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LONG CHAI N BRANCHED (LCB), BLOCK, OR | NTERCONNECTED
COPOLYMERS OF ETHYLENE I N COVBI NATI ON W TH ONE OTHER

WOEMMYNVERCROSS- REFERENCE TO RELATED APPLI CATI ONSI/TR2089/036902

application clains the priority benefit under 35 USC
119(e) to U.S. Provisional Patent Application No.

61/ 036329, filed March 13, 2008, the disclosure of

whi EONG cmqwm&ﬁbﬁtmm@s)n BEY)GI?f(ﬁﬁ @NTER@ﬁ@@ﬂéﬂD
O:THEII\I\/EI\I'I'I(J\I QJ here are man pes
pdPQBORYIMERS (HUETHYIENE IN COMBIN Nﬂb’é@i ONE OTHER
particular are made by v PNgpEupPpliers and sold in

| arge quantities. These two types are linear |ow
density pol yet hyl ene LLDPE& and high pressure free
radi cal pdFRRYHREERBENGEJA! ?Léﬁﬁpégﬁﬂﬁﬁﬁfﬂng%netlnes
pol ynmer users blend these two types of polyethyl ene

t oget Irgis afpphctawn ERinIOME f¥ioRIYORSEST @RleS ¥SISASS 119(e) 1o U.S.
flowability Er ocessabi | i t%/% However, this bl endin

g
RS T ﬁ\g)p tipe Nenl/ 83637 fdadidirely 3 0p% the disclosure of
W@@lﬁ“ﬂc&%ma&hlﬁﬁmlﬂﬁ WRuhd. be advant ageous to have
sim | ar nechani cal propertl es to LLDPE and al so the
processability simlar to that of LDPE. [2] W have
now di scover ed BAWKEBOHM? OFHEINHEVE Qe per f or mance
attri butes of both LLDPE and LDPE. SUMVARY OF THE

| NMENTI ON Ttke dr8 nRA$ typsHolR My len@hadd el'thSIdl t6dapo Irymypes
i.;s clainmed conprising at Ieast 0.1 amyl branches ‘l;) [ wo
A%y

1o oeriedihBh e g VAot R EY Yol ‘Nul&‘lgé Aranghet

%ﬁ:@ @?é']ﬁ@eaamv la@ﬁslfty é}aolveﬂﬁ%& (EE]@#E)TTﬁidt hl@ﬂ RRETRE YhBeal
nin O0C and heat of fusion, Hf,

JIg,
debeirienedsEly B@@d@%@alspmﬁﬁlw PW@S‘% @%ﬁ%%ﬁ yatypes
l cn 1 &) 1 or
e R e AR
mrgcessalshty aIWW% ity Rlepdhiag émhylﬁ%hmg frdicieneies inaddhdredhysical
?E(%Ert%go%uso lth‘PAu 4 B 9@5&%&5 %&‘)%V& QRAP %Ehanﬁ%rhﬁe%es to

out o erce utene, penten
ddﬂmﬁsmdnbndwamceﬁﬂa@ﬂlefrmbih}r t é@softUQBE about 0 1 nmol e
percent butene, pentene, or octene

[2] We have now discovered new polymers which have the performance

attributes of both LLDPE and LDPE.

SUMMARY OF THE INVENTION

[3] In one embodiment, an ethylenic polymer is claimed comprising at
least 0.1 amyl branches per 1000 carbon atoms as determined by Nuclear Magnetic
Resonance and both a highest peak melting temperature, Ty, in °C, and a heat of
fusion, Hg, in J/g, as determined by DSC Crystallinity, where the numerical values of

Ty, and Hg correspond to the relationship:
Tn > (0.2143* Hy) + 79.643, preferably Ty, > (0.2143* Hy) + 81

and wherein the ethylenic polymer has less than about 1 mole percent hexene

comonomer, and less than about 0.5 mole percent butene, pentene, or octene
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conmononer. The et hyl enic polynmer can have a heat of
fusion of the ethylenic polynmer of |ess than about 170

wd@angbor a peak nelting tenperature of the PCTYEm™N9/€36902

pol ymer of |ess than 126C. Preferably the ethylenic
pol ymer conprises no appreci abl e nethyl and/or propyl
branches as determ ned by Nuclear Magnetic Resonance.

ThRoRIY! S8R Y MRA aBJSLﬁqurrﬁ@le PerCQNTBhkSRE Perlihe IbrQRIEE
than 2.0 units of amyl groups per 1000 cafbon atons as

dgemnentified by Nucl ear Magneti c Resonance. |n anot her
enbodi nent, an ethylenic polyner is clained conprising

Athe |e@1§§:hlc%§/nﬂz'r eRAKAt b it DRERidnroR eel @y 1dn o1 @hdtto® $es@than
95 0C or greater using a Preparative Tenperature

RP4AG0 ER@nd/en? makerdl Higdempiratiistdh i, c e epdymereh dgss than
QR&Ar @F@&%ly Ve g—tﬁﬁgmﬁ rp%ﬁ&ﬂe? r&oﬁlpﬁ&s QJOUJpgﬁecﬁt)legrﬁetQ}@ Ad/or

greater has a branch I Ng I"evel g@eat er than about

PEQPYY banghas  apodaeradieoby Atusker mgarsiceRefopande. byhopethylpric
J81 o SCR0P R BRL UL AR 0, o0 BT\ B TR oo

p@ﬂbymmehmdwnmed@ytb@nbelrl\dagneec Bfso@&c@C or greater
based upon the total weight of the ethylenic polyner.

R aBoth &Hbo%'fﬁ?éh‘?' %@&%leﬁ‘@ RiNd-a0icgiRal )é&ﬁénsh?g &l RhqRde

conprising at |east ohe preparative [REF act1 on that
erappegvall g oacton teeatutss YsPhdCaoPreprr atsm\gea Preparative

zaﬁt%%glraﬁ'ﬁéj R&i . ﬁiuﬂgn ":Fjré'&'ilbg%géﬁl%ﬁecp %eire at giqjgt e ?Jtl%e

east one preparative raction
IR H)Cragtiog theatlates M °6° q' graagdr has zobrahcémg levedgredier than about

ref erabl I s than 0. 95 det Line p
So0eBRR i f G SpbroR it 3y BB ERRY o 10y Cuons
@leyringmaiion pol B ITREF dlratttiess, aind awliegsrpe feaitus eveipht %rc@r(ﬁ @' the

ter based upon the total Lght of th et h
S Gy po R B B BhiahdS “Cier drolt Sae Por yhretota
iveeight af theethgleRppolsineg at | east one preparative TREF

fraction that elutes at 95 0OC or greater using a
erat re Ri si |on Fractron%tion

Pre tive Te
FRehouT SHBALREL TRt SuReSPleds dhil SRR RIE: bER one
tpi’@hraﬁl/dJYIQBEFatfra&ﬁ)nOGiao elugdseat e "@aSr @r@ﬁﬁ B&n‘gah Ll&eparatlve
eatert%?ﬁqrf 5a |.ess. than 5 as det erm ned
3{9&1@%@% %18 YRR XA AION cpgthody e ay a%‘itonleé%i arative
TREF fraction that elutes at 95 °C or greater has a g’ value of less than 1, preferably
less than 0.95, as determined by g’ by 3D-GPC, and where at least 5 weight percent of

the ethylenic polymer elutes at a temperature of 95 °C or greater based upon the total

weight of the ethylenic polymer.

In a fourth embodiment, an ethylenic polymer is claimed comprising at least one
preparative TRELF fraction that elutes at 95 °C or greater using a Preparative
Temperature Rising Flution Fractionation method, where at least one preparative
TREF fraction that elutes at 95 °C or greater has a gpcBR value greater than 0.05 and
less than 5 as determined by gpcBR Branching Index by 3D-GPC, and where at least
5 weight percent of the ethylenic polymer elutes at a temperature of 95 °C or greater

based upon the total weight of the ethylenic polymer.
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wowioght46ef t he et hyl eni c pol yner

5 wei ght percent of the ethylenic polyner elutes at a
tenperature of 95 0C or greater based upon the total

an ethylenic polynmer is clalnmed conprising at | east

one preparative TREF fraction that elutes at 90 OC or

greater using a Preparative Terrper ature Rising Elution

[Th actif® Ratto@imeAB taA 0ty IWhE pBlydier li€ @BIMQNEoRFrRRAT Al le¥€ one

TREF fraction that el ut es at 90 OC or greater has a

PrRAEAYh g RISy Elctipne ipe cluigsas 3holt on gratenyIseepe rirameogive

G[%ﬁﬁ%@ﬂatu?é ‘R‘I@%ngaﬁlu%ﬁ %sfﬂuﬂﬁa&’lolifym&%d“%}ér@% 13208 %é&%ﬁze

Det erm nati on on P-TREF Fracti ons, where at | east

TREReictipn thaeelatenat WF°Cr diereatdnahseh br@n%mgylnﬁl gesagr ghgn gbout
r r6n0 t t

\%e Ifnggﬁgﬁ Ofe&:hho%o Jahb%ﬁeﬁﬁg%ol ynerﬁ&f Sﬁgtlhzlgﬁ&r 1880 (Q@ns

drboainagent on ARTRER yranow, pald yiree 4t deast b rmedght gepensoinge

%Bly%%% oéol OnQeer utgy gr aEemp raTI$eE Ef 56 a6t0|ron aEer %tasegluﬁ)g %hea{otal

reater using a Preparfative“Tenp
Riesghngf the ehilomic polgoiker.onat i on net hod, V\,here at | east
one preparative TREF fracti on that elutes at 90 OC or

5555 5B PR 50 AT AL 5

Ipepstative S REE gidattiqpethae mtutezsf att e °€t hlylgmatec qsmlgya‘rﬁ?reparatwe
t t 1 t f b

L N L S

dememmdélmemt, 900" @tdnadlice maca poarmest 1es tednal, @&derably

g Ieas one tive TREF fraction
It e VPR gy Bon i R et PoncSeh betltm
Bemefm@wﬁ@p&yﬁbm@u@ bl d @pEfaasd boN@Rtd ON gi¥RkhBed WHRGT @e
at | east one Fr eparative TREF fraction that elutes at
dealoreight ofthe sthalenipelygegpc BR val ue greater than 0.05
and | ess than 5 as determ ned by gpcBR Branchi ng | ndex
by a3BvdadCemBitimwhesnie edlehie ddtymér & viRingltcop@risiente Rhst one
the et %/I eni cggol ynmer el utes gﬁg a tenperature of 90 0OC
drergrabut dRHa SaeiaipBit Cfest gt &Y “lePgsfeatsf g @ Preparative

qtehﬁplaﬁmr& R gy MRiion Firt@bhation anQRQE 8fferd & 1ear§e kdnd Gor&pacdiive
Ien|c Polyners i s claimed, said proces

cT rirastippy thainglueHat Rerios Biegicr hasyy BRBR;value rs&eaffr depQde and

Qdss thaf ARl ¥R Imib& bPEPBR ﬁfaﬁﬁfﬁ{g ﬁh&}yﬂggm(#@s QR RALrY TBkeast

having a crystallinity of |"'east % as det er m ned
ﬂyS Wwgght percent of the ethylenic polymer elutes at a temperature of 90 °C or greater

ive

based upon the total weight of the ethylenic polymer.

Finally, a process for making such ethylenic polymers is claimed, said process

comprising:

A) polymerizing ethylene in the presence of a catalyst to form a linear
ethylene-based polymer having a crystallinity of at least 50% as determined by DSC

Crystallinity in a first reactor or a first part of a multi-part reactor; and

B) reacting the linear ethylene-based polymer with additional ethylene in the
presence of a free-radical initiator to form an ethylenic polymer in at least one other

reactor or a later part of a multi-part reactor.

.In a fifth enboOTUAN9/036902
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weedhewet based pol yner with additional

Crystallinity in a first reactor or a first part of a
multi-part reactor; and B) reacting the |inear

presence of a free-radical 4nitiator to form an

et hyl enic polymer in at |east one other reactor or a
later part of a nulti-part reactor.Preferably, the
TaEHhbIYNhOFcaSl @R L 6B (DKM bP¥rafipdlyincRRdoaer i zati on.

Al so preferably, the catal yst of step (A can be a

met al | ocene cat al | f pol ar conmpounds are present
i'HSq R& ‘ﬁr?é’é%ttﬁ% ﬁatﬂ%’étc%fs%tep St Rana ke BenpigliseRes %ﬁyﬁtn K pglar

febmpbunie ALt Brescdf it AR fehdtdh Radeks, (&flchaasmd&lh%'pﬂaﬂéﬂt in the first
reactor, such pol ar conpounds do not inhibit the

AACIoy Of §hedfrste Mg Ghey MPIGRE BRI BICh PPlar PESERPTHORpLOphibit
Tﬁcmmgtﬁb@ﬁ@caﬁﬂﬁﬁgm ng summary as well as the

fol low'ng detailed description will be better
under st ood when read in conjunction with the appended

drawi ngs. 1t shOESHEREIORRY HEJRAWSNEVer, that the

invention is not limted to the precise arrangenents

an dd4i nst r unNMoadgbink 8EmERBWE. wdlles GRTPRRERE Fethiled (ha@cnptlon
drawi ngs are not necessarily to scale, with enp

YL (8 LU ATHSOPh SBE (RA0AR EPBRIIIGN Pith s ?PA’FPC}?S anes. 1

RhduME IR @RleRfool NBovRIVES 8R4t (hBVIRHNLON is MBI BRVEA 1o ithe DHRRise
drawi ngs, |ike reference numeral s desi gnat e

GHRIESZISBA APt ¢ sPEMERAlie Shyto (e cABPeROpEriRIthe frawgigs pr) not
n'e&:‘é:[aﬁ?y Jo'%cge affeh %ﬂ%@@ﬁﬁs@é&d ibbin E%‘iarc@& {115191 ctl&?lysifh?sﬁ%tu%f the

formation of the I nventive ethylenic pol ynmer 400 from
arp¢iplearofethhypressat pavsedonp oVigigeyer,1 00 . thq alfawipggu rlke 2refagenge

Pudbal e S s RRaTeP ar R MRS B R TRAST o
Fi

density pol yet hyl ene (LDPE) [ 7] gure 3 is a plot of
heds] f | ow Kiewsy sAtld ﬁliﬁ’éﬁ]aﬁtnllﬁﬂés Blysepsing i sy abyorpaon of the

(i:ﬁ\)éﬁﬁ étﬁfné(I%Epoq);lﬁérgﬁgﬁg Od;l}rngﬁtaegwg&e—]oase [ Ig?téur e 4is

a plot of heat flow versus tenperature as determ ned
by BEC Cr yEigwe|2ifiamjotghargiaiiansiyp betwgem flensipy and heat of fusion

W(ﬂ‘ﬁﬂl&@la@(ﬁm aGIe:!Reglg'gofll))w d@ﬁ‘thy pg rysﬂﬂ?fenéL(Lﬁ)%E%) [9]

Figure 5is a of tenperature versus wei ght
percent of poly

[7] Figure™3 is a plot of heat flow versus temperature as determined by
DSC Crystallinity analysis for Example 1, Comparative Example 1 (CE 1), and

Polymer 2 (P 2).

[8] Figure 4 is a plot of heat flow versus temperature as determined by
DSC Crystallinity analysis of Example 2, Comparative Example 1 (CE 1), and
Polymer 1 (P 1).

[9] Figure 5 is a plot of temperature versus weight percent of polymer
sample eluted as determined by Analytical Temperature Rising Elution Fractionation

analysis of Example 1 and Comparative Example 1.

et hyl ePeT/UR0091636902
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sanpl e eluted as determ ned by Anal ytical Tenperature
Ri sing Elution Fractionation analysis of Exanple 1 and

w@ormpatsbi ve Exanple 1.[10] Figure 6 is a pl ot POF/US2009/036902

tenperature versus wei ght percent of polynmer sanple
eluted as determ ned by Anal ytical Tenperature Ri sing
El ution Fractionation anal ysis of Exanple 2,

Conqqer ati veglx Rl £ pibt oM RedEBrshs welohl pbc@idro® pblyinfer

ot of nHX|nun1 eak mel ting tenperature versus heat
éFmPIS slugd P oletepriappbednalyscal Eenpapite RisingkHon dgactionpign
%nal?@@o@ﬁﬁl‘ﬁf&é abhyba AV takbf Rex Pynter30, and a
I'i near demarcation between the’ Exaan t he
Conpar ati ve Exanpl es, and the Cbnner0|ally Avai | abl e
Resilhk. [ 18RUE{/guf 8logofapy @y mesk MAEng KApErEFyY@sus heat of

$Ridd Forf @&aIEISRI@sCtﬂ fpnéo a[?at%' Egantlﬂi@s Ipr %Qlaﬁata'nbf eCommer(:lally
Te nmper ature SI ng ion Fractionation I’TEt od on

B(Vaﬁiﬂl‘e Raasmﬁ 13]30 Fua@;b e ligear efpresseation bateecne fse Fatuples, the
%%'ﬂp%%nwﬁx | AR FEARhEQDEY AR /A@a ¢ 1GRQf Exanple 3.

ure fepresents t t percentage of
Fraction AB and CD for Exanple 3 5 % Figure 11 is
a plldt of Hewmy rgprp@mtsm@enwam%mph(t%@r ggtiens A} using the
A PiC0GShpf RS lmx@elqa&n RYGIARGSh U HEMRRI AL Ur e
as detern1ned by Met per 1000 Carbons
Det er mi nati on on P- TREF Fractions anal ysis of
Fr dd8] ons TABugAdreposengsy thesieapsrasge splss fqr pgmbimpd, fifastiqn AB
ag@@gﬁg@&Qn@egchenatlc of a cross-fractionation
instrunent tor perform ng Cross-Fractionation by TREF
anaIyS|s 17] Figures 13 (a & b) and (¢ & d) are 3D
and 13D i nfFiguied§ renreRpnts ey peigerjees of Sracien hRtand CD for
fixampleats.el uted versus |og nol ecul ar wei ght and ATREF
t enperat ure usi ng the Cross Fractionati on by TREF
nmet hod. Figures 13 (a represent a 33:67 wei .
porldshi phyEEa RGN QeI AT 1090 A EofTBET Rt P chain
EXRAYRERuLweibhONERSe dididifefpSatERy &38R ine3 B &/Ic%ﬂ%léf b@rV\ﬁ)OO

respectlvely for an IR response curve of

Kiaghane Degainagendoq ByTRIRblragliane retlsic shpuaiiams sA end ﬂ?efor
bliendiesauapl e, while Figure 13(c) and (d) show a
contfnuous fraction (with no discrete

[16] Figure 12 represents a schematic of a cross-fractionation instrument for

performing Cross-Fractionation by TREF analysis.

[17] Figures 13 (a & b) and (c & d) are 3D and 2D infra red (IR) response
curves for weight fraction eluted versus log molecular weight and ATREF
temperature using the Cross-Fractionation by TREF method. Figures 13 (a & b)
represent a 33:67 weight percent physical blend of Polymer 3 and Comparative
Example 2. Figures 13 (¢ & d) represent 3D & 2D views, respectively, for an IR
response curve of Example 5. Figure 13(a) and (b) show discrete components for the
blend sample, while Figure 13(c) and (d) show a continuous fraction (with no discrete

components).
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conponent s) . DETAI LED DESCRI PTI ON [ 18] The fol | ow ng
di scussion is presented to enable a person skilled in

wo b@ar466t 0 nmake and use the di scl osed conposiPCDNS20a91056902

nmet hods. The general princifles described nay be
applied to enbodi nents and applications other than
those detailed wi thout departing fromthe spirit and

scope of the discl gggthicepnosdrefg)and nmet hods. The
di scl osed conpositions and nethods are not intended to

be limted to the enbodi nents shown, b is to b ,
accldfbed tH¥ fnilowioe dseision doprsicated i e%'%i% o skiled in the

RFd 8 GlaRé 881 &R dnd @ad1skee Soflh&flons &l mbdh&ds. Qe g8 Nprinciples
when a high crystallinity, ethylene-based polyner is

dewabed may e parbied g smbediments gnd apgeatipny ehg Baathase detailed

R¥igp&n ﬁ%aﬁinlgyfr&ﬂethgas‘%ﬁg Rl YBE of the rd@sci(ﬁecp @ompositions and
mechani cal neans to create a blend that faithfully

cenisidpebhealisclaspdogshositiond ansemeibpdrenic e0ladivadrddgds latited to
R&eerﬁlgﬁyrhgf@se %IB%?QMHQ It(y H@ ﬁcc&d'é@ tﬁehﬁid@:%% | sc&ﬂéecotlﬁé{ t%mhethe
of the highly cha

processi ng characteristics l'ong in
riasipheahddtyicedieclbmded pol ynmer. Di scl osed are
conposi tions and nethods that address this

shophrom dnfl0) whah OREErcrf LuRGH E¥§1eA0bATR HONEGRE N used
ofqgaﬁsicggmﬁgb b?ties %@é?§d%d bovgea ngre%g%ysicdﬁé
bidiredlopf crgstalitiyl bigblydarseechapobrgmabed vihylncabasedypilymer, there is
%%ﬁ&éﬂ@ﬂoﬁﬁﬂé@n‘? N&-haged Rely g faithﬁluﬁ’ac%nfbﬂl‘éE‘ At A& nysical
bonding the two separate constituents - an

ertighene hhsedzpodtytre retghuie dateid gllymdronigh dieailhthe favorable
B R LR SRk M A A B e g
aKsdostdare colpdsitens hibmethhiB tet hydren eribaseadompiak.y mer
conponent while maintai ning processability

ch terigti in . to tFk | ahl . ' ranche
et roREne. ook 81 Reh ol ISl of SRR LRI By RGP
tahevedi sehopledicel biyhdni ¢ cgylepembases tpolynieuvathi § hiphiypbiasded

0 i ghly branched egh | ene-based pol ymer substjtuents
St P REE S PP R DR P R o SR Wb
etlynebaseb psBthel ampa aizaiynopo thaiebrativhad ethgBn©bisgd Pallyimbg—
frop1a ragg alized site on tﬁe et hyl ene- based poLgneqi

THE A 1Cc9ﬂ??ﬁ%? Al vuh ghyseehRIPRATES %’&Wﬁé tter than
CRITPEiIh§REL-Bise@n p@Iyﬂ)éEerb@mE&fi&d RIilY MBhaidatnhgl OP@c&shailiy
br anches of hlghly Iong chai n branched ethylene-based

ﬁaqtrw%rfs_tlcs akin o the highly long chain branched ethylene-based polymer
component. It is believed that the disclosed ethylenic polymer structure is comprised
of highly branched ethylene-based polymer substituents grafted to or free-radical
polymerization generated ethylene-based long chain polymer branches originating
from a radicalized site on the ethylene-based polymer. The disclosed composition is

an ethylenic polymer comprised of an ethylene-based polymer with long chain

branches of highly long chain branched ethylene-based polymer.

[21] The combination of physical and processing properties for the
disclosed ethylenic polymer is not observed in mere blends of ethylene-based
polymers with highly long chain branched ethylene-based polymers. The unique

chemical structure of the disclosed ethylenic polymer is advantageous as the ethylene-
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[ 21] The conbi nati on of physical and processing
properties for the disclosed ethylenic polyner is not

woebaenvesdl i n mere bl ends of ethyl ene-based pol ROEUS2009/036902

with highly long chain branthed ethyl ene-based
pol yners. The uni que chem cal structure of the
di scl osed ethylenic polyner is advantageous as the

ehivipenakRasetndRik mg% g%'ﬂ@n%%cl'iﬁd@kﬂy%nla-%ﬁﬂad?h@hﬁr substituent
ased

branched et hyl ene P mer substituent are

larenlicdgd. Whsh borslsdabie trhdtteigpt @yselepiynateiajsprafdyce qinojymer

TRGHad Blifor A AMCL nRrePOLNITB TRl PCLAHindiBRR Ao

mere blend of the constituents. The conbination of

dliffefrent geis of bragchyfg ajndammllngtyandermls)/@ﬂwslm @ah etpylenic polymer
. Leni.

STy @) ph Rl Fal e RO G0 it iy tenc-

w@wgpOUaEnmbH&n@hEdmsﬂMyYéneﬁa$&dkp@b¢wép0hndrbetter

processiblity than the ethyl ene-based polyner. [22]

Th It i W

pe Prbm abat 0 DIt o A et O3B0y BB fer P ou

@é&gdmde5900§§Hﬂ1n2®8$0ﬁrmng&1MQA§WdlI@ﬁiﬂG¥J6kgandl90

E&Pylene-based Pol yners [ 23] Suitabl e ethyl ene-based

pol'ymers can be prepared with Ziegler-Natta catal ysts,

net al | ocene or vanadi um based single-site catal ysts,

or coHlshylenerhagedj@adymersy si ngl e-site catal ysts.

Exanpl es of |inear ethylene-based polymers include

hi %3 ensi élﬂtaglgleﬂﬁftléﬁx leng DFI!OWFG@ cefi‘lnlg: r’eﬁ}ﬁ&f wltﬁ’\ﬂlegler Natta

density pol yet hyl éne (LL Sui t abl'e pol yol efins

icaelyside mdtalocenee on o‘tanadlmltbe&ﬁdt oingletsiy | eardyi. epre constrained

|
étgélrﬁ%tgp o%gep%ai%h J eﬁ%ﬂﬂ%& cﬁ g Jﬁﬁgtgngg#aye@aﬂo mers include
$wht ddobiey peltvehxdgrmw GIBDIEE)I imebueae idw ldemey km?Q@dlym;b yhEPEE).

Suﬁ!lbgg ‘Iigg féﬁﬁ‘sr ACP‘H%3$ gﬁdéé %’Ef%ﬁ‘é?é hy! gl[ﬂxlen(akl DR Jmalép%gy%{e?s

@diy}mé/hﬂleément(aﬁgﬁb@ﬁﬁ)& etEy)]jenfehcammbElmesoﬂEi bleﬂtde [hecdof/ ners
produced using a Ziegler-Natta catal yst have a density

| JIPEL DN 9Bhe $he  SIR AR By Bt b

m)Wl uersty @dyetydsur(edDBY), Aﬁfd\/llolz@ 38}3034 p()B/eth@lek@ (@hOPILR Gnd
1)y 18 P&lfeirflsgt%%gilyX%éltene {,}\H}%I;E) eexrao g«% seocgllljesln{erpnheymers proguced
elﬁlhg|a@ieglha§:&d qaolysnesne arméylmba(vfaabautn@i%% mum)m 9ei ghin® and
ia\% a( Imtf): ttirilcff):gsﬁz) rom'\z@)butfd’.& 1rrt]0aal 81liltt1 ()?bO g/ O mlnutes as4m65asured by
ASTM 1238-04 (2.16 kg and 190 °C). Preferably, the melt index (I) is from about

0.1 to about 50 g/ 10 minutes. Heterogeneous linear ethylene-based polymers may

have a molecular weight distributions, M/M,, from about 3.5 to about 4.5.

[25] The linear ethylene-based polymer may comprise units derived from
one or more a-olefin copolymers as long as there is at least 50 mole percent

polymerized ethylene monomer in the polymer.

[26] High density polyethylene (HDPE) may have a density in the range of
about 0.94 to about 0.97 g/cm3. HDPE is typically a homopolymer of ethylene or an

interpolymer of ethylene and low levels of one or more a-olefin copolymers. HDPE
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wo ovg/1886t here i s at

[25] The |inear ethyl ene-based pol yner may conprise
units derived fromone or nore a-ol efin copolyners as

et hyl ene nononer in the polgnmer. [26] H gh density
pol yet hyl ene (HDPE) nmay have a density in the range of
about 0.94 to about 0.97 g/cnB8. HDPE is typically a

REARIRS kAR E1yOk walrkhith @AfinPfelARe it the, rvﬁﬁb&ém%bo ?fneﬁtdﬂéhﬁ/[b%e
and |l ow | evel s of one or nore a-olefin copolyners

AR ERSIT LRGP & qleémaﬂop%myrw ENWPBTCAR O CORRITSAS 0? léqiSethaI\ﬁampls %
to?ﬁle\ﬁﬁﬁé @éﬂ&e&ﬁ&ﬂ'o}{%{ ol QLiVlARR.ARd one or nore

a-ol efin copol yners. HDPE can be conprised of |ess
than 5 nole % of the units derived fromone or nore

a- di2ék i n coiRemiorEyiengdajed | ipbateret Wgh ede- Baged low  density

Fﬁ@iy)éﬂﬂ‘y’feﬁe SHE Ultﬁslo'!x/'cféﬁﬁ{y %&y&m ml) YL H}éké%&%z&ﬂgy an
ultra’l ow density polyet ene

@h@m@ﬁ:@fépn&@wrblgralmhlr@bw@a%io mﬁgltl@h%hlﬁw lsrvatadinitrghighly

'bpangﬁ)e%lt %ﬁ}g%lﬁtl?%éﬁlgﬁ%%ﬂéljs %H@'{ asJ PYPR! C%&h%én@%%émegﬂ &nglgne

branc ased yners Ssu
fHesed rTodyarres s,u;hl as ridd}PEet:hybeen@b%rsfb diapolwiorr dusyueh gas phase

Lbhpprrgn%aql%n %?etﬂ%lgg ain%%n? Oelinﬁl%l u(glef%pc ﬁén%fn'é% in fle lpge%gnce of a

ne an
FicylaxfNana cauabysoney proqesseh e;ugir as ene aligfosed Zn eTgJSe rRaiat the.

I%a(#g,r?t)ﬁgtl\(éng% %1 %glgge %/%?t %cu%glgnsdPP % ? ese ?[asses of
ah a8 1assS hixh gheid fmdolatdl o@fpretph]ﬁﬁ@rl aﬂeefsmelsmdﬁ SnB;ttemlmd 8,95a53d1
kﬂ%l melt hods of preparation are found in U S. Patent
abop co#ld: 541 (Tabor, et al.). [28] An a-ol efin
conmononer may have, for exanple, from3 to 20 carbon

at ds8] Pr eAewadidfin cdnhﬁomeminef havec tieranie, fay 3haze cdrbon

to 8 | ef

e Bl 4ot RPER S, Bt By endt 1 CBPR Al

@xemplaw a-olkfik Ubiaemels ipEINUE ey ar3 nﬂiﬂtrﬁhYdd—tb mRepl@Re] -butene,
yl -1 - pent ene, 1-hexen

4- rreéh e, 1- 1%
£;e By Infsbisne. 121?6%%% erpeth 1éi€HS‘7Pe 41 Tzfgﬂt Tsprateng.. bRespe 1-

lle eReng. didhe®GCEPeent; 3-0RELBARne 11-bALARUSLEAR, 1-decene, 1-
exadecene, 1-octadecene and 1-ei cosene. Commerci al

élﬁ‘é‘“r?ﬁllleesl tgiradeceiea l-hetagqcan - prARISEN GINY eticoseiat Cappercial

'e%rﬁﬁl&m df”@iﬁ@ar' @ﬁkflég@bﬁ&f ANECHER  Wlat I Be LANEERRASEL Y include
Li near II]ﬁet yl ene Copol ymer, DOANLEX(tm) Pol yet hyl ene

Relsh ANE™a pdtre TExONERS it LingaF ;Pwybélﬁsfi@gplymer DOWLEX™
%ly%&l&i&ﬁl: eﬂ%ms,alahd FLEXOMER™ Very Low Density Polyethylene, all

available from The Dow Chemical Company.

[29] A copolymer may incoporate an o,0-olefin comonomer. Examples of
straight-chain or branched acyclic diene compounds that may be used as an o,®-olefin
comonomer include 1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-decadiene,
1,11-dodecadiene, 1,13-tetradecadiene, and lower alkyl substituted derivatives
thereof; examples of the monocyclic alicyclic diene compounds include 1,3-
divinylcyclopentane, 1,2-divinylcyclohexane, 1,3-divinylcyclohexane, 1,4-
divinylcyclohexane, 1,5-divinylcyclooctane,  1-allyl-4-vinylcyclohexane, 1,4-
diallylcyclohexane, 1-allyl-5-vinyl-cyclooctane, 1,5-diallylcyclooctane, and lower

alkyl substituted derivatives thereof. Other suitable dienes include bicyclo-(2,2,1)-

| east 50 nol e percent pol POBUS2EYU036902
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avai | abl e from The Dow Chem cal Conpany. [29] A
copol ynmer may incoporate an a,w ol efin conononer.

wez@aplsessl of straight-chain or branched acycl i BCTHUS2969/036902

conmpounds that may be used s an a, w ol efi n cononomer
i ncl ude 1, 6-hept adi ene, 1, 7-oct adi ene, 1, 8-nonadi ene,
1, 9-decadi ene, 1, 11-dodecadi ene, 1,13-tetradecadiene,
A0pta 2O0BEneA isdormabREd) tHét @feH 8 h¥Bbini@snd RBA ARfistins having
exanpl es of the nonocyclic alicyclic diene conmpounds
itye pipdeedring dogply |bﬁ1§qu%]a§]1 ésp@ﬁ fegRigon product obtained by reacting 2,5-
%O%oﬂia&eﬂé/ | Gy O&@f&@&ﬁadlélnyl?’l q|4¥ )5 %Véa%‘imhﬁ)?@!ﬂ?,s dtméhano-

di vi nyl cycl ohexane, "1, 5-d nyl cycl ooct ane,
Inalahtlllgkrnm Gopgunsly emhehlam@sultmg 4romghg Bcllcgvtlmw Ingshie Radeed ring
| ooct ane,
Sgt:)%ib\lg?eré: OE%Fsa% st It Bégl%m érrelﬁ?/g%n?dvgg? t %e(ear eof . O her
SU|tabIe dlenes i ncl ude . 4
bi ciy8] o- (2in2,3 Yuept efr5-dicenes(inor boinealF efe)an cHelene
%'05“?1 ()E It crn%g tsné‘ v ge‘mS\n%!gh‘ quﬁra@)%)lba%\‘)l qut !\Yﬁ@ammo any
stra ring ‘doub such as the react
pﬁmdmﬁmxcmﬂamnedf@ywr@awtbn@dzﬁsihmaxmsfh@dﬁsn@mmmﬁhbnx
e t4 /\/\/\ -O /\/"\/\
?pﬁﬁ n%?] e& %) %-3\{160&{% hn%ai elﬂ E)f) ﬂ%’néag ¥ ;liy 1-3 u%«j r{%e&:?%q% b%&b&
adgiter.on of nore brldged ring units by further
condensation wi th cycl opent adi ene can al so be used. In
a f her aspect...wen. Used.m reference. t.o. an:ethylene,
bor & 0 ol yr%e?i %\E% {MB 1H§ Qg%sg(]fglﬁigiégnérlﬁgi eﬂgﬁg@ﬁﬁg%}g&n LENE
h@hm@@bhyﬂﬁmxmmh!Eonhaimﬁﬂgwaﬂyneumbmdnn¢tagdhﬁMbgnﬁﬁmg
:}g Lerm goss nqrtag grr‘rgos )él%%%\ﬁenelwimgye g% hort1 ﬂyﬁngcﬁuggﬁogmnc%ed ye!ﬂg?ene
maynba msedmkaa&esﬁrubﬁmsummd@ﬁ@onyﬂenh®&mﬁhlhmmnemyknL
as Fect Et e t | "substant i a , | i near et hy { Gon as the
Oy 1 é\”‘l%sL a’nﬁéiﬂéf?% f6 %Wnée?f‘%dé’i‘%‘}“"ﬁﬁ“éﬁéﬁé&i 1L as He
ebRydee Reckpoky ARd shot hag chay erdnoing «chab s hsanahivags thiheme
term does not reier to hei er ggeneous
GO E5uBTY U alic REQTBE HTIORE: Hoyifer Svt Hat “fisbet a The
|5 NERF bROLYE »b&&%h Qi%ﬁiamf@&h&ibhw(@ﬁhéa ald Yrddd8Akih abous
et hyl ene pol yne the |1ong chain branches have about

OHE e agveey b@iﬁ%ﬁ%ﬁf H@P 96’1’“@?%’1%&]%"?‘ noaks aHebipbg 0 carbons,

Bagk g nandat heul 000 15hakhRi:biaRehesi6 3RLbe @%phANDiong
as about the sane |ength as the length of the polyner

bé@kb@ﬁ’éi heg/ 10 chvitoley aad coaptiabhedom ThigovpoPyirefony  chain
%%&% nw%m%& ?J&E% %hy AdiDea5r8L Whene. pol ymers |

stitute

321 Homogencously branched ethyviene polymers are homogeneous
gthvlene polymers that possess short chain branches and that are characterized by a
relatively high composition distribution breadth index (CDBI). That is, the cthylene
polymer has a CDBI greater than or equal to 50 percent, preferably greater than or
equal to 70 percent, more preferably greater than or equal to 90 percent and

essentially lack a measorable high density {crystailine) polymer fraction,

[33] The CDBI is defined as the weight percent of the polyiner molecules
having a co-mpononier content within 58 percent of the median total molar co-

maonomer content and represents 3 comparison of the co-monomer distribution in the
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0.01 I ong chain branches/ 1000 carbons to about 3 I ong
chai n branches/ 1000 carbons, nore preferably from

w@bwati14601 | ong chai n branches/ 1000 car bons tBCHDS2009/136902

| ong chai n branches/ 1000 cdfbons and especially from
about 0.05 | ong chain branches/ 1000 carbons to about 1
| ong chai n branches/ 1000 car bons [32] Honobgeneously

Q@@ﬁfeh eOLELOYRNGRQLNRRES 25:R::NANDIBNLAUS L ANEERR. The
P9 %Xners t hat possess short chain branches and thai
r

IcHarrgsvefing agn byp 801 émafeti WetlgulNPgH ey mposiobiagrd from
q{ c‘éﬁtﬁhgu%ﬁ&‘{h b}( Qﬁ)‘dtupf I‘ﬂgle)&w (m;\)ﬂnpi{h qlmvjxe?diu)% hﬁxmv t{ fation

hyl'ene pol yne has a CDBI' greater than or equal
S@u povgent FRpE e)faenia&bu?x dFearerpie Han o¢, eéqludhwt'eeé FQolymer

p\e:rega nh’)}‘y nﬁ{ﬁ # e‘v &ar ?b |4¥ Q{QE@} er Dt h Pl@e}%ﬂ@ﬁi % ngf%mei

per cent essenti a neasurab
G@py@ﬁ@ﬁhmn@ywpohﬁﬁdﬂﬂfPadquHJRWMQMCS)BW*ﬁsdd@ﬁrﬁe@zem

% Onkhnry\%é d@t‘ ‘P}émr%%%tono fﬁfk:q(hne gg? %t}ﬂfi ?ul ﬁﬁ% 6&?{ ii:tp s

ner ¢ percen of the
ttat. aNosnol. “am Jeonoheier sicgnt anit E&hd’&mrf@semt}% Hi4 (Stehling),

h distributi
IRERGyrgr Thrd nEoEB RoRbheroi Sl odviEn sulide da £BP"

aﬂBﬂﬁﬂﬁuJ|maHGQﬁ&Tﬁh@URMDBunTh&nGDBkﬁﬂﬁuﬂOktheﬁmn&kras

can be convenj ent calcul ated f ron1data obtained.iro
EECRRPGLESTR & NI EHE A S QUEHaSI o B arpT 0. o
tRIPEE Ak Ure Micsd NG EBlQIWe nsxiﬁw;asm,l QnRal 4N yGTRER NIaRS: Rev.
described, for exanple by Wld, ct al.. Journal o]
Phrcyiel Serehie:. (BG4 3l3hys Ed.. Vol. 20, 441 (1982):
L. D. Cady, The Role of Cunobnoner Type and

Di si3g] but i o0 ks LERN @&@@Hﬁ@tma@ﬁ&omﬂaﬁwﬁ; mSF}me and
Regi onal Technlcal Conf r Quaker Squar e Hilton,
ARTIBPE ORIy 10720190 Hpesi e ﬂbf n2" G- PGEEPOIVIET | Heags ghat Pat olefin

NaSmef ihs 28n8Lebddaz ok tisro®t stdl - Dra@Rthel MiSrivRakeMta NO- te
5,0 8 204 (Stehllng) However, the TRBF t echni que does

Bt ich B TSPy B G (AR P ased 19t BB e Bl B BRg That is,

Mar enRF &f8rably.d Hﬁwﬁ&wﬁQGQH%%;Qb@l&h@Mkhﬂﬁnﬂﬁkhﬁ%mex
pol ymer s determ ned usa@g VR analysis i'n

¢ cor dheee W tihAng ebhini Yerssindes c\mpfbe@bnfe@r caix drpingde jupng
ungmaga}fﬁgtprmc&s g’ (%321&%. h,( %@\ﬂ'assﬂ%%? bet%sg!m}) x%g‘g Iﬁy‘y'id]@ &
ev. crono hy . .

20031 sFort Thent srpgidy kitsmivge’wecihrshqgt broarig hedodhpiar 1o the
zngdﬂy‘;!eﬁgﬁwggﬁ Lrg‘?r PTagnoed ’th}g)igt? S,a%}e ‘vEXlak?lHi Lapfﬁ} 7St S}r%?e?‘gl\ are
thy Tenelet -

used to make such 9013 Hers; hov% er, mhus, such as Mitsui Petrochemical
fndustries and Exxon Chemical Company, have reportedly used so-called single site
catalyst systems 0 make polymers having a homogencous structure simlar to
polymer described by Elston, Further, Ewen, et al., and U5, Patent No, 5218071
{Tsutsui, et al) disclose the use of metallocene catalysts for the preparation of
homogeneously branched linear ethylene polymers, Homogeneousky branched linear
gthylene polymers are typically characterized as having a molecolar weight
distribution, Mo/M,, of less than 3, preferably less than 2.8, more preferably less than

)
>
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pol ymer has a honbgeneous or narrow short branchi ng
distribution (that is. the polyner has a relatively

woe@h/1GeBIT ) hut does not have | ong chai n br ane¢i/ng2009/036902

That is. the linear ethyleilic-based polyner is a
honogeneous et hyl ene pol yner characterized by an
absence oi |ong chain branching, Such polyners can be

Mmad@susi NgPOLARERZat §:08: PrAfess8sclit Oho1@Xa0P! @he ASerms
descri bed by Flston) which provide a uniform short

chanpeepeanghpgrbed SPed biRilen [ROIgehe BOSPYLBI U aphed
Ihﬂx grlll?hv LR f!nzﬁ'il@m(t)d? RS 9&%551” &’ﬁﬁéﬁ{ ;larpﬁgrcw(mgh%t&ﬂu stiylens

sol ubl & vanadl um cat al y sys ens are used
stheth ipshyweshokoigivérs &t hértg bagyeineges Mngstmmn bmm bes. In

oﬁé ,0c0e 'E&e%! 'ﬂ%?t AN 1 gﬁ%&&% ﬁei\%%ﬁ aJm&%}?@EMer\ to

have ' eport edl y use So- ca Singl e sue Tat al
sydtlens diy krmlhempmiymvs"ﬁ sn(hia\)mng xdwhmnfngvé@'ienu@rpulwms For

structur ar rndescribed, by Fl

ﬁ\fxr%il}ﬁl ?%Wmﬁ {:U 0&’?% txp%ul‘vgk% BaTS ntghf\% Eéa%éﬁiﬁf BL?i d(nd

ﬁ&utshﬁnuﬁpmaﬂhﬁtwaseh©89€hhedaﬁw@oﬁwMEmhlmngﬁug 1-hutene,
at al ysts f t he pre| ration onogeneousl y
E%ﬁ%%éé' Pt gar“@?ﬁyl ‘*%@F?h@?@““ﬂgnngeneously

branched |inear ethylene polynmers are typically

chaiBart er i ?E&dprasnhawﬁ h’gﬁ ahzmn Ib&mdlaiw: aMEi}fghatm;ninui in uhykne

%ﬁg}ﬁp%g rgu 3 % u'«m%r eT %u( éb‘f 91@% é!ks 1%»5%%{% 5‘?&%% ‘*ldap 100 *«w@‘ ,ﬁnd i

Iqumargdei\im)gl iah encithd sedorpoll ek ewdall tRey, ties B ndl. Chem. Phys.,

R GBhORSry br BREET T HGAF GERYhEn e Oy Gy RImns the

palsywaerst 166 Aoty Febek: Lo R gh: priessyl Bchtanaetne/1-ocicne
pol yet hyl ene mhlch is known to those skilled in the
PP RSy e L HOmBrio G TIRGRY IR 2B &richEESHUP Cofyaratography

aspact wikhg 1erapichnonoeneQuschihnedtcet hybenenel yixer gel
* generieally refers to both I'inear ethylene honppo

EPEEREP ETOPPREEPLYC tHPHENSIT AolideTARi CRPOPYPUETEIOTRE -

@f\a)npﬂh% ms@of B, h%ql%' i@pﬁ{la ki ﬁrﬂz(!ﬁt &E&Q&y MR PORRESR
s hort chain branching and the a-olefin is typically at

pries e beprQrell dguaeaed m @ﬁ @fci@yzgr@ﬁeeim gp:gﬁg}qa eham, G, H

].:m@ ld)?l%gi%d} u:!' ‘@e@{ CRE: 4i §$ h}/"l i 5§f gﬁﬂbi eng ’Ru]hnbe\xcﬂgdem
octene The ‘pfesence o | ong chain

bifzammﬂwh Goans béafde‘teeumme?@hm RVl hYy [Serre MronBpdi (yvEr s103-
y,using C nuclear magnetic resonance (NWR)
spéctroscopy and is quantified u&m the nethod
descri bed by Randall (Rev. MarronoL Chem Phys ( '29,
V, 2&8. 288B- 207)rtheThespertarersohaly Kitown ctigichni pplasers  are

l’é%%%gclne&gfy QSB&EH‘LH{;)E‘L»%@ tp%gfmers and are disclosed in both U5, Patent
Nos, 5,272,236 and 5278277 (both Lai, et al),  Homogeneously hranched
substantially hnear ethylene polymers are available from The Dow Chemical
Company of Midland, Michigan as AFFINITY™ polyolefin plastomers and
ENGAGE™ polyolefin elastompers.  Homogencously branched substantially Hnear
ethylene polymers can be prepared via the solution, shlurry, or gas phase
polymerization of sthylene and one or more optional q-olefin comonomers in the
presence of a constrained geometry catalyst, such as the method disclosed in

Furopean Patent 8416815 (Stevens, f al.).
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presence of long chain branches in ethyl ene pol yners,
i ncludi ng ethylene/1 -oetcne interpolyners. fwo such

wezx@aplest ' nethods are gel perneation chr omaPOOUS®NY036902

coupled with a low angle | d8er |ight scattering
detector (GPC -LLLLS) and gel perneation

chromat ography coupled with a differential visconeter
detiggt or (‘BRGEV)s “+IDR USLuOtanti PEEGELEANT AYES REOT QNG
chain branch detection and the underlying theories
favehpeEnPWentT dedundriediiy themitvsrat deerhgee miigpies
%ﬁgpl‘ﬁﬁmﬁs m& el h(‘l L—mﬁv\%m?‘} 8}%}?%3%%5% W hﬂrﬂem({uﬁge?dmhxd
Fh@}tqin@hVi@h’ar’abIE@f‘l zei ﬁ‘amiabji@ higongy Hey 'DS@ ShpicaNewmyerk as

(Iﬁivg’ %‘ E}Q k- Qxﬁfaz ]i]r\% dehéiz ] [Ecjlxn—:ﬁg Ieng ra@aih &L l@ﬂsip‘ﬁ\?}t ™ gltra-low density

tanti a ners
nphn@eheowehy bﬂamcheMﬂeﬂhyﬁeneubbmyneﬂskandmameiscan?%
g}lﬁ‘;‘%tlé 3?&%&% bwifihgq_aHn\ ar ga Sh,ix\l_lgo wm‘n,g. 13% tz 3@»1&& and d)m oF

swhbs tattnah bloy: ik qmea»no;eutaylh ene; np:(ahwﬁr 8 Zawm aeak lcablyer, by

from The Dow Chem cal any ’ an as
A e g s e s R S AR TR o)
[}Qﬁ{y&h@&tu@h eh-ashomensie 1‘1¢H@HID@16RGQUS§W( aby aneheekized as baving

Susstantl al  Linear unylcne, ol yrens can, be pr ebatel

@Emetthﬁmﬁm@bmmmenwr enﬁgn@eoanwﬁmaIan@ia@ineaﬁen@ouqy hiamhed
conononers in the presence a constrai ned eonetry

BPH| SRYCHSHERTEE P HBLHEt RotP'Hi <SErod ey A I'Uf%ﬁ‘ééﬁdmhm"
H@s‘ﬁ@ﬂho@@&ﬁﬁ&l@aﬁ§tv@‘l@iﬂ§1ﬁt11%¥1t1(§4 ).[38] | he terns

"11Ct G OgCnCOL . - and ' hct er ogeneously branched" nean
t hat the et.hyl ene polyner can be characterized a

re P! nt er Pl e iGiblectilnes! HaviHg v o ueY 8t hys féwag?%ﬁ

conBnebRers Mploan dhalki QSsebeternogenapus! Mo BanehrRdyiscosity
i near ethylene pol ymers are available from| he Dow

arélifideariecomsan Vieads S DOMBEEX sF4tiv8ar | ow density
pol yet hyl ene and as ATTAIJNP r ultra-|low density

pol pset hyl eng.rfieSkNSeh olv@hBRRIRNSAUS bYseDlaRERRG N REBLsy
et hyl ene olyners can be pr pared via the solution,

$t afpyr %‘r‘ﬂ JaUpHA SBOP SR RERIT. STl D Eear hik et W dRrat

@0 1NDEE3, QRE bNaLH 10l 8RM.LAMRNENELEES 4o tNS PRESANE Bhese
of a Zieglefr Natta catalyst, hy processes such as are

dibelcoset e ndiss; (Pat :hoNb 084, 10 7606987 T Afvder SO dpsities are
%L,te}mim.d by the Density method as described in the Test Methods section,

Highly Long Chain Branched Ethylene-based Polymers

[41] Highly long chain branched ethylene-based polymers, such as low
density polyethylene (LDPE), can be made using a high-pressure process using free-
radical chemistry to polymerize ethylene monomer. Typical polymer density is from
about 0.91 to about 0.94 g/cm’®. The low density polyethylene may have a melt index
(Io) from about 0.01 to about 150 g/10 minutes. Highly long chain branched ethylene-
based polymers such as LDPE may also be referred to as “high pressure ethylene
polymers”, meaning that the polymer is partly or entirely homopolymerized or

copolymerized in autoclave or tubular reactors at pressures above 13,000 psig with
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waelzepnidsat i ons,

Het er ogeneously branched et hyl ene polyners are
typically characterized as ha\ing nol ecul ar wei ght

as such, are distinct fromi8ubstantially |inear
et hyl ene pol yners and honogeneously branched |i near
et hyl ene polyners mregards to both conpositional

Sillﬂaoﬂis% of ad-PaRhPARERIIAY selinsds rpep)saidee@e@ 6t SXRMBEUU AL Patent No.
ght distribution, [39] I'he Brookficld viscosity of

99 SOy MsKams s eidalny| yHisr BIOFess foresas ab oAby with aiBeifieant
%ﬁangl%%ng% \/anQ%hﬂr‘?ﬁﬁH&%Q at 177 C using the

Br ookfi el d SCOSIty net hod as described in the Test
Met hods section, [40] Overall, the high crystallinity

et hiekne- bHishly lsse chainsbrnshed pthylengibaspd gpolypers gy tekay
(Pi()m%ﬁﬂ%elrs Qr afgidhe; Qlo%%veg/ 8 i3] 1ynk & af6 rc%B!pMsegﬁrﬁt@td%ﬁvédhf?(ﬂn

or equal to about (1. g/ cni 3, preierably |ess
toRarPr gpote quraleflin ocoablwlersoasg fong/ @n@efePlfSelfteka%l 3, mofge gercent

SFLYERS SRGBASIS g 8masou U b to sbout 03

termned by the DenS|ty
met hod as described mthe Test Methods section. hl'y
Lond3Chai nCepensetsedthit gy biasedds dernmes Welwévrwhqd et ylene-

I [ hyl I ,
SO0 08 0y DI A SRR 0 g
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but are not limited to, vinyl carboxylates, for example vinyl acetate. In another
alternative, exemplary comonomers include, but are not limited to, n-butyl acrylate,

acrylic acid and methacrylic acid.
Process

[44] The ethylene-based polymer may be produced before or separately
from the reaction process with the highly branched ethylene-based polymer. In other
disclosed processes, the ethylene-based polymer may be formed in situ and in the

presence of highly branched ethylene-based polymer within a well-stirred reactor such

Mv I n fromabout 3,5 to about BECT/US2009/036902
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pol ynmeri zed et hyl ene nononer in the polyner. [43]
Conononers that nay be used in formng highly branched

wethghewebased pol ynmer include, but are not |iPCT/E82009036902

a-ol efin conononers, typicdlkly having no nore than 20
carbon atons. For exanple, the a-olefin conmononers,
for exanple, may have 3 to 10 carbon atoms; or in the
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et hyl ene- based pol ynmer. In other dlsclosed processes,
t he[421 hy| einea based ptBj) yafean reeapothienchio Ipn?e:elssi nhes iethyleaatiased
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feaiyraael bhdad b mpF BRaneppeficdet hyl ene. Figures 1 give a
general representation of free-radical ethylene

pol [4§F ri Z&M s%?netp%nft lrlrrl?lgathls strflzg, a free-radical bearing molecule, such as
a peroxide initiator breakdown product or a growing, highly long chain branched
ethylene-based polymer chain 301, interacts with the ethylene-based polymer 100 by
extracting the extractable hydrogen 101 and transfers the free radical to the ethylene-
based polymer 100. Methods for extracting the extractable hydrogen 101 from the
ethylene-based polymer 100 include, but are not limited to, reaction with free radicals

which are generated by homolytically cleaving molecules (for instance, peroxide-

containing compounds or azo-containing compounds) or by external radiation.

[49] In a third step of an embodiment process, th ethylene-based polymer
100 further comprises a radicalized site 102 after hydrogen extraction, as shown in

Figure 1C. At this point in the process, and in the presence of ethylene, either a
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chain branch froma radicalized |inear ethyl ene-based
pol yner site of form ng enbodi nent ethyl enic pol yners.

wa@edwenisnbodi nent processes for fornmation of tPET/US2009/036902

et hyl ene- based pol yner, thdSsubstituent highly
branched et hyl ene-based pol yner, and their conbination
into the discl osed ethylenic polynmer nmay exist. [46]

goviing, i Hi Sy Rdn thQiB REhcROPAR 18R Mas® RARSS chdfd 301 or ethylene
ethylene base mer 100, as shown 1n Figure IA 1is
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C frac ydrogen 1

Ii%?flhe e hy té‘%eg %asedltl poI ess gbﬁlgh 1 lgé% Qgglfl gl;rldre(:hed
mdtyldnettmsteé gollymer anglalod e:ttnyienm—ltabedf p‘odasenar ach lodl 1$repdnécb1h diffegent
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Inath| step of an enbodi

&)p%egaaétoﬂ £OB tl%l y et]igg%neftﬁtise(c]l,]% tgeeéulgtltuent highly

nei @aln Zesthsd t@ylk2batbd Eblyﬂl)étd m@gﬁameef;tsé@ea&é Qftwa@Sreaction
shown in Figure 1C. At t oint in the rocess and

iafFat ﬁé%&%sﬁéﬁte %Parétewhéhées & BT} PR PR URRIghTegctor.

leg Q)trdﬁllﬂléﬂs Mol MBENBAYRE Pt @ReabASILIoRRlYIBEN ERRLARAY and
or e ene
combined in a downstream reaction area or zone in the presence of ethylene under

free-radical polymerization conditions to facilitate the formation of an embodiment
ethylenic polymer. In some processes, additional fresh ethylene is added to the
process downstream of the forward reaction areas or zones to facilitate both the
formation of and grafting of highly long chain branched ethylene-based polymers to
the ethylene-based polymer and the reaction of ethylene monomer directly with the
ethylene-based polymer to form the disclosed ethylenic polymer. In some other
processes, at least one of the product streams from the forward reaction areas or zones
is treated before reaching the downstream reaction area or zone to neutralize any

residue or byproducts that may inhibit the downstream reactions.
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whe@naebt hr ough pol yneri zati on).

nmonomer 200 interacts with the radicalized site 102 to
attach to (via termnation) or forma |ong chain

Figure IB and 1C may occur 1several tinmes with the sane
et hyl ene- based polyner. [50] Figure ID shows a
representation of an enbodi nent ethyl enic pol yner 400.

Li ngar porfnl o effdddiglent he seppsticfente ethheBised QIR s
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400 is the portion of the resultant polynmer that does
ERRICE Gl 8 HUWRErestion 6ifg EHAMh BrlatAdEsiaugclarper an
RHARGREA R kb £020P! TR bR rOREO RAAYY &BA Fansported to
pol ymer 400 is the portion of the resultant polyner
ahdvndous terical acaonhumgerhest theenig acprasonchpasibiless A0fce-
[récffgallrlepglyﬁfériﬁmﬁ (%bﬁgéﬂ(gnsp rﬁfégﬁs ?ondhp)ﬁs Eﬂgﬂ%h%ﬁf El@sfgﬁjnation of
polymer “iI's prepared externally to t reaction process
usé draftongf @rhigttih éongrvbaidi meehede¢thyléreriasedopilymerto the ethylene-
iped in Q n.reactor, i.n the presen of
SRS B B TGPl e BIGRE N Rl « Fogme
antodivlbphe pr@dsstQ feo cedisalc gactidting nongrdndseact addsl tto the
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reactor.” The products fromthese forward reaction
athekege-bpsed oprdgnerr Brmpiem, ttharssgong ed highlanldng eibinnednghed
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wotthintnigecatalyst, and, optionally, one or more comonomers, continuously fed to a
fluidized-bed reactor. Such a system typically operates at a pressure from about 300 to

about 350 psi and a temperature from about 80 to about 100 °C.

[55] For producing the ethylene-based polymer, a solution-phase
polymerization process may be used. Typically such a process occurs in a well-stirred
reactor such as a loop reactor or a sphere reactor at temperature from about 150 to
about 575 °C, preferably from about 175 to about 205 °C, and at pressures from about
30 to about 1000 psi, preferably from about 30 to about 750 psi. The residence time
in such a process is from about 2 to about 20 minutes, preferably from about 10 to

about 20 minutes. FEthylene, solvent, catalyst, and optionally one or more

The reacti onBRCHES200%036902
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et hyl ene- based polyner to formthe disclosed ethylenic
polynmer. In sonme other processes, at |east one of the

wee@dacteest reans fromthe forward reacti on ar eBST/082009/036902

zones is treated before redZhing the downstream
reaction area or zone to neutralize any residue or
byproducts that may inhibit the downstream
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reaction that may inhibit the highly branched

éfﬁﬁ%ﬂéﬁ@f%%@dmﬁdp yheehighlyrlpgg FI@#\“ brapghed egpianpassel polymer
hi@hky 1 ong chain branched ethyl ene-based polynmer to

t he et hyl ene- based pol yner, or the reaction of

et hyl ene nmonomer with the ethyl ene-based poly

to
forlit he di'gdraseias Serdyshbnloas ghaiy ppcheq alylen%based polymer
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f Lé&e
t@%ﬁgg{ ﬁ:eﬁ é&%ga eglngtﬁg séc%ﬁ& L uf e%é%%%? é ou% %g@g as a reactor,
which has one or more reaction zones Sultable but not limiting, reactor lengths may

ﬁlﬁg 1n Pﬁanched

be from about 100 to about 3000 meters, preferably from about 1000 to about 2000
meters. The beginning of a reaction zone for either type of reactor is defined by the
side injection of either initiator of the reaction, ethylene, telomer, comonomer(s) as
well as any combination thereof. A high pressure process can be carried out in
autoclave or tubular reactors or in a combination of autoclave and tubular reactors,

each comprising one or more reaction zones.
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about 350 psi and a tenperature from about 80 to about
100 OC. [55] For producing the ethyl ene-based pol yner,

wa2@oliutebon- phase pol yneri zati on process nmay beRCT/ES09/036902

Typically such a process od8urs in a well-stirred
reactor such as a |oop reactor or a sphere reactor at
tenperature from about 150 to about 575 OC, preferably
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[61] Embodiment processes may be used for either the homopolymerization
of ethylene in the presence of an ethylene-based polymer or copolymerization of
ethylene with one or more other comonomers in the presence of an ethylene-based
polymer, provided that these monomers are copolymerizable with ethylene under
free-radical conditions in high pressure conditions to form highly long chain branched

ethylene-based polymers.

[62] Chain transfer agents or telogens (CTA) are typically used to control
the melt index in a free-radical polymerization process. Chain transfer involves the

termination of growing polymer chains, thus limiting the ultimate molecular weight of
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WO y@e/114n1 agi t at ed aut ocl ave vessel

different high pressure free-radical initiated
pol yneri zati on process types are known. In the first

reaction zones is used. Thd%autocl ave reactor normally
has several injection points for initiator or nonomer
feeds, or both. In the second type, a jacketed tube is
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o ek sca. ek Figk GHE of BE AR Buprbite el BEIRREL g o
thﬁmpkadm1wmgmystenmanaihﬁnhnmnhum;&Eh&nuﬂamhuwmyysmhnn
SR o T OER oy Dol bt b8 tpiaT SEARER o
olfie ﬁirghfoneaatr@dhcatl enper atnureeq Widt tHehIﬁoﬂdn&aﬁs readvithahn already
Qﬁ%{gerlzatlon portion of the reqctio f eedi
AP0 PR Fe 48 P81 dTa6 BYVRE § II’a SEANS U agy
POcBbNS Qlrn@Rt préddainathel SRPT GRANR| ageM@ERITL, bdlintroduced in the

conventional initiator_ solvents such as branched or
PAYSHEREY- %I%%%@%n‘TBQ?T@%ﬁ@H?ﬁ%H?lﬁﬂﬁg@§§@%1ﬁﬁvneWhWh

ihaed Mﬁ&eﬂn&ﬂl? Q8SPurhBE M&{de a9 @Ro b idcOHOANR if MRVRIThE@ Rhain
efficiency n sone embodi nent processes, the recycle

Uesanselvay Ve eqnohtesaizelionreastipn| Polamepgirpdised gy the présence of

QMQBQQH%%?a&&ﬁﬁh&hﬁmﬁﬁﬁ&'ﬁuélﬁﬁ@&IbP%h (% Srdfdftfes @Y¥h as
inhibit polynerization of either the'e | ene- based

‘pﬁ}oyfﬁi@bﬂl@r oplipral mo@hqtlys |smhgasclpp@p ring rcém]@h nsity, stiffness, yield
or inhibit the reaction formng
QS BERR PR R

|sc 0S ni'c polymer. In some enbodi ment
processes fresh nononer is added to this stream [60]

Et H$tkne ulééaoge@r hashleepr dhgwat tiOobra of chaprh yipeyies- #eggedor high
I l: e
%E%JSMHE e Qﬁdlgal A Jr Ie#l % J}.ﬁ P R ! 3R vﬁ&%ﬁ Sk &g Besktiy

ol yner
ethylene-based polymer. Control of the molecular weight made in the reaction zones

for disclosed processes may be accomplished by feeding hydrogen to the reaction
zones where catalyst or initiator is injected. The final product melt index control
would be accomplished by feeding chain transfer agents to the reaction zones where
free radical polymerization takes place. Feed of the free radical chain transfer agents
could be accomplished by direct injection into the reaction zones or by feeding them
to the front of the reactor. In some embodiment processes, it may be necessary to
remove excess CTA from the recycle stream or limit injection so as to prevent excess

buildup of CTA in the front end of the process.

havi ng onePOT/URIINE 036902
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obt ai ned by renoving pol ar conponents froma | oop
recycle streamor by using a reaction system

weomwbilgsat i on such that only fresh ethyl ene i BC/E809/036902

for making the ethyl ene-bagéd polyners. It is not
typical that purified ethylene is required to nmake
hi ghly 1 ong chain branched et hyl ene-based pol yner. In
sucfgstasesrgt ivlcangithiofhitie: FRENMBY Bsell @PProlRY B8 1cHS Bked
[61] Enbodi nent processes. ma% be used for either the
ROlBISEN d7Preryagat Wigeh isfuseitinnn Whelan igagipre ipeyeHivaalgmagnts of
LML E D B0FRAD. RBIWNETdrQn ©IROK VBRI fél%rh@ﬁza%fe R ENRd
W th one or nore other cononomers in'the presence of
anrosidhy | emkebd suiehiqre pagridntyl peroyy pisalatehditt-buhi peroxide, t-butyl
re i 22 1 . .
D B i R T A el B R aot s arepnie
freromy Imigdibry akrowmgd dhadnvehiancdrechnet dyeermen B8 cind 0.2 wt. %
I rs. [ aln.transfer agents or tel ogens (CTA)
P o B B e i ¢ e - a
free-radical polynerization process. Chain transfer
i nviébles t'He pegrxidaatilianr ofaygboviongxpaplynar ordaaicngeroxide.
t i tin It I i ght. ofth .
o Dl ek pdrp ot horl, Burth: B Gl bl gigen
vy cige nliadityd peceides, hyddopdroxidldsl peremychrbondtds, pergryaliviarbgnates,
porloxrre[erscgrzfl' n gngetsltsop t he pol yneri zation reaction of
PRE ERAT " POT "R g pressure free radi cal
pol yneri zaton, these agents can be of many different
t ypl6%] suckxeaplantayelat ectokiyich ochidboms, arenmsatiori@td ed, 3,6,9-
h ns I des, ketones or.alcohals. Typical
TP e B LS e e S, Deuf BERURT ror ¥ B
poopyteeiily aviikbRuhdaehe MadoninanBRIGDNOK S0 (AketNupk]; efrithein,

a5 Vo PERSTE b Pl "BACETAL 18 BT ©

tdne, Sp- wieREs 1HeSandbl) Uperékid3  t Sucabditidyl 1fkrovedeghforpexadeid, are
of the total reaction m xture. 6121% The rrelé I ndex éM
GPrsiciadly 4vaygpy mRder Wi c adegamn  BHISEINDR PGt €t p oNphRY-
MREABMEyAdia Rl [#Rxidek $ncBiRIB] Bul latetitht Myhild@ I, RW-@fnkeihgl-2 B&litert-
concentration of the chain transfer agent. For free
PHARCENXY B6K3Per i22adimsyl-2P tdifere sy lpg it hampng: q di-tert-amyl
¥k RBE - A0y 1t heoGIA fr rﬂ@tﬁu?la%ﬁﬁl P%h@@. C8fcH @Ryl
wi th the nononers, or with an already formed ol i goners
PEropsey méers expmplst gate  gomaeuciaby y Aeailaklp ajupder TiHies trpdemsanes
ik fHﬁ?W}Qf@ﬁ} @%0%’53, WRP@GNQK Dot NGRGABNGX B, and
transfer agents wll be introduced in the

TRIGONOX T (Akzo Nobel). Exemplary hydroperoxides include, but are not limited
to, tert-Amyl hydroperoxide; and 1,1,3,3-tetramethylbutyl hydroperoxide. Such
hydroperoxides, for example, are commercially available under the tradenames
TRIGONOX TAHP, and TRIGONOX TMBH (Akzo Nobel). Exemplary
peroxycarbonates include, but are not limited to, tert-butylperoxy 2-ethylhexyl
carbonate; tert-amylperoxy 2-ethylhexyl carbonate; and tert-butylperoxy isopropyl
carbonate. Such peroxycarbonates, for example, are commercially available under the
tradenames TRIGONOX 117, TRIGONOX 131, and TRIGONOX BPIC (Akzo

Nobel). Exemplary peroxydicarbonates include, but are not limited to, di(2-

ethylhexyl) peroxydicarbonates; and di-sec-butyl peroxydicarbonates. Such
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pol yner chains. A |arge nunber of CTAs, for exanple,
propyl ene and 1-butene which have an olefinically

wae@atiueat ed bond, may al so be incorporated i NnPCHES2009/036902

pol ymer chain thensel ves, ®ia a copol ynmerization
reaction. Polyners produced in the presence of chain
transfer agents are nodified in a nunber of physica

PERRGitdrSshafy Clor %§arﬁ’151@ c&s s;al@llrﬂekctlauy SRS un R ARE krhi@Bme
such as haze and Clarl%ég density, stiffness, yield

PRIAONGXY [EHPe pady TREAONES, SBY r<éh§<t Nobgl 4 ExeRppipygRsioyagers
l?ﬁ&lﬂles hewn, £ onle hﬁntgéi] aﬂo bt %ﬁ'@f &ler Q%étlé)tlﬂéxa{%hagb tert-amyl

pressure free radical polynerization an
perwdrerilesanaste; ttﬁéamylgpﬁr@xwtvalam ért-gmglt paydehenzoaisert-amyl

&QJOX?&Etate,CQBtcﬁ %thglfﬁ g ggﬁkﬁn@&l Sjé}gﬂ&nég@,‘ggn-iaﬁylt Doxy-

eact1 on zohes ar ser brote
hyﬂmxmghedtbybﬁ@bdmngyhydﬁ@g@matwﬂﬂmedrBH@QmGﬂwz@m®$r

é&%]f af‘[% ¥Sx::y%19£18.tlenl t It%ltt %u%ul :jBJbS ydle lathgtef ! nai{g:rt butyl

dex tctontrol accol
&e&dw&gmqhaen ﬂﬂﬁh&&mmm&@&hh@ltqwhh@ik@mﬂmmammxone3133

R R RO Mo BN h P e Bl EReB R BRE: B

GO mpbliosheg iamnwdryﬁfe&anoaueecbmﬁﬂ |15&r@<yhhﬁie&a@aae| Ofert-butyl
zones or feeding themto the f t of the reactor
|Pﬁf°§6tf?ﬁz%‘%o?u‘}dné‘?ﬁ g‘ﬁ?’loé’é@%%ceta $H§[)1 BEORELESs éﬁyenfso for
eRIBME, axCessmetAll r QmIte wRey ¢he tatiémmey OrRIGONGX 121;
'n'ection SO as to prevent excess buil du

CTA i
CONSRE 2" TRICRRR ol S TREGPNEb o 7 BaniasoNoY 135

Imeom 4 h@ﬁG@N@)@@P araGoNG8 Q@l TGN 2S7. TRIGONOX
et hyl ene- based R%msrs are ox which is usable in

S URICG AR 875 TRIGOBRVert i oARICANE¥Ee o HEOREER 425
@RQ@@%JO’?}@%Q& OQRIMONOX M?WRI@ONQ% R IRRIGONOX C: and

pol yneri zabl'é nononer, and per oxi Preferred

ITRIGOMN(DE & (Akeo Nobelt. yExwlwwemxvleﬂt%h aclude.-tut gt iyt limited
r gxi ace /-

05 0 s b M PR LR AR BREN 1

idi(ietri- laxtyipfsoaﬁé s eundthylgolvherane;o aal 2@Frb(n¢1t Butgliperory vateme.

%uFOhO Ser%xya(eg S f?rro %xg%lé)?eg %\rlg[’lgotélj?mérrgglhb é\r/%f)%l{) underI %he t¥adenames

r‘ﬂmGDeI OX de2 eSERI(ﬁtDIGOXam ngH}CDNOKeIEDMndeTR]B(Hﬁ(anDy(Akzo

SR TBBR iED iy e S adE, Sarale e e o o
Ry A b@REIMOoS A8l @ $)f tuaeilf@xmelarobanpdr@ade Paneey dTgarddandd i@Biator
meag%)é%learslgeelgsss than 6 pgrecrfl:r(l)t)%)ykvveetlgahlt the free radical initiator system.

[68] The free radical initiator system further includes at least one
hydrocarbon solvent. The hydrocarbon solvent may, for example, be a Cs to Cy
hydrocarbon solvent. Exemplary hydrocarbon solvents include, but are not limited to,
mineral solvents, normal paraffinic solvents, isoparaffinic solvents, cyclic solvents,
and the like. The hydrocarbon solvents may, for example, be selected from the group
consisting of n-octane, iso-octane (2,2, 4-trimethylpentane), n-dodecane, iso-dodecane
(2,2,4,6,6-pentamethylheptane), and other isoparaffinic solvents. Exemplary
hydrocarbon solvents such as isoparaffinic solvents, for example, are commercially

available under the tradenames ISOPAR C, ISOPAR E, and ISOPAR H (ExxonMobil
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wWao eooettigbt 3, 6, 9-tri et hyl -

[67] Exenplary cyclic peroxides include, but are not
limted to, 3,6, 9-

cyclic peroxides, for exangke, are comercially
avai | abl e under the tradenane TRI GONOX 301 (Akzo
Nobel ; Arnhem The Netherl ands). Exenplary diacyl

@d@f?ﬂ@aﬂ@% I nehug@irodaton Ao efiOal IcBbBR 1e® than 99 percent by
di (3 trlnethylhexanoyl) peroxi de. Such dlacy?

%&Pﬁ@%ﬁﬁ¢6@w@%@ﬁﬁpé$ﬂﬁﬂb comercial ly avail abl e
under the tradenane TRI GONOX 36 (Akzo Nobel).

Exegp] ary ghi @hi@yémmﬁfn%t gﬁ)@eslscﬁ,c tHé e ﬂa&i&alaﬁlﬁatepgystem may
limted to, 5-di net hyl -2 dl(tertbut | per oxy LVh Jvent
wlvgat,

Heskhen enclude SP@F‘WM‘IWQ e gpler g5 Y5t PRY) %mlsqlsl@

Gbr éx%fal’eaan@ tole§, AXIHEE: A&hu&nﬁfl}‘ TMléﬁhopfﬁﬁ&?&hQﬁ oﬁt'ﬂg alcohol
tert-butyl cumyl peroxide. Such eroxi d for

ERAPYPI MR, éorc@mmetzubalmvwafvmqoaﬁl @ mn elpngtigaal. Exemplary

e L

ryahanger dkildedol feipedenolb utlethfrnel netharof, rrpltoe@tloﬂ obutanol 1,4-
tb%%&lecﬁqy J:onn%lgaﬁlg%etflgrx (ﬁd %ixt@rnéj th%reéfé ndgﬁhg ﬂ(er aﬂ%ﬁ:ﬂ ar Q(ljl tsé/lvent

roper ox
cnmymampnwl lbsp tlmnaiiolpat;rleﬁ blyrw,beght bhibe fma@dmalnm&atﬁf&)@élﬂox
TAHP, and TRI GONOX TMBH ( Akzo Nobel ). Exenpl ary

per car [ r li
t er@%ut yl pe?% ézon%lth}l’%gf}ﬁgi% agfr%ﬂfgwat eAiHercQs af generally
tkeown gm'cyqumna)fysklzl-iettﬁwdrh é(x[)dxamalpmmat)mldeamtb may be used as a
t :ilj Er_) )((:i)k’) g(tz)il\//%oﬁg vaev Ol‘e K athltI():/gpro enluglt %‘o%igl Ic?es TS chain transfer

ayaitd shiolile hend&n uhtb acdmammmg'gﬁmm&daslﬁz,pombMt&
TRI X BPI C No ]
S i PSR SR R ebon 8T S bt o

di (2- ethyl hexyl) peroxydicarbonates; and di-sec
-buﬂy] per theymhlas aphanat @sy bSadkhioes. oKstdies archpnatigsknofyarto

rC|aII avai | abl under . t he
BB RS e R Ptk A G RO Tn s o
@%ﬁﬂmbabwmnerQXMQS&EM&:umahm@emnamm1afeaﬁmﬁ dsi ¢Hatnedansfer
to, tert- |  peroxy-2-ethyl hexanoate; tert-a
i STk B Y G el oy Fetoef b @Y Co-solvens,
1SQER readtivity PEE RIS 2Oty khewt aeksoRof QXY inaBekrat e;
2,5-dinet% -2, 5- dI%Z etKyIhexanoylperoxy)hexane;

ter@- utyl perox et hyl hexan ate rt- I

per %t/)neodlé‘csgm’ia oSy Vit er BieyHasH Bt apien may
tr@Her buﬁlyﬂlsepaeasm&y@aﬁsﬂir ap@it ab @rdohvntt ol asREFIBNY for simultaneous
di ethyl acetate; tert-butyl

injection. As previously discussed, Chain transfer agents are generally known to a
person of skill in the art, and they include, but are not limited to, propane, isobutane,
acetone, propylene, isopropanol, butene-1, propionaldehyde, and methyl ethyl ketone.
In other disclosed processes, chain transfer agent may be charged into the reactor via
a separate inlet port from the initiator system. In another embodiment process, a

chain transfer agent may be blended with ethylene, pressurized, and then injected into

the reactor in its own injection system.

[73] In some embodiment processes, a peroxide initiator may initially be

dissolved or diluted in a hydrocarbon solvent, and then a polar co-solvent added to the

, 4, 7-tri per oxonane. PAIUR2009/036902
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per oxyi sobutyrate; 1,1, 3, 3-tetranethyl butyl
per oxy- 2- et hyl hexanoate; 1,1, 3, 3- tetranethyl butyl

w@eronyssendecanoat e; 1,1, 3, 3-tetranet hyl butyl PCT/US2009/036902

per oxypi val ate; tertbutyl 23
per oxy- 3, 5, 5-trinet hyl hexanoat e; cunyl
per oxyneodecanoate; tert-butyl peroxybenzoate; and

fp@fotxld@ U atoPBY REAACAL 1Rnt BUCDrP XML itRfife I V8O tridical
or exanple, are commercially avail able under the

tiHHYEhEITeE MR hoNokMEpizationREEENOEN Epgtherrgimdpgmat pogess, a

BloNRS i@ ma T%;B!: FDGedl Fhe gfﬂ TR bbb ih Gd%},@ﬁcg bi a
RI'GONOX 23; TRI'GONOX 257; TRIGONOX 25; TRl X 27
TRIAGINDKVePL; TRI GONOX 421; TRI GONOX 423; TRI GONOX 425;
TRI GONOX 42; TRIGONOX 99; TRIGONOX C; and TR GONOX F

( Akza Nobeh)e fr@ﬁ%ﬁ'[@il%lﬁat&eﬁs‘édY%ﬁk@r&eésﬂﬁ&;“ﬁﬁpateﬁﬁ& gAf&ite
not Iimted to, |,|-di(tert-anylperoxy)cycl ohexang;

|0n|thqjh1(eg@ethylg@tt3ﬂpe§ley%§(%r@y@p(@¢p@;@gﬂ@ extracgable hydrogen from the
glngireertliy'lgfet%gegleéfﬁ%éér. SES rﬁ%le rffeg—‘?% a?](iﬁﬁﬁ!jltgg &0 RV free

tert roxy ane. er ox eta S,
exhenp ligtiatars epreaenshr disalssed, aupai 4sabk@udm ded atzh e:ompounds In

fﬁﬁ%g%b?%%%%%%% io ecf eelor%a i cgf (?%Ifg)(edz% i e

Stytsﬁombierrhydrogeor arﬂxe‘rm}lé ghe ra’d«dahzbel ftenvix ther hne(ar ethylene based
enent i

e T B e TS

thiparo g &) syafaras @sihg hnyumﬁl p@hixldeh@ ten-decyr paﬂmﬁ@d t-biniyI pedte@droate,
ste Thefre r adi initiator systemfurther
TH RN BELREC) GHEPC CREORYAH Doak BOH RENIEtE e i Kohe

ipyﬂ)&meac_r bamesioh \zesl:ul(témysutyf pwox@mﬁmeel,au@ep@o@e tafd edbutyl

hydr ocar bon sol vent . n%) %/ hydr ocar bon sol vents
iPREFgIYe, Ul oxruanyh @f’mi’“id iddpubsd Pervrider 4rt-agpf perpyide. t-amyl

ﬁb@fd)”{%enﬁﬁlfeaf fimni. sls@ehﬁyqaeioiy) B §@Rﬁﬁl@{h§/lc§/‘é1§he§9ﬂeVemaiw -bis(t-
cyclic solvents, and the Iike. The hydfocarbon

Sotnsrre)-hd i qrappydieatske, be sel ect ed% PBRTRUAEPEGIIP -4

ngﬁﬁfr(ﬁjtylﬂegzege nQQOJlﬁpﬁutylb%xﬂcf ?Hﬁleﬁ%ﬂ%xane and  2,5-bis(t-
-trinmet hés pent ane dodecane, iso-dodecane

(ogtyg)esz@ et hgx[yhfe pp’%ap@ferregrﬁgo somepund is azobisisobutyl
isAparaffinic solvents. Exenplary hydrocarbon sol vents
such as isoparaffinic solvents, for exanple, are

commerci al |l y avail abl e under the tradenanmes | SOPAR C
| SGPAR E, ‘andblesamiRiH fpEusorinoimtiodesh capeegiss ) inclyge any

QXQ\{;\@&% (oD OOk SiRAGRIE ¢ oug&’s”&'-lft' i$ &japfed ?04}9&33321?%?{?%&? BF the

I ght of the free adical initrato
de31red composition or type, either the ethylene-based polymers or the highly long

chain branched ethylene-based polymers. Both heterogeneous and homogeneous
catalysts, and combinations thereof, may be employed. In some embodiment
processes, heterogeneous catalysts, including the well known Ziegler-Natta
compositions, especially Group 4 metal halides supported on Group 2 metal halides or
mixed halides and alkoxides and the well known chromium or vanadium based
catalysts, may be used. In some embodiment processes, the catalysts for use may be
homogeneous catalysts comprising a relatively pure organometallic compound or
metal complex, especially compounds or complexes based on metals selected from

Groups 3-10 or the Lanthanide series. If more than one catalyst is used in a system, it
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[69] In sonme enbodi nent processes, the free radical
initiator systemmay further include a polar

co-solvent, for exanple, a2& to C30 al cohol.
Addi tionally, the alcohol functionality of the al cohol
co-solvent may, for exanple, be nono-functional or

U ptdferfddn@hid Qfgakata@@eémmrem AR qt&n@}s danﬁfah@ny affect the

co-sol vent include, but are not O%?ll mted
ipsdpEpeel aneder gHEpAggr the Perditang oh 6P1Y’(niﬂ%?élﬂ¥ amgpiyably,
'ﬁ%tcﬁﬁE@J 18 r&fu@@cﬂfﬁl actlﬁf}plﬁ)}aglgéter tlﬂhlﬁ a4 Bézrcenl- rﬂore kb?éfé@lﬁg g?éater
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dbmegtal.); )6 Radwh(Hidagopet slon6.685.4K (lFinlaynOIt kealar ¢nd 638,810
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SHABLG, o 0L ST PR DR ST il ct
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s Qo BRY Lio 8 ChodBNRT Ty Bt ST < B odh b g in

RneuntenoP@blip@fod o, 00072Kicl $78 (Artidig easlt), [ 71] The pol ar
co-solvent may be a ketone. Ketones are generally

kn to person of skj in the art; for

acg[}yglﬁe o?lnt et P ahydf 18? dﬂ%entna;”/mﬁ%ss%%ed as“P @F%artwn Catalysis
@olyaetiveioh $rocbk3my&fe usd¢dfer the d@tnaort §f tpolighndricBlstabinity linear
ket ones as chain r agents shoul d be taken into
S Bpe i e s g Bt s e s orh ety bud
Bueha c@abll WicfaficddOt RN @b tRE @hag eoekiabduyt k@ WIpdrdiedin the
person of skill in the art. [7 I n_some enbodi nent

5P leas desd andlesradation nrpduets fromy Flp s iR fRgyptol of the

fatobet psra dpuﬁﬁesafe@ hadd frbRaRsid@rof agaBici@ FordhS Aldéefdalyst
or as a for sinmultaneous injection. As

sHEEsY) §1>L31d a? gecgaplghed b gpprallingnihe amopry e pelag padvent used in

YRRl !nikORWRATR tRe RE6FHP DY ﬁlfateﬁgll dohddrBed HGh@Ploces@Rycle
they include, but "are not limted to, propane,

isgetit aherpe gk eoUHeatigarcappisemay inckidp ﬁ@pgw@w gdouteEH Gatalysts
g&@@:) Q@ M%Uﬁﬁgteﬂﬁﬁ&y 5 2% Md anla%tf”/@%n I ﬁre@ 9 catalysts

i'scl osed processes, ai n transfer "ageit
¢in amcgleaj CiGat gystehempe aciwle thd genarad émbaofemqwh@tn lezsts with

blp%eréyl g)genoli” lhgélgénso:;urlcﬁé(c? 55% ;&sé(geo%t%ﬁro%y e{)dl?rb% eéhng)phel% ]hyl) 5-

thtylb/bp‘r&nylpﬂeﬁ&wxy)z @cbpamlﬂ{di}énrcbmpmc(lé’d dindyt led bis((2-

ro?(g t o(rdlbenzo h? perrMO]e Iln)Jl g t(metﬂyl)s%eny )n} phenoxy)-trans-cyclohexane-

1,2-dimethylenyl-1,2-diylzirconium (IV) dimethyl, because they are known to have a
good tolerance to polar impurities. Free radical initiators that generate carbon radicals
reduce the amount of polar impurities in the system and potentially make the use of
more conventional catalysts possible. Examples of carbon-centered free radical
generators include azo compounds, including but not limited to, azo-bis-is-butyro-
nitrile. Such compounds may have a half-life decomposition temperature of about 30
to about 250 °C. Carbon-carbon initiators, examples of such include dimethyl

diphenyl butane, dimethyl diphenyl hexane, and derivatives thereof, may be used to

reach suitable half-life times under proscribed operating conditions.

The pol ar co-sol vent nay be an al pONUB2009/036902
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[73] In sonme enbodi nent processes, a peroxide
initiator may initially be dissolved or diluted in a

to theperoxide initiator/hydrocarbon sol vent m xture
prior to netering the free radical initiator system
into the polynerization reactor. In another enbodi nent

Progess., amReKHNinta: pdtdss@teipldme HeortlhissAbMeehdstdenh a
hydr ocarbon solvent 1n the presence of a polar
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wymbmgtem thegad. t ﬁ@tqbimwntabﬁth;fbrew@ lb@ls@dptﬁww‘eﬂr oligomeric

ARIRGn{ CRALAMC eyl HLAOKC! KL 4G LOORG | [BfRpaibic

ihitrators previous I'scussed, suc
m@n@mrdm@@n&ndn daronigo epapenods, $m0$bdml®ﬁﬂeérm@hﬁcﬁhnmmane

| atio to.fre
PRBEE0T Pl e PR SEELFRhGRTE, 0B FRAREERE Gy Bl B8
siddgicdnaltnmokameiardietdsyd émek.haBacht Pod. yfn@crl 58@r @aayioc et al.).

itiators ar efe red an tr i ng t .
ShaBtaht o Gl b Rcd SlurTaes yShs PHERTNT S ohraes gai. <
adi.y;t €544, a2t YKarmﬁﬂ@XIedea,l )t 5jous,y49 msmnemz aatse,); Benzaul,585
ﬁﬁ%é}%’é{llpdogtt ﬁg(;g kesgﬁg g%g%ocﬁégﬁysts ar%ultngrt &%ggogélgaat}n% boron
ZoRp6lindBt fith -a2, feritlioid2yIborn YE(QQES')Q)@YIH hexangs of Q:Uﬁl‘pbunds

peroxi de, and tert-butyl peracetate - but a-cuny
KEPYBRi de, diS-t - but {is-pidresengied di - tg)#@wa ixrr@mwglmomum

te AN peRATIEYRER %Fa@es Wthh are mixtures of complexes with the general
[,l-bis(t- butﬁﬁgﬁrox 5-trimet hyl cycl ohexane,

&hﬁmcﬁl S@E‘ftbllﬁt( etk CCst)g avhicEepR Gy IbB @rfzefes or C1s alkyl.

b 0 lhed | y z
i Pl SO, e il RO SPRSR fcon o

206U6N§éf%utylperoxy) 2, 5-di net hyl - 3- hexyne. A
preferred azo conpound is azobi si sobutyl nitrite. [75]

Sui lzgpl e cat @hkShholifent BRocdLese ploedki fﬂ?@idsP{u‘éH @S phticizers,
i ncl ude any conpound or conbination o ounds t hat

ican abapieediciuded pr Basbeginral ywHetesicopolyher preémqt edlhese aids
cfﬁ’cnlﬁfgsll)lh 'a{%rho‘P 1m‘itgcp &, h%' PHﬁfatets m%cﬁaiwb&ﬂﬁ)hg@ﬁ?edand diisobutyl

pol ymers or t ong chain brantc

emﬂ@henembaéedspwﬂyaehsduB@mh1h@ﬁ@r0@ghb@msaamdmmmﬁcoﬂs

08&?11%8 nﬁg pé"hl%iie ln}’sféfsmrﬁ%n%ldc ?lﬂltlld nr%tsfnso nf%or}l hr% SOI)I’ pgg%é/leum
rocess

lﬁmdetbdge lﬁeemplaxyaﬂalseyﬁ oils usaful le:lpmgesmhgaml&ainlclukmwhne mineral

olllesgtlche rals E%QI?OL oil (Chemtura Corp.; Middlebury, Conn.) and SHELLFLEX

371 naphthenic oil (Shell Lubricants; Houston, Tex.). Another suitable oil is

TUFFLO oil (Lyondell Lubricants; Houston, Tex).

[79] In some embodiment processes, embodiment ethylenic polymers are
treated with one or more stabilizers, for example, antioxidants, such as [RGANOX
1010 and IRGAFOS 168 (Ciba Specialty Chemicals; Glattbrugg, Switzerland). In
general, polymers are treated with one or more stabilizers before an extrusion or other
melt processes. In other embodiment processes, other polymeric additives include,

but are not limited to, ultraviolet light absorbers, antistatic agents, pigments, dyes,

and then a pol ar co- sol vear/Usazdee36902
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waraaldeoxi des and t he wel |

conpositions, especially Goup 4 netal halides
supported on Group 2 netal halides or m xed halides

based catal ysts, may be useéd. In sonme enbodi nent

processes, the catalysts for use nmay be honbgeneous

catal ysts conprising a relatively pure organonetal lic

qlq&mmﬁgdageﬁts NEf, FOMRLRY, iRSRAGAs! YlaSRIRAYDHRcRIng aids,
onpl exes based on netal s selected from G oups 3- 15

tl‘F@CEIéﬁtWiZﬁ@ gaplco Phibitprspisensity £ANEHH e genis &p%tluwbboclﬂng

lé@&ﬁ's ' Theaenﬁ%ﬁﬁl%m eth§lé1§c ?51?1&1@{ Jo%ogllaéﬁ m! ?}fopt%taﬁlip)éstt;ompnse

| oyed not significan detrinentally affec
pb@ss g e ecenff byatﬂioph@bm@fhwallgyts@f Qmﬂ@érmqrfh eddetoitsli apasingn the
no catal yst is reduced
f%m ct?@?%@g hgﬁég’ ﬁc€ﬁ§E¥£5 percent, nore
preferably greater than 10 percent under the

condPl i onsThsf erpbpsinpg ym}ep@aqumﬁr Eyaithehegfompounded.  In

RSy gt BEHRER R T S B

6u1©f§f4 bsmm@ﬁumlb@ymo fthe e@lymbr. nd G 38Epaur@ied FPlyhmy peltetized.

At ko B8 ey 1l PO a8 Bl Aoy, g or mor

2000413364 Tor cKone,, thetorabouﬁdecﬂélﬂ;?léﬂ@@&l@ﬁle( Kan zer,npletIe from

S R0 T RO S S P ARG pion
fpatsndf dhe pblyﬁiﬁr Pt aelﬂitloﬁ’ubé b@ﬁ}bdu@ﬂf:dhklhyl&ﬂ@ﬁél@ﬂl@ﬂlﬁ?ﬁcompnse
Arri.ol a; enbodi ment . processes
fouL T M oot de JEo BT A oSS ey Han
pard of ofolyte. f %B%dnﬁi@uﬁtfedt iecl e @ haRyl&diy SoBlnker Nindy further
I'i near ethyl ene-based po I n such enbodi nment
ﬁP@E%§§? m@ﬁ&ﬂxﬁﬁf%®§§@ﬁgvg¥Qﬁ%ﬂﬂﬂﬁﬁﬁmﬁgﬁﬁr8W%%ﬂ¥%ﬂﬂ%§s
Q@b@&ﬁape to polar inpurities that would result from
inmpurities in the ethylene feed and degradati on
products fromfree-radical initiators. Control of the
amounUse¥ polar inpurities fed to the front portion of
the reactor for the target catal yst efficiency could
be @tronpl Tishaabddymdn BihyRhici pagynidh énaarmeuipl@fed po kb afriety of
sol vent ed in the initiator mxture and _hy the . .
SABYTAtO ﬁ‘ﬁ’d‘i“@ﬂ%sﬁ? g’%’Bﬁ%‘@H SEH PR ?WéOCE‘F%B%‘Q aFtbC-lg“)?c‘In%l“dmg
Sbjee@TBmprsiiy PRl ofORId IRt k@R 6 at @bdtsdyeBNn,icaal W& one
constralned geagnetry catal ysts (CGC) as described in
IDer i paRp Qr@?@d?zecagn glognogidensiorsd, gsexfragipn goating

RA¥S Lol SHEIBs, Bulhs BT AOMBRYinjeftfnUgl61ab & r 360 RoRId
am |y of Z|rcon|un1catalysts wi th bi phenyl - phenol
latgtesd sxtrpsiesudibagy; and woven or non-woven fabrics. © Thermoplastic

le%goés%ldﬁg( %knp?lm(lﬁ the %BE&BX&%@ME&P q)%ﬂf'rﬂe'r Yhotad® blends with
other natural or synthetic materials, polymers, additives, reinforcing agents, ignition
resistant additives, antioxidants, stabilizers, colorants, extenders, crosslinkers,

blowing agents, and plasticizers.

[82] The embodiment ethylenic polymer may be used in producing fibers
for other applications. Fibers that may be prepared from the embodiment ethylenic
polymer or blends thereof include staple fibers, tow, multicomponent, sheath/core,

twisted, and monofilament. Suitable fiber forming processes include spunbonded and

known chronm um or REDHAIND36902
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(et hyl ) phenyl ) - 2- phenoxy) propane- 1, 2-diyl zirconium
(I'V) dinmethyl and bis((2-

woz@yghiee( di benzo-1 H pyrrol e-1-yl)-5-(nethyl) phenys’002036902

phenoxy) -t rans- cycl ohexanel27
2-di net hyl enyl -1, 2-diyl zi rconi um (1V) dinethyl,
because they are known to have a good tol erance to

&&Hl@ﬁloWHﬁéﬂhh&lh&S as bls€8sd1adi¢8! Pilt&ittN(%t ango tsd;tatAppel o al.),
generate carbon radicals reduce the amount of pol a

|4rﬁ§ér2?@ (Wenpski,chel )s 80 thtdRehp 6t @ﬁt 4ng| 4,322 Pak éRfthb gels@un
beef;m{lse dfsQlBé’e%nf @J@' phakaly. SH%l?Pﬁﬁ RhRsh, Egga | 6398 and
carbon-centered free radi cal generators Include azo

compoendebridsned didilngdbatl.-hobatbitiie. edt#5/06 (May), or structures
TR Bt @@%m@@aﬁé%@%dg%@r%ﬁes PROPIE, TNRE fion o
abigent, tRBQoO@edCatidon e@tautd@d rshapes,tindbeding profijcagrpiugiensodnd co-

gxt swnrs1 Ccla eggargd aﬁ? El cllrg S %{/ stelauér ?ﬂ e? yar&r‘gs oryﬂgaersuse d

to reach sw tabI e haI f-I | fe t| nes under proscri bed
opel8al i ng Terditiadomt pRyTEnik polymgodiayrbausqdringesses of films,
2R ch .a catal yst
rqmlgcguc@ﬁe/g glg tn%t ‘f’gﬁgb %hgﬁﬁg:ﬂ%y ¥ é)ll%tg) s{ﬂ{}glf ?1%159 AR stretch
diompodadeifoms, ts;tetcknhdmdnaﬁlmsnsemamh aad dopattatksbeets.
preferably a cation form ng cocatal yst, a strong Lewi s
aci 0

for®ike. i noRCaR Bk O RRL SRkt AEPLELFRE RS, ARt Eend
elsq)emhahti(yls rrélthh)dmbatlmrmncmalnmp reynwelid usulifpewire and cable

SRR oo SRS ELORL 18 ylehls B TR RO g Pging

no um noxane i's al's
Smuldealbdr&clés;)nndlmﬁn@&ealse@tﬁ&]ﬁ]@dtmﬁtmolﬂ]ﬁg blewhnolding p‘rﬁn‘ess, or
pre L hg such dified al um noxane i ddi scl %siad. in
g](g ?ce%sng?laa%}t%ﬁc?r@rgw,t f‘e?mg(? .lrjlf.)nt et ylemc polymer

/éhlu Hlsdil oX dnardGan falrkaed artitRd@siag conveali@aepolydlefih Srocessing
Pat ent Nos. 5,542,199 (Lai, et al.); 4,544,762
(9aRIRSKky, et al.); 5,015,749 (Schnidt, et al.); and
5,041,585 (Deavenport, et al.). OQher preferred

coc8sRnl yst Gthar Quitadir hpplio@vae doditiatmb@limbar @hylenic polymer

ounds, uch erfl uoroaryl borane (B(C F nd
ERONEIe8e ST b DRGe kriguy ST el Ay b gt bt and
tappil@v@hdorlel Nkt ﬁi@'@é‘ﬁl@d’nadheswes (including hot melt adhesives and
t et raki s(pent af | uor ophenyl ) borates, which are m xtures

Fresgmptreiias adpasiyephogeiie tiafluding heeasolesang sher kiners); auto
Glﬁtml 3&%1%F§)fﬂlm go&ﬂgﬁ&h Rpéh ARYCc1S8d el i‘hapalg’zI ﬁo&flers

her preferred cocatal ysts may be found in
Lprsotl%ttbﬁmopiamcu calymers Nsh 20dmho depgy gpolyethylene, - isotactic

polypropylene, or other olefin polymers; coated fabrics; hoses; tubing; weather
stripping; cap liners; flooring; and viscosity index modifiers, also known as pour point

modifiers, for lubricants.

[86] Further treatment of the embodiment ethylenic polymer may be
performed to apply the embodiment ethylenic polymer for other end uses. TIor
example, dispersions (both aqueous and non-aqueous) can also be formed using the
present polymers or formulations comprising the same. Frothed foams comprising the

embodiment ethylenic polymer can also be formed, as disclosed in PCT Publication
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wepwodi4ssent et hyl eni ¢ pol yner product.

[78] In sonme enbodi nent processes, processing aids,
such as plasticizers, can also be included in the

i nclude, but are not limtes to, the phthal ates, such
as dioctyl phthalate and diisobutyl phthalate, natura
oils such as lanolin, and paraffin, naphthenic and

NP B0 /® 1821 @t@me@h@e@t A5 OThP&hB B thefehid Ipeg/meaﬂlqy also
liquid resins fromrosin or petrol eum feedstocks.

PR Tigs kg d by 98 dgoph Ay Wsle e Fhea@ep}fd@wsdengleﬁr%beam

u
SIELOSR 3 TS Sl S SN g) Lol e

rp.
@alll alsshe chenpigddlyi eedhfiest, spabuasthorgrafiiex (fpr ety Use of maleic

e [ FLO d L
Loy SBEHORLL SRRl ELSAILE: aminion
emwadhnentmb@hyhewhbm@bﬁqm@ns are treated with one or
nore stabilizers, for exanple, antioxidants, such as

| RGANOX 10 ( eg : ,
Chem cal s; A%) att balgl 8@&}:%}%& blgaakr?ggqsg)l ér%lk gclre%]bécrhgfe,m ethylenic
polyye r@staﬁognzttloeat édltafqlet hddifigesoimchde dilktsabsiutli zererganic or

Elﬁg%gag]l?c n@ag?c%(st {n%ﬁldl%n cPay %illlcﬁI eutal rhtdlogcrﬁcg 3?%? pow%er%h I;h%[als

f ocess
jonginigche ;ndogalmcd[‘tersnmtlukllnglcmbdn flbf;rs lsiltcmamltmled‘tbetsl, géxtl wire or
r

abs rbe s,..antis
RIR8" R Futaf M RBake RN Pan Rl M, s, g, g0 tort
nekiieekanil Sxterpjeﬁss tnlcmdfng msnaffpﬁcmempuhalgma lods andl uidhed arilaind
sta |I|z hi bi tors,. viscosi control .

R ug Py (‘Peésn H h 50136‘8%“%” PR C@%d&?‘{]?e?ﬁfordmg to the
%hﬂy&ﬁﬁhﬁn@ghmner conp05|t|on may, for exanple,
conprise less than 10 percent by t he conbined wei ght

of ditjves,. bas on th

oS80 rront PO R el iy da SriogBfent iy K dabh i Suer
qbﬁgfxoigﬁﬁs Mhapot %@fﬁfrmﬂmy slﬁlfabtehe)nyntees ﬁ@mumgladm thderBl@iBment
enbodij nent et ni.c po OSItI one or npre
SHYG RPARS Héi} 4 H?PW%B% aecﬁﬁ%g %SH? GobyRers including
RaluyArein@@ngnthfl GoRRHNdedxpR)IYE @o]@ﬁlle,}setfd)rz &bndikB€include
conmpounded ethylenlc pol¥ner may contain any anpunt of

SR PEPY IS8 e (PR BRI aRpElYigo POl RERBICRE,  SHaCctco RPYDIAYS
%tawé gat,ﬁoﬁqédénﬁ{d HARYont OMPhSSroby1HD @Bayﬁlel%maﬁ&mq%wtof

one or nore phenolic ant | oxi dants per one

mplyp'ihomnfpamtﬂgd@g highe ppotutrelice-adicad dgPPE.ofiegiepdatta LLDPE,
| t
MBQ&@% S nG1e ?I% ¥ % };%y i ﬁa:;f?ca S@elfd% &Wz?é%%‘ﬂ-Naua

00 to about 1200 parts o osp ase
&ﬂit jngixincladecepe PE osweh @b [prddyats disclosed in U.S. Patent Nos. 6,545,083

(Kolthammer, et al.); 6,538,070 (Cardwell, et al.); 6,566,446 (Parikh, et al.);
5,844,045 (Kolthammer, et al.); 5,869,575 (Kolthammer, et al.); and 6,448,341
(Kolthammer, et al.)), ethylene-vinyl acetate (EVA), ethylene/vinyl alcohol
copolymers, polystyrene, impact modified polystyrene, ABS, styrene/butadiene block
copolymers and hydrogenated derivatives thereof (SBS and SEBS), and thermoplastic
polyurethanes. Homogeneous polymers such as olefin plastomers and elastomers,
ethylene and propylene-based copolymers (for example, polymers available under the

trade designation VERSIFY™ Plastomers & FElastomers (The Dow Chemical

These aPCEUS2009/036902
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parts of polymer. The conpounded di scl osed ethyl enic
pol ynmer may further conprise from about 300 to about

wa22wd/ipmst s of cal cium stearate per one m || i OPCPHR1089/036902

of polyner. Uses [81] The étbodi nent ethylenic pol yner
may be enployed in a variety of conventiona
t hernopl astic fabrication processes to produce useful

E@’otrﬂp@hﬂsa,nd|VISTMMADQX®¢E§&&1§A@&H@H&§MIQS@§ chEASS bOBRful as
filmlayer, such as a nonolg¥ " Im or at |east one
e

|Cagné@neinﬁ imblgafsccomayEns e ep ﬁ&t}/le@gﬁ ROAEHREr. bl own,
cal endered, or extrusion coating processes; nol ded

artjigg] es, BUGR asd bhigwrarobdeag, emBbEREAOBhRhiE EFbly ¢ may
rotonDIded articles; extrusions; fibers; and woven or

esudidhesmoplagicively olelin Slcadpi ROy teereiopigBisiclasgmer blends (TPE),
Q&’iﬁ% 1400 gukaﬁzﬁésb(q@mm stgle¥! B nfer Bfeh&mpmaﬁ@ lip¢eslends

s wth other natural or synthetic materials,
FWIYy Per prepaigdi by veanbiniag newbesdingnt agdlesic pgmeiso nincluding

rf |t1§1t1a‘fﬁ%d gldlq{satjuf/ g deﬁ%dvgg( F{é?e%% SWlthS%IF‘g%O'ngl%ﬁber including

orants, extenders, crossli nker
a:nmlvepu@t@t bloclzelpslyrr[eS%Z]:SPWeH}earb%ﬁﬁ bieeit cmhydee mnd Optlonally a
I ysed in [ her ..
Db TRl B tEienf AR (raBPwaBiy Chl i e
@ntbodinmmolmdry Wwah ia@opmle!ﬁlmdmptlbﬂaﬁm dsrasklgrkegf orivochnidieg

Aol Su' Pttt i b SOR PRl REE] Sp iy gocnany
pmﬂeﬂm@s thenebuwdey Sypudddomdeld. amdrihitar b;browduﬁeeﬁdnﬁg gifésent

as disclqgsed in 340, 56 el .. et
PP JR5 Do T Pho ks et 115yt MRgo 2kbTPRGHp
at).al .), and 4,322,027 (Reba), gel spun fibers as
disclosed in U.S. Patent No. 4,413,110 (Kavesh, et
m&ﬂgn and nonwoven fabrics, as disclosed in U S
Patenp 1085 485, 706 (May), or structures made from
such fibers, including blends with other fibers, such
asl@ﬂ]yestﬁm:umthnnmomwmftam;m&hémﬂmksnnaﬁmnmtthe$ﬁmS
truded sh | udi n rofile extrusion
St PG RR R Bamihtiap ot Se i ke RipdiFR AT litupesigon
Produtts Mgendd yramrtse mhtefialber de cdnd@kitudhe enbodi ment
et hyl eni ¢ pol yner may be used in a variety of filns

i nc i ng ut not .. ,Ied“t rity. shri | ns,
COl d9&lf| on & rl h‘[& fL]f)IIIH , ym I‘ab %n ?.S f.lse meaIP an 1nt1mate

fphl dig) nedoare t(dht iboaident ﬁeadtm) ofsefaloaﬂio&, p(ﬂi)nﬁierdl Apb&lhd may or
tr)l?ac):/kns(’)lg %g 1ﬁlsls'cible (not phase separated at molecular level). A blend may or may
not be phase separated. A blend may or may not contain one or more domain
configurations, as determined from transmission electron spectroscopy, light
scattering, x-ray scattering, and other methods known in the art. The blend may be
effected by physically mixing the two or more polymers on the macro level (for

example, melt blending resins or compounding) or the micro level (for example,

simultaneous forming within the same reactor).

[92] The term “linear” refers to polymers where the polymer backbone of
the polymer lacks measurable or demonstrable long chain branches, for example, the

polymer is substituted with an average of less than 0.01 long branch per 1000 carbons.
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[ 84] The enbodi ment ethylenic polynmer is also useful
in other direct enduse applications. The enbodi nent

operations, in sheet extrusbPon for vacuum form ng
operations, and form ng nolded articles, including the
use of injection nolding, blow nolding process, or
rotapl di rrgh@te%e%%er%mestbta 9B§/m@9&%6in§b1ﬁﬂ biBSared by
enbodi nent et hyl eni ¢ pol yner can also be fornmed into
Pabpiesaing anoapmPE] whethegioh ghec%ﬁ\ff‘eﬁtau BENt gy of er gegeric term
FM)%%? %h&gelhgﬁwgl fﬂE’ &erm [“ﬁél.lnolgl)l;}ﬁér Héutaﬁpleﬁlployed to refer to
[1cations for the enbodi nent 'eni c polyne

|pnlym§€$eprell>8a@t fremfonlynenedee 6f rb@rogner s@ﬂtthft t@uchu@fzmdgmer as

SRS SRR BRI D

adfvabé¢dses and pressure senS|t|ve adhesi ves); footwear
(i ncl udi ng shoe soles and shoe liners); auto interior
par and 0 bt h a S
cel?ﬁ] |nﬁg£tt%%gl m&%@ﬁh&? g? %rq§h%82§%?a§??%£@ EF the
m@bywslgmmu@haakmh|gﬁ>déﬁgmtywwmlvbnhy@eﬂe,Th@d@mnmi@nn

oat
PRGYPRERY hE 00k Clrofhl el RS e, SR mipare
fftoootwmgtffeandmvnms |ah§1r pplydlers royshicddi Mm ma@¢ sonkwowiffeamt
POU p0|q} qulflers for lubricants. [86] Further
$9%Pn%ﬂ?r%¥ t he enbodi ment ethyl enic pol yner may be
performed to apply the enbodi nent ethyl enic pol ymer
f or[96} her 'Erdicus ésthylﬁmbaee&hpqdyreqzr dékpepsai pninsne(rbmtrtontains

agueous gnd non- QuS. q al so be f n%vthe
{1 5 rqole ercen nerrzed € Ylene monomer to 1 amount
presen po I' ormu ons conpr SI ng t

EfpmhmdnﬁMBHEMmﬁﬂﬁbmﬁid@kmmgzampodmmamtmeibmi@mumomm;
polyner can al so be fornmed, as disclosed in PCT

ati QQ5/ (S IS t
enb nen?P%$ﬁnﬁe%%’%%%?§%§%IE%§%§&§% %ﬁmgf%ggf%mﬁ£% .
blyat asntaikniowe taadiisnols patenagolyineriats ethgfenpmooxhaehased on the

| ectron hea SI| azi ar, ot her ss-11i nki ng
Fuhmiedtes! PR BB e RasReoBr gt *can al oo
be chem cally nodified, such as by grafting (for
ex dﬁflﬂ e byThesermof ettmllemb @obniey dreffate tof Mgb-l)ymes 'rdsuil’i&g froor the

CFII(I)% a{ grfl tetlhnlgn d I)pblgh%rl ARIE qqgas? o:?e 1g}[1 ong q}?ﬂ branched

hehi'€a
Addkhe%a&d@n@nﬁdjuvants may be added to the enbodi nment
et hyl eni c

TEST METHODS
Density

[98] Samples that are measured for density are prepared according to
ASTM D 1928. Measurements are made within one hour of sample pressing using

ASTM D792, Method B.

[99] FFor some highly long chain branched ethylene-based polymers, density
is calculated (“calculated density”) in grams per cubic centimeter based upon a

relationship with the heat of fusion (Hy) in Joules per gram of the sample. The heat of

for wire and cabl BCT/US10091036902



pol ynmer post-formation. Suitable additives include
fillers, such as organic or inorganic particles,

w0 p@badiony cl ays, talc, titani um di oxi de, zeol PCEES2009/036902
powdered netal s, organic oBlinorganic fibers,
i ncluding carbon fibers, silicon nitride fibers, stee
wire or nesh, and nylon or pol yester cording,
TaRGr of aRIpAANd GhB ke isClANRine@NtinkOmE apgd; Cr% Khifyl Blethod
oi | extenders i ncl udi ng parafflnlc or napthel enic
dricsbedifiaot her natural and synthetic pol ymers,
i ncl udi ng other polynmers that are or can be nmade

accaodli Ny 1@ cbish NP R TRMp W&d%ensﬁt?%daleﬁtr165 & for

m xtures of the enbodi ment ethylenic polynmer wth

Gighdr bigeahod peypsbased P Emererthigly rammesiglly pypigablsdl ks pegins

5 f(@ermglﬁht@@ di-RgmWiclally ARG HIORAIE BE “CARY) £0 St PhrYd¥RYity, melt
i ncl"ude thernopl astic and non-thernopl astic pol yners

iipfleK lﬂ:ﬁ mgatrd tivgierl. peakdmeljing rairerypd | g nacBR, fpgyng the
ﬂﬂ:'né/lg? 'I\/rﬁﬁl)tgﬂ?exb bRedh g iine. Lt?e? P&%&R&@@woﬁl%gramﬁgh by 3D-

i mpact yi ng pofypropylene, isotact
916 pnd eyt R B rarmhegt Indexploy 9@1*@11@ In@tiwds, aaﬂddqsmhﬂtd mfra. The

%ﬁ%{r‘ﬁ%{\%%ﬁh@%& solPanl ﬁkﬂgaﬁél)eme‘é %t Hﬁ%a%}éples of

ene ree-radi cal

DPE, Ziegler-Natta LLDPE netallocene PE., including
Tultlple rfeact or PMe ‘in reactor” blends of

r WgPaWL a PE '3 'ﬁet%ﬁ?ﬁ%eng $€ as products
j' tﬁ%%d Iﬁ;&pn7o 21ePLV ql g? ) g; Eg%gaignﬂ%H LCB
10. 1.2 5 0.48 2.05
Parl g tO.@bZ ! gz_5§<414' qg51(K0||1q Qamﬁg % ) 049 203
? 75](BaTE et etigh.)1v.dad| 6093, 31 50
KoI mrer o83 al 1), etgyheneryisnyl ggetag%1(EV 50 1 99
:thcp e/ Vi pylg al coflol copgbynefnsg 30P¥§tyr%%g I pgct 4o
ngbﬁ ob¥ yrene, ABSy,styrgng/ butadi eng bl oc 304
pd gg hydqqgenay§g1dequ§t ther%gf ( %$ 1 84
and %E S) thersmopl asgy g poyy gr=t 164
4on%fﬁge0L oB ynmers. suchzag ohe LNnlp 506
Pl ashOfier 4, oskhyl eng, and gy opyl qihg- pas 96
hanp §go400!l Y S avgh ab 1e2gn1| 548
jesb atiang gBSIF En) P% K: 1 90
Dow J m galgoppan and1¥ TA U 503
Che 1I Co g can ‘al so he 7yseﬁqh6a; ' 5 30
Dl e 5corrp5|9§21 ng t‘%}e en‘qg nen1t11§t 1y|0: 195
89 1%encsoggg ures ,Q %o@@dek 561
DOl L MYy | ud %her Eastlﬁ4pnlg 333
TP I:ngtherg_g astl elaqggger1q gnjsa 511
CAR19 0.918 82 1432 106.4 2.27 : : 3.20
CAR20 0.922 0.67 148.7 1104 0.68 : : 1.59
CAR21 0.924 0.79 1542 1118 0.74 : : 1.96
CAR22 0.922 0.25 1500 1105 0.92 : : 1.92
CAR23 0.924 3.4 1536 1113 0.65 : : 1.94
CAR24 0.921 4.6 1482 106.9 1.49 : : 2.54
CAR25 0.923 20 150.9 108.9 NM 2 91
CAR26 0.925 1.8 1575 1124 0.82 : : 1.86
CAR27 0.923 0.81 1537 1115 0.87 : : 1.94
CAR28 0.919 6.8 145.1 105.7 1.72 : : 2.75
CAR29 0.931 3.6 167.3 1156 NM NM
CAR30 0.931 2.3 169.3 1158 NM NM

10 Table 1: Properties for several Commercially Available Resins. Note that “NM”
means not measured.
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wa@ eobitnieny enbodi nent et hyl eni ¢ pol yners,

t her nopl asti c vul cani zates (TPV) and styrenic pol yner
bl ends. TPE and TPV bl ends nay be prepared by

functionalized or unsaturated derivatives thereof,
with an optional rubber, including conventional block
copol yners, especially an SBS bl ock copol yner, and

optiremal | YA ayrsshOsshindkhd e1iondtl f@REL Ms@}gﬁf&lt heatl51Qusion
bl ends are generally prepared by bl ending t

éﬁﬁé@r th%ﬁPmEE¥C%¥1érAsVath1% 8SipFoP yl&“@fmﬁlguaena BpgllVéfhall Figure
thﬁes?duhf%kdffhgc&fela\(l% %é‘&h&bﬁl%e%@e%ﬂtthe Jﬁk@w@@ f%cgﬁioﬁaed data

bl ends hay be used form ng | ded obj ect,

opluptonBabeg lmoosasllnwk |r¢gyessll@e, # @glmﬂtatleda glemtb/dedglamsmr gubic

a e
SeTMbEbr SEARSRHNE (310E Mish"RFE kAR TRARERS BbES: bugo
(PAlybwrs ¢canebe dbtel)rmn@bfnom theorest pOOYsiohhen tewles per gram, using
" gﬁgﬁ}tlon as used, includes a m xture of
material s which conprise the conposition, as well as
reacti on products and deconposition products forned
from t he n@tlevlited density + hO3LOAPDE) + 8.60E-0f IEY. IThe terns
"bl end" or "polyner blend,” as used, nmean an intinmate
phyﬁ%ﬁq+m§1xture (that is, without reaction) of two or
nore polyners. A blend may or nmay not be m scible (not
phase separated at nolecular level). A blend
mayl1Adt beMphdadexs epdr at @@asu}l@dbmemoml}ﬁeoth%P 1238,

%ﬂhlﬁbﬁ‘ 190©CR!1 6", Gnd NTRIp Brt&pﬂlf LG RRAQNSor @Sminutes. T is

det er m ned fron1transn1SS|on el éctron spectroscopy
Irmegmrect@attcmdann‘gwuh ASAY Bd3BE. drondigion A9 (g1 hks. apndishierpsted

Kﬂg sl e%qﬁrﬁf&nmtﬁe bl end may be effected by

S|ca y mxing the two or nore polyners on the
macro |evel (for exanple, nelt blending resins or
conprogktield djiscesityt he micro | evel (for exanpl e,
si mul taneous formng within the sane reactor). [92]

Th lbﬂrn1"Nkﬁe@ﬁamﬁ§f%r%e&ﬁmﬁ&iyﬁﬁﬁﬁ AMNSLEKANE RRoYHGes
backbone of the g_yy | acks neasur abl e or
B&e

ddbigsheboroa vLe) PO TRetRy diilcfiarpsatie plughiapsp panple l§hambers.
Q‘BL: Xﬂiﬁflle él%@dslg Q%d ﬁph(?tqné’ﬂ §ptfhd§’é’]su‘ri’t¥l§[é @&em(%%g]ilﬁsﬁsct)ﬂﬁ& from

branch per 1000 carbons. [ 93]
'ab@ltylﬁa to' apaf el08,000 canymwispsrer@berc spmprdem thap ripased dobgbtain

| , .
395 ?J@Js 1Hh@ glsgeaﬂgol_ﬁg{hé gﬁgﬁ%% Eted’éllt ?T%fthkl}gng%%rlnlen BfdePto obtain the

erent t
recommended torque ranges as described in this procedure. The sample is poured into

the sample chamber, inserted into a Brookfield Thermosel, and locked into place. The
sample chamber has a notch on the bottom that fits the bottom of the Brookfield
Thermosel to ensure that the chamber is not allowed to turn when the spindle is
inserted and spinning. The sample is heated to the required temperature (177 °C),
until the melted sample is about 1 inch (approximately 8 grams of resin) below the top
of the sample chamber. The viscometer apparatus is lowered and the spindle
submerged into the sample chamber. Lowering is continued until brackets on the
viscometer align on the Thermosel. The viscometer is turned on, and set to operate at
a shear rate which leads to a torque reading from about 30 to about 60 percent.
Readings are taken every minute for about 15 minutes or until the values stabilize, at

which point, a final reading is recorded.

i ncl PdT/D§R009/036902
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pol yner thus enbraces the term "honopol ynmer," usually
enpl oyed to refer to polyners prepared fromonly one

wo ye/1ofeetrononer, and the term "interpol ymer" BGST/US2009/036902

defined. The terns "ethyl ed&/ a-olefin polymer" is
indicative of interpolyners as described. [94] The
term”interpolyner” refers to polyners prepared by the

pol ympsicz@tys@idy at | east two different types of
nmononers. The generic terniinterpolyner i ncl udes

copal ynmers sual | ed to refer to polyners

pre[ﬂ3¥]ed fi%ﬁ#i %qaﬁ({g% g%@ﬂ%%ﬁ%ﬁ ) canby ‘ib%‘%{ Wriegsure the
REERR 8 &y QM ARSELHARDr SO ?nfnéle@@% Wi &%g@f)f temperature.
nononmers. [95] The terni"etﬂ¥

ene- based r
HeF eranple ¢ Eéi prrement R 108 AN r?ﬁu%‘i’dewttﬁ %féﬁ tefrigerated

Q@&ﬁ%&&m&ﬁiMﬂ%&hﬁ%gnﬁﬂaMiﬁﬁ&uﬂ&ﬁ@ﬁﬁﬂn£Qﬁ§%Q PRrihHRsting, a
total” anount of pol ymerizabl e nononers)

AHEIZem BlEy gasphipyv @lowtmal/mings uﬂeéaEﬁChoﬁiﬂi@lP@Gﬁﬁl% pesssed il thin
e o %ci?ii 194 0y, 'tﬁé‘ﬁ{eﬁ’ecpéaﬁ%ieﬂs 'tﬂé‘h%irpc%iég‘gé roofnetfeﬁlgec‘rattél%t @85

i nter mer t'hat contalns nore than
ﬂ@)yﬁeﬁﬂ@e@;éihmiénewWDﬁmwénm(basgdx@hﬁbmehe@odﬂipownwn

B P Y TR AR S FRE R T e B Sl o o

ahqnqie;mMedrt@Seji:nmmegtsfthﬂmat Ibrepdnkmdi ng of an
et hyl ene- based pol ynmer and at | east one highly | ong

ch aflﬂS]b r ?ggl%;e gggl%tﬁ{' yﬂeﬁﬁorbgfs &1@ S%%UF ;dgte;i[ili’:[ggd T the

Density es that are ne or dens
iwfeidartedpeammrm g dovnASTdED: 29R8. ﬂ(MfalsnsusetmmB@tuaﬂr @rofﬂe.

TB9E LR RSBl | STIRLE RUS Dbl ASTMues i
lorden ch edn@t iyl teererabhised . prﬁyt[TEfeSam@EmSICb@/ledl %0 -40 °C at a 10
cal cul at e cal c ensjty" er,..cubi c

Bl iR B0tng (8B B S bERE fad b ot B Re. Wl i
fibmiRied W )50i @ (&Qyiseﬁe ‘Bedond hadiy ﬁlﬁnﬁ) hea s@NYheautel] lT@tlﬁlgﬁﬁe

of fusion of the ymer sa le is deternined using th
paecer y@taﬁfl Iseqong ge?ﬁlgg KBcH~E 6?9055’8 i[he c9ol curve 1s ana yzed %y

setting baseline endpoints from the beginning of crystallization to -20 “C. The heat
curve is analyzed by setting baseline endpoints from -20 °C to the end of melt. The
values determined are peak melting temperature (Ty,), peak crystallization temperature
(T.), heat of fusion (Hyf) (in Joules per gram), and the calculated % crystallinity for

polyethylene samples using Equation 2:
% Crystallinity = ((Hp/(292 J/g)) x 100 (Eq. 2).

The heat of fusion (Hy) and the peak melting temperature are reported from the
second heat curve. Peak crystallization temperature is determined from the cooling

curve.
Gel Permeation Chromatography (GPC)

[106] The GPC system consists of a Waters (Milford, MA) 150C high
temperature chromatograph (other suitable high temperatures GPC instruments

include Polymer Laboratories (Shropshire, UK) Model 210 and Model 220) equipped
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[100] To establish a relationship between density and
heat of fusion for highly branched ethyl ene based

w@odogirersst thirty commercially avail abl e LDPE PEBURR09/036902

(designated "Commercially Avail abl e Resins" or "CAR")
are tested for density, nelt index (12), heat of
fusion, peak nelting tenperature, g', gpcBR and LCBf

4RING drDoaReN BbeMtial l}@f{at:tohfé@@ {(RI) DRGE0NA tadlebbRidaY incfeRk an
Per meat i on  Chr onat ogr aph y,h&{h@}/ 3DGPC, and gpcBR

BRAARF-Trd detraex oy BplveeCh ddencig) Ppaipls BRacisiy Detectors
'(an‘h@rst MIQ) Q:QH%IE rlgshla 4 s@é{éhhgl%t@ctaeﬁ/loﬁél ﬂ)arﬁ eal{dhé§ Vlscotek

properties d in Table 1. 't Commercially Index
(Hpgsyonda$) BYORAG-appibasy esomeln@wnsyowgﬁll 0N =11 Y (vyrttthéaRast two

R PRSP ot ik SR, LGt o o
Z3DSGRCARAVIGIeOd2 R “UHCY . ﬂorlblgemradly 8efeds 62 cOnwBtichaDBPC.
et ths caieq el o fighs 13 OBl gt
Z@hﬂsame&ng Aéed@orlis BedPorix@lcdladdn purb&eCARGa ColRLtioh i6 pdrfdithed
e F605% 5855 R, VB BAREI G s RingeeYifestekg i Yagacer
Q)l\'zigO(g qu s@st&ﬂ 1s’|.alglﬂe(giﬁ6ﬁ9d gz@%a da- 1%6 s%ﬁ;rﬁﬁ%—aliﬂg aevéce]ﬁom
83 geh L%‘K?f?tto’éfé @ﬁﬁshfed@z&%ta@i ht@gie.fhaeraﬂrﬁ @Cééogfeﬂns can

Be WedDsuoh ad {88 30AMLIAg BhSRR 19TR3 LI rohlé@lum@. of Gol H6cm
0.50 1.90 CAR1 3 0,924 2.0 155.2 111.8 0.84 0.61 0.49

’EPU@GCARH golgmypaf 20-micreny nuxeflppragsize pigkipeddligd 4, Folymer

ar ) nt'i [ a )/ © +a! Urdn
o%g%.z %%1633 310195 rﬁﬂa%tgge gsg %t%fi t0.142) °d 2R ARHuf

compartment is operated at 150 °C. The samples are prepared at a concentration of
0.1 grams of polymer in 50 milliliters of solvent. The chromatographic solvent and
the sample preparation solvent contain 200 ppm of butylated hydroxytoluene (BHT).
Both solvents are sparged with nitrogen. The polyethylene samples are gently stirred
at 160 °C for four hours. The injection volume is 200 microliters. The flow rate

through the GPC is set at 1 ml/minute.

[107] The GPC column set is calibrated before running the Examples by
running twenty-one narrow molecular weight distribution polystyrene standards. The
molecular weight (MW) of the standards ranges from 580 to 8,400,000 grams per
mole, and the standards are contained in 6 “cocktail” mixtures. Each standard
mixture has at least a decade of separation between individual molecular weights.
The standard mixtures are purchased from Polymer Laboratories (Shropshire, UK).
The polystyrene standards are prepared at 0.025 g in 50 mL of solvent for molecular
weights equal to or greater than 1,000,000 grams per mole and 0.05 g in 50 ml of
solvent for molecular weights less than 1,000,000 grams per mole. The polystyrene
standards were dissolved at 80 °C with gentle agitation for 30 minutes. The narrow
standards mixtures are run first and in order of decreasing highest molecular weight
component to minimize degradation. The polystyrene standard peak molecular

weights are converted to polyethylene M, using the Mark-Houwink K and a
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CAR1 7 0.91 8 0.46 14 1.2 107.4 3.09 0.46 0.39 3.33
CAR1 8 0.921 2.1 145.9 110.2 0.85 0.60 0.41 2.11 CAR1

WO209914681 8. 2 143.2 106.4 2.27 0.54 0.33 3. 20 BARPS2009/036902

0.922 0.67 148.7 110.4 0.6850.62 0.42 1.59 CAR21 0.924
0.79 154.2 111.8 0.74 0.60 0.48 1.96 CAR22 0.922 0. 25
150.0 110.5 0.92 0.57 0.47 1.92 CAR23 0.924 3.4 153.6

J{é'olme&rr[és B7erd@S adaMBiuks AfbntdRd 4 Q- 18 1§’s ened@d %ol &m%e
1.49 0.58 0.36 2.54 CAR25 0,923 20 1 108.

16 the Framplepgconpra dergongisatian of fs Erogzdslz 0. 64 o. 50
1.86 CAR27 0.923 0.81 153.7 111.5 0.87 0.62 0.50 1.94

CAR46810. 91w9th@1:8Gisé5absalut$%1 t hvdid &m@%eﬁaﬁ@e@hﬂ@m Abs”)
CAR29 0.931 3.6 167.3 115.6 NM NM NM NM CAR30 0

NG NEYISIY  YIPEPSHY NNF m%q\mbmmeqfamdépea}delﬁmﬁémt |S@sab¥% MArrow
$EMeMHn CRINBLE abihy Y @Arh@%ﬁduﬁﬁél M&niohal %retvﬂﬁgly." Nivhese

nmeans”  not mneasured.[101] A graph show ng
W@Wl@ﬁ@h@%ﬂﬂéﬂ%eﬁﬁan&?ﬁ% inay benebtaaest fr@m quﬁn@nw(bﬂfa}ones

Qb iy SATREGIEY 630 lodBhgrRaRpobs shown i1

iven in ure I's the square of a
correlatlon coefflglent betmeen t he observed and
moddP¥d dathe syspuetic appepsettion ferlegrinpéarof pagfi-deeqieyrpifsets

Ga %rﬁl%& Qin qerﬂacﬂngly coﬂsﬁteg{ @/ﬂﬁ tﬁ’aec‘ uBHsk%{l: bg %lkm(ﬁﬁey, %t al.

co rcially avail able highly ng chai n branched
éMoytegnend aleise. p 6V yamentesr ey d)@lm’t drhapiaedl X r 61992 ne (Balke,

ey
Wptlmlzhrgd@qole[ dddR]or Neg (I\/Iiwna;t@xmtrmslc:h@scomw) mku frech Dow 1683

8&3g)§/gtcreen¥mfl& her’ﬁ‘:%IMoPm]érz ah a%) I t I ntor Fgo% 1t:s|'|§(116981ent
mea]seu rneldow rstzaxda:ndr dﬂme oa/hlbl’atmﬁﬁ“fd‘mm 1r2)318 ,theComhvt ipolyst e
stangargsg cah%ratlonscugveepo%e molecular weight data, accounting for detector
volume off-set determination, are obtained in a manner consistent with that published
by Zimm (Zimm, B.H., J. Chem. Phys., 16, 1099 (1948)) and Kratochvil (Kratochvil,
P., Classical Light Scattering from Polymer Solutions, Elsevier, Oxford, NY (1987)).
The overall injected concentration used in the determination of the molecular weight
is obtained from the mass detector area and the mass detector constant derived from a
suitable linear polyethylene homopolymer, or one of the polyethylene standards. The
calculated molecular weights are obtained using a light scattering constant derived
from one or more of the polyethylene standards mentioned and a refractive index
concentration coefficient, dn/dc, of 0.104. Generally, the mass detector response and
the light scattering constant should be determined from a linear standard with a
molecular weight in excess of about 50,000 daltons. The viscometer calibration can
be accomplished using the methods described by the manufacturer or alternatively by
using the published values of suitable linear standards such as Standard Reference
Materials (SRM) 1475a, 1482a, 1483, or 1484a. The chromatographic concentrations
are assumed low enough to eliminate addressing 2™ viral coefficient effects

(concentration effects on molecular weight).
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waawonateer i es (M ddl ebor o,

in grans eluted per 10 m nutes. Brookfield Viscosity
[103] Melt viscosity is determ ned using a Brookfield

di sposabl e al umi num sanpl e3¢hanbers. The spindl e used
is a SCG31 hot-nelt spindle suitable for neasuring
viscosities fromabout 10 to about 100, 000

CeNhAPiGETem gkﬂaﬁremglﬂgEﬁﬁlomaaﬁmuﬁ&ﬁ(&m@m ai n
viscosities iT the viscosity of the polynmer is out of

this_ range or in order to obtain the reco n

t or[ae@ r ang&8EHangfedt 1 Hagiglyd %Cﬁ?rémlgrtaa%edﬁlmfg@ gﬁ%émbed in
$a91tent NoPOwssk1i (LA B@l?@ﬁ@h@ldcﬂ ARHR! T.R..N&bteéeh, D.C.;
into a Brookfield Thernose and | ocked into pl ace.

Fise. §Rrp Deteapmatngy ofhBenehingobistibgronsHa Hobtettylene pad Eftylege
td%@m%%&@lf@ onth e Brapokii g3 goghe rmsc%hﬁg&atﬁ% Yh&e {1 ent

hanber i$ not ‘aliowed to turn when t he spindfe is
|arﬁs®rSQr@@d andadyh kit ndleterminagampl %W@hh@aﬂré@hm Ipipfgibutions

lof Cﬂ'ﬂ %@g 'ﬂg eAl(tgl%ztecp Gf)empgtgttu}é Rgslﬂ'%f 151? qﬂ &EIB;Pa!tlgn

is a out pr oxi mat el reS|n
t(hetot BRIG)” ther@émmllahamw Scﬂarree Vipgt &nbtrebymp., 45, 25-39

R T

bo déﬁe"& loaraled hm tshieS@dmmt ar amlelqglmalemt tehwperituar, rang edllowédhao
h
cg%s&ﬂ iR |1%‘?‘|C(fhérgla gm{t%lmgg ta% },neﬂ éu]%pog ést%m% eeﬁ glbg lﬁlas%% a?s or

ahouibinaforpéeeentby skeagdrdaigsanarte térajxfemum\xe Qg "@an wteolingrrate
aRPR e e bbby SR BLATRT oy,
Qrysties deéchy addlddondotehf @nandrtially Semank ng dG@klﬁéd ethe YGel
gPF C) .can_be used to neasure the nel|ting

i (BRI SEN AT Sredahpiry BRI BeR T qgra curve s

HRAT&nOh el P& E@RIoUhE - sQi'lhz@éI r shiifle TN BRt BN tahile
(I%DSC quw pggd r}F gﬁnfrlgerated coolin

s%%aélﬁﬁ ﬂﬁﬁﬁn&f‘ﬁataliﬁ‘t(bs(é/ﬁﬁmé?) qf§helf§ 1 gnd sBYing pely ¢ frgm 20 to

QQ@bd%aﬁateQﬁﬁb”Qhﬁlﬁ&E' ng, a nitrogen purge gas flow of
O mM/mnis used. Each sanple is nelt pressed into a

th| n filmat about 175 0C, the nelted sanple is then

ai rEaspdpmpenagire Kiving EWPﬁFW@“PU%(FO@EF 3-10 ng, 6
nm di aneter specinmen is extracted fromthe cool ed
polpmer, wehghedIRIH & péfdred vdlﬂhgiltrﬁtebtmhnwm@maﬁy (Fo8mer
50 2 and crinped shut. Analys

ChAR (Valencia, Spain) in orthodichlorobenzene (ODCB) with IR-4 infrared detector
in compositional mode (Polymer ChAR, Spain) and light scattering (1.S) detector

(Precision Detector Inc., Amherst, MA).

[112] In F-TREF, 120 mg of the sample is added into a Crystex reactor
vessel with 40 ml of ODCB held at 160 °C for 60 minutes with mechanical stirring to
achieve sample dissolution. The sample is loaded onto TREF column. The sample
solution is then cooled down in two stages: (1) from 160 °C to 100 °C at 40
°C/minute, and (2) the polymer crystallization process started from 100 °C to 30 °C at
0.4 °C/minute. Next, the sample solution is held isothermally at 30 °C for 30 minutes.
The temperature-rising elution process starts from 30 °C to 160 °C at 1.5 °C /minute

with flow rate of 0.6 ml/minute. The sample loading volume is 0.8 ml. Sample

MA) DVI I+ Vi sconet ePCHIF2009/036902
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then perforned to determne its thermal properties.
[ 105] The thermal behavior of the sanple is determ ned

whyowanssng t he sanpl e tenperature up and downP€DUS2009/036902

create a heat flow versus Benperature profile. First,
the sanple is rapidly heated to 180 0OC and hel d
isothermal for 3 mnutes in order to renove its

OBk Wl%/gﬁt QLY is Ible&matea Re the MR & th$ 1R 1o8d1 8 QigndQvBGhe

at a 10 m nute cooling rate and hel d isot hermal at
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bymmettineng basel i ne endpoints from-20 0OC to the end
of melt. The val ues determ ned are peak nelting

gfk%baxfa%hg gl&a)cureﬂ?ab% [lm}ﬂrh URRRLGT T PRESS at ur e

at o usion es per gram, and
the calculated %crystallinity for polyethyl ene
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\élg@gitifgitﬁrbaa lgr(gw?ﬁ:ngl\faglfhtlbiﬂe Saﬁ@:ehlo%? Iisir ﬁ%ﬁgjg?d@?fg}w mg per
SEHER et TR 3 oo coREa sola° FHO B C over

a@i&mﬁteqz;nez geier aht Yodi&f @npld sdc@nnanire anal crdakiesred to the
Dependi ng on the sample, either the 15- de%ree angl e or
Seeng (tpn&gbatugg pg)rg@qngn@,le lfqt]lé and equilibrated at 25 °C with a 4 ml/mlnute

constant flow of TCB. A linear temperature program is initiated to raise the
temperature approximately 0.33 °C/minute, achieving a maximum temperature of 102

°C in approximately 4 hours.

[115] Fractions are collected manually by placing a collection bottle at the
outlet of the IR detector. Based upon earlier ATREF analysis, the first fraction is
collected from 56 to 60 °C. Subsequent small fractions, called subfractions, are
collected every 4 °C up to 92 °C, and then every 2 °C up to 102 °C. Subfractions are

referred to by the midpoint elution temperature at which the subfraction is collected.

[116] Subfractions are often aggregated into larger fractions by ranges of

midpoint temperature to perform testing. For the purposes of testing embodiment
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light scattering detector is used for calculation
pur poses. Data collection is perfornmed using Viscotek

wareisEQespft ware, Version 3, and a 4-channel WET/OSTY9/036902

Dat a Manager DWVA00O. The sys8semis al so equi pped with
an on-1line solvent degassing device from Pol yner
Labor at ories (Shropshire, UK). Suitable high

gr r@@fﬁ@dléﬁmth%ﬁp@ﬁt teaﬁé}atﬁfég bh @8 rafngé‘ bt S0l
Ion Sho ex HT803 13 micron colums or four

Pol aywmlma%iswé%hwﬁ givsfa Dian crlisd “Aracken por &ubtr%élons with
R lﬁtqe&gérmek% tlf%a{%eéf JeABSs. °(The 5%&3}1%%& tcfg%{hg%egwe a

artne IS operated at 14.0 OC an e COo
é@ﬁmqaﬂghtFra@loo@er avklgacapnsBith OPpoiMhenpapiresgn dreefange of

gge Sﬁdoc?‘taré‘ c%ga;ﬁﬁl%ﬁt{ogéthé}” 0l 1 GLARR &EIF{POJF}[

liters sol v chrorratograp IC SO ven
£$|uufr¢dllen$i¥[ﬂl) Inedjpri pempdratores $othegntgecd rfi2atior7 820D anp prombined

ated h toun BHT,, oth sol vent
B Gt R R ST St B PR R Bl B Bl pptines
gﬁnﬂdrgerﬁact[d’netﬂorattstul@ﬁlrﬁ@ei or four hour s. The injection

volune is 200 mcroliters. The flow rate through the

(illgr a?ggAbeefl {- avéra (& utlonttkn]i]g)eé%ture 1? df(:%P 11%1186% t%r eac%eftractl%n

ore’y runn
tbmmitupemme amaageow tm:)blenaut amp\mtugmtangh m eadhwubfumtlon and the

pol yst yr ene ndards r,we t(

PRt T RGeS B Tullor E M ) St o e pigerase
nahgratands thensiedngaydaioanas ddahiicannied in 6 "cocktail”
m xtures. Each standard m xture has at |east a decade
of separation betwe i ndi vi dual] nol ecul ar wei ghts.

The standard mi xt ur ey 7af & puchased from Pol yner
Laboratori es (Shrdpshire, UK) Vit yr ene
standards are prepared at O O; Sﬁ n 50 nmL of sol vent
for nol ecul ar wei ghts equal to or greater than

1 %%:en q]gor rgfpé)gng temperaﬁure ﬁ?s%algr(gvg enor SEgrB(E)rB aB% é(}‘) is the
greanﬁ tlmeégnmlt,@rop'ﬁhﬁ)np)l(lb y&s:tmm&amm@b@nﬂa rildsle wehent,

di ssolved at 80 OC with gentle agitation for 30

T, St s ar
angH8 or s Y L THAMAEAS RN RO RF KTy Dihosor
cﬂmgooﬁemnorﬂo \Kmmpmazlmede grled BREIO plot, Tieek mbcymtny Itfﬁnq:&ratures
t andar ecular weights are converted
oDk R R Sy TR e TR g b calcutaed
atimaneipramsnee@freriied to as a) val ues nentioned | ater
for polystyrene and pol yet hyl ene. See the Exanpl es

Sech i PBAkr Pol IR RR AN el s Procedure.

[119] Fractions A, B, C, and D are prepared for subsequent analysis by
removal of trichlorobenzene (TCB). This is a multi-step process in which one part
TCB solution is combined with three parts methanol. The precipitated polymer for
each fraction is filtered onto fluoropolymer membranes, washed with methanol, and
air dried. The polymer-containing filters are then placed in individual vials with
enough xylene to cover the filter. The vials are heated to 135 °C, at which point the
polymer either dissolves in the xylene or is lifted from the filter as plates or flakes.

The vials are cooled, the filters are removed, and the xylene is evaporated under a
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[108] Wth 3D GPC absol ute wei ght average nol ecul ar
wei ght ("Mwv Abs") and intrinsic viscosity are al so

wobicaitngel i ndependently from suitabl e narrow PCT/US2009/036902

pol yet hyl ene standards usi 9 the sane conditions

menti oned previously. These narrow |inear polyethyl ene
standards nmay be obtai ned from Pol yner Laboratories
(R RPSIRLES addSsphBRI 4t 1D SmfleAbre0- HOLa@ ek then placed in a
PL2650- 0102) . 1p9 The systematic approach for the
dé%l@mwmth%nreweﬁﬁwpd B &iches Idg. raeths grapesipe grippddo 80
fo oft 18 (WRHGS t&ﬂ:ﬂﬁ)'vé }e%fahalvﬁéyEeBe t 'hl?é fo%étﬁﬁ? Qre q}{alﬁgld lﬁ@ing IR
Mour ey, et (Mourey and Bal ke, Chromat ogra
Pm%rmwpﬂﬁaét gﬂd pepmedtipg 9chrymytPeipy, toTtebtajny at staklaﬁr average

r
[t GRS MOt SR P "N PO L PR e
ifrattions $¢ ebtain 8 bashicngyghrsexpal tb goife mrthf[IR/\sm@S{s br oad
pol ystyrene (Anmerican Pol ymsr St andards Corp. ;

Vet @liry1s el 1060 C&r%oﬁﬂﬂb [un‘i &n Ehﬁzﬁﬁﬂ&‘ﬁ % andar d

colum~cdl 1 bration resu romt e narrow pol ystyrene
st andar ds cal i bration curve. The nol ecul ar wei ght

dat[d20laccolii anagysisoiellenst dethord B dn ue MI}-231; except for slight

QI@%%JH HlaEHeo cdhfe Q)b!i&bﬁ‘rﬁdfof @m@llmﬂﬁe{tanﬁ%ﬁséa ?engizes, as
wth that published by Zimm (Zimm B. H

Iﬂhgﬁgbed 6, Towo¢etous) ) narfte KRB b rvidedyri a@la@thwlime, films

T
clowcier Isampdlﬁed,me gennnt sihelad Bis@llg‘ﬂlfnm sioallepfantopets of material

ngneratgéglrtth |1q{EF is obtained fromthe nass detector

separatio
reatand the nuss Hetector constant derived from a

suitabl e linear polyethylene honopol yner, or one of
t hel1ptll yet Fyl @nle of ttherdiaactsns, Theie@abic ndlamed isnplessed | barween

g’?lngg r%f M gk?lgﬁécpﬁydryusl npq?s% {%c%'%l %ﬁtﬁt rox1gla e?n% él%gtm

om one. or ne's
riganieiteay rad Celedman thixdke a@ha fin iin dex prmlad: entar NbClodisc 13 mm in
coeffici of 0O

t n/.dc, 4. ner al | t.he mas
it 8 Dot BRCSu iR o7 iR a8 YR ml OB TR e IR
spaubsleeisdertermio Nadlc Nogasat7hiwidar C@itﬁﬁldﬁmdcmds(i)be équipped
nDIec Iar wei ght of apout 50,000 dalto
THE %u W né&PfBﬁ\g{f? dﬁ?te&%?ﬁ I3 %‘@6% VY%We%}gl?}sﬁCﬁ‘& are
tcBRechiatah 0 davaRE®E @Mty uking 1 TeBLdfactiuaer or
alternatively by using the published val ues of

sui |l e | j.near standards such ndard Reference .
TRtIPRL T < P Fa R iy Fae TR, B T ER o
%Bé&ﬁﬂie%ﬁé@ﬁlhlﬁatﬁﬁ%ﬁ%dl@l Us@RSASTM D-2238. The FTIR is equipped

with Thermo Nicolet Omnic software.

[123] The uncorrected methyls per 1000 carbons, X, are corrected for chain
ends using their corresponding number average molecular weight, M;, to obtain

corrected methyls per thousand, Y, as shown in Equation 4:

—-21,000/M,, (Eq. 4).
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woreloeauiear wei ght) . Anal yti cal

are assuned | ow enough to elimnate addressing 2nd
viral coefficient effects (concentration effects on

El ution Fractionation (ATREF) [110] ATREF analysis is
conducted according to the nethods described in U S.
Patent No. 4,798,081 (Hazlitt, et al.) and WIld, L.;

Ryl e, The Ralue BN®DGIOS RisedRoCallowRBAthe 1AckRfireliable signal to obtain
"Determ nation of Branching Distributions in

pataERtAp RS dhtheprulyirasiensCologspstat shough, sps, perrestipns are
20 44 2190y 1382) o0 TdApor@Nf i gurati ons and equi prent

arg gescri bed i n Hazli toté,3 L.G, "Determ nation of
Short-chain Branching Distributions of Ethylene

Copol $nf 3PPt omat ed Tenperature Rising El ution
Fractionation (Auto-ATREF)", Journal of Applied

Pol Mp®r ScrieneRiex ARP) forP@ey RmSlY MPolyméSis 2oredPinédl B0 Yirst
mer sanple is dissolved in TCB (0.2%to 0.5%

The pol yner : . ( 0. 5f
SRR ngHbg light sqepigripge viseosty rnd conqeaugicd dstrciorelesdibgdnn the
el ARrBAMLY A 18Bhab SIRES aeltof: s:BRA with! 98P 1552 homopolymer

crystallize in a colurm containing an inert support
@ﬁaﬁhﬁle@s@r 8 eqtivakaprelerericaks $he el scatigiingaand gfspiagien dstpctor
feLeatd dQXmﬁhé%lV‘&e)fati;v@gH ith% Goh LB EAPGIHT & §&QcrARAOE the

at a cooling rate o . mnute. The colum Is
calinecmed Baseliags iref subtraciedidroat tlhyr lighingtattaimgi arsadthster, tapd

i. . tally . .
S 45 e ACAIRAS SRTELEh S ekin o
Ortegramab gf diphyw Metehddr s@glitirgmtioArvo ATRERMge im twdigbigeattering

%Hﬁ \élescén?etérrz: n0 0n %rn?st tﬁg irkl) if;ﬁflz Hltel ne%f&cg %f ﬁgtgcﬁgb%flz l(l)lzrﬁgr from
pO1 Ve SAnpl PO e Cor U WA TE “in e east ng the

tienpeénatvariadek chrddiawgnaih.e)A tifiear hemopdlymy mimyeiglant iingsed to
sol vent fr 20.to 0,,0C at. a rate. of .1.0 C/m nute.
SR MR TG iresr Gordice BhE ot it g/ Do
[Weigh} pdijehflasd refeifnke kschpe ISR PEda Whitdard cEeylsi@xhe data file,
I&?@t runent by Pol ynmer ChAR (Val encOiRﬁ,& Spai

n) in .
FRSQTIEH) BF SHERSEMECTEDER) aRA pPlyaRlas Werht it bach derived

dehett q)i%hti RatHNP afd tziis&fgajg ASTBASYs (RPEVNBY afd AR coRRAriton as
and light scatteri n% (LS) detector (Precision Detector

daterminghfiamdhe Ridytectprimass cppsiqnt fygeach qlygmpigargphie gléce. For
SRR U St ceaphop Sl WiLhutd
w@henhiagwle Megkriloungnk bnea d¥ritethat fonsaplessatiplss glede wgrmolauykar
%@e@lts? tilec' illltﬂﬁ’sq@ QIisQ&tit? JIBEﬁleCﬁbféEmar ;;Ql%h[s ﬁﬁpl Iﬁay need to be
extrapolated such that the measured molecular weight and intrinsic viscosity
asymptotically approach a linear homopolymer GPC calibration curve. To this end,
many highly-branched ethylene-based polymer samples require that the linear
reference line be shifted slightly to account for the contribution of short chain

branching before proceeding with the long chain branching index (g’) calculation.

[125] A g-prime (g’) 1is calculated for each branched sample
chromatographic slice (i) and measuring molecular weight (M;) according to Equation

5:

gi’ = (IVSamplC,i !/ WViinear reference,j) (Eq 5),

Tenper at ure R si PQI/US2009/036902
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solution is then cooled down in two stages: (1) from
160 0OC to 100 OC at 40 ¢ mnute, and (2) the pol yner

W@ eoostiadebi zat i on process started from 100 OC t BCBOSI/036902

at 0.4 Cmnute. Next, thed4sanple solution is held
isothermally at 30 OC for 30 m nutes. The
tenperature-rising elution process starts from 30 0OC

tythedbBe Micuddtion uﬁh&:@tb{em\/@nw SrerM. | 4 efpbiOMedt %{o@ecﬁl:zﬁ QeiBht, M;, in

m/mnute. The sanple |oading volune is
Gnhicanisfcaense stnmiei Grethqmwerds iecamels T dige G andveferepes B
Qficd hatO RS arﬁé)m'o@célm%él!ghtwﬁt 1\115‘913&' gﬂ@lscftwmvhm reference.]

measuri ng sensor of |R-4 detector. .
ches br%taicght@dm aﬁfthwsde@ belsingreidl fbtyof Ui migroped Yerihlipenigk
'ﬁ‘&t' oAl VoY eay 1, isS z}ﬂg@cﬁlﬁé §t3%1%é§‘¥%a%ﬂsegr%kt&t 18R 3,500
tenperature i's ported as t e actual
tbecmuser af sigel- t@h@sa ubmtmtg)nd eh aye Ligitunstcpeg ween leeenﬁlfﬁtEF of
t c he..repor
SRS R Bl T by BV ERal Sl D b GirBR i3 4 B
Elsuug iEqmatllén acasswmnag h oi3scqsRy SiREng [edBh fackhe of @fiper at ur e
rising elution fractionation nethod (TREF) used to

mned by
ng

preparatively fracti qpat the poI ymers_(P- TREF) is
derived firomWy | de R 4 Knobel och, D.C.;
Peat, LR "—“‘DeT‘er‘m nat-l a“ngl'ﬂ;[n Di € Obut i ons
in Pol yet yP "enelgnd kL h ene pol ymer Pol ym

ScL, 20, 441-455 (1982), including col umm di mensi ons,

sol vent, . fl ow and erat.ure ram An_ infrared

(VR hisebr wieerast EBF v e QAR Men n tr Dk eross au

& tHeisBees @f) cid® eemiiied ufifioPydahién .0l uMm. Separ at e

tenperature programmed liquid baths - one for colum

| oadi ng and one for colu elution -_are al so used.

[114] Sanpl es are prepare byBﬂ[ssoI tion in

trichl orobenzene (TCB)=confai pjpgArAr oxi mately 0. 5%

2,6-di-tert-butpf-4-ne 6@; ép mnth a
magnetic stir bar providingagitation. Sanple load is

approxi mately 150 ng per colum. After |oading at 125

0C, the umm_an e cooled to 25 0OC over

appr oRP bF?“*E%ﬁBE?&gﬁﬁﬁg{éboled sanmpl e and col um

are then transferred to the second tenperature

pr ddeéinmabine tea - GP(d e(mﬂlighﬂabdﬁlﬁttﬁﬂ lyeRyldE wid polysérene

m /mnute constant flow of TCB. A linear tenperature

PSRBT &M PR l’i’%l“ts‘?datt%dmf’%ﬁ'u’iealt@e Mgk Houppibr sonstagts. K and o,

?ﬁféf)&?ﬁbl{ﬁﬁl ?Ary?agh 3B i W WolmeRGMe8Y hNGstfrefBEABBethylene.
e erature oO
Thg;% can be used to reflne the Williams and Ward polyethylene equivalent molecular

weights in application of the following methods.

[127] The gpcBR branching index is determined by first calibrating the light
scattering, viscosity, and concentration detectors as described previously. Baselines
are then subtracted from the light scattering, viscometer, and concentration
chromatograms. Integration windows are then set to ensure integration of all of the
low molecular weight retention volume range in the light scattering and viscometer
chromatograms that indicate the presence of detectable polymer from the refractive
index chromatogram. Linear polyethylene standards are then used to establish

polyethylene and polystyrene Mark-Houwink constants as described previously.
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wo b@onutsbet of the | R detector

OC in approximately 4 hours. [115] Fractions are
collected manually by placing a collection bottle at

ATREF anal ysis, the first #2action is collected from
56 to 60 OC. Subsequent small fractions, called
subfractions, are collected every 4 0OC up to 92 0C,
andnt SROniBY AhY dnatdRhd Qwd OAIRE arSWRET a8 b RAS@HW® linear
referred to by the n1dp0|nt el ution tenperature at
vitfereRce prnverfishplaealibionss (ep| e pelyethyleng modigglar aeeighy mad
B RO RARLEIALEAN Bl O KAOGT of IAGIhONSuRY LANGAGS in
dpoint tenperature to performtesting. For
Mﬂﬁb@ég apd 9t esti ng enbodi ment et hyl eni ¢ pol ymsrs
subfractions with m dpoint tenperatures in the range
of 97 to 101 OC are co |ned to ether to give a
fraction calleg "E ot i|Of A ubfr §%5%H? with
m dpoi nt tenper &tu @%Jr1thefFange 0 0 95 0C are
conmbi ned together to give a fraction called "Fraction
B". Subfractions with m dpoint tenperatures in the
range of 82 to 86.0C arkg, cMdiipi EQY ther to give a
fraction called "Fréction C' ﬂS@b{ iC?IOHS Wi th
nidpoint tenperatures in the range of 62 to 78 0OC are

nbi th f ' d "Fracti
o PR nc ey oo hEp BRbioR Ly P lEh ofone
fch:aﬁtbnmllsmg 0iSed &at,i Wgllqzu r'wosEsamjldslat] Usdn @D JIRCG avIRTager

Bl SSRPERE 4B AUE 611 REVEIU | o4 Brper HEIPS wvoids

eNgRe bolsli@ash-GRabENatitiodd raddorda @ ui&l @hhe aételtnhﬁauon of g
subfraction versus the total wejght of the sanp

VRIS Mgy SHTRORSINaTE O vHell PB&ymEa Bisgigifrass

lafid 6l bgHoRSis, YRR! 8D TFO ddis ohd@nbthiP@k MmSIE BRRMNAL by @e
of a narrow slice or segnment and A(/) is the area ‘of

tlight scagermgt (LSp AYpaet Pottathe tnsak piea aipdipdt Bre pefhgdrayoids; the
Lh&- HEITE rP&tlo (Lfllilg%l sc@ﬁ{:ﬁlgad'e@ec% Qfgﬁgl (S:Ueg thte%lohéénéﬂg)n detector

processed usi ng M crosoft Corp.; Rednond,
W@PMSEF%Hﬂgh@é@3gTh@ﬂmmﬁﬂmplot peak maxi rmum
tenperatures, fraction wei ght percentages, and

fracti on wei ght aver r.at wer e cal cul at ed
W th th&zsprea e€t r09228%4 32%3 TREEIBQbyner

Fr alvi o2 Pri¥pa zgg IRTSFRactigng A By Ko i
by

are prepared fofr 'sequent; ahaly S

The area calculation in Equation 10 offers more precision because as an
overall sample area it is much less sensitive to variation caused by detector noise and
GPC settings on baseline and integration limits. More importantly, the peak area
calculation is not affected by the detector volume offsets. Similarly, the high-
precision sample intrinsic viscosity (IV) is obtained by the area method shown in

Equation 11:

ZC v, ZDP DP Area

=[n]= = 1D,
IV =[n]= Zwlv Z Z ZCi (Eq. 11)

Z C, "~ Conc. Area

i i

Based upon earPCEDS2009/036902
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renmoval of trichlorobenzene (TCB). This is a
mul ti-step process in which one part TCB solution is

w@embiinsdl with three parts nethanol. The preci pCT/asmd9/036902

pol ymer for each fraction 48 filtered onto

fl uoropol ymer nmenbranes, washed with nethanol, and air
dried. The polyner-containing filters are then pl aced
IvheteNBPY LA fo¥ i@ 8iftMehalSfONER KB RBOnltOreE AVBENY F6m the
filter. The vials are heated to 135 0C, at which point
{oRBNGyBopREtTei t her di ssol ves in the xylene or is

lifted fromthe filter as plates or flakes. The vials

are c@glae@rmihd el dpbBRMBandhiBe FRIERMEIliglARChikhSy XMlidNGed for
evapor ated under aflowi ng nitrogen atnosphere at room

thshipaiPi pelemertin aised ) deteampnetthe mofscalaeyeight of hasyups. The
QYse ity t e cRIr 6§ S Cark £ %&C%g staﬁlplezﬁolylﬂ&hﬁsuslég o AREMIR the
tenperature raised to hours to renove
ﬁ@@h@@gﬂxﬁyygﬁéﬂDﬂh@”ﬁ@ﬂﬁMﬁ?act|ons are anal yzed using
| R spectroscopy and gel permeation chronatography to
obt ai i@ RUIRSoIQRURF ARG RHhAE vIEs rrg?or ahffear Rlyethylene
anal ysi s, Fractions may have to be conbined into
Ispgged spiglet peshsast SR Blanomahicghvderougl diqgmaled tusing the
NOhwR &A1 ehfbrhBns H@Pﬁom m¥REOY %zei%ﬁ{ a&@%nf@é bv%@ésu as a
Det erm nation on P-TREF Fractions 20] The anal yS|s
fiaiciomsf dlttdnodluBic; WT/EQTFMODS »2@8l ]éxcept for slight
deviation in the procedure to account for
smal | er -t han-standard sarpl e sizes, as described in
this procedure. he A TM ocedur e pol yet hyl ene
filns approxiMtat e?lnzf el : aftil E@aﬂﬁ]ed by
infrared and anal yZzed: e prbcedure described is
nodified to permt simlar testing using smaller
anounts of material generated by the P-TREF
separati on. [121] For each of the Fractions, a piece
of polyner is _EZL JeS vumngmﬁp)ll in a
heat ed hydraullc pre 3! crea e a filmapproxi mtely
4 mMmin diameter and 102 mm thick. The filmis then
placed on a Nad disc 13 mmin dianeter and 2 mmthick
Hdasmanneckedo detdrmatcenk BRg)r:ﬁlﬁhlh iler oscope. The
FTIR spectroneter is a T erno Nicolet Nexus 470 with a
Cont i nuum m cr osco eqU|pped Mﬁth I|quid nitrogen
:ﬁ

cool ed MCT detector e umq;e elght scans
are col | ect ed8&8 2=
of O filling. [122] ar

lyt ¥8nl4si ng 1 | evel
1378 cm 1 peak. The callbratlon

measured using the

where [1] is the measured intrinsic viscosity, [n]c is the intrinsic viscosity from the
conventional calibration, My, is the measured weight average molecular weight, and
My o is the weight average molecular weight of the conventional calibration. The
Mw by light scattering (L.S) using Equation (10) is commonly referred to as the
absolute Mw; while the Mw,cc from Equation (12) using the conventional GPC
molecular weight calibration curve is often referred to as polymer chain Mw. All
statistical values with the “cc” subscript are determined using their respective elution
volumes, the corresponding conventional calibration as previously described, and the
concentration (C;) derived from the mass detector response. The non-subscripted

values are measured values based on the mass detector, LALLS, and viscometer
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used is the sane calibration derived by using ASTM
D-2238. The FTIR is equipped with Therno N colet Omic

wa@edmaateel [ 123] The uncorrected nethyls per 1BODUS2009/036902

carbons, X, are corrected #ér chain ends using their
correspondi ng nunber average nol ecul ar weight, M, to
obtain corrected nethyls per thousand, Y, as shown in

Bedat Tﬁmvﬁue of K7 igkadjustol iRBRNVMY ufline ﬂ)leaTli’&eféﬁdeLkﬁmﬁfe has a

21,000 is used to allow for the |lack of reliab
PR mesrasalier! eeeat oreatnpls. hedisylgalups fone and Log K for the

Zlggnéﬁr}aé’tﬁ% O?%%%Blsﬂl &%E@Ft?clular ‘c&% Bégéb Z:iaér“ ﬁg ;35’5 rr&s‘b%éytf%%, for
IDySRgehd 24 0.TRikandnrd a3 (ag pylyftprend, espeainplye pol ynmer i s
determned by first calibrating the |ight scattering,

Vi SGogi ty, Oﬁ’&dth‘éolﬂc%ﬁto[ ONhARL GEH Yefer o;g{%%&,r !h@%%oéteﬁure is

the Gel Perneation romat ogr aphy net supra
SRvAEd P5ag Honopohydreampbo| ylde hydnehe saopleanrcegalyvel emg the

é%%le a@l??l)o ;Eﬁecolnktgmg C?e ttﬁé tb%gt ‘e af{aﬁlfr)ﬂuﬁlc gﬁﬁ% €lnd applying

Or OFYSets are efrmned relative to
dopaent i1@tl4.on detector as described in the
calibration Basel i nes are subtracted fromthe |ight

ch ?[g?rﬂtj 'on ?gl}%l'llgegpgggtrlo%r of @?ﬁR‘i? EH;a rf&t\x)af%ln F hnear éaolymers

on W ndows ar e
m@kBmgﬂ@émmhﬁmnﬁmuMWmdgwaﬂ@edbkﬂo&mphewédmnuhbemumamdby

\ﬁl 91?(1: V{S(el(gl’l?firgltglr O S€ tlillg OHVG‘{IEIQI?&I lclaglfratl(f’lﬁ qg}l(?ard anor

and Vi scomne hrona ograns 1 ndi €
pbraelsleeralqﬁaly)ﬁer@l etpeBRabillebepia b yemelianf Zeeinetfeeiat e fwidchigly &vels of

e g St S PR I S Gl TR Bl S R

ruea‘ QlRNGR] IIVICJW\eﬂlb)é lii flje€ Gah Mig: @eRtreAGoREEDU| BY favvihgldbcBR
1 yet hyl ene reference such as SRN%%?Sa st andar d,
CAIUE GPEESEMY theHercepehly Fhagge dyrgthe Hiehy 44 FRUAGHOP effegt as

\heS 6Q8I toY foly¥ler ashciBbeC Kl icBREVARE of MY or @achofar m¥ada
fromthe |ight scatterlngéand vi scosity detectors

redgsalf |S\¥%IC9nt%€‘ﬁ‘é°nt Heeck hbe At had§vshola0 d abd Lo hetgsieréiety:

thgufl 1igdet 54 % &r RS R1CARGE#MEn fWRleneach chromat ogr aphi ¢
slice. For the analysis of sanples the procedure for

each _chr omat ogr aphi ¢ sllce IS repeated to obtain a
sandPY varkerHBEH ARUFY 4 Exatrles. tthiardyapiase difeusigngPdiR in

eBRPARIR o R Io€ fildbRAnSh ARt IS, frdghéhch RAICHRSINS iV aRGOShd Mgher
and the nol ecul ar wei ght data nmay need to be

precision of gpcBR. All of the parameters used in the gpcBR index determination are
obtained with good precision and are not detrimentally affected by the low 3D-GPC
detector response at high molecular weight from the concentration detector. Errors in
detector volume alignment also do not affect the precision of the gpcBR index

determination. In other particular cases, other methods for determining M,, moments

may be preferable to the aforementioned technique.
Nuclear Magnetic Resonance (°C NMR)

[131] Samples involving LDPE and the inventive examples are prepared by
adding approximately 3g of a 50/50 mixture of tetrachloroethane-
d,/orthodichlorobenzene containing 0.025 M Cr(AcAc); to a (.25 g polymer sample

in a 10 mm NMR tube. Oxygen is removed from the sample by placing the open
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woO povedr4shonmopol ynmer GPC cal i brati on curve.

extrapol ated such that the neasured nol ecul ar wei ght
and intrinsic viscosity asynptotically approach a

many hi ghl y-branched et hyl dfie- based pol yner sanpl es
require that the linear reference line be shifted
slightly to account for the contribution of short

Gk Nn kI @%Qénngn&%ﬁﬁéﬁ BF QF QG Y bk, t NBe |s@BleS AR then
branchi ng i ndex cal cul ation. [125] A g-prine (g/)

dsss‘@&‘l’dc%ﬂda]@%’é?g%‘ﬁede Reapipg Hehebe aathist eoientoivat ¥y rCabmg:a
%Eétﬁl% Hidok ﬁiﬁqleﬁﬁeﬁﬁurlﬁd%g cﬁggl)lg&flga%gplé/‘@ \rgrpglfallf( [}@S;Jeﬁtficllk tr(])eeélﬁure

accofding to Equation 5 : .
hemeganitei §anqrE@F arg Jhoygyghly npiked imahesidtedy poer arndlysieand: wWee

n}{{ Alf&%ﬁ tc{ | nFlBe%}% %#sel%n GRS LY %L?%H Np@é sg%#eq{old@@s' ght, M

ear erence sanple er words, the
Ie IV slice (i) and reference IV slice (j) have

lé%]ma mbice cathvagnewesegh o [YMET =sauplgs arq:drre@mﬁlplhycmﬂghng
P}?‘r %&ﬂategs? Bfﬁ 8630 Gk i bP%&a iRo&MnE L Blugichi2Beftzene
t eré%o ?

nomal fit o e reference
vantkinfguihitk NPICm(tAcA*ChetOI 04g avlymer sample ,in jas1piny NMR  tube.
legul r.eat th 500, .
SRVBLES LRV, AFAENE pRESELEE ST ROy s
$0atdnﬁrentn dodat deasThe® muindyer. ofhdd rsamplhsasarcal therg disselved and

t each ata, s
Zlg%igeﬁllllfﬁ:g éy g‘;atmé I%he)g tu ann tltIS SRn %nts (s ng a\%eg%n&s Il(%C)II( and
$bategud. n@aelpslissalned aatge iofvidlalhb msﬁedmll toy endukee haviegeagjey .
guan 1000 rbons . |n t he pol r acr
Skt SO b Mo 4 BetrdpHeae B 7 "By tamRero
ool lRESRsdHi@nial (hghdardeMVR sympIPh&idess[ 126] | n t he
3D- GPC configuration the pol yet hyl ene and pol ystyrene

cordoant o, “KaRarSTiCpiiaot Ry PEMELTRBINAL g

ROAORREd WsyHRES6 sqeohd/sdlyerefetiandel POyt fiyé Bipeangithase isaRe
be used to refine the WIlians nd Ward pol yet hyl ene
é&‘ﬁfl Vegoupking it & ggaple Vg Hye h %Sp[ﬁ i CHITG M roRetihae made

foal h@mpmnﬂgetsmﬂ@ il ¥8ckkd TheuedpGBRpRE aR€ hilld@ed NEEKernlly

det er m ned first calibrating the |ight scattering
VRS EREIet pr 1%1%%%%@&&@ AR ROHER L AP SsNYBS e Shifts

RYRVinRienlY refBagel kd@s FRERHANR R0 %g@ﬁlr acted fromthe
l'ight scattering, visconeter, concentration

C13 NMR Comonomer Content

[134] It is well known to use NMR spectroscopic methods for determining
polymer composition. ASTM D 5017-96, J. C. Randall et al.,, in "NMR and
Macromolecules” ACS Symposium series 247, J. C. Randall, Ed., Am. Chem. Soc.,
Washington, D.C., 1984, Ch. 9, and J. C. Randall in "Polymer Sequence
Determination”, Academic Press, New York (1977) provide general methods of

polymer analysis by NMR spectroscopy.
Cross-Fractionation by TREF (xXTREF)

[135] The cross-fractionation by TREF (xTREF) provides a separation by
both molecular weight and crystallinity using ATREL and GPC. Nakano and Goto, J.

To PEI/ESEINA036902
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chromatograns. Integration wi ndows are then set to
ensure integration of all of the |ow nol ecul ar wei ght

WO edoeni466n vol ume range in the |ight scatteri nBCEOS2009/036902

vi scometer chromatograns tHat indicate the presence of
det ect abl e polynmer fromthe refractive index
chromat ogram Li near pol yethyl ene standards are then

kt/%ﬁﬂ r&yeskabl 24nolyetiby Je%s@ﬂBQd R Y$$Yd&BRpment of an
k- Houwi nk constants as describ previ ously. Upon

@BtogiaHs AEpst HactivppEmainstaimenh e Thousypical séBEH meocgsseifvelyes the
%W&%ﬂﬁhzatﬂw of 4 ﬁﬁ?ﬁlelr s%fn%[ee(gh@(?arpg@ﬁﬁptcblgﬂlﬁl(composed of %lass

cali brati ons y ene nol ecul ar wel g
@n@swdy@@%whetne Aerr thﬁsMSREF §¢ﬁ1?spft yrysigllizatfonnide i potyngf is

gé_(#lte(-@anly\éﬁﬁ%_ﬂr[ﬁgreﬁgti@tilﬁ%ﬂ %P?rgt‘a%qgﬁné%gi?r §1 tg% ngEEF cglu;l;lln and

bolrea pephiareg  patylece ﬁr&rtlansr aoustaspmet hydGPOr Thwecombination of the
!: t
11?1'039 & Ia%uqé Elg)?ﬂe eind tl?e d%alrk}g(gg@%s agq_\ﬁéﬁ af 3- allfﬂenswnal

l?qugsehtetﬁomof@mbaat)mplexeapolmér strwaoredmight (Sytlntput;ondeQﬂSlymer

&3 Fans i et og ey Py bl ek e R o
@bodindicalotI &5 tl&rpied@ﬁc&mf RhdrgcHalretgrbe Ry, BahetHod pr@id:s aMairly
f avo of WhoLﬁfﬁ %@_ﬂé}%@% detector areas and area dot

Simos! E‘?tsg“‘l(:tl’l‘ia g5Pelymshe can obtain the sanpl e
bulk Mv by the light scattering (LS) detector using

t he[lﬁE]ak af edetaietl hd@dcripliog otethb odbsiav oArds opdigtion of the cross-

slice ratio of ligh ttering de t
IO, e G P o7 PUREBHOTaN G O 2Q6/081116
earbpi€ @t hln. tthergd12 defeanicRaidiofor AOLTRER shsGahedd|5ed.i Dhis
i.n Equation 10 offers nore precision because as

SRPUPRIER hanAGITRbIBHI9R of ft Ipast opisc HIgbavea GG pd 4/@Dg GO0, In this

VAL b WG BPed SoYs dRleaheKTRLEF $RudMen@a0; ®Rlubh RYSHQRT
baseline and integration lints. Mre inportantly, the

kiR mveRCBIpEieE DY AL Bicpdne whitiept BEp byamHe lagarad thep o

V! WER G f &@lrgn, &)Mis lbémgt bR BLRRF &%) SoBinSalP! KTRER
intrinsic viscosity V) i S obtained by the area

pEeHeduBhonA (PnelEingaihi diactons in Wep-whjegmpgratyeyingryments into
Q@GP&'?]') Hw&f &FIBP& lﬁfé?%g§ lga?f att E}ﬁr%;ﬂgt@f eES(O % are used for
y e

pressure Signa I tored rect romt onl I ne
vifteonmBoerbetween various components of the xXTREF instrument 500. Five

independent valve systems (GPC 700 2-way/6-port valve 750 and 2-way/3-port valve
760; ATREF oven 600 valves 650, 660, and 670) control the flow path of the sample.

[137] The refractive index (RI) GPC detector 720 is quite sensitive to solvent
flow and temperature. Fluctuations in the solvent pressure during crystallization and
elution can lead to elution artifacts during the TREL elution. An external infrared
(IR) detector 710, the IR4, supplied by Polymer ChAR (Valencia, Spain) is added as
the primary concentration detector (RI detector 720) to alleviate this concern. Other
detectors (not shown) are the LALLS and viscometer configured as described in the
Gel Permeation Chromatography method, provided infra in the Testing Methods
section. In Figure 12, a 2-way/6-port valve 750 and a 2-way/3-port valve 760 (Valco;

Houston, TX) are placed in the Waters 150C heated column compartment 705.
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To determ ne the gpcBR branching index, the Iight
scattering elution area for the sanple polyner is used

wo eoodatsssni ne t he nol ecul ar wei ght of the sanpP@r/uI1ve9/036902

viscosity detector elutiond4area for the sanple polymer
Is used to determne the intrinsic viscosity (IV or
[h]) of the sanple. Initially, the nol ecul ar wei ght

and1sgit r i nsice mm@%b&mﬁm& Gednlet @%@gormhyﬁbm&meo uses a
standard sanple, such as SRML475a or an equival ent,

dprsedideve e (RW@Le idagen 3¢ aaonvibieyieng| EechlA BRTT GobHen ¢ 16is
Qeﬁé&u&% &¢ %'1@rssv\8 h g4t o@nB‘y nbs @183 iSRS fiy p%écls?on bore

function of elution volune, per Equations 12 and
Befureg: | Bre tuding & @%édlﬁ o’ dep érmﬂln@tftrWele@ﬂt BR mmlm m@0/40

i[(ﬂ/?gféﬁxl J {]ﬁ‘lelshslee | 8. oﬁé’e@rﬁeﬁﬁfﬁh&% fdﬁtn{e'te%h@w%fé S0 5hd ¥o-40

e itntrinsic viscosit romthe conventi onal
eadsh bplatricantecivieal gualhe gireas aﬂlecbtamalﬁsg hrtechwer wge shot is from
¢yl ar h nd h :
TS SIES Sl PO AE bSO SRR DAALR i
MBrolown wlobdy NIEX)s (The imerstingl (dShe was aqyrdxduatly drd0(nll0)Parksr fritted

ommonl ferred to the bso te j | he
RO et St e By S A P s k) taced
rdiﬁleeﬂtﬂu&f eneing lile WQBih tsr\a;t&pllﬁud ifidravies’i S8 lcnfrmﬁ{inertaﬁ)&fonﬁdmce
a 0 in Mw. sta tjca ues Wt
R BbS O bk e setitetch MACED GRS ERer ] mInu, the

PEIRIECEdIMEn 61(UdWhadh HAO bib! IRGstittah 01696 bﬁ‘@rﬁﬁmld] MY ma be heated
conventional calibration as previously describe

R Ushevtthort thsrpre-equiliyaiiansed G99 ot §1}?é1dn1%?s“§t‘?ﬂjetthétct?% pre-

l.§SIRORAESE collD5 M BERSEIUNRLE® MAliHes) M HIRASYi€6hly inline
val ues based on the mass detector, LALLS, and

Vingesotve dRAT dation Tyele aiduet e AGRET Igadipy @rsleddThe nitrogen to
tﬁeemkia}f Qh¥n 46 bdssédﬂﬁrdulgm%ﬁerﬁlgitﬁ[cgw CorR TR @mﬁé}s(A?rdyne

gpcBR nmeasured val ue of “zero. For exanple, the final
\Ihiuaels, Torwigh an) pagynikogar supplg caeabler ofidnghirping 400 gpmBRite

i Bt hi 7. .

St G P AR b otta R iy Ayl g for
ﬁmpromﬂlybszttymgmraprercestpﬂ(ptImwsy [128] Once the K and a
val ues have been determ ned, the procedure is repeated

us | ot he APk

A R e
s thbc@gtnblaiqnbd@asnm rund ghaidssireh durapg| of i frgtiéguatbiecrvdlected.
]I%e sam %Jara}[log 1S sn%ﬁ‘ar% f’ra(éfl Cgl’ri]Ve%IiOI%.P&FB. I's strai ght

[140] The system flow rate is controlled at 1 ml/minute for both the GPC
elution and the ATREF elution using the GPC pump 740 and GPC sample injector
745. 'The GPC separation is accomplished through four 10 um “Mixed B” linear
mixed bed GPC columns 730 supplied by Polymer Laboratories (UK). The GPC
heated column compartment 705 is operated at 145 °C to prevent precipitation when
eluting from the ATREF column 610. Sample injection amount is 500 ul. The
ATREF oven 600 conditions are: temperature is from about 30 to about 110 °C;
crystallization rate of about 0.123 °C/minute during a 10.75 hour period; an elution

rate of 0.123 °C/minute during a 10.75 hour period; and 14 P-TREF fractions.
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wowre/1bser| ose to the conventi ona

gpcBR cal cul ated from Equation 14 will be close to
zero since the values neasured by LS and visconetry

standard. For branched pol yders, gpcBR wi |l be higher
than zero, especially with high I evels of LCB, because
t he nmeasured polyner Mv will be hi gher than the

cal Eui]at ean/Gpc 708RdcdiRiceah Gkt ahrdydy V&%Médvelhﬁmal GPC
er than the nmeasured polyner [|V. In fact, the

@is%eBRthéfa‘Ihﬁfé iy esresemg” eaingdae thegrass- fragti R PRy S tiedue
ttﬁbeA'T“RbP%iuﬂfn éﬂoz ePrSQH%nEg aacédn%nt%ﬁlﬁ% of@3t I Ge c%ﬁééltetd @f)c

pol ymer branching. A gpcBR value of 0.5 or 2.
rfiletarfrqn ol eeiuh BREE |021@nm&i@rla@ﬂslhnn@iem@@ted otsmg\rhfaﬁxrtdw@me

:5%?!1%1 @kt é%&&ﬂ‘%ﬂ@?@/ﬂwﬁéﬁ QSﬁHnV@ioy b\éﬁa{;?@%ﬂle& JnlBR' GpC

I'ecul’'e of equivalent wei or these
panple enjecaer Eﬁanplce@ertmehadmlagl@ ﬂIfW trd) g ag ploBph velume

SRS he o?fsét S n9cegsa9fﬁ&a% Rngﬂ{:h %u‘f)r f BHIHe 1ﬁ%§ﬁlent

ations pre sion o
Abd GBE stahetumarsah&tremsd tig et \lah/etaln megﬁxﬁBﬁd iofy d&XATREF column

50 SRRk ouRy Seelr ahe B il o o SRR b §ifo
lc@spORGMe ainalli hudioh a6 Ldpgaireme'(}ght cdlimm 780 efficiency.  Careful

concentration ctor. Errors in detector
APPSR O e s‘%'g]g%?ﬁ?}’t‘mﬁsf ct! lt“i’meBFee‘éﬁ @%68?101’0&)# fglumn 730

g,@ﬁ&ﬁlah&dex determ nation. In other particul ar cases,
ot her nmethods for determ ning Mv nonents may be

pre abl e to the aforenenti o t Nucl ear

R o FRuGmeet FaE iy Srads SURCR G R Rgured
lblpFEP@n dEidheAITREE nﬁrdc‘ﬁ@n ex@aaah@&pgfoamm@p al 69 hy-tcngidiange
appr oxi mat el y m xt ure

a
t efacHhe W&Cﬁlah éfalgév @FWHM%WWP& 9& ﬁ%é‘n%w% Britddhifadgrom
Qheoﬁ%lthQ G’P@A&}é’méﬁ@gr@fng 25 pBt PP IEEPCSRANAbE asl R fancLQn of
t ube. en 1s renoved fromthe sa
ﬁ¢waﬁ@reﬂw&1@@a@t a e surfage log) depispehe evrialh %ﬁ@r weghtapd
%%éﬁhné‘t? d8ESS - 1o DRIeS ANREALS 2 dnBothfietd dirBR0! MEH4 #ions
hom)genl zed by heating the tube and its contents to

28O i0@Pakiedg ta deand iy budede ald earclglen 40Eadhvidual GPC
Qhﬁ)ﬁﬂ :égﬁinssﬁr%heof' Re \&H&HQ oll;]l Oprb&§£eﬁlee gre£ gf %Slﬂglgldual GPC

honogerteity. ‘Sanpl es are thoroug m xe iately
phxomatdgmrr&rmhymosd writle gvepuwnt nkutedaﬁdnot&he A TR Fdowliohefosethe

'Ph A e%e;%n)oﬂgr;fturé ghce Theeﬁalv%ual\fw %ﬁr‘r&l(ﬁ)@ &rgrg tg%ra\[crj) EZ—]ams on

ene- sed €S are prepa
algdiImglot) correspond to the polymer weight fraction thus giving a representation of

the proportion of polymer present at that level of molecular weight and crystallinity.
EXAMPLES
Preparation of Ethylene-Based Polymers

[143] A continuous solution polymerization is carried out in a computer-
controlled well mixed reactor to form three ethylene-based polyethylene polymers.
The solvent is a purified mixed alkanes solvent called ISOPAR E (ExxonMobil
Chemical Co., Houston, TX). A feed of ethylene, hydrogen, and polymerization

catalyst are fed into a 39 gallon (0.15 cubic meters) reactor. See Table 2 for the

cal i br at i onPCT/US2009/036902



approximately 3 g of a 50/50 m xture of

tetrachl oroet hane-d 2/ ort hodi chl orobenzene cont ai ni ng
WQ20251466Cr (AcAc) 3 to 0.4g pol yner sanpl e in aPAQDURIN9/036902

NMR tube. Oxygen is renoved?fromthe sanple by placing

the open tubes in a nitrogen environment for at | east

45 m nutes. The sanples are then dissol ved and

haRREIS Bi et RER LbMBLdH Sort PR AR Hniof SachdN{HR MrSe &iBylene-
150 OC using a heating block and heat gun. Each

dreed grolysthykaspriyniess, gesignalerlyPalyagsd B é& t oA ye Table 2 is
ROABGENEHE yc:ent§ﬁ‘émjs exr Hifud BY ﬁg?hl%emaﬁ%t 'fmp{h%ee(l)fythe

prior to analysis and are not | oned to cool before
iethytene-based i prilyethyhene hedyraers NVR sigarpinebised densgiraifed 3@jpmetry

R 8k 1y c%rv%thc% e&ggt S SHifiuh, E(r-gﬁrduﬁ&ﬁ)yk@dé%s-é J-dimyethyl-

spe met er ais acqurl usi ng a
Idlsﬂ(ls%,3r3e pet B+(b|pynielicatyyl) Hﬂ)—udieg—rle}é sfldnamirang?-@¢sN][@hd,3,4-n)-

e rs 1e%j> t e[??g g g c%:t) h? gm‘\gl»‘é Eﬁ%ﬁﬁlnﬁa%_% W{))ﬁ gleheOéGC

slaﬂmltcﬁs ls M | 0akedf Madies, S@[I’giyﬁﬁ)gal{a&dmtillmwﬁﬁdalk}f))methyl and

thermally equilibrate for 15 mnutes pri.or

é’i‘%n& elﬂﬁogopﬁﬁéyl PoFaLe 8'%% FRAEIAT 1STHR fighgidy \X}éli a4 aPPrOleately
isns ggipal |y referenced to the EEE triad at 30.0 ppm

C13 Conononer Content [134] It is well known to

use

N ctroscopjc nethods for eter nin
Lo, SRR SRR Bolmeaanon s il E R ot ROuIRY fn
EBJMRp@m 4l\@1arrogwé @G)EIIUE§ PaRGENSYIIPRIZY M. Skt 85 a12d41i’xamb1e 1
C. Randall, Chem Soc, Washi ngton,

PO&LS. Kayent @0 3@88 372 (Tgai, qReph oy XFent that P(ﬂom?mge‘é{ ﬂi‘@hﬂsé’d in
oA NS, | BBCaus RASSIIONBF RSRed, NeY3 YRL Kth&l@l?eﬁ?()nll\(l)ﬁ%lymers

provi de general nethods of pol yner anal ysi s by
$perersion SopsAsuIcd @5 BeFh Sy SRR PRSP T HiEFregstqrReHjiciency is

[ni!e%éired-rﬁech&&/é’%gt Jfrtl?ecﬂdlﬁﬁ@tlﬁ Eﬂbg?a){ns ﬂﬁﬁlcéd(wl)ns B @%AidSn

a separation ol ecul ar wel
dhoyeatadiist.i ni ty u3|ng ATREF and GPC. Nakano and Cot o,
. Appl . Polym ScL, 24, 4217-31 (1981), described the

fi "fils) dev emmmtylﬁg (R AU OB s ‘%fs@@sppfnrﬂ@AmBa%&O POo

i nstrunent . 3/ |ca X TREF process i nvol ves
0

S’P@\/JP&%@XI IIOiIQaﬁ orPib fRGANOXy h@e% 43Mppran @hlmmaﬁewﬁare
P | Af
AU mOSPholl BRSRERS A0 BLER! p3AL) pofihdlor

step o crysta fizati on the po
solutions. Each post-reactor solution is then heated in preparation for a two-stage

devolatization. The solvent and unreacted monomers are removed from the post-
reactor solution during the devolatization process. The resultant polymer melt is

pumped to a die for underwater pellet cutting.

[146] Selected properties for P1-3 are provided in Table 3. PI1-3 are
presented with density, melt index (I,), I;9, and Brookfield viscosity determined using
the Density, Melt Index, and Brookfield Viscosity methods, all described infra.

“NM” means not measured.



sequentially eluted in predeterm ned tenperature
ranges fromthe ATREF colum and the separated pol yner
wo e@etiiwns are nmeasured by GPC. The conbi nat i oPCDUS100€036902
elution tenperature profile agd the individual GPC
profjles [joyw for a 3-di nensional representation of a
nor e c§nr ptlel pol ymer structure (weight distribution
of pO|%ﬁE @&|function of nol ecul ar wei ght and
crystarli y). Since the elution tenperature is a
good[indi ol for the presence of short chain
branch%ag B¢ nmethod provides a fairly conplete
structdrg e€scription of the polymer. [136] A
det afTed Chi ption of the design and operation of
the crgssfractionation instrument can be found in PCT
Publ | c3t§ No. WD 2006/081116 (G llespie, et al.).
Fi gureZl? shiows a schematic for the xTREF instrunent
500. | Thi runment has a conbination of at |east one
ATRE 00 and a GPC 700. In this nmethod, a Waters
GPC §ed. The XTREF instrunent 500, through a
seri e novenents, operates by (1) injecting
sol ut to a sanple | oop and then to the ATREF
col u ( criystal lizing the polymer by cooling the
ATREF. ove um, and (3) eluting the fractions in
stepngggg erature increments into the GPC. Heated
transger 505, kept at approximately 150 OC, are
ent flow between various conponents of
rument 500. Five independent valve
00 2-way/ 6-port valve 750 and
al ve 760; ATREF oven 600 val ves 650,
€ontrol the flow path of the sanple.
&ctive index (RI) GPC detector 720 is
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Table 3: Selected properties for ethylene-based p
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NM
29

H,
(sccm)
19,067
25,581

8,998

Tio

1,261
1,021
1,260
1
62
NM
4.9

(kg/hr)
178
144
177

Density

(g/em’)

0.965
0.967
0.958

Polymer
Samples
P1
P2

3

Polymer
Samples
P1
P2
P3
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Houston, TX) are placed in the Waters 150C heat ed
col umm conpartnent 705.[138] Each ATREF oven 600

W@ Smarrets6 Cor por ati on, Houston, TX) uses a for cedI/UBze/036902

gas (nitrogen) design and &te well insulated. Each
ATREF columm 610 is constructed of 316 SS 0.125" OD by
0.105" (3.18 mlIlineter) ID precision bore tubing. The
tubi N@rdparsiitn Jf‘Exlu%pﬂe Etil?l%ﬁrc:fomnllérb ghgps) |ength and
filled with a 60/40 m x of stainless stee

0,028" (0.7 n1II|nEter) di ameter cut wire shot and
3g9mpefesh spherical technical quality glass. The
stainless steel cut wire shot is fromPellets, Inc.

( Nona1 Tonaweptas oNFplymEhe (Eﬂ) a&&daahﬁraemoamaufomm reactor.
Potters In ustrlesﬁéBromn interstitia

VOIh A siRgsa gfctki Wit asrion “OE)‘HFﬁd gfpé? I@Q FOF (R iR, per

inlh@ENal TheOleét®r GO libsRy g@atkdf by tu@g {(Rakh &HREEysénid and
Z2HCZ- 4- SS) are placed on each tube end and the tubing

ipEesiiprigigeyith riiosgn | Bhis (isgrenealed| thrretips) Tsi feactaj H hen

;Hé%sd?ﬁéd maeétyyléﬁeglkb Reatoocisk atife Yat 3imbAend tdidadies and then
lowate of 1.0 m /mnute, the ATREF col um 610 (which

tvarienffi hhig rlSsltepftaiteél thige fipae O thgriigardhyiens| venirpi yhageactor, the
%?&E&Q lsoﬁrog%é%d e nXVlfp}JleHé of BSuPi6y SEULINERMAL FABOF Rbdiing

ed that the preeqU|I|brat|on col
608¢ iraisitiatedar (ron wohievieg {n-mgerml [dniferatese of ~aHH’C, the reactor is

ttltﬂe%r E? 'v&ﬁthofg eﬂ’&[}kég&rt %bd) B& Jnlaa ﬁrﬁ%?ﬁe’b%f AMeast 30

cycle not t oadl ng cy e nitrogen
tontthe M«F{Eﬁirwéehalﬁ@@lt pasthgking lm duglhacaor is approximately 46.96

t her no |ca l,y con roIIed [ rd ust o
.g%ms Etllly eng &y t%gluée&n It ee n§§ upp y & é)btg{)e?/ 0. 15 Al
Grepidratdghydy add0.0$ Tfd rmnnmmhteﬁfbuﬁ/l peroByddEataiihitiggein. n-Adpeane

hil]| ed t dt t I f
b b e Rk PSR, FEE T B b SOpUF e
padhneﬁ by iei@orsaiis @be ath@lefid apa.ﬁrﬁ& tio Nfre= ﬂdlﬁ@/}i{ﬂytﬁ@ﬁ&: The

di ng upon the distribution, pnsity, and t
grp}egaatwg P L (PRI, HETeRSS th7§ él éé%@lowr%t ¢ reactor

S@a@ltﬁﬁe RS RPfoRll 5 AnieSs, eehd@dr it QefrBiadlriQl, SRMIEMd Gadd.
[ 140] The systemflowrate is controlled at 1

M /téfvﬁln at é % 81y obth resHEnEpthyknist PYRmein dlepigratalT REgmple 1, is
?hgﬁéaﬁze%&%b%@eé heonPke PRARor 40N dad@?@n;ﬁagmdgcﬂ BLEREPis

GPC separation is acconplished rough four
poregeneraplexdus (B'thd jepeier batioRerkitiduetrs Bgbadrimen FiBpconversion

FQ lof @ﬂ IQXe 1nQ11é’ 1[53&011-%% éﬁqd &ﬁyrgér'@f Exltﬂﬁle CI;PQHBE%% to

umm co artment /705 |s operated at 145 0C
pjtt)exv@ght m:r@gij gthyland- l@ﬂqecb\/p@lmethylene P2 and the balance is hlghly long

chain branched ethylene-based polymer generated by free-radical polymerization.
Comparative Example 1

Free-radical polymerization of ethylene under the same process conditions as
Example 1 without the addition of an ethylene-based polymer yields 4.9 grams of a
highly long chain branched ethylene-based polymer designated as Comparative

Example 1 (CE1). A temperature increase to 285 °C occurs during the reaction.
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eluting fromthe ATREF col umm 610. Sanpl e injection
anount is 500 mMl . The ATREF oven 600 conditions are:

wo eoparsbure i s fromabout 30 to about 110 0C; PCT/US2009/036902

crystallization rate of abéat 0.123 C/mnute during a
10. 75 hour period; an elution rate of 0.123 C/ mnute
during a 10.75 hour period; and 14 P-TREF
f@mpleons. [ 141] The GPC 700 is calibrated in the same
way as for conventional GPC except that there is "dead
vol une" contained in the cross-fractjonati on system
e SWOREATHEE I e D SOPIG f d PG ABgRe fRor Aftr

\éQJsiﬁg%e%ﬁo‘é&E tht Qgitalt® i C@le8 6h 8 BT AT Re feh@n @dai'xygerﬁated
ATREF columm 610 is easily inplenmented using the fixed

o rRvIlingt ey op Al sysemy Topspiang weth satremen.c diisnig reppated

itl%ecbﬁfn@& Irpad&dof {somed Bl%ss@ﬁgéds@mp leﬁlyjeﬁé AT QO(Y(ﬂ@dr%gle at
converting that éthrough the flow rate o an el ution

wobipreteagenapatsand themyented peilhisds g (hrop tinies.a(Pgehe final

. o ; ‘ ‘
FHAGRO 1 AR Ohe Brosk 1 if ISbINTRRL o o M pr 3D 100
ATREFharo | tpmieagd hvating lepclGRE initipledt obpay stlgavingd ke internal
f F I I ca S
RUGRFRSE o cord o MERRcCPL AN, SR A GOURAE SO TRau 1000
Gar afdielcar?€0 U ¢dri ao eastf30trhi@utdd: REFthesaloimmise Gliaweil lalnount of
,bnimze.its effect on C um 7 er f or nanc

BB EP e s Ebroaheii 6 % BMhs 4 B RRE BIRAT i beecer
fBramt boamiane ofdasus echddynl GRGionkRIehy A RRED.(f t BCihimolim] tert-
represents approxinately a 5-7 C-te ature "slice".
PHEY FEPEEETER TS POeEER B oA ABIC GBS R P (0
I~20@Bb4 W Ina¢@ghint i @Mviuh ehel MARGH Y eltikeRCeakysarBt @GR fréd-
pl ot of the GPC MADs as a function of tenperature o
(r'?qé%atlj IPP]iYPPﬁ“?en Lhespplymprizatign Eﬂaﬁlﬁt §0 Y lyipetagrg TR toatq’ C-

e CtlodingVaied RlacBn do Coyghudl [d Mk Yol 1St fiddsl Qb rdddcor is
order to create a snoother 3D surface, the 14

flepretsros. arecd ntner prspet ed tgdlebdrtderme Jurrdiee ghyenic
RIyhRE ! HdGnA0a IHREhBledsal (HRGCART RIBLAQN BB @S RS @bme

the cal culation process. The area of the individual
GPdtieny predeaolimsT somressyraride dus to e rarpteIrottem gxie gluRgipm.
t E.lr [ B- -
AR, PRSI AR AERSHPR B fegph P SN Botmer of
(FRamgries? amprives 8Drqpliroayly CGrwagp gagentethyhane hasedmiyethylene
ight fraction .thu i yin epr nt.atipn.of th
E’?&%@ e Gt 133%?@%2?‘%6?&%%%% chePpipae ‘bg‘fsxeeqop%im fferated
vy lfecuddical payighdzagodd crystallinity.

Characterization of Example Ethylenic Polymers 1 and 2

[148] Both ethylenic polymers Examples 1 and 2, highly long chain
branched ethylene-based polymer Comparative Example 1, and both ethylene-based
polymers P1 and P2 are tested using the DSC Crystallinity method, provided infra in
the Testing Methods section. The calculated density for the Comparative Example
polymer are from the use of the Density method, provided infra in the Testing

Methods section. Results of the testing are provided in Table 4 and Figures 3 and 4.



EXAMPLES Preparation of Ethyl ene-Based Pol ynmers [ 143]

A continuous solution polynerization is carried out in
wa2eomnpser control l ed well m xed reactor to foPOT/URI0EL036902

et hyl ene- based pol yet hyl ené3pol yners. The solvent is a

purified m xed al kanes sol vent called | SOPAR E

(ExxonMobi | Chem cal Co., Houston, TX). A feed of

et hyl ene, hydrogen, and pol ynerization catal yst are

fed into a 39 gallon (0.15 cubic neters) reactor. See

Fable 2 for theanmpunts of feed and reactorconditions

f oP™PIRE f oﬁ'ff%n Q: 0 ﬁlnm ch ’\p'ﬁnt he 'toﬁ"%eét'”gt hyT gbclsed ?32;'9)’
bol yet hylleng,;po ydes %\t ed b et (P }. Calculated 9
SCCM' in Tab e 2 |s stanﬂaﬁd-cublc centlneters Feﬁkngw

m nute gas fl ow. The cat al y&} "for all three of the (g/cm®)
ptERyrhgene - based pol ysatshyl enespol ymersi1iss a  106.0 0.937** NM

litaep umibased consbpai nedigeonet ry neat al yst11(.€G0)  Nm 0.967
MiExdmdld2 |[cosposi ti aa2Titaniagm [N (INm 109.1 0.930** NM
-dimet hyl eshyl ) -1 ,795-di netdByl | -[ ( NM 116.6 NM 0.965
, 2081 3a,| 7a428)- 3- (lagpyrrol idionyl ) - | ikvi nden- 1994 ] §i | aom- NM

mnato(2-)-xN[(l,2,3,4-")- 1, 3-pentadi ene]. The
cocatal yst is a nodified nethyl al unoxane (MVAO). The
QGRlealc Resuait of DS Cayshillang c@fingrar Mesmpled B{diyx Cogematied
tExhmpMy 1ahkiyit1) sn@ PRy Noteahdl “NM™ designates not measured. Density is
tiadeh B insthp BRI Taslo piaPll nbepateflbulited Uhg:; dq@agdnar, i s
PeiQalbh]6dd dmﬁngll’p) at((apRy eXWITRYelherdR2s dpsitg of (hd dddmplhe
RE/EHOSRA ¥f, =RRligHTBAE Al O 1 idSschibéd ih Pre lftaﬁublh@f Plagpedur e
dﬁﬁ}@éﬂl@ﬂolyrﬂera anPb e da Sk dHagy EQattuied Wendity R8Nt from
NQuation 2 42d 336 vk fra®fonAbsclib@d PRpAARbEOAEQM {é Fehylenic
PRtyaRts Nehd PofiiBerdd 2r bhaied 6t th@clexamplg XEERt= ﬂlﬁa@ﬁre@ density

GO RROTE oripd uBQE fob§hxhpkor M ng P 1-3. Because no
conononer is used, P 1- 3 are et hyl ene honopol yners.

Conversion is nmeasured as percent ethyl ene conversion
in the reactor. Efficiency is nmeasured as the weight
of the polymer in kilograns produced by grans of
titaniumin the catalyst. [145] After enptying the
reactor, additives (1300 ppm | RGAFOS 168, 200 ppm

| RGANOX 1010, 250 ppm I RGANOX 1076, 1250 ppm cal ci um
stearate) are injected into each of the three

et hyl ene- based pol yet hyl ene pol yner post-reactor

sol utions. Each post-reactor solution is then heated
in preparation for a two-stage
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walewoliatebrat i on process.

devol ati zati on. The sol vent and unreacted nononers are
renmoved fromthe postreactor solution during the

punped to a die for underwdter pellet cutting. [146]

Sel ected properties for Pl-3 are provided in Table 3.

Pl -3 are presented with density, nelt index (12), 110

, and Brookfield viscosity determ ned using the
Density, Melt Index, and Brookfield Viscosity nethods,
al | scribed infra. means not. neasur ed. Table 2 :
Feeﬁgﬁimun%thaﬁaylﬁeac?%ymeo#aﬁw Ishs! fa8f grf?é(’f’i prgk melting

ediyrane-RaRe BeReby MRl 8f Bompaatitd EfnfAbh ewdich iS@loB6t Rdg

properties for ethyl ene-based pol yners
Phals tppne Pt sty lspe- B@fsectﬂeaweé HEElﬁyllné% (e pamg apes candgipgs As
@&Qﬁﬁe?l ltnc[ 44‘3}1]1 eg—éﬁ%f %eﬁ%sp@étw%@ 1%[5%5 “basell Bgﬂfetﬁglgneaﬂqﬁ%rs

00 ‘aut ocl ave reactor. After cl osi ng

r2e9a1étlo rTabteh‘é shewyis ttlag yehdsspaak mppdien g AMpEra@BOOl . eirthe Examples
%5@%%% FH'] Wt PES 1md‘éd¥aﬁ)ave IBRalLAGLA of ggﬁﬁfﬁﬁg G §% 6

g vacuum on t tem and pressuri zi’n
mkmmMgGWSWWﬁbgmm@ﬁweﬁ@ameﬁ thrééhummﬁs ﬂmhemkeauﬁdhﬂmsn

0

tt%l;r&gr%? e é% gnt%bﬁr’\% Lo lﬁgﬂ%’ %I?e? ﬁl\;lH [f]ttoe alzfi?? Exbﬁ%{plémp ch? ca%‘ilg
radpe artad terclicsei@ tennyes. theOtblhtIy ao tosialr selidnﬁyl 2 radnglesn tengferature
t he ct essure is.dr.o d

B EERC" She DRG CHTRRHLT nSaRRRE BRLYe ofoslenis iglymer
eyempmssllnmtaameﬂ:lkbonngmhlﬁmkngmmmglmh@mmaMx and peak

rature of -220 0C, .the react

SPRBTlA o R ERa Ay Mset BTERGLTa506 S akendig the
abmpAAiRC dxampRt Hi@ast 1080 Rhalbt @fanchidde @Slidno®aed polymer
anount of ethylene in the reactor is approximtely

@O@Barﬁth&n%"aHQ@%l -erflditiongliy Fxgagleslpa *HSOS d@fanm gpe
% doﬁffﬂebl 8mah2 Ha POAGpeeianly/uid helf SRLAGA MRNVIGR AOfkly indicates

116 mol /m tert-butyl peroxyacetate initiator in
o &praples | A2 ertelifieraptim hal respeqteadiehinlops elydnpranched

(eﬁf?/leng BOQq B@l&)nef Jhd%@fﬂfjléﬁ@ %Eée@ Bo%ltepc&n%n@rg@ tion of

ini"tiator causes the ethylene fmononmer to free-radica
polﬁnerlze The polynerlzatlon | eads to a tenperature
i nclé¥se tlgewey 3gad 4amheer thehed {ong verts paBrREe Rlgis for the

Gl RUSH 1 fer M4 mb RE. JAQSJ@IIB%Q§ thets@ Gol8@&lkQhe h&ut flow versus
depressuri zed, purged Pene
temperature plots for the respectlve ethy ene-based polyethylene P2 and P1 and

Comparative Example 1.

[151] Examples 1 and 2, Comparative Example 1, Polymer 1, and an 80:20
weight ratio physical blend of CE1 and P1 are tested using the Analytical
Temperature Rising Flution Iractionation method, provided infra in the Testing
Methods section. In Figure 5, the ATREF runs for Example 1 and Comparative
Example 1 are plotted. In Figure 6, the ATREF runs for Example 2, Polymer 1,
Comparative Example 1, and an 80:20 weight ratio physical blend of CE1 and P1 are
plotted. Table 5 gives the percentage of total weight fraction of each polymer sample

eluting above 90 °C.

The resul tant pol ynmer POEUS200%036902
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A total of 4.9 granms of resultant ethylenic polyner,
desi gnated Exanple 1, is physically recovered fromthe

w0 e@otiotee( sone addi tional product polymer is PCT/US2009/036902

unrecoverabl e due to the réactor bottom exit

pl uggi ng) . Based upon the conversion val ue of ethyl ene
in the reactor, the ethylenic polyner of Exanple 1
CONPri Ses up {Sadpik BET ght percent | e%gigane- based

ol yet hyl ene P2 and the bal ance i $ | ong chain
Jranched et hyI ene -based poI ymer 1 by

e Conma e _Xar’r‘p| e 1
HJEH zatl on of et yI é?r@ under the same
br ocess cohdT K anple 1 withdl the addition

| () ZF:"Q
ﬁgﬁlnyelt gﬁﬁ’m%%éen gé?a‘ﬁ%#ge;t %ylele e- %éileg S(r)rlsy?rfera
NN ﬁ&ff‘éﬁ“' S Beb g Ut Guiie ) Crier ATREF

P8&ET Y on. Exanpl e 2 Tvvo grans of Polymer 1 (Pl) are

add 0. m autoclayv react

eddtdr . R gl sBU RS ERR Lo b i FRabiife
rlaa@mcmfn H)}Sthd ed)we;nat @@bnby Higilrd 5. ngs BROAILIN Eiguﬂé BeExample 1

and ressu W th ni en. This
T bR twPaER Mt Whttioni bPRPE o Pain du e Jighy
Wi dnbhegit dilyil @R atka ﬁo@n?&()@/[(baﬁmpﬂ}tahﬁy ahe AMREENistribution curve
te atures and then vent ed off. This is repeated
nlg@nt Plirds shays eneelatively) hempogepene YR igficilpg a generally

fnﬁﬁ@h@ﬂal c&ﬁ;@aﬂﬂﬁ@&ﬁé{ﬁ&ltioﬁ di QPR RMi ORI YmdroE:Anplee § $HhBreBf a
about 100 bar, where the reactor heating cycle is

.bﬁﬁnﬂuoéﬁ@aratwﬁwoa@m e\l Bexpagted Waﬂho‘fve%‘ﬁé}oé%llﬂl@ed%f two

‘b?e%gecp&l rﬁé}%ofngérﬁl@r T‘a§let5t&f5‘58 sﬂfv@sstﬁé:{rﬂxﬁﬁglevlﬂ Hapa E&lﬁ}ﬂl 6fGe

to about” 1600 bar and held at 220 OC for at |east 30

pohyee whichpwouls eutp af lamperpares gt orrakpeadd(aiep UPrmpgfative Example
t idrmately 46.96 grans.

q %Igd%gla\%e;h I%OEtgn tﬁ%&‘ ({Soat ?@ggﬁyﬁn of a m xture of

O 5648 mol / M propi onal dehyde and 0.01116 mmol /m

terfdBdl yl Permistyd e @SHOMSttlileabeRElf Alop-dh Eptaple 2j Palpmer 1,

ner egs
R Sk P - SrnE TREHEE, Pk iR aynaal
thxemplehyy lie déferant filranebeilditecahighbyl lone rahaig, brgikpded ethylene-based
I.NGreas 2
BRHRFLCER oRE e HRER. Ao CROERE (PR, | ELERSE b= idna.
TompartiveBxanfie 1 rhe&m(t dntlwrsahd>eqz) P@SS.uPil heds sipuifiged amawd of

%?a%er}la? eluﬁ‘né %‘i ?he 86 8 or a%oven}sempera{u?es lflralt ﬁ)rr]lt (8%5%5' 1en|81(:at1ng a

predominance of the high crystallinity ethylene-based polymer fraction. Example 2,

Cr ee- radl cal F{)%ﬁ

(7]
«Q
—

similar to Example 1, shows a relatively homogeneous curve, indicating a relatively

narrow crystallinity distribution.

[154] Additionally, a physical blend of an 80:20 weight ratio CE1:P1
composition is compared against ethylenic polymer Example 2 in Figure 6. The
80:20 weight ratio physical blend is created to compare to the estimated 27 weight
percent ethylene-based polymer P1 and balance highly long chain branched ethylene-
based polymer composition that comprises Example 2, as stated previously in the

Preparation of Example Ethylenic Polymers 1 and 2 section. The ATREF distribution
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pol ymer, designated Exanple 2, is physically recovered
fromthe reactor (sone additional product polyner is

wairooeaoser abl e due to the reactor bottom exit PCT/US2009/036902

pl uggi ng) . Based upon the &énversion val ue of ethyl ene
in the reactor, ethylenic polynmer of Exanple 2
conprises approximately 27 wei ght percent

el fry%lﬁ@ & basadmpodayRt klbélgﬁﬂ Safd  BIBKL thhe abﬁélﬁﬁ‘&%lv‘e§ bimodal
hi ghly | ong chai n branched et hyl ene-based pol yne
gleﬁtré?ua%dms? if papadeadti & Rlend off e rdistiaey pplymers. ~As prewously
OB At @fHyfFald 96‘1y1%r %&%Hf?ﬂeez oY ln%plhﬁvé:) ‘%' Wil Jhsf'i%gtu?}l

[148] Both ethylenic polyners Exanple and 2, highly
IPoidglocﬁa« as thoamah ddble tthythelaeic palyedr Emrgm@?- h@oarparlhamngunt
ol r
E?‘%ﬁ{?éég% él ti 91 &Qt i D% éb%?ee Qg;%ﬁﬁn@ AL §.3§%), R efne
ﬁﬂdﬂhwégﬁhﬂﬁxmnmmﬂﬂﬂ@wlesanm@owmmﬁadmoséblyﬁhmﬂmh@eofﬂs
C ted d rative Exanpl e pol yner

?ﬂ%1$$ﬁﬂmywe Em%x?“?ﬁ E§Q¥§gnethod provided infra
in the Testing Methods section. Results of the testing
ar el1pflovi dEaple n dFiagsbe @Pﬁnd@D'r@E(ﬁ)esusinandlw Geb| Rermgeation

I nj.ty, testing f
ST Sy RGN bPL R BRe R BEVRAE frige
TodWIts desugmari 28 imbdbla@asur ed. Density is taken from
the results of Table 3 for Pl and P2. *Cal cul at ed
usi ng equation 1. **Cal culated using (1/p) = ((w/pi)
+ (W/P2)) where p = density of the exanple (g/cnB)

and wi = weight fraction of CEl described in
Preparation of Exanple Ethylenic Polyners 1 and 2 for
that exanple and pi = cal cul ated density for CEl from

equation 1 and W2 = weight fraction described in
Preparation of Exanple Ethylenic Polynmers 1 and 2 of
either Pl or P2 used for that exanple and P2 =
nmeasured density for either Pl or P2 used for that
exanpl e. [ 149] Both ethylenic polynmer Exanples 1 and 2
have peak nelting tenperature val ues between that of
Conparative Exanple 1, which is highly |Iong chain
branched et hyl ene-based pol ymer made under the sane
base conditions as Exanples 1 and 2, and each of their
respective ethyl ene-based pol yet hyl ene Pol yners 2 and
1. Table 4 shows the highest peak nelting
tenperatures, Tln , of the Exanpl es are higher by
about 7 to 11 OC and have a greater anmount of
crystallinity, about 5 to 6 percent, versus
Conparative Exanple 1. Additionally, the peak
crystallization



t enper at ur es,

Tc,
Conparative Exanple 1,
WO poovar4ssl of the ability to cool

are about 9 to 12 OC hi gher than
i ndi cating additional benefits
or solidify aPCHUS2009/036902

hi gher tenperature than CEIS7 The DSC Crystallinity

results indicate that the ethylenic polyner
and 2 have bot h hi gher
peak crystallization tenperatures as well

Exanples 1
peak nelting tenperatures and
as different

heats of fusion values than the conparative exanple

hi ghl'y 1 ong chaifh
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nm t |

/e Ex

branched et hyl ene-based pol yner
&#mle 1). Additionally, Exanples 1 and
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at of fusion value. This strongly

anples 1 and 2 are different from

hi ghly 1 ong chai n branched

| ymer and et hyl ene- based pol yner
Figures 3 and 4 show the heat flow
plots for the ethylenic polyner

wn in these figures are the heat

ature plots for the respective
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tested using the Anal yti cal
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EF runs for Exanple 1 and Conparative
[btted. In Figure 6, the ATREF runs for
rer 1, Conparative Exanple 1, and an
1o physical blend of CEl and Pl are
Eﬂglves the percentage of total weight
pronner sanmpl e el uting above 90
éght percent age of total polynmer

C per ATREF anal ysis. [152] The
ity of Exanple 1 relative to
le 1 is shown by the ATREF pl ot given
hown in Figure 5 Exanple 1 has
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e nelting fractions than Conparative
ghly branched et hyl ene-based pol yner.
the ATREF distribution curve

Comparative Example 1

Identification
Example 2

Example 1

Standard PE

(1 MI Metallocene)

Table 6: Triple detector GPC results, g’, and gpcBR amakgsis rgﬁl.@tsgo

polyethylene standard.
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of Exanple 1 shows a rel atively honbgeneous curve,
i ndicating a generally nononodal crystallinity

wale@vnidset i on. 1f ethylenic pol ymer Exanpl e 1 PGCI/IE2069/§36902

a bl end of separate conponéfts, it could be expected
to show a bi nodal curve of two bl ended pol yner
conponents. Table 5 al so shows that Exanple 1 has a

poris@n Oof FbRETRA YR cadVible CReVRAL ol BEfAds 1 and 2 show a
tenperatures at or above 90 OC. Conparative Exa

daseweignrolpemas weighe disiribhtiqm M/ gties t?OIW?nt%éVéP% thap @at
[é))%(g%]p Ilngllﬂg 1&%8%ha&f b&h&% %th?leﬁéﬂ BY¥Ed ?Bﬁnﬁr Bé%pBJaQJeSE)&fmple 1

, 1, npar ati ve Exanp
¢ D AP &eri thy corties]; t‘h%Qe@r pﬁxemsle 1| tanql $. 6épfplaEéémip1@ ﬁht T@amw@r

é? a{ﬁdc ﬁ!étg; tﬁg}f %—ﬂgas efa %r pol ymer Q?LCé élgggac}%]ﬁﬂeﬁles improved

etanyy, @nrérelda@ddhamvfm@a G(oﬁ’lp)n;atlmwﬁxamqﬂe hiargdm abplemdons The
t | bove 9
%?Ma 10I %g@%gﬂ;ﬁ %Pk sﬁ np rh%%sﬂgs P e %y etmc npgo%n?ecr: Ehxamgg:s

has 4 'S anmoun
@@haranahvelvmluee HEY atdud. @)fm&ﬁompmra(l%E;%ﬁpJe 1 gdi@atihatpvar

e B T A e e L

Mawss)/a16Pay iavekovianm m@u@le@ hawelpwendil@a 1.2 129) than
rel tlvel arrow.c tallinity distribution. [154]
P VPRIV Xarﬁplﬁwggﬁ bl end of an 80:20 wei ght
ratio CEl :P1 conposition is conpared agai nst
et hib®ni ¢ mngmeﬁ Exaoiphe adalysis kbigyr@tbe’ hhe gBEBRGre also

i TR O ROYR R e T BY utihe Teihs b CRE SRRRK plidea

E’Azfrcaﬁldthb aleaﬁfge\/[&th@tsl s¢ctloangriehgc BR bkl GH @élermined by using the
eth enebased (ggl yner conposition that conprjse

Bganshing dndex by 1-Grevialgh yraviled Hrapnd B S¥iP cghods

5?5@1'?69' ernetiByéegicB RPAVEIEG S thd 170 G2 1HRCELDples TREombREE o
di stributionin Figure 6 shows the 80:20 weight ratio

Sioatparaiue Fxagpele| 1 ragd Jixpalen P nipdishte diogwpriaByRly dess sippg ghain

'b}anbl%ngqgﬁve@@r @orﬁﬁﬁ&ptoo; 1EMP nfdtibidact ogﬂley rfﬁéré 1S ﬁgmﬁcant
previ ously observed, ethylenic polyner Exanpl e 2 does

Aete chaipdraachingrgdl thel¢esmnosiiars. on.  Addi t i onal | y, as
shown in Table 5, ethylenic polyner Exanple 2 has a

SmﬂHep@fE@iHHtofE&arﬁﬁi%%thﬁlam@bb‘l"yhﬁﬂs3§ the 90 OC or above
tenperature fraction . 3%, "whereas the 80: 20 wei ght

rati o physical bl end has an anount of elution (17.9%
defrRi¢t{ve of its high crystallinity ethyl ene-based
pol ymer fraction.

[158] This procedure is repeated for each Example. For each example, 2
grams of resin of one of the ethylene-based polymers created in the Preparation of
Ethylene-Based Polymers (that is, P1-3) are added to a 100 ml autoclave reactor.
Example 3 is comprised of P2. Example 4 is comprised of P1. Example 5 is
comprised of P3. The base properties of these polymers may be seen in Table 3.
After closing the reactor, the agitator is turned on at 1000 rpm. The reactor is
deoxygenated by pulling vacuum on the system, heating the reactor to 70 °C for one
hour, and then flushing the system with nitrogen. After this, the reactor is pressurized
with nitrogen and vacuum is pulled on the reactor. This step is repeated three times.

The reactor is pressurized with ethylene up to 2000 bar while at ambient temperatures
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WO poobhetedest i ng Met hods secti on,

[155] Triple detector GPC (3D-GPC) using the Cel
Per neati on Chronmat ography (GPC) nethod, provided infra

in Tabl e 6. Conventi onal GP& Absolute GPC Mv vnh Mv Mz
Mv Mz(abs) (Abs) gpcBR g ldentification (g/nol)
(g/nmol) (g/nmol) MM M (g/nol) (g/nol) Mz/ Mv MM GPC)

Vihehendy 8irMAHCRED %Xl%g@ilte%l thred Jnn%'éo (5n the STl 4B91cAO0ent, the
4.32 65,1 80 383,800 5.89 1.26 0.53 0.765 0.534 0.853

CHispae stdr We@@m@ﬂ &Pressyss of gboup '}O(@@Eg ag@@aqu@legtu@ggls initiated.

:W‘ﬂenGtﬁg uﬁéﬂalqgg%ezatgr@ rg:acﬁés Q70§192ﬂ) 61 tlﬁa 1@&1045&413 Qhe% essurlzed
760 198, 63 96, 660 327, 400

I?Vl@lgethyl@@ ©. $0ui0] (PPSap aBB held . EF 8@0 §€efnd ar gaPBO(mipuws. The

SEHPLHDTEAGLofe by gty TR RY 15053 26" Fod Bl 2 e o

Twiql 8.9dei e tiomi@RE ofe@dbls mngl/ul m@pigpdxsﬂy@n aildy 810808645
grﬁrgc%ilg}ﬂi K}Ft— :"lrlé}gxa%%x gg’etajte 11'11Hat{)1hy1r%rﬁ%%{ %tgr gxar%cl[t(?efsé Upon

ene ene’s
Eweaspﬂ@thb @éniGatort ineathe b@ctse el plhﬂmebmﬂueﬁx@mpﬂtles thh IamerO

rro nDIecu uti.on
ABR B0 Bh e BRTE P! ReEaahtn RUBbRCL huSpebl e or
liengactdtrad 94(b‘f(aig @bed. atbyhaneg- fbﬁsseldlmcels MH@Val@)i’fﬂ&ﬂﬁ)tthQ)f
1 (5.03 for the cont 4.32 for le 1; .

gﬁedfeﬁc%fslsf ‘EPan’é(%ﬂ‘i’p the Poyssurgiy, [Wﬁfﬁdowtw I\ﬁx ﬁ)g]? fap tQ pegin
b&ohernsaip| remltea hadfnidti dendaemefrbdctoriif rghisitRll o 1600 bar,
properties, inproved clarity, and reduced haze over

SHECOSp P Rpicpendbighe valve 6tr the bpiem opReast fogeain lyper the
I}A?é M i@bbebd 8180, Ursr GRE BlafPlediaSbialgHheheS Iaﬁs of

thyl enic polymer Exanples with narrower val ues (5.
39 ug'. rBhymeI it regpYRp e Ve EaceRp| ased yronaey corrrﬁ@lqno«ﬂ}elﬁ
ey Mt [ Rt Oreh&oRTAE Eé‘én?ﬁe \{‘4 E&h&rﬂ@& QY &Houft | RF %v)élgﬁg?é}cent

usedlnfllrrs The Mu ab rati o shows
tehyleBs-hagst] @olyimey end et 6@%I ‘M@ght(pﬁrczet highlp 9yng ¢tem brarched

%ﬁgﬂﬁﬁ {%ﬁgﬁx EOIET}‘ %f;if% élﬁ%d;ﬁh%ég botfi%ee r&d?gal 8&8171&%% lgr} e al so
i ncluded. The g' value is determ ned by using the ¢
o @oraBPCEYeOd, provided infra in the Testing

Met hods section. The gpcBR val ue is determ ned by

usi Ngptf&adical polymerization of ethylene under the same process conditions as
given in Examples 3-5 without the addition of any ethylene-based polymer yields 4.64
grams of a highly long chain branched ethylene-based polymer designated as
Comparative Example (CE) 2. Because no comonomer is used, Comparative
Example 2 is an ethylene homopolymer. A temperature increase during the free

radical reaction to 275 °C is noted.
Characterization of Example Ethylenic Polymers 3-5

[159] Ethylenic polymer Examples 3-5 are tested using both the DSC
Crystallinity and Fast Temperature Rising Elution Fractionation methods, provided
infra in the Testing Methods section. The results of the testing of Examples 3-5 are

compared to similar test results of Comparative Example 2, Polymers 1-3, and

results are sSPOTYHRIALB36902
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gpcBR Branchi ng I ndex by 3D GPC net hod, provided infra
in the Testing Methods section. The | ower gpcBR val ues

wo eroottheset wo et hyl eni ¢ Exanpl es as conpared t oPCT/US2009/036902

Conparative Exanple 1 and Bfanple 2 indicate
conparatively | ess |long chain branching; however,
conpared to a 1 M netall ocene polyner, there is

Shoial beadtorl(@bPamldl PxMANE Qi Polyhefd 1-3.t MK results are shown
conpositions. Preparation of Exanple Ethylenic

milgers 3-5 Exanples 3-5 [158] This procedure is
repeated for each Exanple. For each exanple, 2 grans

of resin of one of the ethyl ene-based pol yners created
in the Preparation of Ethyl ene-Based Pol yners (that

-%M—ap%ad@tfd—te—aéroomm—aum%-peactor.
Exanpl e 3 i's conpy iseedkiog P2, '%B(amplﬁaﬂofi scggu@erdi sed
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\Bleed 67t RiCGE2:PPhe rieactl8p | g pries&&ur| zéd-with NMtrdgefiM
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 Blaed @y338ERPBng s |1 1WP0] atled 12%hen| t héd-9 nt er NI NM

tenperature reaches about 220 0C, the reactor is then
pressurized with ethylene to about 1600 bar and held
dablpol IHE gngtysigiof Feagple 365, Hohiess 1 -3Thempaypt edixagnple 2, and
arbudeal gthysedyblenls oinPlHeande&tRor Nog 48t 5311\%{ deggnates not
Ercasurech eDénsity hadnesysedkenoragndeaple 3 for Itd, Paf P (lsdatedeDefsity
(o4 ganpamatiyk / axhmpleopiip Waleteingd esian dq@a@o0 86 45 Caterdatedriusing
teauatiohdt yi1*Cplnleted aisiog at/e) + riivtiipat wi/po) nwikap pandensitit of the
tehampledgfcor) atdbon sweagitngactine df iE2 aleeribéhio Prdperation of
teamplefthyldnéc PorlpsanB6 fosthrnxrepls @dd pi + baleuldtdibdemaigctiooCE2
tfonalbguitio? d08nd &n , = weeghe ffacéer desdiiloall inpBleparationz af E@mmple
iBshyilemid Palysdrs 3AS tod njaberall Upe P2 ios @30fsed Her theactaomlet smd2d0=
Ocabwweddiingich foABither P hbopding PBakedlor tinnexhmsple. t he val ve at
the bottom of the reactor is opened and the pressure

is lowered to between 50-100 bar to begin
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recovering the resultant polyner. Then the reactor is
repressurized to 1600 bar, stirred for 3 mnutes, and

w0 b@o/114se1 val ve at the bottomis opened to agarPCI/US2089/036902

the pressure to between 506100 bar. For each Exanple,

a total of about 6 grans of product polyner is
recovered fromthe reactor. Based upon the conversion
val ue of ethylene in the reactor, each Exanple is
conpri sed of about 33% wei ght percent ethyl ene-based
pol po®r andsiadauth eAVTNREGY, BRI ¢entoribgidny ploORGwedhapaak
branched ethylene based pol yner formed during the free

AN TP TR  {lzkt 16 ek M AV HI EXURBIRE ZExamples 15,

Ffofufaath ERAMMQ! VARId 234 CoRnefci# Y SNERMNEa3(¢ B8 bs AR
process conditions as given in Exaqg es 3-5 w t hout
BV

tt<h Endy sRgtve glatsmstapsy seahiy (theyelagersbig v iekigyicel d¥oty ingthe
%g%rrﬁ r&fterals%%mube%Mg%ﬁpé}a@f&g hgd p@aﬁ(nﬂé(l%%etelgﬁé%re is

pol ymer desi gnated as Conparative Exanple :
BeGerdses the heghweinoshing ilannesaere. doapar/ataveads Beanp|leve2ofi Ge

Pfééf h&ﬂ&gﬁ&@%ﬂ?&ré‘d{‘%ﬁnm&lal %g@gﬁ%%%ﬁl th? gog@%?eageldrﬂme

ree radi cal reaction
@mmaratuafr Exanplonnd fheEcampirgalt AydisbleReRod.ymers 3-5
[ 159] Ethylenic polyner Exanples 3-5 are tested using

botfgine 56 3 el @hdthl i@l (iaRe TRTRALAIN:Gor BdliBls

El ution Fractionati ods provi Infra int
TFed thengrove fdrodd fac theamo Civeparasiya Hxsmpkes @b theelSermercptly

r | ap. .t r
%V%qgél alee\:%léléEs ah%e gfn‘ggfh%géitlog I’?etvnvlien the ggltrlﬁ]s &> léln%ﬁas&e the
kﬂlf&lﬂd&e oﬂayﬂmmmed dofEx agnwhera@evwft HEan’OEbfyﬁtmms 1’%:333h_()Wh an
ST s M g Ao 1T Sy R BRR) R 8
&mdmnndnmnﬂual phyS|caI bl ends of PlI-3 and CE2. Note
that "NM designates not neasured. Density values are

taken from Tapl @gi I(@?143 Hf(gl?ga)ep’?{)ﬂga@% ted Density

for conparatiVve St erthion usi ng Equation
1. *Cal cul ated using equation 1. **Cal cul at ed usi ng
(2/p) = ((Wi/pi) + (W/P2)) where p = density of the
exanple (g/cnB) and wi = weight fraction of CE2

%? &fch g%&’lﬁﬂl(ﬂlsﬁg %Hé“aﬁ& 'a@%nq;e s@iﬁﬂ%%{fﬂ iRl R ﬂlcyﬂlﬁﬁfn%r

arrp e an = cal cul at’e enS|ty
@gmples have at least a high melting point peak Ty, equal to, if not greater than a

determined peak melting temperature using Equation 15 for a given heat of fusion
value. In contrast, all of the Comparative Examples and Commercially Available
Resins are below the relationship line, indicating their peak melting temperatures are
less than a determined peak melting temperatures using Equation 15 for a given heat

of fusion value.

[162] Also shown in Figure 7, numerical relationships, Equations 16 and 17,
may also be used to represent such a line of demarcation based upon the relationships
between the Examples, Comparative Examples, and Commercially Available Resins

as just discussed:

Tn (°C) =(0.2143*H; (J/g)) + 81 (Eq. 16) ,



10

15

20

25

fromequation 1 and W2 = weight fraction described in
Preparation of Exanple Ethylenic Polynmers 3-5 of

werdokat46Pl or P2 or P3 used for that exanpl e apdI/p22089/036902

nmeasured density for eitheo2Pl or P2 or P3 used for
that exanple.[160] Using data from Tables 3, 4, and 7,
a_conparison plot between peak nelting tenperature

(Tin ) angohestreRblyftision= (dHuzen g | es 1-5,
Conpar ati ve é%anp gé ?’aﬁdez andﬂgganer0| mQ\/allable
Resj 1-30 can be made to find rel ative

rel [&?i?]ons highees g rqyeat paeqt gf g’F‘ioB FESF pordholiFpnpie ethylenic

o GMles. TrheMRbofi fisisher Bas@yRhic PBlyRIckadrS ¥t dbotii20i 1B hBout
nelting tenperatures, the peak nelting tenperature is

¢3¢ i/ eetgsbhHeom ke 530 b hg ¥enperature. Figure 7
reveals that all five of the Exanples denonstrate
di ffiealent Tasnatd emal ooPewtd fskihaFhd Repafaaud rsﬁal;g@at&e@le
ﬁ% t he Cbnparatlve Exanpl es and t he Commerci al
amplepribylRais | rdymqrs. 61 Thpipsal naling Sapsrasre off B’ét FiR¥Rnic
fphl%/rrfeksvﬁe 84V 108 gfeaRP nAHBboUE! B 85d FRACrhNG HFHCHBuUL 100 to
ormed fromthe two Conparative Exanples and the
@bertéPei@l |y Available Resins, a line of demarcation
bet ween the groups to enpha3|ze the difference may be

est@gs] shednfehic apdiMen Hxaflges of-5 hedhpa@fivd Usiable AS and
shown in Figure 7, a numerical relationship, Equatlons

Polymesy 1 5eare destpds eineeihe lushar Maghets Resqeangg method, provided
Q@‘W[ncﬁg'T%Ehnng‘Jf[chQ&Qectlon( Qo %;0%3 dﬂﬁ a(rayvg)iﬂstahce?s 0f6s‘ﬁ§rt chaln

. For  such a relationship line, and as can
é%%mhmg ‘Fegrasudts are shpwn foj Keglegt hyl eni ¢ pol yner Exanples
have at | east a high nelting point peak Tln equal to,
if not greater than, a determ ned peak nelting
tenperature using Equation 15 for a given heat of

u3|onsxﬁﬁ@e T CoAf T a5t coal | @3 Lhe @pnrar@glvg Conr
’(fBr‘nﬁa?‘atﬁé“B( OMIED Sl Y964 1 g8 =1 RT80y L7

|
o v | IR HE
C I |C|,;| OP ar\1 Cl |0: O
eerattH-es—ate at rnr'i n rZ 2l | 1
Hpe— e+ ¥ 1

erachPos arelle 5’ti."§422“a Spdaic ot
1_e_|'_m_e_La EXAes ||Qirg | i i B3P 16 44\ ed hl f

usi on @abue [142 21 N 30 &¥hwh NP FTer% 1, A8nelr i 864
rlablats: O¥ushiaplagmgg éﬁ%@ﬁ@cela@alam for phorpehpindirarshing disgialetion
timsangesed €ampsraicte Exahipiee? ok ethyhmarcqmtyingms E@MS@pﬁ;n t he
rel ati onshi ps between t he Exanp

EeitBhlos. BTG aT AMgitony PeibiteloRaB R eranches 1000 (o1l

carbons (C1 = methyl, C5 = amyl branch, etc.). “ND” stands for a result of none

CD

detected or observed at the given limit of detection.

[167] Ethylene-based polymers P1-3, although tested, are not included in the
results of Table 8 because P1-3 did not exhibit C1-C6+ branching. This is expected
as P1-3 are high crystallinity ethylene-based polymers that do not have any

comonomer content that would produce short-chain branches in the range tested.

[168] As observed in Table 8, the ethylenic polymer Examples 3-5 show no
appreciable C1 (methyl) or C3 (propyl) branching and C2, C4, and C5 branching
compared to Comparative Example 2. “Appreciable” means that the particular branch

type is not observed above the limits of detection using the Nuclear Magnetic
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as just discussed: Tin (0C) = (0.2143*Hf (J/g)) + 8 1
(Eq. 16) ,More preferably Tln (0C = (0.2143*H (JIQg))

wWo2@9/1{4661 17). [163] Tables 4 and 7 reveal a PERUSHNI/036902

fusion range for the Exanpléd ethyl enic polyners. The
heat of fusion of the ethylenic polynmers are from

about 120 to about 292 J/g, preferably from about 130
R s AR mdKQ b8t dll%]lchié@bdmﬁcaflbomd E%V@he %f%@%@%mng

peak nelting tenperature range for the Exaq%
M%Wdéﬁ?céloboﬁg?l??ﬁ%f%twe'ﬁ%‘émp]@@kaﬁ@ldthtr‘?éff?fefﬂg@ﬁ IRcRIngf shows
tstgﬁlfeaﬁ}yﬂr%{yhﬁlgpglmﬁﬁﬁge AT SRR Rl QUERLR! pdiAds, the
about 100 0OC, "and erably from about 100 to about
rgoulc, p@m@@] hast h@xl“@mr@mgbdﬁ 'yprepylEapabbes 18-%me embodiment
g@gp Iy
S|n3R?%h%ﬁﬁgﬁggP Eeg%ﬁgnggémgmﬁ%%ﬂbgﬁgsaged
ispiae gmibpditvigat atesltimm@owmetsods leggcd.1 @nits pbawplogvoups per 1000
C rativ nges of hor r n

rcgrggﬁ?ta%{‘ng rage %rﬁ%ﬁ\lbﬁ fnnso a eirr§o grﬁe?g%ﬁgelg? pﬁﬁ/&lers 90 great%r than
vtk otarRd son@n pe 1@0@tarsimsatdoy ars pesdnt.chai N br anchi ng
distribution in sanpl es of Conparative Exanple 2 and
eth ni c

Mkﬁ dICé} &$ﬁ§Eﬁ nchgﬁé%e? 2&&§€fg£§lﬁgﬁg%§ Ing the

thpafatma Wbmperat@@ R1s1ngéi‘lllﬂ:}dn Fr@'folo;rata)lr[yhetlm‘da Iprdndeétmﬁfc) in the

d r u t none det ect
s 08 P SR Do A o T oo 82 kGl
rﬂﬁdcyimﬁsf S-TRbedre @t td’l@&hllgh rti@steddind @teepoh@ierd 4r€ kwdﬁed Figure

the results of Table gause di d_not e

F SRy PP TG P8 AR s HePepe St gl
grystallinity ethyl ene-based polynmers that do not have
any conononer content that would produce short - chain

es the range tes b
Paana0eS T HiBare' FEhgHb b ERMa aud3REr SRS prenes
a@ppeeﬁmabdeeenﬁine(l nerdbw ) @mnﬁ&z&spme pyélghtbﬂf@ﬁclhldwllﬂlﬁdn of
C4, and C5 branchin to Conparative
@E%\WB]I% 39 aSAYﬁ‘io‘} éti R at m(P at tNeslysY £rdufigption its
bm@@&ﬁoﬁ%g@ i's not observed above the limts of

detection using the Nucl ear Magneti cResonance net hod
about—0-1 branches/ 1000 carhﬂne), provided infra in

{he Testihg Met hods sectuﬁﬁmmenparative Exanpl e 2, a
product of freeingdigal RiaRgehi Ng, shows
Fraction | Temperature
Sample ID | Fraction | (wt %) (°C)
Example 3 A 11.27 98.5
B 11.32 93.1
C 50.03 84.0
D 27.38 73.1
Example 4 A 15.76 98.4
B 12.53 93.1
C 46.80 83.9
D 24.91 73.4
Example 5 A 17.90 98.4
B 17.79 93.4
C 35.81 84.2
D 28.50 71.5

Table 9: Weight fraction percent and fraction weight average temperature for
fractions of Examples 3-5.
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significant branching at all ranges. In sone
enbodi nent et hyl enic polyners, the ethylenic pol yner

whamonotcsappr eci abl e propyl branches. | n sonePCT/US2009/036902

enbodi nent et hyl eni c polyn®#s, the ethylenic polyner
has no appreci abl e nmethyl branches. In sone enbodi nment
et hylenic polyners, at least 0.1 units of anyl groups
per(13P00 CAL bANHALOH BHR @'E%ﬁﬁ?ﬂés 3Jsma$@ar§1gﬁmi@m Bt of
et hyl eni c polynmers, no greater than 2.0 units of anyl
GOBUISE CHERe TODOVCEhE BYaSSt BMECTARE gﬁ?é@rethﬁn 99 {69)Lor all three
ﬁﬁ'ﬁ:lnﬁ ogfmegﬁ"ilﬁm]hgssthg’re 53 A& sS5nk %fe%&l%gvé ROF fraction that elutes
subfractlons using t Preparative Tenperature Ri sing
Bl A9 i°ororRrepdari (Bmtwroﬁ anst HaetionpB by F@Iredll |thr¢er gthylanig fpelymer
' I fs )
b RE TR SO eI RS R A 2P OO
igsearce repee dp@ntthe tdtd yeadhy nbths e&w@nme@b&v@r é@lxarrh'aileg?u r2é 58 wt%;

&%ngé%ﬂg%é%t Yhod on%Exanp es t%f %§56{t %;g o o

dixemalaa hiylzed ofioprepatglet TREIraduieh eluwsiag S *@ve gagter (Fracuon

kR T e AR G

@mmat atdm{ﬁraﬁxaﬁm&"(for@miteg b¥e8 up@acihe ftAdkighnof ths ethylenic

FPRCET DR RBIEGht | 30 BF Age iRy r SO0 Bl O

Exanples 3- 5 [171] As can be seen in Table 9, Exanples
3- H1zve aS@ngol theé Eandond apmhlyadd podipketetcelon GPAgarmalt g’ and

RO BT R AR M RRE e e sy SLTn A et Branlighe B

B SPRGRCT M&hddSEprof 1dad trif@nint th@tre@ing e&héds s98iddC @mparative
reater Fractlon A and Fraction .. For ‘all three
XHVP]ér% %@FV&B} a@(éeﬁfﬂsggat‘a‘(ﬁ “feégé‘é’fau‘? DBy Dlepds based upon

ehdtifiRicd cBRPYIRN ?IExhRBleat-Fortreippalvatrélygnedf ard Qfpadliive

reat er based upon the total weight of the ethylenic

%{5?‘9‘?{3&2 FE0ghpee Herespls g shgvop infrblsgle 4 : 28.29 wt %

Exanple 5 : 25.69 wt% . For all three ethylenic

pol ymer Exanpl es at | east one preparative TREF

fraction elutes at 95 0C or greater (Fraction A). For

all three ethylenic polynmer Exanples at |east 5.0% of
the ethylenic polyner elutes at a tenperature of 95 0C
or greater based upon the total weight of the

et hyl eni c



pol ymer (Exanple 3 : 11.27 ww% Exanple 4 : 15.76 W %

Exanple 5 : 17.90 wt% . [172] Sone of the Fractions
wae@dansbyzed by triple detector GPC, and g' apdI/gpmB#36902

val ues are determ ned usingSthe g° by 3D-GPC and gpcBR

Branchi ng I ndex by 3D GPC net hods, provided infra in

the Testing Methods section. Conparative Exanple 2,

Pol yners 1-3, and representative xeight ratio physical
|l ends bhased upon_t he estinmted nposi ti on of

Ex;;\|n'plg | 3-7 pfs BlespeRtd we ROIyHEEs and Conparative
Ex P af € angll yzed.- The « esu @s are shown in Table
10. biorak GRCoAbsOl-NILe. P $v Mz(abs) Mv ((Abs)
Ivh | & ME EoZipE) M 3(8/and §{IMv M (g/ ol ) (g/ ol )
M/ GPC) gpcBR g' avyg MH LABF Conparative Exanpl e
21 )§z§@,%4§c§ £5318 $68® £ 8p=65,1 70 6 15,000 9
44 P49 0°798 6 574 °p~88P2[F, 950 17,1 00 32, 600
? 8 150, 34,760 2 1 1.9.96.0,02 1 000 0 670 O
xal BS 12,5 80257 593 £58,26031; 60 84, 060 627, 700 7
& h—34—6—8A—6—660—P—7F7F+HExanpl e 3 P-Tref
Fr af 98, 5. QGy[Fr ackion %7%39 32,760 235,800 2 66
38, DB, 500 -5-|35~1" 17 APS17 -0~B97 0 440 0 93 Exanpl e
3 P Fraction 93 1 OC|Fractif@ 7,4 80 26,210
103 ~50 A8, 10,621, ~J00 2.2 1 89 0 27 0 862 0
$36 ~BE end §7 33<GERER 2 8850 36,030 123, 900 4
7 494,800 10 44 1|32 0 3[/® 0 844 0 551 0 963 P
| 1 35 600 § 1o, 500 2193604 10 66,500 1 84 1 0
10 g%@& FI0R 07 Ex Sl e W29, 530 80, 880 197, 200
43 37 4863[506 A 9|2 @24 8 B0 0 829 0 625 1 704
x| P-Tref |Fraction|93 1 O(EFraction 15,780
502 0,560 =33|17R74, 2402 B 200 3 33 148 03 10
842 1o 278 Exanpte; Al R-reef| Fraction 83 9 0C
Fralct i 14" 020587390 196,800 K.16 93,850 1,370,1 00
14 1 0 30 0 806 0 621 1 93EBlend 67:33 CE 2/P 1
11, 2, 9405219 21T, BOD 9BB47 557,280 393,700 6 87 1 3
10 845 0 5|19 3 087|P3 3 1|'8390 72,970 13 1 , 300
2 3 70, 125,900,174 0,99 - 0[® 1 1 000 0 671 0 U
Exajpl & 265 18, DE05|F0 85908 218, 46081, 77 122,830 6 16, 700
50 S8 Z0S0%|7me © B272K 208|Fxanpl e 5 P-Tref
Fr af 93 AOC Hraction 18,64 0/F4 ,780 14 1 ,100 4 0
11 8% Fr2, 2318 58|31 56 @ 38 0 778 0 606 1 188
Bl & 83 CE<24[® § 3% | 8% F453 4 0 135,900 4 46
$9% 9,500 4 [76 1 28 ¢ 263 0/ 8556 0 626 2 495 Table
102 Sis sl 3D, @G| Eay gmB %éﬂjl ar wei ghts,
dli 8 pPapss Sap % BORERTS S B'S opRd gpeBR for sel ect
fFralct i of "Exanpl &s” 3-5) "Pol'yhgT ¢ 1-3, and bl ends of
I CEZ [c173] Table[10 shojsirong evi dence of
tbon etweeg the eghyl ¢ne- l@as%%)ol ynmers Pl -3 and
{ he y I'ang chai nibfanched ef ene- based pol yner
{or i - S |BE

N s s s s s |z

ol EEod §E-| Eol2%

S ssa8  ssa8 w8

§ £5e £fy Fyso

-% ® o o 3 + < < 3 0 © 9 < g

5] 2889 2229 3389aE

el E55% 5558 _§5¢==

slesdiddlescogesdgs s
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the reactor to formethylenic polynmers Exanples 3-5.
This can be seen in the absol ute GPC nol ecul ar wei ght.

w@opatdeny t he nol ecul ar wei ght averages from POI/KS2009/036902

conventional and absolute @Cs of the Exanples wth
their respective physical blends as listed in Table 10
show t he detected average nol ecul ar wei ghts for the

Exapses ar@idieihol G08Y efilldBe 5 nling BeSvech MdietFlehfiased

chem cal bonding. [174] The evidence of reaction is
arbeesttlohgndthg g@b rlpegichein rarchpdeigylerrahasehpalyiagtifagned in
Lu%g}e%a%r e Ndrmt Qﬁ>(1grﬁ§ BRIMARLUER s 5BE. Eﬁ?ﬂg&@ﬁe S8 the

presence of g chain branching i .
labsphute érjée mategvler PeiPREFCPmaaigoths nidecudar i venght AveragesByom
I -C I . .
S Dt L AR Bl DD, SETRERALLG i B eyye physica
dldnyd endstbdsedalpollPnbpw B dB8ectthevagmrBRol¢allarewéightatforothe
[ zerQ Si 0. N have. any | haj n
E%gﬁB%?%%P“Fﬁﬁ§8§?@¥ﬁn?b%?%y?eﬁgl é%%ﬁgg%céﬁé%s such
as Pl-3 typically give a g index close to 1.0 and an
VH BX$lonenthecévadeaca of 1©acTi2n islse keonigbvsabpafed byrife ingichain

[ ' .inc e h "o f
PLAOEIL RO R AR GEpk Ml o T ARRE SRRCRC DETLE DFtone
tch&n dpaisng ndeke ihmpbrieapastufer BiRHeFmatians (GfacGons A and B),
nyenti.onal .hjighly | ong chain nched. et h ne- based

SO D Bectopt R0 R L BEE Bkl Pl ik BH7 i
o1 OBk Gbr cthiyaialabddpotyyneadiel - hi tihgpeBRedatucaf at @ mgar cbr@isince
branching. [175] In_analyzing the sanples for nethyls

DS G000 Hiat B done ep R b P B BB e e
istdhOasFrartypienisy AR apTinddR diesepe DAhILE VT Mafohytt SloReto 0.72.

1000 Carbons Determ nati on on P-TREF Fractions
pridbetitirle! onasbhrigdmnchipg Prasenge sedirhgrcrrin ding: the value

$2a10; @R M¥EexpOndnh BedBs! fr&RIPRE akl & -gpFBERERdeR Mcrds@NEom
B are conmbined to give Fraction AB and Fractions C and

thearaduecoindi fedvensiopal \hashiy g chaindmanciree ehgignendseth polymer,

VG A%G2 QORSIRbMIES f Rhctibh %ib‘éﬁlshiégc@.&glliﬁ%&%{@high levels
cal cul ated in accordance with Equation 3. [176] Figure

of fapceajehragchitge t enperature splits for conbi ned
Fractions AB and CD of Exanples 3-5. Figure 10 and

Tabhesl1l showalylie eambRS @ mdiACHdranso &bk i€t necessary
wei ght” fraction as a percentage of the whole pol yner.

Talspabing Fsastons; iglgr Bragiions AB and CD to perform the Methyls per 1000
Carbons Determination on P-TREF Fractions procedure, provided infra in the Testing
Methods section due to the small sample size. Fractions A and B are combined to
give Fraction AB and Fractions C and D are combined to give Fraction CD. The new

weight average temperatures for Fractions AB and CD are calculated in accordance

with Equation 3.

[176] Iigure 9 represents the temperature splits for combined Fractions AB
and CD of Examples 3-5. Figure 10 and Table 11 shows the two larger Iractions and
their weight fraction as a percentage of the whole polymer. Table 11 and Figure 11

show the methyls per 1000 carbon results.
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show the nmethyls per 1000 carbon results. Fraction
Fraction Fraction CD Fraction AB Fraction CD CD

Tenperature Weight CD Mh M8t hyl s Tenperature Wi ght AB
Met hyls Sample ID (0C) Fraction (GPC) / 1000C ( C©
Fraction Mh (GPC) / 1000C Exanple 3 80. 15 0.77 18,288

woe@otliwnl Corrected Fraction AB AB Fracti on CorPCBUSZHN9/036902

11.2 96{ 02 0. 28 B&tiGl 5 2.6 Bxampl e 5 78. 57Frékicd

2.4 90160 0.23 17,562 1.6 ExXppphe 4 SU. 29 0. 72 33, /60U Fraction

AB

R4, 470 [fdacBord®) 90CD. 36':'5@,0@010"4Ct® Teolice ABL: Y ghfr‘?1Ct|on Corrected

nmet hyl s per 1000 carbons (corrected for end groups or

%Efaylll S‘)Ve\c?ﬁf BHS oHehd Nac@cym%ﬁt &Léﬁge% ERARFE ﬁ)tr WRHAR of
by Methyls per 1000 Carbons term nation

%E%EE Fractions anal ysis of Fractions AB and CD

fpfﬁ’@(am'@;@a IR H§i RGwBR:HR @1gfhrravelsT 3Plbeindiling T&he high
hi gh tenperature Fractions of et hyl eni c po%ymar

Eémﬁt@rs Iraiven, Wiraghier ABhan lr@l;@e@étbédhfrrélpthy18§epélousand values.

SRAEPLA AR NE oy ho BUEREI Gt BTl o8 e
[V@rms] WEipht ragsrage slugpn Ftasperéltewpm detamendd Qy rMetEylatpeorﬂOOO
Ik a%%ﬁlg %%& atlcgn O# bnﬁ{ﬂﬁ ons a;[ﬁg %oé'%ra 9 A[pgtlc? %‘i)efor

rong evi ence ['ong bra
IBXaﬁphﬂﬁlS&iﬁn’.ﬁ the dﬁ'thlfﬁ)ncﬁabld{)él sd@bn high télhﬁerh&e%actlons of the

ur ed t he of t he | es
R L3RHe R B te o e Rt s
Exmlgnéreﬁnﬂfe& glah waldd toi gpedied dm hlely asheat iewglene-based
nds. Table 12: F-TREF results for Exanples 3-5,
ﬁ‘ﬂ‘ﬁfatlve Exampl e 2, PI-3, and several
representative physi cal bl ends. Note that "ND' neans
not [108lt er nTivetsyls 7d] Fabi Gem@sardi3d (Rijing mthtiba (Hrjctishoivn aessibg

and ZD#E{ ons curve, res r?% vel r 0SS
APt kiRl o giele P vERS bIong i Prsrag anq yafine
ExBR@hesB3-5. This can be seen in the LS-90 measured M, shown. Comparing the
M, of the Examples with their respective blends, the M, of the respective Examples

are all much higher than the respective blends.

Sample f-TREF Low-Melting Peak | f-TREF High-Melting Peak
Peak Temp. (°C)|LS-90 Mw | Peak Temp. (°C) [LS-90 Mw

Comparative Example 2 76.39 64,073 ND ND
P2 ND ND 93.18 17,191
Example 3 78.85 75,779 91.38 73,073
Blend 67:33 CE 2/P2 75.29 47,532 92.52 46,766
P1 ND ND 94.87 33,888
Example 4 80.61 90,571 92.88 87,853
Blend 67:33 CE 2/P1 75.40 50,157 93.85 50,128
P3 ND ND 95.37 69,209
Example 5 79.59 101,326 91.46 107,875
Blend 67:33 CE 2/P3 75.27 46,459 94.49 56,928

Table 12: F-TREF results for Examples 3-5, Comparative Example 2, P1-3, and
several representative physical blends. Note that “ND” means not determined.

- t t Methyls
E;%&t?!mgﬁerama tﬁﬂﬁ;c!?gf fELght JISIEE at® pf:'méqyﬁﬁgfﬁm (&PC) 11000C
U.\/l.ll A9 AT 8 AT ~J OIIUV1V7 562 16
perdtyel ot on 180e0s 5t ?radég\n ng §§ge 1 pop o
E%"%?f? 7@5 ractd on 4% N ? 46

Tet y‘T housand vaI ues. |gure Is ap ot 0
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w0 b@o/Testi ng Met hods secti on.

33: 67 weight ratio physical blend based upon the
Cross-Fractionation by TREF nethod, provided infra in

show the IR response curve68si ng the sane net hod for
Exanpl e 5 (which incorporates Polynmer 3). Figures
13(a), (c), and (d) have a z-axis (Wight Fraction) in
i ncregent spigfred.19%) MAPIRELBLRA NG Al YDOIR Gédpbndel AR,
(3D[Ir 3?1]2\/\, onlg y ut?a)alnso 3gy)ecol oral bands (both 38 %ﬁd 2D
\?‘?S@%tweh’h%m%s BEHgnAtine restHseisa Polymyied ghd Crrmageiiwntxample 2
EBQHVQméﬁ(BLo%%§m&ﬁﬁﬂéh.&m@?1&9n@ﬁ§h§ks@ﬁm&b&%&ﬁ Gyt PREP

D representation. [180] Conparing t two sets o
gmeatmspromdectafmem tarlieytirtgdVesbeds sedian. Fisercbilagend 13(0) show

e e R
Pehyses 3holfigend Biawei) gintl (d)i e e ataki nget@t Biapteha in meatements

Of tOEbre%{eEenQe got%lﬂﬁe@/ %r:i’cﬁ ﬁ)lesa(@g)o g’\g’%ll b8%"’ alFEoX Emgolgr gands

yner es no
r(mm I3Dea,nd|2ﬂmlme‘al i e Z2ask Ngkeangpol fysrrWeught ﬁmc&mn al ElglAb 48(b)
not ewor.t becul ar | ghts of the

%ensﬁbﬂé)ﬁg&" B%SISE l%Yl%ﬁlng CRY S II:antly | ower than

the correspondi ng constituents of Exanple 5, which can
be [dB8ler v edorhyaring migatmiorsgts feif gmphs m&gm h;lewﬂ}t e feexythaethe blend

d en . ”
5RaB0enb 3T Hlare T Bnl IR PR TR Rt S g e istages™ ot
ttehﬂﬂieralﬁml ebwtidnotelds niadetiufar Wgharmdmdnlg the bap@ar amtret & the
d can be those illed in the art
T B lhnS a5 A xR s aBR s and iy G obletif Bpiatr does
inoy esthipl@Bly réetR! eidR@lidy a istngleSpol@liericnhaied Alahothathy is
s,co%ree of the claing to be limted to the exanples and

mleqyiE wetgisiob hercopippnenisih de Higpdrarg figniiagagilydowss than

GRNEIFMRAIRS BRGARASTIHXImBle! 5, ek @atHr ®Ser®dd by comparing
pat ent abl e noveltg which reside in the present

ifpgrEht IBhwith Hepgdwly al | f eat ures which woul d be
treated as equivalents by those skilled in the art to

whi@B1t he iwyenhé ebRBLER Rse bbdBdkcrlded iwfithgﬂitﬁﬁlqﬁ@ it will
that the disclosure of preferred or desire

BF endaryiaer Rt YRgPes QJBsimesificanpnsryiyl s agpaset dgansk cap bg reaglily

FeRIk 6§ AhoserskilRd in HeefEh/[BSh Abp Bt (o She ?ﬁrlt and scope of the
substituent S, ranges, end uses, processes,

dwivBiioTACondingliyt i iy nes pended élahﬂiy sgsipe OéfhetCI?@nWOsh,el lgniged to

Qmﬁgﬁésgﬁﬁ c@%pﬂgﬁsh&g%rﬁtsblﬁ%!hhlc &Ql ﬁleac?aﬁﬂglble doBstAHAY as
ot her

encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents by those

skilled in the art to which the invention pertains.

[182] It is intended that the disclosure of preferred or desired, more preferred
or more desired, highly preferred or highly desired, or most preferred or most desired
substituents, ranges, end uses, processes, or combinations with respect to any one of
the disclosed compositions and methods is applicable as well to any other of the
preceding or succeeding embodiments of the disclosed compositions and methods,
independently of the identity of any other specific substituent, range, use, process, or

combination.

Fi gures 13(c) anpCT/BSzp9/036902



precedi ng or succeedi ng enbodi nents of the disclosed
conposi tions and net hods, independently of the
WO d@atli46y1 of any ot her specific substituent, rBOLES2009/036902
use, process, or conbination.[183] Unl ess otherw se
stated, inplicit fromthe context or conventional in
the art, all parts and percentages are based on
vei @By [ 186ikssAtherdRBlsiafeat irf(ij)p]&it TRIND kHeCRhie@NS cAAMRBHA in
test procedures, and other docunents cited, including
g a5t pH pargeed Rersesagen e basgr o) weidbr por at ed by
reference to the extent such disclosure is not
i nqgszgl st enfi Wplibuohe SlivhiedR8Edp LD oSt hioB&uARd and other
s and for all jurisdictions in which such
ideBrgET At opclpding BRGHY dedmeptsgy TByperriperged pu reiemeee ©
GRNERXt sufh WREIEGS UChbiiddASSte ! Ridd %Céilkc@@sgd BRFotUne S8d
specifically stated otherw se, such values may vary by
matads amt for 21 paisdietpms inswiyel ishincomeratigp rgermigisd. 10 t o
20 percent. \Wenever a nunerical range with a |ower
EF%BS] RL, Dé}ﬁﬁdlﬁg E&P&l@ oh®kitin Wiikh §3hdhREd 28 MscriBRY, and
er fall in the range, including the limts
tuﬁ@ﬁﬁs@levégalwsﬁ%@e@hﬁffw&al jugh dflges ey Py 1 psFaent glpggeent, 5
;p@l%elﬁtol)ll 9&41&&1&:@ ufﬂjt%r?{’) CPMcteHﬂ %&%V&aflgﬁn@irc?l range with a lower
pecifically disclose R=RL+k*(RU-RL), wherein k I's a
viami, 8l end amggpaylimitoRYJOisGliscosedl agOnyiien falligy @ithin the range,
; 2
(RPLETEAL tgh ok tini el BlpDecdd h oo Bl tydhne
ansmtiefs Wi the raiks erespatidally slistlysedl BeRbsléiﬂRMIOl ahereink is
SraferatRaf rRBG RS BT Sh0° uBheplsFE R RetisBt or 002 0
rauml cearOOI\/MpmNet; aﬁemmaleraagwﬂehmdbyawbllginesltermaieﬁned is
ng. ngerat re, Tln in 0C, and a heat of fusion,
SOSFﬁ f?gy %@mﬁ term ned by DSC Crystallinity, where
the nunerical values of Tln and Hf correspond to the
rel ationship: Tm > (0.2143* H) + 79.643, and wherein
the ethylenic polyner has | ess than about 1 nole
percent hexene cononomer, and | ess than about 0.5 nole
percent butene, pentene, or octene conononer. 2. The
et hyl eni c polymer of claim21 wherein the polynmer has
| ess than about |ess than about 0.1 nole percent
but ene, pentene, or octene conononer.
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3. The ethylenic polymer of claim1l, where the heat of
fusion of the ethylenic polyner is | ess than about 170

wa @/ 1Me6iThe et hyl eni c pol yner of claiml, whePE€T/UR®09/036902

peak nelting tenperature ofl0t he ethylenic polyner is
| ess than 126C. 5. The ethylenic polyner of claima1,
where the ethylenic polyner conprises no appreciable
et hyhmbr anches as determ ned by Nucl ear Magnetic
Resonance. 6. The ethylenic polynmer of claiml1, where

the ethylenic polynmer conprises no appreciabl e propyl
branches. aAn EYERRNRLES FORPETEaH RGHAFITE] REBSRa 000

Carbd ok RY b&Binfindaa)yYN®ReaP Maghdic Redonahliedn@ thike highest peak
et hyl eni ¢ pol ynmer conprises no greater than 2.0 units

SreliEnp Pmpgratifss Tpd G000 2 &4 196 s olts INake. de depmiipelbypySC
NG AR VRARE I CnuRRFCAINGSE: of &, 2B Bl ESRYPSRILE tHR QLY IR Ehip:
of "claim1, where the nunerical values of Tln and Hf
correspond to the relationship: Tin > (0.2143* H) +
81.9. An ethylenic'§®¥9H§ﬁ3%5§bh¢€?ﬁg at |east one
preparative TREF fraction that elutes at 95 0OC or

Gh@ahekinibd AByléniPp@pacetak es thenual kok pRicshil@xdaeut i on
Fractionati on nethod, where at | east one preparative
TREPNFREAN s thaa bt (P deolg perepnt pretensy PEHHBEtBIOCHYS a
RbaBRddRY | evel greater than about 2 nethyls per 1000
carbon atons as determ ned by Methyls per 1000 Carbons
Determ nation on P-TREF Fractions, and where at |east

5 wei ght pErcehylenit PrRCRphgipiahi VHSEIR, thsPobmeyr das g*tss an

taBHR s tdh bRt 0.9 A @EenPbRChenRAs & oBRICdnftBohet al
wei ght of the ethylenic polyner. 10. An ethylenic

pol yngr copprising at_ | east one preparative TREF

Fract fon t Wt “BHIERe olmens s, grieat de hisy ﬂgﬁﬁwn of the
Rasralcajolyver kasRekataub@ 1R) $ong El ution Fractionation
nmet hod, where at | east one preparative TREF fraction

R G 0505 B0 S5 S B R S8R

log atetiylonRi @htmdpariegmanabetche et hyl eni c pol yner el utes
at a tenperature of 95 0OC or

5. The ethylenic polymer of claim 1, where the ethylenic polymer
comprises no appreciable methyl branches as determined by Nuclear Magnetic

Resonance.

6. The ethylenic polymer of claim 1, where the ethylenic polymer
comprises no appreciable propyl branches as determined by Nuclear Magnetic

Resonance.

7. The ethylenic polymer of claim 1, where the ethylenic polymer
comprises no greater than 2.0 units of amyl groups per 1000 carbon atoms as

determined by Nuclear Magnetic Resonance.

8. The ethylenic polymer of claim 1, where the numerical values of Ty,

and H¢ correspond to the relationship:

Tn > (0.2143* Hy) + 81.
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greater based upon the total weight of the ethylenic
polynmer. 11. The ethylenic polyner of claim10, where

wo b@9gideenl ue is [ ess than 0.95. 12. An et hyl eP€T/US2009/036902

pol ymer conprising at | east’'lone preparative TREF
fraction that elutes at 95 0C or greater using a
Preparative Tenperature Rising Elution Fractionation

nmet hod, whgp eet@tledl@%%tynfwecoﬁfpﬁga a Msst TcBE IfefsaaﬁweomREF
that elutes at 95 0 reater has a va ue

gragidqnehatichugs a9 IQHC ah&reqlt@rsu;ﬂngwd)ﬁer@r%e d é@éﬁ"fﬁqlﬁelﬁ%%/ Elution
%&ﬁ&ﬁ%ﬁ%ﬂbﬁgwwg %KleE’é{ oﬁpp%’&}au\%”ﬁkﬁw Frﬁ&oﬁtthalt %ﬁl%és a® 95

percent of the ethylenic polyner elutes at
"@ rqy@r%@m rhas @f brgghpg leyel gre@@tr ¢lanprborid? upsthyly e 1099 avlarbon

\ngrr%hgs %Etemﬁec?togyﬂd@@lgfﬁ ]gest Vd’(‘SBrCaI%g’ns ﬁ@teﬁltlllfwtllo E P-TREF

ymer conpri si one preparative
fFrrzB:ubmso and matre elt dﬁtaetSS ateigd0 pOCGno of greechdenia polpgenelutes at a

Pr rati [,ut i
rtreerﬁlﬁeg%l?r Wﬁ%r ?(%{3 g??ageégégsed ugg'n trlﬁg rgog al gvtehg\(i;lPoﬁEQ@B}/lgmg%olgmer
that elutes at 90 OC or greater has a branching | evel

gr eat é¢. t ham alpdenic 2olystehydosppeing 14000ast amboprepargive HBEF
21 m ne t .
glﬁa%@%@.ﬁéﬁs y?o@nél- g%ﬂ%f uﬁﬁgf&%@%{? ?Bgérgm}y 1{}8&% Plition
chemﬂtiomfmeﬂtw whdy laekeas opo biepantivel TRIES fradtioa that elutes at 95
ture of ater bas up
WETBREASHRE 42" oty PR R BBl Eler R OuPR R TS Bhfuhere
;aoleysrrérweigm'@ercsmtng tlﬁat ethydasd paneerlepadtatengerdiliefof 95 °C or
fracti onthat el u t 90 0C or. E{eater using a

BFE[sA %ﬁefl YROTHRRS, 3’{3 BTy Y BHFr act i onat i on

nmet hod, where at | east one preparative TREF fraction

t hat el.ut €BheatthP6niO Golymeg e atagn 10ashareghe galulee @f lekegan
tog)gn 1 as determ ned by g' by 3D-GPC, and where at
["east 7.5 wei ght percent of the ethylenic polyner
elutes at a tenperature of 90 OC or greater based upon
the to2al Meigilendd polyseetdoylpering qooleysoeme fibpardtive TREF

t hyl eni c t.of claimlil4, ere the g val.ue .
Fredont i BRI S 8 s e ooy o s S g
Imbnmne nm@ﬁawmre veleddRiohe preaoriiiv@TRIIAfraclodties ehites A0 95
ter uin aPre arat i T er at
lﬂr |g teﬁ?‘?fc% P P]e %@i‘tgb@an \%X?g F‘Bg E\;tg s fhag taso‘ﬁl@rml sy by
RbEPR B Mg TIREF f)y 3otGRO, iliakvhab Wk @sis@d vAght percent of the
ethylenic polymer elutes at a temperature of 95 °C or greater based upon the total

weight of the ethylenic polymer.

13. An ethylenic polymer comprising at least one preparative TREF
fraction that elutes at 90 °C or greater using a Preparative Temperature Rising Elution
Iractionation method, where at least one preparative TREL fraction that elutes at 90
°C or greater has a branching level greater than about 2 methyls per 1000 carbon
atoms as determined by Methyls per 1000 Carbons Determination on P-TREI
Iractions, and where at least 7.5 weight percent of the ethylenic polymer elutes at a

temperature of 90 °C or greater based upon the total weight of the ethylenic polymer.

14. An ethylenic polymer comprising at least one preparative TREF

fraction that elutes at 90 °C or greater using a Preparative Temperature Rising Elution
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°C or greater has a gpcBR value greater than 0.05 and less than 5 as determined by

gpcBR Branching Index by 3D-GPC, and where at least 7.5 weight percent of the
ethylenic polymer elutes at a temperature of 90 °C or greater based upon the total

weight of the ethylenic polymer.
17. A process, comprising:

A) polymerizing ethylene in the presence of a catalyst to form a linear
ethylene-based polymer having a crystallinity of at least 50% as determined by DSC

Crystallinity in a first reactor or a first part of a multi-part reactor; and

B) reacting the linear ethylene-based polymer with additional ethylene in the
presence of a free-radical initiator to form an ethylenic polymer in at least one other

reactor or a later part of a multi-part reactor.

18. The process of claim 17, where the reaction of step (B) occurs by graft
polymerization.

19. The process of claim 17, where the catalyst of step (A) is a metallocene
catalyst.

20. The process of claim 19, where polar compounds, if present in the first

reactor or the first part of a multi-part reactor, do not inhibit the activity of the

metallocene catalyst.
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