, alternatively from 1 second to 60 minutes, alternatively from 5 seconds to
30 minutes, alternatively from 30 seconds to 30 minutes, alternatively from 1
minute to 60 minutes, and alternatively from 1 minute to 30 minutes. More
particularly, the residence time may be selected from 10, or 30, or 45, or 50,
seconds, or 1, or 5, or 10, or 15, or 20, or 25, or 30 or 60 or 120 minutes.
Maximum residence times may be selected from 1, or 5, or 10, or 15, or 30, or

45, or 60, or 120 minutes.

[00250] 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 3-80% , or 5-80%, or 10-80%, or 15-80%, or 20-80%, or 25-
60%, or 3-60%, or 5-60%, or 10-60%, or 15-60%, or 20-60%, or 10-50%, or 5-
40%, or 10-40%, or 40-50%, or 15-40%, or 20-40%, or 30-40% or greater than

5%, or greater than 10%. In one embodiment, when the product is isotactic



5. an MM M (as neasured by G°C DM of about 1.5 to 20, or about 1.5 to 10,
or 1.8 to 4. WD 2008/ 109094PCT/ US2008/ 002899 - 159 - neasured on a

Br ookfi el ' er, or between 1000 to 3000 cP for s @?/JSQ og}ﬁoﬁs%‘Ch as
packagi ng\gg\r?g a@ﬁ%&i ves) or between 5000 and 10, 000 cP ?or ot‘%er

applications. Polymer Blends and Pol yneri14dditives: [00279] Many different
types of polymer blends may be made by the nonomer recycle processes for
use with fluid phase in-line polyner blending disclosed herein. A ngjor

i nor ' ract e ee el e JECTLSE PR BN p o B, fored’

bl end. The (gbEO0W basedcbs GPOCEDS&Ed BingUah 1¥btabtié |polgpiopgfae Sahdald),

pol ymer bl endi ng di scl osed herein are advant ageous for prgduplng

ol ef i n- baseinglel passr conwerssorisn mdy clhe tdboveoBYPerand adlteprativaly dsisiglarpasst wo

groups, Pl c%?xgerlzgdnsf Cr)rrxay ieC letogg 58‘% OWiInngan%ct)}?ecii telncl))r:)sélir?lghtl,swhgg: isotactic
polypropylene essentially free of LCB is 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%. To limit the cost of monomer
separation and recycling, single-pass conversions may be above 3%, or above
5%, or above 10%. It should be understood that the above exemplary
conversion values reflect total monomer conversion, i.e., the conversion
obtained by dividing the combined conversion rate of all monomers by the total
monomer feed rate. When monomer blends are used, the conversion of the more
reactive monomer component(s) will always be higher than that of the less
reactive monomer(s). Therefore, the conversion of the more reactive monomer
component(s) can be substantially higher than the total conversion values given

above, and can be essentially complete, approaching 100%.

Product Separation and Downstream Processing:

[00251] The 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



N(P1 + P2) = N(P2) and N(P2) N(Pl1) where N(P1 + P2) is the nunber of
nononers in the conbi ned nononer pool of Pl and P2 pol ynmer groups, and N(P

| ) and I\&,B?z)m §ooiyNe number of mononers in the first (B E)I/U%Q‘ﬁ)s,%%g d (P2)

group of pol yners respectively. [00280]1n some fornms, e polyner ends

produced by the nononer recycle processessof-or use mnth f|UId phase in-line
pol ymer bl endi ng di scl osed herein include two or nore polyners, including

but not limted to, thernoplastic polyner(s) and/or elastoner(s). In
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reactor tr acmgnmagemm duhle fwm‘valo Dﬁ rbé@n ng theseld, pelrymaveoraamngrmnodmtorrer
and are the ]él and/ or ela ge%é 1}V6O - %00 811 A
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cooled wt e rs
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pol yest er s diseddbsedddpeipat es, pol ysul f ones, poI yacet al s, polylact ones
acrylonitriIebutadiene-styrene resins, polyphenylene oxide, polyphenylgne
sul fide, styreneacrylonitrile resins, styrene mal eic anhydride, polyimdes,

aromatic p ones, or mxtures of two or nore of the above. Polyol efins
i ncl ude, Wiﬁé notORg @rt BYre d"’m&JSTS%%éthéghrp FASSRIGGSENASAlONS b rseTICs rasar ,

o anche Oy gL kB B LU iR S TR S BRLP e,
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et hyl ene cepudingehe petymer-endched] steedtid Go thetlownsiredm sepafaiér-blepkar. oiraki n,
propyl ene ?nno%/o?rrlert-)rlféheg}e'nase emerging from the top of the high-pressure separator may
then be directly recycled back to the homopolymerization reactor train without
the need for one or more chilled towers. The downstream separator-blender
blends one or more polymer-enriched streams with one or more unreduced
reactor train effluents (from copolymerization reactor train) to yield a monomer-
rich phase and a polymer-rich phase, the latter of which comprises the polymer
blend. In one form, the monomer-rich phase may then be directly récycled back
to the copolymerization reactor train without the need for one or more chilled
towers. In another form, the monomer-rich phase may pass through one chilled
separation tower if there is a need to separate solvent, oligomers and other
heavies from the monomers prior to recycle. In another embodiment, the single-
stream high-pressure separator placed upstream of the separator-blender also
functions as a buffer vessel (separator-buffer vessel) by allowing the fluid level
of the polymer-enriched phase to vary in the separator-buffer vessel. Such
buffering enables a more precise control of the blend ratios by compensating for
the momentéry fluctuations in the production rates in the individual parallel

reactor trains of the monomer recycle processes for use with fluid phase in-line

polymer blending disclosed herein.



[00282] "El ast omers” enconpass al |l natural and synthetic rubbers, including
those defined in ASTM DI 566). Exanpl es of useful e: astomers include, but
are not | et hyl ene propyl ene rubber, ethylene RN6sdd ENE
nononer I“H gg‘?s?log@ﬂtreni c bl ock copol yner rubbers (incl ugle?lg%(} % ., SB,
SBS, SEBS and the |ike, where S=styrene-1§l=i sobutyl ene, and B=but adi ene),
butyl rubber, halobutyl rubber, copolyners of isobutylene and

para-al kyl styrene, hal ogenated copol yners of isobutyl ene and _

par a- al kyl 0P@88F, nFher polymdrhéch pisyi 60 PHENSeparMRAIYERIE H{?P/bwﬁé}{ﬂwe
with acrylonitrile, polychloroprene, alkyl acrylate rubber, chForinated

i soprene’ r psionallydranséerred to enc lor andreaomd ptessmreeseparatbise(l.P alsy referetidene
rubber (both cis and trag@) . [00283] I n another form the pol ymer bl ends
produced hdPePH 2?73 W-REOSHYE SrRarationpyessel) g tatcjysél shavspptrmasphericghl v
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using the pranefsdigh-pressure separators may function to separate light from heavy

components upstream of the low-pressure separator (i.e. monomer-rich phase
from polymer-rich phase) and may function to blend the polymer-rich phases
from two or more parallel reactor trains or may function as buffers. As
previously stated, a high-pressure separator may be alternatively referred to
herein as an HPS, separator, separator vessel, separation vessel, separator-
blender vessel, or separation-blending vessel, or separator-blender. The use of
the term “pressure” in conjunction with low-pressure separator and high-
pressure separator is not meant to identify the absolute pressure levels at which
these separators operate at, but is merely intended to given the relative difference
in pressure at which these separators operate. Generally, separators located
downstream in the monomer recycle processes for use with fluid phase in-line
polymer blending disclosed herein operate at lower pressure relative to

separators located upstream.



di scl osed herein to formrubber toughened conpositions. In sone forns, the
rubber toughened conposition is a two (or nore) phase system where the

el ast oneryps, @3/1‘3505_9[_0”“ nuous phase and the pol yner prod?gffﬂlsg(%@ﬂ@ s a

cont i nuous pﬂase. his blend may be combined with tackifters and/or other
additives as described herein. [00285] 1 nismot her form the pol ymer blends
produced by the processes disclosed herein may include el astomers or other
soft polymers to forminpact copolyners. In some fornms, the blend is a two

f . . . .
(or more) NbA2S4FYS!t THe WABhSmieR erlee]{:rcgrézg&éss% for ﬁsep%muh% Plidse in-line.

di sconti nuous phase and ot her poly I'S a continuous p The
produced hepalymensylehdingodistlvadd vidrbint &6k Bﬁp&bﬁtiaﬂdbﬁﬁfg%ﬁ'@ Fogdﬂéxtita\tﬁﬁl as
descri bed herein. WD 2008/ 109094PCT/ US2008/ 002899 - 162 - [00286]In some
forns, the IpaY Pewasried entiundersagitation ingheisinglephase regionlih tereactor at 40
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supported or unsupported and the cyclopentadi enyl r[ngs nmay be gub thtuted
or unsubst it &vel S22y MPs oomiowedralin pyhidh odase pthedmiethravis tbetow hits cloud

catal yst/acti.vatgr.. cgnbi nations are commercially available from ExxonMbi |
Cheni Zal QW‘P %&fy?@mmef&@éan}rﬂ’érﬂQﬂhédtqfﬁ&éSmREECGEﬂEE@iM Amil¢rEVETM

and EXACTT I pf {1 net s_and, cat al ysts/factiyators
to pr oducerggﬁgﬁg)ﬂgﬂn{?glgl 9 n@é@a%%%@%&%@i@& QS%Pﬁhi ;’gg]%ﬂg Gy %\%06;
EPA 277, 003998P26 2552(08425 4n& Ldttet ao Fltﬁdjlﬁ?a»séiﬁuipl?&f@f, 9@?9,- ﬁ%%%g 401;
U S Pat. No. 5,240,894, U S Pat. No. 5,6017,714;" CA 1, 268, X LS. Pat .
No. 5, 324, doat; thepmonomessRh ph&e Wauld domphis@ddssdthian Bt IR0.Wid% ofVdW2
00333; U.S._Pat. No. .5 096 ,867; U S. Pat. No. 5,507,475, EPA 426 637; EPA
573 403; EPMPIEoYan Jyeighibpohyner;and happ @ glensity of Eppreximaiely: 0B p4BB2;

V094/ 03506 (?é}deé.SBfatI‘he'?)Odlyfrﬁeg-Sr?dhllgl%se would be expected to have a density of
approximately 0.5 - 0.8 g/mL.

[00255] Assuming that the pressure is dropped rapidly enough, for example,
greater than or equal to about 6 MPa/sec, the phases will separate rapidly,
permitting the recycle of the monomer-rich phase as a liquid, without the issue
of having the monomer-rich phase return to the gas phase. As may be
appreciated by those skilled in the art, this eliminates the need for the energy-

intensive compression and condensation steps.

[00256] The polymer-rich phase may then be sent to a downstream
separator-blender for blending with the reactor effluent from the
copolymerization reactor train. The separator-blender separates a monomer-rich
phase from a polymer-rich blend phase. The polymer-rich blend phase may then
be sent to one or more separator in series or may be 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



[00287] I n some forms the polymer blends produced by the processes disclosed
herein include one polynmer at from10 to 99 vveihght % based upon the wgloght
of the Lhia,t he blend, or 20 to 95 weight % or o]
wei ght &%égﬁg IOPde}gst 40 to 90 weight 9% or at |east 50§Fg}l§8®\%@§§ﬁ% % or
at least 60 to 90 weight % or at |east-7T88to 90 weight %w th one or nore
other polyners constituting the remai nder of the blend. - 163 -
particularly at bul k honbgeneous pol ynerization conditions, g;ﬁégﬁaj bul k
honbgeneou ey édd " (o} z
anot ﬁer fofpnl%% Hi&%ﬁ%é ag%Fyr‘r%g}at?%h:ngng@hgygog?@dg%gﬁﬁ#lrgénl? g?zcr)byj_ ene- %gg}f’
pol ynmer s nagedaforhsiempesteipping? ol Wiekingatndst oo diabu@ins the Polywet ablutic
bul k honogeneous pol ymerization conditions, such as bul k honbgeneous
super cri ti diashes infglthe dsvotatidizeposxitsethie it amd isathencioansfersed ohefor duttbed ng:
(a) 10-20 wt_ % of i so%}?ct I C l&g@l%gpyl ene with 0.8-10,000 g/10 mn MR and
mel ting pedFOLETHe SPEh as peHetagt C plus 80-90 wt %crystallizable
et hyl ene- propyl ene copol yner conprising 10-16 Wt % et hyl ene content and
0.8-100 g/10 m n MR or

' [00257] 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.

[00258] In solution reactor processes, present practices employed by those
skilled in the art typicélly effect separation by flashing monomer and solvent or

accessing the high-temperature cloud point.

[00259] In another form, polymerization is conducted at conditions below
the cloud point, with the polymer-monomer mixture transported to a gravimetric
separation vessel, where the pressure could be further lowered if desired to
enhance phase separation of the polymer-rich and monomer-rich phases. In
either of the forms herein described, the monomer, for example, propylene, is
recycled while staying in a relatively high density, liquid-like (supercritical or
bulk liquid) state. Once again, one or more knock-out pots may be employed to

aid in the removal of low molecular weight polymer from the recycle stream.

[00260] As may be appreciated, there are possible and optimal operating
regimes for reactors and for the gravity (lower critical solution temperature
(LCST)) separator. Referring now to FIG. 24, 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)



(b) 15-90 vt % of isotactic polypropylene with 0.8-10,000 g/10 m n MR and
nelting peak tenperatures of 80-165 C plus 10-85 wt % propyl ene copol yner

i sota lyRLopyl ene crystallinity conprising 1-2 9 ne or
1 40 wt 5&nggﬁg or 1-30 wt butene-1 content and O. 8- ?83ﬁ5¢%§hﬁ¥%@NFR or
(c) 10-30 vt % of isotactic polypropyl engsqpvith 0.8-10,000 g/10 m n MR and
melting peak tenperatures of 80-165 C plus 90-70 wt lowcrystallinity (O-
30 J/ Q) honD- or copolymer with MFR of 0.8-500 g/10 mn. [00290] The in-1ine
pol ymer bl e di.s¢l r nded

}’Q! r a%cﬁ%}’f d.t“Pl Ve RfAtires lnﬁ? a%%@? e v&br”@é{n?&l @ﬁ&‘s}ac}?{ne
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ot her pol yRBIGE @ﬂcbrbggmss Sieghth st\l'enth@I@STl:ﬂr%\d 11, in an extrusi on
process downstream of in-line polynerization/separation/blending processes

di scl osed herein, or blended in an off-line conpounding process. - 164 -
[ 00291] Any e oI yners jpncluded in the in-line palynmer bl ends
produced bJ%ﬂé nEl"@(‘f‘f &tgﬁhgg &H’ fﬁﬁ‘;lob?eol?%ﬁﬁ’@g Mﬁ}lpféd"o'P ase

oot e anL A §“’°‘~‘§“ﬁ e BB B For Gt O R Al o
i ncl ude anmmaﬂw@csq‘ SlSRN The BPRAHANr&RoM %h%lﬂgsﬁéwhe@ﬁhlrpﬂ?e erRatde

bond and at | east one carbonyl group. Representative acids i1nclude

car boxyl i ¢ cval)dsccuas st ibeties the $1ESF aadchbioveithe 34 tarvehalthongh,adsl may ded
non-netal lic. The qrgani ¢, conpound contains an ethyl enic unsaturation
conj ugat ed aRPresiated amen factgrocenld- hgxg)a beasing omwhamgc@»ablwps optimad) such

Croton o, - MAn AL AT orI6E s pradiery A arsalnied by Bl SRy o
derivative he'\ﬁieﬂhe ARSHaLE Tigurd ga@@ndﬁ%%.ﬁﬁyol/é&hé YcBhorhiéa I 3Ryl BEEhsC! ¢

or anhydride is present at ab to a or at

about 0.5 watthbd ifpolypedypylendisi tghprdduced with @b@uﬁnﬁedHPQ?fB)plhnB wei ght %
based upon the wei ght of the hydrocarbon resin and the unsaturated acid or

anhydri de.
[00262] Referring now to FIG. 26, for the case where polymerization is

conducted at conditions below the cloud point and the polymer-monomer
mixture transported to a gravimetric LCST separator, the possible region of
operation is anywhere below the LCST curve and above the VP curve. The
optimal region (again, shown within the shaded oval) occurs within that portion
that is below the spinodal, but not too low in pressure, as shown. Operating in
this regime assures that the energy use is optimized. It is also desirable to avoid
operation in the region between the LCST and spinodal curves in order to obtain
good gravity settling performance. Moreover, it is desirable that the separation
is effected at sufficiently high temperatures, so that crystallization does not occur
in the polymer-rich phase. This may require that the temperature of the mixture

in the separator be higher than the temperature in the reactor(s).

[00263] Advantageously, the liquid monomer-rich recycle stream can be
recycled to the reactor using a liquid pumping system instead of a hyper-

compressor, required for conventional polyethylene units.



[ 00292] Tackifiers may al so be bl ended either in-line by the processes

di scl osed herein (see FIGS. 10 and 11), in-line via an extrusion process
downst r eagnhod fdodolyNe pol ymeri zati on/ separati on/ bl endi Nn@-RFRSEBHEZ99

di scl osed herein, or in an off-line conpoundi ng process. Exanples of useful
tackifiers include, but are not |limted-15,- aliphatic hydrocarbon resins,
aromati c nodified aliphatic hydrocarbon resins, hydrogenated

pol ycycl opent adi ene resins, polycycl opentadi ene resins, gumrosins, gum
rosin esterGataWaeRilligsi ns, wood rosin esters, tall oil rosins, tall oil
rosin esters, polyterpenes, aromatic nodified polyterpenes, terpene

phenol i cs, [00264} i c Tiweliuse esf thed prgressdsedisplsgd \idreipe ahddhenelataely Jow

hydr ogenat ed al i phatic resin, hydrogenated aliphatic aromatic resins,

hydr ogenat d¥CSHF$ &hdBe saparatati Yessel geaaplyneeduces thdmbnegeeracententrationdst er s.
In sone e iqrent,s the tackifier is rogenated. In other enbodi rents the
t ackifi er nﬁggngﬁglgolpgﬁ]ymﬁﬁﬁlpbolpgf“set’a@aﬁ‘f’d}f’ 3’% ’ erB‘ré]llt%m‘tni A (much logeer.
free of no ; ' 0 o I r ral.ly, .not
bresent;  haomaerEMeLe? s EHgHRTizafih raf by 4R RhEnIR MpeB iy
or not nor aysteat withoat giddingha cdtalyst P@Ts@ntd?a"kil%ﬁ. Ehe l](tillf’{?g ¢SmPOIIRIs are
enbodi nents, the tackifier has a softening point (Ring and Ball, as
neasur ed bypddetthen thg kider ®mayal stepadagrbemliminated.t o 130 C. I n sone

enbodi nents the tackifier is fiinctionalized. By functionalized is neant
that the hydrocarbon resin has been contacted with an unsaturated acid or

anhydri de. rélsggs4 U i ds. .o drj des _ipclude any, unsat ur at ed
organi c cor[rpoun corq? 2% Lnélﬁl?l%%gt l%I(Heegsl? %ﬁg%}guﬁ*% FERESEHY né'l’sql lé%é’?a‘i%éo
carbonyl gretpve Raprgsential tatalyas lrp@_ﬁsohg Cﬂr&ﬂeﬂﬁ%@?ﬂéh' nﬂoﬁshfé%ri&”méiirh des,
esters and their salts, both nétallic and nonnetallic. The organi c conpound
may cont ai fe.gnbytthglese of finedt beditaidsorbentsj og by estawehging withbam alurgimise
(-C=0). Non:lim ﬁ,’bng e>farrpl es.include maleic, fumaric, acrylic,

met hacryl i 1KY adbgicatalystacsivity, may bekiled oy addition of @ pelat speciesarNonaci ds

as well asy; I i de ters. and salt.derivatives. | ei ¢ _anhydri de
is parti cu}lg{r’lﬁbéugg‘lfmuﬁ f.’a héeat?}g'gta?ﬂﬁ%eégﬁ%sd‘ ?u%Wyégf’dEI%?ﬁL&%ﬂeé%n; in
t he tackif gfih Jdiidn/S41éi i VoAl : i Yoto 7
wei ght % or a?{oialfhgﬁhane(i;%w % bﬁ%ﬁ“ﬁggﬁtﬂ@ Q/é?agﬁtc 0 bl? ﬁgoﬁg%géc%f? bon

resin and The dhdet andtquntity ofdillamghygentdeill [d¥p2A3] oh ehd aeddifdrénts i for
present, is typi CEHJJY present at 1 weight %to 50 weight % based upon the
wei ght of fisanpyRpf the reeycleinsapylne ;ansh camagtomers as vl wsi tiet peodust 40

ght of Sihta isaty >
bresent at PIOpEETes, {1 0RIEe b e 81 Qiafily A B Ghlatytoilind BeSHaRY ¢ han
1 wei ght %e PS8 intd thd Sackl BFIIAE sRRAN BfterPtR SR QIR AURR NPV aly2E

processes
but before the HPS. The choice and quantity of killing agent may depend on the

%

requirements for clean up of the recycle propylene and comonomers as well as

the product properties, if the killing agent has low volatility.

Polymer blending components:

[00266] The polymers produced by processes disclosed herein may be many
structure types, including, but not limited to, block, linear, radial, star, branched,

and combinations thereof.

[00267] Some forms produce polypropylene and copolymers of

_polypropylene with a unique microstructure. The processes disclosed herein can



di scl osed herein further conprise a crosslinking agent. The crosslinking
agent may be bl ended either in-line by the processes disclosed hereir (see
FIGS. 10 jn-l1ine via an extrusion process downg} ine -
166 - po|‘§9r§?€si1)§?99én/ separation/ bl endi ng processes di sc? g%%e);ooeils% in
an of f-1ine conpoundi ng process. Useful -es60sslinki ng agents incl ude those
havi ng functional groups that can react with the acid or anhydride group
and include al cohols, nmultiols, amnes, diamnes and/or triam nes.

Non-limti ﬁ’é@ff@é@%&f H’fﬁ ‘?ﬁﬁflel f%‘te[&nca h% y#&lldlb he%n‘ﬁ%s\fﬁéﬂ@% such

as et hyl enedi'am ne, di et enetriam ne, xarre enedi am ne

di et hyl ani imadw. olpyodthet f(ﬁms@nﬂymlhﬁeryomﬁeglaramm [ 00295] I n another form
the polyner bl ends produced by the processes disclosed herein, and/or

bl ends thereof, further conprise typical additives known in the art such as

fillers, I ng ents, ant da surfactants, adjuvants

pl asti ci zeﬁ&@]ock ﬁg‘hmﬂe&% 5‘56405?8&185‘?’%&58 ‘é‘PFeErOPﬁll%)WJEH?Ié’m"(ﬁé@th a
rocessi ng I z S N

ﬁucl eating "Zéglgﬁigs"%i‘r‘@@?bé alﬁilrsf (;/(i: né&gaég’l"i[ éﬁ{ Er%%égggé@g&%ﬁ%@ fez’&ogsent

in the typit¢al,000,0002q0i000 8OUOOG008) 1 5l000WMb Isootdm a1 006 Y6 5060 Yl

wei ght %to 10 wei ght % These additive | may be bl endéd éither Tn-Tine by

t he procesSe0 tocl ¥5ea0.herein (see FIGS. 10 and 11), in-line via an

extrusion process downstream of in-line polynerization/separation/blending
processes di sclosed herein, or in an off-line conpoundi ng process.

[00269] The processes disclosed herein produce polymer with a heat of
fusion, AHjy, of 1-30 J/g, 2-20 J/g, or 3-10 J/g. In another form, the processes
disclosed herein produce polymers having a AH; of up to 110 J/g, alternately 50
to 110 J/g, alternatively 70 to 110 J/g.

[00270] Dienes can be used as a comonomer to increase the molecular
weight of the resulting polymer and to create long chain branching. Vinyl
chloride can be used as a comonomer to increase the degree of vinyl termination

in the polymer.

[00271] The processes disclosed herein can produce long-chain-branched
polypropylene.  Long-chain branching is achievable using the processes
disclosed herein regardless of whether additional a,®-diene or other diene such
as vinylnorbornene are used. In one form, less than 0.5 wt % diene is used in the
combined feed to any polymerization train of the reactor bank. Alternatively,
less than 0.4 wt %, or 0.3 wt %, or 0.2 wt %, or 1000 wt ppm, or 500 wt ppm, or
200 wt ppm, or 100 wt ppm are used.

[00272] In some forms, the processes disclosed herein involve using as a
comonomer an a,0-diene and the olefin/a,w-diene copolymers resulting from

that use. Additionally, the processes disclosed herein involve a



[00296] Useful fillers, cavitating agents and/or nucleating agents include
titani um di oxi de, cal cium carbonate, bariumsulfate, silica, silicon

di oxi de, ‘%Erzg&ﬁop(iﬁck, sand, gl ass beads, m neral aggreg%trﬁ%mo%ﬁ}[é&”cl ay
e. Nuc ude,

and the |1 eating agents of the non-clarifying type 1nc but are
not limted to, sodium benzoate, Anfine-Ngy.11l, Anfine NA 21, and MIIiken
HPN 68. [00297] Useful antioxidants and UV stablilizers include phenolic
anti oxi dants, such as Irganox 1010, Irganox 1076 both avail able from C ba-

Co1 97 1 onbBe o e Bt IORHAAGE, Bt ety g2,

Paris, Fransepylthe aid thiRyeidvpolifiefizatidintvith fdpthdeetieCar tfe copblyess | S

or the 11 ket'hat are made. These copolymers may be employed in a variety of articles
including, for example, films, fibers, such as spunbonded and melt blown fibers,
fabrics, such as nonwoven fabrics, and molded articles. More particularly, these
articles include, for example, cast films, oriented films, injection molded articles,
blow molded articles, foamed articles, foam laminates and thermoformed

articles.

[00273] It should be noted that while linear a,w-dienes are disclosed, other
dienes can also be employed to make polymers using the processes disclosed
herein. These would include branched, substituted a,w‘—dienes, such as 2-
methyl-1,9-decadiene; cyclic dienes, such as vinylnorbornene; or aromatic types,

such as divinyl benzene.

[00274] Other forms include copolymers having from 98 to 99.999 weight %
olefin units, and from 0.001 to 2.000 weight % a,0-diene units. Copolymer
forms may have a weight-average molecular weight from 50,000 to 2,000,000,
crystallization temperatures from 50 °C to 140 °C and a melt flow rate (MFR)
from 0.1 g/10 min to 1500 g/10 min. These forms display high crystallization
temperatures intrinsically, hence there is no need for externally added nucleating

agents.

[00275] In other forms, the copolymer includes from 90 to 99.999 weight %
of propylene units, from 0.000 to 8 weight % of olefin units other than propylene
units and from 0.001 to 2 weight % a,w-diene units. Copolymer forms may have
weight-average molecular weights from 20,000 to 2,000,000, crystallization
temperatures (without the addition of external nucleating agents) from 115 °C to

135 °C and MFRs from 0.1 g/10 min to 100 g/10 min. The accompanying olefin



[ 00298] Pl asticizers and/or adjuvants may include mneral oils, polybutenes,
pht hal ates and the |ike. The plasticizers may include phthal ates such as

di i sound LoddMobRlat e (DI UP), diisononyl phthal ate (Dl NBbq/us2008/002899
di octyl pﬁ\?ﬁazloat/es DOP) and pol ybut enes, such as Par apoF ggg ang Par apol

1300 avail abl e from ExxonMobi |l Chem cal -@xgwany i n Houston Texas.
Addi tional plasticizers include those disclosed in WO0118109A1, U.S. Patent
Application No. 10/640,435, and U S. Patent Application No. 11/177,004,

whi ch are iQeRHOLAY &F OY.C,ef I%?’Hﬁ ' ki 1S B
conposi tions gnd bﬁ%ndi n% tzggrago ) [%ggﬁ&mﬁ\ nggf:lfeksrﬁs@ngﬂeg?gsa?{d fHeir
| ubri cant s, misures, thewedf.oMeorel specifidalige oledimisrintiude etliylene, Biteme-0 dpeitensuch
as wax, oil_or low M polyner, (low neaning below My, of 5000, or bel ow

4000, or bel-obexzmeel, beptsaedw unhyl-Upsnténencdcorethyle 1 peotans] #-methyl-1-
non- pol ar xes unct i | i zed waxes, po r oyl ene waxes, . pol.yet hyl ene
waxes, and n f‘?‘?ﬁé}f‘gm‘["éé%o‘re‘s"&f‘m P‘f*’ﬁ%ﬂ‘?’gﬁ‘é@ eree adL-dodesense t hose
nodified with art al cohol, an acid, or a ketone. Functionalized neans that
t he pol yner has been contacted with an unsaturated acid or anhydri de.

Useful unsq00226Fkd aCopslyaiersndly dta@ic ipdtyprdpyRnE Hxdat tihddre SufireAficsl
conpound contai ning at | east one doubl e bond and at | east one carbonyl

group. Repreesditiansi veclude dethylepleudad c@yhyytomonaingss sachyas itisene-¢stPr s
Cont ai . an EXRY IR hosAh. dnSOA DERieBEr hioclsna. bandofRsEnErio U BIE o)
taconic. Qs SeRaE piRE USROS hetatlYah preffieltncte BRPREEY Wilhoutas
bar 1 cul o Ly et e o S SOOI LSent at
0.1 WO 2008/ 109094PCT/ US2008/ 002899
[00277] Propylene polymers produced typically comprise 0 to 60 weight %
of a comonomer, or 1 to 50 weight %, or 2 to 40 weight %, or 4 to 30 weight %,
or 5 to 25 weight %, or 5 to 20 weight %, and have one or more of:
1. aheat of fusion, AH¢, of 30 J/g or more, or 50 J/g or more, or 60 or more,
or 70 or more, or 80 or more, or 90 or more, or 95 or more, or 100 or
more, or 105 or more or an AH; of 30 J/g or less, or 20 J/g or 0;
2. aweight average molecular weight (as measured by GPC DRI) of 20,000
or more, or 30,000 to 1,000,000, or 50,000 to 500,000, or 50,000 to
400,000;
3. amelt flow rate of 0.1 g/10 min or more, or 0.5 g/10 min or more, or 1.0
£/10 min or more, or between 0.1 and 10,000 g/10 min;
4. a melting peak temperature of 55 °C or more, or 75 °C or more, or 100 °C
or more, or 125 °C or more, or 150 °C or more, between 145 and 165 °C;
5. an M/M, (as measured by GPC DRI) of about 1.5 to 20, or about 1.5 to
10, or 1.8 to 4.

[00278] In another form, the polymers produced by the processes disclosed

herein have a melt viscosity of less than 10,000 centipoises at 180 °C as



- 168 - weight %to 10 weight % or at 0.5 weight %to 7 weight % or at 1
to 4 weight % based upon the weight of the hydrocarbon resin and the
unsaturat\gﬁzg&j/ﬁs,@g anhydride. Exanples include waxes ”?@'Ifds?&)g}ﬁ)fzs t hyl
ket one, mal el c anhydride or maleic acid. Low M polyners include polyners
of | ower al pha olefins such as propyl enejs9but ene, pentene, hexene and the
| i ke. A useful polyner includes pol ybutene having an Mh of | ess than 1000
g/ nol . An exanple of such a polyner is avail abl e under 'El_he tBagje naLrp -
PARAPCLTmM BHYBRI ' ui
pol ybutene%go Sgllfrfégrrbﬁg%(/i ng gﬁhwwgﬁhﬂg nmo anglli)g1 inocfaorralytblag ({/IT g?:%él'#‘?/ of
220 cSt at fofifis Gsuats agpaskagidg ohd \adM sk or bEORRA] 3600 dhd ClBO0G P Ebr
agents include, but are not Irmted to, the benzal sorbitol famly of
clarifiersotkaihpplicatipas.t i cul arl y di benzal sorbitol (MIlad 3905),

di - p- met hyl benzal sorbitol (MI1liad 3940), and bis-3, 4-

di nmet hyl benzal sorbitol (MIliad 3988). Applications: [00302] The pol yner

bl ends pro%ﬁeﬁﬁléﬂ?ﬁ @rdqgggﬁqﬁ/g&(ﬁﬁbgssed herein are typically used in any

known t her ition. Non-limting exanples include
uses in nol[e@2i7e]ar t Mahy | diFfertmtd eFpess BEESSymer bRAds 93§, b heGk thr e
and cabl e (antisr?g, adhe}s,i ves, shg?esol e?,s zurrpers, gaskgts, .beflfg%,wkl | s,
fibers, el asnamdn teeysle provessesnfor useuwithnflaid phadeaint-tine spolginealblgading and

i cal ' . ,[].00303 licants have attenpted to disclose all
genglog?negte \é%s:é Sed[herem.] A/fenajor fraction of a blerrlrg is defined as 50% or more by

weight of the blend. A minor fraction of a blend is defined as less than 50% by

weight of the blend. The monomer recycle processes for use with fluid phase in-
line polymer blending disclosed herein are advantageous for producing olefin-
based polymer blends in which the polymers can be divided into two groups, P1
and P2, for which the following conditions satisfied:
N(P1 + P2) = N(P2) and N(P2) > N(P1)

where N(P1 + P2) is the number of monomers in the combined monomer pool of
P1 and P2 polymer groups, and N(P1) and N(P2) are the number of monomers in
the first (P1) and second (P2) group of polymers, respectively.

[00280] In some forms, the polymer blends produced by the monomer
recycle processes for use with fluid phase in-line polymer blending disclosed
herein include two or more polymers, including but not limited to, thermoplastic
polymer(s) and/or elastomer(s). In another advantageous form, the polymer
blends produced by the monomer recycle processes for use with fluid phase in-
line polymer blending disclosed herein include two polymers (a homopolymer
produced in one parallel reactor train and a copolymer produced in a second -
parallel reactor train) wherein the homopolymer and copolymer have a common

monomer and are thermoplastic polymer(s) and/or elastomer(s).



applications of the disclosed subject matter that could be reasonably
foreseen. However, there may be unforeseeabl e, insubstantial nodifications

that remagp By o6geval ents. Wiile the present inventionyhasbsgoiescribed
in conjunction wth specific, exenplary enbodinents thereof, It IS evident

that many alterations, - 169 - nodificatgans, and variations wll be
apparent to those skilled in the art in light of the foregoing description
wi t hout departing fromthe spirit or scope of the present disclosure.

I R e T

alteration i cations, of t'he’ above déta

descri pti orheal @88 Q¢ cboledt withSout! f5rediablecchin®e  inPidpeities! Hasmivplasticci t ed
herein, including priority docunents, are fully incorporated by reference

to the extgulymech typicallpsinchides buit aienmohdimitedttoyifidlyolefins; pobyrnides.and
et i cal - IRSVKESUTS Py CHRROTASePP DAY e POIYASFIA. B8 FIoRes 56V IBHTI-anges
el ueewi ¢ OGRS shrbfs BERLERRYpbbBHenf ghide Rt itne, gl Shirege
under st ood RRsylBRRtld RFildY sty2E9¢!maleic anhydride, polyimides, aromatic polyketones,
or mixtures of two or more of the above. Polyolefins include, but are not limited
to, polymers comprising one or more linear, branched or cyclic C, to Cy4q olefins,
polymers comprising propylene copolymerized with one or more C, or C4 to Cyg
olefins, C; to C, alpha olefins, or C; to Cyy a-olefins. Also, polyolefins include,
but are not limited to, polymers comprising ethylene including but not limited to
ethylene copolymerized with a C; to C4 olefin, a C; to C,¢ alpha olefin,

propylene and/or butene.

[00282] "Elastomers" encompass all natural and synthetic rubbers, including
those defined in ASTM D1566). Examples of useful elastomers include, but are
not limited to, ethylene propylene rubber, ethylene propylene diene monomer
rubber, styrenic block copolymer rubbers (including SI, SIS, SB, SBS, SEBS
and the like, where S=styrene, I=isobutylene, and B=butadiene), butyl rubber,
halobutyl rubber, copolymers of isobutylene and para-alkylstyrene, halogenated
copolymers: of isobutylene and para-alkylstyrene, natural rubber, polyisoprene,
copolymers of butadiene with acrylonitrile, polychloroprene, alkyl acrylate
rubber, chlorinated isoprene rubber, acrylonitrile chlorinated isoprene rubber,

polybutadiene rubber (both cis and trans).

[00283] In another form, the polymer blends produced herein may include
one or more of isotactic polypropylene, highly isotactic polypropylene,
syndiotactic polypropylene, atactic polypropylene, random copolymer of

propylene and ethylene and/or butene and/or hexene, polybutene, ethylene vinyl



- 170 - CLAIM5 1. An in-line blending process for polyners conprising: (a)
providing two or nore reactor trains configured in parallel and two or nore

hi gh- pr esgghgosseppyat ors downstream fluidly connected t@chRR§08808%0 MOT €
reactor trains con?igured in parallel; (b) contacting in the two or nore

reactor trains configured in parallel 1)i@l-efin nononers having two or nore
carbon atons, 2) one or nore catalyst systems, 3) optional one or nore
conononers, 4) optional one or nore scavengers, and 5) optional one or nore

di luents oraaph¥qphsd ns?@'ﬁ%c?&gth?ieede%‘a%hsi?y@.ﬂ% ttoklg?]sr ﬁﬁﬁk@j %ﬁdlngﬁ, linear

configured 1 n paralle nperat ure above the soll
phase-trandobim dmstignPery@thyleanultﬂaelq@WdeﬁEilty Wy&ﬁ¥&hét(ﬂeh§if5d 0RPtEIedsr € no
| ower than 10 MPa be Qw the cloud point pressure of the polynerization

syst em and thas §.hgfenr3overyHaw dowsityepolyethylend (dessity &90hto kegs than 0 Seach

eactor 1o B Dt (dense LI St at s oo peTer s i BN mes)

scavenger ;g Gihsity BO1yREy 1BRL YAEsi®) 694Stto B8 g/cm®), ethylene vinyl acetate,
ethylene methyl acrylate, copolymers of acrylic acid, polymethylmethacrylate or
any other polymers polymerizable by a high-pressure free radical process,
polyvinylchloride, polybutene-1, isotactic polybutene, ABS resins, ethylene-
propylene rubber (EPR), vulcanized EPR, EPDM, block copolymer, styrenic
block copolymers, polyamides, polycarbonates, PET resins, crosslinked
polyethylene, polymers that are a hydrolysis product of EVA that equate to an
ethylene vinyl alcohol copolymer, polymers of aromatic monomers such as

polystyrene, poly-1 esters, polyacetal, polyvinylidine fluoride, polyethylene
glycols and/or polyisobutylene.

[00284] In another form, elastomers are blended using the processes
disclosed herein to form rubber toughened compositions. In some forms, the
rubber "toughened composition is a two (or more) phase system where the
elastomer is a discontinuous phase and the polymer produced herein is a
continuous phase. This blend may be combined with tackifiers and/or other

additives as described herein.

[00285] In another form, the polymer blends produced by the processes
disclosed herein may include elastomers or other soft polymers to form impact
copolymers. In some forms, the blend is a two (or more) phase system where
the elastomer or soft polymer is a discontinuous phase and other polymer(s) is a
continuous phase. The blends produced herein may be combined with tackifiers

and/or other additives as described herein.



wherein the catalyst systemfor each reactor train conprises one or nore
catal yst precursors, one or nore activators, and optionally, one or nore

cat al yst @B?p&rjl Soos (C) formng an unreduced reactor effl4gRbodsfiGisysli Ng a
ul

honbgenous phase pol ynmer-nononer m xture in each reactor train _
configured in parallel, wherein one or -ngg-e of the parallel reactor trains
define a first group (01) of reactor trains and another one or nmore of the
paral l el reactor trains define a second group (02) of reactor trains,

wherein th r ofp NG msN) then e o] I
(N(QL)), OgO?%(BbCE)),fnand for the ctgrbrbpﬁgﬁm%rge I%EO%CI%ggl ﬁg)%e?%llﬁé:}]%de@
(N( GL+02) ) maetalloetre pdlyathylendso@aPEDY &m@éliﬁi{eﬁe)pcﬂ}?ﬂoﬁgﬁﬁebl((@m).a”ﬂle
wherein the feed monomer pool in each reactor train of 02 are the sane;
(d) passi ngnPEangmEE hermopelyoiess o topolymess aretypicadlyoproduced ofinghro-

reactor tr irn?%thr u nor e ressure separators, .maintaining
u

h one o .hi gh- ’

the tenpera S-&hH© P%téglﬁ“é'[ wirepgiHon hg‘eg‘hle CIBPI)’]%F e ’hi?}’r‘iﬂlﬂf@gg?r @“thh ancl i
separators t ods [ g u ow
o nt prosear e I sk O ahd RIS -8 ol B, B SeREO By sy
each of théigmeressumdroe Fasgphayees TheecpaBAE AnAr Sctivatdr ﬁﬁbﬁhbé%'gﬁﬂﬁég orystem
conprising a polymer-enriched phase and a nononer-ri ch. phase, d B
separ at i ng WisBPpRItRshend the pyglhpertadienyl rings pmﬂ)y]lcwe substitutddeor W'mtmﬂediﬁcg
of the one Qr re high-pressure separators to formone or nore separate
NDNONET - I VB%E%Q“B%&‘@I%"@‘F“%F ‘fﬁ?ﬁ%ﬁﬁﬁsé?ﬂ? catabistigptivator CE{I@%HQJ?}:SS; E?e
t he one or - ent ch s _from the one nor e hi gh-
separators ag%) E?‘é@%@%ﬁ%%&ﬁ’%%@ﬁ% Ekehﬁ"élcﬁlf %f‘l??d’ty By §Yﬁ’d"n,
through thdexas widefahe thidihafiedSEXICEERPA AOPEVET andHK AT gyced

more information on the methods and catalysts/activators to produce such

homopolymers and copolymers see WO 94/26816; WO 94/03 506; EPA 277,003;

EPA 277,004; U.S. Pat. No. 5,153,157; U.S. Pat. No. 5,198,401; U.S. Pat. No.

5,240,894, U.S. Pat. No. 5,017,714; CA 1,268,753; U.S. Pat. No. 5,324,800,

EPA 129,368; U.S. Pat. No. 5,264,405; EPA 520,732; WO 92 00333; U.S. Pat.

No. 5,096,867; U.S. Pat. No. 5,507,475; EPA 426 637; EPA 573 403; EPA 520

732; EPA 495 375; EPA 500 944; EPA 570 982; WO091/09882; W094/03506

and U.S. Pat. No. 5,055,438.

[00287] In some forms the polymer blends produced by the processes
disclosed herein include one polymer at from 10 to 99 weight %, based upon the
weight of the polymers in the blend, or 20 to 95 weight %, or at least 30 to 90
weight %, or at least 40 to 90 weight %, or at least 50 to 90 weight %, or at least
60 to 90 weight %, or at least 70 to 90 weight % with one or more other

polymers constituting the remainder of the blend.

[00288] In another form, in-line polymer blends are produced from

propylene-based polymers made at homogeneous polymerization conditions,



- 171 - reactor effluents of the & reactor trains through another _
hi gh- pressure separator for product blending and product-feed separation;

(f) mai nt@phni tenperature and pressure within the QR}SQ(%/OO 899 _
hi gh- pr es‘gg;}g&glg%o&a;?at or of (e) above the solid-fluid phgge transition point

but below the cloud point pressure and tesperature to forma fluid-fluid
t wo- phase system conprising a polyner-rich blend phase and a monomer-rich
phase; (g) separating the nononer-rich phase fromthe polynmer-rich blend

phase in tf]farﬁ&ﬂhh?;af‘ilﬁhkphSﬁﬁgEﬂe%ﬁsg?eo%ﬂ%ﬁ?éﬁ&?)c ‘&i%&%sﬁ‘eé’uo‘ﬁo'ﬁn’ﬁﬁﬂ{ eh

bl end and a separated nmononer-rich recyclin one or nor

separ at ed rfmmogeneous buphresieisabér bulk sodutisiepslynmeeizativaact or trains of G ;
and (i) recycling the separated nonomer-rich phase of (g) to one or nore
reactor trains of Q. 2. The process of claimI| wherein the conbined flow

[ . - |, ched ph f d
rus i he cdRBRRBET T, et Ogme inrORG RO KIous carsc Aotk drom
i t i . S .
Separ at or s PipPeRedbaBad qidlfmicht Aede 1t chiHiGeiedt | FolniCl A" Ko faitiant. o

the procesgpasficulatly matl budk | RemogbACOWR polHALrizRidM & oRaRIHIE SucANYS ! BakN
rate of the correspondi ng nononer in the & reactor trains.
homogeneous supercritical or bulk solution polymerization, and comprise the

following:

(a) 10-20 wt % of isotactic polypropylene with 0.8-10,000 g/10 min MFR and
melting peak temperatures of 80-165°C plus 80-90 wt % crystallizable
ethylene-propylene copolymer compfising 10-16 wt % ethylene content and
0.8-100 g/10 min MFR or

(b) 15-90 wt % of isotactic polypropylene with 0.8-10,000 g/10 min MFR and
melting peak temperatures of 80-165°C plus 10-85 wt % propylene
copolymer of isotactic polypropylene crystallinity comprising 1-20 wt %
ethylene or 1-40 wt % hexene-1 or 1-30 wt butene-1 content and 0.8-100
2/10 min MFR or

(c) 10-30 wt % of isotactic polypropylene with 0.8-10,000 g/10 min MFR and
melting peak temperatures of 80-165 °C plus 90-70 wt % low-crystallinity (0-
30 J/g) homo- or copolymer with MFR of 0.8-500 g/10 min.

[00290] The in-line polymer blends produced by the process disclosed
herein may be also blended with other polymers and additives using the in-line
blending process for other polymers and additives depicted in FIGS. 10 and 11,
in an extrusion process downstream of in-line
polymerization/separation/blending processes disclosed herein, or blended in an

off-line compounding process.



3. The process of claiml1 wherein G includes one reactor train and &

I ncl udes one reactor train 4. The process of claiml| wherein at Ieaﬁt one
of the r t i,ns of each of GL and & includes pro e
process ?68?(%8{1?%5(%4mer ein the optional one or nore Corr%#gﬁn@?ososgﬁzs?%)
conprise one or nore of ethylene, propylege, butenes, hexenes, octenes,
decenes, or dodecenes. 6. The process of claim| wherein the one or nore
reactor trains of @ polynerize a honopol yner and the one or nore rea_ctorh
trains of mer j NEES 0 _ ' n the
honopol ynme ng* ose)%ﬁfrcg}‘rr%% ?E@t act .%lygg?ig'ﬁ]‘g‘p%@%?{g?ﬁ%%é‘? gtaﬂa(g}q?]cem%ﬁds

pol ypropy! greducdachbic thel yproepysesnediscloby@®t hetéine, mag! Yt eimestidialive@xene,
pol yoct ene, pol ydecene, an ol ystyrene. 8. The process of claim6 wherein
t he copol ydinctionalizsde meansg thait thel polymer dag| eee, cqntagyd evith ot wsaturated

I -h -1, | ene-octene-1, propyl ene-decene-1 .
0 b e pab bR SR Sl 05  Siates include any
et hyl ene- pr, [ ene- = R0y v ene
ot 1) ene- prgshenga WLERE dm i SATRRIAEN 05t SREEMe bond s hnet o
The processgnefcagbdiyln %'lroflﬂ.r TR reSEHiRiiVS hbids iRERYE RArb BW 1P G a4/ ﬁﬂlggﬁheélt _
ol i goners, |ow nol ecul ar” wei ght pol yners, solvents/dil'uents or c I nations
t her eof fr esterhanddpairasaits, botlomestaHiccind meaeamnetallid. d)Thn dtgamid @pmpound

contains 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 one particular form. The
unsaturated acid or anhydride is present at about 0.1 weight % to about 5 weight
%, or at about 0.5 weight % to about 4 weight %, or at about 1 to about 3 weight
%, based upon the weight of the hydrocarbon resin and the unsaturated acid or

anhydride.

[00292] Tackifiers may also be blended either in-line by the processes
disclosed herein (see FIGS. 10 and 11), 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
aromatic resins, hydrogénated terpenes and modified terpenes, and hydrogenated
rosin esters. In some embodiments the tackifier is hydrogenated. In other

embodiments the tackifier is non-polar. Non-polar tackifiers are substantially



- 172 - 10. The process of claim9 wherein the | ow nol ecul ar wei ght _
ol i goners, |ow nol ecul ar wei ght polyners, solvents/diluents or conbi nations

t her eof %?26%&% t hrough the use of at |east one kno%ET%EOOEBBZS?&It | east
i'on

one separa ower, or a combination thereof. 11. The process of claim1l
further conprising feeding the conbi ned-o6se or nore pol ynmer-enriched phases
fromthe one or nore high-pressure separators of (d), the unreduced reactor
ef fluents of 01 not passing through the one or nore high-pressure

separators fpée OF mofomiehe hadird pofs éx%%g}ﬁ.or Tﬁf:fﬂdlﬁﬁg}?%\gés bR ﬁgéf‘;af‘ﬁcﬁ‘?‘r

trains through one or nore static m Xer 12. The ess o _
further comresaitnhoweven, if prgsentethmpy aremot prevengat tronk shatasorefghr dioNer f6om
the one or nore_stgrage tanks one or nore polyners and/or polynmer additives

to the prodBeE et 2rwgight %, pg nomrerpthasdl 8 vegight %. ninisame embodimentsi gl'eng

. f t t n I 1.0
befor et he PURITRE Mo AL aiTNe PRUYIRIng apd ek & Sredpued tan ARERY B¥icate
pressure | o VRV EE, BE DR tt$913b"“b.°rln”§)<§rﬁe mﬁgt'écgé%ﬁﬁs;hfehga%&?ﬁgrt grs of

(a). 14. e process of clarm™ furthefr conpriSi _
pol ymer - r i qanbliemdizetl. (By fhfctisifaled TOmfedn® that! BiS &oéﬁaaﬁﬁkﬁh%a'%]%éeﬁ' ly

connected to further separate the nononers and othér volatiles to forma

f ur t her - encootastedwithman urisetutateddacid eoroanhiwairdeno fibsetul- ungaturatedeacies orl5.
The process of claim3l14 further conprising feeding the further-enriched
pol ymer bl 2hydades Bl @ny sinsalimted: organiq compousd peondaising atdeasblomei | es

dovol at | SOHOREBOR Y, gt dPesy 0%, RAEHERT: SguPh o ReFRBIA s AEBAnE O e
blend to flasbxolic héids MAARPEAiGe2 "StdshEhd VRER LIRS 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—m‘ethyl crotonic,
and cinnamic acids as well as their anhydrides, esters and salt derivatives.
Maleic anhydride is particularly useful. The unsaturated acid or aﬁhydride may
be present in the tackifier at about 0.1 weight % to 10 weight %, or at 0.5 weight
% to 7 weight %, or at 1 to 4 weight %, based upon the weight of the

hydrocarbon resin and the unsaturated acid or anhydride.

[00293] The tackifier, if present, is typically present at 1 weight % to 50
weight %, based upon the weight of the blend, or 10 weight % to 40 weight %,
or 20 weight % to 40 weight %. Generally however, tackifier is not present, or if
present, is present at less than 10 weight %, or less than 5 weight %, or at less

than 1 weight %.

[00294] In another form, the polymer blends produced by the processes
disclosed herein further comprise a crosslinking agent. The crosslinking agent
may be blended either in-line by the processes disclosed herein (see FIGS. 10

and 11), in-line via an extrusion process downstream of in-line



17. The process of claim 15 wherein the coupled devolatilizer is a
devol ati zing extruder. 18. The process of claim 17 wherein one or nore

pol yrer 5hd re added to the polyner blend at oneph J80§i%/002899
hi gh- pr e:\gﬁrzgés\é@%g?at ors, one or nore | ow pressure separators, tﬂe

devol ati zi ng extruder or conbinations thegeof. 19. The process of claim1l
wherein the two or nore high-pressure separators of (a) are gravinetric
separation vessels. 20. The process of claim 13 wherein the pressure is

dropped at 1 n%ﬁ’?}&i - ar of ccGl ail m 12
or ?8 wher €l rllylﬁﬁgzgt?\%ﬁgerﬂ a?rgt?é po yrr%g pgg%ssﬁglgcg%gd g{%g%lghgﬁg%nyéat}‘gg‘%
pol yal f aol ebinfysounaiiig OFi‘(ﬁ:éS‘d.S, Ukl | erosslikinguabemsi feclagd tHaae! hyiig
agents, slip agents, flane retardants, heat and stabilizers,

anti bl ocki .éng@@nﬂlsgroﬂm tkats¢an reacy 3vith th¢ atist of mghydiide Lroap tandt include

' in nts,. colari agents, . foam ng_agents, and
28%} f] at : gb éqﬁﬁé#,éﬂpﬁﬁﬁs, amines, (ﬁamrljges z(i:]ncpor triamines. ongﬁmltmg examples of
crosslinking agents useful include polyamines such as ethylenediamine,
diethylenetriamine, hexamethylenediamine, diethylaniinopropylamine, and/or

menthanediamine.

[00295] In another form, the polymer blends produced by the processes
disclosed herein, and/or blends thereof, further comprise typical additives known
in the art such as fillers, cavitating agents, antioxidants, surfactants, adjuvants,
plasticizers, block, antiblock, color masterbatches, pigments, dyes, processing
aids, UV stabilizers, neutralizers, lubricants, waxes, nucleating agents and/or
clarifying agents. These additives may be present in the typically effective
amounts well known in the art, such as 0.001 weight % to 10 weight %. These
additive may be blended either in-line by the processes disclosed herein (see
FIGS. 10 and 11), in-line via an extrusion process downstream of in-line
polymerization/separation/blending processes disclosed herein, or in an off-line

compounding process.

[00296] 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.

[00297] 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



22. The process of claim1 wherein one or nore of the reactor trains
configured in parallel of (a) conprise a tubular reactor, a stirred

aut ocl av 6%?6891‘350 4a loop reactor, or conbinations ther%@&/Usz&%m k08
process of ¢ almfwherein one or nore of the reactor trains con?lgured in

parallel of (a) conprise two or nore reagdors in series wherein the two or
nore reactors in series conprise a tubular reactor followed by a stirred
aut ocl ave reactor or a tubular reactor followed by a | oop reactor 24. An

in-1ine bl ehppgps aesﬁgt?lé%o@%yymopﬁf@aélﬁigapi:ﬁm{qg) SPAOMI BAAY 1L

nore reactor tralns configured I n para pressure s’epara ‘or

downst r eamTHeuoill sagdnclade atiphati¢ Rephthenidy oil) hifeeditd O therlikeds confi gured
in parallel; (b) contacting in the two or nore reactor trains configured

in parallel 1) ol efin nononers haV| ng two or nore carbon atons, 2) onle or

rmre cat al 3). opti ne or nore o nQner 4) | onal one
more ocd00R3EF o E‘ﬁ&“‘é}eém AR i meTeq TaREial Bils Aoy BHiEses,

vvherel n at n f eac oR t a

t enper aturéJ ﬂ%’ga te d) thF §k§| ui'lgﬁar léséﬂcﬁeg%y %#’ c?'ﬁjdé rebhlq?};re o%uélﬁ G

pol yner i zatdngauﬁde&ﬁwpmn@laee RDETPY! au@@nérgwpmhtara%@ (mma d?@étgl’}ﬁﬁtﬁﬂaféswd

poi nt pressure of the polynerization systémand | ess than 150

wher ei n t héDgdR )yanet polyttiutenesy sueimat Rarapalh9 56 and darapali 300 available faemse
fluid stat and brrBrl ses the ol efi n nmononers, _any cononomer present, any

di | uent or ehgnical ym Ee@xelngao%ma"ﬁxas anddﬂﬁé)f}%llg/lﬁ%tﬁmmr@duct ,

more oat ol JaHURF R AT 3 WEPOTTRTOGAT, O's Cirtdly: ARG on oo

nore cat al Y9l6409P9End U.S. Patent Application No. 11/ 177,004, which are incorporated

by reference herein with regard to plasticizer compositions and blending thereof.

[00299] Useful processing aids, lubricants, waxes, and/or oils include loW
molecular weight products such as wax, oil or low M, polymer, (low meaning
below M, of 5000, or below 4000, or below 3000, or below 2500). Useful
waxes include polar or non-polar waxes, functionalized waxes,-polypropylene

waxes, polyethylene waxes, and wax modifiers.

[00300] Useful functionalized waxes include those modified with an alcohol,
an acid, or a ketone. Functionalized means that the polymer has been contacted
with an unsaturated acid or anhydride. Useful unsaturated acids or anhydrides
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



(c) formng a reactor effluent including a hompgeneous fluid phase
pol ymer - nrononmer m xture in each reactor train configured in parallel,

wher ei N GRg 208/ 188§ Of the parallel reactor trains defi ?%TﬁSE(}O%}%B%% oup
i e

(d) of

reactor trains and another one or nore of the para

react or

trains define a second group (&) of reacgsor trains, wherein the nunbe
nmononmers (N) in the feed nmononmer pools for A (N(Gl)), & (N(RX)), and for
t he conbi ned feed nononmer pool of G and & (N(E +&)) are related as

fol lows: NGkisGeyah %)w@igglt b, G zﬁ(@)weigﬂfj% gmfv@éighi 9 drefd POV

in each reactor train of

e sanme; (d ng the reactor e

are t pass

conpri si ng %heasaihnpen coeisvelight of tHealydroohnbaar resipnamd therunidni@téd avidesc
reactor train of Gl and & through the high-pressure separator for product
bl endi ng arfhhydeidact - Examplespancludenwaxes imadified 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. PARAPOL™ 950 is a liquid polybutene
polymer having an Mn of 950 g/mol and a kinematic viscosity of 220 cSt at
100 °C, as measured by ASTM D 445.

[00301] Useful clarifying agents include, but are not limited to, the
benzalsorbitol family of clarifiers, and more particularly dibenzalsorbitol (Millad
3905), di-p-methylbenzalsorbitol (Milliad 3940), and bis-3,4-
dimethylbenzalsorbitol (Milliad 3988).

Applications:
[00302] The 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 coating, adhesives, shoe soles, bumpers, gaskets,
bellows, films, fibers, elastic fibers, nonwovens, spunbonds, sealants, surgical

gowns and medical devices.

[00303] 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,

r of
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uent
h



(e) maintaining the tenperature and pressure within the high-pressure
separator above the solid-fluid phase transition point but below the cloud
poi nt pr%é%@s/@&gﬂenperature to forma fluid-fluid t"‘ﬁt@ﬁ%%ﬁ)sz%bfz%? m
conprising a polyner-rich blend phase and a nononer-rich phase f
separating the nononer-rich phase fromth®-pol yner-rich bl end phase in the
hi gh- pressure separator to forma polyner-rich blend and a separated
nmononer -rich phase; and (g) recycling the separated nononer-rich phase of
(f) to one mbdifRhfofs A vandtiiowl bERpbhich? 4 thEROUAIILA G e !

nmononmer conponents. . The process of "Claim 24 ereln t e conbi ne row
rates of emhhanﬁmwgnngrddsbﬂpneaamhoﬂf dépsetihg firom thecdpirieaetswopt el theof Gl
m nus the conbined flow rates of each nmononer purged fromthe process of

cl ai m 24 i presess discdosuse. e@g@nrdtrtglmﬂlecmemedisel@aum isi intendedetoo¢mbtace

correspondi o] N the tor trains, .26. The _procgess of ¢]aim 24
wherein G aﬂn(,sl"’ﬁgegﬁ%lopé’ac‘f‘%fg ’iOHS’an"’d1 quE‘PUEIeQP ﬂ% |"’§)é’(YFordeW]I§a
27. The pr Qs claim 24 wherein at | east one of the reactor trains of
each of Gl an I'ncl udes propylene. 28. The process of claim 24 wherein
the optional one or nore conmononers of (b) conprise one or nore of
et hyl ene, propyl ene, butenes, hexenes, octenes, decenes, or dodecenes. 29.
The pr ocess{00>304il ai MR4patientsei test Ipeocadures, ant evtheradoounments rﬁtedf hétin,
pol ymeri ze nopol.ynmer and the one or nore reactor trains of
pol ymer | ze il ng&g gmzpty documents, are fully incorporated by reference to the extent

such disclosure is not inconsistent with this invention and for all jurisdictions in

which such incorporation is permitted.

[00305] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated. All
numerical values within the detailed description and the claims herein are also

understood as modified by “about.”



30. The process of claim29 wherein the homepol yner is chosen from

I sotactic pol ypropyl ene, syndiotactic pol ypropyl ene, atactic

pol ypropyl ene, pol yet hyl ene, pol ybut ene, pol yhexene, pol yoctene,

pol ydecene, and pol ystyrene. 31. The pyocess of claim29 wherein the
copolymer is chosen from et hyl ene- propyl ene, propyl ene-butene-1,
propyl ene- hexene-1, propyl ene-octene-1, propyl ene-decene-1,

et hyl ene-bpisgngs 1, et hyl ene- hexene-1, ethyl ene-octene-1,

et hyl ene-propyT ene- but ene-1, ethyl ene-propyl ene-hexene-1,

et hyl ene- propyl ene- oct ene-1 copol yners, and

et hyl enepf o@yihang:- lﬁi&ﬁﬁfﬁ)rgcess ﬁ)gpofgrﬁﬁrsﬂfo Sfgof claim24 further
conpri sing renDV|ng | ow nol ecul ar melght ollgoners Iom/nDIecuIar

wei ght pol y”‘”%rﬁﬁ? dl /o‘i"lﬁo‘ﬂ%!e ?;fp{ral Eﬁ%q:‘%ﬁ%li‘?ﬁ' ar&f‘e‘ir §&) J 5r

separated non
wherein the |a scp %sa?oré) ream 1dly ccrnélwctm e%a Wa o%?re r?actor

pol yrers, soIﬁEﬁWﬁf@lgﬂﬁﬂgép% bnblnatlons t hereof  are v?%_
t hrough t he*us®) BNHEINE BLEE CE0 8T PR acé‘?fttrab‘ﬁtcon %“rF%H’spcm?]r‘?gB olelin
separation t oviBPIOTS BAvARGIO IR R CRRenh giems, 2).ong prmore egfplystiystefisodles s
of claim 24 fARtiRes ogeAHIPE wgorne@emn@ qrHeny onp Pﬁ@awrSéa‘@ps?r%@ml Plent s
of Gl and/or @tiepleugar vae dluengoesadyars.c ni xers. 35. The process
of cl ai m 24+f urhdiein atlsag one phidre pragior tring corfigumd inparlletinatagempermtuss
and f eedi ng f rabove the solndfloid preseetratvioagenpeatios ofte lymoizetipolyprer s
and/ or pol ynerandddir¢sswre potlowerttbarplkl@s belabitbe cload point pressure of the
polymerization system and less than 1500 MPa,
¢ wherein the polymerization system for each reactor train is in its dense fluid state
and comprises the olefin monomers, any comonomer present, any diluent or
solvent present, any scavenger present, and the polymer product, and
« 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;
» (c) forming an unreduced reactor effluent including a homogenous fluid phase
polymer-monomer mixture in each reactor train configured in parallel,
» wherein one or more of the parallel reactor trains define a first group (G1) of
reactor trains and another one or more of the parallel reactor trains define a
second group (G2) of reactor trains,
» wherein the number of monomers (N) in the feed monomer pools for G1 (N(G1)),
G2 (N(G2)), and for the combined feed monomer pool of G1 and G2 (N(G1+G2))

are related as follows: N(G1+G2)=N(G2) and N(G1)=N(G2), and

» wherein the feed monomer pool in each reactor train of G2 are the same;

» (d) passing the unreduced reactor effluents from one or more of the G1 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
fluid-fluid two-phase systems in each of the one or more high-pressure separators
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;

e {e) passing the one or more polymer-enriched phases from the one or more high-
pressure separators of (d), any unreduced reactor effluents of G1 not passing
through the one or more high-pressure separators of G1, and the unreduced



36. The process of claim?24 further conprising.one or nore pressure

| et down val ves for each reactor train positioned before the

hi gh- pressure separator. 37. The process of claim24 further
conprising feeding the polyner-rich blend of (f) to one or nore

| ow pressure separators serially conﬁégpéd to further separate the
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i s dropped at miadresnf at | east about 6 MPa/ sec.

2. The process of claim 1 wherein the combined flow rates of each monomer in the one or
more polymer-enriched phases from (d) plus the combined flow rate of each monomer in
any unreduced reactor effluents of G1 not passing through the one or more high-pressure
separators of G1 minus the combined flow rate of each monomer purged from the process
of claim 1 is less than or equal to the combined conversion rate of the corresponding
monomer in the G2 reactor trains.

3. The process of claim 1 wherein G1 includes one reactor train and G2 includes one
reactor train.

4. The process of claim 1 wherein at least one of the reactor trains of each of G1 and G2
includes propylene.

5. The process of claim 1 wherein the optional one or more comonomers of (b) comprise
one or more of ethylene, propylene, butenes, hexenes, octenes, decenes, or dodecenes.

6. The process of claim 1 wherein the one or more reactor trains of G1 polymerize a
homopolymer and the one or more reactor trains of G2 polymerize a copolymer.

7. The process of claim 6 wherein the homopolymer is chosen from isotactic
polypropylene, syndiotactic polypropyiene, atactic polypropylene, polyethylene,
polybutene, polyhexene, polyoctene, polydecene, and polystyrene.

8. The process of claim 6 wherein the copolymer is chosen from ethylene-propylene,
propylene-butene-1, propylene-hexene-1, propylene-octene-1, propylene-decene-1,
ethylene-butene-1, ethylene-hexene-1, ethylene-octene-1, ethylene-propylene-butene-1,
cthylene-propylene-hexene-1, ethylene-propylene-octene-1, and ethylene-propylene-
decene-1 copolymers.

9. The process of claim 1 further comprising removing low molecular weight oligomers,
low molecular weight polymers, solvents/diluents or combinations thereof from the
separated monomer-rich phases of (d) and/or (g).



44. The process of clains 35 or 41 wherein the one or nore pol yner
additives are chosen from waxes, polyalfaol efins, antioxidants,

pl asticizers, nucleating and clarifying agents, slip agents, flane
retardants, heat and UN7 stabilizers, %?tiblocking agents, fillers,
reinforcing fibers, antistatic agents;’fTubricating agents, coloring
agents, foaning agents, and conbinations thereof. 45. The process of
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conpr i si nigparaios) ofify bwnd thegingedpeedseaggeroiBugnesl9f the G2 mactor tins girpeghater
trai ns ane morse@bachixgroup (G2) of one or nore reactor trains, wherein
GL pol ynerizes a pol ypropyl ene honopol yner and 02 polynerizes a
pol ypr opylZ Mhe propedsyielaim Wisitledr aompsiig ploviigsaitiod neepasapgotanks and
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fluidly counpes fotht process at Cyhereln the Gl reactor trains are
configured parallel to and fluidly connected to the 02 reactor
trains; 13 The process of claim 1 further comprising one or more pressure letdown valves for

each reactor train positioned before the two or more high-pressure separators of (a), and

one or more pressure letdown valves between the two or more high-pressure separators of

(a).

14. The process of claim 1 further comprising feeding the polymer-rich blend of (g) to
one or more low-pressure separators serially connected to further separate the monomers
and other volatiles to form a further-enriched polymer blend and one or more monomer-
rich streams.

15. The process of claim 14 further comprising feeding the further-enriched polymer
blend to a coupled devolatizer to further separate other volatiles to form a polymer blend.

16. The process of claim 15 wherein the coupled devolatilizer operates under vacuum
enabling the further-enriched polymer blend to flash off the monomers and other
volatiles.

17. The process of claim 15 wherein the coupled devolatilizer is a devolatizing extruder.

18. The process of claim 17 wherein one or more polymer additives are added to the
polymer blend at one or more high-pressure separators, one or more low-pressure
separators, the devolatizing extruder or combinations thereof.

19. The process of claim 1 wherein the two or more high-pressure separators of (a) are
gravimetric separation vessels.

20. The process of claim 13 wherein the pressure is dropped at a rate of at least about 6
MPa/sec.

21. The process of claim 12 or 18 wherein the one or more polymer additives are chosen
from waxes, polyalfaolefins, antioxidants, plasticizers, nucleating and clarifying agents,
slip agents, flame retardants, heat and UV stabilizers, antiblocking agents, fillers,



(b) contacting in each of the reactor trains of GL apd &: 1)

propyl ene nononer, 2) one or nore catal yst systens, 3) one or nore
conononers in each of the reactor trains of 02, 4) optional one or
nore scavengers, and 5) optional one ?; more diluents or sol vent s,
wherein each of the reactor trains fof’Ul and 02 are at a tenperature
above the solid-fluid phase-transition tenperature of the
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pol yner i z‘éﬂ%‘?ﬁt@yﬂh@@fcr t he second reactor train further conprises
one or nore conmononers, and wherein the catal yst systemfor each
react or t23iThe pfocesk ofinldirg 2 vdern dises moere ob thereactor datnalcysfigyredsiour sor s,
one or nopaeallktof (aatansiseawd oopibiearadtbry in cenes ethengdr the Ot @l iyaike reactors in
suppor t s; seriécqontprisaa mgbuddr reaatoe doltadbdbgactiakd abtbélaantcadttrcdradungara
honmogenougadthifollowiiblsea poh ysatformononer m xture in each reactor train
of 01 and 02; (d) passing the unreduced reactor effluents fromthe

one or M@A%ﬂnﬁi‘ﬂ@b%dﬁ@%%c@is hf f1PseldsRbRAPAAn@ hi gh-pressure
separator while mai nt al ning the tenperature and pressure within the
hi gh-pressute g f %S’}%ré}%‘éctﬁpﬂréﬂsédnﬁ QreEi eﬁ?ﬁeﬁgﬂﬂm RiprERhAt
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passi ng the pdiPyiRR4 o8f P’f BAEEO ag@eHSr@rﬁpflﬁ%al oG AL HPESSeRES R FAR A or
of (d) and thePtifpdgne egmpedilugnts f $lvesft s of the 02 reactor trains
t hrough anot hevhatsight lspss seipithe epgiontrains carigyredduperalitianatiarigmaerature
product - f eed sibpee tieisolid-fluidfphasesiransigion itemgp erdieretod thearobinarizatigrdsystem
pressure w t hiandtalpeesaue inhdowdritgan- [y MEs belewsbpaped prinigfressale odfeve t he
solid-fluid phasendrizansi $yisem pdileds tewt 1506 MBu, t he cl oud poi nt pressure
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pol ynmer-rich hingrempH&s ehadlefiamoRRREE ankiceMofha&eiresent, any diluent or
solvent present, any scavenger present, and the polymer product, and
« 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;
» (c) forming a reactor effluent including a homogeneous fluid phase polymer-
monomer mixture in each reactor train configured in parallel,
» wherein one or more of the parallel reactor trains define a first group (G1} of
reactor trains and another one or more of the parallel reactor trains define a
second group (G2) of reactor trains,

* wherein the number of monomers (N) in the feed monomer pools for G1 (N(G1)),
G2 (N(G2)), and for the combined feed monomer pool of G1 and G2 (N(G1+G2))

are related as follows: N(G1+G2)=N(G2) and N(G1)=N(G2), and

» wherein the feed monomer pool in each reactor train of G2 are the same;

« (d) passing the reactor effluent comprising the homogeneous fluid phase polymer-
monomer mixture from each reactor train of G1 and G2 through the high-pressure
separator for product blending and product-feed separation;



- 177 - (g) separating the nmononer-rich phase fromthe._ polyner-rich
bl end phase in the another high-pressure separator of (e) to forma
polyner-rich blend and a separated nononer-rich phase; (h) recycling
t he separated nononer-rich phase of (g%? to the one or nore reactor
trains of 01; and (i) recycling the A]oarat ed nmononer-rich phase of
(g) to one or nore reactor trains of 02. 48. The process of claim47
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pol yners conpri si ng:
25. The process of claim 24 wherein the combined flow rates of each monomer in the
reactor effluent from each reactor train of G1 minus the combined flow rates of each
monomer purged from the process of claim 24 is less than or equal to the combined
conversion rate of the corresponding monomer in the G2 reactor trains.

26. The process of claim 24 wherein G1 includes one reactor train and G2 includes one
reactor train.

27. The process of claim 24 wherein at least one of the reactor trains of each of G1 and
G2 includes propylene.

28. The process of claim 24 wherein the optional one or more comonomers of (b)
comprise one or more of ethylene, propylene, butenes, hexenes, octenes, decenes, or
dodecenes.

29. The process of claim 24 wherein the one or more reactor trains of G1 polymerize a
homopolymer and the one or more reactor trains of G2 polymerize a copolymer.

30. The process of claim 29 wherein the homopolymer is chosen from isotactic
polypropylene, syndiotactic polypropylene, atactic polypropylene, polyethylene,
polybutene, polyhexene, polyoctene, polydecene, and polystyrene.

31. The process of claim 29 wherein the copolymer is chosen from ethylene-propylene,
propylene-butene-1, propylene-hexene-1, propylene-octene-1, propylene-decene-1,
ethylene-butene-1, ethylene-hexene-1, ethylene-octene-1, ethylene-propylene-butene-1,
ethylene-propylene-hexene-1, ethylene-propylene-octene-1 copolymers, and ethylene-
propylene-decene-1.

32. The process of claim 24 further comprising removing low molecular weight
oligomers, low molecular weight polymers, solvents/diluents or combinations thereof
from the separated monomer-rich phase of (f).

33. The process of claim 32 wherein the low-molecular weight oligomers, low molecular
weight polymers, solvents/diluents or combinations thereof are removed through the use
of at least one knock-out pot, at least one separation tower, or a combination thereof.



(a) providing a first group (01) of one or nore reactor trains and a
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enabling the further-enriched polymer-rich blend to flash off the monomers and other
volatiles.

40. The process of claim 38 wherein the coupled devolatilizer is a devolatizing extruder.

41. The process of claim 38 wherein one or more polymer additives are added to the
polymer blend at the high-pressure separator, one or more low-pressure separators, the
devolatizing extruder or combinations thereof.

42. The process of claim 24 wherein the high-pressure separator of {d) is a gravimetric
separation vessel.

43. The process of claim 36 wherein the pressure is dropped at a rate of at least about 6
MPa/sec.

44. The process of claims 35 or 41 wherein the one or more polymer additives are chosen
from waxes, polyalfaolefins, antioxidants, plasticizers, nucleating and clarifying agents,
slip agents, flame retardants, heat and UV stabilizers, antiblocking agents, fillers,
reinforcing fibers, antistatic agents, lubricating agents, coloring agents, foaming agents,
and combinations thereof.

45. The process of claim 24 wherein one or more of the reactor trains configured in
parallel of (a) comprise a tubular reactor, a stirred autoclave reactor, a loop reactor, or
combinations thereof.

46. The process of claim 24 wherein one or more of the reactor trains configured in
parallel of (a) comprise two or more reactors in series wherein the two or more reactors in



- 178 - (e) maintaining the tenperature and pressure within the

hi gh- pressure separator above the solid-fluid phase transition point
but bel ow the cloud point pressure and tenperature to forma
fluid-fluid two-phase systen1conprisi?%%a pol ymer-rich bl end phase
and a nmononer-rich phase; (f) separating the nononer-rich phase from
the polyner-rich blend phase in the high-pressure separator to forma
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or equal to tharalehibianedluidinvainsced o the G2atadgrafatlsene nononmer in the
& reactor trgbnsongdctii@in each of the reactor trains of G1 and G2: 1) propylene monomer,
2) one or more catalyst systems, 3) one or more comonomers in each of the
reactor trains of G2, 4) optional one or more scavengers, and 5) optional one or
more diluents or solvents,

« wherein each of the reactor trains for G1 and G2 are at a temperature above the
solid-fluid phase-transition temperature of the polymerization system and a
pressure no lower than 10 MPa below the cloud point pressure of the
polymerization system and less than 1500 MPa and have at least one common
monomer,

« wherein the polymerization system for each reactor train of G1 and G2 is in its
dense fluid state and comprises propylene monomer, any diluent or solvent
present, any scavenger present, and the polymer product, and the polymerization
system for the second reactor train further comprises one or more comonomers,
and

« wherein the catalyst system for each reactor train of G1 and G2 comprises one or
more catalyst precursors, one or more activators, and optionally, one or more
catalyst supports;

e {c) forming an unreduced reactor effluent including a homogenous fluid phase
polymer-monomer mixture in each reactor train of G1 and G2;

e {(d) passing the unreduced reactor effluents from the one or more of the G1 reactor
trains through a high-pressure separator while 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 systems comprising a polymer-enriched phase and a monomer-rich
phase, and separating the monomer-rich phase from the polymer-enriched phase
in the high-pressure separator to form a separated monomer-rich phase and a
polymer-enriched phase;

« {e) passing the polymer-enriched phase from the high-pressure separator of (d)
and the unreduced reactor effluents of the G2 reactor trains through another high-
pressure separator for product blending and product-feed separation;

o () maintaming the temperature and pressure within the another high-pressure
separator of () 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;
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« (g) separating the monomer-rich phase from the polymer-rich blend phase in the
another high-pressure separator of (¢) to form a polymer-rich blend and a
separated monomer-rich phase;

» (h) recycling the separated monomer-rich phase of (d) to the one or more reactor
trains of G1; and

» (1) recycling the separated monomer-rich phase of (g) to on¢ or more reactor
trains of G2.

48. The process of claim 47 wherein the polypropylene copolymer is chosen from
cthylene-propylene, propylene-butene-1, propylene-hexene-1, propylene-octene-1,
propylene-decene-1, ethylene-propylene-butene-1, ethylene-propylene-hexene-1,
ethylene-propylene-octene-1, and ethylene-propylene-decene-1 copolymers.

49. The process of claim 47 wherein the combined flow rate of propylene monomer in the
polymer-enriched phase from (d) minus the combined flow rate of propylene monomer
purged from the process of claim 47 is less than or equal to the combined conversion rate
of the propylene monomer in the G2 reactor trains of (a).

50. An in-line blending process for polymers comprising:

» (a) providing a first group (G1) of one or more reactor trains and a second group
(G2) of one or more reactor trains, wherein G1 polymerizes a polypropylene
homopolymer and G2 polymerizes a polypropylene copolymer, wherein a high-
pressure separator is fluidly connected to G1 and G2, and wherein the G1 reactor
trains are configured parallel to and fluidly connected to the G2 reactor trains;

» (b) contacting in each of the reactor trains of G1 and G2: 1) propylene monomer,
2) one or more catalyst systems, 3) one or more comonomers in each of the
reactor trains of G2, 4) optional one or more scavengers, and 5) optional one or
more diluents or solvents,

+ wherein each of the reactor trains for G1 and G2 are at a temperature above the
solid-fluid phase-transition temperature of the polymerization system and a
pressure no lower than 10 MPa below the cloud point pressure of the
polymerization system and less than 1500 MPa and have at least one common
monomer,

» wherein the polymerization system for each reactor train of G1 and G2 is in its
dense fluid state and comprises propylene monomer, any diluent or solvent
present, any scavenger present, and the polymer product, and the polymerization
system for the second reactor train further comprises one or more comonomers,
and

» wherein the catalyst system for each reactor train of G1 and G2 comprises one or
more catalyst precursors, one or more activators, and optionally, one or more
catalyst supports;

» (c) forming a reactor effluent including a homogeneous fluid phase polymer-
monomer mixture in each reactor train of G1 and G2;

» (d) passing the reactor effluents from each reactor train of G1 and G2 through the
high-pressure separator for product blending and product-feed separation;
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» () 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
blend phase and a monomer-rich phase;

» (f) separating the monomer-rich phase from the polymer-rich blend phase in the
high-pressure separator to form a polymer-rich blend and a separated monomer-
rich phase; and

» (g) recycling the separated monomer-rich phase of (f) to the one or more reactor
trains of G2.

51. The process of claim 50 wherein the polypropylene copolymer is chosen from
ethylene-propylene, propylene-butene-1, propylene-hexene-1, propylene-octene-1,
propylene-decene-1, ethylene-propylene-butene-1, ethylene-propylene-hexene-1,
ethylene-propylene-octene-1, and ethylene-propylene-decene-1 copolymers.

52. The process of claim 50 wherein the combined flow rate of propylene monomer in the
reactor effluent from all reactor trains of G1 minus the combined flow rate of propylene
monomer purged from the process of claim 50 is less than or equal to the combined
conversion rate of propylene monomer in the G2 reactor trains of (a).





