POLYMERI ZATI ON PROCESS TO MAKE LOW DENSI TY POLYETHYLENE CROSS- REFERENCE TO
RELATED APPLI CATION [0001] This application clains priority to USSN

12/ 641, 98802D114d54A Decenber 18, 2009 which is incorpor @EVSAEOEPR4by
reference. FIELD OF THE I NVENTION [0002] This invention relates to

et hyl ene- based pol yners, particularly | ow density pol yethyl ene (LDPE), and
pol ymeri zation inprovenents to neke LDPE. Notably, the polynerization
process i NPGIVEMERIZACT DN PROCLESS (11) MAKETEOW DENSITYPOU YEXHENENH | v
with a tubular reactor(s). BACKGROUND OF THE | NVENTI ON [ 0003] There are many
types of polyethyl ene made and sold today. One type in particular is nade
by various suppli er ¢ B%SﬁﬂlﬂE NCESD UiEbesepift AT yet hyl ene is

cal l ed high pressurMﬂ%ﬂMl ed LDPE) and is
usual | y n@@e1usi ng Thistapplitaionrckdmt priodty taiySSN K64\ flad boDeormbari8l i mes a
combi natbﬁlr)\. iorreti nes g{)l nmer, ysers blend LDPE with other polyners such as
| i near | Yehshay mserpeELeH neLria Oy TEeSESet o try to nodify properties such as
flowability or processabilit ywigi3PoH YAENAAEENPYON scovered new LDPE

pol ymers whi ch have inproved "extrusion coating properties and can have

i nproved KMP2nkage This noatioratclates t ethyfeas-baseB| polynéerss pateylaty hew |density

strength, t.str and optics, . .whi.l e maintaining, ot p e

attribut @Qg%{hd&fé‘%]@gg E@xﬁﬁ%lp@?y@n%?% Ipprojiemenis, o nrerlllgk%fﬁ%i)%l ?Ig{)jtgggf ?}9 er
Sci ence: Mﬁﬁﬂicﬁﬁﬂmﬁé@& ISHOIRE SitéBlave Beacidi(sH QrefdABlY dpBeficd ¥quentihllpasthtahe
foll ow ng general discussion regarding reaction kinetics. Low density

poljyet gyﬁWﬁe@Qﬁ@Wth hi gher densities (> 926 kg/nB) are produced at
reduced pol ynerization te [P I— » the short chain
branching frequency and cﬁB%ﬂ?R NB&%QMN density. Both the
reﬁzu ont [r?aoiﬂ of tEh_e&hati)rétmmiﬁ@tylpei()b;élpolyﬁﬁgle@alrﬁmiekaitmilvmf ldtst,odtnaﬁk@he ityrgg) inas
wel | as e. l ong chain branching (al so wn as transfer wi.t ol yner
reaction Pg{t’éﬁlaér“'en\?g? }’yt‘_@ﬁ‘fié? é’t‘RPrl’érsd%ﬁﬁﬂgh’? large) gH#UHTE ¢ BOlgﬁt%W% ows
the Ki netcmeddﬂ%g rfg&saﬂaefrwyafakc\aﬁggr;y@@zrehe TuitlaRPRal&ELDPHY and)is ulitfly made

tenperature de ence 1s given e activation energy. The higher the
act i vat i esingreetulpylar reactwr & an eetotlain reagtor tar remstisss Wi ¢dmijnatpmme nbemetipgs

hi gher te t 11/ 075465PCT/ US20.10/ 06024 d
t enper at lﬁ’gg’ge% F‘\’g?%‘rg @%‘?% pgr#g NS, (Eﬁ%rn%(ﬂylgw ﬁgé&s iqbnﬁ ang(%“ré ggl?%g'f Poqi%bﬁ%er
\ng?ﬁ% on (6L BPEFfoasHRNAaYdifPsbpértiéEduck at Flewabilier @progssabilye Activation

[0004] We have now discovered new LDPE polymers which have improved
extrusion coating properties and can have improved shrinkage in combination with favorable
stiffness, tensile strength, melt strength and optics, while maintaining other performance
attributes.

[0005] For example, S. Goto et al; Journal of Applied Polymer Science: Applied Polymer
Symposium, 36, 21-40, 1981 (Ref. No. 1) has the following general discussion regarding reaction
kinetics. Low density polyethylene resins with higher densities (= 926 kg/m3) are produced at
reduced polymerization temperature in order to reduce the short chain branching frequency
and consequently to increase product density. Both the reaction rate of the short chain
branching (also known as backbiting) as well as the long chain branching (also known as
transfer with polymer) reaction step are very temperature dependent.

[0006] The table below shows the kinetic data on the involved reaction steps (Ref.
No. 1). The temperature dependence is given by the activation energy. The higher the

activation energy the more a certain reaction step will be promoted by higher temperature or



cnB/ nol e Propagation 5. 63E+11 10,520 -19.7 LCB 1. 75E+12 14,080 4.4 SCB

5. 63E+12 13,030 -23.5 [0007] For polyner properties the ratio between the
rate of awoenti@i7sdéseacti on step and the propagati on rat @Crassedioiongaes t ance.
[ 0008] The property tenperature dependence is expressed by the A Activation
energy, so for: SCB frequency in product: A Activation energy = 13.03 -
10.52 = 2.51 kcal/nple LCB frequency in product: A Activation energy =
14.08 - 10ddd by Jovack thpdraturise [ 0009] Above data inply that the LCB
frequency decreases faster than the SCB frequency wth decreasing
tenperature. Further the | ower maxi mum pol ynerization tenperatures needed
to | ower the—SCBfre PR 1+h i opcentration
(/profile) in the relg%:{gglrb%m |¢18£g{eﬁ1§mf raecgéﬁlR%%ngFféN(gl is])o depends agn
pol ymer conR%aétroatsiteg,n, t Needu(eBcy FR A ENC YA tatioh endrgyyer edctivatibheomieg |(When
i ncreasi ng pol yner density. This neans|that c4hgolkCB f nequepg$/mofe bot H

| ower ed byplAE-JBRET PPl YMEEIZAT{ PN tenperaiyyeas Welll as hygghe Tover
pol ymer cpncentration |n the reactor when increasing density of LDPE.
[ 00010] TheL@BI ecul ar wei ght 1.d5E+12 buti pn of Hol8Pet hyl ene is HAdavily

af fect ed py-_LCBt+requeney—H-gh—ECBf+equeney—teads—tobroadMAD-+resHns,
while | o S%E frequency | eaaéggﬁ arrow MAD ﬁe(g()ns. Thi s mezi?l%g‘?hat it
beconmes i ncreasingty drfficult and at sone poi nt | nmpossi bl e to produce
broad MAD pol yet hyl ene resi ns when i ncreasing polyner density. Broad MAD
pol yet hyl §1087] s nedubedolyorer aroparticethe refio battveers thematap hicedain aerstion step and
speci fi c% I%to ont rol tfhe r&eol ogy in the nolten state. An exanple is the
need for PORORBIALOR FE N IIIGPEY I Gsi on coating. SUMMARY OF THE | NVENTI ON
[00011] Thpmosyent | OMhePp RPN Sedpiatife RIefSiRh&@ P lexpiREded aby QRe PY QCARBALIGD
forman ethyl enef— based pol yner, the process conprising the steps of:

energy, so 1or:

SCB frequency in product: A Activation energy = 13.03 — 10.52 = 2.51 kcal/mole
LCB frequency in product: A Activation energy = 14.08 — 10.52 = 3.57 kcal/mole

[0009] Above data imply that the LCB frequency decreases faster than the SCB
frequency with decreasing temperature. Further the lower maximum polymerization
temperatures needed to lower the SCB frequency will also lower the polymer concentration
(/profile) in the reactor. Since the LCB reaction rate also depends on polymer concentration,
the LCB frequency will be lowered furthermore when increasing polymer density. This
means that the LCB frequency is both lowered by the lower polymerization temperature as
well as by the lower polymer concentration in the reactor when increasing density of LDPE.
[00010] The molecular weight distribution of polyethylene is heavily affected by LCB
frequency. High LCB frequency leads to broad MWD resins, while low LCB frequency
leads to narrow MWD resins. This means that it becomes increasingly difficult and at some
point impossible to produce broad MWD polyethylene resins when increasing polymer
density. Broad MWD polyethylene is needed for a variety of extrusion applications,
specifically to control the rheology in the molten state. An example is the need for low
neck-in during extrusion coating.

SUMMARY OF THE INVENTION

[00011] The invention provides a high pressure polymerization process to form an

ethylene-based polymer, the process comprising the steps of:



WO 2011/ 075465PCT/ US2010/ 060244 A. Injecting a first feed conprising
et hyl ene and optionally conprising a chain transfer agent system (CTA
systen) iWOQOH/K75468t aut ocl ave reactor zone operating arCpalSgoms@ati on
conditions to produce a first zone reaction product, the transfer activity
of the first feed being Z1; and B. (1) Transferring at |east part of the
first zone reaction product to a second reactor zone selected froma second
autocl ave reacAor ZapRetsy adirstioed 86mpeasd ethy%as and REtiOREN aohipisil a chain
pol yneri zation conditions, and, optionally, (2) freshly i n]l ecting a second
feed into the secortnsieacgent srm t(§ gy cusien) dnive eofitst Avinslave arcaéton zone
product, with the praqvi: h o] r tor .zo co ips..a.Cl.
system having a traf g%ltelfﬁ a%:tt ?@ly#egﬁﬁﬁaﬁ%dﬁﬁ% %hg%ogag%iasg{rshg "% REP AR o
of Z1 172 is |ess tpraduc, thd ©043fe? httivignd teafindiese bting 78 ; amvention is an
et hyl ene- based, pol yner, prepared by the ipventive process. In one enbodj nent
the i nventi onq?-s ar(lletTF?}‘FéFFé‘lga%tSEHStﬁ%ﬂTngﬂ’er#&ﬁ Rpcarcadd prpdyct dpnapsegom o
0.935 g/cnB, and a grkd HRdSAAHPLRIR A aﬁf&cla&egf&%r@%ﬂe o%{;ﬁ‘laﬁ%&tor .
el asticity, in centiNevvtons, greater than or equal to (8.1 x (nelt 1 ndex)
98). In one enbodi ment anhepératimenst polymerization wpoditivnyp and,copionaliyn ¢2X freshly
article e g a PR REShBErS] 5 iHe TR e FECBbApa CrOcs Begiepd Zof
DESCRI PTI ON OF THE r3AW Paduct, A8 1R prodidh ehat tHeSeordl eacté@fzoh®BoriTiihé a CTA
elasticity (ME) versus |log nelt index (M) for Conparative Exanple 1 and
Exanpl e 2. [00014] Fygeindayings tegnglenactivity gl2osd and haze for Exanple 2c and
Conparative -l 5].Ei i | gt of drawdown (neters per
m nute (nmpm angwrl?g tqblllsr?t%aﬁﬁ?kng?%??@m#%sga&gxanpl e 2c and Conparative
Exanpl e [00012P0016]ifriogd fetbédingend thid Bivestfondis emsetRylehdabared polyniex prgpageddbyand
Conpar ati ve, Exanpl e 3. DESCRI PTI ON OF ENVBODI MENTS OF THE | NVENTI ON Overvi ew
[ 00017] Adh&in¥enssaocssb i@ AR sMbagiEnt Bis Ipyeatipn ssanethylene-based Relymer having
pol yrmer i 2ajeh QR RERPE 9331 R eR (358 g/ 10 1
conpri si ngéet Tﬁlg’ st eg’?%é’?:@ 9%\9 gll7errlljzfﬁé%It?(li %)gﬁeg@ﬁ r g&?%rg%& c@%giﬁéﬁéﬁéﬁeﬁe and
opt i onal lelastcighanncdntidiestens, @getdr thys tanedugll Ao st enjmélntindea) ®y.stin one
Firat. 2oREePRaet Jf pPSRee: 1t A coTRbSYLR arbrsrRe iaeahee et ® °
activity pélimeanth fhe ddbodith&iThEmiembnal an S, @.?.r, & B, EQEprdiigSthe TRRRtive
reaction product to a second reactor zone selected froma second autocl ave
react or £omposfom tubul ar reactor zone and operating at pol ynerization
conditions, and, optio e npact eeond feed into the
second reactor zone to Pprodute—a-secont zoneteacttotpt
provi so {0eo13]t he s&qmne 1rieagiarof108enctioglbstichs (MBYMrshy $éemechdndexg(Mi) for
transfer activity_ _Z2; an

Comparative Example 1 and Example 2.

[00014] Figure 2 is a plot of gloss and haze for Example 2c and Comparative
Example 1b.
[00015] Figure 3 is a plot of drawdown (meters per minute (mpm) and neck-in

millimeters (mm)) for Example 2¢ and Comparative Example 1b.

[00016] Figure 4 is a plot of gloss and haze for Example 4 and Comparative
Example 3.
DESCRIPTION OF EMBODIMENTS OF THE INVENTION
Overview
[00017] As discussed above the invention provides a high pressure

polymerization process to form an ethylene-based polymer, the process comprising the steps



with the proviso that the ratio of Z1 1Z2 is less than 1. [00018] 1 n one
enbodi nent, the process further conprises one or nore steps of transferring
a zone reyotpo7ptedduct produced in an (ith - 1) reacti eoTASR@O0W0602a9 (it h)
reaction zone, where 3 <i < n, and n? 3, each zone operating at

pol ymeri zation conditions, and optionally adding an (ith) feed conprising a
CTA systeminto the (ith) reaction zone, the CTA systemof the (ith)
reaction gone having a transfer activity of Zi; and with the proviso that
the ratio of Z1 /Zi<1 for all i<n and ZI <Zn. [00019]In one enbodi nent, the
process in step A tlhecting s firftdead comppisingethydencpad 9ptorakly Heshaingransien egent
activity of zZl. [00Q I e i.nent, e ss_in.s i.n.which
the first reactor f%%%hbggggb€9§%§?dggk%eﬁ%?e?ﬁ%@gﬁhﬁggpgdkﬁgegpégu fges a
CTA system resul ti nglymerizadiofténdifisisein @bdidea ABCantt reaaiinofrodwinethba@iAg a
transfer activity Z2. [00021]1n one enbodinent, a second feed is injected
into the second rea¥slshm ofdhehavinge trapstarasivity £bddconpri ses et hyl ene.

[00022] I n one ﬁ.”bOd(ilm&Fgégré%%P%stfﬁﬁﬂggghﬁ Rt E&?ecﬁegi:t‘i'& gﬁgﬁ%ietg‘ga{‘%ecw&t her

conprises a CTA system In one e ment, t sec S
injected into the seawmdzoneadtded fome scaomt duheclsegoantiorfee ocombulas esctor

t hyl but d t i CT t 000241 | . i t, th
Firat foed of any GPEABYSPEALRE ALPONBBUFHER SOOBABH CsoRo R bade) BRely -
comonorrer . VID 201 4 0Z665 REBAVERA 10050 %bnd AQORBLAR: OMRoAIERadbRRtzont he

second feed of any of the preceding enbodi ments conprises at | east one
cononomer. [ 00026] ImAacsine peadveHi ¢ profyisojthdi theessgonst reagigr zome chrtaips e £ddt ng

enbodi ments further Soluely kﬁﬂgsactf%?%élgg@ﬁﬁy[&o%ﬂ I n one enbodi nent, the ith

feed of any of thefgreceﬁi hér "conpri ses at | east one

conononer . [ 000RBiheprons daixaed raenif,Z 1WA kisdéssligmst. one conononer of any of
t he precedi n%benbodi nments is_injected into one or nore of (i) a suction to

: . (i)
a hyper ¢¥MSkssor In(9ne) embedipept, dBeprecssd fudhes HPMRIEEs QRE Q) IPYe &RRS 6f
hore aut qgn@fé?rir%r a oYL R%ioh ‘fo?(gu@{ pro@iked in an (ith — 1) reaction zone to an (ith) reaction

zone, where 3 <i < n, and n > 3, each zone operating at polymerization conditions, and
optionally adding an (ith) feed comprising a CTA system into the (ith) reaction zone, the
CTA system of the (ith) reaction zone having a transfer activity of Zi; and

with the proviso that the ratio of Z1/Zi<1 for all i<n and Z1<Zn.

[00019] In one embodiment, the process in step A the first feed comprises a CTA
system have a transfer activity of Z1.

[00020] In one embodiment, the process in step B in which the first reactor zone
product and/or the freshly injected feed comprises a CTA system resulting in the CTA
system of the second reactor zone having a transfer activity Z2.

[00021] In one embodiment, a second feed is injected into the second reactor zone, and
the second feed comprises ethylene.

[00022] In one embodiment, a second feed of the preceding embodiment further
comprises a CTA system.

[00023] In one embodiment, the second feed is injected into the second reactor zone,
and the second feed comprises ethylene but does not compfise a CTA system.

[00024] In one embodiment, the first feed of any of the preceding embodiments

comprises at least one comonomer.



[ 00029] I n one enbodi nent, the at | east one conononer of any of the

precedi ng enbodi nents is acrylate, silane, vinyl ester, unsaturated

car boxyl iwoaeiidh75#8d car bon nonoxi de. [00030] I n one enbedirmsea10o602uhe
process of any of the preceding enbodi ments, steps (B)(1) and (B)(2) are
conducted sinul taneously. [00031] I n one enbodi nent of the process of any of
t he precedi ng enbodi nents, steps (B)(1l) and (B)(2) are conducted at

di ff er entjos02sgs. [ 0Q0zR] érﬂbmeeﬁn‘qedsemm f@l dthayPsOGe STebimdnemidihéigs

precedi ng enbodi nents, at |east part of the first zone reaction product is
transfer r@mnr@e%atéeeébw @IAWEeM&e reactor zone. [00033]I1n one enbodi nent of

roactor Jaa8) (20 B onk BB EREEL A0 F IR LT e M ARG B fer one

enbodi rrerttoannséstmhjdemess of any of the preceding enbodi nents, the second

aut ocl ave_reactor zone is arate fro the. first autocl ve react Qr _.zone
by one oﬁ(’(m}?i r eadPofnez &% e mefp §as1ithy ﬁeo%ﬁ%d’ifrf’gﬁtpr?ﬁe ngeclaimsc Buthepy

any of the prreeding: GERQdioBRELs, at least part of the first zone reaction
product is transferred to a tubuI ar reactor zone. [00036]1n one enbodi ment

of the pfo28s of dnyonef embmhmcmcehh ag leastbont pemosgmdrhe smybof aahe peacding

i s adj.acent to.the first aut 00037
enbadi ment BRI Brtiaed M5 oahgt BT NEGLF BELRD A6 SEMRTARBRC (e PRSI ar

reactor &%ﬂ@ré@or&ﬁﬂ%ﬁ%@%df(hgmnkf&@nfolré &ttoewqultmarrre&%@bn@sone by one or
nore reactor zones I n one enbodi ment of the process of any of the

pr ecedi n(_{)OQ!Hﬁbdl mer{tlsonee%m dimewf, thy abidast eagceononams efopityaphshe peceding CTA
t t
S note crRdabtiOR RERAE ThAlk, ey IR0y RLaTRl SAEBIAC Ao’ Bl o o

enmbodi nenhénoxéde. | east one of the feeds to at | east one of the react or zones
contains a CTA that is different fromat | east one of the CIAs to the other

reactor YNS8] [ oodnope mbptimeRbdheRICCSOl AR O s s ding eahpdisrenis, ateps
pr ecedi ng Z(f}z (E)%re &ﬁaﬁﬁﬂ%ﬁrﬂﬁtaﬁ&%@l endently one of an olefin, an
et o

al dehyde, an al co a satur ted hydr ocarbon, an ether, a thiol,
a phosphil¢t®31hn aniln one ambedmmat ofathe aricdss,of any ef therprecadiohg @mbiod meenés) ateps

cbod TenPAD) BHLEIE A rRRERBrBEREROIREY hyl ot hyl ket one. (MER).

22, BRI E, DA CR8 Shesgusos o RRCARTIAL TyRathapen iRl one
least part of the first zone reaction product is transferred to a second autoclave reactor zone.
[00033] In one embodiment of the process of any of the preceding embodiments, the
second autoclave reactor zone is adjacent to the first autoclave reactor zone.
[00034] In one embodiment of the process of any of the preceding embodiments, the
second autoclave reactor zone is separated from the first autoclave reactor zone by one or
more reactor zones.
[00035] In one embodiment of the process of any of the preceding embodiments, at
least part of the first zone reaction product is transferred to a tubular reactor zone.
[00036] In one embodiment of the process of any of the preceding embodiments, the
tubular reactor zone is adjacent to the first autoclave reactor zone.
[00037] In one embodiment of the process of any of the preceding embodiments, the
tubular reactor zone is separated from the first autoclave reactor zone by one or more reactor
zones.

[00038] In one embodiment of the process of any of the preceding embodiments, each



| east one CTA has a chain transfer constant Cs greater than 0.001.

[ 00043] I n one enbodi nent of the process of any of the preceding

enbodi mrerwe,20ald7548t ocl ave zones are | ocated in the sameCaaiseclave4s eact or.
[ 00044] I n one enbodi nent of the process of any of the preceding

enbodi ments, the autoclave zones are located in two or nore different
autocl ave reactors. [00045]1n one enbodi nent of the process of any of the

pr ecedi NG &AL IRALR: zéﬁheccﬁ‘a%&cﬂh@\éﬁné@i%sﬁ{e% Ofn é‘ﬁf?ﬂﬂer LB RARE: BE TTA
[ 00046] I n one enbodi nent of the process of "any of the precedi ng

enbodi nersystemtofisady fepdeentafs & kingle (bl ave zones are of different sizes.

[ 00047] I enbodi nent of .the ess of cedi

erbodi el B8] be odn e e BE U PRty phegiby BiERe Fhidaments o
oper at ed |adst bitCo S BERect SRR NeabiorR oIk RadtBr AMES sottdins § 0AVABLI iB diFf@ent from
enbodi nent of the process of any of the precedi ng enbodi nents, at |east one

pol yrrerl zaaiqaarpn@@ﬁme@%s forthg pthesesetonpascs.eact or zone is differ ent f rom t he

o ner, POYTADLZ2L! 98 BB o AOBHRLLA S SIRSHLCE: o a6cee, o

any of t e pr on con |ons in
the r eact@il’An@n&&epenmepeasmbeaf by , ol efarypami slelshytle; ammasrai Lmnealgas}eﬁ,tersaml’aaed or
equal to, 100C, and a pres er than, or equal to,. 100 MPa.

[000501 Y ERRSTRBOH SHek S gRoh wepqwﬂ%%san&mawn&mmﬁeanp%@emﬁwr and an
enbodi nen{s a@d@é:h of the polynerization conditions in the reactor zones,
mdependent?l nprises a tenperature | ess than 400C, and a pressure Iess
t han 500 [0@041] [ 000511]0n¢| emhedimehbofi the process afteay of mgcedingamyb@im@m& each

P o oes "HARS dr o dghoei sy Eke s i, Pronia @R des Bipndl fesfore 2"

precedi NGs blrmrptr%) 1ddee ratio ZI /Zi<l for all i<n and the ratio Zl/Zn
is less than (‘37 053] 1 n one enbodi nent of the process of any of the
pr ecedi n{f)@ﬁﬁbdl mali’@ $ne epwodigang of thezpregess if aay |ofjthe peaseding embagdinsnis) af 7

|s great gL, jan-p h%ﬂh'g%algﬁagsf%ic%ﬂgaé]ds“gr&ﬂgrtﬁ&&?@%bfm”t of the process of

any of the pr ece ing e
[00043] In one embodiment of the process of any of the preceding embodiments, all

autoclave zones are located in the same autoclave reactor.

[00044] In one embodiment of the process of any of the preceding embodiments, the
autoclave zones are located in two or more different autoclave reactors. |

[00045] In one embodiment of the process of any of the preceding embodiments, the
autoclave zones are of about the same size.

[00046] In one embodiment of the process of any of the preceding embodiments, two
or more of the autoclave zones are of different sizes.

[00047] In one embodiment of the process of any of the preceding embodiments, the
polymerization conditions in each reactor zone are operated at the same temperature and
same pressure.

[00048] In one embodiment of the process of any of the preceding embodiments, at
least one polymerization condition in at least one reactor zone is different from the other
polymerization conditions.

[00049] In one embodiment of the process of any of the preceding embodiments, each
of the polymerization conditions in the reactor zones, independently, comprises a

temperature greater than, or equal to, 100°C, and a pressure greater than, or equal to, 100



ratio Z1/Zi <1 for all i<n and the ratio Z1 /Zn is greater than 0. [00055]In
one enbodi nent, the invention is a process in which the second feed is

i nj ect ed wotol1tdie4s6second reacti on zone, and the second Peediscanjsizaes a CTA
system [00056]1n one enbodinment, the invention is a process in which the
second feed is injected into the second reaction zone, and the second feed
does not conprises a CTA system [00057]1n one enbodi nent an inventive
process ngpaconpri se a conbination of two or nore enbodi nents as descri bed
herein. [00058] I n one enbodi nent the invention is an ethyl ene-based pol yner

made by tl#@0581 ocesdInone embodimentpl tha@reneaceiciny i dhbprgreding embqdimess)sagh one

enbodi nmen e h -b . pol i hy| p

[00060] 1| orotls defiizang ARAMERR, e 2ady” Dot M HOERRIATE ety o

| nt er pol yismperafudOREs fhhn 400°€, aihd picoiné lesd then 5OV BIMal on i s an et hyl ene- based

pol ymer having a nelt elasticity, .in centi Newon of nmore than 8.1 x (melt
6

i ndex) " 8.10005dbe2] | Anwe cavhodiment of the pracqsspéary 8 thesPrasedinggmbadiments dhe

pol.ymer  haifh P A< SLATd Ghiitio 707650kINGM 005, of rore than 9.3 x (melt

i ndex) -"8. n one e iment, the invention is an ethyl ene-based
pol ymer {80052y a ndhtonk rddwdmhenyof dieeprotdsanf 3ny ofjfit(pradeding anbodiments, the

2011/ 075465PCT/ 10{,060244 [ 0006 n.one enbodinent, the i ti [
et hyl ene-rﬁté%gjj-/zggfg’ﬁ'@ﬁ lﬁ%W%@LéﬁWeﬂ/&p ’@F%fstg?%ggQ in cent(:ai :\lgt/l\fgnls,ono:‘ S_rrgpe
than 8.1 gogsap! t | NdeR: QnidBdiiht 3f MR frobddd @K aff of HRASEEedinyadinBod@n&Htd, Ghér N.

[ 00065] I n one enbodi ment, the invention is an ethyl ene-based pol ynmer having
a densi t yrafie diZi<bfrg all s<wawBthe gitionBl/Zn is greater than or equal to 0.

[00054] In one embodiment of the process of any of the preceding embodiments, the
ratio Z1/Zi<1 for all i<n and the ratio Z1/Zn is greater than 0.

[00055] In one embodiment, the invention is a process in which the second feed is
injected into the second reaction zone, and the second feed comprises a CTA system.

[00056] In one embodiment, the invention is a process in which the second feed is
injected into the second reaction zone, and the second feed does not comprises a CTA
system.

[00057] In one embodiment an inventive process may comprise a combination of two
or more embodiments as described herein.

[00058] In one embodiment the invention is an ethylene-based polymer made by the
process of the any of the preceding embodiments. '

[00059] In one embodiment, the ethylene-based polymer is a polyethylene
homopolymer.

[00060] In one embodiment, the ethylene-based polymer is an ethylene-based
interpolymer.

[00061] In one embodiment, the invention is an ethylene-based polymer having a melt
elasticity, in centiNewtons, of more than 8.1 x (melt index) %,

[00062] In one embodiment, the invention is an ethylene-based polymer having a melt
elasticity, in centiNewtons, of more than 9.3 x (melt index)'o'gs.

[00063] In one embodiment, the invention is an ethylene-based polymer having a melt

index of greater than 3.0 g/10 min.



[ 00066] I n one enbodi nent, the invention is an ethyl ene-based pol yner having
a nelt elasticity, in centi Newons, of nore than 8.1 x (nelt index)".98 and
a densit ywbromos826 to 0.935 g/cnB. [00067] 1 n one enbodCERaIsR)10f0bE44
invention is an ethyl ene-based polynmer having a nelt -.9 elasticity, in
centi Newtons, of nore than 8.1 x (nelt index)0 8), a nelt index of greater
than 3.0 g/10 mn, and a density from0.926 to 0.935 g/cnB8. [00068]1n one

enbodi menpoocue et hﬁloﬁ@@mlaa&ﬂ@np@wmeém% ey e gleh%aibﬁ%@ﬁhdﬂlaﬂmhwfﬁélt
enbodlnents i S a polyethyl ene honnﬁgf 000 one enbodi nent, the
%ﬂ é‘c@éﬁ

et hyl ene-dhstieitly. inlcpniENewPns mf magre hljld@@I maRd amsdidinAen pheteatenn

et hyl ene- B&S?G yrt)tls[] oI ynmer. [00070] I n one enbodi rrent t he et hyl ene- based
pol yrer any o]f € precedi ng pol yner enbodi nents is an LDPE. [00071] An

i nvent i vgoenesy | ene-Ibaﬁﬁderpbddtmem iRy irvenien $€ an etipridienased polyinet imving aror e
enbodi nent s as_descri bed Er?' . [00072] I n one enbodi nent, the invention is
a conpositengiy EIROI%itnY- PR&/' @ hyl ene- based pol yner of any of preceding
pol yrmer gm{ ment g, ohg%%é% ihRnPg: ﬁmwnmﬁ o gt&%e-%@@%wm&mamgtahﬁéu
conprises anot her ethyl ene-based pol yner. An i nventive conposition
may corrpralasacnty)en comtBYevabng f efore \bkanofifl rm(n@ltenﬁ@dl freandsa densite Stoni H26 o
herein %%75 y one enbodinent, the invention is an article conprising at
| east one0 n% ent formed froma conposition of any of the preceding

conposi t ifggpegbodi MRRhE embOGhea], Ak ind¥RIbhIiY &n Bihlyieak-Bastd)bobandg Maskg heelt
conbi nation of two or nore erbodi ment s as descrqu%ehereln [00077] I n one

enbodi merdlastieity in aeaiNavens. of more than Sdmptmeli ingent ™ Deastelidndey ehaseatergnaid
T e SRS, 80573860 0 4% BURR G compost ton embodirents. VO

[00068] In one embodiment, the ethylene-based polymer of any of the preceding

polymer embodiments is a polyethylene homopolymer.

[00069] In one embodiment, the ethylene-based polymer of any of the preceding
polymer embodiments is an ethylene-based interpolymer.

[00070] In one embodiment, the ethylene-based polymer of any of the preceding
polymer embodiments is an LDPE.

[00071] An inventive ethylene-based polymer may comprise a combination of two or
more embodiments as described herein.

[00072] In one embodiment, the invention is a composition comprising the ethylene-

based polymer of any of preceding polymer embodiments.

[00073] In one embodiment, the composition further comprises another ethylene-based
polymer.
[00074] An inventive composition may comprise the combination of two or more

embodiments as described herein.

[00075] In one embodiment, the invention is an article comprising at least one
component formed from a composition of any of the preceding composition embodiments.
[00076] An inventive article may comprise the combination of two or more
embodiments as described herein.

[00077] In one embodiment, the invention is a film comprising at least one layer

formed from the composition of any of the preceding composition embodiments.



[ 00078] An inventive filmmay conprise the conbination of two or nore

enbodi nents as descri bed herein. [00079] I n one enbodi nent, the invention is
a coat i ngvoanmwi7sieng at | east one conponent forned frompChaScaoporitt i on of
any of the preceding conposition enbodi ments. [00080] An inventive coating
may conprise the conmbination of two or nore enbodi nents as descri bed
herein. Polynerizations [00081] For a high pressure, free radical initiated
pol ymeri 766(78] Pr 0CLS SinvENReDFRHINC th¥PEDnPrist Coe! QbmbiHaBiok NGMbwol Mort bifyrd I T St
type, an agitated autoclave vessel HhHaving one or nore reaction zones is
used: thenshodbuérdyes deserthedrherdim t he second type, a jacketed tube is used as
react or, gg t ube has ong> Qo r&l reac&tioonizoneos;[i then'g Ub}.ln| ar, Fe%sctgr.
The high[ ure pPol&s§T6P ?%g’p EsERTTHR Enfli 61 e %ﬁdﬁﬁcé ﬁo ye ﬁy?ene
hono or cRAPoyER FernkvdVitdif the wnidyitioh a0 AOUSE thE pRReédihEsomgositigghiodiments.
accordance wth the invention, can be carried qQut in_an autaoclave reactor
havi ng af00088kt 2 rAmdRyEwive opraéingr May, ¢OTRRIHSI Higt CORPBAtGH ubse | AvEshd a
tubul ar r erature in each autoclave and tubul ar

react or f%ﬁghg?m?%%gggéggggw%ﬁngpicalIy from 100 to 400, nore typically
from 150 Raym&&aaoes even nore typically from 160 to 320, C. "Hi gh pressure”

as here e ans that, the pressure in each autogl ave and tubul ar reactor
zone of ltfﬁg’%ﬁ ocess ¥ & I%igg IPESYrea Hee ‘fa?élﬁﬂatleg PP BRI PIOSHIS1 BY E’?ﬁ“hoo,
nor e tyloug1 sl of 5QBRs 120 KkhSwr6Gn and ﬁ?@f%@]eg@geaghx@a Galdchavt VeLBel B ® 032 By

MPa. The high pressure values used in rocess of the invention have a
di rect efrheretreation renesms wised:othectidodlavter igaesber Innthe rregoridotype eajrpketedviaike as

propi onal dehyde, incor.porated in the pol r. The hj r.the reactiqn

Pt eosur o et 4 fracioh GHER Lt i e of it PR Sy T e P e s TPt e
in the prgeiderle plobROST] the moentiediisRnd Pbhichepdyaraas Bémbha iopsBmidron, a
conmbi nation of an autoclave conprising at |east two reaction zones and a
convent i dwwngtthmdvamag@a@mpeﬁsmiaﬁéog% inageardasce Wildbe inyRntieingan ke easder | n
a furt hefouTR o RN aves HaBoR HAORECR! R 1Ll FbnbCBOLPG dotnifloRloin an
external water jacket and has at~least one Injection point for initiator
and/ or nantkve afsdih tiblalae redottr. not | imting, reactor |engths can be between

500 and 150 ter The autoc|ave reactor normally has several injection
poi nts. 1 SHOOSAI 1 at GeMAPGRADHORER SUERAYE AR FETHE SRR Of HOPHATHGh
used al | QuS-ARMY&EHI00%0 466,58018ty AEAN SR 18€EE 85U andWVef hdré tyPicl fitdmanéd ¥

hi gher than the conversion rates obfained for standard autdclave reactors,
whi ch al [toW200fv.er&iign preasuee” af hedoowsed hicans that rtbe presswg pr esge dutaslaes Ayd ene

conver si for the production of.| d Lty type .of pol [S.

[ 00084] EAbHHEEAR adier SiPe rrasest by TUgey dnb Mpd a8 B RO T0040409. og
and 6, 4038y bR mand ©BH0NRARNEn PO BRICKNS fieh MSetihBheNePaoPle)ig as
used in the present description and the clains refers to polyners of

et hyl ene pPagsdusrialuss usest in thermsaense o6 thesiveniianehaye rodisrek efe¢toprpidie psrapnt af t he
et hyl ene Y.ORr f the p | t] ' . of .l imted to,
et iyl oni ShRy PRy B’ BuPEREIE MR RR A BRh TGS igBipoBfed Bt ol
acet yl eniThechighaunds reaction Ugedsat o thonaore] uigdah eehndfee nepgnt [dotiyehesits are
unsat ur ated carboxylic acids, carbon nonoxide, vinyl ester, and C2-6 al kyl
acryl at eé‘?comﬂrﬁtregf‘b‘ih% PIs¥686] The process of the present invention is a free
radical RRIQIPT | Zalh e RERSRRTent eV BRE Iif @€ HAdioR! ol Rnidifhih droabe
used in e present process Is not critical. Free radical i1nitiators that
ar e genematoclave sedpfising stle#st pvo cstieszance ank § genventipriat kubugar uessbsir diaving at
tubul ar reactors in conventional unt s %% begme n 0.0001 agd q.OI i ght
percent (TEBATCIRAIREENT Rt gt REPeRybRrimest Bl tinsrionaLivaver Barivt

per oxi dess cdol® Bhn 3R Y & dted Md hadtRsPoR iRt gaint Corffitiakr dedosuch
as peresters, perketals, peroxy ketones and percarbonates, di-tert-butyl

per oxi demanempr. Seitehledut aabimaing reactos dengalim ganher hritvegnat ) ang H00 mefewsabl e
initiators i j I.C . k OX Vb 1 TR and
11, 2" 2"l el AR SHARS e e FFlofeet B BRUETIAMNAG Sdr bbb
used in dbeariculznadacereonibiatibn heddwkvsonOrsivndatds af whdie P0awncent whieh

wei ght of pol ynerizabl e nononers. Chain Transfer Agents (CTA) [00087] Chain
transfer agents or telogens are used to control the nelt flowindex in a
pol ymeri zati on process. Chain transfer involves the term nation of grow ng
pol ymer chains, thus limting the ultinmte nol ecul ar wei ght of the pol yner
material. Chain transfer agents are typically hydrogen atom donors that
wll react with a growi ng polyner chatn and stop the pol ynerization
reaction of the chain. These agents can be of nmany different types, from
saturated hydrocarbons or unsaturated hydrocarbons to al dehydes, ketones or
al cohols. By controlling the concentration of the selected chain transfer

oy



not limted to, aliphatic and ol efinic hydrocarbons, such as pentane,
hexane, cycl ohexane, propene, pentene or hexane; ketones such as acetone,
di et hyl k&0ana/os46di anyl ket one; al dehydes such as f or neCuaisgae/060244

acet al dehyde; and saturated aliphatic al cohols such as methanol, ethanol,
propanol or butanol. Preferred chain transfer agents are those with a chain
transfer constant (Cs) of at |least 0.001 (e.g., propane, isobutane), nore
preferably ginitieash Kol theh the cRVeRYICH%s SHARELRAQhndaftf 8iBBGvVe tealidtEne) .
and even nore pref era%ly at least 0.05 (e.g., nmethyl ethyl ketone (MEK),

pr opi onal whieghddowt eonversion apies bf abgut 19HE @ecant exatessedaasethydenedwarersivediony
Morti ”erC@% %3(8‘Cﬁand l136e a m)sghgé(ﬁs érRef. No. 1-3 under Table A infra.).
The top val 8?%/?)]? o 9 0&B® Rk ¥R Eed 25, nore typically it does not
exceed 210008x9089] | Pxafiftese oD edlitablN teactoh @yasmyate aésceibed i TUSMNSHEB 608 @Al
used in the process of the present invention is fromO0.03 to 10.0 percent
by wei ght§=4?) t9%er abl y fromO0.1 to 2.0 percent by wei ght based on the anpunt
of nononej,i dices,d react or system [00090] The manner and tim ng
of the in%og%gcrgl on %’\Z(Mta eep%TA into the process of the invention can vary
wi dely aqd00a83) as tTie €A cthyibhe comilmbreasaised inf the prdsyntideceiptionl andithe cidimb east
t wo reactiPn zones. Typically the CTAis fed to a down. stream (2nd ang/or
3"| and/ dFi4t P P@%’E‘Wr@a"éﬁﬂ&% %ﬁ@neaf’rowgrwqmormﬁw-eﬁﬁﬁ%ﬁw@mﬁ%ﬁ to be
reaction GRANANGR ShyléheIpolymRIOPOMRS Bresdd! ihV@Hiidh, inBdde,  bitCste ok QimitdNeh,
additionally sone C'IyA mgh%, be fed to the first reaction zone. The first
react i on ehylenicalyanunsatuersédvmondmed9 Bhd n espesiallrb diizme alpha. rd&fEnsy pa@lyeni . e. |
CTA repl acenent ,for_the %TA consune %ﬁ'the first reactt or %ong iﬁ. fed

t oget her SHIHHYURY% SROMERGT SHPPRPPHGHCUREY RN BEY BRAGRITD S BPHAY 8% ¢ he
i nj ected @eowchéioxsde, vinlyDéster] IS dikyl@bslgbodi nent, additional (fresh)
ethylene without CTAis fed as a make up flow for ethylene consuned in the
first rediidtrszone either to the first autoclave reaction zone and/or to

k- up IWSELT CRTRSECLIREERAPy e A 28 AR CNGLRn phitEse,

first redtietgpe abfree radivhinitatori to be @askintthe presan praeons newveaitidah Freaeddival
system [.00094][.n one enbodi ment, the CTA conprises a qQner i roup, |ike
pr opyl ené,mtm?ff% it gre %qn&ra?lfﬁﬁeﬁﬁéwo%ﬁipeocgﬁ?aa CARERBOENIAAE ﬂlaarb_?% Bn{HBHLF on
(it increaggsrsidEotRRSsHIPhOMtObr bhiGe&ldoo 1l %@Qﬁ@i {vRi BN FerSIR PRiAR R awn ke

CTA and/ or operating conditions in the recycle sections are selected such
t hat the tBTAveight| of pplyoresisatde dhononserp andtagdnio metdxedase c Yyprak ahy | preferred
resultin jt.n | ess A recycl ed bﬁck to the regct or 'ntl Ft aﬁkoooge%n on
embodi menP AR F% BUrYEHS (ISHOYRS FRAC £ rPELIT U P A Sy A r SERPEr 88¢8ss
section. degdEkbhhics arRericsipddperegide, byl pamboiecaoates Mnd ORFRLINSE Spdrialate.
aut ocl ave reaction zones foll owed bg_ two reaction tubul ar zones, and

et hyl ene (#eforvaitablh dnitirmrariaclpdel azedisgrbpxdist setrry aizpdiserbppricz dindisilesuendot
to either I - 1.000 n . e J i e.Le (o]
system C(}ﬁfpig?;{ég&?%ﬂgﬁl Iggl (z;ie\?@gtr“é%bti gﬁlslzeoﬁp %Colrﬁég%@&ap\%\% alrréac Fon

t ubul ar zonemtioazldinatuniy efitetwenoi®ds antl0. CTAYadavwined the weighh ofipblgalcsivable
reaction zones but not to either tubular reaction zone, but initiator is
fed to oMbt h tubul ar reaction zones. Pol ymers [00099] Broad MAD

pol yet hyl@ng, raeedss @‘T@ variety of extrusion applications,
specifically to contfol the'rheology in the nolten state. An exanple is the

need for [000&7heck- iGhathutranséer eigents ot tehogsoatieniged @ 0O thenmelt dloasipdet int he

pol ymer %folytng]érlszagicl)’]nvgrggéscs).n ath t?an%fe??rgv%ive% Eeggﬂlagct)nh of growing polymer chains,

thus limiting the ultimate molecular weight of the polymer material. Chain transfer agents
are typically hydrogen atom donors that will react with a growing polymer chain and stop the
polymerization reaction of the chain. These agents can be of many different types, from

saturated hydrocarbons or unsaturated hydrocarbons to aldehydes, ketones or alcohols. By

10



polyners made in simlar reactors that do not use the split CTA concept
(Z1/zZi=1). This is exenplified and quantified with the nelt elasticity -
melt i ndewobkalizrse#ss which is a sensitive nethod to showpChaseodiobd2es ences
as shown by the exanples and conparative exanples. It is also exenplified
by the inprovenent in extrusion coating performance. [000101]1n one
enbodi nent, the ethyl ene-based polyners of this invention have a typical

density fd’oﬂf‘fb@ing IRk EshcOntBAdn JTAIRE sdlodCaaly trhds@iP fBe] nd CarllecRft] AR deifprEN
nore typically fromO0.926 to 0.935, grams per cubic centinmeter (g/cc or

g/ cnB) .  16f nehancsrabeiisnindt hencketbe tglpais-weightd Thsl mete flewahdeh(ME] envlehef n
have a typi ] I I 0 10 mor.e typically fromO0.5 to
50 and e eorll}9 Iﬁﬁf‘ {e;}ﬁlcé}ﬁ% %gaﬁ%dy&frg%lﬁ%%fﬂo% ?1%}%2]6,(:“3{3@}?@ Hﬁg}e “mHut es (g/ 10 mn)
at 190C 200088kg. | mMhenhaerthedicregdnts ide ithe\redtss bohRAnvdaeiby ieslsdepbuttdié S

invention have a nelt elasticity froml to 30, typically from1.5-15,
cent i Newtiohdinitedy to, pliphsHe apdiodedinie Aydrogashons; KydhetrePatiansy hpsmgneictohskane; s

i nventio f NnsJ | £ i nd icit
o opor t 1 QrOBRAE BB of ! KERASE slRPA blltor D dicth RSt Mok Akl ©1 ¢
(pr ef er r edijehydasdsuch gl forreldelhryde oo pottgiehylet nod yaterasddhyliphaeé alcolidls saet at e
EVA), ethy]ene efh acrylate (E , .ethylene acrylic acid (EAA <0. 926
G ot} LIPRIIST B0 GOBERST PR HT0 b FrE D PR el SBED PR WA one
or nore QhBRrtriRlY WBhstart Ch) 88at oMk 0Nl (eigi 416 ,Oisobllhtaﬁeaf nﬁfpﬁ%fé?é‘dlfiﬁfm

butyl acrylate (EBA). Product applications include collation shrink
| abel fi llegst BObWHEantpytene, ibonrepanbl, eoetons, ditwitgne), aadrevarompeuneeraghnatdeast

bat ch andg, injecti | di | i jons. etc.. far bo nmedi.umn densi .

(20 026 oS & el 3 RBR NI} cPmEhEety Ao R LPHpRINED, Lifees? '
copol ynercalcafateelt isydeoibed b Muteimef atTd3ECadrdh 360l sirioBshesdsCR BSNoLUB wifder
limted to, propylene, butene-1, pentene-1, 4-nethyl pentene-1, pentene-1,
hexene- 1 TaRIF dctéige- 1Lherpp i sawits Bpically JessHiat sixesed H%paor% typically o ngtk ades
HD 940- 97Q.&ayail abl e from The Dow Chem cal Conpany. The anobunt of inventive
polymer in the blend can vary widely, but typically it is from10 to 90,
from 10 {00089] or flnone é@bodine6t, that &mold o€ dhain thhefenageghbsedfin tHeeprpadsy ofr s
inthe blend. If the inventiv oly has a,rel ativel rrow (e.g.,
bel ow 6) tnaiesesnysTgents e Qs T ) eert v ot Ptegt e dh &g 2 he
blend, I prcent By Weight¥abed bifthe addnCAMhHdAfer AHrdducdPin@hdMedBf sylsfedn.i nventi ve
pol ymer, "based "on Fhe wei ght of the polynmers in the blend. |f the inventive
pol ymer HK99Q] r el atlhe ehapnprr awdining of éhagintroduation aif thee§ TAtihterthe hwcesswadiihd ve
CoPE poor™Veafifh Y Radee e Rl an oC Tevadler N e e e Fissistiele et dsasta on
the wei ghwo edactibrezdqeby Tepisaliyntht IGT lseBdl to 4 Bk kil @M eatdiBortyhindadrl4f, @cpvi de
good optics, and/or _are useful in the preparation of |am nations. LDPE-poor
bl ends t yeAcHaR [2pneaangi with ey lpreoarkienBiher tactign FOBIPORPIS, LB & FPMOAOBESH

app! | cat i ansoRSidfidved RO AMbrEI) WAL 0L kI refdd ki s BRI AGL e
or nore additi'ves nay be added t0 a conposition conprising an I nventlve

pol yner . Thaifirsibéaetion dortel iv es autnclhvde st abilizers, fillers, such as organic

or inor i articles, including clays, lc, titani um di oxi de, .zeqlites,
powder egﬁ’%@f}s, 0 ‘bé’HFce%t?Odi"HS‘thé’?ﬁkEy“ﬁ’i Qterk,l'qwng}rg’dirﬁg‘}‘c@%e% i F}’Seglsrfd‘

silicon ghdduhfdd if iREESt re8dt6€LonMi§ BdAbgdIBS RyitRRESh Y REhe BfouRR |dﬁ@§t:)i?j:'ection

cordi ng, nano-sized particles, clays, and so forth;” tackifiers,
ext ender end/pnalbugivith thesinpetted peroxade solpiohel enic oils. In addition, other

nat ur al ynt hetic_ pol [S,, | .udi her, pol rs~that .are made
Rccor ai BB he s It End BB adtilicril O] ABCREEBH B AR 0B s
may be adfedw for athyldi¥ @BhdunedGh IROSEst teabtiod b citBO0bARd fiRe apetii@feadiort hi s
invention may be enployed in a variety of conventional thernoplastic

f abri cat 7o gndise & grasorrgossdenticiream deastion zenes| es, incl udi ng obj ect's

conpri si | eas e fi YR, C r, &l | east
one Iayeirmlo??]a mul %r} ayeenﬁb(%(ﬁjh]&b%g&l%eé C;‘?ég% , gxmﬁ ,a é%blglﬁggt?%@heo@a
ext r usi onf teafTAded tothe Fusisreactivindatie arThiscéansincrsasehthasomtepsiomidvdei, reactor
injection nol ded, or rotonolded articles; extrusions; fibers; foans; and
woven or non-woven fabrics. Thernopl astic conpositions conprising the

et hyl eni ¢ pol yner include blends with other natural or synthetic naterials,
pol ymers, additives, reinforcing agents, ignition resistant additives,
antioxi dants, stabilizers, colorants, extenders, crosslinkers, blow ng
agents, and plasticizers. [0001061Thetli nventive pol ynmer nmay be used in
producing fibers for other applications. Fibers that nmay be prepared from
the polyner of this invention, or a blend conprising a polyner of this

i nvention, include staple fibers, tow, nulti-conponent, sheath/core,

- Y L T - N - 3 N - o S




[ 000108] Ot her suitable applications for the inventive polyner include
elastic filns and fibers; soft touch goods, such as tooth brush handl es and
appl i ancewbandles4esgasket s and profil es; adhesives (i nclradiusgolosoazl t
adhesi ves and pressure sensitive adhesives); footwear (including shoe soles
and shoe liners); auto interior parts and profiles; foam goods (both open
and closed cell); inpact nodifiers for other thernoplastic polynmers such as
hi gh densﬁ@%npolyethylene, i sotactic polypropylene, or other olefin
pol yners; "coated fabrics; hoses; tubing; weather stripping;, cap |iners;
f1 oori ng;[08M4] vi scdsiang embwdimensdibe i(drAs compres lRndaRPIAYICHEQRP, gikerfropylene,
rodi f i er Sbutén%tlbl BRI T CRAL % ng)glgg(lf 8%405 ur%n'ﬂ%ce%“%%%tﬁ? Yonfd siE)Hegip Qéé?g%res Qhe thi's
i nvention may Be perforned) or ‘applicatron to ot her end uses. For exanpl e,
di sper si avasurbgtidn afqe@Ua).and non- aqueous) can al so be forned using the
present polynmers or formul ations conprising the same. Frothed foans

& t?W%e@g

conpri si HOBRE i nvédn PYiFRERL. i (el caridéors eperEie endifians| Bstg TeRYalCT
Publ i cat i @p;i- ar@%_@ﬁ:é{ég 1%%1? tﬁa?tﬂli(q@ft‘é'?&%@l’ cildefile: And/&h%gbﬁ‘(ee%?lvﬁlep&w r
may al so be crosslinked by any known neans, such as t use of peroxide,
el ect r on diigdene resultmein lawsiCRA ravycled back tortlisadtoninlatg t echni que. The

i nventiv | ymer can al s e chemj.call ified, such as b afting (for
exanml o TYRREL"or RioaR crdaturt dot < irpgretL bl BE resgior Syt e diiyatih
agent), habgegatiben, am nation, sulfonation, or other chemi cal

modi fication. Definitions [000110] Unless stated to the contrary, inplicit
fromt he [(W7kxt, dn agsemhedipenty thhgeagtar, syslem gampysesnigvop avteelays reactiolased
on wei ght_ and.al | test nethqds are._current f the fili tie_of i S
ai'sor osureieEons BT AR BhfeCriieSing fuflbnd, Pobinel A% FTCaf e B o
any r ef engcado@ateavictiopabagtbudpRl tb @ithéranbidér rpadoheadhd. on are i ncor por at ed
by reference in their entirety (or its equivalent, US version is so

i ncor por W48y r eflBpBREBEPOHRISEE thel TESCI YHEMEORWEISeY Brorpociave dpastioR e of
definiti ' [ ' | i

speci fi c%ﬁ%g%?gﬁ%gg&ﬁ&%%@t%@%f%@ﬁ?’é?@g%lgq%grlllgdr?l éwqﬁél%wz}é%gé feg t(t) he art.
[ 000111] Hoth muodavecaictivanrges hunndtip sithérgehuiauesctian eosd pobxitimadres fedno t hus
may i ncl ude val ue utside of the range unless otherw se indicated.
NunericaPnP8ﬁ8@§tV FUERFUIPZO%R3t ues from and including the | ower and the
upper valp@gyekn increments of one unit, provided that there is a
separation of at |east two units between agx | ower val ue and any hi gher

val ue. A9k xanplBroad MWDcpelpebyleno isahcedeth fori & sigriady obtekievsign apmicejonssuch

as, for exanpl no| l.ar i ght . . VisGosi Lt 1nde efc.o 1S from 100
o 1, 000 PRIy, (RREY R iodl | ik RiRA st AR thertsE e Biplob R o,
etc., andnduing &ngein coagdy. as 100 to 144, 155 to 170, 197 to 200, etc., are
expresslg enuner at ed. For ranges containing values which are | ess than one
or cont 900188 1 r acdh GR&SRRGHHIE: RolEPlthis Hyantipehasea froader MWER than gther ) |
one unit j |.det : : : RAOPH At

For rangeDeant Heae HE el Rclhre o BoQRE Qg G Porken 2 ZBRIRPTRE 55"
one unit ekemplyfiedcadd guantifisi with gk melt biastikity. — ik swlearbalannd, ywhaostaizs eeasitfe what

is specifical intended, ..and all possible comhi natjons of. nunerical_ val ues
bot weon EHENLSP ARG IR ER e HogHast (g SR ABPEn Gitb s S aplep el
consi der gfoteQeRBliRPEEHS iMpRivahest ih BxtiNich Safifh petbanbbimeri cal ranges are
provided within this ‘disclosure for, anong other things, density, nelt

i ndex, 100301) ar wéh gne embwdippent, thepethylenaxhabep rmobasers adriblist inyension faye( 12]

Th " it " d nbj i
mter ol SOG e P §T01G o4t PR RREA T GERDERThiB D o, D 5% B <
t he i nvempiselyp oymero2ontdc Q3N arars pat tdubat ckxﬁaﬁétexoogc@tdﬂef/cﬂﬁ)t erlinabne

e.g., an additive, filler, another polynmer, catalyst, etc. [000113] The
terns " breaypadingnt, the ehylenethiasgddpolymersyefethis invgptiomhavista pieal prlisindax (1)

m xture I Sy 10M : £0n) I ) y or
may not g}ggﬁlb'slc?)b}%@’ Eﬂlrilks(:)}tH %ﬁhg@g grg%ar(g{ é%\égtaﬂﬁoelgglg S‘?Og?t evelﬁ') ﬁéﬂ%?gﬁg 6ﬁay
or may ngtanzepghHiseinnepdgdanin) & H0RAA. Italg.oln omeyemisddiments theretloienedrasedr e
domai n configurations, as determ ned fromtransm ssion el ectron
spectroscopy, light scattering, x-ray scattering, and other nethods known
in the art. The blend nmay be effected by physically mxing the two or nore
polymers on the macro | evel (for exanple, nelt blending resins or
conpoundi ng) or the mcro level (for exanple, sinultaneous formng wthin
the sanme reactor). [000114] The term "polyner" refers to a conpound prepared
by pol ynerizing nononers, whether of the sanme or a different type. The
generic term polynmer thus enbraces the term honopol yner (which refers to
pol ymers prepared fromonly one type of nonomer with the understandi ng that

o o o e T ..



an interpolyner that conprises a mgjority anount of polynerized ethyl ene
based on the weight of the interpolyner, and conprises at | east one
conononerwO2000ri8F The term "reactor zone," refers to aPsgaS2an/06d244
reactor where a free radical polynerization reaction takes place by
injecting an initiator system which is able to deconpose to radicals at
the conditions within the zone. A reactor zone can be a separate reactor
uni-t or gopghdrs Qff @is BfveRfod BAR Q" mbiR | lastitify %Mh%@@opyf;@cailk%&eﬁgh@!
unit, each zone begins where fresh initiator is injected. In an autocl ave
react or uehtiNewtone Ny dnfooe embothiyneat, sepethplenehasgd polysmereolthis iavdnipf lheve
preventi back m xing.,Each reactor zon as. i.ts own.initiator feed, while
f eeds of qg'f’ﬂlnéoﬁ%?f(@S%D%B r’,meitﬁﬁﬁa% %"f‘dﬂ%‘f g?ﬁlﬁb}%mw\gﬂﬁs‘ot her conmponents can
be trangogorogf fromiaylpieldsedpolyded iRMudeAIBPE deHopblytdee $hreiericd), @@l €figh

(m xed or as separate cpngggents). [000119] The term "zone reactionEﬁgoduct"
refers t Presserecqonglyares Brwiulg gilarlonpbvinyteasetatm ey Ahi girlenceatbylr ErdasdiBEAons
(e.g., a i SRR r 0 MPa) through a free radica
polynerif@ﬁ&%ﬁeﬁggﬁﬁﬁlsnﬁngés?ggéﬁ%gigg%gbular hydrogen transfer, existing
dead pol yBrewdsnol ecul es can be reinitiated, resulting in the formation of

| ong chaj ranches (LCB) .on the origin | i near) pol yner backbone. In a
r eact or [é‘gﬂg?]anew J&wmqntlm%lm@scaarbs%h%%fé &f@@neaﬁ o5 APt PYYmPRSUch

pol ymer n@l e Whesmied e dnWirlahd ReyRnaihl.e4 aasna%@/xm»rewd BHlicARbRCGHE B t O
formlong chain branches. Zone réaction product is defined as the polyner

present icollative eshdinkf file dadwmbt §hmzoblewn| G001 203t THEM, ebhaw poiojdieg.i Zatmon

conditions" refers to ess, par anet er,s. under. ich the.ipitiator,enterin
el ot amro GG gmareRb AT A% BRLRER b1l MeBabPhe oy B ol HeAR gl T, "
t he "pol yneobzetd/an’) didl samiatd Abhspty BANdedsit9Nsolyeibyleste (LEDPEL X@pblythers of
pressure, tenperature, concentrations of reagents and pol yner, residence
time and ediydenei Witk iong orimere adpharolefinhauchise but Aet Nmitethto, direpyiensubrtsac-and

| ! f O on eondi ]
ol yror eatct refIRehBhe FPPERGR ARIHE] WA bLRR T depal Mg |
WO 2:)11/C$I§5)49@5 RGdH b!tSHDIRE f@ﬁ%?fu %ﬁﬁgﬁnhidi?bheﬁtm;'mmsws@lmﬂicél r(dtmpmis at

e or am ure, o . stem | ncluges a.cC onen e to
tr Qﬁsf er ermausy ‘n&flﬁmetpelyamgrum%erﬁi?ywy iis eé\sﬂauétycmﬁg?w E@Hﬁ& Ri cal
by whi ch ghhfofafl) &30, b fbhPtP{eI0, $dod ﬁaéeﬁ%n%ﬁw%@h?lﬁflih% poWh&G8i e bidhan

initiate the start of a new polyner ¢hain. is al so knomn as telogen or
t el omer . If theainpemiverpadyinentmsdd nadativelf narnew iMWEN(¢.g0 beloach) TEA thy snveniive

conpri ses singl.e CTA. [000122] The rm."syuctign hyper . conpressor”
Coror st goDHE ATHiEAIS CORIEEE s g of 15 Rkt FeadinBPR D R ESMBRESTHY o
feed fl oWsork QtyEAhOInvEAIBESIHEnér! BAed oh MEWeiBhESIHE PolylRE ifUEd blend.t I tike
hyper conpressor is the inlet configuration of this conpressor. [000123] The
t er m " hy pevengvnpelemeohasdi rskatizely droaddyldY13 (¢.6., 6196 abanc) chere GANGHHER PUHDSF ~ t he
hyper conpr. or . l.The .1 e b I 1 Sk OOy mpRl PRy o P g <and
the 1 i ke B NgenrHEER AeiPrb Y The SEATE o BOLnpEiSph 48l Ungins TEX AR 7
conponentwt%sé e (iveptiacsslynes, bidediohahe orighobdf the @oBarses insths pradf LOMB-fich

di scl osed. I.n order to avoid any doubt, all processes clained_.through use
of the t&lwds duigallyspryide rgopd %Fﬂo@dé}ﬁearﬁrus?é}fé“ Hheaprepyaten of (i%’%‘,na ces
of equi PYRPE- 50rC%[g39§'et?/hicgﬁyr t SehikI ARl BEshBility, UMPSS apd Alsefhi LR Lhéy
contrary. In ctontrast, e term "cohsisting essentially of' excludes from
t he scopepplicatioys ssfdoeddwing and ektradioroenating. ot her conponent, step or
procedure,, excepting those that are not essential to operability. The term
"consi st HGTES  excl udes any conponent, step or procedure not specifically
del i neaj@h104] | i st ehe dNEndr8T &Mditdes , mb | RS Sd&ddat® QbMBEMIGE co fi@ilhgr 40 the
listed menbers individually as well as in any conbination. [000124] The term
" cont ai ninugntivepelpmer. nYwitabitecaddiivex ticlnde stahdizgrseEBers.csugh asprganig @ tnosgpic
conponent_, .step.o (o] r . not S i i.fi y

i sel osedei RIeEh s RERES: o, HERR ROGS"rebltfes " RalEs 3RER, bilbleYpr

t er m " cofdcrianid gbers Sinclating Rafbod eibets) sitson nidedd fierpreetnie ofmahyardiylayst em
not specifically specified. Test Methods Pol yner Testing Methods

[ 000125] Density: Sanples for density neasurenent are prepared according to
ASTM D1928. Sanpl es are pressed at 190C and 30,000 psi for 3 mnutes, and
then at 21C and 207 MPa for 1 minute. Measurenents are nmade within 1 hour
of sanple pressing using ASTM D792, Method B. [000126] Melt | ndex: Melt

i ndex, or 12, (grams/10 mnutes) is mdasured in accordance with ASTM D
1238, Condition 190 C/2.16 kg. Ilo is nmeasured with ASTM D 1238, Condition
190 ¢/ 10 kg pan with a nounted tension roller, and a pull roller controlled
by stepper notor. The plastonmer produces a nolten polyner strand that is

- ey N oy



[000129] Tri pl e Detector Gel Perneation Chromatography (TDGPC): H gh
tenperature 3Det-GPC analysis is performed on an Alliance GPCV2000

i nstrumerwouatEes&sCorp. ) set at 145C. The fl ow rate foPCThS2G9G60234 1
m./mn. The injection volunme is 218.5 1AL. The col umm set consists of four
M xed- A columms (20-um particles; 7.5 x 300 nm Polynmer Laboratories Ltd).
[ 000130] Detection is achieved by using an R4 detector from Pol ynmer ChAR,
equi pped wi Eﬁly@st&"b&@ﬂl%?rrlén@-siw&tphr@%h@I&b&%h@@d‘”fo@%?ta%'ﬁ%sgQ)‘ile@it@{defs\,/\_l’att
Technol ogy Fp., Santa Barbara, CA, USA), equipped with a 30-mVN argon-ion
| aser opemaluiding paraffinic-or4g@thelanicapids. aln/additien, wottes matadi and fyPthetie pelymers,

detector.. The. MALS detector,is_callbrated. Surl t ;

i nt ensi tymef?ﬁ{ e ()sl%ﬁrlsresnt%j.t ernrlr%lsij%i %ggli%(l)l%ygofn&t%h%%fﬁ%? cﬁgﬁ%géég%??o%}ﬁeers by
i nj ect i NOm&MRVbyléBer procdlbegme B8 hddedpeo by etveytien@myokitionei ght - aver age

nmol ecul ar_wei ght (Mwv) of 32,100 and pol ydi spersity of 1.11. A specific
refractivEsesndex i ncrenent (dn/dc) of -0.104 mi/ng, for polyethylene in
TCB, is [ 0001 1 i i o Sri i ;

nar ow ALEEShar ds. TH ey O B efilon hts 6GumRIORt i VETAPRE Mg, |
t he rangethe®oplastioGalRation poicessthe polyst ysebnl ertidlen dalwline akjeets lcemptising

EEATX C MpBIGSE G A doyare Fhoh 56, aggonissst fio R Bl g v Ao AR B by
usi ng HDBE DoY) B3 424 HI8nf, cafenlleRadr RELYISH BYABRGHHQRRRROMYIMRE aicldl, oh @b

115, 000 ¢/ nol . e HDPE reference material is also used to calibrate the IR
det ect or kny moldedrejeeionpoldsd arirelgmpbizd wrtiedess extaestnnst fibamdoans;iand moven c

viscosity of 1.873 .. [0Q0132].D.sti |l ed." Baker d" e
1 S0ast s amnat i drths, | REAGHRR LSRR K il AR A BIARE patymer
200 ppm OfncRdébikindt avith btHey Imathraresrhynpieio ohateVals,C Kolyinefse abiditines, r&aforeing)

is used as the solvent for sanple preparation, as well as for the 3Det-GPC
exper i mendgentsHDRERItERN registant sadgiivasn eantioxisianish e sabizemRg ¢ PUMANS) nSXERdFESe of
St andar ds [ MD, USA). [000133]LDPE sol utions
are pr epacrrgﬁﬂl}g&%@%@g%ﬁégn ’ﬁéggglﬁtgﬁégaunder gentle stirring for three
hours at[00@6&] The RB iavanitampdlynar enayitleaskd edproddeng fibes §armgher @applicaiionss f or

30 mnutes, The sa e concentration for t 3Det - GPC experinents is 1.5
ng/ L andl‘s ibFrs tﬁ%ﬂ ‘9&) il?F éﬁ‘é’a&%ﬂ%@i‘ﬁ Stﬂo&'ﬁ%erd? othisginyen lo[ne)ﬁbgéﬁrgfmlglsbﬁgt &ctor
measur es {demSCaHt thidiffertibaNALIubE QEPRADERE kSw OhuRBEdhSInSst, bitath/EordRivestad)der

different scattering angles 0. The basic |ight s_catterl.ngjpgguati on (fromM
Ander ssomndBmowpfilemeats, Sitatde fib¢rl fmaringAnedcesseh dneluds spigsbppded sl \blewn be

ther o e R0 BERASRT ST PRI ARpel o B b0 SHORHA, P, 1P

among ot hgged, hea@sohr,de BE)) dedl, 302,02 R haY; @ef-spunrfiferoastdisciosed HENSP Agh 8jreat
(dn/dc), c is the concentration of the solute, Mis the npl ecuééﬁr wei ght ,
Ry i s theKaaeshust 6t). gyoven &1, nenvepvan fpkrigshas isgkaseh gt VSt 3t/ Yh Y genor

| i ght. [ Wej i 0 i f t he
i gnt soat EisRilicttorh 3 RORE HALANE bRAle AR olRFKNE Y Bolvaftr, 1A%
Watt, Anal cofir, mheAnbdfordd®, arficled, 998yded Thhapes,s imbdumbingyprpfilst tektrgsi¢nsc /aRE) Y2
as a function of sin2(0Q/2) in the so-called Debye plot. The. nolecul ar

wei ght cﬁ-m§Péﬁﬁé§gﬂé4 PGt es AR G Q8 dnpt Simpped Y ?@tb&f& and the
radi us C’[f)oﬂl)(f7?t | on FHORVERIVe! SHlyRbORgy BE JsBE irf H¥Bety IdTEfilAsTTRCAHh BB ot
met hods ‘are used for all data. “The second virial coéfficient is assumed to
be negl i dimited toT betrusivir ¢oating filihs cantéck tp vatiohesubsiaates, charicy plrinkdilimsoeellsbon t he

vi scosity_.an oncentration.detector. signals by . taking the rati

specific %‘flé‘g J@{nteycagta@?tﬁlé %&IBﬁcséﬁg? Py ng&e%%oﬁ’ SqAAS, gldliagﬁén.w Badlsnddi

[ 000135] AR vénth2 Rlsdi\ymht isTEshRe¢RaUIh 60k dire@dridwae eapblcativas tThedaldmist t he
signals fromthe IR detector, the visconeter, and the MALS detector. Data
processi rplymerdisnesefilt for | wirh god cahlei qopling [peraEeRs: tin pkeet exigsiogstor vacuum

[ 000136] T, I I L i . r i JoSEL i on
(o vy At AT, R R e i B0 ERARE b e Rl
more of thlewpabMaighproedss, sit emolacidmgnprotéssese d Camghositiones cayprisingg thediexentive
concentration coefficient, dn/dc, of 0.104. Cenerally, the mass detector
response and the light scattering constant should be determ ned froma

| i near standard with a nol ecul ar weight in excess of about 50,000 daltons.
The vi sconeter calibration can be acconplished using the nethods descri bed
by the manufacturer or alternatively by using the published val ues of
suitabl e linear standards such as Stamdard Reference Materials (SRM 1475a,
1482a, 1483, or 1484a. The chronmat ographi c concentrati ons are assuned | ow
enough to elimnate addressing 2nd viral coefficient effects (concentration
effects on nol ecular weight). Film Testing Conditions




[ 000137] Haze: Sanpl es neasured for overall haze are sanpled and prepared
according to ASTM D 1003. Filns were prepared as described in the

exper i nerwal20s@osioon bel ow. [ 000138] 450 and 600 G oss: PEF/sp@l0®602g4 0ss are
measured by ASTM D-2457. Filnms were prepared as described in the
experinmental section bel ow. EXPERI MENTAL Calculations for ZI, Z2 and Zi
[000139] The "reactor zone nolar concentration of a CTA | in a reactor zone

i ([CTA Jﬂol méreafl §fso MR FoAsed M fabRtAtd FBLRE ud @Bﬂveﬂfloﬁdl‘ %Bly@f@ﬁnfp”r@&gﬁlﬂ
I nj ected to reactor zones 1 to i" divided by t "total I"ar anmount o

et hyl ene techmshiey. i njected to reactor zones 1 to I." This reI ationship is

70001 aon Mg ac o bt g b piitkenu(F R bR Pl e Mm il o

freshly ifijeestsest tbach g@odst Budte&C todth BARE, handlesl an@tapplishct handlasyoiasitetofindrol es
of ethyl ene freshly injected to the ith reactor zone." [000141] The
"t r ansf erprefles:adhgsiess (@C@dmg(&%ﬁﬁeémdhpﬁ"% g uessre sepsitive adhesivespsi Relveas ¢ he

"sum of t(Eh%h[cﬁr&Cj;h%E tsﬁlgpgnd@zﬁ@ ﬁm&%}} %ﬁﬁtlﬁé}lbpﬁm‘&fanﬁ ?)?(Q'llgr Rodnf gb g C(gb% (b&ASHE

zone" ain transfer ac ty constant The  chain
transfer ealdtdlusJeﬂ)Ceupnﬁtpaai modefiers fre othdri themfoplastic tpobmaratsesh &S high, deasity

oo e SRR 200, e & Lol Lo L STt Sl L1200, THLS,
e TR DRSSP U ik BT Kbl
point modifiers, for lubricants.

[000109] Further treatment of the polymer of this invention may be performed for
application to other end uses. For example, dispersions (both aqueous and non-aqueous) can
also be formed using the present polymers or formulations comprising the same. Frothed
foams comprising the inventive polymer can also be formed, as disclosed in PCT Publication
No. 2005/021622 (Strandeburg, et al.). The inventive polymer may also be crosslinked by
any known means, such as the use of peroxide, electron beam, silane, azide, or other cross-
linking technique. The inventive polymer can also be chemically modified, such as by
grafting (for example by use of maleic anhydride (MAH), silanes, or other grafting agent),
halogenation, amination, sulfonation, or other chemical modification.

Definitions

[000110] Unless stated to the contrary, implicit from the context, or customary in the
art, all parts and percents are based on weight and all test methods are current as of the filing
date of this disclosure. For purposes of United States patent practice, the contents of any
referenced patent, patent application or publication are incorporated by reference in their
entirety (or its equivalent US version is so incorporated by reference) especially with respect
to the disclosure of definitions (to the extent not inconsistent with any definitions specifically
provided in this disclosure) and general knowledge in the art.

[000111] The numerical ranges in this disclosure are approximate, and thus may include
values outside of the range unless otherwise indicated. Numerical ranges include all values
from and including the lower and the upper values, in increments of one unit, provided that

there is a separation of at least two units between any lower value and any higher value. As
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ncomm ErTAL., cs zi = 11=1 Z E[cTAL, csi (Egn. C [000143] The chain
transfer constant (Cs) values for sonme chain transfer agents are shown

bel ow i n Wakba/ixs46sshowi ng chai n transfer constants (CspCaarscvesocirys
Mortinmer at 130 C and 1360 atm for exanple chain transfer agents. Table A
Cs-Val ues as Measured by Mrtiner at 130 C and 1360 atmin References 3 and
4 CTA Cs at 130C and 1360 atm propane 0.0030 iso-butane 0.0072 propyl ene

Ee? éﬁg | SO PLARA G 2 LoRpadtiAee MySich: G1iBer rrbh BN Sudd R4 formRhhyle, Rlothlar
weight, viscosity, melt index, etc., is from 100 to 1,000, it is intended that all individual
values, such as 100, 101, 102, etc., and sub ranges, such as 100 to 144, 155 to 170, 197 to
200, etc., are expressly enumerated. For ranges containing values which are less than one or
containing fractional numbers greater than one (e.g., 1.1, 1.5, etc.), one unit is considered to
be 0.0001, 0.001, 0.01 or 0.1, as appropriate. For ranges containing single digit numbers less
than ten (e.g., 1 to 5), one unit is typically considered to be 0.1. These are only examples of
what is specifically intended, and all possible combinations of numerical values between the
lowest value and the highest value enumerated, are to be considered to be expressly stated in
this disclosure. Numerical ranges are provided within this disclosure for, among other
things, density, melt index, molecular weight, reagent amounts and process conditions.

[000112] The term “composition,” as here used means a combination of two or more
materials, With the respective to the inventive polymer, a composition is the inventive
polymer in combination with at least one other material, e.g., an additive, filler, another
polymer, catalyst, etc.

[000113] The terms “blend” or “polymer blend,” as used, mean an intimate physical
mixture (that is, without reaction) of two or more polymers. A blend may or may not be
miscible (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).

[000114] The term “polymer” refers to a compound prepared by polymerizing
monomers, whether of the same or a different type. The generic term polymer thus embraces
the term homopolymer (which refers to polymers prepared from only one type of monomer
with the understanding that trace amounts of impurities can be incorporated into the polymer
structure), and the term “interpolymer” as defined infra.

[000115] The term “interpolymer” refers to polymers prepared by the polymerization of
at least two different types of monomers. The generic term interpolymer includes

copolymers (which refers to polymers prepared from two different monomers), and polymers
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0. 060 propi onal dehyde 0.33 tert-butanethiol 15 Ref. No. 2. Ref. No. 3.
Ref. No. 4. G Mortinmer; Journal of Polynmer Science: Part A-1; Chain
transfer wo 2etiysesae pol yneri zation; vol 4, p 881-900 (Pe®a)S2@Go/obizadi mer;
Journal of Polyner Science: Part A-1; Chain transfer in ethylene

pol yneri zation. Part Iv. Additional study at 1360 atm and 130C, vol 8,
p1513-1523 (1970) G Mortimer; Journal of Polyner Science: Part A-1; Chain

transfer 4 §>a?éd‘ﬁf&ﬁffﬁore%ayl%ld%@érbﬁnypéD%&“Eno\{binersVery reactive and depletable
transfer nts; vol 10, pl63-168 (1972) 1000144] Wien only one CTA is used

| n the t[()ﬂ)(HI16} eact drheggrat éérthylﬂmm@tswn@lymea “@thylmplppkyyne[f re@jﬁléﬁ@@ﬂ§mg and
E, respective
[ CTA], (':F‘ Q%R‘\' 5e8 [%B’@Tﬁ%’[ ot é’géltocyr&ezrbzﬁ%set rléen%&gﬂe con %ﬁl as ie AT

T. React gl & dptiofally, @R LBMPEIONS 12ast Snéconi@daiepr zone 3 ls T, reactor
zone 4 is CTA 1s injected into zgones 1 and_2, onl initiator js_.injected

into zor8@0W7hnd 4, Th@d@m Spthylppe-baser ynistplynesT AoF setR¥ieps dterpoypey n’Ee Fiibhes 3

*0 U GRRR SorC l F Sp Gt e

Equat i on veiplst dfslmiinfe@polymsi mmms atdlsass howeombgioowr. 12 Z. ncTA, | net hk

(M. G [U00k1:1%3] k=1 T%)e term leactor Z(Lne refers to a section of a reactor where a free radical
polymerization reaction takes place by injecting an initiator system, which is able to
decompose to radicals at the conditions within the zone. A reactor zone can be a separate
reactor unit or a part of a larger reactor unit. In a tubular plug flow reactor unit, each zone
begins where fresh initiator is injected. In an autoclave reactor unit, zones are formed by a
separation device, e.g., a baffle, preventing back mixing. Each reactor zone has its own
initiator feed, while feeds of ethylene, comonomer, chain transfer agent and other
components can be transferred from a previous reaction zone, and/or freshly injected (mixed
or as separate components).

[000119] The term “zone reaction product” refers to the ethylene-based polymer made
under high-pressure conditions (e.g., a reaction pressure greater than 100 MPa) through a free
radical polymerization mechanism. Due to intermolecular hydrogen transfer, existing dead
polymer molecules can be reinitiated, resulting in the formation of long chain branches
(LCB) on the original (linear) polymer backbone. In a reactor zone, new polymer molecules
are initiated, and a part of the polymer molecules formed will be grafted on existing polymer
molecules to form long chain branches. Zone reaction product is defined as the polymer
present in the end of the reactor zone.

[000120] The term “polymerization conditions” refers to process parameters under
which the initiator entering the reactor zone will at least partly decompose into radicals,
initiating the polymerization. Polymerization conditions include, for example, pressure,
temperature, concentrations of reagents and polymer, residence time and distribution,
influencing the molecular weight distribution and polymer structure. The influence of
polymerization conditions on the polymer product is well described and modeled in S. Goto et

al, Ref No. 1.
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net hk E nCTAk k=1k=1 [00014711I n addition, the tubular part of the

AC/ tube reactor system (which is the systemused to generate all exanples)
can be cowei2dawmggicas reactor zones 3 and 4, where both romas2@o/06@u4 recei ve
any additional freshly injected ethylene or CTA. This neans that Equation E
beconmes as shown below. So Z1/z4 = 71/Z3 = 7Z1/Z2. WO

2011/ 075465PCT/ US2010/ 060244 [000148] 1i ZnCTAK Ineth, z1 - _[CTI]i . GCs

[CTAIT jobpd1k=1 Zl*he[%]“tTAC%y&s{téﬁT Ala&iudes a mﬁgq& fCTA PCTARMEERGEICTARL A 1
neth, E ncTAk Znethk E ncT - 1i 1272 1 nethk ZncTAk

I neth, zrtTikyktemkindkddska-gomporedtiahle ¢m$ra1ﬂsf¢r :ahydregeaxmbmsto angiowiing=pelgmhp |
200 1 b, AR5, LHEA D R ko SR O, i
NcTA2nC TAsan fishAR R HEBaitZA iR FINMECIMAIETI GTA is also known as telogen or telomer.

In a preferred embodiment of the invention, each CTA system comprises a single CTA.

[000122] The term “suction to a hyper compressor” refers to the final compressor prior
to the reactor that brings one or more feed flows to reactor pressure from a lower pressure.
The suction to a hyper compressor is the inlet configuration of this compressor.

[000123] The term “hyper compressor discharge” refers to the outlet configuration of

the hyper compressor.
[0001] The terms “comprising”, “including”, “having” and the like are not intended to
exclude the presence of any additional component, step or procedure, whether or not the
same is specifically disclosed. In order to avoid any doubt, all processes claimed through use
of the term “comprising” may include one or more additional steps, pieces of equipment or
component parts, and/or materials unless stated to the contrary. In contrast, the term,
“consisting essentially of” excludes from the scope of any succeeding recitation any other
component, step or procedure, excepting those that are not essential to operability. The term
“consisting of” excludes any component, step or procedure not specifically delineated or
listed. The term “or”, unless stated otherwise, refers to the listed members individually as
well as in any combination.

[000124] The term “containing” is not intended to exclude the presence of any
additional component, step or procedure, whether or not vthe same is specifically disclosed In
the context of a reaction zone containing a CTA system, the term “containing” is not
intended to exclude the presence of any CTA system not specifically specified.

Test Methods
Polymer Testing Methods

[000125] Density: Samples for density measurement are prepared according to ASTM
D1928. Samples are pressed at 190°C and 30,000 psi for 3 minutes, and then at 21°C and
207 MPa for 1 minute. Measurements are made within 1 hour of sample pressing using
ASTM D792, Method B.

[000126] Melt Index: Melt index, or I, (grams/10 minutes) is measured in accordance
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Conmparative Exanple 1: Make-up MEK (CTA) is equally divided over both
autocl ave reaction zones (1 and 2). Reactor pressure: 2450 bar Autocl ave
(AC) resivwonor/w7s468: 55 seconds Tubul ar residence tine: 8@CTASNMAD60244

[ 000149] Tert-butyl peroxyperpivalate (TBPV) is injected as free radi cal
initiator in each autocl ave reactor zone. At the beginning of the two
reactor zones of the tubular reactor, a mxture of tert-butyl

per oxy- 2-GihyA d%‘ﬁ%aﬁog%fi% (C-B'ﬁﬁfﬁ)o aff "?tt/ztl%rﬁ byf, yis RELAddd&ith O pS1238,

injected as additional free ralcal initiator. Tenperature conditions:
Aut ocl aveCemipianh) {G00cket eyl \eitle p:rhounged €3G roldant amd a 8B Coldert wairallel by

bot t 0% et | I nl et:, 35C t
D011 Oy e REBERIMGT 0 1N SRR & G POKTPORTasd Aget s guids ropprldhe
control: %zﬂs%r{ RARL 5P H¥Edanke BaYAd EAPBRer GEIEr prllley IR EbréBeihp Svoufidbhto the

transfer ent. The I‘EC}/C| ed MEK (after partial conversion rn the reactor,
parti al ealleat i Bullite l@thépdedWSppr@gnglyecqnéreil@d &ys eempwer. ardelbrelastieity ds

pur gi ng) de?exfr‘ﬁ%%' ds¥hé onéeI.(gxgth%\{gr{sho%O}oEexr S35 ?{1 i Bl ?aef%l\@%%;l S BoeBl

both AC r&attion Zones mai ntai n
concent r adié oxit speedy. ditfe téchnolay ivdpplisdbie 4 themmmuahxhd/oxohhvmdgelmag plastigt h AC
reaction _zones. Pr oduct Sanpl I N £000151 Sanpl es .are taken_to neasure, the

r heol ogyl00®2d] t s ofMelh&lasgeiiyre sty isanppsared using & DMEEE wstemexdheisi on
coating Wﬁ?ﬂ"[o% eﬁi{ ‘f)‘i"xké{f"R{a]e Ponﬁ@ﬁ:ﬁgl% stnfetd eQQ%%gbél%c-gqmo?eran le 1

Conpar ati've EX ol 'ogy Res t s and ncentrations Sanple
Mel t - i ndextovewtighted agmplei Samples for density measurement are prepared according to ASTM
D 1928. Samples are pressed at 190°C and 30,000 psi for 3 minutes, and then at (21°C) and
207 MPa for 1 minute. Measurements are made within one hour of sample pressing using
ASTM D792, Method B.
[000128] For the melt elasticity measurement a molten polymer strand is extruded from
a standard plastometer (MP600 Extrusion Plastometer (Melt Indexer) System Installation &
Operation Manual (#020011560), Tinius Olsen, 1065 Easton Road, Horsham, PA 19044-
8009; Ref. No. 13.6) barrel at a constant temperature (190°C) through a standard ASTM
D1238 MFR die (orifice height (8.000 = 0.025 mm) and diameter (2.0955 = 0.005 mm))
using a weighted piston. The extrudate is pulled through a series of free spinning rollers onto
a roller driven by a stepper motor (Stepper Motor and Controller Operating Manual,
Oriental Motor USA Corporation, 2570 W. 23 7" Street, Torrance, CA 90505; Ref. No. 13.7)
which is ramped over a velocity range during the analysis. The force of the polymer strand
pulling up on the balance (Excellence Plus XP Precision Balance Operating Instructions,
Mettler Toledo, 1900 Polaris Parkway, Columbus, Ohio 43240; Ref. No. 13.8) platform
mounted tension roller is recorded by the integrated control computer. From a linear
regression of the acquired force data, the final reported value is determined based on a
constant velocity ratio (33.2) or strain (Ln[Speed ratio] = 3.5) of the polymer strand speed
versus the die exit speed. Analysis results are reported in units of centiNewtons (cN).

[000129] Triple Detector Gel Permeation Chromatography (TDGPC): High

temperature 3Det-GPC analysis is performed on an Alliance GPCV2000 instrument (Waters
Corp.) set at 145°C. The flow rate for the GPC is 1 mL/min. The injection volume is 218.5
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MEK (AC) feed Zone 1 MEK (AC) feed Zone 2 Z1/2722 ZI/Zn dg/mn cN Ml ar PPm
Mol ar PPm |a 5.09 1.65 4610 4610 1.00 1.00 Ib 4.94 1.67 4852 4852 1.00
WO 2011/075465 PCT/US2010/060244

pL. The column set consists of four Mixed-A columns (20-pm particles; 7.5 x 300 mm;
Polymer Laboratories Ltd).

[000130] Detection is achieved by using an IR4 detector from Polymer ChAR, equipped
with a CH-sensor; a Wyatt Technology Dawn DSP MALS detector (Wyatt Technology
Corp., Santa Barbara, CA, USA), equipped with a 30-mW argon-ion laser operating at A =
488 nm; and a Waters three-capillary viscosity detector. The MALS detector is calibrated by
measuring the scattering intensity of the TCB solvent. Normalization of the photodiodes is
done by injecting SRM 1483, a high density polyethylene with weight-average molecular
weight (Mw) of 32,100 and polydispersity of 1.11. A specific refractive index increment
(dn/dc) of -0.104 mL/mg, for polyethylene in TCB, is used.

[000131] The conventional GPC calibration is done with 20 narrow PS standards
(Polymer Laboratories Ltd.) with molecular weights in the range 580-7,500,000 g/mol. The
polystyrene standard peak molecular weights are converted to polyethylene molecular
weights using

Mpoiyethylene = A X (Mpolystyrene)”
with A ~ 0.39, B = 1. The value of A is determined by using HDPE Dow 53494-38-4, a
linear polyethylene homopolymer with Mw of 115,000 g/mol. The HDPE reference material
is also used to calibrate the IR detector and viscometer by assuming 100 % mass recovery
and an intrinsic viscosity of 1.873 dL/g.

[000132] Distilled “Baker Analyzed”-grade 1,2,4-trichlorobenzene (J.T. Baker,
Deventer, The Netherlands), containing 200 ppm of 2,6-di-tert-butyl-4-methylphenol (Merck,
Hohenbrunn, Germany), is used as the solvent for sample preparation, as well as for the
3Det-GPC experiments. HDPE SRM 1483 is obtained from the U.S. National Institute of
Standards and Technology (Gaithersburg, MD, USA).

[000133] LDPE solutions are prepared by dissolving the samples under gentle stirring
for three hours at 160°C. The PS standards are dissolved under the same conditions for 30
minutes. The sample concentration for the 3Det-GPC experiments is 1.5 mg/mL and the |
polystyrene concentrations 0.2 mg/mL.

[000134] A MALS detector measures the scattered signal from polymers or particles in
a sample under different scattering angles 6. The basic light scattering equation (from M.

Andersson, B. Wittgren, K.-G. Wahlund, Anal. Chem. 75, 4279 (2003)) can be written as
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1.00 Inventive Exanmple 2: Make-up MEK (CTA) is sent to the autoclave top
reacti on zone. Reactor pressure: 2450 bar Autocl ave residence tine:55
seconds Twbubaro7s4si dence tinme: 80 seconds [ 000152] Tert - IpamgiS2010/060244

per oxyperpivalate (TBPV) is injected as free radical initiator in each

aut ocl ave reactor zone. At the beginning of the two reactor zones of the
tubul ar reactor, a mxture of tert-butyl peroxy-2-ethyl hexanoate (TBPO and
di-tert-butyl peroxide (DTBP) is injected as additional free radical
initiator. Tenperature Conditions: Autoclave top-zone (50% fresh
ethylene):Inlet: 37C, configol 5C16¥[)ﬁ011/07 4§5PCT/ US2010/ 060244

Aut ocl ave bottom zone (53 ﬁﬁ?&kﬁ&@ﬁ Bify EE? 35C,(2rontrol 185C Tube
1st zone control:274C Tu 2" 274 0001531Met hyl et hyl ketone
(MEK) is used as chain transfer agent. The recycled MEK (after partial
conversion in the reactor, partial condensation in the | ow pressure recycle
section agkbrOR, Rthk 'e%esPRﬁ lei%@rath@ regual dp¥icalicshsiasd, RURA if)ahidnp 08t EHings,
ethyl ene feed streanms and both AC reaction zones. The fresh nmake-up K (to
mai nt ai n dvBehdsonoe e meprfw neﬁa@r\@emdmmmmanél(dww cgs thedcangewiratinn adtthy/| ene

feed strea ot ut ocl,av P t

[0001541§8W}3?=Z\2 e molgaprviriele s df RANSberS %r@?é‘%%‘é"' ‘g?veh’i‘éthp%fl‘ﬁ}%er,
and one SaRRLR 1(%%@) Cafoull 68 o1 M6 BHNELl \Qélgﬁpﬁ{d RAIBNSE Bfravdh ﬁbﬂnrmhe hght
evaluation. Results are reported in Table Tabl e 2 Exanple 2 Rheolo

Resul t s awaltdufk datarrequite extiapelstiSaiopicro Mle (seq algeR.J. Wyatt, Anal. Chim. Acta 27
1 (1993)). This is done by plotting (Kc/Rg)™ as a function of sin %(8/2) in the so-called Debye

plot. The molecular weight can be calculated from the intercept with the ordinate, and the
radius of gyration from initial slope of the curve. The Zimm and Berry methods are used for
all data. The second virial coefficient is assumed to be negligible. The intrinsic viscosity
numbers are calculated from both the viscosity and concentration detector signals by taking
the ratio of the specific viscosity and the concentration at each elution slice.

[000135] ASTRA 4.72 (Wyatt Technology Corp.) software is used to collect the signals
from the IR detector, the viscometer, and the MALS detector. Data processing is done with
in house-written Microsoft EXCEL macros.

[000136] The calculated molecular weight, and molecular weight distribution
(Mw/Mn), 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).

Film Testing Conditions
[000137] Haze: Samples measured for overall haze are sampled and prepared

according to ASTM D 1003. Films were prepared as described in the experimental section

21



Melt- elasticity MEK AC feed Zone 1 MEK AC feed Zone 2 7Z1/72 ZI/Zn dg/mn

cN Mol ar PPm Mol ar PPm 2a 3.28 2.89 3919 5783 0.81

WO 2011/075465 PCT/US2010/060244
below.
[000138] 45° and 60° Gloss: 45° and 60° gloss are measured by ASTM D-2457. Films
were prepared as described in the experimental section below.
EXPERIMENTAL
Calculations for Z1, Z2 and Zi :
[000139] The “reactor zone molar concentration of a CTA j in a reactor zone i

([CTALlji)” is defined as the “total molar amount of that CTA freshly injected to reactor zones
1 to i” divided by the “total molar amount of ethylene freshly injected to reactor zones 1 to

i.” This relationship is shown below in Equation A.

i
ZnCTA, I
k=1
[CTA]J} - (Eqn. A)

Z Peth,
k=1

[000140] In Equation A, j > 1, ncyy ; is the “amount of moles of the jth CTA freshly
injected to the ith reactor zone,” and ,, is the “amount of moles of ethylene freshly injected

to the ith reactor zone.”

[000141] The “transfer activity of a CTA (system) in a reactor zone i” is defined as the
“sum of the reactor zone molar concentration of each CTA in the reactor zone” multiplied
with its chain transfer activity constant (Cs). The chain transfer activity constant (Cs) the
ratio of reaction rates Ks/Kp, at a reference pressure (1360 atm) and a reference temperature
(130°C). This relationship is shown below in Equation B, where Ngompl is the total number
of CTAs in reactor zone i.

n

comp.i

Z;= D ICT4); -Cy; (Eqn.B)
ji=1

[000142] Thus, the ratio Z1/Zi is shown below in Equation C.
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0.81 2b 4.32 2.26 4124 6116 0.81 0.81 2c 4.60 2.05 4122 6082 0.81 0.81
Conpar ative Exanple 3. Mke-up Propylene (CTA) is equally divided over both
aut ocl avewpeatti7stsszones (1 and 2). Reactor pressure: 2000Th®sr01M06@a4 ave
(AC) residence time:55 seconds Tubul ar residence tine:80 seconds

[ 0001551Tert - butyl peroxyperpivalate (TBPV) is injected as free radi cal
initiator in each autoclave reactor zone. At the beginning of the two
reactor zones of the tubular regctor, a mxture of tert-butyl

per oxy- 2- et hyl hexanoate (TBPO axd 87;# rt~butyl peroxide (DTBP) is

i njected as additional free.sadi I[ | Eni'a af . WO

2011/ 075465PCT/ US2010/ 0602441 Tenpigr at ure_condi tions: Aut ocl ave t op-zone
(50% fresh ethyl ene):Inlet: ZA0C egontrol 202C Aut dEfiafe® bott om zone (50%
fresh ethylene):inlet: 36C contpol[CH - C, ;

=1
[000143] The chain transfer constant (Cs) values for some chain transfer agents are
shown below in Table A., showing chain transfer constants (Cs) derived by Mortimer at 130
°C and 1360 atm for example chain transfer agents.
Table A
Cs-Values as Measured by Mortimer at 130 °C and 1360 atm in References 3 and 4

CTA Csat
130°C and 1360 atm

propane 0.0030
iso-butane 0.0072
propylene 0.0122
iso-propanol 0.0144
acetone 0.0168
I-butene 0.047
methyl ethyl ketone 0.060

propionaldehyde 0.33

tert-butanethiol 15

Ref. No.2.  G. Mortimer; Journal of Polymer Science: Part A-1; Chain transfer in
ethylene polymerization; vol 4, p 881-900 (1966)

Ref No.3.  G. Mortimer; Journal of Polymer Science: Part A-1; Chain transfer in
ethylene polymerization. Part Iv. Additional study at 1360 atm and
130°C; vol 8, p1513-1523 (1970)

Ref. No.4.  G. Mortimer; Journal of Polymer Science: Part A-1; Chain transfer in
ethylene polymerization. Part VII. Very reactive and depletable
transfer agents; vol 10, p163-168 (1972)

[000144] When only one CTA is used in the total reactor system, Equations B and C
simplify to Equations D and E, respectively.
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Tube 1St zone control:275C Tube 2nd zone control : 275C [ 000156] Propyl ene is
used as the chain transfer agent. The recycl ed propylene (after parti al
conver si omOi2n1tfdieseseact or, partial condensation in the PPOWUsSc@s®N2e4 recycl e
section and/or partial purging) is equally divided over both reactor nake
up ethylene feed streans and both AC reaction zones. The fresh make-up
propyl ene (to maintain propyl ene concentration in order to control/vary M)

is equally divided over both A es. Product Sanpling
[ 000157] Sanpl es are taken to aﬁé’ﬁ‘%ﬂ oI(Eglgl Dlesponse and the bl own
filmevaluation. Results are re orted I n TabI e 3. Table 3 Conparative

Exanpl e 3 Rheol ogy Resul ts?c‘ R’EWJZL/]I efid Cofcdid}ations Sanple Melt- index

Melt- elasticity Propyl ene fEQfC H)eed Zone 2 71/ 72
Zl /Zn dg/mn cN Ml ar i

[000145] Four reactor zones are used configured as A A T T. Reactor zone 1 is A,
reactor zone 2 is A, reactor zone 3 is T, reactor zone 4 is T . CTA is injected into zones 1
and 2, only initiator is injected into zones 3 and 4, however typically some CTA is carried
over into zones 3 and 4 from zones 1 and 2. No CTA is added to reactor zones 3 and 4.

[000146] Only one CTA implies that Cs drops out of equations, and thus, Equation E is

used for most examples, as shown below.

1 2
Z Rer4, Z Petp,
k=1

Zy _[CTA}-Cs _ [CTA]y _ i
Z, [CTAL-C, [CTAl,

2
Z Reth, Z R4,
k=1

k=1

2 1
Z Peth, Z ATy,
k=1 k=1

Meth, T Netn, nCry,
1 2 N
Reth, nera, T PCT4,
Z Peth, Z A4,
[600147] In addition, the tubular part of the AC/tube reactor system (which is the

system used to generate all examples) can be considered as reactor zones 3 and 4, where both
zones do not receive any additional freshly injected ethylene or CTA. This means that
Equation E becomes as shown below. So Z1/24 =Z71/23 = Z1/Z2.
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PPm Molar PPm 3 1.07 13.10 16120 16120 1.00 1.00 | nventive Exanpl e
4. Make-up propylene (CTA) is sent to the autoclave bottomreaction zone.
React or pvegsuwres@800 bar Autocl ave residence tine:55 secosoidobezhar
residence tinme: 80 seconds [000158] Tert-butyl peroxyperpivalate (TBPV) is
injected as free radical initiator in each autoclave reactor zone. At the
begi nning of the two reactor zones of the tubular reactor, a m xture of
tert-butyl peroxy-2-ethyl hexanoate (TBPO apd di-tert; butyI per oxi de ( DTBP)
is injected as addltlonal free radlcal i ni tor erature Conditions:
Aut ocl ave top-zon %%f sh eth i Eg?ncnac ?Egﬁkﬂml 204C WO

2011/ 075465PCT/ U 010 Oﬁﬁét(&uto Pot ket zone (B9% fresh

et hyl ene):Inlet: ?GC [&%AI oTCZWTaPIQ]a ISt 1zone conjrol : 276C Tube 2" zone

control :275C
Z Peth, ACT4,
k=1 k=1

i 1 2 1
Z Peth, Z Rcra, Z Peth, Z AT,
k=1 k=1 _ k= k= _ 4

1 T ~ 2 7 P23
Z Peth, Z Ry, Z P, Z Aoy, 2
k=1 k=1 k=1 k=1
[000148] In addition, for all examples: Mg, = Hegp, , and thus, the relationship
is further simplified as shown below.

Z1 _ Peth, + Peth, . R4, _

Z5 M, nera, +Mcry,

eth, T Meth, nery, 9. nCT4,
Reth, ncra, T RCT4, ncra, T RCT4,

Polymerization and Polymers

Comparative Example 1: Make-up MEK (CTA) is equally divided over both
autoclave reaction zones (I and 2).

Reactor pressure: 2450 bar
Autoclave (AC) residence time: 55 seconds
Tubular residence time: 80 seconds
[000149] Tert-butyl peroxyperpivalate (TBPV) is injected as free radical initiator in

each autoclave reactor zone. At the beginning of the two reactor zones of the tubular reactor,
a mixture of tert-butyl peroxy-2-ethylhexanoate (TBPO) and di-tert-butyl peroxide (DTBP) is
injected as additional free radical initiator.

Temperature conditions:

Autoclave top-zone (50% ethylene): Inlet: 37°C; control 185°C

Autoclave bottom-zone (50% ethylene): Inlet: 35°C; control 185°C
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[ 000159] Propyl ene is used as chain transfer agent. The recycl ed propyl ene
(after partial conversion in the reactor, partial condensation in the | ow
pressure woaytlw@ssécti on and or partial purging) is equ&Cirgusdivioceds over
both reactor make up ethylene feed streans and both AC reaction zones. The
fresh make-up propylene (to maintain propylene concentration in order to
control M) is fed into the ethylene feed stream sent to the Autoclave

bott om zone. adyet,, @ﬁgﬂtgbpg [ 000160] Sanpl eg4qre taken to nmeasure the
rheology response an8 own filmevaluation. Results are reported in

Tabl e 4. TabIeDAwE&%nu&eomUGMeology Resul t s 234Y Pr opyl ene Concentrati ons
P o ib85] o5 MR B R RSP ot o 8 Seoh. PTRPHGSE A
MEK (after partial conversion in the reactor, partial condensation in the low pressure recycle
section and/or partial purging) is equally divided over both reactor ethylene feed streams and
both AC reaction zones. The fresh make-up MEK (to maintain MEK concentration in order
to control/vary MI) is equally divided over both AC reaction zones.
Product Sampling
[000151] Samples are taken to measure the rheology results of the polymer, and one
sample (1b) is taken for extrusion coating and blown film evaluation. Results are reported in
Table 1.
Table 1
Comparative Example 1a — 1d Rheology Results and MEK Concentrations'

Sample | Melt- Melt- MEK | MEK | Z1/Z2 | Z1/Zn
index | elasticity | (AC) (AC)
feed feed
Zone 1 | Zone 2
dg/min cN Molar | Molar

ppm ppm
la 5.09 1.65 4610 4610 1.00 1.00
1b 4.94 1.67 4852 48352 1.00 1.00

Inventive Example 2: Make-up MEK (CTA) is sent fo the aufoclave fop reaction

zone.
Reactor pressure: 2450 bar
Autoclave residence time: 55 seconds
Tubular residence time: 80 seconds
[000152] Tert-butyl peroxyperpivalate (TBPV) is injected as free radical initiator in

each autoclave reactor zone. At the beginning of the two reactor zones of the tubular reactor,
a mixture of tert-butyl peroxy-2-ethylhexanoate (TBPO) and di-tert-butyl peroxide (DTBP) is
injected as additional free radical initiator.

Temperature Conditions:

Autoclave top-zone (50% fresh ethylene): Inlet: 37°C; control 185°C
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PPm 4 0.97 13.65 12350 16370 0.86 0.86 Table 5 Properties of the Exanple
Pol ymers Exanple No. Z1/Z2 density (kg/rni) MM M1 M (dg/mn) ME (cN) Conp.
Ex. | b 1.WO0 2029754635 PCT/US2010/060244

Autoclave bottom-zone (50% fresh ethylene): Inlet: 35°C; control 185°C
274°C
274°C

Methyl ethyl ketone (MEK) is used as chain transfer agent. The recycled

Tube 1* zone control:
Tube 2™ zone control:
[000153]
MEK (after partial conversion in the reactor, partial condensation in the low pressure recycle
section and or partial purging) is equally divided over both reactor ethylene feed streams and
both AC reaction zones. The fresh make-up MEK (to maintain MEK concentration in order
to control MI) is fed into the ethylene feed stream sent to the Autoclave top zone.
Product Sampling
[000154]
sample (2c) is taken for extrusion coating and blown film evaluation. Results are reported in

Table 2.

Samples are taken to measure the rheology response of the polymer, and one

Table 2
Example 2 Rheology Results and MEK Concentrations

Sample | Melt- Melt- MEK MEK 71/72 Z1/Zn
index | elasticity | AC AC feed
feed Zone 2
Zone 1
dg/min cN Molar | Molar
ppm ppm
2a 398 2 89 3919 5783 0.81 0.81
2b 432 296 4124 6116 0.81 0.81
2c 4.60 205 4122 6082 0.81 0.81

Comparative Example 3: Make-up Propylene (CTA) is equally divided over both
autoclave reaction zones (1 and 2).

Reactor pressure: 2000 bar

Autoclave (AC) residence time: 55 seconds
Tubular residence time: 80 seconds
[000155] Tert-butyl peroxyperpivalate (TBPV) is injected as free radical initiator in
each autoclave reactor zone. At the beginning of the two reactor zones of the tubular reactor,
a mixture of tert-butyl peroxy-2-ethylhexanoate (TBPO) and di-tert-butyl peroxide (DTBP) is

injected as additional free radical initiator.
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4.94 1.67 Exanple 2c 0.81 929 5.99 4.60 2.05 Conp. Ex. 3 1.00 919 9.62 1.07
13. 10 Exanple 4 0.86 920 10.30 0.97 13.65 Polyners and Filns [000161] Each
of the fiworowAss466r ned using the process paraneters sheem/usrordAabizes 6.
Inventive film1l was made from a sanple of the polynmer of Exanple 2c.
Inventive film2 was nmade froma sanple of the polyner of Exanple 4.

[ 000162] Conparative film1 was made froma sanple of the pol yner of

Conpar ative Temperature conditions:

Autoclave top-zone (50% fresh ethylene): Inlet: 40°C; control 202°C
Autoclave bottom-zone (50% fresh ethylene): Inlet: 36°C; control 236°C
275°C
275°C

Propylene is used as the chain transfer agent. The recycled propylene (after

Tube 1* zone control:
Tube 2™ zone control:
[000156]
partial conversion in the reactor, partial condensation in the low pressure recycle section
and/or partial purging) is equally divided over both reactor make up ethylene feed streams
and both AC reaction zones. The fresh make-up propylene (to maintain propylene
concentration in order to control/vary MI) is equally divided over both AC reaction zones.
Product Sampling _
[000157] Samples are taken to measure the rheology response and the blown film
evaluation. Results are reported in Table 3.
Table 3

Comparative Example 3 Rheology Results and Propylene Concentrations

Sample | Melt- Melt- Propylene | Propylene | Z1/Z2 | Z1/Zn
index | elasticity | AC feed AC feed
Zone 1 Zone 2
dg/min cN Molar Molar
ppm ppm
3 1.07 13.10 16120 16120 1.00 1.00

Inventive Example 4: Make-up propylene (CTA) is sent to the autoclave bottom

reaction zone.
Reactor pressure: 2000 bar
Autoclave residence time: 55 seconds
Tubular residence time: 80 seconds

[000158]

each autoclave reactor zone. At the beginning of the two reactor zones of the tubular reactor,

Tert-butyl peroxyperpivalate (TBPV) is injected as free radical initiator in

a mixture of tert-butyl peroxy-2-ethylhexanoate (TBPO) and di-tert-butyl peroxide (DTBP) is
injected as additional free radical initiator.
Temperature Conditions:

Autoclave top-zone (50% fresh ethylene): Inlet: 40°C; control 204°C
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WD 2011/ 075465PCT/ US2010/ 060244 Exanple 1. [000163] Conparative film 2 was
made froma sanple of the polymer of Conparative Exanple 3. [000164] All of
the fil mewenreiwvaasswith a "25/1 chrone-coated screw (comrprasgéioner2ati o 3/ 1;
feed zone 10D, transition zone 3D, metering zone 12D)," connecting to a "25
mm di aneter die.” No internal bubble cooling is used. General blown film
paraneters used to produce the blown filmare shown in Table 8. The sane

condi 1 ons_ et 4A&H bl PXAIBER ARnG0TPE! A ScexplEryTEEr rel 1 of

the tenperature pro els c sest to t | et hopper followed by Barrel
2h \Mlzl ch is fdaubeledoteycoBaock el 3, which is £Zﬂ°ICowed by Barrel 4. The

t hi ckness of id M8 was asured by mecr Table 6 Blown Film

Fabr i cation Cyr‘:‘gf’ ' gRee c@lioket er Bl ow up 2§| o (BUR) 2.75 Qutput (kg/hr)

1.8 Fil neSSP(' ek w»ed- R Pafh FARféMRdend. ST fecEED OF ne r 23
Tenper a ur e gof i1 59 Barrel 1 150 Barr el”ﬁ@ Jaepprapne (i
partial conversmn in the reactor, partial condensation in the low pressure recycle section and

or partial purging) is equally divided over both reactor make up ethylene feed streams and
both AC reaction zones. The fresh make-up propylene (to maintain propylene concentration
in order to control MI) is fed into the ethylene feed stream sent to the Autoclave bottom zone.
Product Sampling
[000160] Samples are taken to measure the rheology response and the blown film
evaluation. Results are reported in Table 4.
Table 4
Example 4 Rheology Results and Propylene Concentrations

Sample | Melt- Melt- | Propylene | Propylene | Z1/Z2 | Z1/Zn
index | elasticity | AC feed | AC feed
Zone 1 Zone 2

dg/min cN Molar Molar
ppm ppm
4 0.97 13.65 12350 16370 0.86 0.86
Table 5
Properties of the Example Polymers
Example No. Z1/Z2 | densit ;/ Mw/Mn MI ME
(kg/m’) (dg/min) | (cN)
Comp. Ex. 1b 1.00 929 5.15 4.94 1.67
Example 2¢ 0.81 929 5.99 4.60 2.05
Comp. Ex. 3 1.00 919 9.62 1.07 13.10
Example 4 0.86 920 10.30 0.97 13.65

Polymers and Films
[000161] Each of the films was formed using the process parameters shown in Table 6.
Inventive film 1 was made from a sample of the polymer of Example 2c.
Inventive film 2 was made from a sample of the polymer of Example 4.

[000162] Comparative film 1 was made from a sample of the polymer of Comparative

29



165 Barrel 3 175 Barrel 4 175 Die 175 [000165]The filnms and their optical
properties are shown in Tables 7 and 8 below and in Figures 2-3,
respect i WeD011Al75468ver ages and standard devi ati ons are paFak2@0/06end
measurenents per sanple. Table 7 Optical Properties of Blown Film Sanpl es
of Conparative Exanple |d and Exanple 2e Exanple No. Haze (% d oss 450
(% Conparative Exanple I'b 9.90.4 54.71.8 Exanple 2c 11.60.4 49.32.4

Example 1.

[000163] Comparative film 2 was made from a sample of the polymer of Comparative
Example 3.

[000164] All of the films are made with a “25/1 chrome-coated screw (compression

ratio 3/1; feed zone 10D; transition zone 3D; metering zone 12D),” connecting to a “25 mm
diameter die.” No internal bubble cooling is used. General blown film parameters used to
produce the blown film are shown in Table 8. The same conditions were used for all
examples and comparative examples. Barrel 1 of the temperature profile is closest to the
pellet hopper followed by Barrel 2, which is followed by Barrel 3, which is followed by
Barrel 4. The thickness of the films was measured by micrometer.

Table 6

Blown Film Fabrication Conditions

Parameter
Blow up ratio (BUR) 2.75
Output (kg/hr) 1.8
Film Thickness (micron) 50+1.0
Die Gap (mm) 0.8
Air Temperature (°C) 23
Temperature Profile (°C)
Barrel 1 150
Barrel 2 165
Barrel 3 175
Barrel 4 175
Die 175
[000165] The films and their optical properties are shown in Tables 7 and 8 below and

in Figures 2-3, respectively. All averages and standard deviations are based on ten

measurements per sample.
Table 7

Optical Properties of Blown Film Samples of Comparative Example 1d
and Example 2¢

Example No. Haze (%) | Gloss 45°

&0))
Comparative Example 1b | 9.9+0.4 54.7+1.8
Example 2¢- 11.6+0.4 49.3+2.4
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WO 2011/ 075465PCT/ US2010/ 060244 Table 8 Optical Properties of Blowmn Film
Sanpl es of Conparative Exanple 3 and Exanple 4 Exanple No. Haze (% d oss
45 (% wWorpawrasiese Exanple 3 28.10.7 15.11.9 Exanpl e 2C3A1S200/H6@34 81. 8
Pol ymers and Extrusion Coating [0001661Extrusion coating was perfornmed on
Conparative Exanple | b and Exanple 2c. The nelt index of Conparative
Exanple 3 and Exanple 4 is too |low for a good coating operation. Each of
the coatings was formed according to $hg. §ol I owing conditions. The resins
were extruded at a set extruder tenperature of 320C from a coat hanger type
extrusi on di e w Optieal Pespenidds of iBlowa pilof Sanplesnaf)Capmpanatii® Hyam@leky af t paper in
an anmount of 25 g/nR in parts wthahdFpigpkesis addition of 40 mcron

al um num sheets, using.an air gap of 250 nm and-varying-tine speeds in
meters per minute, afjd at BxammeNepeed dfHazeom| niGos With varying air
gaps, utilizing a mat{t chill roll namintained at|a tdiperatiure of 15 to 20C.
[000167] | nventi ve coat Cofpiraties Exadgle Br ¢riagal | elpitt.he |pol yner of

Exanpl e 2c. [000168] Conpar aiyaupi&pat | ng | Bwas) madel3.gonga sanpl e of the

pol ynmer of Conparative Exanpie I'b. Coating results are shown in Table 9

bel ow. Draw down is the maxi mum | ine speed attainable during stable

coat i ng. Addekeri and BxtvivéorsOoaringage in the width of the web in conparison to

the die width at fixed.ine speed (100 mn) . wer neck-in _and hi ghe

dr aw do&#ogpg] bot hE)\;‘gPVO’&Ieg?*}lg’ﬁl 'éf‘.'agL prmgsh. 101 n%%gﬁgtl‘ﬁetéxé‘%n %éﬁ n@?lsik}b({rlal
stabi | i t 98 nid . WeR nidli Bhex bIICEHpAtativ RANRS 3 Bed ERimplontis elo lotv fohegeant i ng
onto the subgt rate. H gher draw down neans hi gher |ine saged which, in

turn, neanatifgetptesstiopr dehgbiof he goatimgbives formedrageerdingcadhs FriloprRp endiiansof
Sanpl es qjhec%gsqgsa (Jv%}el g)?[ru eg rserlli)laesel[ th%?c%r Wgtﬁrezgf 320°C from a coat hanger type

extrusion die with a nominal die gap of 0.7 mm, onto 70 g/m* Kraft paper in an amount of

25 g/m’ in parts with in process addition of 40 micron aluminum sheets, using an air gap of
250 mm and varying line speeds in meters per minute, and at a line speed of 100 m/min, but
with varying air gaps, utilizing a matt chill roll maintained at a temperature of 15 to 20°C.
[000167] Inventive coating 1 was made from a sample of the polymer of Example 2c.
[000168] Comparative coating 1 was made from a sample of the polymer of
Comparative Example 1b. Coating results are shown in Table 9 below. Draw down is the
maximum line speed attainable during stable coating. Neck-in is the shrinkage in the width
of the web in comparison to the die width at fixed line speed (100 m/min). Lower neck-in
and higher draw down are both very desirable. Lower neck-in means better dimensional
stability of the web which, in turn, provides better control of the coating onto the substrate.
Higher draw down means higher line speed which, in turn, means better productivity.
Table 9

Extrusion Coating Properties of Samples of Comparative Example 1b
and Example 2¢

Example No. Draw Neck-In
Down (mm)
(mpm)
Comparative Example 1b 100 251
Example 2c 680 207
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Exanpl e No. Draw Down (111Pm Neck-In (m) Conparative Exanple |b 100 251
Exanpl e 2c 680 207 WD 2011/ 075465PCT/ US2010/ 060244 [ 000169] Al t hough t he
i nvent i orwbasiihgsemsdescri bed with certain detail througkCrhms2gosceds ng
description of the preferred enbodi nents, this detail is for the primary
purpose of illustration. Many variations and nodifications can be nade by
one skilled in the art without departing fromthe spirit and scope of the

i nventi escri i,n.the follown I

2011/ m&ﬁ’é’géﬂ% US2 @‘PB@bé‘ﬂ“\Xﬁ‘? on }é‘ésc %elgrre &58hed Yy Geriain detail through the
p0|yWErl@%kb%ﬂgﬂéﬁﬁ@ﬁs?bﬁﬂkqﬁﬂkﬁaiahbmhﬁ?ﬁsbﬁm?mnmbhwheﬁw;nmgnppﬁwessof .
conprising the steps o ecting.a first et ne, an
opt i onal |ﬂ$usgaewal apy Heregtiops 3’@}%@9 @V%tf%c@@j’%"?gggﬁ 6‘1 ‘é’%? pd vt WifhO%

autocl ave, ﬁaﬁﬁﬁ%?&m%ﬁé‘gpl Pﬁ{dastcb ofthe RRENHG dSZ&Edr%d(ﬁ?ﬂQ'fBlﬂ@Viﬁ% tRimg.oduce a
first zone'redaction product, e CIA systemof the first reactor zone
having a transfer activity Zl, and B. (1) Transferring at |east part of the
first zone reaction product to a second reactor zone selected froma second
autocl ave reactor zone or a tubular reactor zone and operating at

pol ynmeri zation conditions, and, optionally, (2) freshly injecting a second
feed into the second reactor zone to produce a second zone reaction
product, with the proviso that the second reactor zone contains a CTA
system having a transfer activity Z2; and with the proviso that the ratio
of Z1/7Z2 is less than 1. 2. The process of Claim1, further conprising one
or nore steps of transferring a zone reaction product produced in an (ith -
1) reaction zone to an (ith) reaction zone, where 3 <i < n, and n? 3, each
zone operating at polynerization conditions, and optionally adding an (ith)
feed conprising a CTA systeminto the (ith) reaction zone, the CTA system
of the (ith) reaction zone having a transfer activity of Zi wth the
proviso that the ratio of Z1/zZi 51 for all i<n and Zl <Zn.
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3. The process of Claim1-2 in which the second or ith feed conprises at

| east one conononer selected fromthe group consisting of acrylate, silane,
vi nyl estwo20unsatear at ed carboxylic acid and carbon non®xirdms2014/0didze4 pr ocess
of any of the preceding clainms in which at | east one of the feeds to at

| east one of the reactor zones contains a CTA that is different from at

| east one of the CTAs to the other reactor zones. 5.The process of Claim4
i n which &qsgﬁ édsi i ndependently one of an olefin, an al dehyde, a ket one,
an al cohol’, "a"saturated hydrocarbon, an ether, a thiol, a phosphine, an

ami no, an amine, am aighdgessare pelymerizaiod mocdss o famadre ethglelbbaged qodgserof
any of the previous clains, in which at |east one CTA has a chain transfer
const ant tg%P’i‘j’F%sétceF’pf‘ﬁ&ﬂg%.%@f.o' WD 2011/ 075465PCT/ US2010/ 060244 7.

The process ofp any 1gfecfif}ea A€ &RMAIBMpLbiak Bhyldhe Whd 6pti&RAN athainh@nsfer agent
pol ynmerization conditions in the reactor zones, independently, conprises a
t enper ature great ersysttimn(CBA eyfteah) tilo 200Gt amterlavepreastonr eongr eparaing Bhn,

or eaual L0, 100 N nisnie! s Ry G SRR e A MR 5 s et

1ons i e react'or zdnes,

i ndependent |y, conpkiisRsofahd BRDRAGbLE®e hesisg hhansOGyitaiZd; andor essure | ess
t han 500 MPa. 9. The process of any of the previous clains in whjch
the ratio of B.1 /Zil) Fuansferring pt leasi pargolzihe Airstgongsreaction progeft 1 feSespRit ess

of any of the pr eVirQéi:%or% ak %}:ﬁecjt&i 1hin ek e{u%cilﬁfe(?%"ac‘?o]r Zofd of PbhRF rédbibr | <N
and ZI/Zn <0. 90. 7] e process of any of the previous clains in
whi ch the ratio of zéndhdd op&ritifignt pdlymercrtiancondidonatand, GitioAallyz@2) freshly 12.

An et hyl ene- based pol yorer nmade a process of any of the preceding clains.
13. An et hyl ene- badB&CHRg %/?FfSPnQ:%ﬂﬁ?@ithegsetcﬂ%‘ﬂe&&%ﬁ?rﬁgmﬁ’f%cg'@??iss%opg(zf?e a
melt elasticity, | Qe&:ﬁ@ﬁig%%@%th tRd plo® s tﬁéf% seB6nde@biddbr dode cortaihs ¥ (el t

index)".98), a nelt 1ndex greater than 3 g/10 nm and a density from 0. 926

to 0.935 g/cnB. systerhavilige tetnbier estvitydSedngol ynmer of Caim 13 in which
the melt elastigity, in centiNew o js. hess than, or equal to, (9.3 x
(melt index)" *"é@)&%fﬁ%'lsc?otﬁﬁtc}b? faltl8r?r%?3%2rsﬁséelsgglaflﬂé et hyl ene- based pol yner of
Caims 12-14. 3 ThkGrodBs éf Clafth @, BRMNBF ¢dmptiing! onle@i Siore s@ps ofpamfnting or med
froma conposition of Caim 15, 17. Afilmconprising at |east ope

conponentzoherasstdor profvet pEodisehiisint (B lgreactign gomesfo an (ith) reaction zone, where

<i<n, and n> 3, each zone operating at polymerization conditions, and optionally adding an
(ith) feed comprising a CTA system into the (ith) reaction zone, the CTA system of the (ith)
reaction zone having a transfer activity of Zi with the proviso that the ratio of Z1/Zis1 for all
i<n and Z1<Zn.

3. The process of Claim 1-2 in which the second or ith feed comprises at least
one comonomer selected from the group consisting of acrylate, silane, vinyl ester,
unsaturated carboxylic acid and carbon monoxide.

4. The process of any of the preceding claims in which at least one of the feeds
to at least one of the reactor zones contains a CTA that is different from at least one of the
CTAs to the other reactor zones.

5. The process of Claim 4 in which each CTA is independently one of an olefin,
an aldehyde, a ketone, an alcohol, a saturated hydrocarbon, an ether, a thiol, a phosphine, an
amino, an amine, an amide, an ester, and an isocyanate.

6. The process of any of the previous claims, in which at least one CTA has a

chain transfer constant Cs greater than 0.001.
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7. The process of any of the preceding claims in which each of the
polymerization conditions in the reactor zones, independently, comprises a temperature
greater than, or equal to, 100°C, and a pressure greater than, or equal to, 100 MPa.

8. The process of any of the preceding claims in which each of the
polymerization conditions in the reactor zones, independently, comprises a temperature less
than 400°C, and a pressure less than 500 MPa.

9. The process of any of the previous claims in which the ratio of Z1/Zi <1 for
all i<n and Z1/Zn <0.95.

10.  The process of any of the previous claims in which the ratio of Z1/Zi <1 for
all i<n and Z1/Zn <0.90.

11.  The process of any of the previous claims in which the ratio of Z1/Zi <1 for
all i<n and the ratio Z1/Zn >0.

12.  An ethylene-based polymer made by a process of any of the preceding claims.

13.  An ethylene-based polymer comprising the following properties: (1) a melt

0.98

elasticity, in centiNewtons, of less than, or equal to, (8.1 x (melt index)™ "), a melt index

greater than 3 g/10 min, and a density from 0.926 to 0.935 glem’.
14.  The ethylene-based polymer of Claim 13in which the melt elasticity, in
centiNewtons, is less than, or equal to, (9.3 x (melt index)'o'gg).

15 A composition comprising the ethylene-based polymer of Claims 12-14.

16.  An article comprising at least one component formed from a composition of
Claim 15.

17. A film comprising at least one component formed from the composition of
Claim 15.
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