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Thi s applwoabiimneies a non-provi si onal application clai mPog/usee10ni43g9 f r om
the U S. Provisional Patent Application No.61/232,528, filed on August 10,
2009, entitl ed "LDPE 10 FOR USE AS A BLEND COVPONENT I N SHRI NKAGE FI LM
APPLI CATI ONS, " the teachings of which are incorporated by reference herein,

as if_reproduced in full hereinbel ow. BACKGROUND OF THE | NVENTI ON There are
many X ypes of [polyEPRyYehe add-Tid (CHMFONGDR] IN SHRINHGENTAY parti cul ar

is made by various suppliers andAg»pLﬁ%Adplélqgge quantities. This
pol yethylene is called high pressure free radical |ow density polyethylene

(usually called LDPE) and is usually made usi ng a tubular reactor or an
aut ocl ave reactor or sorfato cyencertioi Redated A ppieationsres pol yner users bl end
LDPE with other polyners such as i near Iow den5| ty pol yet hyl ene (LLDPE) to

try to m)dlfy rti.es.such as fl owabi Locessa bi.lit We have
now di scover obhERIBHER ) YeHE i gfb%o R R e it h 1L oo,
can have_inproved shrinkage in conbi nation with favorable stiffness

tensi | e BiovisiggrhPatpi| ApRdicRlégighin: 6&4%&266%4 féed opiugestifi 709 pntitlpdSLRBE
performance attri butes. SUVMMARY OF THE | NVENTI ON 251 n one enbodi nent, the
i nveht i oRORJISIN At ABLENE KAIBOPGHINIEY SHRINK QB IFLM ARGt TS, 0r a
copol ynmer, characterized as having a density from about 0.9 to about 0.94
grans petheedhidge 8Mvhithtady inc@polkediaiil @feravk Gbieirdias iffeprotined if ¥y M) from
about 4 to about 10, preferably fromabout 4 to about 6, a nelt index (12)
from abopt..iQpQ3,t 0 about 2 grams per 10 minutes, preferably less than 0.8,
nore preferably less than 0.5 grans/10 5 mnutes, a gpcBR val ue greater
than 0.05 as determ ned by a gpcBR Branching I ndex and a GPC-LS
characterization Y val ue Bgv(@&BOUNROBEBAUIINYENTIONef er abl y greater than
about 0.5. Preferably, the et hyI ene- based pol yner has a nelt strength at

190 Cin cNo reaterthn ast f r c rising the

et hyl ene- baseﬁh% ﬁerpa%ya %‘H%lyeﬂég% |r3'114% ar\}é@ gc}/dﬁyle ﬁnF rﬁyp%ygr has a
machjyne ?lzlrﬁ@ﬂﬁﬂ i fﬂne(dMB)y bl &Jﬁpﬁeﬁl M0 smgihqaﬂge "quﬁﬁ'tﬁiés 1Znpspolydtigémsabl y,

the ethyl ene-based polyner has a cc GPC Mv in g/mol and a zero shear

vi scosi t $al i@l}glpe@ysulre 15¢ ir%ﬁin@alaule\Vlngsmym{lﬁehylame fugpally) 9a11£dJLzD%E>)3ﬂnddg( ccGPC
Mv in g/ y |

et hyl ene- 5%81 aggflgﬁé’a tl%tﬁ gjggét%rh%%ﬂgugdcghrvtggg Cg% Otrﬁ‘isgllli}tg t?éeso{l)? (té glrn g

| og (ccm@nwmemp@mmef )1$dr§ bipne diFPE t“hmnotheﬁﬁolyﬁlsfﬁhmcmabuiremebhaeedltpoI ymar
can be used in a IHEI[))OSI'[I on conprising.the et hél ene- based po@grrer and at

| east onRPIYEREF PRI Brydp Ml RORSBIIGHTRFD ApEpuehiiiv §f PRREFEPHI Y he
synthetic polyner is selected fromthe group consisting of |inear |ow
densydy pol yewr8B880¢ diddbFred Hé@'lﬂﬁ‘ﬁdl?yﬂﬁeﬂ%lﬁé’ﬁ QXﬂ)e%Eh@l (M%@lend@&!d a | ow
density polyethylene (LDPE), preferably wherein t'he synt het| c pol yner
conpri sewith LIDPEPE, mba@onmr@feémhmlsagmewnbmam \LleDﬁE'omb&mstlféess | ess than

50 perce SI ti | ayer
conpri o1 g e Eeflpbefe RS W mensinip aihe Batues A an ve
nmade. 25 BRI EF DESCRI PTI O\I O: THE DRAW NGS Figure 1 is a diagramof a
process describing the elenments of a disclosed tube reactor system 100;
Figure 2 is the Iight scattering gel perneation chromatography (LS-GPC)
profile with an e positive area segment; WO

D051/ 01 oBebBeRRIEoE G MNEAER ir o 3" o the Iight scattering gel

perneati on chromat ography (LS-GPC) profile with an A2-type negative area
segment ; Tn die@RdfndR, h ﬁlvlehﬁ’(m is %ﬁ%%ﬁy?én'e ﬁﬂs&%ol?ﬁéﬂﬁ?éféﬁ& ya

chronat ography (LS-GPC) profile wth both A and ype area Segnents;

Fi gure 5h¢m01wlgu¢temixtqogolcyfner,héammgecbaalwdlgta)damalkxefrpmeabeua@rﬁItcesbtmt this
10i nvent j gn; Figure.6 is a res.and reaction
zones | nOPher e s SET e AR ek e Sisuibufion TWEFAELE6S 3pas CGae TS
Char act efol abahi 0] pMaérdBly(Om ¥out 4he aB@lt%Ch'hﬂ:ﬂt M@IxA) fRnS ABduR U105 Ah abht
conventional cali br ati on of the TDGPC for the exanples of this invention 15
and conpaggnsier éQ anpites preferably lpysghane0.8, mearetpieferabey loss thheO2carams/h@ar
viscosity vs. the weight average nol ecul ar wei ght by conventi onal
calibration of the TDGPC for the exanples of this invention and conparative
exanples; Figure 9 is the total haze of blown filns of Blends 1 through

Bl end 4; 20Figure 10 is the 45 degree gloss and the clarity of blown filns

HHOS$Fe

of Blends 1 through Bl end 4; Figure 11 is the machine direction (ND)
and cross direction (CD) tear of Blends 1 through Blend 4. 25 DETAILED
DESCRI PTI ON OF THE | NVENTI ON A LDPE (| ow density pol yethylene) resin

that would aIIowfllmconverters to i nprove the shrlnkage of fI|ITB from
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relatively narrow nol ecul ar weight distribution (MAD). This resin when
blown into fil mshows good optics, good shrink tension, high stiffness,
hi gh t enswbeommdedeas, and tensile strength. When this resrTrusesobkssgded at
80% (weight) with a LLDPE on a blown filmline, inprovenments are seen in
haze, gloss, clarity, and MD and CD tear as 10 conpared to a conparative
LDPE. The nelt index of the LDPE et hyl ene-based polyner is from about

0.05 to about 50 0 mnutes, preferably from about 0.05 to about g/ 10
m nutes. THHECSHRRRY @V@Peﬁﬁmﬁw@ %@%ﬂ %ﬁﬁyr@l Gy Fneaing desl 86.59 to
about 0-QéP@ﬂE@@hmﬁ&&ﬁﬁ&@HHNvﬁﬁ@%%%QPH&n9b§§%n£9n§9991éﬂkﬁéﬁhﬁ{ﬁﬁﬁt The

LDPE et hyl ene- based pol yner can ve a nelt strength of fromabout 9 to
about 400.6NPreferablyDRE edtyhgedrse dpd paepidsyameels stecangtina @0 SCNMNBN (AW Mh)  of

fromabout 4 to abqut, 10, a Y.val ue of about 0. 0 _agbou 0, and.a MD

shr ik ¢l DRt poiis Do BUS MR Rom Bt bl s aesedy el itEne- based
pol ymer fde, RepeiaNQ rRadiy BRY filaf 1a9éMak @ MachiRelileomsi@ms) thtinktBydigne- based

pol yner may be an et hyl ene-based i nterpol ymer 20 conprised of ethylene and
at | Bhst giepler dendAder . Cononomers useful for incorporation into an

et hyl ene-based interpol yner, especially an ethylene/a-olefin interpolyner

i ncl ude, [y I I | I : e,

1 pent onpr ot im0 Gy Ih b e RN PG ARC R P IR« ZrihR”

copol ynmevisesity \h HitPaat) kRéstshi e Cl:(E26 a-100 e€))s, 13383 IagcdGRpPRRLin 1- but ene,
1- hexene and 1-octene. 25A Iom1densit{ et hyl ene- based pol yner is disclosed

t hat exh#Bias -3¢ atnesialnivhersan Dearelt mdex pinbe sthytanpdasedoroheneAedess | ght
Cteri ¥ Cor e PR ZEd
dot er m rid By LahFA0RIRSSY HuitFrBint 1 (RUPE AR ATl AL RILBO0, %5t her

| ow density ethyl ene-based polyners. The difference is captured in a

rel ati onshi p thd ¢tegdendibaséd pal yueer cdihbe Ysed ih SChRPositodedmpnidimedeby t he GPC- LS
30 Characterizatign t hod escribed infra in the Test Methods section.

(" CDF" i hylﬁ%e-ﬁwﬁ IPQ{TY?’% a%?é&%% Png phex pagiya) oryyathetin pplyRsr ’tf’égf‘é?baulsyow density
pol ymer Rasrefh dfe Yhi&ic 0}13@9&% sdeded f?oﬁllﬁ’éjgro%lﬁ coN¥ting of linear low density
2011/ 019563PCT/ US2010/ 044389 5Met hods are well known'in the art for using a
t ubul ar pdzethyleng d-IfIFIm highy ddesityi ftojyath Hgree(tHORIAs el ploiwydamsgy The process is

a tubul ar .pal yner i.on reaction where a process fluid. parti conpri sed
o ' ot hy ! ElSenERE (LGP FRGY s S B SRR s it | LOR: fsin ¢
reaci( ONprefdisbl§ GAekeiDihe W DS es IisghafBemRIdeAGbPRegaLsfané 1000 bar to
4000 bar? in turbulent process fluid flow (hence | ow density ethyl ene-based
pol ymer scorapasitd. referred to as "hi gh pressure" polyners) at maxi num
tenperatures in the reactor of 160 Cto 360 C, while the initial initiation
tenperature f tl i C . in points
al ong the tub§Fk%agg%??%45%£C%ﬁgﬁﬁégﬁﬁ%?éﬁﬁge8L§E%@%%§%%§%f@§%%%adica

pol yner i zatd polymeys daa beenmeed t hr ough the tube wall. Typical single-pass
conversion values for a tubular reactor range from about 20 - 40 percent.
Tubul ar reactor 15systens al so include at |east one nononer recycle loop to
i nprove conversion efficiency. For the purposes of describing the
process, a non-limting tubular polynerization reaction systemis shown in
Fi gure 1BRIKDBESERIPPION GH EAEIRARANGS tube 2 with a length typically from
about 250 to about 2000 neters. The length and dianeter of the tube affects
the residence time and velocity of the process fluid as well as the heat
20addi t i on/ r eFigvEs | saghegram obp pregses gescriping Hist demenis ohpdiselpsaditpbry, react or

| engt hs n 100 and 3000 neters, and sone between 500 and 2000
neters. %ﬁ§8p§mgﬁigﬁ§as a working internal dianeter from about 30 to about
100 mm based upon desired systemthroughput, operational pressure range,
and t he degr eEigofe 2 isrthalightscdtteownsg fgol peminkativg chinemategiaphy.S-GIRE) worfke ng
internal djanmeter nmay .wi den and narrow at points along tube 2 to
25acconnW&h?BAﬂf%?%Pé%?wbﬂF%W@ﬁ?nﬁf t he process, such as turbul ent nixing,
injection of reaction initiators and feeds, and process fluid throttling
(i.e., accelerating process fluid velocity at the expense of pressure

| 0ss). Referring back to Figure 1 and tube reactor system 100, a
primary conpressor 4, which nay be a nulti-stage conpressor or two or nore
conpressors running in parallel, 30 is connected at its intake side to a
source of fresh nononer/conononer feed called fresh feed conduit 6 and a

| ow pressure systemrecycle conduit 8 The |ow pressure systemrecycle
conduit 8 is one of two recycle | oops2feeding volatilized process fluid
fromthe refining section of the tube reactor system 100 back to the front
of the process. In the disclosed processes, the | ow pressure systemrecycle
conduit 8 primarily contains WD 2011/ 019563PCT/ US2010/ 044389 5et hyl ene, but
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process fluid is split and fed to tube 2 at different feed | ocations. In
such processes, part of the process fluid is fed to tube 2 through conduit
12 as an wp=orieapepr ocess feed streamto the first reactrcorwszanp4ssd t he
ot her parts (depending on the nunber of splits made in the process fluid)
woul d be fed to tube 2 as downstream process feed streans to 15t he ot her
reaction zones through various conduits 14. The other reaction zones are

| ocated | engt hwi se  al ong tube 2 downstream of the first reactjon zone. As
pr evibus| y Stagsts 3 1iRs lﬁéWE&%&&C{W&WWW%&MP%&S-@ﬁ?dﬂ EAE In

processegWRRME {PEhE AN E aFRIEorhfl@N ONe reaction zone, one or nore
free-radical initiator or cata%yst conduits 7 convey initiator or catalyst
to tube 2 near or at the 20begi nning of each reaction zone. The injection
of initi at or sFignrechtsdhe/kghy scatependelrprapdiont dheordatopiaplly dih(iPenerdidsed

pol ymer aﬁg%gﬁfAﬁngrggesgng %;%}Lsg conditions, start the reaction of
nononer / CONDROMBT naéerﬁ%is. 18"G1'Sel osed processes, the main product of
such a reaction is an ethyl ene-based polynmer and heat. Initiator or

catal yst may Beguadigd schergaiofitBapiocen vaah® rhikel thpeaneplensturissi on of the
nmononer (and, conononer, if 25included) in the process fluid as previously
di sclissel®ventipny di scl osed process, different initiators or catalysts may be
added to the process fluid in different reaction zones to ensure the peak
tenperature i fjoarty RUSIhGhARSFRe felifpel AFPELT RARA Ahe dRdhd ProRGRILEYE
various target "peak tenperatures. Exanples of free radical Initiators used
in the proosdsdgsinipleclude oxygen-based 30initiators such as organic
peroxides (PO . Preferred initiators are t-butyl peroxy pivalate,

I L

used in gombanbh Bpadnv@iBeHHl Salratel oFRRNTDAPEOh airtkx@mPles WE G inveRidient
based upon the wel ght of high pressure feed. WO

201101 958BPORaye £aA0RAS89 5Suitabl e catal ysts for use to pol ynerize

ot her polyners which may be bl ended with the new LDPE di scl osed herein

i ncl ude any cgi i i . I or

prepari ng polg@ggﬁ?@;ﬂ{%@QgggggggQggﬁ%%gggpggﬂggW% p%?%%%%h E?ggggeneous
and honogeighohyscantatiomt salibanthnoed tix NAGPOer theexempbles pAthibiavertpnaydd. | n
sone enbodi nents, heterogeneous catal ysts, including the well known 10
Ziegler-Wﬁ?RQPQ¥§ﬁﬁ@@Pﬁ?bns, especially Group 4 netal halides supported on
Goup 2 netal halides or m xed halides and al koxi des and the wel|l known
chrom um or vapafi yMkaced haat ISk S Yt BRndsS ethroldh BlRAB4embodi nents, the
catal ysts for use may be honbgeneous catal ysts conprising a relatively pure
organonetal i c compound or netal conpl ex, especially conpounds or conpl exes
based on net aFigurel s thedt dagnsel oispad sherdarity o bigyen %lélifﬁt dHeRs lseries. | f

nor e thaﬁ;lr&1 ]gg%fﬁyst is used in a system it is preferred that any

catal yst e oyed not significantly detrinentally affect the perfornmance of
anot her catal yst under the conditions of polynerization. Desirably, no
catal yst is rEgueed ismheanhdhind dirdeyiog (Mdat) and tlvandi2&ctipa CBNtear bDBRnps &f er abl y
greater %gan 10 rcent under the conditions of the polymnerization.
Exanplest ‘@ﬁﬁgF +ed catal yst systens may be found 20in U S. Patent Nos.
5,272,236 (Lai, et al.); 5,6278,272 (Lai, et al.); 6,054,544 (Finlayson, et
al.); 6,335,410 (Finlayson, et al.); 6,723,810 (Finlayson, et al.); PCT
Publ i shed Application Nos. WD 2003/091262 (Boussie, et al.); 2007/136497
(Konze, et al.é; 2007/ 136506 (Konze, et aIN); 2007/ 136495 (Konze, et al.);
and 2007PEFAMBEDDABYeREITIQN @F THE INVENHEYNsui t abl e catal ysts may be found
in US. Patent Publication No. 252007/0167578 (Arriola, et al.). The
free-radical I i I i r i i ol
ethylene-base896§ﬁ§Qgéqgﬁﬁﬂk@ﬁg%%ﬂggﬂf%§%Q%LQ§%%Q%$gﬁﬁ@%%%R§%§?gjinitiator
or cat al ingrovesthprsksekaice ofl fimy famtthanblos/ndilnelket ketemblendediat 5 @Dhat
generates a |arge quantity of heat. Wthout coaling, .the adiabatic

t enper at {¥ea8lHbagis) with ﬁé%ﬁ&é%@arﬁpmd&nawdmlmhxéﬁw|r%%WHa§éaerelo pol ymer
adduct (%Q%ggn%pﬁgagékﬁpgnﬁgﬁﬁgQ%uﬂﬁﬁhkeﬁﬂuld result in unfavorable
reactions. Such reaction y I nclude ethyl ene deconposition (where

et hyl ene and pol yet hyl ene break down in a reaction acconpani ed by rapid
increases in tenperature into base products). WO

2011/ 019563PCT/ US2010/ 044389 5l n some processes, the tenperature of the
process fluid is reduced by renoving beat through the wall of tube 2 by

i nducing a heat flux with a heat renoval nmedium A heat renoval nmediumis a
fluid used to absorb heat and renpve it fromthe tube reaction system 100,
such as ethylene glycol, water, or air. Wien the heat renoval nmediumis a
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process feed before pressurization by the hyperconpressor 5, or, as
previously stated, into conduits 12 or 14 after pressurization. This

fl exi bi |l iwg 20n/tib3di scl osed process regardi ng the injeeciras2@b/0EB8s from
CTA source 23 pernmits selective injection of CTAs only into the first
reaction zone or only into sone or all of the at |east one other reaction
20zones. It also permts the injection of different CTAs, including CTAs
with differen transfer characterrstrcs to be injected
fromXTA sour@enégiqqﬁglaptﬁswe#é% @ﬁé%&t ol Al P SETPRE ¥l t em
perfornaﬂﬁﬁl a%bQMh@B&ﬂ%@% %hﬂﬁ&%ﬁﬁﬁmﬁ@@“ﬂﬁ)pﬂ@@ﬁ%ﬁﬂd%%nth@w§9ﬁ§
processes, source e conprised of several individual chain

25t r ansf 8lm algmstg@dwptms gorﬁd tthmltghnsrrmt, hgghowifitness, Fighuensild modhkesi andi vi dual

o O SR BanY FRHL S e ) et “BE0% HGRON gt bt P e oh SOIRERE, T ng

back to fingUh& 1&1pﬁﬂz@mteﬂt@ abdieen ﬁrﬁl@e{‘zts lo&y Saff), AAPMBaid RDUESA Af
et hyl ene- based pol ymer forned f rom the reaction, unreacted mononer (and

conoHbmeegmpaseritozocomnasstyelddls, such as sol vents and CTAs, or degradation
and side reaction products, passes fromtube outlet 16 to the separations
part of the p react or
system 100 pr%@éezlglgﬁ Erpd-(lé?%ges a pe?lgg)g %er%g‘yg%ﬂﬁ%%% ?bﬁég? Biéé M%Elt

recei vess@ gbﬁolmﬁlﬁﬁhﬂgz,tprﬁe]tajﬂyeﬁroraI’aﬂomr(liﬁie@&bbhw glllmrmhutee Thodarising odthit | et of

tube 2. HPS 18 separates out nost of the nononer fyomthe ethyl ene-based

pol ymer 5D Bacrtteremerhee aphvercsts aheat 48 ey e pareablydttigtotind any
remai ni ”@99@(&%5@6‘9??@%&[{?rﬁ%9mﬁ 1BRdp QA0 e S dvRedR 1t Rialnof] ght be
di ssol ved wth the pol yner adduct to | ow pressure separ at or LPS)g 20. The
hi ghkr pofeissuaboitihtabowtt40edn Jhs $E8PH ¢thyaghbised ph]yg‘rermaels]fslucel\éws) em

| i ¢ i ch i ncl tem 24 t d
pur 1 1y e bairumatfirgR nrtd. §aould & ard P s R SO frt2a88”10° i o
passi ng {HrmdRToIAbYLCOTBUESSOT 4 to the hyper conpressor 5.

Referring to Figure 1, LPS 20 separates any renai ni ng nononer/ conononer and

unused feeds fromthe p Igémer adduct by operating at slightly over
at nospheri c pT&kw@n@tty Flguenbessd dohingrgnay e ameipdyraered ethylepepr essur e

Theresul 1 g Srsy ERuEREthech AR RS M ot rh N Ml R e 9755

pr ocHssSi cftgnpm;aasESthment:h@dhtae:issomefcdnﬁt&oafkrt Qofronbsibisngefat &Ps, such as
extrusion, quenching, and pelletjization. The I|] ﬂht s fromLPS 20 pass

t hr ough tnﬁ‘éfPPWBﬂ%%GF@Y%tbé?ﬁdﬂé@\‘]Rq ¥l AAGFIAE Ry nPAOClBlissur e i s
boost ed a t ressure
P T e G SR A R AT GRS
conpr ess brheﬂ?llenmd havweeathareoheEthgfens i afjepientiheopobgudrized gvidOpdeduate pol yner

IS degasg g latile reacta ts and Z‘erall §¥stem efficiency is inproved
by the re&yel EOENyHTEAY PHPABTErOY TS hdeXeinddrodtdisct i on system 100. The

recycle streans in both the | ow pressure systemrecycle conduit 8 and the
hi ghppr essur eagystemMifyRaNAbR- egedybrtgm%@lstdrm&e& kAt 6HIbR DredatRALRipONn Of
chain transfer agents. Mre often than not, the high pressure system
recycl e eaween the Pencenfritis-permajisechhghiisenttgriag gt Ficeponse vdpeart that i on of

| ow Cs CEH% {eQut \%[C]lsg}ue 518@'1% Hgn gss(iletern{dﬁe co% Erlltlo%layca(f%pﬁ%mﬁatqsudltfflggs&t
reacti on process i Sc -state

product i tan tHahef ey da:tqsﬁ)r ah‘pleh@mas@a pGI%neaddEld: diffetehee preapssl iviaa CTA
source 23 is relatively small nﬁ*{pared to the anpunt present in the high
S

and | ow E?Pé@§ﬂrlﬁc‘r‘u§‘él)}3¢¥ \@&rrrdtﬁlte a5 Bis detegpied ibydhg/ GPSPENd- use
pr Ogétft SC??:Q@&H?JU@Q rﬁJ&ﬁ%dd'd&cchB&Fﬂz r%tlnéllleeﬁ&t RAsRds QQJ%HE éﬁcr?i% syfe all types

or exa cas extrusion coatin nmonol ayer or
rrul til ayern)t)latwmdaﬂmbrafratcnotl ¢ sThefedrylencampédelowbdamsityrpdlgendr hasch Y ombrewlf ded
articl es‘])l V\,b d Cﬁb| e coatings and fornul ations, cross-I|inking
appl i cat THEV- 48 ah Wor exanpl e, WD 2011/ 019563PCT/ US2010/ 044389 5bl own
wi th open or closed cells), and other thernoplastic applications. The
di scl osed et hyl ene-based pol yners are al so useful as a bl end conponent with
ot her pol yol efins, such as the polyners described in US provisional serial
nunber 61/ 165, 065, DONEX |inear |ow density polyethyl ene (LLDPE), ENGAGE
pol yol efin el astomers, AFFIN TY pol yolefin plastoners, INFUSE O efin Bl ock
Copol yners, VERSIFY plastonmers and 10 el astonmers - all made by The Dow
Chem cal Conpany; and EXACT pol yners, 4EXCEED pol yners, VI STAMAXX pol yners -
all made by ExxonMbbil. ASTUTE and SCLAIR made by Nova Chenicals al so can
be bl ended with the new LDPE di scl osed herein. The types of filns that nake
be produced as end use products fromthe di scI osed 15et hyl ene- based

. o r o o, o o o



The term "ethylene/a-olefin interpolyner” refers to an interpolyner that
contains 10 nore than 50 nol e percent polynerized ethyl ene nononer (based
on the toveloamoosss of pol ynerizabl e nononers), and at Ipeadais2ano448ol ef i n.
The term "honopol yner" is a polyner that contains only a single type of
nononer. The term"interpolynmer"” refers to polyners prepared by the

pol yneri zation of at 15 least two different types of nononers. The term

i nterpolynmer jncludes copol yners, usyally enp]oyed to refer to polyners
prepated fr orMetodt ieres Do bR dhe € Forasy gﬁotrlb%waﬁ%ﬁ@ PERIPY 6MBre than
two dif f@cﬁ?@ﬁe—%é@%@%ogfmé@ PSS eest UCltuBRlal BEINRIN PRICH reaklfiBn Wifed 4 LDPE" may

al so be referred to as "high pressure ethylehe polyner” or "highly branched
pol yet hypropess flantpirgaltjeddnmpted of etbalente bdteetladicplby polpmeiigedoaeating aor 20

entirely, honopol,yneri zed in.autoclave or tubul.ar reactors at pr ures

Sbove: 13880 BoiETRier < inh " TBE SRt SesthalnghiEh sFRGh ghEs s, MBI B

per oxi deg 4090 ®ar)fiR turBXemiyrBeestfldd A BthcdNROw donalY eBYRné Medddpaeymeret al . )) .

The term "polynmer" refers to a conpound prepared by pol ynerizi ng nononers,

whet Hbr  @fo rofesresidas ohigh peisfyreT Balymeysp &t BRXinmd Frstperafiies tnethaqseioy Rer

embr aces, {1g- 433 4oL TR i ATPRALY TRF i AMmp L AL EL PR on T0B A BLM 3¢t andar d

deviation™ i's a quantity which measures Phe spreaf or éﬁsper3|on of the

di st ri but@ @200 Wn At ¢amh pahtd@lonPele: fabe rayporfRabef the hkeat pesiucedPeiring the Chem cal

Engi neers' Handbook, McGaw H || Book Co. (6th ed., 1984); also Mller,

Irwi n, PHeHENIY PYlyasezatioamay becigmoyed thigighdbe tibe praintTypecalginglepath ed. |

1990.) . 390@% st VERues sf&ee?tgﬁuﬁ# Ah&or ARGe £1d f&)q)}ﬂt 50 aL® &Qé}g' %Bﬁlﬁlsl)e ctff € @

condition where properties of any paft of a systen1gre const ant 3ur|ng a

pr ocEss. sySeeslawi iaclufRk atexstlode mol@n2iedydd o 3T pros2 Odlk B4det3dcibiry. ,

Hawl ey' s Condensed Chem cal Dictionary, WIley-Interscience (15th ed.,

2007); also H | bl au vid M, Basic Principles and Cal cul ations in

Chem car Enot FaRF RyPoissahireabin FE Pisfprsenhon-Roggye ibu poiimge i - e Ls

char act efeh&fdn QBterh i¥ 3hdin il BiglRf 1. NAthe3sactdIey S 08hat Reutee Mith b " and

cal cul ated mat hematically in Equations 14 -16 bel ow. 10 TESTI NG METHODS

Density tyBSalpfiem fhont gehioiabpuigfeunasereniThe leagphy andahizaetacefdheliubg t o ASTM D

1928, Measlit SATE N 1ALS ARG Wbl oPRE ROUL Bfig S2TRH S BIGRR] N9 US ng ASTM

D792, MethGo Be ' REIPCT HEss Y ORI ndek ™ 8 12,%"S " easur ed i n

accortangditiér/RmdSIINabPadi®3T tukeon d$ ditadre, b Gho? Oinfilidg, ténckd lenkil} das beeasuUr ed

with ASTM D 1238, Condition 190 C/10 kg. Melt Strength Melt strength is

neasur edbeveanPlangdsiONy metesseandssame brivessp oRQ and 2030 messest: tFube2 alspchas Rock

Hll, SC . i: t r il arwy. oneter 25

equippeda&?gﬁh%nﬁfg?w%%?gg%ggﬁékgﬁe 6?%5&%§gpgggﬁg%%lﬁ§gSfﬁﬁ%ﬁyégghn1and

di anet er thodughparroperigonaepleetuse wape ahe thd dvgeectdfeurbaleneflow fer3@Bingnand

D anet er=12, conpr essed ﬂgd allowed to ne|t for 10 m nutes before being
S

)
ext r uded®a1%%- JOHSYARMENEIBhIERIEEY N5Y YWIDBRIRATOW HHOUHS 2igPs 85orids to a
val | ysshegle o RlafldiB&edt h}ﬁiréoﬁtofttﬁ\ieplgbé/sg,nsugh &s BB Sixinkhfj&Xbh Beat € passed
t hrough the wheels of the Rheotens | ocated at 100 nn1be|owﬂthe die 30 exit
and was pattiednitatarhendieedd, sndiprmemithidthrettiinedcel ascateramgrpav@sofluid. 4 mm s2.
The force %LFﬁguz exerted on th;ﬁ$yeels was recorded as a function of the
vel oci t y @PCipifl NaEPSBEOf FIGEESMET) US2010/ 044389 Swheel s (in mis). Melt
strength is reported as the plateau force (cN) before the strand broke.
Zero Shear Vi ReffidgbacResSHIFRRS] A wbé RABIERSH 20BN Finay CopipeRasred on a
programmabl e 10 Tetrahedron bench top press. The program held the nelt at
177C f or Whichinpayt kesa @ultigstpgespmpressef Orliyp qpanorg fempessoss (yagingHe pajalgpved to

t he ncht C . 10 10 i wer e
 heri RSO R B SR SRECE R S FRUN L R T SRSFLIRRD V21E
di anet er feedl c@hluimd anbthelospgessorisysemaleoyte dorfluity. tThedbw pAasore Shaan

viscosities are obtained via creep tests that were conducted on an AR- 15
@ st r esSXInEPHIUSS PRe BhBYRiec calqors feedngniosat W@agﬁsﬁ@}f @@m)tﬁasi ng
25-mdi a ngl @xi dant, a
21 e ara i ohe BB ER R B o BN R b S o e

d at t br udigsloswipreesiecanty Jow greadule slystam sicable Icbrdnie®hphimgalyplosataprsi or t o
conpression nolding. At the testing tenperature a conpression nol ded sanpl e
disk is inserted between the plates and 20 allowed to cone to equilibrium
for 5 mnutes. The upper plate is then | owered down to 50 pm above the
desired testing gap (1.5 nm. Any superfluous material is trimmed off and
the upper plate is lowered to the dessred gap. Measurenents are done under
nitrogen purging at a flowrate of 5 L/mn. The default creep tine is set
for 5 hours. A low shear stress of 20 Pa is applied for all of the sanples
to ensure that the 25 steady state shear rate is | ow enough to be in the

. N - e .. I oy



10 DSC Differential Scanning Calorinetry (DSC) can be used to neasure the
nmelting and 15 crystallization behavior of a polynmer over a w de range of
t enper at weo11kasseexanpl e, the TA Instrunments QLO00 DSCpceaisequpomaszss t h an
RCS (refrigerated cooling systen) and an autosanpler is used to perform
this analysis. During testing, a nitrogen purge gas flowof 50 m/mn is
used. Each sanple is nelt pressed into a thin filmat about 175 C, the

nelted sapple is then air-cooled to roomtenperature (-25 C). A3 - 10 ng,
6 mﬂs(zjo ?fgglﬁ’é‘?’é’ﬂl“éﬁé%‘/i PN RS FRROTGEFH AR Sthes Bl Ssﬁtﬁlpk}%‘(ﬁ?’,s“%‘?sghed,
placed i ps@ubll @B R AR P ahe(FnR) cBBbres@d /Gt IPE GrSMME of PRREKSI S 18
then perforned to deternine its therifmal properties. The t her nal
behavi or flgifl to heressurplfiwn sbagyiel@ bai maboly276dapi ng t he sanpl e tenperature up
and down to create a heat flow versus tenperature profile. First, the 25
sanpl e is rap| t(iilh}[ ffr:]re'at %jF} Qr 1?0 s%coanr}ld rr]r(f"lré:jssi S?r% sho%germalsesfc%lilegam nutes in
order to remove 1ts tRer nl |’satory. N e sanpl'e”’i1's cooled to -40 C at
a 10 C mypét@ngRedsong wiaéiemande Aehdiiisa@t bempRlssd! is véfhdorddal i iffkpubes. The
sanple is then heated to 150 C (this is the "second heat" ranp) at a 10

</ mi Hut ethedischarge phthe primisy eQppichyr 4rid Wsdds el thesaeandpf dip eosteaydde r ecor ded.
The cool i i | e i e 30

pegi nni riy A el AP Flefrfthelié Sokh BRI TR LS E L 20 by

setti ng hasetheneesndpditing groédsefiuid0 a@ dperating pemchrobf M@l to 40b@ bwal ues
determ ned are peak nelting tenperature (Tm, peak crystallization

t t ), heat of fusi Hf i n Joul , dth
cal cul at ed % ChYBYETRIHIREYOY SP Berykears e Beosarag Egtiat i on 1: 5%
Crystall J.:cﬂi.l]ISMssﬁr GkdHo)chd B3R cdmPrassidn 2N tebwech) the pRRaRE@mREssbHSHRRakdH ) and

the peak nelting tenperature are reported fromthe second heat curve. Peak
cr ystal | thzatdctor ap svefes ghaurigh rece ppernfimepressuonett the prosedsithgd.cliheve.  Fouri er

Tr ansforﬁn | nfrared Spec%rosco% gFTI R 10U9%a5urati OPS ‘%IX -T1R were

measur ed G0 HEPRS AP 0o St Stot eﬁﬂé@?&%ssﬂr O TFST9 S WE“%P’E?&%“&?& es were
f ol | owedyr mMﬁT—Shé/éeSco restOQ Qv iﬁé}-fMlg@?c%aﬁng betaRen fethe d0000fChASAMAHEL48
Vinyls per 1000 C: ASTM D6248 15 Vi nylidenes per 1000C. ASTM D3124 Car bonyl

t o t hi cki&Be rezatorpperiiag Psaskwenf the carbonyl area to thickness is

determ ned as: Carbonyl Area = (Area Between 1710 - 1730 cm 1) (Eq. 2)

20Thi cknessThi IR 08, i - sﬁﬁﬁ i ght at
2445 cm 1)/2.*Ji‘%(?&%%?slsnf’]iqll estlﬁ%g{s%%%dw&ggh*}z%c@o@?%s&mﬁélo% ys:ﬂggjlallngiroperti es
ar e 2feassmedth,aontitgousinhambephio dathed puls€ot with ¢Ohetrake df thSeohacesandhisnt er nal
Haze: Sanpl es nmeasured for i,rflt er nﬁlSF haze 25ang£10ver all haze are sanpled and

pr epar ed°GEEGRHG RoP RREVMEIIDERST Stase aHAens AR S clgcybe SPmBESUbE

refracti ¥ecdQdend el GoH-ee HhNY. ThRRSAin@ discBePObN fdeadfestilp fil ms. A
Hazegard Pl us (BYK-Gardner USA; Col unbia, MD) is used for testing. Surface
haze i s pesseravaadoasoft-hld @idrfere ncéde bpebenpeyeral A chamg dndhaigettermal haze

as shown_in. Equation 3. Surface haze.tends to be r ted to the 30surface
Jing 1 Beefed

r oughnes® B & WECH BRI UGHaFesS SPFRYE 1918218 Aesaliyg sdeqih of diefRrdaticly wo

201131956306 #4523 8k0LAAARRA a5 B HyPERoMPHALIIESS disth@es Uné@L andrare to

internal haze ratio is the surface haze val ue divi de§ by the internal haze

val ue asres¢fonnini tarnEpdactighingnediapigalintegrieraidhespispls ystegg camaféeqtgyepq. 3)

S/ = Su 2/ | r . e . a S.; STM

o 2457, 10 <EETHY MERIRLUTAGEEH: oLt SprlRi i PR e i ne

di rect i otgn w@ndflédAceebpaR thw aad preshuie ASIdvobs 8B thertvbreaitds fddsibledmnrdor f Tear
Strength: ASTM D-1922. NMD and CD Tensile Strength: ASTM D-882. Dart

| npact StisdREgeinegsometty thas ondividuabdirchyfige sioples 9g separate Rlkpesrs 108 Hgasur ed on
an lqgstr i | t : 1. Syl : The
apect e iy re 4 ol Ak A 8 CRpIS RGeSO bl |

aver age manoteriap eaah uher (Tlee bEiphmiailg oc analyt Tiophasel orith4Me hoothsr) aétubtingf i | m

production and at l.east 24 hours j.n.an ASTM.controlled.|aboratory. A 100 |Ib
| oad cel " ansan&pgﬁﬁavm B SECP@BHE t}éﬁfbt‘%hﬁ%%ﬁ PHERHS, “Pfﬁfﬂ@%g‘&%? HERhCT8™ME" 4 i nch
circul ar,$pag imMRNsuelRS IPHIGHY %Eel_ﬁ{i&pﬁ platige, Hdrcold) (iR LAl 109 Shed
stainl ess steel ball (on & 0.25 inch rod) with a 7.5 inch maxi rumtrave
| ength. There is no gauge length; the probe is as close as possible to, but
not touching, the specinmen. The crosshead speed used is 10"/ m nute. The
thickness is nmeasured in the mddle of the specinmen. The thickness of the
film 25the distance the crosshead travel ed, and the peak | oad are used to
determ ne the puncture by the software. The puncture probe is cleaned using
a "Kimw pe" after each specinen. Shrink tension is nmeasured according to
the nethod described in Y. Jin, T. Hernel-Davidock, T. Karjala, M

Demrors, J. Wang, E. Leyva, and D. Allen,



WO 2011/ 019563PCT/ US2010/ 044389 5" Shrink Force Measurenent of Low Shrink
Force Filns", SPE ANTEC Proceedings, p. 1264 (2008). % Free Shrink: A
single | ayenosguasee filmw th a dinension of 10.16 cm xPL@/KB010U4389 cut out
by a punch press froma filmsanple along the edges of the machine
direction (MD) and the cross direction (CD). The filmis then placed in a
film 10hol der and the filmholder is inmersed in a hot-oil bath at 150 C

for 30 seconds..  The holder is.then renoved fromthe oil bath. After oil is
dr ai ned @ﬁ‘ff}ant%;[fwé%@ﬁﬁ&ms qritjcqs frd @%@Pé&%ﬂ%ﬁ%%ﬂ%&%ﬂ&ﬁ g each

directi Ofi‘né(‘@%hﬁﬁinﬁ%ﬁ@tgﬁl;& ﬁreés%@s“h_r S Bt A1k RinihRGhD efrddiSf Qp/?eEsrlﬁ'@ shrink
is determned fromEquation 5. (Initial Length) - (Final Length) x 100(Eq.
5) 15l ni pulsd arhplifgpatio i ginemPe tischage IBads orgherpatesanCireorattogiyaighy ( TDGPC)
The Triple.Detector CGel Perneation Chronmatography (3D GPC or TDGPC) system
consi stseaé’flprﬁerg\at ers (MIford, Mass) 150C hi gh tenperature chromatograph
(other suitable high tenperature GPC i nstrunents include Pol yner

Laboratori es R@ef SBsapsdtionehy thihypdaetehprador antle Masteds fRAO)s fequitpped 2M th an
on-board differential refractonmeter (RI). Additional detectors can include

an | R4 i hreughicendyiel 2t By upstiesm PERcpheiee mn(ﬁ\lalseﬁ@idé%clos%pm?ssgﬁ,élﬁ si on
o | SN ' ; )
vodel - 2o S S hphEaR.da (8000 8 ARRR Tl HeaRGRL IR Lhrobsle Bluf el ©"

Vi scomnet effthe ArdeBs flid s feth @saibk atthiengl venduitd@pendepttrdet potes $eednd at 25

| east one of the fornmer detectors is sonetinmes referred to as_"3D GPC' or
"TDGPC' HHiMeCrhR st rarticgpencand fe gesidrds (depputias en fhs gtrent R GPC.
Dependi ng,@0int e pRRAPRI thrid )&l §U1€ be Fdito hroePNH EovillstbdlR prite 8 BLE stRlantshts 11 ght
scattering det ecPor I's used for calculation pur poseg. Data collection is
per f Br nethe wdieneavtistc oirek thifougdE@roos towdugs 1¥edbe otheBreaatnuh zZonds mkhannel

Vi scot ek ta. Mapager DMA00O. .The systemis .al so ui pped, 30 with an on-1line
sol vent BB ETATNGRAIRE PPbmBSPy R DLBE it reaeh (S GyoReE Tt od

Ki ngdom) sta D (BE: WA IRAASRETAERBHY Q44888 -6ui t abl e hi gh tenperature GPC
colums can be used such as four 30 cm | ong Shodex HT803 13 micron col umms
or four 30 cm Pol yner Labs col utmms of 20-m cron m xed- pore-size packing

(M xA LS, Pol lpaspcasagssyheratheresaprplose Ban 608 edaceghpaict rener merediser at ed at 140
Cand th (o] [,§ . I e prepared
at o condial G URAGHIPLnduRs FPERY Shul: b Bty PRy RGPS L6 Tont
The A0 choghimi©of aphirectioh Yart! Thednjedtonsetipitietopy @pataystQdesalditgnipoaont ai n
200 ppm of trichl orobenzene (TCB). Both solvents are sparged with nitrogen.
The pol ydergsiEdetpderstasedpelygehiddpcs af proggss gpertgie eondgions oiidt Hurs. The
injectio WSS d ' ' Theg: r r : i s set
at 1 m/ %aérﬁt%ne. T%@n%%ogﬂgﬁ%%ﬂ ﬁslgt%ﬁfdg' igg?]%tlgég[d ég(g %}S}ge?’utgﬁ?{r%ﬁ %‘% dlr%’?rgrf ow

nol ecul asucheirgdrtion bdars¢thylbod-baed polyyst ynéheat s frandar adscatalyse nrylbecddat wei ght
(MN of the standards ranges from 580 %foh8,400,00?, and the standards are
cont ai neld ¥fP BACRYLIAGI? STHOXE GRS S ERH S IMRRERF Y aﬂfl_)??‘ﬁ}f’%"fﬁ%fslat | east a
decagle OfncRAPA AR oBAL WaR sl JRENi¥h I Alsc TR E Ol aalis AR @ Bl e ssThBfeSd@Ndar d

m xtures are purchased from Pol ymer Laboratories. The pol ystyrene standards
are prepaitegoraor Cat@dygs gnayrbesdded toghe grokcessituid oy diffeicatighetfononghtos 20 equal

to or greater.than 1,000 000 apd 0O, 05 in 50 of solvent for nolecul ar
wei ont o FRUE o5 Bk e ndgtor SREvRsoudtonts B el bt ERecbifke o ved &t g0
C with gesdue tagéttpahlt @mpeiturdd m nutes. The narrow standards m xtures are

run first and in order of decreasing highest nol ecul ar wei ght conponent to
m nim ze degradation. The pol ystyrene standard peak nol ecul ar wei ghts are

converted to BogRleho fEsaadisridaisiatars pssddn giseprocssiiy iedidt osesbpkd descri bed

in Wdligag - - . : . ):
Npo?/%/det hy eﬁ%ggu%%{%%ﬁ gés%%lrmésn%ﬁdlg( Ecr]gg%%(mmt eélré% esti bsuq}/lﬁg%pégaﬁ%g’r wei ght
of pol yedikybheylepeorxiqo tpatyy perory pasatapmidedutyl pacdxB- 2-setkyjbedanbateland. 1t i s
known to those of r&LnaEPy skill in the art thgt A may.be in a range of
30about BUSRCE HeEidut hereASURGPGTEx IV EALRE AEsSE 1T FRPVERGRNALAMEYI BF at i on

usi ng a fRach (B’.@b()’leéﬂli)/d@f‘%e@h@ i ba@d @Hh_‘tﬂe!\%i htrbfthfi@l RGER BLa@nchi ng

| ndex by the 3D-GPC nethod, 1nfra, and specifi cafgly Equations 11-13. Use of
this pol yethylene calibration nethod to obtain nol ecul ar wei ght val ues,
such as the nol ecul ar wei ght distribution WO 2011/ 019563PCT/ US2010/ 044389
5(MAD or MW M,), and related statistics, is defined here as the nodified
met hod of WIllianms and Ward. The systematic approach for the determ nation
of nulti-detector offsets is perforned in a manner consistent with that
publ i shed by Bal ke, Murey, et al. (Murey and Bal ke, Chromatography
Polym , Chapter 12, (1992)) (Balke, Thitiratsakul, Lew, 10 Cheung, Mburey,
Chr omat ogr aphy Polym, Chapter 13, (1992)), optimzing triple detector |og

S o o . a e Y



addressing 2nd viral coefficient effects (concentration effects on

nol ecul ar wei ght). 30 gpcBR Branching | ndex by 3D GPC In the 3D GPC
confi gur avoani1/dibss3pol yet hyl ene and pol ystyrene st andar #sTaseolo®4438€d t 0
measure the Mark-Houw nk constants, K and cc, independently for each of the
WO 2011/ 019563PCT/ US2010/ 044389 5two pol yner types, polystyrene and

pol yet hyl ene. These can be used to refine the WIllians and Ward

pol yet hyl ene equi val ent | ecul ar wei ghts in application of the follow ng
met hofﬁs. §ulﬁﬂﬁ{i@ f@&@ﬁﬁ%&ﬁf‘cmm thy P&&H_gﬁrw iy T ¥ blggdedy brat i ng
the i ghtyif @Rt {eQf . DOE NIRS&OS hiin iBNHdC AMEEMARN OP SGbRGHS & as descri bed
previously. Baselines are then 10subtracted fromthe |ight scattering,

vi sconet emmpamnds thehisedapted fayprepariogadlygreanst. the desegd apinppsinpmdotyse.ar e t hen
set to egsure integratiqgn of all of the |ow nolecul ar weight retention

vol ure  ROAEISOSTECT i odiogERegHT g e VSERRIRLP T ERR Y Bre. t hat

i ndi cat eethpRyRI. eHRBAER c@fbodBh@fd, AblefogeRbdRRhtafykRMnkh@ine&héE detlkewhndex
chromat ogram Linear pol yethyl ene standards are then used to establish

pol yEt hy¥isaler-dtata gompetitionsnespreipky Cramotimierik helistes sepnosted on dasep 2 bed

previ oush ., kRO 8PLAL A ALNG SANSIAN LR ldGerl RIS A 61 VRGP
construct two I near teference conventional calrbrations Tor polyethylene
mol ecul abaseetghlysandaypbd yetdhyh esige embsdinghe, the sa@Bistsoasseandyusect i on  of

el ution volunme, as shown in Equations 7 and 8: . The gpcBR

br anchi nBPMegFEROYsCARIYsEHAPSIPiE oG atigel yirNes uganoipstallic £ampedAr MY¥aly chai n

branchi n I I . 'E)ﬁ?“% i 5 - TREF
for Pol y%?@?%eegﬁgaﬁﬁ@% gwgg?#ooﬁ'\'é,g crgsoynxcl{)sleflo ynp. Lg%%%t?d ﬁ@?;@ogg ﬁ@ The

i ndelS avaittls Lamhasitie earieby IfshoeehBDbrERGtatysk csulsad iromsystenadi i ipeatalrdd/thatsed i n
the determnation o ' 2bval.ues and branchi frequency calculations in
Favor - of SOHGLLYpErPIRRd g8t St b ckulmEta Sfoctbe RPIbRaT SAMHb ai n ¢ he
sanpl e bk s?t%8&%@cc‘ﬁﬁiit%}fs_o@iﬁ@fyﬁ&%zﬂ@dr@%\%s%bweﬁ&@ﬁtal Mis rDB89d iRy the Iight
scattering {LS) detector using the peak area method. The nethod avoids the
sl i ce- byadivity dyrgagaitay tfn 35 ehicens gnere eréfagbegresehars i @ percergvadertthe
concentration detector signal as required in traditional g

det o mi reiog s ShEF G a Bes Pers A gre s S AR R s bedpund ¢ e

wei gy apean 3geatei 16U b 272 w86 afdi, & "aMy.5, 28370 (BBd ei 2111 6,054,644/ (FaRlaHdchy ar e

al so obtai ned i ndependently usi n% Equations 9 and 10: Mv =w Ecim ELs. v,

C LS Ar et 3B 334 I8FmdiEow et @bk &, 72A78d 8 (Finlayson, Phal. )aPed Reklighedat i on i n
Equat i on . Y \US y | area it is
mich 1 esAPefeliBh NoEPHD BIRRLER AR TR ALY B2 R 850 G 10

set ti ngs2@7/138566 (Kenzanet al. nt2OQ7/4B6405 (Koizé, %t alvh aed 2OGIOrIcans ( Xbodldil, peak
area calculation is not affected b¥0the detector volunme offsets. Simlarly,
t he hi ghttgi-ecPesauitaRipAaElysts mpnbe foupdde b9 tRatqnt PyblicatighNey ned by the area
met s i j n EC1Vi EDPi CiDP Area |V =[771 = Ew / Vi ( Eq.
10) T]glj—ilci L ci 1625@C§ﬁ£19&2?%%')' where DP, stands for the differential

pressure signal nonitored directly fromthe online 15vi sconeter. To
det er mi ne t heThpBRradrahpdlymgricatdexcactioe résulyhig is thet disldsed edlylanednsak ea f or

t he sanpl ol r is used to determ ne,the no] ecul ar i ght of . the sanple.
The vi SoBOY R HRCELIGPIaR RTgRiGieBaopb e Lains PEe R e Pty b t o

det er m nga¢di ik Bh Ekothédni¥ @S thiit gdnVra@ls A 18lgk @hntthf BaIPMEIthot®l ni ti al 1y,

t he nol ecul ar wei gjgt and intrinsic viscosity for a linear polyethylene

st andar deasdinp) the agigbHicgemprmac gse iarthaprosepyiflnad et the gthalegetbesadi ned usi ng
t he nvent i gn Lbration N ofol or. bot.h ol ecul ar i ght .and

 nt rither ecae PRI BT b Fagbs A PRUR RAE Bk M BBRE 11 ane
12: maccSadh redtion Wi Ghd( izt etHyligne decomposition (where ethylene and polyethylene

break down in a reaction accompanied by rapid increases in temperature into base

products).



Eci Equation 13 is used to determ ne the gpcBR branching index:

wherein hi] is the neasured intrinsic viscosity, [I-IL is the intrinsic

vi scosi t ywbnomaib3conventi onal calibration, Mvis the meagiscadowssght
average nol ecul ar weight, and Mv," 10 is the weight average nol ecul ar

wei ght of the conventional calibration. The wei ght average nol ecul ar wei ght
by light scattering (LS) usi ng Equation (9) is connnnly referred to as

"abs%%ute wei ght avera mglecular (#gF dﬁﬁ> 5 The Mw," from
Equatd on (11) "U¥Pig"e FSrTE GTEPE R GHaPGRIGPEY greducad P FEPHRS cur ve
("convenfd,p ﬂﬁ‘!)u%?ﬁhé lWaﬂto'f %6)2 gslngflélﬁ‘é" a hedGTuxeFith Ph&R reBN Y FRUjUERaAN

backbone nol ecul ar wei ght conventional wei ght average nol ecul ar
wei ght " hfancbn’icm/l @e@um is a ﬂuld A$e|d tgtabgdrk heat ahd vaharest wpmhthe hibe teastiosubscri pt

are deter g their ctlve el.ut vol.u rrespondi ng
convent | B 1ot RisTeheiel éne ST gl o b L L8F R FmdhP e§ bR Rar t on (o
derived figaa 4 k@t &ehender g0, M&bﬂﬂﬁy%'a@@ﬁﬁ;ﬂé a¥eil ghdootiah HRERLT 8a The

non- subscri pted val ues are neasured val ues based on the mass det ector,

LALLK) amnmewn@étm@é& Eirigar s, sysrtﬁ@, way be vegd q@;ﬁéfeptsh@aajrwf@dmd cepldhs vel y

unti | near , r ef ero. For
exanpl e, 8 roﬁéssgf% i %nd tﬁ% gt@lg%fl gr%g%d er%d%&?t Ogﬁgﬁglegg?%ﬁgﬁlé? Pglﬁ]eaéf gpcBR in

this par&xchwfhg&rs QRISechigied f(7r35maﬁ1(ﬂgh3at315é5desbﬁ5¢1&©tpel/@l RobefrOH ,kal,yet hyl ene,
and 0.722 and -3.993 for polést rene, respectivel e K and a val ues

have beeﬁerdw&hﬁiﬂefgéme%qst 6k chp- 40 %@%&éllﬁgobp@v(%wy, 19849
d _ |
g;gfszgg&@ngmf%‘ S TngL LDgy PRERERAL. SoRliEs: LnthiE Rl ANGEGHSRIR! 65 are

cal i br at Inon(SvtaédieE998nd Wign dlid lmaSreamva]lﬂedmm iapras,gans mM[be used to

2011/ 019563PCT. USZOlO/O 5The i gﬁ etation of stralght

f or war d. “EIFeY f‘n]é%t oo éﬁﬁ‘r ¢ IGGOBRIE e&{eéhfefnroéfﬁlm‘g%ﬁ DR¥CQi 1 pe

cl ose t omaQr v tAEantifie: A Hﬁ&r@%ﬁ%%@tl@tﬁe&ﬁeﬁ{h@e ViVGER IR Kt Mhidvabe Close
to the conventi onal callbratlon 'standard. For branched pol yners, gpcBR will
be hi ghemediamis zegdoto rempeqzhfailt frpmyhe tubleirggetioa vedtem d00) thergplethanperbtusnchi ng,

cal cul ot STRAIE o Be R g Pl SGniEeR 1 bucrGn kL (he moasur ed

pol yrer {eMipetaburk aThe diffé?er@@%%e\éﬁllthbeinfe@@ﬁcﬁﬁl@@hﬂetttbﬁpélﬁ@l@ésl f@flalesN change
due the nolecul ar size contraction effect as the result of polyner

br anchi ngassAleypemrisvellestivepf Gedieatremogedsamdheraeaes sivsindbahent capagdy

contract bfotﬂ ﬁéit?&%o 2 nle}{ J‘Ele aSM‘? f&b?@?%ﬁgﬁsé%%{? o tﬁesﬂeea?%né( Slay, versus
a |linear ner eqU|va hese par Tl ar
ExanplesnwﬂmﬁLadvantage of using gpcBR in conparison to a traditional "g'

i ndex" and branching frequency calculations is due to the higher precision

of gpcBR Al of the ara ters used in pcBR j ndex determ nation are
obt ai ned wi t hI"G8 RSP %@Sﬁ?égﬁ&% @f@ |%?HCI§ 159 235 WERLYF by the | ow
3D- GC drdiRG %e%ods Qbﬁtwﬂﬂ{ gk \?%ﬂe%ﬁ%ei’éﬁé Hﬁﬁodﬁétﬁﬂi‘ bl @pAsENt rati on
det ector. ors In ector l ume al i gnnment al so do not affect the
preci si oDepffndtrigeangpc, mglmmyommfehmmatma@tm S@REn 160 @h@cla?cm1eall zation

par 1) ou SR PE: Gunh §ros e BB Tt s R DY BhEPARG@N S ueet ol

in dlffeﬁ@ﬁhhgﬂhﬂ@n@ﬂﬂQﬂéHﬁﬂbfﬂﬁh&ﬁﬁ&ﬁc&ﬁﬂﬂh@ﬂ@lQQQH§kﬁﬁﬁf§QM¥Qh&h@||y
avai | abl e 25conparative | ow density ethyl ene-based pol ymers. The "GPC- LS

Char act efecyde roruitga imietielet ofthe pgmaesjogrwesseit.dagieunlst ehde uni que
at r f|| for Ll Fi gures

A e N R T e
Char act efoiggtatt with ﬂ’etfh@tcbetr@qddﬁlrﬁcnby Foive biotessambadiii®iuge 1,30A0TAs
et hyl ene- based ymer that has | ong _chain branchin such as | ow density
et hyl enealea@éﬁefgmtw@ﬁ%on iyéwnbw(hwﬁ%érrﬁemqr%%ﬁatb@e it QG therPrimm ysi s
technlqu&ﬁg&g&g "GPC-LS Characterization". In the GPC-LS Characteri zation
nmet hod, etermi nati on WO 2011/ 019563PCT/ US2010/ 044389 5i s made usi ng
the light scattering (LS) detector response for a sanple processed by a
conventionally calibrated 3D-GPC ("cc-GPC') over a range of nol ecul ar
wei ghts of the sanple. The nol ecul ar weights of the sanple are converted to
| ogarithm val ues for scaling purposes. The LS response is
"concentration-normalized" so the LS response can be conpared between
sanples, as it is known in the art that the unnormalized LS signals 10 can
vary greatly fromsanple to sanple w phout normalization. Wen plotted, the
| ogarithm val ues of range of the cc-GPC nol ecul ar wei ghts and the
concentration-normalized LS values forma concentration-nornalized LS
chronatogran1curve such as shomn in Flgures 2 - 4 Cnce the

T M ~ -



20SF = A Sl ope Function = Abs(x) + 0.05(Egq. 16) where Abs() is the

mat hemat i cal absol ute val ue function. Essentially, the GPC LS

Char act erwpabignossal ue i s a rel ati onship between two aseorimb@d/oassas (A
and B) and an indexed slope of a line (x) between two points on the
concentration-nornalized LS chromatogram curve at the |logarithm c val ues of
two 25 specified cc-GPC nol ecul ar wei ght val ues. The specified cc-GPC

nol ecul ar wei ght val ues attenpt to bracket nol ecul ar, wei ght fraction that
is knbwn to cgﬁﬁl%h 196 F5aYE} IdHBS FractRy %W%HSO ortra detadlre Rirgyge 1 The
first stepdife ?&@ir@ﬂﬁ'(}’lsé{ssto'tﬁe 8B eaRlr 2Ns ?(_f)ssftﬁ'@. ABERHS@L{QNnpor mal i zed LS
chromat ogram curve representing concentration-normalized LS response val ues
ver sus 3protése flualmrsphithinioccanvgistremn pfocess-fGRCs tranneandl ad leapisdng itosvnfweant he

pol ynmer bei ng exam ned. WO 2011/ 019563PCT/ US2010/ 04 3?{2 5£he se%ond step is
to draw Bt é?eéﬁfref‘?lﬁge{)%%%é’ﬁa?% Yo'BF AYRETEHTRIHE L In e i &R O For nal i zed

LS chr ongtragmhaf veltd o bR 2Sdelcdti Gy bl ibBR gamdctbdhi® Bbithuss W bl 1piRwagde t he
basis for the determ nation of areas A and B. The two points, a first point

and H seelorehgtbe AMTA spuecd Bastsbawamn Fig@rqzbn@es}pwi_ﬁ@icw, ¢ liszeal bes

chr omat ogr AR GHEY 1300 [ EPS 5801 S GRNCENLIALLAG: NALIR] IiZ 8 di fesponse
val ues (2FTTst rand ‘a°second 10 contentratt én-normel 1 zed L'S response

val ues) Bitprb&gsdsogasi¢ theMypako@preb @i Stasatatt-ridiGplakResibatiaingitghprovak ues (a
first and a second |ogarithm c cc-GPC nol ecul ar wei ght values). The first
poi nt ( f Bridenanks Plit inkg ap vRsyieam pEpcers far andyt least gag fopseptigamyBpssss 84t he
concentr gtd,on- mal i r ( i B st
concent 1 ary Ry AR bE B 1 RS, Aol e LR Rbl BE RSt har
val us of feddrd@PCTASsomdecrSUinar either thbtupRENOROCceps devsl/ arat aftroapdewestidang t he
first logarithm c- GPC npl ecu] ar i ght value), which is val ye of

appr oxi nﬁrpsw?%édgt@%? P EAEh Y%Yiﬁpgrepwwé%)& b SR Pt BId s def i ned
as bei nginan.Jdagics PRELM Sl P iiefBh | /M de%b@lﬂ&%?&fquéc%ﬂs& Efo‘(:@ssat the
concentration-normalized LS response value (representing the second

concent r ggaimgrtbe mat¢dtived! I Asdspo S vairee)3 pomite sglostdicngjettooraofl GHAS i t hm
val ue 20 qgf .cc-.GP | ecul ar weight 1,150, 00 a mol e (representing the
second | SUR/TOH E-bRIRE TF BEOT A G BRET 0L PLEE R e YR GRAT of
appraoxi medmek Y1t @186 mitd theiifje& AT differbiteC PAS, ihddading CTARIEIR didfeledn in | ong
chai n branchi ng typi cal l%é i's shown around 1M (1 x 106) grans/nmole cc-GPC
mol ecul aghapeirgisfer cphdantKiCpldchataseriskcs: to ieinactadiom kd AasaasceRpatoneen t he
straight lJ a - i on- ROr [ze h curve
S N e S e S R R R R e A
defined aklubepropertibe val ue of Al plus A2. In preferred enbodi nents, the
area Ais defined for the range of val ues between the | ogarithm val ue of

cc- GPC nol ecu] ar wei ght 20 00 gr /mol e and, the | ogarithm val ue of

cc- GPC 1ol ecul 0GB SF; éﬁgg S@B@%S‘fwwogm@mf jeyeedhddrashiipe area
boungh bet WREN JbAg sstical IiindugN®oPGbwiie FROLER! g SchibidufRhNREAGRM Cur ve
where the concentration- norn‘gl i zed LS response value of the straight Iine

i s gr eat ggent $rancets meyderibgributad irshvidaallyadricosdines intesponseonvsteam tharis t he
concentrati on-normalized.LS chromat ogram curve between the two |ogarithmc
cc- GPC nﬂﬂ%@‘%%?‘:ﬁ@i‘“&w%l ues. WO 2011/ 019563PCT/ US2010/ 044389 5As can be
seen in Figure 2, the area defined as Al fills the entire range between the
two | ogari t hnRefefrtre@ick BFRAH Riind@b tlHeSeadiBiRfSbAT B0/ midure dffeiBEle- Cases
the straight line will be "above" the concentration-normalized LS

chr onat ogsadrpelymee faraned fipan thegeactiphringeasted grenomistt éang comanemght aikhnge and

w |, ot | t W C j ON- hor I Z: . gram curve
oxcell ot PhFEREE s §obioh, SRR BLL QR B8 ppuG BRIBLET, 27 0T Ve
and A2 =pPassdddrars tbefauded] G® thdreparviensparodf tht prodessi STheRepaditag dndund bet ween
the straight Iine and the concentration-normalized LS chromatogram curve
wher et hECYIHEAREToA thcibe sapter syséam LY prospyiadudss aigh-presdirg paparatefe is | ess
t han t he n i.00-NQr ' :

concent 1o e R PR P R pb Dt aE R Ee i B from the e

| ogari t hofi tabe2.- BPS Ifokepaalcaputweog ot theahoesnerFom tHeetlerenephasedpawmer n Fi gur e
3, A2 is the area between the concentration-normalized LS response curve
and the straight line between Intercepts 1 and 2. In these cases, A = A2 =
a negative value, and Al = 0. In sone enbodi nents, as can be seen in
Figure 4, the straight line my intersect with the concentration-normalized
LS chromatogram curve in at | east onewoot her point 20besides Intercepts 1
and 2 (see Figure 4 at "Additional Intersection Point"). In such
situations, Al is determined as previously defined. For the exanple shown
in Figure 4, Al would be the positive area between the

T - L e . -



15x = LSresponse(Po int 2, CN) (Eq. 17), log Mo lilt 2,ccGPC) - |og
MAPo nt 1 ccGPCO) where "LS response"” terns are the
concent r avoantimapseal i zed (CN) LS response val ues for | nreraspais/olssand 2,
respectively, and "log MV terns are the |logarithm c cc-GPC nol ecul ar

wei ghts for Intercepts 1 and 2, respectively. In sone enbodinents, the
straight line may intersect the normalized LS chromat ogram curve at | east

once between Interc and 2. Fi nal | once x,. A and are

est a_b%) i st e t&ﬁf@fﬁ‘%%%%f:%‘%? ing ol sRer a4 adgny Ergdiis hpfadeds, ng the
Pr Vi OuSnHhES&MERnfer 4t b@BSuntAed fels thhEMGAL 8RGO with thelpeiihd( Eq. 14)

LSCDF3 = Abs(A/B / SF)(Eq. 15) 25SF = A Sl ope Function = Abs(x)” + 0. 05(Eq.

16) wher &ldupb &g lovi-pressuee septutagordt. PS8 a20. abisohigha pyaskbwe lightsctican pafencess

I nf or mat |, on ated to Exanples 1 -6 -.6). and. ar at.ive Exanple 9
(o) VRS TrOh S8 eisbet S sy-dsirastel 70 B8 ik BRI cs an
Conpar at iMenExamiRs ancﬁ?.\{ﬁsl @he dtREABanAlpRrgahém gﬂses,-ralﬁﬁ otk fhSprocdsyanpl e
conposi tions and sets of process information tor their creation: Exanples 1
- Exkhpl Buid payieg Bomghepemaprgeatmaessoiet Rdaapyeere@npesior Pon and set of

process information. The sane process train was used to create Conparative

Exanpl e 9 and - C it

di scussed anng%ﬁrp[%tgtﬁ &h ? %E%(b:gg a(r:%% I ﬁg@éﬁﬁ%ﬁg@aﬁﬁég@%nﬁ dy their
product deasedfeats from(tke golymer adssbyopudatingom slilaty @reoduntispherkExaaphe 1
product may be referred to as "the process of Exanple 1"). Exanmple 1
- Exanpl & G4 geRqitiges. éanSng ARIYES BRIHIY VB rgm&@a%%toowo’c%? S&ire
process [ingfid thrz?\)é%h%ﬂtrafi&%_rg%ié&r Fhe irulth, 186 bRed E@l HRIRIRQIUITENt

bet ween the 15runs, the physical process and‘its unit gre anal ogous to one
anot Her . mBltgufrem5roessing,ipapdee bl lthectailsioRigP K29 of finikengswepesschraact i on system

used to produce the aforenentioned aml es a arativ | es.

The. pr ocB B B nBa PG T8 R d P PG B BERS T RS POPRY TeRugeio8p  dual
recycl e Ble@irddRestfc@yclt B¥ARNSWhdte QbY@ | B s RH IYAE hicBRd sMfdspRaricThe
process reaction system 20 is conprised of a fresh ethylene feed conduit 1;

a boost eprepiurataray laasinthe essiwised pREsure forpyener operpieseioprimady sempresgortdhr ee zone

tube T eagt of WLCH ] SoTRAE HR0L 164 10 RLESBUL & dbeshhAt re ©. 14
meters | ong. € tube reactor consis élO aTllrst re 1on 1ee one; a

firsi0 pepedideolymdriiallcphaseaddublatiR reataeciritovetnlBsykichBdffipenoxisde initi at or
source #11; a second peroxide initiator conduit 4 connected to the second
per oxi delMppPY§ddtyothe &siyeleef puused nzonomier ¢p Hhedeont alerepetion system K9nduit 5
connected to a second peroxide initiator source 12; cooling jackets (using
hi gh pressureTH\@fe@?él é‘&&rﬁEQH%Bﬁﬁh@ﬁ&#?fégé&@g%&&ﬂeeﬁ&@'cbncﬁfitéQf?d&lk!be reactor
and preheater; a h gﬁ pressure separator "HPS"; a high pressure recycle

i ne 7; highpwsprresyguem ragparcanduit 26 BPicalla chuinpr @ssaonr ef cheoycamsfdri ne 9; and

a chain transfer a enHB%CTA) fﬁeg system 13. 30The tyhe %e tor further
compr i Set2hh MOFOLER i Totrihe Ngh RESSUE U B TTHEIS SR 3% WoF O per oxi de
i nj esd | OfbRRh 'atsfg-nifyﬂﬁt édﬁ@_@ntfa%%ﬁ @ lovas claih @RALMB, zgienfiﬁ%qvls Ifb%él@tn@}i/t ers. The

first reaction zZone feed is attached to the front” of the tube réactor at 0
met er s asrhsfmedidurngibe réagtomprochss. pn seres dis¢losdddprperseest wonfrieaching eact i on

et oneghrie BEREHIET pesih AR i BAIONIG CHR O SR ST 36 et or s

downt ubesqitcet IBeis il Btiel PEmilneorhpdred forde h@bud e RACH thd highjaBE Idvo PrepQirt  #2
(box 4 of Figure 5). The first peroxide initiator is connected to the tube

react or Beyslependuity 36 gad ftreppectiddy. 3 of Figure 5). The second reaction zone
starts at injection point #2 (box 4 of Figure 5), which is about 520 neters
do be fro : : ' zone
A o TS it Lo
starts atypengfefdtrisdforpeample#Bowhpsastbamif exffiugion eodtjngs dnbodiayes orocat ed about
890 neters. do ube fromthe front of the tybe reactor. The preheater,

whi ch i snlﬂlﬁﬂa%s‘?"lf%é ?%L?é %EOE SFAPRIg: 'aewanwé%fﬁ?@, rofmplded argeleg), wire

and cable coatings and formulations, cross-linking applications, foams (for example,

11



reacti on zones have an inner tube dianmeter of 5 centineters. For all the
Exanpl es and the 15 Conparative Exanple 100% of the fresh ethyl ene and

et hyl ene weayrtlisseare directed to the first reacti on zomeTMisaomloes3Be r st
reaction zone feed conduit. This is referred to as an all front gas tubul ar
reactor. For all the Exanples and the Conparative Exanple, a m xture
containing t-butyl peroxy-2 ethyl hexanoate (TBPO), di-t-butyl peroxide

(DTBP), tert-bytyl peroxypival at O(PI nd. an j.so-paraffinic hydrocarbon
sol ve‘%_t ?%WWH‘QXH%%éPoﬁ%g%gg’iaé‘Sﬁé@gth&g;‘P ésqcrﬁppll%ﬁﬂep&nfb& dirdotsr the
first ing@ekhQBadR@ipBlymedrOirealoQ@ELAPH PO SoftgorRAAWHR otir PbIbIFiRs,cONt ai ni ng

only DTBP,” TPO and the iso-paraffinic hydrocarbon solvent are used. Table 1
shows t heichlagis il ymére dperibgd deUb piravisaomy serd nsmbeeml/ | 65006k DERWLEED f or

i it 2 AR ORrGY ABRFI s S TPPERENGARERD St HaSo e akERFIR °

t enper at ps19Slefif plaR@aterd, ERNPESEIGIERS BIQRKCIPoama9OEER ST pla@BeReaxi de m x
(source 11 of Figure 6) must contain higher concentrations of TBPO and | ess

Pl VvV Hs se¢laspmpis -Tdbmadeiby TamPew Chepdeal kiomepanyi anddieACHIpolgnerp ki | ogr ans per

hour at i) Lon | f e - . - .

Comar at oG Eppgfineg Y BEb gk e ngal b opdvignE asattha o
CE9 TBPGSELAWR (lad: ®¢Nova (Reididalslylsd &g/ Berhlerlded vith A8 ndw $DPE &i9cldsedl 1. 93
0.90 DTBP Flow (Injection Point 1) (kg/hr) 0.62 0.68 0.66 0.66 0.67 0.64
0.78 WIY911/019563PCT/ US2010/ 044389 PIV Fl ow (I'njection Point 1) (kg/hr)
0.62 0.68 0.66 0.66 0.67 0.64 2.69 Solvent Flow (Injection Point 1) (kg/hr)

The types of films that make be produced as end-use products from the disclosed
15  ethylene-based polymers include lamination films, silage films, sealants, silobags, stretch
films, biaxially oriented polyethylene, display packaging, shrink films, overwraps,
masking films, release liners and heavy duty shipping sacks. Additionally, blown, cast
and extrusion coatings (monolayer or multilayer) also may be produced using the

disclosed ethylene-based polymers.
20
DEFINITIONS

The terms “blend” or “polymer blend” generally means a mixture 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
25  more domain configurations, as determined from transmission electron spectroscopy,

light scattering, x-ray scattering, and other methods known in the art.
The term “comparable” means similar or like.

The term "composition” includes a mixture of materials which comprise the
composition as well as reaction products and decomposition products formed from

30  interaction and reaction between the materials of the composition.
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12.31 13.52 13.14 13.28 13.40 12.86 18.03 TBPO Fl ow (I njection Point 2)
(kg/hr) 0.00 0.00 0.00 0.00 0.00 0.00 0.71 DTBP Flow (Injection Point 2)
(kg/ hr) OwOQoD/A%63. 00 0. 00 0.00 0.00 0.71 Sol vent Fl owp(CirnjSe@iioas3890i nt 2)
(kg/hr) 0.00 0.00 0.00 0.00 0.00 0.00 16.28 TBPO Flow (Injection Point 3)
(kg/hr) 0.60 0.63 0.62 0.69 0.66 0.62 0.39 DIBP Flow (I njection Point 3)
(kg/hr) 0.60 0.63 0.62 0.69 0.66

5 The term “ethylene-based polymer” refers to a polymer that contains more than
50 mole percent polymerized ethylene monomer (based on the total amount of
polymerizable monomers), and, optionally, may contain at least one comonomer. A

homopolymer of ethylene is an ethylene-based polymer.

The term “ethylene/a-olefin interpolymer” refers to an interpolymer that contains
10 more than 50 mole percent polymerized ethylene monomer (based on the total amount of

polymerizable monomers), and at least one a-olefin.

The term “homopolymer” is a polymer that contains only a single type of

monomer.

The term "interpolymer" refers to polymers prepared by the polymerization of at
15  least two different types of monomers. The term interpolymer includes copolymers,
usually employed to refer to polymers prepared from two different monomers, and

polymers prepared from more than two different types of monomers, such as terpolymers.

The term "LDPE" may also be referred to as "high pressure ethylene polymer" or
"highly branched polyethylene" and is defined to mean that the polymer is partly or
20  entirely homopolymerized in autoclave or tubular reactors at pressures above 13,000 psig
with the use of free-radical initiators, such as peroxides (see, for example, U.S. Patent

No. 4,599,392 (McKinney, et al.)).

The term “polymer” refers to a compound prepared by polymerizing monomers,
whether of the same or a different type of monomer. The term polymer embraces the

25  terms “homopolymer” and “interpolymer”.

The term “standard deviation” is a quantity which measures the spread or
dispersion of the distribution from a mean value. See Perry, Robert H., ed., Perry’s
Chemical Engineers’ Handbook, McGraw-Hill Book Co. (6th ed., 1984); also Miller,
Irwin, Probability and Statistics for Engineers, Prentice Hall (4th ed., 1990).

30 The terms “steady state” and “steady state condition(s)” are a condition where

properties of any part of a system are constant during a process. See Lewis, Richard J.,
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0.62 0.39 Solvent Flow (Injection Point 3) (kg/hr) 13.74 14.55 14.26 15.82
15.16 14.26 9.02 5 For all Exanples and the Conparative Exanple, 1-butene
i s used asot2ha/@95%3 The 1- butene is injected into the echysemne/osiseam at

t he di scharge drum of the first stage booster. The conposition of the CTA
feed to the process i s adjusted between the Conparative Exanple and Exanpl e
1 - Exanple . This is done to control the nelt index of the 10 product.

i g GVSURPERE S SRTSCR el Diseiauct NIRHPESTHAFel Xt MRS used

inthis Hﬁﬁﬁ@@hﬁgmwﬁ% BRI Biciies FPORERaRonsAR (ISR ERLGES AN #2

(Source 12 of Figure 5) is turned off resulting in a two peak reactor
conf i gur Brentee HalheSthedk 1980 per at ures for Exanple 1 - 15 Exanple 6 for each
of the two reaction zones are then decreased to reduce the overall reactor

emer ature. e RUPROVSLELLLSARLAT LAIPSLAbI® RFRYEhA R BRI AW he
nol ecul ar wei g ri |on an O I'n rease e pro uc ensi t wo

pr0pertl%@F@ha@rcgldﬁﬁayedmatnqeﬂnatmdmgm@qﬁatimspﬂop@bélbws of the uI timte use
of this LDPE in one case as a shrink resin in which good optics and good

stiffness, respectively, are inportant. The | ow 20 reactor tenperature
coupﬂ%d mﬁth the CTA choice are both key for the production of a high
clarity, narrow nol ecul ar weight distribution product with a higher
density. The reactor tube process conditions used to manufacture
Exanpl e TESTEGMEEHODONd Conparati ve Exanple 9 are given in Table 2.
6'ID 38,300 SZI 00 9.CZ 00 8.CzZ 06Z 000°9zZz 000" TOr Sz 00l'Sz gl7l
0017 O Pédsity 081 0171 081 O.Z | cqz

15 Samples for density measurement are prepared according to ASTM D 1928.
Measurements are made within one hour of sample pressing using ASTM D792, Method

B.
Melt Index

Melt index, or I, is measured in accordance with ASTM D 1238, Condition 190
20  °C/2.16 kg. ;o is measured with ASTM D 1238, Condition 190 °C/10 kg.

Melt Strength

Melt strength is measured at 190 °C using a Goettfert Rheotens 71.97 (Goettfert

Inc.; Rock Hill, SC), melt fed with a Goettfert Rheotester 2000 capillary rheometer

25  equipped with a flat entrance angle (180 degrees) of length of 30 mm and diameter of 2
mm. The pellets were fed into the barrel (L=300 mm, Diameter=12 mm), compressed and
allowed to melt for 10 minutes before being extruded at a constant piston speed of 0.265
mm/s, which corresponds to a wall shear rate of 38.2 s™' at the given die diameter. The
extrudate passed through the wheels of the Rheotens located at 100 mm below the die

30  exitand was pulled by the wheels downward at an acceleration rate of 2.4 mm/s’. The

force (in cN) exerted on the wheels was recorded as a function of the velocity of the

14



9X 38, 300 SZI

0017 1-1 0171 081 0171 081 9g9Z 60Z g *ra 38,300 SZI g8Z 01.101.1

01. 101. 1 W@ 209849563, 300 000" TOT 1Z 8L-VIZ 8LI 0017 1prtTakZd10/008%9 0171

081 ¢9Z 60Z 17 *ra 38,300 8171

10

15

20
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wheels (in mm/s). Melt strength is reported as the plateau force (cN) before the strand
broke.

Zero Shear Viscosity

Specimens for creep measurements were prepared on a programmable
Tetrahedron bench top press. The program held the melt at 177°C for 5 minutes at a
pressure of 10’ Pa. The chase was then removed to the benchtop to cool down to room
temperature. Round test specimens were then die-cut from the plaque using a punch press
and a handheld die with a diameter of 25 mm. The specimen is about 1.8 mm thick.

Zero-shear viscosities are obtained via creep tests that were conducted on an AR-
G2 stress controlled rheometer (TA Instruments; New Castle, Del) using 25-mm-
diameter parallel plates at 190°C. Two thousand ppm of antioxidant, a 2:1 mixture of
IRGAFOS 168 and IRGANOX 1010 (Ciba Specialty Chemicals; Glattbrugg,
Switzerland), is added to stabilize each sample prior to compression molding. At the
testing temperature a compression molded sample disk is inserted between the plates and
allowed to come to equilibrium for 5 minutes. The upper plate is then lowered down to
50 um above the desired testing gap (1.5 mm). Any superfluous material is trimmed off
and the upper plate is lowered to the desired gap. Measurements are done under nitrogen
purging at a flow rate of 5 L/min. The default creep time is set for 5 hours.

A low shear stress of 20 Pa is applied for all of the samples to ensure that the
steady state shear rate is low enough to be in the Newtonian region. The resulting steady
state shear rates are in the range of 10~ to 10™ s™ for all the samples in this study. Steady
state is determined by taking a linear regression for all the data in the last 10% time
window of the plot of log (J(t)) vs. log(t), where J(t) is creep compliance and t is creep
time. If the slope of the linear regression is greater than 0.97, steady state is considered
to be reached, then the creep test is stopped. In all cases in this study the samples reached
steady state within 5 hours. The steady state shear rate is determined from the slope of the
linear regression of all of the data points in the last 10% time window of the plot of € vs.
t, where € is strain. The zero-shear viscosity is determined from the ratio of the applied

stress (20 Pa) to the steady state shear rate.

15
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5 A small amplitude oscillatory shear test is conducted before and after the creep
test on the same specimen from 0.1 to 100 rad/s at 10% strain. The complex viscosity
values of the two tests are compared. If the difference of the viscosity values at 0.1 rad/s
is greater than 5%, the sample is considered to have degraded during the creep test, and

the result is discarded.

10

DSC

Differential Scanning Calorimetry (DSC) can be used to measure the melting and

15  crystallization behavior of a polymer over a wide range of temperatures. For example,
the TA Instruments Q1000 DSC, equipped with an RCS (refrigerated cooling system)

and an autosampler is used to perform this analysis. During testing, a nitrogen purge gas

flow of 50 ml/min is used. Each sample is melt pressed into a thin film at about 175 °C;

the melted sample is then air-cooled to room temperature (~25 °C). A 3 - 10 mg, 6 mm

20  diameter specimen is extracted from the cooled polymer, weighed, placed in a light
aluminum pan (ca 50 mg), and crimped shut. Analysis is then performed to determine its

thermal properties.

The thermal behavior of the sample is determined by ramping the sample

temperature up and down to create a heat flow versus temperature profile. First, the

25  sample is rapidly heated to 180 °C and held isothermal for 3 minutes in order to remove
its thermal history. Next, the sample is cooled to -40 °C at a 10 °C/minute cooling rate

and held isothermal at -40 °C for 3 minutes. The sample is then heated to 150 °C (this is

the “second heat” ramp) at a 10 °C/minute heating rate. The cooling and second heating
curves are recorded. The cool curve is analyzed by setting baseline endpoints from the

30  beginning of crystallization to -20 °C. The heat curve is analyzed by setting baseline
endpoints from -20 °C to the end of melt. The values determined are peak melting
temperature (Ty,), peak crystallization temperature (T.), heat of fusion (Hy) (in Joules per

gram), and the calculated % crystallinity for polyethylene samples using Equation 1:

16
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5 % Crystallinity = (Hp/(292 J/g)) x 100 (Eq. 1).

The heat of fusion (Hy) and the peak melting temperature are reported from the second

heat curve. Peak crystallization temperature is determined from the cooling curve.

Fourier Transform Infrared Spectroscopy (FTIR)

10 Unsaturations by FTIR were measured on a Thermo Nicolet model Nexus 470. The

following procedures were followed:

e Methyls per 1000 C: ASTM D2238
¢ Trans per 1000 C: ASTM D6248
¢ Vinyls per 1000 C: ASTM D6248
15 ¢ Vinylidenes per 1000C: ASTM D3124

e (Carbonyl to thickness ratio. The ratio of the carbonyl area to thickness is

determined as:

Carbonyl Area = (Area Between 1710 — 1730 cm™) (Eq. 2)
20 Thickness Thickness in mm x ((peak height at 2665 cm™ — peak height at 2445 cm™)/2.71))

Film Testing Conditions
The following physical properties are measured on the films produced:

e Total (Overall), Surface and Internal Haze: Samples measured for internal haze
25 and overall haze are sampled and prepared according to ASTM D 1003. Internal
haze was obtained via refractive index matching using mineral oil on both sides of
the films. A Hazegard Plus (BYK-Gardner USA; Columbia, MD) is used for
testing. Surface haze is determined as the difference between overall haze and
internal haze as shown in Equation 3. Surface haze tends to be related to the

30 surface roughness of the film, where surface haze increases with increasing

17



Total ethylene flow (I b/hr) Ethylene Conversion (% Pol yethyl ene
Production Rate (I b/hr) 1-Butene Flow (Ib/hr) Ethylene Purge Flow (I|b/hr)
Recycl e IwBuvawmmeenc. (W% BWDrum Press. System 1 ( psirgj)s2018did3sum Tenp.
System1l (C) BWDrumPress. System2 (psig) BWDrum Tenp. System 2 (O
BW Drum Press. System 3 (psig) BWDrum Tenp. System 3 (O Note that from
Table 2 and Figure 6, BWsystem 1 goes to Zone 3, BWsystem 2 goes to zones
4, 5,_and 6, and BWsyste oes to Zone 1 d 2. Figure show t he
tenpetature piBFcE &Y ’Pests‘me\%‘fg“lfgac?éé%ﬁt@rm@ﬁ@aﬁ?@rﬁ‘ﬁ%lsgﬁ%%“crgﬁceg%%eai | s of
Exanmpl e 1 andvatlﬂ@di"vﬁféﬁtb&% PELRASa $dud 8SPEGh ik @qﬁzﬁﬁ)ngﬁr oxi de i njections.
The x-axis shows the joint |ocation between tubes and the y-axis is the
tenperature for the reaction and for the boiling water. Thernocoupl es are
used to neasure the readpiconintempdiazcur surtheariazhe t ube during ptEsdact i on.
The reaction peaks for each zone are controlled by adjusting peroxide flows
to each of the reactiongzo ratures are then used,to
control the 10nvol ecul ars%{%ﬁ;acg?@%#}ﬁ@%ﬁﬁﬂ&gnd density of the @f"oéﬁ;ct.
Characterization of Exanple 1 - Exanple 6 and Conparative Exanmple 9

Char act er i aat 49Glps0perd0d €8ox3f AEXBNPLEIST. - Exanpl e 6 and Conparative
Exanple 9 are shown in Table 3. From Table 3, the exanples of this
invention are generally lower in nelt index, higher in density, higher in
nel tithg poi®nt [ hiegreModnlyieand 25 Seenst dpduhisgn e MB (achips digpetion) e9d  hi gher
in crystalli Z@H@fbsE ﬁi’f@c‘%ﬂﬁ:%ﬁM@%@ rable to or higher in nelt strength,
and hi gher in zero-shear viscosity than the conparative exanple. The

i ncreased density is advantageous in terns of increased stiffness of this
materi al i aMD hmd CDloghdord TeatBrrenpthe ANTIMIDAEX?s to be stiff in order for
the filmto be cut, for exanple, to be used in a shrink film The higher

density also maintains the rigidity of the filmas it is 20 being pulled in
a seninol tén M%?@%ths%ﬁﬁ@gﬂﬁﬂ%ﬂaﬂ R88hrink tunnel. The changes in the

thermal properties are in many cases a reflection of this higher density.
The | ower r;elba{ng&t@ftrehé}ﬁsgsfg@bnﬁobs very favorable in terns of
! . gt 09:

i ncreased shrin nsi on resulting filmas is the higher nelt strength
and zero-shear viscosity. 25 WD 2011/ 019563PCT/ US2010/ 044389 Table 3: Ml t
i ndel§ dengi t PundBBESCthghnRijctpreaperchives] af apbakomdddedp(dlenigeSamtache (Tm) ,
heat of fusion, %crystallinity an ak cqoling tenperatu (T,), melt
strength, and?%WW?QﬁQé?’va’{ﬁ %ré’éf‘gyl%of AHpITEn plee ! ahf %f&f[r%ar ative Exanple
9. Descripti opead¥Rlhent{l8Mnddd %o BterhPfe Gl alRARI fodhchdd CAde, TTRL il [Feat of

Fusion (J/g) % Crystallinity T, (C Mt strength at 190 C (cN) Zero Shear
Vi scosi ty (Pacagitioned for 40 hours after film production and at least 24 hours in an ASTM

controlled laboratory. A 100 b load cell is used with a round specimen holder.
20 The specimen is a 4 inch circular specimen. The puncture probe is a ¥2 inch
diameter polished stainless steel ball (on a 0.25 inch rod) with a 7.5 inch
maximum travel length. There is no gauge length; the probe is as close as possible
to, but not touching, the specimen. The crosshead speed used is 10”/minute. The
thickness is measured in the middle of the specimen. The thickness of the film,
25 the distance the crosshead traveled, and the peak load are used to determine the
puncture by the software. The puncture probe is cleaned using a “Kim-wipe”

after each specimen.

e Shrink tension is measured according to the method described in Y. Jin, T.

Hermel-Davidock, T. Karjala, M. Demirors, J. Wang, E. Leyva, and D. Allen,
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Exanple 1 0.43 0.9244 113.0 152.7 52.3 101.3 11.8 46,773 Exanple 2 0. 37
0.9244 113.0 155.6 53.3 101.4 10.2 53,691 Exanple 3 0.44 0.9244 113.3 157.2
53. 8 101.wo02d1119553744 Exanple 4 0.68 0.9245 113. 3 156. @#CP31S6010014389 9. 6
25,272 Exanmple 5 0.72 0.9243 113.1 154.7 53.0 101.2 11.2 27,005

5 “Shrink Force Measurement of Low Shrink Force Films”, SPE ANTEC
Proceedings, p. 1264 (2008).

® % Free Shrink: A single layer square film with a dimension of 10.16 cm x 10.16
cm is cut out by a punch press from a film sample along the edges of the machine
direction (MD) and the cross direction (CD). The film is then placed in a film

10 holder and the film holder is immersed in a hot-oil bath at 150 °C for 30 seconds.
The holder is then removed from the oil bath. After oil is drained out, the length
of film is measured at multiple locations in each direction and the average is taken

as the final length. The % free shrink is determined from Equation 5.

(Initial Length) — (Final Length) x 100 (Eq. 5)

15 Initial Length

Triple Detector Gel Permeation Chromatography (TDGPC)

The Triple Detector Gel Permeation Chromatography (3D-GPC or TDGPC)
system consists of a Waters (Milford, Mass) 150C high temperature chromatograph
(other suitable high temperature GPC instruments include Polymer Laboratories

20  (Shropshire, UK) Model 210 and Model 220) equipped with an on-board differential
refractometer (RI). Additional detectors can include an IR4 infra-red detector from
Polymer ChAR (Valencia, Spain), Precision Detectors (Amherst, Mass.) 2-angle laser
light scattering (L.S) detector Model 2040, and a Viscotek (Houston, Tex.) 150R 4-
capillary solution viscometer. A GPC with these latter two independent detectors and at

25  least one of the former detectors is sometimes referred to as “3D-GPC” or “TDGPC”
while the term “GPC” alone generally refers to conventional GPC. Depending on the
sample, either the 15° angle or the 90° angle of the light scattering detector is used for
calculation purposes. Data collection is performed using Viscotek TriSEC software,
Version 3, and a 4-channel Viscotek Data Manager DM400. The system is also equipped

30  with an on-line solvent degassing device from Polymer Laboratories (Shropshire, United

Kingdom).
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Example 6 0.61 0.9241 113.1 154.8 53.0 101.3 11.5 30,788 CE9 0.87 0.9232
112.2 150.8 51.6 99.0 10.8 23,680 5 Table 4 shows unsaturation properties
of Exanplwoloti/Exwapl e 6 and Conparative Exanple 9. ThePErarspdies44389 gener al
show slightly higher trans, simlar to slightly |ower vinyl |evels, |ower
met hyl |evels, |ower vinylidene |levels, and | ower carbonyl to thickness
rati os than the conparative exanple. Table 4: FTIR properties of Exanple 1
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Exanpl e dn&ied HTrdd3Q8%mitton®oifdorGoddSd &t @8B/nter2.aBs O88mAs 8620-micron
mixed-pore-size packing (MixA LS, Polymer Labs). The sample carousel compartment
is operated at 140 °C and the column compartment is operated at 150 °C. The samples
are prepared at a concentration of 0.1 grams of polymer in 50 milliliters of solvent. The

10 chromatographic solvent and the sample preparation solvent contain 200 ppm of

trichlorobenzene (TCB). Both solvents are sparged with nitrogen. The polyethylene
samples are gently stirred at 160 °C for four hours. The injection volume is 200

microliters. The flow rate through the GPC is set at 1 ml/minute.

The GPC column set is calibrated by running 21 narrow molecular weight

15  distribution polystyrene standards. The molecular weight (MW) of the standards ranges
from 580 to 8,400,000, and the standards are contained in 6 “cocktail” mixtures. Each
standard mixture has at least a decade of separation between individual molecular
weights. The standard mixtures are purchased from Polymer Laboratories. The
polystyrene standards are prepared at 0.025 g in 50 mL of solvent for molecular weights

20  equal to or greater than 1,000,000 and 0.05 g in 50 mL of solvent for molecular weights
less than 1,000,000. The polystyrene standards were dissolved at 80 °C with gentle
agitation for 30 minutes. The narrow standards mixtures are run first and in order of
decreasing highest molecular weight component to minimize degradation. The
polystyrene standard peak molecular weights are converted to polyethylene molecular

25  weight using Equation 6 (as described in Williams and Ward, J. Polym. Sci., Polym.
Letters, 6, 621 (1968)):

Mpolyethylene =AX (Mpolystyrene)B (Eq 6),

where M is the molecular weight of polyethylene or polystyrene (as marked), and B is
equal to 1.0. It is known to those of ordinary skill in the art that A may be in a range of
30  about 0.38 to about 0.44 and is determined at the time of calibration using a broad
polyethylene standard, as outlined in the gpcBR Branching Index by the 3D-GPC
method, infra, and specifically Equations 11-13. Use of this polyethylene calibration

method to obtain molecular weight values, such as the molecular weight distribution

20



14.1 0.044 0.433 Exanple 3 0.094 0.063 14.5 0.047 0.429 Exanple 4 0.102
0.068 14.2 0.041 0.485 Exanple 5 0.107 0.08 14.8 0.049 0.320 Exanple 6

0. 123 0. OW6 20t1/493047 0.350 CE 9 0.079 0.073 17.7 0. O5PCO/B2@0/0138Tabl e 5
shows the nelt index, density, zero-shear viscosity, and TDGPC properties
of Exanple 1 - Exanple 6 and Conparative Exanple 1 - Conparative Exanple
19. For the TDGPC and zero-shear viscosity results, additional conparative

exanpl es e chosen to show the uni ueness of t | es as
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unique relationship wwth Y = LSCDF3 and also wth MV M. In particular, the
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sanpl es and ih ‘g@ﬁ@tﬁaﬂtlcm}?@a@h fou Weer dergamintionieé mulii-detgetonedsetalsout 0. 4 and
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Tabl e 5, andhB4lRe, THraM@O gPAPOb1yaT ., d;l%&rrlas(l@s2pf(B§1kFﬂ T}ﬂﬁraMaklﬁlaL'@\e are
conpared. The conparative exanples in Table 5 cover a M range fromo0.17 to

0. 8710 Thehewwgphlontayy ehmmategapiyelRolym.. tawpier 53.418%2) b opEMdZiag Bitddd range of
b hi 2.02.
ranchi ng.d gy8ho &%gpﬁm@ e %ﬁ%ﬁrg@é‘@{ég@ fhe Eﬂtﬁﬁ) é‘hsgosﬁg> [eQuieth

The conparative over roa of nol ecul ar
wei ght s Botvh 68A&read-pelly satnea A maivgh @glyfrmarrsltzaidauits Cobp.ONntod, @Hg)ut itd40, 000
g/ ol . equivalent to the narrow standard column calibration results from the narrow polystyrene
standards calibration curve. The molecular weight data is obtained in a manner
15  consistent with that published by Zimm (Zimm, B.H., J. Chem. Phys., 16, 1099 (1948))
and Kratochvil (Kratochvil, P., Classical Light Scattering from Polymer Solutions,
Elsevier, Oxford, NY (1987)). The overall injected concentration used in the
determination of the molecular weight is obtained from the mass detector area and the
mass detector constant derived from a suitable linear polyethylene homopolymer, or one
20  of the polyethylene standards of known weight average molecular weight. The calculated
molecular weights are obtained using a light scattering constant derived from one or more
of the polyethylene standards mentioned and a refractive index concentration coefficient,
dn/dc, of 0.104. Generally, the mass detector response and the light scattering constant
should be determined from a linear standard with a molecular weight in excess of about
25 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).
30
gpcBR Branching Index by 3D-GPC

In the 3D-GPC configuration, the polyethylene and polystyrene standards can be

used to measure the Mark-Houwink constants, K and o, independently for each of the
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5  two polymer types, polystyrene and polyethylene. These can be used to refine the
Williams and Ward polyethylene equivalent molecular weights in application of the

following methods.

The gpcBR branching index is determined by first calibrating the light scattering,

viscosity, and concentration detectors as described previously. Baselines are then

10 subtracted from the light scattering, viscometer, and concentration chromatograms.
Integration windows are then set to ensure integration of all of the low molecular weight
retention volume range in the light scattering and viscometer chromatograms that indicate
the presence of detectable polymer from the refractive index chromatogram. Linear
polyethylene standards are then used to establish polyethylene and polystyrene Mark-

15  Houwink constants as described previously. Upon obtaining the constants, the two
values are used to construct two linear reference conventional calibrations for
polyethylene molecular weight and polyethylene intrinsic viscosity as a function of

elution volume, as shown in Equations 7 and 8:

1
K A{PE +1 aps %PE "
M,, = [i] M (Eq. 7)
KPE
a+l
20 (71, = K Mos (Eq. 8)

PE

The gpcBR branching index is a robust method for the characterization of long
chain branching as described in Yau, Wallace W., “Examples of Using 3D-GPC — TREF
for Polyolefin Characterization”, Macromol. Symp., 2007, 257, 29-45. The index avoids
the slice-by-slice 3D-GPC calculations traditionally used in the determination of g’

25  values and branching frequency calculations in favor of whole polymer detector areas.
From 3D-GPC data, one can obtain the sample bulk absolute weight average molecular
weight (M, aps) by the light scattering (1.S) detector using the peak area method. The
method avoids the slice-by-slice ratio of light scattering detector signal over the

concentration detector signal as required in a traditional g’ determination.
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5 With 3D-GPC, absolute weight average molecular weight (“My, abs”) and intrinsic

viscosity are also obtained independently using Equations 9 and 10:

Z CM, Z LS, LS Area

C, B
MW_Zi:WiMi_Zi:i i = ZC ZC (Eq. 9)

; " Conc. Area
The area calculation in Equation 9 offers more precision because as an overall
sample area it is much less sensitive to variation caused by detector noise and 3D-GPC
10 settings on baseline and integration limits. More importantly, the peak area calculation is
not affected by the detector volume offsets. Similarly, the high-precision sample intrinsic

viscosity (IV) is obtained by the area method shown in Equation 10:

ZC Vi ZDP DP Area

vV =gl = ZWIV ZZ ZCi ZC = (Eq. 10),

"~ Conc. Area

i i

where DP; stands for the differential pressure signal monitored directly from the online

15 viscometer.

To determine the gpcBR branching index, the light scattering elution area for the
sample polymer is used to determine the molecular weight of the sample. The viscosity
detector elution area for the sample polymer is used to determine the intrinsic viscosity

(IV or [n]) of the sample.

20 Initially, the molecular weight and intrinsic viscosity for a linear polyethylene
standard sample, such as SRM1475a or an equivalent, are determined using the
conventional calibrations (“cc”) for both molecular weight and intrinsic viscosity as a

function of elution volume, per Equations 11 and 12:

MWCC—Z ZC M. =Y wM,, (Eq. 11)

i
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i

Equation 13 is used to determine the gpcBR branching index:

M Upg
gpcBR= ([%]IC]CJLM i j -1 (Eq. 13),

wherein [n] is the measured intrinsic viscosity, [1]cc 1s the intrinsic viscosity from the
conventional calibration, My, is the measured weight average molecular weight, and My, ¢
10 1is the weight average molecular weight of the conventional calibration. The weight
average molecular weight by light scattering (L.S) using Equation (9) is commonly
referred to as “absolute weight average molecular weight” or “My, aps”. The My ¢ from
Equation (11) using conventional GPC molecular weight calibration curve (“‘conventional
calibration”) is often referred to as “polymer chain backbone molecular weight”,

15  “conventional weight average molecular weight”, and “My, apc”.

All statistical values with the “cc” subscript are determined using their respective
elution volumes, the corresponding conventional calibration as previously described, and
the concentration (C;) derived from the retention volume molecular weight calibration.
The non-subscripted values are measured values based on the mass detector, LALLS, and

20  viscometer areas. The value of Kpg is adjusted iteratively until the linear reference
sample has a gpcBR measured value of zero. For example, the final values for o and Log
K for the determination of gpcBR in this particular case are 0.725 and -3.355,
respectively, for polyethylene, and 0.722 and -3.993 for polystyrene, respectively.

Once the K and o values have been determined using the procedure discussed
25  previously, the procedure is repeated using the branched samples. The branched samples
are analyzed using the final Mark-Houwink constants as the best “cc” calibration values

and Equations 9 - 12 are applied.
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The interpretation of gpcBR is straight forward. For linear polymers, gpcBR
calculated from Equation 13 will be close to zero since the values measured by LS and
viscometry will be close to the conventional calibration standard. For branched
polymers, gpcBR will be higher than zero, especially with high levels of long chain
branching, because the measured polymer molecular weight will be higher than the
calculated My, ., and the calculated IV, will be higher than the measured polymer IV. In
fact, the gpcBR value represents the fractional IV change due the molecular size
contraction effect as the result of polymer branching. A gpcBR value of 0.5 or 2.0 would
mean a molecular size contraction effect of IV at the level of 50% and 200%,

respectively, versus a linear polymer molecule of equivalent weight.

For these particular Examples, the advantage of using gpcBR in comparison to a
traditional “g’ index” and branching frequency calculations is due to the higher precision
of gpcBR. All of the parameters used in the gpcBR index determination are obtained
with good precision and are not detrimentally affected by the low 3D-GPC detector
response at high molecular weight from the concentration detector. Errors in detector

volume alignment also do not affect the precision of the gpcBR index determination.
GPC-LS Characterization

Analysis of a concentration-normalized LS chromatogram response curve for a
particular sample using a pre-determined molecular weight range is useful in
differentiating embodiment polymers from analogous and commercially available

comparative low density ethylene-based polymers.

The “GPC-LS Characterization” parameter, Y, is designed to capture the unique
combination of MWD and the GPC-LS profile for a specific material. Figures 2 —4
provide the examples and the guide for using the GPC-LS Characterization method to

identify inventive embodiments.

An ethylene-based polymer that has long chain branching, such as low density
ethylene-based polymers, can be differentiated by using an analysis technique called

“GPC-LS Characterization”. In the GPC-LS Characterization method, the determination
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is made using the light scattering (L.S) detector response for a sample processed by a
conventionally calibrated 3D-GPC (“cc-GPC”) over a range of molecular weights of the
sample. The molecular weights of the sample are converted to logarithm values for
scaling purposes. The LS response is “concentration-normalized” so the LS response can
be compared between samples, as it is known in the art that the unnormalized LS signals
can vary greatly from sample to sample without normalization. When plotted, the
logarithm values of range of the cc-GPC molecular weights and the concentration-
normalized LS values form a concentration-normalized .S chromatogram curve such as

shown in Figures 2 — 4.

Once the concentration-normalized LS chromatogram curve is available, the
determination of the GPC-LS Characterization value is straightforward. In the GPC-LS
Characterization method, a GPC-LS Characterization value (Y) is determined using the

following equations:

Y = LSCDF3 (Eq. 14)
LSCDE3 = Abs((A/B) / SF) (Eq. 15)
SF = A Slope Function = Abs(x) + 0.05 (Eq. 16)

where Abs() is the mathematical absolute value function.

Essentially, the GPC-LS Characterization value is a relationship between two associated
areas (A and B) and an indexed slope of a line (x) between two points on the
concentration-normalized .S chromatogram curve at the logarithmic values of two
specified cc-GPC molecular weight values. The specified cc-GPC molecular weight
values attempt to bracket a molecular weight fraction that is known to contain polymer

chains with long chain branching.

The first step in the analysis is generation of the concentration-normalized LS
chromatogram curve representing concentration-normalized LS response values versus

the logarithmic values of cc-GPC molecular weights for the polymer being examined.
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The second step is to draw a straight line between two points on the
concentration-normalized LS chromatogram curve. The straight line and the points will
provide the basis for the determination of areas A and B. The two points, a first point and
a second point, are located on the concentration-normalized LS chromatogram curve and
represent the concentration-normalized LS response values (a first and a second
concentration-normalized LS response values) at the logarithm values for two cc-GPC
molecular weight values (a first and a second logarithmic cc-GPC molecular weight
values). The first point (for example, Intercept 1 on Figure 2) is defined as being on the
concentration-normalized .S chromatogram curve (representing the first concentration-
normalized LS response value) corresponding to the logarithm value of cc-GPC
molecular weight 200,000 grams/mole (representing the first logarithmic cc-GPC
molecular weight value), which is a value of approximately 5.3010. The second point
(Intercept 2 on Figure 2) is defined as being on the concentration-normalized LS
chromatogram curve at the concentration-normalized LS response value (representing the
second concentration-normalized LS response value) corresponding to a logarithm value
of cc-GPC molecular weight 1,150,000 grams/mole (representing the second logarithmic
cc-GPC molecular weight value), which is a value of approximately 6.0607. It is known
in the art that differentiation in long chain branching typically is shown around 1M (1 x

10% grams/mole cc-GPC molecular weight.

The third step is to determine the area A between the straight line and the
concentration-normalized .S chromatogram curve between the two logarithmic cc-GPC
molecular weight values. Area A is defined as being the value of Al plus A2. In
preferred embodiments, the area A is defined for the range of values between the
logarithm value of cc-GPC molecular weight 200,000 grams/mole and the logarithm

value of cc-GPC molecular weight 1,150,000 grams/mole.

Al is defined as the area bound between the straight line and the normalized 1S
chromatogram curve where the concentration-normalized LS response value of the
straight line is greater than the concentration-normalized LS response value for the
concentration-normalized .S chromatogram curve between the two logarithmic cc-GPC

molecular weight values.
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As can be seen in Figure 2, the area defined as Al fills the entire range between
the two logarithmic cc-GPC molecular weights; therefore A = A1. In many cases the
straight line will be “above” the concentration-normalized LS chromatogram curve for
the logarithmic cc-GPC molecular weight range and will not intersect with the
concentration-normalized .S chromatogram curve except at Intercepts 1 and 2. In these

cases, A = Al = a positive value, and A2 =0.

A2 is defined as the inverse of Al. A2 is the area bound between the straight line
and the concentration-normalized LS chromatogram curve where the concentration-
normalized LS response of the straight line is less than the concentration-normalized LS
response for the concentration-normalized IS chromatogram curve between the two
logarithmic cc-GPC molecular weight values. For the example shown in Figure 3, A2 is
the area between the concentration-normalized LS response curve and the straight line

between Intercepts 1 and 2. In these cases, A = A2 = a negative value, and A1 =0.

In some embodiments, as can be seen in Figure 4, the straight line may intersect
with the concentration-normalized LS chromatogram curve in at least one other point
besides Intercepts 1 and 2 (see Figure 4 at “Additional Intersection Point”). In such
situations, A1l is determined as previously defined. For the example shown in Figure 4,
A1 would be the positive area between the concentration-normalized .S chromatogram
curve and the straight line between the logarithm cc-GPC molecular weight value of
approximately 5.8 to the logarithm value of cc-GPC molecular weight 200,000
grams/mole. In such situations, A2 is determined as previously defined. For the example
shown in Figure 4, A2 is the negative area between the concentration-normalized LS
response curve and the straight line between the logarithm cc-GPC molecular weight
value of approximately 5.8 to the logarithm value of cc-GPC molecular weight 1,150,000

grams/mole.

In calculating a total value for A, A is again defined as the area A1l (positive
value) plus the area A2 (negative value). In some embodiments, as can be seen

graphically in Figure 4, the total value for A can again be either positive or negative.
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5 The fourth step is to determine the area B under the concentration-normalized .S
chromatogram curve for the logarithmic cc-GPC molecular weight range. B is defined as
the area under the concentration-normalized LS chromatogram curve between the two
logarithmic cc-GPC molecular weight values. Area B does not depend upon the analysis

of area A.

10 The fifth step is to determine the value of x, the slope indexing value. The value
of the x is an indexing factor that accounts for the slope of the straight line established for
determining areas A and B. The value of x is not the slope of the straight line; however,
it does represent a value reflective of the difference between Points 1 and 2. The value of

x is defined by Equation 17:

LSresponse p, ;. » ey, — LSresponse ;. o,

LSresponse, , .
15 ‘= p (Point2,CN) (Eq 17),
logM W(Point 2,0cGPC) log M W(Po int1,ccGPC)

where “LS response” terms are the concentration-normalized (CN) LS response values
for Intercepts 1 and 2, respectively, and “log MW" terms are the logarithmic cc-GPC
molecular weights for Intercepts 1 and 2, respectively. In some embodiments, the
straight line may intersect the normalized L.S chromatogram curve at least once between

20  Intercepts 1 and 2.

Finally, once x, A, and B are established, the GPC-LS Characterization value (Y)

is determined using the previously presented Equations 14 - 16, repeated below:

Y = LSCDF3 (Eq. 14)
LSCDF3 = Abs(A/B / SF) (Eq. 15)
25 SE = A Slope Function = Abs(x) + 0.05 (Eq. 16)

where, Abs() is the mathematical absolute value function.

Process Information Related to Examples 1 — 6 (Ex. 1 — 6) and Comparative
Example 9 (CE9).
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In discussing the Examples and Comparative Examples, several terms are defined.

There are six Example compositions and sets of process information for their creation:
Examples 1 - Example 6. There is one Comparative Example composition and set of
process information. The same process train was used to create Comparative Example 9

and Example 1 — Example 6.

When process conditions are discussed and compared, the process conditions may
be referred to by their product designation (e.g., process conditions for producing

Example 1 product may be referred to as “the process of Example 17).

Example 1 — Example 6 as well as Comparative Example 9 are produced on the
same process reaction system; therefore, in referring to the same equipment between the
runs, the physical process and its units are analogous to one another. Figure 5 is a simple
block diagram of the process reaction system used to produce the aforementioned

Examples and Comparative Examples.

The process reaction system in Figure 5 is a partially closed-loop dual recycle
high-pressure, low density polyethylene production system. The process reaction system
is comprised of a fresh ethylene feed conduit 1; a booster/primary compressor “BP”, a
hypercompressor “Hyper”, a three zone tube reactor which is made up of 144 high
pressure tubes that are 9.14 meters long. The tube reactor consists of a first reaction feed
zone; a first peroxide initiator conduit 3 connected to a first peroxide initiator source #11;
a second peroxide initiator conduit 4 connected to the second peroxide initiator source
12; a third peroxide initiator conduit 5 connected to a second peroxide initiator source 12;
cooling jackets (using high pressure water) are mounted around the outer shell of the tube
reactor and preheater; a high pressure separator “HPS”; a high pressure recycle line 7; a
low pressure separator “LLPS”; a low pressure recycle line 9; and a chain transfer agent

(CTA) feed system 13.

The tube reactor further comprises three reaction zones demarcated by the
location of the peroxide injection points. The tube reactor has a length of about 1316
meters. The first reaction zone feed is attached to the front of the tube reactor at O meters

and feeds a portion of the process fluid into the first reaction zone. The first reaction

30
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containing only DTBP, TPO and the iso-paraffinic hydrocarbon solvent are used. Table

1 shows the flows of the peroxide initiator and solvent solution used for each of the
Examples and the Comparative Example. Note that in order to maintain reaction stability

25  for the Examples at the low reaction temperatures, or peak temperatures less than 290°C,
the front peroxide mix (source 11 of Figure 6) must contain higher concentrations of

TBPO and less PIV as shown in Table 1.

Table 1: Peroxide initiator flows in kilograms per hour at each injection point for

Examples 1 — 6 (Ex. 1 — Ex. 6) and Comparative Example 9 (CEY).

Material Ex. 1 Ex. 2 Ex.3 | Ex.4 | Ex.5 Ex. 6 CE9
TBPO Flow (Injection Point 1) (kg/hr) 1.85 2.03 1.97 1.99 2.01 1.93 0.90
DTBP Flow (Injection Point 1) (kg/hr) 0.62 0.68 0.66 0.66 0.67 0.64 0.78
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CE9 Blow up ratio (BUR) 2.5 2.5 2.5 2.5 2.5 2.5 Qutput (Ib/hr) 188.4 187.9
188.4 189.8 189 187.9 Film Thickness (ml) 2.0 2.0 2.0 2.0 2.0 2.0 Die Gap
(m1) 40 w0 2401/485640 40 Air Tenperature (F) 52 4546 49 PLTAS2Mempssat ur e
Profile (F) Barrel 1 310

10

15

20

PIV Flow (Injection Point 1) (kg/hr) 0.62 0.68 0.66 0.66 0.67 0.64 2.69
Solvent Flow (Injection Point 1) (kg/hr) 12.31 | 13.52 | 13.14 | 13.28 | 13.40 12.86 | 18.03
TBPO Flow (Injection Point 2) (kg/hr) 0.00 0.00 0.00 0.00 0.00 0.00 0.71
DTBP Flow (Injection Point 2) (kg/hr) 0.00 0.00 0.00 0.00 0.00 0.00 0.71
Solvent Flow (Injection Point 2) (kg/hr) 0.00 0.00 0.00 0.00 0.00 0.00 16.28
TBPO Flow (Injection Point 3) (kg/hr) 0.60 0.63 0.62 0.69 0.66 0.62 0.39
DTBP Flow (Injection Point 3) (kg/hr) 0.60 0.63 0.62 0.69 0.66 0.62 0.39
Solvent Flow (Injection Point 3) (kg/hr) 13.74 | 1455 | 14.26 | 1582 | 15.16 14.26 9.02

For all Examples and the Comparative Example, 1-butene is used as the CTA. The 1-
butene is injected into the ethylene stream at the discharge drum of the first stage booster.
The composition of the CTA feed to the process is adjusted between the Comparative
Example and Example 1 — Example 6. This is done to control the melt index of the
product. The 1-butene CTA is selected based on its ability to narrow the molecular
weight distribution of the final product when compared to other CTAs used in this

technology.

For Example 1 — Example 6, peroxide injection #2 (Source 12 of Figure 5) is turned off
resulting in a two peak reactor configuration. The peak temperatures for Example 1 —
Example 6 for each of the two reaction zones are then decreased to reduce the overall
reactor temperature. The lower overall reactor temperature served to narrow the
molecular weight distribution and to increase the product density, two properties which
are key in relating to film properties of the ultimate use of this LDPE in one case as a
shrink resin in which good optics and good stiffness, respectively, are important. The low
reactor temperature coupled with the CTA choice are both key for the production of a

high clarity, narrow molecular weight distribution product with a higher density.

The reactor tube process conditions used to manufacture Example 1 — Example 6

and Comparative Example 9 are given in Table 2.
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420 420 Rotator 420 440 440 420 420 420 Lower Die 427 450 450 421 423 420
Upper Die 421 450 453 420 421 423 Melt Tenperature 434 448 447 432 432 429
WO 2011/ OWw6268RATI68IS2010/ 044389 5 Tabl e 7: Physical propertisesioofi438d | m with
process conditions showmn in Table 6. Ex. 1 Ex. 2 Ex. 3 Ex. 5 Ex. 6 CE 9
Clarity (% 97 99 98

Note that from Table 2 and Figure 6, BW system 1 goes to Zone 3, BW system 2 goes to
zones 4, 5, and 6, and BW system 3 goes to Zone 1 and 2. Figure 6 show the temperature
profiles of the tube reactor showing the reactor details of Example 1 and the reaction

S zones with respect to the peroxide injections. The x-axis shows the joint location between
tubes and the y-axis is the temperature for the reaction and for the boiling water.
Thermocouples are used to measure the reaction temperature down the tube during
production. The reaction peaks for each zone are controlled by adjusting peroxide flows
to each of the reaction zones. The peak temperatures are then used to control the

10 molecular weight distribution and density of the product.
Characterization of Example 1 — Example 6 and Comparative Example 9

Characterization properties of Example 1 — Example 6 and Comparative Example

9 are shown in Table 3. From Table 3, the examples of this invention are generally lower
in melt index, higher in density, higher in melting point, higher in heat of fusion, higher

15 incrystallinity, higher in crystallization temperature, comparable to or higher in melt
strength, and higher in zero-shear viscosity than the comparative example. The increased
density is advantageous in terms of increased stiffness of this material in a film
composition when the film needs to be stiff in order for the film to be cut, for example, to
be used in a shrink film. The higher density also maintains the rigidity of the film as it is

20  being pulled in a semimolten state after going through a shrink tunnel. The changes in
the thermal properties are in many cases a reflection of this higher density. The lower
melt index of these resins is very favorable in terms of increased shrink tension in a

resulting film as is the higher melt strength and zero-shear viscosity.

25
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Table 3: Melt index, density, DSC (thermal) properties of peak melting temperature
(Tw), heat of fusion, % crystallinity and peak cooling temperature ('T.), melt strength, and

zero shear viscosity of Example 1 — 6 and Comparative Example 9.

Melt Melt Zero
Index Heat of strength |  Shear
(I, at | Density Fusion %o at 190 | Viscosity
Description | 190 °C) | (g/ec) | T (°C) | (J/g) | Crystallinity | T. (°C) | °C (¢cN) | (Pa-s)
Example 1 043 |0.9244 | 113.0 152.7 52.3 101.3 11.8 46,773
Example2 | 0.37 | 0.9244 | 113.0 155.6 53.3 101.4 10.2 53,691
Example3 | 044 | 09244 | 1133 157.2 53.8 101.2 11.5 42,744
Example4 | 0.68 | 0.9245 | 113.3 156.6 53.6 101.0 9.6 25,272
Example5 | 0.72 ] 0.9243 | 113.1 154.7 53.0 101.2 11.2 27,005
Example 6 | 0.61 0.9241 | 113.1 154.8 53.0 101.3 11.5 30,788
CE9 0.87 | 0.9232 | 112.2 150.8 51.6 99.0 10.8 23,680

5 Table 4 shows unsaturation properties of Example 1 — Example 6 and Comparative
Example 9. The Examples in general show slightly higher trans, similar to slightly lower
vinyl levels, lower methyl levels, lower vinylidene levels, and lower carbonyl to

thickness ratios than the comparative example.

Table 4: FTIR properties of Example 1 — Example 6 and Comparative Example 9.

Carbonyl
Vinyls to

Trans / / Methyls | Vinylidenes | Thickness
Description 1000C 1000C | /1000C | /1000C Ratio
Example 1 0.114 0.074 14.0 0.047 0.310
Example 2 0.089 0.062 14.1 0.044 0.433
Example 3 0.094 0.063 14.5 0.047 0.429
Example 4 0.102 0.068 14.2 0.041 0.485
Example 5 0.107 0.08 14.8 0.049 0.320
Example 6 0.123 0.076 14.4 0.047 0.350
CE9 0.079 0.073 17.7 0.057 0.590

10

Table 5 shows the melt index, density, zero-shear viscosity, and TDGPC properties of
Example 1 — Example 6 and Comparative Example 1 — Comparative Example 19. For

the TDGPC and zero-shear viscosity results, additional comparative examples have been
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Dart A (g) 112 124 109 103 109 115 Puncture (ft-1b/in3) 62 66 62 54 59 60
Secant Modul us 1% CD (Psi) 34,949 39, 415 40, 834 24, 686 20, 516 28, 732 Secant
Modul us 2Wo@Di(Resep 30, 097 33, 305 34, 398 27, 765 26, 759 PETAR201B0CHRY

Modul us 1% MD (Psi) 32,888 36,262 36,799 24,871 19, 823 26, 917 Secant

Mbdul us 2% MD (Psi) 28,642 31,753 31,666 26,823 24,992 24, 019 El nendor f

CD (g) 421 566

Tear

10

chosen to show the uniqueness of the Examples as compared to the Comparative
Examples. These data are shown in Table 5 and plotted in Figure 7. As shown in Figure
7, the inventive examples show a unique relationship with Y = LSCDF3 and also with
Mw/Mn. In particular, the inventive examples have a much higher Y than any of the
comparative samples and in general have a lower Mw/Mn. The Y is between about 0.4
and about 10. The unique structure as demonstrated by their high GPC-LS
characterization Y values of the inventive embodiments is clearly shown in Table 5,
where a large number of LDPE resins of similar MI range are compared. The
comparative examples in Table 5 cover a MI range from 0.17 to 0.87. The comparative
examples in Table 5 also covers a broad range of branching level with gpcBR values
ranging from about 0.86 to about 2.02. The comparative examples in Table 5 also cover a
broad range of molecular weights with the cc-Mw values ranging from about 75,000 to

about 140,000 g/mol.
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CD

MD (g) 260 283 334 364 352 349 Utimate
CD (% 14 14 14 15 14 14 Yield

CD (Psi) 3,464 3,679 3,736 2,917 3,543 3,197 Toughness -
CD (Psi) 1,847 2,054 2,177 1,847 1,849

(ft*l bf/iwdpolyQds31, 142 1,221 882 1,114 937 U ti nmat e Elpomgmbo1on4438€D (%)

583 603 626 554 633 576 Yield Strain -

507 478 471 335 El nendorf Tear
Strength -

Tensil e -
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1,732 Utimate Tensile - MD (Psi) 3,351 4,380 4,203 3,612 3,371 3,554
Toughness - MD (ft*I bf/in3) 780 1,147 1,043 952 825 833 U timte Elongation
- MD (% W6RotAIske6 448 399 379 Yield Strain-MD (% 11@Cc3a52@000i38411 73
Yield Strength - MD (Psi) 2,408 2,240 2,166 2,247 2,283 2,366 % MD Shri nk
at 150 C 79 72 72 77 72 79 % CD Shrink at 150 C 30

10

15

20

25

30

Table 5 also shows the zero-shear viscosities of the examples and comparative
examples. The zero-shear viscosity is plotted vs. the weight average molecular weight as
determined by conventional calibration as shown in Figure 8. The examples of this
invention have a higher zero-shear viscosity for a given weight average molecular weight
as determined by conventional calibration. This is advantageous in terms of improved
shrinkage properties for the example resins and in general improved melt strength
properties. As shown in Figure 8, the examples of this invention fall above a line given
by Equation (18):

Log (Mo, Pa-s, 190°C) = 12.333Log(ccGPCMw (g/mol)) — 56.367 (Egn. 18)

where the zero-shear viscosity is obtained via a creep test at 190°C via the method
described above, and the ccGPC Mw value is determined by the conventional GPC

method also as described above.

Films of LDPE

Films of Example 1 — Example 6 and Comparative Example 9 are made on a 6”
die with a LLLDPE type screw. No internal bubble cooling is used. General blown film
parameters used to produce the blown film are shown in Table 6. The temperatures show
the temperatures closest to the pellet hopper (Barrel 1) and in increasing order as the
polymer is being extruded through the die (melt temperature). The film properties are
shown in Table 7. The examples of the invention show very low haze, especially
Example 2 which is a lower melt index material in which case it is usually difficult to
obtain good haze properties. Additionally, the good optics properties of the films are
reflected in the high gloss and clarity values. The examples of the invention show a low
internal haze, making them suitable for inner layers of co-extruded structures to impart
good optical properties. The examples show good dart and puncture properties. The

secant modulus values are high in general as compared to the comparative example.
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16 24 16 19 18 Shrink Tension MD (Psi) 16.4 12.6 13.3 13.1 12.6 10.9 Shrink
Tension CD (Psi) 1.2 1.0 1.2 0.8 1.1 0.7 10 5 Filnms of LDPE in Bl ends
wi t h LLDREOBbhardsseef LDPE and LLDPE were nade and fil m was/usbawo4£380om t hese
bl ends. Table 8 shows the two LLDPE resins used in these blends, Table 9
shows the two LDPE resins used in these bl ends, and Table 10 shows the 4

bl ends nade fromthe resins of Table 8 and Table 9. 10 Tabl e 8:

Descr ptions of L d. ELI TE are Trademar ks of The
o e nﬁé%mpléaﬁﬁéﬁﬁow W&%@E%&P@ME ek it SEPBES iy SRES DBSEr i pt i on
C) (g/ cc) DOANEX XUS LLDPE 1 61528.58 0. 50
this LDPE is used in a collation shrink type film. The MD shrink tension values as well

as the CD shrink tension values are also very high for the examples of this invention,

again reflecting the usefulness of these examples in shrink films.

Table 6: Blown film fabrication conditions for Example 1 — Example 6 and Comparative

10 Example 9 samples with physical property results shown in Table 7.

Parameter Ex.1 | Ex.2 | Ex.3 | Ex.5 | Ex.6 CE9
Blow up ratio (BUR) 2.5 2.5 2.5 2.5 2.5 2.5

Output (Ib/hr) 188.4 | 187.9 | 188.4 | 189.8 189 187.9
Film Thickness (mil) 2.0 2.0 2.0 2.0 2.0 2.0
Die Gap (mil) 40 40 40 40 40 40
Air Temperature (°F) 52 45 46 49 51 49

Temperature Profile
§3)

Barrel 1 310 375 375 310 310 310
Barrel 2 330 425 425 330 330 330
Barrel 3 350 420 390 350 350 350
Barrel 4 380 420 420 380 380 380
Barrel 5 379 420 420 380 380 379
Screen 421 440 419 421 420 420
Adapter 420 440 440 420 420 420
Rotator 420 440 440 420 420 420
Lower Die 427 450 450 421 423 420
Upper Die 421 450 453 420 421 423

Melt Temperature 434 448 447 432 432 429
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0.9274 LLDPE 2 ELITE 5111G 0.85 0.9255 15 Table 9: Descriptions of LDPE
Exanple 1 and Conparative Exanple 2. LDPE 12 (190 C) Density (g/cc) Exanple
1 0.43 0.Wd2411@E560. 24 0. 9215 Table 10: Descriptions ofcChluspais/omsde i nt o
blown filns. Blend Description Blend 1 80% CE2 /20% LLDPE 1 Bl end 2 80%
Example 1 / 20% LLDPE 1 Blend 3 80% CE2 / 20% LLDPE 2 Bl end 4 80% Exanple 1
/| 20% LLDPE 2 20 25 WO 2011/019563PCT/ US2010/ 044389 5Filns of Blend 1 -
Blend 4 are made on a 6" die with a LLDPE type screw. No internal bubble
cooli*hg is used. Ceneral blown film paraneters used to produce the bl own

fil mﬂ[)ﬁﬁ%lghﬂprgﬁgb& &Hﬁl Q&hb?d}@?s&%h&ﬁf%ﬁs SO G blsgPer at ur es cl osest
“die I

tO t I'TL nmua 11T _1T TTe1 Cabl Ilg Ul UTI b LIIC IJLJI _yIICI i
bei ng extruded thr ough "t h (el tE% dmer Aude)| Fredfill iprbpert$EE afe
shownClamitiTéb) e 12. Bl end 2 arftf 10| Bl é¥9d 4| e&B8h clont 88 ni ng BX&nplle 197 as
conppGads U6 dBpreadn) and Bllend®3, respdctiyel g8 show g6od |optdcs (| ovBdhaze,
hi gh| gll@ssoaasee(@51ty). The jhaze|of 8hesp sapl gs I®7shgwn 1pg Fijgunep9 and
t he PP JE@EFe 01 0SS and cllarkyy are ,§Epvvn [ r55—4 gure 5I0. Figure 11 shgws
[ Epr Jﬁ(ﬁgé—,‘”hl?erhél (%"j’ Ledr ar u_ri,ls; Ledf pEStITET $’4—)HL | vci g)ll erds 133 CO1 npfbgu o]
P (%)If."i‘f, N s | mé.? ”“We'sé @fb" | 330“‘ ' e DN BT o
Par a@}ll;ﬁqxce/lntemal Haze 3.67 72.10° 2.3 1.82 1.81 1.46
Dart A (g) 112 124 109 103 109 115
Puncture (ft-1b/in’) 62 66 62 54 59 60
Secant Modulus 1% CD (Psi) | 34,949 39,415 40,834 24,686 20,516 28,732
Secant Modulus 2% CD (Psi) | 30,097 33,305 34,398 27,765 26,759 25,822
Secant Modulus 1% MD
(Psi) 32,888 36,262 36,799 24,871 19,823 26,917
Secant Modulus 2% MD
(Psi) 28,642 31,753 31,666 26,823 24,992 24,019
Elmendorf Tear CD (g) 421 566 507 478 471 335
Elmendorf Tear MD (g) 260 283 334 364 352 349
Ultimate Tensile - CD (Psi) 3,464 3,679 3,736 2,917 3,543 3,197
Toughness - CD (ft*Ibf/in’) 1,010 1,142 1,221 882 1,114 937
Ultimate Elongation - CD
(%) 583 603 626 554 633 576
Yield Strain - CD (%) 14 14 14 15 14 14
Yield Strength - CD (Psi) 1,847 2,054 2,177 1,847 1,849 1,732
Ultimate Tensile - MD (Psi) 3,351 4,380 4,203 3,612 3,371 3,554
Toughness - MD (ft*lbf/in3) 780 1,147 1,043 952 825 833
Ultimate Elongation - MD
(%) 366 442 406 448 399 379
Yield Strain - MD (%) 110 33 28 107 111 73
Yield Strength - MD (Psi) 2,408 2,240 2,166 2,247 2,283 2,366
% MD Shrink at 150 °C 79 72 72 77 72 79
% CD Shrink at 150 °C 30 16 24 16 19 18
Shrink Tension MD (Psi) 16.4 12.6 13.3 13.1 12.6 10.9
Shrink Tension CD (Psi) 1.2 1.0 1.2 0.8 1.1 0.7

10
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Blend 1 Blend 2 Blend 3 Blend 4 Blow up ratio (BUR) 2.5 2.5 2.5 2.5 Qut put
(I'b/hr) 150.8 150.4 150.5 150.0 Film Thickness (ml) 2.0 2.0 2.0 2.0 Die
Gap (m | )weQoii®194370 Air Tenperature (F) 45 45 46 46 Teoparsationes3By ofil e
(F) Barrel 1 375 375 375 375 Barrel 2

5  Films of LDPE in Blends with LLDPE

Blends of LDPE and LLLLDPE were made and film was blown from these blends. Table 8
shows the two LLDPE resins used in these blends, Table 9 shows the two LDPE resins
used in these blends, and Table 10 shows the 4 blends made from the resins of Table 8
and Table 9.

10
Table 8: Descriptions of LLDPE1 — LLDPE 2. DOWLEX and ELITE are Trademarks

of The Dow Chemical Company.

Target | Target
I, (190 | Density
LLDPE Description °C) (g/cc)
DOWLEX XUS
LLDPE 1 61528.58 0.50 | 09274
LILDPE 2 ELITE 5111G 0.85 | 0.9255

15  Table 9: Descriptions of LDPE Example 1 and Comparative Example 2.

I (190 | Density

LLDPE °C) (g/ce)
Example 1 0.43 | 09244
CE2 0.24 0.9215

Table 10: Descriptions of blends made into blown films.

Blend Description

Blend 1 80% CE2 /20% 1.1LDPE 1
80% Example 1/20%

Blend 2 LLDPE 1

Blend 3 80% CE2 /20% 1LLLDPE 2
80% Example 1/20%

Blend 4 LLDPE 2

20

25
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425 425 425 425 Barrel 3 420 420 420 420 Barrel 4 421 420 420 420 Barrel 5
421 420 440 420 Screen 439 440 441 440 Adapter 440 439 432 440 Rotator 443
451 450 M0 2bnvepseBi e 449 450 450 450 Upper Di e 448 450p¢pWs4&0/ ohske
Tenperature

5 Films of Blend 1 — Blend 4 are made on a 6” die with a LLDPE type screw. No
internal bubble cooling is used. General blown film parameters used to produce the
blown film are shown in Table 11. The temperatures show the temperatures closest to the
pellet hopper (Barrel 1) and in increasing order as the polymer is being extruded through
the die (melt temperature). The film properties are shown in Table 12. Blend 2 and

10 Blend 4, each containing Example 1, as compared to Blend 1 and Blend 3, respectively,
show good optics (low haze, high gloss and clarity). The haze of these samples is shown
in Figure 9 and the 45 degree gloss and clarity are shown in Figure 10. Figure 11 shows
improvements in MD tear and CD tear of the inventive blends as compared to the

comparative blends.

15
Table 11: Blown film fabrication conditions for Blend 1 — Blend 4 with physical
property results shown in Table 12.
Blend | Blend | Blend | Blend

Parameter 1 2 3 4

Blow up ratio (BUR) 2.5 2.5 2.5 2.5
Output (Ib/hr) 150.8 | 1504 | 150.5 | 150.0

Film Thickness (mil) 2.0 2.0 2.0 2.0

Die Gap (mil) 70 70 70 70

Air Temperature (°F) 45 45 46 46

Temperature Profile
@9)
Barrel 1 375 375 375 375
Barrel 2 425 425 425 425
Barrel 3 420 420 420 420
Barrel 4 421 420 420 420
Barrel 5 421 420 440 420
Screen 439 440 441 440
Adapter 440 439 432 440
Rotator 443 451 450 449
Lower Die 449 450 450 450
Upper Die 448 450 450 450
Melt Temperature 473 470 466 463
20
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473 470 466 463 20 WO 2011/ 019563PCT/ US2010/ 044389 5Tabl e 12: Physi cal

properties of filnms made with process conditions shown in Table 11.

Bl end

1 Bl end 2w8Bl2ench186Bl end 4 Clarity (% 86 94 91 97 G ossPeI/weqoaes3gdy 62 77
64 80 3 oss 60 degree (% 74 102 81 111 Haze (% 11.76 8.26 10.96 7.71 Haze

- Internal
Sur f ace/ | nt er nal

5

(% 1.48 3.75 1.79 2.76 Haze -
Haze

Surface (% 10.28 4.51 9.17 4.95

Table 12: Physical properties of films made with process conditions shown in Table 11.

Blend1 | Blend2 | Blend 3 | Blend 4
Clarity (%) 86 94 91 97
Gloss 45 degree (%) 62 77 64 80
Gloss 60 degree (%) 74 102 81 111
Haze (%) 11.76 8.26 10.96 7.71
Haze - Internal (%) 1.48 3.75 1.79 2.76
Haze - Surface (%) 10.28 451 9.17 4.95
Surface/Internal Haze 6.95 1.20 5.13 1.79
Dart A (g) 202 136 217 142
Puncture (ft-1b/in°) 51 50 84 79
Secant Modulus 1% CD (Psi)| 53,178 51,486 47,730 50,611
Secant Modulus 2% CD (Psi) | 42,794 42,043 38,922 40,473
Secant Modulus 1% MD (Psi)| 43,741 45,150 41,866 44,659
Secant Modulus 2% MD (Psi)| 37,470 37,819 34,879 36,785
Elmendorf Tear CD (g) 335 601 423 637
Elmendorf Tear MD (g) 149 201 159 266
Ultimate Tensile - CD (Psi) 3,588 3,810 4,402 3,949
Toughness - CD (ft*1bf/in’) 994 1,176 1,302 1,228
Ultimate Elongation - CD (%)| 597 663 691 680
Yield Strain - CD (%) 10 13 12 15
Yield Strength - CD (Psi) 1,754 1,832 1,712 1,825
Ultimate Tensile - MD (Psi) 4,099 4,098 4,355 4,191
Toughness - MD (ft*1bf/in’) 616 952 1,052 1,044
Ultimate Elongation - MD (%) 222 363 377 396
Yield Strain - MD (%) 109 114 116 111
Yield Strength - MD (Psi) 3,721 3,064 3,235 2,949
% MD Shrink at 150 °C 81.3 78.3 79.3 77.4
% CD Shrink at 150 °C 26.2 19.3 26.2 22.2
Shrink Tension MD (Psi) 36.3 234 27.8 20.2
Shrink Tension CD (Psi) 1.1 0.9 0.6 0.5
Density (g/cc) 0.9234 0.9256 0.9231 0.9249
I, (190 °C) 0.20 0.33 0.26 0.40
I;0 190 °C 3.35 4,72 442 5.64
1,0/, (190 °C) 16.46 14.37 17.25 14.09
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6.95 1.20 5.13 1.79 Dart A (g) 202 136 217 142 Puncture (ft-1b/in3) 51 50
84 79 Secant Modulus 1% CD (Psi) 53,178 51,486 47,730 50,611 Secant WMbdul us
2% CD ( Pswb 2421/0d986342, 043 38, 922 40,473 Secant Modul us PerNS2q1PoU43843, 741
45, 150 41, 866 44, 659 Secant Mdul us 2% MD (Psi) 37,470 37,819 34,879 36, 785
El mendorf Tear CD (g) 335 601 423 637 El nendorf Tear MD (g) 149 201 159 266
Utimte Tensile - CD (Psi)

5
All patents, test procedures, and other documents cited, including priority

documents, are fully incorporated by reference to the extent such disclosure is not
inconsistent with this invention and for all jurisdictions in which such incorporation is

permitted.
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3,588 3,810 4,402 3,949 Toughness - CD (ft*Ibf/in3) 994 1,176 1,302 1,228
Utimte Elongation - CD (% 597 663 691 680 Yield Strain-CD (% 10 13 12
15 Yi el d WBonrengiibses CD (Psi) 1,754 1,832 1,712 1,825 U rrmaiseoidenssd e - MD
(Psi) 4,099 4,098 4,355 4,191 Toughness - MD (ft*Ibf/in3) 616 952 1, 052
1,044 U timate Elongation - MD (% 222 363 377 396 Yield Strain-MD (% 109
114 116 111 Yield Strength - MD (Psi)

5  Whatis claimed is:

1. An ethylene-based polymer characterized as having a density from about 0.9 to
about 0.94 grams per cubic centimeter, a molecular weight distribution (My/M,) from
about 4 to about 10, a melt index (I,) from about 0.05 to about 2 grams per 10 minutes, a
gpcBR value greater than 0.05 as determined by a gpcBR Branching Index and a GPC-
10 LS characterization Y value greater than about 0.4, wherein the GPC-LS characterization

Y value is determined according to the following formula;
Y= Abs(A/B / (Abs(x)+0.05))

wherein A is the area between (a) a straight line between a first intercept point and a
second intercept point at the two logarithmic cc-GPC molecular weight values located on
15 the concentration-normalized LS chromatogram curve, and (b) the concentration-
normalized LS chromatogram curve between the two logarithmic cc-GPC molecular
weight values, and wherein B is the area under the concentration-normalized 1S
chromatogram curve between the two logarithmic cc-GPC molecular weight values; and

wherein x is determined according to the following formula:

LSresponse ;. » cy, — LSresponse ;. e,

20 e LSresponse( Point 2,CN)

logM W(Point 2,0cGPC) logM W(Point LecGPC)

wherein LSresponse p,;,, cv, 18 the concentration-normalized (CN) LS response

value for Intercept 2, corresponding to logarithmic cc-GPC molecular weight value of

6.0607, LSresponse ., cy, 18 the concentration-normalized (CN) LS response value for

Intercept 1, corresponding to the logarithmic cc-GPC molecular weight value of 5.3010,

25  and logMW .5 ccopc, 18 the logarithmic ce-GPC molecular weight for Intercept 2,

corresponding to the logarithmic cc-GPC molecular weight value 6.0607,

log MW 11 cccre, 18 the logarithmic ce-GPC molecular weight for Intercept 1

corresponding to the logarithmic cc-GPC molecular weight value of 5.3010; and wherein

Abs() is the mathematical absolute value function.
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3,721 3,064 3,235 2,949 % MD Shrink at 150 C 81.3 78.3 79.3 77.4 % CD
Shrink at 150 C 26.2 19.3 26.2 22.2 Shrink Tension MD (Psi) 36.3 23.4 27.8
20. 2 Shriwb 20emmdssa CD (Psi) 1.1 0.9 0.6 0.5 Density (gPCT)us@oi9ds4s9. 9256
0.9231 0.9249 12 (190 C) 0.20 0.33 0.26 0.40 1i0 190 C 3.35 4.72 4.42 5.64
110/ 12(190C) 16.46 14.37 17.25 14.09

5 2. The ethylene-based polymer of claim 1, where the ethylene-based polymer is a
homopolymer.
3. The ethylene-based polymer of claim 1, where the ethylene-based polymer is a
copolymer.
4. The ethylene-based polymer of claim 1, where the Y value is greater than about
10 05.
5. The ethylene-based polymer of claim 1, where the melt index is less than 0.8

grams/10 minutes.

6. The ethylene-based polymer of claim 1, where the melt index is less than 0.5

grams/10 minutes.

15 7. The ethylene-based polymer of claim 1 where the molecular weight distribution

(My/M,) of the ethylene-based polymer composition is from about 4 to about 6.

8. A composition comprising the ethylene-based polymer of claim 1 and at least one

other natural or synthetic polymer.

9. The composition of claim 9 wherein the synthetic polymer is selected {from the
20 group consisting of linear low density polyethylene (LLLLDPE), high density polyethylene
(HDPE), and low density polyethylene (LDPE).

10. The composition of claim 9 wherein the synthetic polymer comprises LLLDPE.

11. The composition of claim 11 wherein the LLLDPE comprises less than 50 percent

by weight of the composition.
25 12. At least one film layer comprising the composition of claim 10.

13. The polymer of claim 1, wherein the polymer has a cc GPC Mw in g/mol and a
zero shear viscosity (1,)(Pa*s) relationship log (n.(Pa*s at 190 °C)) > 12.333*log(ccGPC
Mw in g/mol) - 56.367.
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Al'l patents, test procedures, and other docunents cited, including priority
docunents, are fully incorporated by reference to the extent such

di scl osurwoisimabsesnconsi stent with this invention and Pomr/tsbéi0/044389
jurisdictions in which such incorporation is permtted. WO

2011/ 019563PCT/ US2010/ 044389 5What is clained is: 1. An ethyl ene-based

pol ymer characterized as having a density from about 0.9 to about 0.94
grans_ per cubjc centine mol ecul ar |st tion (MMM1) from
about® 4 10 ab?imp%@melaotféiﬂfn f%d@s@re(laﬁae sl w%%eb& gssgf @551 { 8"t 2 grams per
10 m nut g$hut&. 9PCBR val ue greater than 0.05 as determ ned by a gpcBR
Branchi ng I ndex and a GPC- 10 LS characterization Y val ue greater than
about 0.4, wherein the GPC-LS characterization Y value is determ ned

accor di ni-t o Thepdlpneovi dgnt bt miblcecin the 1pp 6cAP8 M inggir)+02@8IcY thaherein A
is the a&gg between (a) a straight line between a first intercept point and
a second intercept point at the two logarithmc cc-GPC nol ecul ar wei ght

val ues | ocated on 15the concentration-nornmalized LS chronat ogram curve, and
(b) the t@ncemhd pélyor on4ifRl ,ivaeteih hecvl piitlog hanelcirengthe Ve en it te t wo

| ogarithm c cc-GPC nol ecul ar wei ght val ues, and wherein B is the area under
t he tbncelngreaes B H6Nmal i zed LS chronatogranlcurve bet ween the two

| ogarithm c cc- GPC nol ecul ar wei ght val ues; and wherein x is determ ned
accor di ngy t o Ah%athJnls@ﬂ\ﬁlquefrg{)ﬁghﬁn the MRRERL %sé@%&?&@f‘éﬁ&?ﬁ}ﬂt 2,CN) is the
concentration-normalized LS response val ue I ntercept 2,
corresponding to Iogarlthnlc cc- GPC nol ecul ar wei ght val ue of 6. 0607,

LSr espons®( PoThatiln Jagh)) adcerdingetogdmmelit, mdiciconthndimdhyer dds ¢ @dphing r esponse
val ue for. erc 1, corresponding to the logarithmc cc-GPC
nn|ecu|a?“%EPaﬁVEb£FH@P§?“8P§H? fﬁgggﬁémgog MA(Po int 2,ccGPC) is the

| ogarithm c cc-GPC nol ecul ar weight for Intercept 2, corresponding to the

| ogarithm c cc-GPC nol ecul ar wei ght value 6.0607, |og ML41(pO lilt 1,ccGPC)
is the logarithm c cc-GPC nol ecul ar weight for Intercept 1 corresponding to
the logarithm c cc-GPC nol ecul ar wei ght val ue of 5.3010; and wherein Abs()
is the mat hemati cal absolute value function. WO

2011/ 019563PCT/ US2010/ 044389 5 2. The et hyl ene- based pol ynmer of claim1,
where the ethyl ene-based polyner is a honopolyner. 3. The ethyl ene-based
pol ymer of claim1, where the ethyl ene-based polyner is a copolyner. 4.
The et hyl ene-based polyner of claiml1, where the Y value is greater than
about 100.5. 5. The ethyl ene-based polynmer of claim1l, where the nelt
index is less than 0.8 grans/ 10 m nutes. 6. The ethyl ene-based pol ynmer of
claim1l1, where the nelt index is less than 0.5 grans/ 10 m nutes. 157. The

et hyl ene- based pol yner of claim 1l where the nol ecul ar wei ght distribution
(MM Mn) of the ethyl ene-based polyner conposition is fromabout 4 to about
6. 8. A conposition conprising the ethyl ene-based polyner of claim1l and
at | east one other natural or synthetic polyner. 9. The conposition of
claim9 wherein the synthetic polyner is selected fromthe 20 group
consisting of linear |ow density polyethylene (LLDPE), high density

pol yet hyl ene (HDPE), and | ow density pol yethylene (LDPE). 10. The
conposition of claim9 wherein the synthetic polymer conprises LLDPE. 11.
The conposition of claim 1l wherein the LLDPE conprises | ess than 50
percent by weight of the conposition. 2512. At | east one filmlayer
conprising the conposition of claim10. 13. The polymer of claim1, wherein
the polyner has a cc GPC Mvin g/nmol and a zero shear viscosity (r10)(Pes)
relationship log (rO(Pes at 190 C)) > 12.333*l0og(ccGPC Mv in g/ nol) -

56. 367. 514. The polymer of claim 14, wherein the nelt index is |less than
0.7 granms/ 10 m nutes. 15. The polynmer of claim14, wherein the |log (ccGPC
Mvin g/mol) is greater than 4.88. 16. The polynmer of claim1l, wherein the
polymer has a nelt strength at 190 Cin cN 10of greater than 9 cN. 17. At

| east one filmlayer conprising the ethyl ene-based polyner of claiml1l. 18.
The filmlayer according to claim 18, wherein the filmlayer has a machine
direction (MD) shrink tension greater than 12 psi.
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