NOVEL LDPE ENABLI NG H GH OQUTPUT AND GOOD OPTI CS WHEN BLENDED W TH OTHER
POLYMERS REFERENCE TO RELATED APPLI CATI ONS 5[ 0001] Thi s application cl ai ns
t he benefw0 20fo/1d4B4 Nati onal Application No. 12/482,517pcfriuseaiodsszes 11,
2009 and fully incorporated herein by reference. BACKGROUND OF THE

| NVENTI ON [ 0002] There are many types of polyethyl ene made and sol d t oday.
One type 10in particular is nade by various suppliers and sold in |arge
guantities. This polyethylene is called high pressure free radi cal

pol yet hyl enqoRy#/DPE ENABIGINGETRGRUUTPUFSARD GO0 © MEICOWH ENDU ar
reactor or an autoclave reactor or sonetimes a conbi nation. Sonetines

pol ymer users bl end LDPBLUNDEDt WaTHyQIYHER POILEMERS | i near | ow density
pol yet hyl ene (LLDPE) to try to nodify properties such as 15flowability or

pr ocessab i ed new LDPE pol ymers whi ch,
especi al | ;BLE\AF?#]\%%@#LK?E llg_wgcg@@ve i nproved processability

es peCI al |y i[000m|r nsTafs applicfa@laﬁeﬁurﬁslt}i@lﬂenéﬁlﬁ)ft[DSJNﬂ[cﬁlasﬁﬁpllinaﬁbh dlostabi lity,
ile maintainin performance attributes. 20 SUMMARY OF THE | NVENTI ON
[0004] An é@ﬁ%éhﬂ%%bﬂlep}éi 3ARSrand il wcernosaer baeindvirgi§reatiensi ty from
about 0.9 to about 0.94 grans per cubic centineter, a nolecul ar wei ght
distribution (MvV VMn) from about 8 to about 30, a rrelt i ndex (12) from about
0.1 to abBWCIGROUNDB QFETHEAONVIENIEIESN a gpcBR val ue greater than 0.05 as
determ ned by a gpcBR Branching 25 Index and a | og LSCDF val ue (Y) |ess

t han about ferably | ess than ut 1 t preferably |ess
than apout 1990810 R By e Sl SRMpHeahit s i, "B §bE

homoped y MR pRficiBaGORALY BB Karidilseh %14,@\//3@& ¥nd gdlwnﬂh@élq?aﬁnﬁ@sqﬂispol yner can have
a nol ecul ar wei ght distribution fromabout 8 to about 12. At | east

one film palyethyboquaﬂﬁduglghlpéesemhyfteerli@il@é@elypﬁiy%mr(u@aﬂy bdladdd2PE)pr ef er abl y
wher ei n the f| | m has ne directi ensi on greater
than 15 pert bl T TR el bl M R R e Behf®E8 Yrver anc
at | east esebiahti®l. Sthdtindds Iﬁ[yrﬁétm&&@ﬂ)l&dmmthwfbrEelyff&ﬁﬁ‘sucﬁag , by

di screte EOl ymer bl ends. 5The Sﬁnt hetic polymer can be selected fromthe
group condnat ilow degsityiprivathylcas (HERSED {0 Brts/@edify Bigertics DEB)s hi gh density
pol yet hyl ) ow density polyethylene (LDPE). Preferably the
synt hie{Ii cﬁgﬁﬁélﬁgﬂﬁ roge??dgggyLLDPE, especially at |east 50 percent or
greater, by weight of the conposition. At |east one filmlayer conprising

t he conposi t[DO@ﬂs] caWealhae nbw dimadecrePmew drRRE poltyhmersewhigh.enpeqidlyywien has a 10
GPC Mv an Vi scosi.t 10) (Pes). . relatia plo

Cro( Pesy ) Bttt Bt Sy e bt e rpe SR HBEISRr 190 ¢ in on
of great e[nclfe!’zl@é!iéh& wt deblio [RAMJ BubB ROy eWhRdiaBRliningRtfeave nmade an _
et hyl ene- based pol yrrer with a surface hazé, S, an internal haze, |, both in
units of psfamanematiiotds. det er mi ned 15 using a Surface and Internal Haze
nmet hod, and a nelt index (12) in grans per 10 m nutes, where the nunerical
value tothefollovmng relatlonshlp S >
(-2*I SQMMAﬁ?’rﬁHAﬁgﬁW@ haze is less than 9.5% preferably
wherein the nmelt index is greater 20t han 0.5 and less than 2. [0007]In yet
anot her enbd@oont , Anetihaste-bmeepalpmet harengizoaachaying y dersitgfianact eri zed as
having a density fromabout 0.9 to about 0.94 grans per cubic centineter, a
mol ecul ar 28t §irttoapeetd Breren Pew%ﬁenr%ﬁﬁra%e%e%laf zyelagbbﬁltst tiony g t

| ndex (12¥5Mff1\@ﬁ‘fﬁﬁ9%ou9 3 5901@*39% 59119{&*(132 ﬁlajoguﬂ(? 23& %alt%%{%%R val ue

greater t'han 0. 05 as detern ned y a gpc R Branc a GPC- LS
char act er paatQ mmutésyagpnBR edge girarr o052 s datesmifed by ahggreB8R Banang nt er nal

haze, , th in %, ha and, bo term urface and
Inter‘lzéll Eﬂé’% aﬂ‘é? iﬁ\ﬂﬁgﬂéahf% E%]fl?nc Ouflglaﬁg?r%ﬂaggsliassqg%a Ycorrespond
to the follsomd@iodt rﬁ%faﬁgﬂ@éspchan aHdut .2( h& o) bebn8naddOThe ethylene

2010/ 144784PCT/ US2010/ 038285 in which the total haze is | ess than 9.5%

BRI EF DES@FIWPfﬁrml@?ahTHEOWWM@S qopol8ieFi Braferallyi téleathd’iea%gﬁ@mdof a process

descri bi ng the el ements d tub
5t 00007 i g s Eir R e felisEnp el N HERE] fpcb Sl o R 2 ¢y e
positive af@astS@GTRAlayer co{x@ﬁ@ih@]thd%tgylé@c Base potyhger b@iﬂhé-ﬁ@% peéferabtyur al

descriptor with an A2-type negative area segnent; [ 00011] Figure
4 is Log LSCDF structural descriptor with both Al and A2 10type area
segnent s; [00012] Figure 5 is a schematic of the process used to nake
Exanples 1 - 3 and Conparative Exanples 1 -2; [00013] Figure 6 is a

schematic of the tenperatures and zones used to nmake Exanple 1; 15[ 00014]
Figure 7 is the nol ecul ar weight distribution vs. the Log_ LSCDF for



the exanples of this invention and conparative exanpl es; [ 00015] Figure
8 is the maximumrate and haze for exanples and conparative exanples with
LLDPEL1 f rwon2osii4¢7840; [ 00016] Figure 9 is the naecmuseoiatwss2and gl oss
for exanples and conparative 20 exanples with LLDPE1 from Tabl e 10;

[00017] Figure 10 _is the maxi mumrate an ze for exanpl es and conparative
exanpl es Wit BT ke by RSPy WQHW@@M te[“é@@ﬁé?at?fitg%ﬁ 11 is the
maxi mum r gf{ije and gl oss for exanples and conparative exanples with LLDPEL
and LLDPE2 from Tabl e 10; 25[00019] Figure 12 is the surface/internal haze
vs. the nelt index for Exanple 1, Conparative Exanple 1 and ot her

conpar at i ve [8Q0f1p| eSomipoditipheconiprisDETh¢ EHplepESCRAPPLYONT@Rd THRAStIVENT| ON

[ 00020] A LDPE (Il ow depsi.t al yet hyl en resin,.that uld,al lLow film
conver er SPbmaP L SRRl BaRBlsY BT BRE<"CAM ARs g BRPes when

bl endesl aThés§rehd3R%o(yieirgah bbase@ed Mbinthé gtoupiRBndistingeAnink@avioderRasity

pol yethylene) resin with 5general retention of nmechanical properties would

be usef ul polyethylspe JahDEE). hightdsasifi pHyghdsaEORIDPEG gy densitéchnol ogy, a

his reei ROVEREREE (AP RGP LESh BryRligh: UL EDPLERE, By 02
to 7% i ncalasse 50 peichet dargxdaminbyowtight ofitht eompositxeer Aldasasne filpéiyed to a

conparative LDPE resin that could he achieved Othis line. [ 00022]
The nelt FOARYSIBY thﬁwenmefsﬂ%%magwm?% ed’rﬁfswa?zﬂb e divfons RPRBSEIA0 1 ¢ o

about {50 gﬁﬂ§ﬁf@ te J. r : about 5 g/ 10 m nutes.
The dgisity 0 tﬂght%gﬁggg §?§%h¥(ﬁﬁggﬁéggg%ﬁg$g$§%about 0.9 to about 0.94
g/ cnB, pr aj.epabh))y3 beomielorC Mwdld.478 aabouh ntb1ORénatharB9o0 Khen dNDBE et hyl eni ¢
based 15 polymer can have a nelt strength of from about 11 to about 40 cN.
The LDPE &rtealer 8ind Ipa@¥d pol yners can have a MAD (Mv M) of from about 8 to
about 30, a gcpBR of about 1.4 to about 10, and a MD shrink tension from
about 15 to N. J i 8- r may be
a honnpolynéﬁa%ﬁ etH§?%ﬁ%9%ﬁﬁgaﬁﬁﬁﬁgﬁagﬁﬁéﬁ%¥ﬁg%&ﬁ%ﬁﬁg?gﬁﬁ OY@%%%Rﬁay be an
et hyl ene- baségte2@z4, 1%t en podiyadraze dnipoth $edniof of € hyteemd tarddatrnlisast one

conon r. .Compnoners useful for incorporation jnto an et hyl ene-based

i nter ﬁgfyﬁﬁpg 2 upt amtigte&ﬁl H?P’éﬁ@fla-‘@i PRI f‘éﬁb’cﬂ gyap bl ude, but are
not |'”]tﬁgmhgxv@kﬂﬂﬁéﬁﬂﬁﬁﬁ&§QQM5§$QQQ1mﬁf@@@ﬁ@@on&&ﬂﬁ@ﬂﬂﬁﬁﬁn 1-hexene, and
m xtures thereof. Ethylene is frequently copolynerized wth a% | east one
C3- C20 a- ollgfanshipsuch as propene, 1-butene, 1-hexene and 1-octene.

25[ 00024] The | ow density ethyl ene-based pol yner can exhibit a nuneri cal

rel ationship between internal hasﬁ, %5&%5%% haze, and 12 nelt index of the
polynmer that is different than o & ensity ethyl ene-based pol yners.
The 12 nelt index is determ ned using the Melt Index nethod, described
infra in ihehiteshe dvell hogdss &8¢ tHad9.5% Neeferibey Whtreimahe nehtdnddids gteatedce haze
are determned using the Surface and Internal 30 Haze net hod, descri bed

i nfra2fn thae Oread Iketthytd section. [00025] A | ow density ethyl ene-based
polymer is disclosed that exhibits a relationship between the
Conceﬂtrat'QOO@QV”Hhi%§Qn&h&h%n§£@£&ﬂ[WBQa&éﬁﬁdéﬁ§&ﬁﬂ%&>¥ﬁk&?o@ﬂ$rthe

| ogarithm val ue of conventionally calibrated nol ecular weight, "My, GPC

t hat is dilifrartemedakaavinfadenditydtdme abdu . Derabputy0.24 prainsper besed pol yners.

The 5 difference is capfured.in. a..rel at]j ip call the | LS . The
e b SeDFe i ep onglangeian defi:fia B ok e 40 ABow ol-T HELL: 1 pog
infrain Iﬂ@l@)égg;ﬁﬂroﬁﬁbbﬁk@l 820uPH0 orhhf Rt My heRtePaspeBRAM LRSIy POl yner
has a | og_LS of | ess than about 2. [00026] Methods are well known in the

art 8T uBiand @ asuistaramed byt sncBRBasehing bidew aeRST by charspprizadonYsed

pol ymers. The, process i.s, a. tubul.ar_ pol rization reactio € a process
Prura par VO 15 BBRRRoU 2R shetRtuBhe Reny RE ARt B, RRF LA JEbRat
creating andbghldytemximbdasing @ Suefacd araNintekg Haga aicttvd, @edltte ptd&icahi gh
operating pressure (1000 bar to 4000 bar) in turbulent process fluid flow
(hence | oVldeniY . addy rrspokiodhe lipnangrelgtioashiet erred to as "high
pressure” polyners) at 15maxi numtenperatures in the reactor of 160 Cto
360 C, while the initial initiatisn, tempgrajure for the reaction is between
120 Cto 200 C. At certain points afong The tube, a portion of the heat
produced during the free-radical polynerization may be renoved through the
tube wall. Typical single-pass conversion values for a tubul ar reactor
range from about 20-40 percent. Tubul ar reactor systens al so include at

| east 20 one nononer recycle | oop to enprove conversion efficiency.

[ 00027] For the purposes of describing the process, a non-limting tubul ar
pol yneri zation reaction systemis shown in Figure 1. A tube reactor system
100 has a tube 2 with a length typically fromabout 250 to about 2000

e N e Y Y b1 o - N 1



15streans called the high pressure systemrecycle conduit 26. The

hyper conpressor 5 raises the pressure of the process fluid to an operating
pressure WO 2000@4189 4000 bar. [ 00030] The hyper conpr es3as2&oo8s28Hhe

di scl osure may be a reciprocating plunger conpressor due to the high
conpression ratio be en the pri y conpressor outlet and the reactor as
wel | as tHEW%WEHK?Qﬁigg?16%@?3@?ﬁgﬁéressure of the 20 process fluid. The
hyper conpressors can be a singl e-stage conpressor for |ower reactor

oper at i NgBRIES HHTRIPTIONIOF TEEAORAGPINTIESSors with interstage cooling

bet ween sone or all of the stages for higher reactor operating pressures.

[ 00031] The process fluid being discharged by the hyperconpressor 5 does
not flow in [EOQ}‘HDot Higusohtsi aisgremrafirwecdsudescebingthe gemerts of ¢ t h each
stroke of ,t I r..JThis occurs because the plunger within each

st age int%ﬁg§“§ﬁ§8%33§%§$€ggn?g@ conpressi ble process fluid in a step-1ike
manner. The resulting discharge flow pul ses can result in pressure

vari atj ons dfoagqd % bigunn? & thanLbid SYHRF atrudigrapdesspioewith aa\cll-iypg di schar ge
flow creating system pressure surges may have |long-term negative effects on
t he nechaRPYAYe 't &¥§My of process units such as 30t he hyperconpressor,
the discharge line(s), and the reactor. In turn, reduction in nechanica
integrity ofjppérge Figfﬁ%’ﬂsQH@LGé_rLﬁIBF%&u&ﬁ{ﬁI@éskriﬁt@%v?th'aﬁﬂ\ﬁ@ pility and
reliability in téerns of online oOperations while the process stability can
be i nfl uenegativbgreplsegri¢ndy and pressure pul sations. Furthernore, it is
possi bl e due to discharge |line geonetry that individual discharge strokes
of separate ers. from the ) ch r | ti-stage
conpr essor dﬁb%ﬂgevgggﬁ”gﬁgéﬁéiggfg§$ﬂ¥é§aﬁ%%xgéﬁﬁyg%&%géﬁﬁ%@ﬁgy (i.e., be
parti &0 | ytype atedtsagmyntsi n phase” with one another) 5resulting in an
anplification in strength of the discharge pul sati ons upon conbination in a
comon proceﬁgoééuid,streanl It is good operational practice, therefore, to
use static d t i iU Ranichainatfevt e Broseistsed tonpls ednRigil pdl sati on
danpenersaﬁ@ngﬁmggapEgﬁﬁggsngpharge line(s) to mnimze not only pressure
surges but also mnimze the effect of pressure pulse anplification in
common di scharge lines on the process 10 and the reactor system equi pnent.

[ 00032] Aft P0G s s birgureab isonschymatheottthe emepsmsnies st z@ies tbrsl tpmaskess fluid is
fed into the tube 2 through conduit 12 as an upstream process feed stream
In sonme d §@P3§ d processes, the process fluid is split and fed to tube 2
at different feed | ocations. In such processes, part of the process fluid
is fegsto tybeort hFugh7 danétiolecll Feamht aRriusibh @&MhPLOLESTIEad Stream to
the first reaction zone and the other parts (depending on the nunber of
splits mate sxamples opharidyentignangd comparagvoexaglet o t ube 2 as downstream
process feed streans to the other reaction zones through various conduits
L4. The of NqpodfACt k2 ONefe afirfi Metind ROALGIE3RNURE cbitBErafygownst r eam
of the first reactiom zone. As previously stated, there may be nore than
200ne ot hexam@ecwith hLPPhd. from Tapled033] | n processes where there are nore

t han one reaction zone, one or nore free-radical initiator or catalyst

conduits 7 ipitiator,or catalyst to tube 2 near or, at the. beginning
of each readB DU, oRieuré & bR magiran B i ebRas Ps B s RS YRRET Fependi ng
upon Q@e.Qﬁﬁﬁﬂ@ﬂwﬁﬁMI[gmﬁfﬁﬁﬁQQb@qbyner adduct, at process pperating
25conditions, start the reaction of nononer/conmononmer materials. In

di scl osed processes, the nain product of such a reaction is an

et hyl ene- bad800%7d| y Figure HyjisHleeamaxinging rase ad kze et exingpptes Ry copyaded t o each
reaction i C ISib nonmer (and conononer, if
incIuded)égﬁﬁ%ﬁgw%Egégggnfﬁgﬁglzggg?gé{%%gigfdiscussed. In a disclosed

process, different initiators or catalysts may be added to the process
30f I uid i n d060E] enFigueatt isohe moxiesint mteasliglesstfoeepegked @dper at ure i s

achi eved close to the inspect] oi to achj eve various target peak
tenperatuF@nga“W3T@@E%ﬁfﬁghttﬁggga@$iﬁﬁggzﬁgﬁ?§a¢kﬂﬁitiator to be used in
the processes is not critical. Exanples of free radical initiators include
oxygeps baseqooaud)i abRuse BUBRhASIrRtEAERaRRLZO%s dBSmeR@idex ot oiniad 1,
initiators are t-butyl peroxy pivalate, di-t-butyl peroxide, t-butyl peroxy
acet at e, &nahparapye Erappledxand other spmphigti xaersanmes efnkitbhd 3 ur es 5t her eof .

These organic peroxy initiators are used in conventional anounts of between
0.0001 and 0.01 wei ght percent based upon the weight of high pressure feed.
[ 00035] Suitable catalysts for use to3polynerize other polyners which may
be bl ended with the new LDPE di scl osed herein include any conpound or

conbi nati on of conpounds that is adapted for preparing polynmers of the
desired conposition or 10 type. Both heterogeneous and honogeneous

T T e - o I Y L



20inl et and the outlet tenperatures for a given mass flowrate is
reflective of the heat renobved fromthe process given the heat capacity of
t he heat wermwal44t8edi um and the ability of the tube 2 t@®crnseebessieat to
t he heat renoval nedium [ 00038] In sone processes, chain transfer

agents ar S I sly as possible with the
process fﬁ@&%‘qggpolsggéﬁi%ﬁ{}gﬁ]?w%ﬁ@gﬁ 2. 25 Depending on the

physi cal | ayout of the tube reactor system 100 and chem cal characteristics
of the procqgeodo /lls“ d @opE (e @ﬁyp(?ﬁ&ﬁﬁl@h@ﬁgélﬂ%a@%upﬁlmﬂ%’{ed by

injecting the CTAs at the inlet of ooster conpressor 21 for the | ow
pressure sgmteetms rtewt:daee thereaitiut rdes omtheindlawrl fekm bhestveengrl¢ndgd yt & bnpr essor

yper conphLEeS @l oS TPFLEBFRRRGR oY e bR B ofbaiab ¥ 1 1 rivst

peroxisle péjeedtrétomionrsrmédhanipilgeesstichonnd baukdfgure 1, the CTAs are
injected into reaction system 100 vi a CTA source 23 at the inlet of the

primary conpressor 4. E%OOSQ] Al t hough not shown in tube reactor system
100 to greatl084Ld; | Uswgrthfg B presswg L&HH Rvéul%@ahtﬂjoer aeqsA ist4svelRBed ube
reactor 2.if pRORShIlke ?‘ulatl Wei gﬂ%stﬁﬁ%&?WD)t Rend t%gs‘%%anflé MefkiedSit 594 t 1nto
an upstream process ed stream and east one wnst ream process feed

st r eam af téth adrid3RE résiraén o hloown filllvelilwy perto Offpmesasy inghe tnaxﬁmun butpas es, the

CTAs may be fed intp the tubge sel ectiv ect to condurts
T2 or 14 st PR GrR G e LG Bibo

speci f{d C gaSBse. the CTAs may be injected from CTA source 23 onIy |nto t he
upstream process feed streamvia conduit 12. In processes where the

hyper conpressor 5 contains nultiple stages or trains, the process fluid may
be split i ntlB0@d2]updhe awthin®xmideesbPEetylenigbased pelargrter orieord abpigt: eam
process f anhat. the | of th uch cases,

t he i zﬂ)oﬁe (Z /IYIQC mutef >P r&er&i’ ffro &$ ﬂ%g@,ﬂgg@ 5n lél“‘ter%erTﬁ% he upstream

pr ocess f aattltpbfate LDBEEth@RﬁlOdQMthdl?@BiI ivr abas 9. 9‘@%0@@6 @t g/cpressuri zation
by the hyperconpressor as previously stated, into conduits 12 or 14

or,
after preBsfrablxiioghabopsD1B e abai PRy fom’t AdediRid ebuldnishgesss regar di ng
the 15:in r t I nj ection of
CTAs gsnl yb&&%fg??%ngﬁafv?}?tﬁeﬂ értac fﬁgﬁx grgllﬁ{ea?)ggﬁ ytgi%ﬁ%t Lg)ocrr?\g g?lg a\quﬂof t he at
I east onecthileaic traerabpolpme]z@aehavdal\m@c(l\be/ﬂ\mﬁ)tcﬂ ftdl’tealbcmjt 8¢<b aloout 80, di f f er ent
th drfferent h |ntransf nst

inclu
char acterg‘ﬁq%lggfa oyt h tPﬁP%‘Etlgdalfdr “s‘dﬁ‘tséoél ﬁécgirt zones to

optim ze reaction system performance and et hyl ene- based poI ymer adduct
20pr oper t i €900023][ 0G4 R behsfP BB yRMOBASIGDlyhanSThe §RSNLEFoIZReGY be
conpri sed of several i ndividual chal n transfer agent sources. Although not
shown in Fhylene The tomeddmidy vthglleap-betrdineltmemsdyebe angehylesnbaseds may be

drstr ute di vi dual nmon_stream t hat |s nj ect ed
ot o el e E9Bp ek pARERE PR R0 oRe FERRRINT. CEA RGP BlP e

react Or Sy&tiRdBriditiorainkd & éth@efd- baete&yﬂta@etyla@s e peaAlyneY eth@emgg-ofefiam t he
reaction, unreacted nononer (and conononer), and unused feeds, such as

sol vents HWAPETMST inshudgeljit ammnat dimiteddo sy preassobeiylepe oldbetese. Ipasses from

t he tube t S arating
and recyc ‘?*{ﬁ%‘%péﬁt@" II‘% %‘ﬂlem?& ‘gegﬁ{gge% Ea@’ﬁé‘t QJ fr&@%“{ggg@@zm ﬂI% gI{s) a 30

hi gh- pr esstiesst sepas-aLod-o(diiS§uch&s pwdriead 1r Qﬂena/eshetcm gaclddoménepol yner and
process fluid mxture fromthe outlet of the tube 2. The HPS 18 separates

out t of n fromth t hyl ene- sed ol r adduct. The tails
SRR Y A PR TR A e e el R e act od
mononer / C%TBM@I%P bear%eﬁtmeﬁlawwe%ﬁfae@ﬁlaet Rt meﬂhhd&eofdhéﬁa Medaw th the

pol ymer adduct, to the pressure separator (LPS) . i gher pressure
i ghts st rsehffmpatstbetsotthhr l@ugﬂfnslhyeetllwlghe paeﬁmtm@ysﬂeerﬂzm@ymﬂec sonduit 26,

whi ch rraylnclud refinin [ t.he treamand
oo 1 aaptOEeCudad e eIl e Peie dedc B Piradt Bie B MethedtSotihor
conpr essoThdirt@nhlRzONREMS QUIFIRIREE aR-defcd@BrtdlusiefltRs Sifetad Fitamae 1, the
LPS 20 se ar at es ao%‘ér emai ni ng nononer/ conononer and unused feeds fromthe

pol yn#} ZR:ltne@?d rrqungfratn@ngﬁttMathﬁésiﬂqe@mc over pressure or vacuum
conditi ons The LPS 20 operates in a 10 pressure range fromabout 4 to
about 1.2 bar absolute to draw out entrai ned gases. The resulting

et hyl ene- based pol yner adduct, still nolten from processing, passes by the
tails of the LPS 20 to finishing steps, such as extrusion, quenching, and
pelletization. The lights fromLPS 20 pass through the | ow pressure system
recycle conduit 8 where its pressure is boosted from around atnospheric
pressure to at Ieast 15t he requr red pressure for ~proper operatr on of

S o o, S o o



The term "conparabl e" neans simlar or |ike. The term "conposition”
includes a mxture of materials which conprise the conposition as well as
react i on woaduct4g7sand deconposi ti on products forned fromCirruseriaoss2sh and
reacti on between the materials of the conposition. 25The term

"et hyl ene-b olymer" refers to pol ymer that contains mpre than 50
mol e per cenﬁﬁﬁ@@mf%ﬁ;%deaflﬁwtﬁﬂs{l%@%ﬁsﬁ@P@E%é%ﬁ'sca?ﬁfﬂﬁléatﬂs@ * @mount  of
pol yner i zahlRntRpPeRieh 7th@<f'!ﬂcerﬁi%ibﬁ%hhé[lizeﬁ?i%ﬂi&@&éﬁﬂg @K) k&psiseone

conononer. A honopol yner of ethylene is an e | ene- based pol yner.
The t er m Vaubyhdethe/legagithet ivalue of evrpehiosdly cnlebrered niaeanariwightpdlwyarer t hat

contai ns e an 5 | e cent pol. ri.zed et hyl ene oner (based on
Che tot ol Tahbuhtegec Rl Pher  Shee Ry e R dPo Bt e a- of of i n.
The tesm giTRp@Re iydMiured H AreRGLMEEP cAlRatthCRBt BSODFONY 165 $isagdreist ype of 5
nononer . ~The term"interpolymer" refers to-golyrrer,s prepared by the
pol yrer i zé¢teismined by the| (@RSt Gknrefiterization methpdedeseribadoriGran §ie Tase t erm

i nterpol yper, in S I ¢ ual | y.. emml t f yners
pr epar ed Mﬁe 6hrﬂdts\(/§v‘il:)cle%i%f gglrggﬁ}yye%r%srfeﬁévadaeﬁétyp@ yﬁéf@asgﬁg%%sg@ ]% ggf%%rmre t han
two diffetantabdb@es of nonomers, 10such as terpol yners. The term
"LDPE" may al so be referred to as "high pressure ethylene polyner" or

"hi ghly branched polyethyl ene” and is defined to nean that the. polyner is
partly or o 00 yFmFl B fn a%gwa}v@goarwgwme&fwf KofBr s at

Pr essyj es| RP@uRi} 3¢ %e@agegrippeﬂ}rﬁe&.h%ygﬁ)c&fs if aaﬁmia%b@@{edzaﬁéﬂ ators, such
as peroxides (see, for exanple, U S. 15Patent No. 4,599, 392 (MKi nney, et
al.)). reactidtheh¢re mrproqeed ftmdrpartiagty eosprisedaofotimpenend fiee-ephcaly by

pol yneri zi MNOJTEr S ether of the same or ,a different t .of nononer.
e’ ter m BOPTREr LGN edUmERS < RN FORES TR UitP P bl Sher - The
term " st apg@hghisreisald Q000 bsr 8 400@BA) iV tuyhlilGh prRASUNLEE floReheideasd or

20di spersion of the distribution froma nean value. See Perry, Robert H,
ed., Perr gensitgitiangtbagadgpaiaeers alspapigiod ko asvihighapiessiufd” pRbokerOot (6t h ed. ,
1984);.also Mller, Irwin, RProbabili thsti.cs.for. .Engi.ngers,

ront 1o P rastcit el B JORR A g 300 e St BigRIMRRE "L eaay
state conginigeedt(u)for e ecaatic®Rdetwedn 1MEeCaoRVOPET tAtesrtaif pafiys Aafid thef a
system are constant during amﬁ)r ocess. See Lewi s, Richard 25J., Sr.,

Hawl ey' s thdePiEan chibsiheat prosiuces gnang theiyaeapdicainohypsrizatien (MBOR ed. |
2007) . al . . Ak S . ,
Crem car B e bGPt (B A Wi Sl R bR B PR G R L BLIES "

char act er reaator cmg¥ fval ateut 2G-40ekicord Tadulah ecas@iyskand dleo inetuate'at legstL SCDF"

and cal cul ated mat hematically. in Equation 13-15 bel ow as | og(LSCDF)+3.5. 5
TESTI&E mmegor%rrrgﬁ% P@BG‘%ITTPYS&WI%“F%Cf@@ﬁ%‘?B%y measur enent are

prepared according to ASTM D 1928. Measurenents are nmade wi thin one
hour of sanqgigor essbnBe BaipdSes e M HDitd8e prdeish9doBlinlYBhd whbiBeX [ 00048]
Melt index, or 12, is neasured in accordance wth ASTM D 1238, Condition

190 C/ 2. 1golymeriz@iovaracti@n spyignhs showngoddgire NelA tube reantpr Rystierad 00 baent s are

conducted, on,a Cottfert Rheotens 71.97 (CGoettf | nc. ; -Rock Hill, SC)
attached PEE2 ATt Rl wrogm BPR 580 L b0 prelie TY EORTgBEY mor el ¢
i s extrudgpnichireongl tabeapicd @e YestefcaMimb add %l@&i&ﬂiﬂtﬁ@ﬁﬁﬁe%ﬁﬁﬂ& ke (180
degrees) with a capillary dianeter of 2.0 nmm and an aspect ratio (capillary

| engt B capielllaafhe heabaddijondrempsal capadityorsie af $wtableg bt nobligtifingy t he sanpl es
at 190 C ] [ PN t inBl ed of
0. 265 rm SagShipnEREhEPe bhReP) 60 Y Ad0TEe R ot SRR RRlenbicR R BATET
drawn uni axtead.| Jue@ @sskds DF okbpeher@dl dixgnatdrifonh abait 6d td Mbutm 0@ olvel ow t he
die with an acceleration of 2.4 nm second2. The tensile force is recorded
as a funcPiA UBPn et sk srepehut opertenilinesyr rasenid he feaifigeh s
reported finibe AR08 rlkbbn PEAOR Bt ICintkh A UM Gl Ray Tfenf Of | OWi ng
conditions are used In the nelt strength neasurenents: Plunger speed =

0. 26530m7 setondw whealts albog hdreat toarcem@Podatendiff2ent papidnk af thegiraaret,er = 2. 0
mm capillary le h =.30 mmq and barrel .di.anmeter, = 12 Zer g Shear

U Scoar ty {00t EPHa: BidRe AegBetdrieyor SMHEDBR (e B ooreds: (88| ng as
di scussedrétiaael, @&celdfatln 1'pra_ee|§s fiifRreRlcy a%e'é'x!?é’lﬁe otbRssuMa@pus, L. G
Hazlitt, and M'S. Johnson, “Zero- Shear Viscosity/ Ml ecul ar Wi ght Method
for the Detection of Long-Chain Branching in Polyolefins", SPE ANTEC
Proceedi ngs, Chicago, 1023 (May 17- 20, 2004). [00052] A zero-shear
viscosity value (no), in Pascal-seconds at 190 C, is 10 obtained via a
creep test that is conducted on an AR & stress control |l ed rheoneter (TA
Instrunents; New Castle, DE) using 25-mmdi aneter parallel plates

mai ntai ned at 190 C. Two thousand ppm of antioxidant, a 2:1 mxture of

1 N SA P77~ A 7/~ o 1 FNANARIZANZ7Z A /N A I\ o - = L 1 2 a2 1



[ 00054] A small anplitude oscillatory shear test is conducted before and
after 30 the creep test on the sane specinen fromO0.1 to 100

radi ans/ swoant/14913¢ conpl ex vi scosity val ues of the twoPCedlSg01@08828HNPar ed.
If the difference of the viscosity values at 0.1 radi ans/second is greater

than 5% th le_is considered to haye degraded during the creep test,
and the rgsﬁpﬁ‘% qﬁgfﬂarﬂ%%ec FeBiery Lo (bR onsrssm fllch B PG0055)

Di fferent ;@hprecRPRl BEickMR deBh - {RRQonfRB sBEo S8 Dr hbrfBaSPeSs e
5crystaII|n|}[)y of a sanpl é at a given tenperature for a w de range of

t enper at urewinghopatatlel, Exampéasd] atatsTdtakoside tal OB@ceBFCreSTA | nst runent s; New
Castl e, DE) equipped wt n Ref ri gerat ling Syste cool i ng
accessor y"and Sﬁgdgﬁ?‘@élheﬁ%fe rcaﬁ%ﬁ%sél {eg& g?@g‘ltt%ga"g%r%grlﬁﬁgﬁrg Y&EYs. During
testing, gchiltcORRt PUTREL eishfevgg@&nﬁ@cymé POl ik SndlseEko feagdle sampl e i's
pressed ilr;at@o ? tghi n gﬁgilr;(?n rreldlt e(bfi%d%gleeéptess a; lf?thagl%g 1;)5 C the
nel t ed samyPelqesinghe Eed piootedivielrp fee e SeEereol(the Jeacor3- 10 ny
sanpl e of _t e erial ci.s ¢ LNt o i er .di.sk, wei ghed,

o aced i SATOER AR of BTt bstn? 4R PR ARG 5%, e Satpre i s

then test pasduae systesn tdrgclsRbndih @i @barily| DAQDHG]ethihenet beritmhay bBbawh@in of the
sanple is determ ned by changing the 15 sanpl e tenperature upwards and
downwar dsURseg F@a@%oraerraé@;?&%%@r%%Wéltwéwé?la%ﬁeéldb%l&hﬁmémnﬂgéa&%ﬁp| eis
firstq&api . . J { m nut es
| or o B o N e RS AR e o o ™ M
cool ed t 020 b6x tGahdutd®75®at) m nute cooling rate and held at -40 C for 3

m nutes. The sanple is then heated to 150 C at 10 C mnute heating rate.
The cooling 0 seco heating curves are recorded. The val

ot er m ned- P08 ok SR E B Fir Sl SR o BERRE &F St osaleaa

t enper at Up@pdrdontpredsbes NeRith &fay e i M tilsge coptpiestdieisboihactddadt lids Mche f or

pol yet hyl ene sanpl es cal cul ated using Equation 1: % Crystallinity = [(Hf
(J/g))/ ( 292thg digpharge oie pHepary yompressor 4 ayhgllae ghe sstorfdefitontyaerydad t he
peak el tit?ef%][&s%a & ALYIS AL reRLEed fnom e z§5$1%% nd. dgalb.cur e The
peak crystaltization t rature s deter mne t om-t HE'CA0 i Ng curve.

Fourier Traes ko predsofe @tepopes tfruis @amyopefatinR)pressuik @0 0600 toldipatbdr.at i ons by
FT1IR were neasured on a Therno Nicol et nodel Nexus 470. The foll ow ng ASTM
procedur es \ﬁﬁre foll owed: WO 2010/144784 PCT/ US2010/ 038285 . Met hyl s per

1000 C. ASTNIPs The Breerenanpressons ef thagiinlasereanay 05 piac®B&ting000” ¢ ASTM

D6248 Vi \[}\Abﬁhgéigc%ﬁ@r&%r &R0 ﬁg@[ Jégdr?@%gs‘%on étigiyle{@ze-gﬁ%é. @?F@ndi tions [00058]

The follo ysical properti nmeasured on the pr oduced:
Tot al ( Ovesrapie}sor Sutldtane ttendadtot arwidl asihe Bigh Seavpirepermbag presshre of thent er nal

haze d overa{/d&gQ e are sanpl ed and rePa ed accordin {?o ASTM D 1003.
It or f0 AERSES T o DY RBE TR R CaR PF 0 8 MEHaRIet RIS M i ner al o |
on 10bot h;qL@esp@htiddisredduldi®r nfhitiazgeabdpRhibes (RN KniRdpesolipA; Col unbi a,
MD) is used for testing. Surface haze is determ ned as the difference

bet ween obetmgen stmazer ahef thastagesdor higher rascteihepsrating pRpewits.on 2. Surface haze
tends to be related to the surface roughness of the film where surface

[ i ' ' f h o Jh f h ' |
naze rati o IR0 B8 bREe S HhASES R AHERRER OBy PR R R P G Vel te

as shown tlowkguahiooth, Sonthiases mahidr dun@theHagdses” Suthfaaclestzalfide 2) S/ =
Surface Haze/ |l nternal HazeE)Eq. 3% 45 d oss: ASTM D- 2457. 1% Secant
Modul &5- REMPISEORi hBis rewe ProHye QA dluosey vitbigsach stags inkikys aoASTM D- 882.

10 20 CXGEAEROYHA EBE AR RO B2 o, TR, 0 Tl
discharge flow pulses can result in pressure variations of +10 % or more in the
operating pressure. A cycling discharge flow creating system pressure surges may
have long-term negative effects on the mechanical integrity of process units such as
30  the hypercompressor, the discharge line(s), and the reactor. In turn, reduction in

mechanical integrity of these subsystems can affect overall operation stability and

reliability in terms of online operations while the process stability can be influenced



Puncture Strength: Puncture is neasured on a Instron Mddel 4201 with

25Si ntech Testworks Software Version 3.10. The specinen size is 6" x 6" and
4 nmeasur ewenvey/@asm4inade to determ ne an average punct ur ecralse@o/o3gesfil mis
conditioned for 40 hours after film production and at |east 24 hours in an

ASTM controll ed | aboratory. A 100 ]Jb load cell is._used with a round
speci nen }Sfllfl’effo“_’@? €s a%lal}l%%tlo?ﬁe HihsEngee gt m;élb#‘eﬁg tg dischajee g or

pol i shed gé&ﬁ&f;ﬁtﬁ% 1288 RluaP@kénad dhroRes ofXep AR PR Bl R nd @AQL h. There is
no gauge bl engt'h; the probe is as close as possible to, but not touching,

t he speci renpreJioe (wrhsshremh wpkiesages@unirssseOWithisengra disThage hoiokness i s
measured in the mdd] e, of .the specinmen. The.thickness of the film the

i ot ance TS CFBULAEAGIRF e s qeratd o ok Ekd SAPeGeB8TEY det er m ne
the punct wsgliRY it heamplitidios in Sk gRUGhel HRCIRIr&DulkFioRs BFHEEbIShANA
"Kimw pe" after each specinmen. 10 Shrink tension is neasured according to
t he net hoth dexempheepcess fuid girepm. TIt itggodedpepiiphd deictics, thecatore|te usav

Dem rors, . . E. v nd.D. Al A i For . nt of Low
Shri nk Fo?t\ételc %}%éwg“?@“@}é%“g?%%eéé ﬁ@%‘fe‘sgm f%%lo%z%%&%&%ﬁ glg'ran nation

of Maxi musdrapitepsi- dRal & gofinddk)xemmikinhine A& HOPPRbsuld surp&ebpbBS ndinEgniedl | ect ed

at a controlled rate and at a maximumrate. The controlled rate is 250

| b/ hr whi 81§ eéigaefPrerusubganplifisatm ipgommaiy dishargedmey Pl the 1eesss er ence.

Not e e di ORI ] he maxi mum out put trials is an 8" die so

t hat ;(?)r %Cgthcéntroﬁsé%ﬁr%gltn ,ﬁ{egg an exanpl e, the conversion between |b/hr
and I b/hr/inch of die circunference is shown in Equation 4. Simlarly, such
an equati on [2003dn Béteupessufriantiat tyethe hapasompugsdor sthe Ipeocresxilui s fedt e, by

substituting,.the imumrate in Equation 4 to determne the | b/hr/inch of
di o ci ol ? DEpigoRaNe b7 Db oR N e enEeT Mot B ) 1 (8 ¢ i1)
= 10(Eq. dikclbQO§8LesIdethemrsdammiiati espli@ andfedity @ibeSedtRiifferbs f8&1 er m ned by

i ncreasi n? the output rate to the gm nt where bubble stability is the
limting fageti@ms. Imhechepregagspsr psofghe pidcessifhidisi fad & fbd 2 tlrougloedndsnpl es
(standard rate and maxi num rate however .the .nelt te rature is higher
For ko ik o PRERT PR St YR Pt Bl o PR B Skl i
bubbl e st adeipbidiyg bis thdetuaibal beshlibymh@kintBe pidveedddtid)eydudd bbedroitiie Where it
woul d not stay seated in the air ring. At that point the rate is reduced to
wher e t hedbitIEers precseniced sigrmsHe thg ether iggrtioRdongiethrongh XA i s

col |l ected (o] i j justing the air
ring and (r:r%l}-gr?llt?[ %.IC]?%I E}d@tgﬁgp%g%tgﬁgm%%%??dgﬁdggﬁgﬁ\gggta ﬁ}eﬂg%ngdfi%num output rate
whi | e nai dbwnduieng diubdfist shetiid idny. As[pdO0Gik]y Nateé, thératmal e hée thid m sanpl es
made éqgr the |LDPE-LLDPE bl end maxi mumrate trials used a pol yner processing
ai d (PPA) OnerpfaciPpXCUMLO8ded as 1.5% of a PPA nmasterbatch call ed CKAC- 19
made by Ingenia Polyners, which contained 8% of Dynamar FX-5920A in PE
carrier. 5[ Q0063 Manploadksss KhdrEmenene nsre dteeMe rdRBoflendbROEL Bbrel S 8
inches, the dleagap‘ls 70 mls, the blowup ratio is 2.5, and internal

bubbl e cobké-magli¢ad inidatdr orfratghyse cOutugts / son Gl inPatarsacitolysChrtareat ogw aphy

TDGPC) [00063] .The Triple t ect or |. Per.meat.i gn, Chr omat.ogr aph 3D GPC
o 10 rouicn Baitfe ShHEn SRR SN T Pop R s eRERE R

t enper at Ubepeabingpbe BeaRbirdDéthFEns bisea pbBynivr gidicenp proatisropera | nstrument s
i ncl ude Pol yner Laboratorl‘esp&Shropshl re, UK) Model 210 and Model 220)

equi pped epiditians. Bt Bsdertignfof aaameForpeqng epieiads. Jomisclospdidi t i onal
detectors ' P it a- C

(Val enci a],p I%%gsgiggrqi)ﬁlfe f%él I%ﬁldogﬁo%cfégtréafégo?%ﬂ%ég@ilée&%@?#%ﬁ%& 31% et'l aser
l'i ght scaldigatong dataByst detydetaddedacath 20dlon and taivpiscotalve(siausitha, Tex. )

150R 4-capillary solution visconeter, A GPCwith these latter two
i ndependeMPNEBERENS FAMgRRME: if|ipcluded) futhePreqses Hyr g preyiuslrdirdsied- somet i nes

referred y,p, 8Rclodtd fth&ess UifferemMiharoMbi &t&lgﬁs QY B afRd to %é’ﬁl‘éc&@”er ally
GPC d e sanpl e

refers to conventi onal . Depending on t , elther the 15 angle or
t he 980 an{jbsl iofdiffgeiteecddtightzosasad ersurathe petle chperdtwre usadhidved cloaé cul at i on

pur poses. ,Data collection is performed using Viscotek Tri SEC software,

Ver si on SFthHﬂ’eﬁtl%lﬁ%’é‘rﬁ?BIm% %ﬁt@ﬁlobéfaég%%%tgmpmﬁ? The systemis al so
equi pped with an on-1line solvent degassing device from Pol yner Laboratories
(Shropshire, United Kingdom. [00064] Suitable high tenperature GPC col ums
can be used such as four 30 25 cm | ong Shodex HT803 13 micron colums or
four 30 cm Pol yner Labs col utmms of 20-m cron m xed- pore-size packing (M XxA
LS, Polynmer Labs). The sanple carousel conpartnent is operated at 140 C and
the col umm conpartnent is operated at 150 C. The sanples are prepared at a
concentration of 0.1 grans of polyner in 50 mlliliters of solvent. The

chr omat ogr aphi ¢ sol vent and the sanple preparation 30 solvent contain 200

o - o o N oy ——



15WIlliams and Ward, J. Polym Sci., Polym Letters, 6, 621 (1968)): \ B fu
¢ \ Moolyethylene = A X (Mol ystyrene) k..,q J), where Mis the nol ecul ar
wei ght ofwpabyetsimshene or pol ystyrene (as marked), and BCraSegoabs2zs® 1. 0.
It is known to those of ordinary skill in the art that A may be in a range

of about O. 0 about and j.s. determned at . the tine of calibration
using a broiﬁ"%lpoﬁﬁemp Hee gdigry it o TR iRl piverhes EIOBR Branchi ng
I ndex by 3LxGPCGeamhhedof fradf Iraél’calqﬁﬂla?c@?ﬁiciddg%L(Szg'enﬁg’dé@ﬂ {Paedid sulfsg of this
pol yet hyl ene cal i bration nethod to obtain nolecul ar wei ght val ues, such as

t he nol ecatganicywerghdesdPOl. rPlbfﬁtrrednm(clmm ar tWyll/mroxapdfab@i di-ebugt ati stics,
is defined here as the no d thod of WI and Ward 2 00066] The
byt et RRRPOaRH HF At Bp-HAE] BHobY 2D e guiRaks Bt BILSts | &

per f orgred tefeod W’ﬁéh@%&gﬁ%ﬁdr&}ﬁﬁﬁtld%r% Arel vl iletvesiiad Qﬁoﬁ’ﬁé EEbethBunr ey, et
al. (Mourey and Bal ke, Chromat ography Pol ym, Chapter (1992)) (Bal ke,

Thi ti r at 80001 andQO1 @iséahs gercansihe uli@ﬁrtm?@@?%lfdhgh P@BW feedhapt er 13,
(1992)), optimzing triple detector log (Mv and intrinsic viscosity)

results fro 16 ar ds
Corp. - vent oVORLLOStie BLAS: R WO BN ATRRL SRR AL YR S0

cal i br at i blende&bwith ﬂlefHeMDPE divafasedhgreinyistlydens coippndabtsombihatumat i on
curve. The nol ecuI ar V\elgwﬁ? ta i s .obtaj ned ‘If‘-‘n a manger consistent with
that publ PSHIPRPdThaRs @eRRiRY 18 PEEPArIBS PEYYEIFS Pri)s desiieg compeytioneug) ) and
Krat ogdivi l @Kmﬁpl?&éﬁ’ognegus arfd mj%%oﬁ'c%%s§0%& &Inhtigatfon® me?&nym

Sol uti1ons,” El sevi er e overall i1njected concentration
used in 5b¢ bmpﬁ)efe@rhlsrmatelamquimeﬂte he:wlr@cuéws omlilgtst mchldrmgtaemdi fromthe
mass det ect or %?ﬂagthemas detec.tﬁr ons 13 vedfro a suitable
linear po 9%%2}6@ 3 %B{?IPV P1s. GtPeBReY of Ot H’f} |SBP%”‘§ &Rdar ds of
known wei Qi%upazlﬁll’e&gﬁaliﬁéls Of Hliadd W& nd alltskiddlapd it wéll RRdvacehamingl ghts are
obtained using a light scattering constant derived fromone or nore of the
pol yet hyl eneansdiznolasdd Cfrfelbfﬁtﬁ,dn@dbfamdalm ggmaenbedimenidethie t@lalyncdor r at i on
Coe”ifl ente’ma {)f(:jﬁcbmo ene us atal neorn?l | ¥ﬂ are?atlrrg‘ S ugg(t)recrtlgnrletEESponse and the
| i ght Scattelih g con ? ‘11 W0 De et e mried  Priony AT Hear St andard with
a nol ecul asmp&indHdr nhd’ﬂal%ﬁ@i:‘es( o ealbnylt:orﬁﬁo&ﬁ@ ofladthPiBses bhb&l oti se@net er
calibration can be acconplished using the methods described by the

nmanuf act up@ectest framt@roﬁaﬁwlew twaemaﬁgieﬁﬁe%p Jbmoshiban oa¢ easalyyfis 8tedt abl e

| i near st a, 1482a,
1483, or ?%%%ﬁﬁee&g?ﬁeﬁgnnﬁ%ggg{ hi C?}%ﬁ%@@fb&%ﬁ}%&éﬁ%@gﬁ gisuneéﬂ?ﬁy; w enough
toelim naﬁfﬁ:td(kbe@ﬁ)@mmg:eMdnwhmadataimﬁlﬁdﬁltbendéorelitfc&l@toﬁ pélyorcieatianat i on

effec on nol ecul ar |ght pcBR Br nchl ng I nde 3D- GPC [00067] In
the 3tY GPECUEMY-§QI°a 36515 rf"%i’é g&ﬂ JEVHY | éfﬁéeaéfﬁd hot Eftr%//?\%ﬁgorﬁo st andards can
be used t g ABAHYT ?ea&é?@heh@f(k QL e GRS oS s oﬁh@%@ly‘%&eﬂzggﬁpendent ly for
each of the two” pol yner types pol ystyrene and pol yet'hyl ene. These can be
used t o rEkamples héprwelrﬂedamlﬁhwstﬁarsdnpolbw@tuw ireHed. gienvidbedt273d)36cul ar

wei ghts i apl'et' f the f t.hods e gpcBR
br anchi ng&r?ﬂn‘gi} j&%%?rﬂ“ﬁleat 36‘(}3 4&%@? IBYSé?ﬁ GH%P %ﬂs 4éﬂt 25scattering,
Vi scosi t y(FigRgsdn0BCcL Nt 6,723,910 18F0R! & af'p P@Spﬁulﬂﬁéh Rf)fﬁl‘{daﬁuﬁ Nobs. Wasel | nes
are then subtracted fromthe ZQ)?)ht scattering, viscone

i

concel r a2P@HOLRO3 Bewgicastsl.) é@ﬁéfrfﬁoﬂiwmm\%ls) ape7A 3b(eﬁﬁ)6§1§pnzeo eensure

i ntegratiogn, he | i I nge in
the 1 gnt Tee 2002662 dkiifer STRLETR RN SR Ebtogk B il et e
presence edtalgets e‘,‘atyaielfeurpmhmr PitegRublieatiocafN@ 0070185 78ndexola vt amat ogr am
Li near pol yet hyl ene standards are then used to establish pol yethyl ene and

pol ystyrene N&H( Houwi nk constants as described previously. Upon obtaining
the constantl8003e dipiarike apymessd agopdivsrruing dhe disdated ref erence
conventli O%gle_ﬁ@—lbhgﬁzvﬂﬁﬁ\ﬁ ati@ﬁct ReLYE hhé’acﬁ‘ ?@acﬂ@tll SGHd @Eer&’ﬁh&z%r @11 !'Qtal st

pol yethylene Intrinsic viscosity as a function of elution volune,” as shown
i n EqB@t i orseenanbhefeados iaaP&otidPmicnehtRiD thatgep&ipateg.a 1&6ge qazmlltjan a +Ya PE
+1 a+l 5p p Eq. 7). PE . [00069 The cBR br |ndex is a
Fobist b0 MEIuE HE ke e BPTEAE A B [ Bh AR BT B s desor | bed
In Yau, V‘éﬂhbféﬁélbWed po ARG S:t @fvhidh iaB B AN e taink e £_))fanJFuld:’l‘élsM@lnef' n
Characterization", Mcronol. Synp., 2007, 257, 29-45. The index avoids the
slice-by-slice 3D- GPC cal cul at i ons tradltlonally used in the 10

determ nation of g values and branching frequency cal cul ations in favor of
whol e pol yner detector areas. From 3D8GPC data, one can obtain the sanple
bul k absol ute wei ght average nol ecul ar wei ght (Mwy, Abs) by the |ight

scattering (LS) detector using the peak area nethod. The nmethod avoi ds the
sllce by sllce ratlo of !ight scattering detector signal over the

..



M. = (Eq. 8) EciEciE C Conc. Area [00071] The area calculation in
Equation 8 offers nore precision because as an 20overall sanple area it is
much | essweensVi4ixge t o vari ati on caused by detector noi PETAISAIBIO3LBRT
settings on baseline and integration limts. Mre inportantly, the peak

area cal cu t|o IS not cted by the defect Qr volume offsets. Simlarly,
t he hi gh-" ?é%ﬁa 6??‘3&18%8%’“&?%1% Ay g ﬁt}i)/ PIOAECPEPEBE "by the area

met hod shggpiehs a&ﬂﬂ&&étﬁﬂe%e brefkd dWwiER GnfRsdbRsssidacbh incg bl /vi E - (Eq.
9), EciEciE'G Conc. Area where DP, stands for the differential pressure
si gnal nopiodoeted directly fromthe online visconeter. [00072] To deternmnine
t he gpcBR branching index, the Ii ght scatteri ng elution S5area for the

sanpl e poly -5 used to deter ne sanpl e. The
viobosi by aPOetd, BTl On OGS BT bR L Blaet e kel e Gh o i ne
the imri pehdving B0 eirdYeh(thywarl of bk 208y ﬁnhﬁcmgﬁrﬂbzﬁ fluxORieY Bhedt drhdvall | y, the
nol ecul ar weight and intrinsic viscosity for a |linear polyethylene standard
sanpl e, seRivay /Sﬂemtww%irm%ur@qm {laidased toa%téo@éteé? %ﬁdrré@lomuér% t he
conventi opal t {00 QEE[a [ trinsic
V|5005|ty9%tu&%%h%%?i %FIS%QQ PB%@I peér qﬁ%ﬁﬁ%ﬁgﬂ%b and Q1: mac c
=E m , Evinm®ma] medien is hﬂﬂqul(hladheat exchanget 30, wHﬁvh m\ay Be)as ﬂlﬁlple asEqU+dtion 12 is

used to det erm ne. the gpcBR branchl ng |ndex 9 pcBR= . 12),
wher ei n [ﬁ‘TO ng ﬂar?getn@éélﬁ?% eXrRyFpRSS Eefigeraben R TR l?esusFﬁéo? tti nsi c

Vi SCOgh t Yhéit%éfgﬁan‘a%ﬁﬁﬂ% g?&%ks 3 2R Bl Py leddbdsSd b%m@?é&iﬁ%@%%' ght

aver age nol ecul ar wei ght, I's the wei ght aver age I ecul ar wei ght of the
conventi ohailtlng&xabWSmﬁﬂlcat'Ehehamgmg hnd gacbnigges ﬁmt@mmm hemalghtesd:r;bem ght

scatterin LS) .usin uat i on 0. co "absol ut e
werght vt gE. ROPEE bl iergne Eipiciigeiis Hanleb @ Chbe fbyNeiiiae on ( 10)
usi ng conyeNBoerab, @dfedD] Bayhad MeelaBd twaddd bl @b, OUmt@ibWﬁm% gpnvent i onal
calibration") is often referred to as "polyner chai n backbone ‘mol ecul ar

wei ght ", CaonirehbignedringeMghirawrélalie. (1 ebul%88) waihghtite heahremavil GPC" .

[0007'@ medStmaltslaStalsCans Val usevc\fI tto rcl:ﬂrtlxbe(z":t th%%eaSlév%,%%¥3r8 ttheafE:z? tgrethgrg? ned using
their respec Ive ution V UI'TES e correspondrng conven I oha

cal i brati Uhe B&at pErRy a0 tfediund dels Rivehedlassansy ke as onleEBinpatatedl apfah derived
fromthe retention volune nol ecul ar o
outlet temperature. When the heat removal medium is used to remove heat from the
tube reaction system 100, the inlet temperature of the heat removal medium into the
heat exchanger 30 is lower than the outlet temperature. The difference between the
20  inlet and the outlet temperatures for a given mass flow rate is reflective of the heat

removed from the process given the heat capacity of the heat removal medium and the

ability of the tube 2 to transfer heat to the heat removal medium.

[00038] In some processes, chain transfer agents are added so as to blend as
homogeneously as possible with the process fluid before introduction to the tube 2.
25  Depending on the physical layout of the tube reactor system 100 and chemical
characteristics of the process fluid and the CTAs, such blending may be achieved by
injecting the CTAs at the inlet of the booster compressor 21 for the low pressure
system recycle conduit 8, in the inlet of the primary compressor 4, in the inlet of the
hypercompressor 5, at the outlet of the hypercompressor 5, at the inlet of the tube 2 or
30  together with the first peroxide injection. For the process shown in Figure 1, the
CTAs are injected into reaction system 100 via CTA source 23 at the inlet of the

primary compressor 4.



wei ght calibration. The non-subscripted val ues are neasured val ues based on
the mass detector, LALLS, and visconeter areas. The value of KpE is
adj ust ed woenarisymhy until the linear reference sanpl e ras/m2gpoBRsfreasur ed
val ue of zero. For exanpl e, the final values for a and Log K for the

determ nat i ap t artl ular case 1 e 0.72 355,
respecti vel 3[30(?3{9,] %\Eaﬁevﬂw %H’dt“ eﬁ?toéﬁﬁtef%q%? $157t dg&aly@@%%
respectivel s)élech@@fé@éﬂn 9?@@&5'1@ tl'i% t%BQre%ct\éi;‘blﬂ@ﬁos%Yee IQ%@&e%%c%Es@s g4 usi ng
t he procedure dlscussed previously, the procedure is repeated using the

branched paxpisdbiid Bhplibmanaoheastrsanpressaiced snainy zedat dsishepet he fi nal

Mar k- Houwi,nk const ant s t[;e beﬁt 15" cc" cali t%%a}tll on val ues §1nf Equati ons
8 - 11 ar&%% %ﬁef@eprocess ?6666 &1 Hie BT REEP ANl 4V B R GEUER P s T ai ght
forwargl. Eeh datdiede (PAYMRY Be fdRRBRE BIbE 0l sBleBvdly BUbEY atje@Rd do Wi | | be
close to zero since the values neasured by LS and visconetry will be close

to the copoushyits dAQY 1%msrq@¢1af peing SrednbaseurcEds apshonahadigoe ymdt s, gpcBR wil |
be high
br anchi ng P IRGAEE eI RRELR! bl il AbHILH £YSIS: %o ib BT TN ey

than the pﬁicesslfaécﬂﬂrew via caitdittlRe 16 dlauisat atede\the Wypercddgprisgh®r than the
nmeasur ed pol yne In fact, the gpcBR value represents the fractional |V
change dueorttﬁés ﬁwﬂtm%@ ptagessIr Siainsothe PERGErie maydie sREt IR WHFAMof pol yrer

branciy ng,, si ze

cont rg?:tl n et(%t%ngl?aj { %Stg{net Ogvn? a%ilB ro\f(%@éégg%%%%ﬁaafg% ﬁfe?é@%lgctl vely,
versus a hym@ummeiswr’érhrmichwdee thé Cé“qmm@l lendelavevgllptfed from[(()l'.)ﬂié'l}rcd:or t hese
particul a Ies t he advant ag BR in co on to a

el 1 OngP g b s PR B oSG OF UL O R PIE S P due 1o the
hi gher prggiad ﬁ@ssﬁﬁz&%% thé‘h%’pe? onﬁﬁ}@ssgﬁﬁ IFRLEHrSvibee staidd! AR GBI | ndex
determ nati on are obtained good precision and are not detrimentally
af fect ed bYyoBd4 afwr prepan3dtiCPCTlstixitalityrie pohsdosad phicgss mpirdimglthe wei ght
fromithe concentratio d ctor. rors i etector val al.i msnt al so
o ot ar FRRTOP REC BTl ST Rbiot e ascire Ml eatiaion i o Sl S

Char act er ihedtrktQBadelod 08 lonAniatysoinge @falldofeRNAEEUsE itd &Heﬂ@ﬁdﬁ@hlz@ﬁ@& (S
chronat ogram response curve for a particular sanple using a pre-detern ned

nol ecul ar aki@ pgititsrthe dedtion @8 it fgrent ﬁjTeﬁSt fnehusling %Ti\ﬁgfl@r%ﬁ@rﬁﬁfe‘ihtaﬂbol ymers
from anal

et hyl ene- grase (%(E)l ?ﬁr@g’a&%%h%% &Tﬁdeﬂ)ca%g%te@ ar ac glrr er?agt ﬁgdqn&lhte%%rn gmet er,

Y, is designedo btiiapiencaor Oystdhe peifivreaacearddthgencobased priﬂeﬁﬁdiidche GPC- LS
profile for a specific material. Figures 2 - 4 provide the exanples and the
gui de2q or PIPFRi§St he GPC-LS Characteri zation method to identify inventive
enbodi nent s. [ 00080] An et hyl ene-based pol yner that has |ong chain
branchi ng, gg6éyas i@%n?@ﬂ%l:és)!esﬁﬂ@@ﬁ@@oﬁ@é@ﬂ g'&%ﬁwgrls&ﬁ& s@é‘eral
differentiated by usi ng an anal ysis technique 1

Char act er indatidonh thaih transfer @@ 408r€handboegh mashomn melfigod, 1 ﬂhae det erm nation

d t he, | tt det f |
br ocessed T Ia Shyb R RECY Cieur v by GuThed paR Ry Gkl hnge of
mol ecul ar me@hgmlﬁm@fstr%mtmmhgaem‘eae@ﬂnmlp@ﬁmmel ghts of the sanple are

converted to |logarithmvalues Tor scaling purposes. The LS response is

"concentration- 20 normalized" so the LS response can be conpared between
sanpl 25, as [PP041d kRefmrringmbackdo Higure hard thedubavisastaiatysteaul (0sa siighist s can

! ouar Pt LA E R TR o SATE fort o B PR hb R, Fot e 1

concent r atéraondidrivahd zeakeld $eada) dueb af oslvends G@NCEAL I’oa'fdbgfad;li’tm’nmﬂlsiﬂed LS
chr omat ogr am, curve such as the one shown jn Figure 2 - 4. 25[00081] Once

the concefRaFERN FRIWSE-Parses Bam te &ibe sl Brthe srpgratioas pasbef the PEocesshe

det er m nagjon. fatﬁlg%n&?e@ Elﬁlg%&ﬁ{ ékccflﬁdb%%dc% s\éﬁ&HQOD ré‘éegﬁhgﬂﬂhésoa[ ward. In
t he GPC-LSCh act rlzatly hod, a GPC-LS Characterization value (Y) is
det er 39 nebighgiresyutelsepdratol GPSIgL SeGMlna.‘rhl mmvesYhe:pﬂngctlp@Bm?er:an&@g(chCDF)

S0 il AT YL SR (50 19

mat hemat i gahoRBSRbMItRe é’tﬁ%rléﬁe “baRatpbRm e%@édﬁe?cﬁﬁe {§IR LEBRMISS W@oﬂdeg
scattering curul ative detector fractl on. 5[00082] Essentially, e GPC-LS

Characterization value is a relationship between two associ ated areas (A
and B) and an indexed slope of a line (x) between two points on the
concentration-normalized LS chromat ogwwam curve at the logarithm c val ues of
two specified cc-GPC nol ecul ar wei ght val ues. The specified cc-GPC

nol ecul ar wei ght val ues attenpt to bracket a nol ecul ar weight fraction that
|s 10 known to contaln polyner chalns W th Iong chaln br anchi ng. [ 00083]

—— " 4 . o o o . Y b1



5 the concentration-normalized LS chromat ogram curve between the two

| ogarithm c cc-GPC nol ecul ar wei ght values. Area A is defined as being the
val ue of Wb 2plus4B2. I n preferred enbodi nents, the areaPATits2aefBs28s f or

t he range of val ues between the |ogarithm value of cc-GPC nol ecul ar wei ght

350, 000 gr.ans/ ol e and the |ogarithm val ue of cc-GPC nol ecul ar wei ght

1, 320, oooﬂgrpgmw@w 8¢ e@ﬁog%}aﬂmlg Hareaurd MO RE SRS S AG bet ween t he
straight |;hinedands tae nfiglt BRldi 66 ed RidMAOPRY RGF AMuEU Y Bie WVR pRestie
concentration-normalized LS response value of the straight line is greater
than the ecapaceert(LE6) 20- hhe hghé¢rzeessius lrghsypoesm pasdes éirbagh thhdigh
concentration-normalized LS chr ogram curve between the.two | ogarithmc
Co- GPC moPESUTAN I el Sl 2S00 TRLE 2 A BSE Sl At §e 2. ¢ he
area defi pedpasyhe theamSandiRr@Thirt adedNGE rBRINRENPlob&s FIR pRGAE iR ¢
cc-GPC nol ecul ar weights; therefore A = Al. In many cases the straight line
wi || be "Blsavienary gemprsates dtte shd perrompatssoied LS chr omat ogram curve for the
| ogarithm c cc-GPC nol ecul ar weight range and will not intersect with the
concentrati maki r . Points 1 and 2. In
20 hose. cadbet P E R AT bR R A Mk AR R Bbigh e “a2 | <

def i ned amohb@et/cresrenedhndlinuse fiesls fioen the @alybouaddizebweperatifieatst r ai ght

line and the concentration-normalized LS chromatogra urve where the
concent raﬁlilé‘r‘u?ﬁ%‘?s 7" PSSR B HEEUBCoRost 1 Bights P RBSIAES feds than t he
concepgra fe@ﬁl'ré‘f’arng@kﬂoﬁﬁ%oh& FERRPE S t;apﬁbstohﬁc FPNSE Yt atdLRsdpka@l | zed LS 25

chromat ogram curvé between the two |logarithmc cc- GPC nol ecul ar wei ght
val ues. Fdhe tdvelting atiplanedhacathpdlyméii gidnet, &jll ARltersfromepracesainpgtagsee byt he

concentrati on- ng i LS response curve and. the str.aight, |ine between
boi i s 1 e ST LS SH o BubERRARES, St Ee o GutbhPedian & < 0
[00089] | el&@i&&i&ﬂbﬂ@llﬁi%ﬁ@mi?scm’pa%tﬁ&ﬁgh th@ 1w P Rirdsystdhereeléiai ght 1ine
may 30 intersect with the concentration-normalized LS chronmatogram curve in
at | east eemslugideherpdp prespus isdropsed ifipnsarpupg stnpsphasis [Fesguicdo 4t kgast

" Addi 14 ongle LA RLSESLLMO PRI ducraily PUERLRT LAl EQBSs. fhe |5, dgtigram ned as
previ ously def'i'hed “Far 'The xar?pfe §RoRN™ Y F gpure 4 WouP'a*Be t he
positive Bos@terkehipasiortengoncentfuaiteddf 05o¥RIThE edulihgphsdirapslgmam cur ve
and the straight [ine between the |ogarithm cc-GPC nol ecul ar wei ght val ue
of appr oxisrfigeaisgd st wltge renstantsadiovpidtlvatea eficigrcydpnproretby B wei ght

5350, 000 / j i i rmned as previously
defi ned. %?H?ﬁggg]%gﬁpwgagﬁgﬁ&%%%bﬁ gﬂl}.r%%a@?‘ S@elig?b?he negati ve area between
t he concentration-nornalized LS response curve and the straight |ine

bet ween t he [P} i t ihe coy@PG@remheimblodr thadowg Ipteswat spstah ragypleaondEt &y 5.9 to

the I pgarithm vyal ue of cc-GPC nol ecul ar ight 1,320,000 gra nol e.

107 008807 HHeh e ST aRrG VA OERICIS G S ACIA SoB ) A PR BBRY B s t he
area Al ( pasidd AentaMIRe oRbtEhah Bt BRI Breb HRO AlsthE radt M @dnd iR SRITE

enbodi nents, as can be seen graphically in Figure 4, the total value for A
can agai nofien ednthiep spggiqanteongentragigntof \asy-Cs @009 tjanheageptiast ihisstogp is to
det er mi ne tthe1 area B#ﬁi}der ¢ he concentratjon- 1% qorﬁal i zed LS chromat ogram
curve for “BHEYI GG TIHMTLELRS CAIHNRET at” W GHI T PERGE B P<'P4Bf i ned as
the area padghgkRedcaneenbdirtibAhOAhoRticf &dsh el TR aglea®™ fier ve bet ween
the two logarithmc cc-GPC nol ecul ar wei ght values. Area B does not depend
upon the BrPspSpSiaCER serEcs 28 is [dgDgh] smtecomiared tortegamaunt preseptdp fiche t he
val ue of x, 1.t ' ' - h ug.of the x is an indexing
factor thg{ghﬁggéﬂl?g?d&?det%ﬁ!élggf)%@é&?? a?‘ﬁ-eg getsggtétlgglty' i ne established for
determ ning areas A and B. The value of x is not the slope of the straight
i ne; howevdf0044] dBesd-useprodsaninade usihg eherddidieset ethglent-bhatrel il frhasence

bet ween Poi nts and 2. The value of x is defined by Equation 16: (Eq. 16),
25 where *ﬁSEJdFéjsllpﬁWFéé?% fifrgy (e %aé‘lﬁlﬁé’l%lh&éﬁtaf“ﬁﬁ‘%ﬁlﬁ-l%b‘? Pe% ﬁ?g“YFés ponse
val ues fop; Bﬁltﬂ%@g}, Aded articRS PR Lk MBPI¥, b18R InoliQDadMbidnes18&1 Afigleh)he

| ogarithm c cc- nol ecul ar weights for Points 1 and 2, respectively. In
some &0rbodiigent sable heatiigs andyfarmiujatiensygyoss-hinking@pplicationn deared (fered LS
chromat ogr am cur,ye at .l east once be en Points 1 and 2. .. . 093]

el 1y s ol ity 520 LA ST RS Segne e dilicationt 1 D% 1 on

val ue (Y)dis&ogﬁt&lﬁmﬁkeshsa@%%gnfeﬁear@mw@éfﬁlaéM@fﬁﬁmﬁ%néﬁmam& gfhsr 13 - 15,
repeated below. Y = Log LS = Log(LSCDF) + 3.5(Eq. 13) 5LSCDF = Abs(A/B *
SF) (Eq. 14) SF = A Sl ope Function = Abs(x) + 0.1(Eqg.
15) where, Abs() is the nmathematical @bsol ute val ue function, Process
Information Rel ated to Exanples 1 -3 (Ex. 1 -3) and Conparative 10 Exanpl es
1-2(CE1- 2 [00094] In discussing the Exanpl es and Conparative
Exanpl es, several terns are defined. There are three Exanpl e conpositions

. o o Y o o . p—



5to a second peroxide initiator source 12; cooling jackets (using high

pressure water) are nounted around the outer shell of the tube reactor and
pr eheat erwoaotwighrspr essur e separator "HPS'; a hi gh presearase@owss2ss | i ne 7;
a |l ow pressure separator "LPS"; a |ow pressure recycle line 9; and a chain

transfer agent .CTA feed system 13. [.00Q9 The, t ube reactor further

conpr i _sesp&ﬁflégn?’éa‘é’t aghe ﬁ%lﬁ(g?rsc%ﬁﬁ‘{ﬂl?étlg SopFoyistonal SICHE]:IW%W‘? of peroxide

I nj ecti ongpPLHDHES, ﬂ@WﬂE&@ELD@@?‘EWGK@E p%lylo‘f‘é?ﬁ!ltéTas@cfmé}E’,oAﬂfFI%ﬁi? meters. The
first reaction zone feed is attached to tthe front of the tube reactor at 0
met er s angoliyeletis ptasporers, INFOISEt Qlefip BdedsSofdlymetsi VEBSHHE plastosters andct i on

zone. The first reaction zone starts .at injectio i # 3), which is
| ocat ed aﬁlﬂﬂf}mfﬁﬁ %ﬁ%b-‘a%ﬁ{)%@é%eﬁmfﬂeé@%ﬁw%ﬁﬁé&&@bfﬁ ctor and ends
at i nj®ct ENCHED pblyhérs #ASTANRAXKpolyrd&Ppenon fedd by ExainMobis connected to
the tube reactor at injection point #1 (3). The second reaction zone starts

at i nj ect AeAUJdH #nd HOLAK madpby: ova CQB@W%SE?QW sratberbdendeduitittisbe fgvom t he
front of t r . The second reaction zone ends at injection point
#3 (5). T%Q%Fh#ﬁosfggg{ell{on zone starts at injection point #3 (5), which is
| ocat ed about 890 neters downtube fromthe front of the tube reactor.

20[ 00099] THE0EE% hedhe typaholtilnssthithealfel teqtrodiR et abesd-sdegirdbdurgs fadbm@haret er s

and all of_ the reaction zones have an |nner.tube dianeter of 5 centineters.
For all tHECIExSrthdencabe H@Y@Gﬁsdé?lag‘? IPSRprIe; Sl%@e@fra% tHePresh
et hyl gpe ﬁﬂﬁ)ag&@Mé@ﬂ%l&@,%&!iﬁl%&n?édr e_%%rl;&&, Hﬁ?]a&' hSlaglea@iiRN zone via
the first reaction zone feed conduit. ISis refe |Ped fgo as an all front

gas t ubul fitms, eacitvonps, RBEKIOP £i003, réleasedinkrstand hexagnglte shigpidgtsheksConpar at i ve
Exanpl es, m xtyre. containing t-butyl .peroxy-2 ethyl anqgat e (TBPO),
i ot buty ARSI ey hd B o B R e G P B v dd iy

I so- par af bé pideudBadisppahb aRcRUNERYIehdBiskd PelyhRRge >179C) are used as the
initiator mxture for the first injection point. For injection points #2

and #3, a m xture containing DIBP, and TPO and the iso-paraffinic 30
hydr ocar bPREFESIMEMNS are used. Table 1 shows the flows of the peroxide
initiator and sol vent solution used for each of the trial runs. WO

2010/ 144784 20 8 bl e. 1 iide. i niti f ip kil
or hbur at TOOJT . FH RSP oE P pbivale R bRAUCEglePyhy s fihffe bf g0 @™
Conpar at i weo &xangel edyrers 2 A(KlEndlmay GE2py nQr lgamiscibpemokpldse (payatdkat 1 CE 1 CE

2 Ex. 2 EX. 3 ] njecti Location Materjal (kg/hr kgl hr) (kg/hr) (kg/hr)
(kg/hr) | H]Oéf'GP{aB]#FVPéi Aol Ry iy goubeghabe Bpaitoshy A bFpl st s G, o7
0.60 0. 64n4 c6ftaitPdb or more domain configurations, as determined from transmission

electron spectroscopy, light scattering, x-ray scattering, and other methods known in

20  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

interaction and reaction between the materials of the composition.

25 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.

12



2.70 2.71 2.87 3.05 3.38 Solvent 18.11 18.19 19.27 20.48 22.69 Injection
Poi nt #2 TBPO 0.42 0.35 0.34 0.40 0.31 DTBP 0.84 0.70 0.68 0.81 0.61

Sol vent NMO@B101847% 15. 90 18.98 14.44 |Injection Point #BCTRRM10/04L89. 26
0.21 0.42 0.43 DTBP 0.98 0.52 0.43 0.84 0.87

10

15

20

25

The term “ethylene/a-olefin interpolymer” refers to an interpolymer that
contains 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 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
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 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).

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
1., Sr., Hawley’s Condensed Chemical Dictionary, Wiley-Interscience (15th ed.,
2007); also Himmelblau, David M., Basic Principles and Calculations in Chemical
Engineering, Prentice Hall (5th ed., 1989).

13



Sol vent 23.12 12.13 10.01 19.68 20.34 5For all exanples and conparative
exanpl es, propyl ene was used as the chain transfer agent (CTA). The

propyl enewpo0imi4etsied i nto the ethyl ene stream at the dipethmege/oss2sin of t he
first stage booster. The conposition of the CTA feed to the process is

adj ust ed betwe t he ¢ ati ve exanples ang. es 1 and 2 for the
process runs. %ﬂ?gx@s%ggﬂgéf mﬁ@?ﬁ%ﬁFﬁjfﬁéuﬁepgﬁﬁﬁggﬁtB?S?W%wﬁ?ﬁduct. The
peak 10 t&QEB&%?EE@@DPQEn@éQHﬂ8£dhﬂﬁm%ﬂﬁ%ﬁbﬂ%QQﬁhQ&n¥9@§%eMﬁh% increased to
maxi m ze nol ecular wei ght distribution. Thé reactor tube process conditions
used to nmugUEICPLHS. Exanples 1, 2 and 3 and Conparative Exanples 1, and 2
are given in Table 2. WO 2010/ 144784PCT/ US2010/ 038285 5[ 000101] Note
that from Table 2 and Figure 6, BWsystem 1 goes to Zone 3, BWsystem 2
goes to zones 4, 5, and 6, and BWsystem 3 goes to Zone 1 and 2. Figure 6
is thestempsTa{@MNeEPHOMDY € of the tube reactor show ng the reactor details
of Exanple 1. The graph shows the three reaction zones with respect to the
peroxi de ph&ftions. The x-axis shows the joint |ocation between tubes and
the y-axis 1s 710 tenperature for the reaction and for the boiling water.
Ther nocoupl es are used to neasure the reaction tenperature down the tube
during prodd@9041. S$hwpleesutdeositypnedssremmnt emghepangtcacgpingontABIVIdY by

adj usti ng ide flo to each.of the reactign zones. .Th Kk
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Char agd er pzat iMBthell BExanpl es 1 -3 and Conparative Exanples 1 - 2 [000102]
Characterization properties of Exanples 1 - 3 and Conparative Exanples 1 -
2 is showmn in Tables 3 - 5. From Table 3, at nearly equival ent nelt index,

t he exanpM&lt Brdekhe i nvention have higher nmelt strength values than their
conparative exanples as a result of their broader MAD shown in Table 3.
This 201 ner apaes) MeMelShadn el i isnd @03 hfheddaitowthSIRIPIIA, being an
effective polyner to aid In the increased output of a filmwhen used al one
or in conbonditipnn9WEA.16tkger pol ymers to produce a film for exanple on a
blowmn filmline. Al so, at nearly equivalent nelt index, the exanples of the
i nvention have a higher zero shear viscosity than their conparative
exanples. This is also related to the ability of this 25material to provide
i nproved bubble stability during filmformation, such as on a blown film
line.15 [000103] Per Table 4, the exanples of this invention have | ower

vi nyl per 1000C | evel s and hi gher nethyl per 1000C | evels than the
conparati ve exanples. [000104] Table 5 shows the TDGPC properties of the
exanpl es seRathat i ve 30 exanpl es, using the same conparative exanpl es
shown in Table 3 and 4. The exanpl es have hi gher Mz or high nol ecul ar

wei ght tail \6@(‘)49251 l\m%‘éﬁ%thmsﬁwem)are &ﬂlﬂuét@ﬂ"@ﬁ a%f&%ﬁ%otens\/\o

2010/ 144784PCT/ US2010/ 038285 Table 3: Melt i1 ndex, density, DSC (thermal)
properti e3].9an@oettkt It r ot illoS CExttarped® dGottfdrtdticto@orp0e( ¢apdlaExanpl es 1

- i i 0
Or2 y st a:VF! hrelpgr;l%&:)é glpzolgr}lerlngle t 1Cs) eXB%HéSA ttll}lou(gg/acc%%)ilﬂa}?/ éig)wiﬁlie aaﬁat%]iltrgtlljcsél on (J/g) %
20  angle (180 degrees) with a capillary diameter of 2.0 mm and an aspect ratio (capillary

length/capillary radius) of 15.

[00050] After equilibrating the samples at 190 °C for 10 minutes, the piston is
run at a constant piston speed of 0.265 mm/second. The standard test temperature is
190 °C. The sample is drawn uniaxially to a set of accelerating nips located 100 mm
25  below the die with an acceleration of 2.4 mm/second®. The tensile force is recorded
as a function of the take-up speed of the nip rolls. Melt strength is reported as the
plateau force (cN) before the strand broke. The following conditions are used in the

melt strength measurements: Plunger speed = 0.265 mm/second; wheel acceleration =

14



T, (C Melt strength at 190 C (cN) Zero Shear Viscosity (Pa-s) Exanple 1
0.58 0.9211 109.6 143.7 49.2 97.4 14.4 42,508 Exanple 2 0.64 0.9205 110.4
145. 4 49. 8028102144841 38, 292 Exanple 3 0.67 0.9206 110. 7 rt431300140382898. 4

12.0 38,707 CE 1 0.52 0.9220 109.9 144.3 49.4 98.3 13.3 42,699 CE 2 0.68

2.4 mm/s*; capillary diameter = 2.0 mm; capillary length = 30 mm; and barrel

diameter = 12 mm.
Zero Shear Viscosity

[00051] Zero shear viscosity is determined by creep testing as discussed in
5  Sammler, R.L., T.P. Karjala, W. Huang, M.A. Mangnus, L.G. Hazlitt, and M.S.
Johnson, "Zero-Shear Viscosity/Molecular Weight Method for the Detection of Long-
Chain Branching in Polyolefins", SPE ANTEC Proceedings, Chicago, 1023 (May 17-
20, 2004).

[00052] A zero-shear viscosity value (1p), in Pascal-seconds at 190 °C, is

10 obtained via a creep test that is conducted on an AR-G2 stress controlled rheometer
(TA Instruments; New Castle, DE) using 25-mm-diameter parallel plates maintained
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

15  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/minute. The creep time is set for 2 hours.

20 [00053] A low shear stress of 20 Pascals is applied for all of the samples to
ensure that the shear rate is low enough to be in the Newtonian region. 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(1)) vs. log(f), where J(t) is creep compliance and 7 is creep time.
If the slope of the linear regression is greater than 0.97, steady state is considered to

25  bereached. 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 the strain. The zero-shear viscosity is determined from the ratio of the

applied stress (20 Pascals) to the steady state shear rate.

[00054] A small amplitude oscillatory shear test is conducted before and after
30  the creep test on the same specimen from 0.1 to 100 radians/second. The complex

viscosity values of the two tests are compared. If the difference of the viscosity

15



0.9212 110.5 145.2 49.7 98.7 11.9 35,765 Table 4: FTIR properties of
Exanples 1 - 3 and Conparative Exanples 1 - 2. Trans / Vinyls / 1000

Met hyl s WWwoybiodiemss 1000C C /1000 C /1000 C Exanple 1 @Cc@aR2@0042817. 1
0.041 Exanple 2 0.045 0.111 20.2 0.073 Exanple 3 0.037 0.102 19.6 0.073 CE
10.050 0'\/2:1'11716]:'5 a]f%'. 13ra91ia(1)153/§ec(o:gd %s goréz(l)tgrSthgﬁ g' ‘?o?th]éSS'ar?lp% i(s)gg'nsidered to have

degraded during the creep test, and the result is discarded.
DSC Crystallinity Determination

[00055] Differential Scanning Calorimetry (DSC) can be used to measure the
5  crystallinity of a sample at a given temperature for a wide range of temperatures. For
the Examples, a TA model Q1000 DSC (TA Instruments; New Castle, DE) equipped
with an RCS (Refrigerated Cooling System) cooling accessory and an autosampler
module is used to perform the tests. During testing, a nitrogen purge gas flow of 50
ml/minute is used. Each sample is pressed into a thin film and melted in the press at
10 about 175 °C; the melted sample is then air-cooled to room temperature (~25 °C). A
3-10 mg sample of the cooled material is cut into a 6 mm diameter disk, weighed,
placed in a light aluminum pan (ca 50 mg), and crimped shut. The sample is then

tested for its thermal behavior.

[00056] The thermal behavior of the sample is determined by changing the
15  sample temperature upwards and downwards to create a response versus temperature
profile. The sample is first rapidly heated to 180 °C and held at an isothermal state
for 3 minutes in order to remove any previous thermal history. Next, the sample is
then cooled to -40 °C at a 10 °C/minute cooling rate and held at -40 °C for 3 minutes.
The sample is then heated to 150 °C at 10 °C/minute heating rate. The cooling and
20  second heating curves are recorded. The values determined are peak melting
temperature (Ty,), peak crystallization temperature (T.), the heat of fusion (Hy), and

the % crystallinity for polyethylene samples calculated using Equation 1:
% Crystallinity = [(Hr (J/g))/(292 J/g)] x 100 (Eq. 1)

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

cooling curve.
Fourier Transform Infrared Spectroscopy (FTIR)

[00057] Unsaturations by FTIR were measured on a Thermo Nicolet model
Nexus 470. The following ASTM procedures were followed:
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e Methyls per 1000 C: ASTM D2238
¢ Trans per 1000 C: ASTM D6248
¢ Vinyls per 1000 C: ASTM D6248

¢ Vinylidenes per 1000C: ASTM D3124

5  Film Testing Conditions
[00058] The following physical properties are measured on the films produced:

e Total (Overall), Surface and Internal Haze: Samples measured for internal
haze and overall haze are sampled and prepared according to ASTM D 1003.
Internal haze was obtained via refractive index matching using mineral oil on
10 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 2. Surface haze tends to
be related to the surface roughness of the film, where surface increases with

increasing surface roughness. The surface haze to internal haze ratio is the

15 surface haze value divided by the internal haze value as shown in Equation 3.
Haze = Internal Haze + Surface Haze (Eq. 2)
S/1 = Surface Haze/Internal Haze (Eq. 3)

o 45°(Gloss: ASTM D-2457.

¢ 1% Secant Modulus- MD (machine direction) and CD (cross direction):

20 ASTM D-882.

¢ MD and Cd Elmendorf Tear Strength: ASTM D-1922

¢ MD and CD Tensile Strength: ASTM D-882

¢ Dart Impact Strength: ASTM D-1709

¢ Puncture Strength: Puncture is measured on a Instron Model 4201 with
25 Sintech Testworks Software Version 3.10. The specimen size is 6” x 6” and 4

measurements are made to determine an average puncture value. The film is
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conditioned for 40 hours after film production and at least 24 hours in an
ASTM controlled laboratory. A 100 1b load cell is used with a round
specimen holder 12.56” square. The puncture probe is a 12" diameter polished
stainless steel ball with a 7.5” maximum travel length. There is no gauge

5 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, 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.

10 ¢ 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,
“Shrink Force Measurement of Low Shrink Force Films”, SPE ANTEC
Proceedings, p. 1264 (2008).

Determination of Maximum Qutput Rate of Blown Film

15 [00059] Film samples are collected at a controlled rate and at a maximum rate.
The controlled rate is 250 Ib/hr which equals an output rate of 10 Ib/hr/inch of die
circumference. Note the die diameter used for the maximum output trials is an 8” die
so that for the controlled rate, as an example, the conversion between 1b/hr and
Ib/hr/inch of die circumference is shown in Equation 4. Similarly, such an equation

20  can be used for other rates, such as the maximum rate, by substituting the maximum

rate in Equation 4 to determine the Ib/hr/inch of die circumference.
Lb/Hr/Inch of Die Circumference = (250 Lb/Hr) / (8 * m) = 10 (Eq. 4)

[00060] The maximum rate for a given sample is determined by increasing the
output rate to the point where bubble stability is the limiting factor. The extruder
25  profile is maintained for both samples (standard rate and maximum rate), however the
melt temperature is higher for the maximum rate samples due to the increased shear
rate. The maximum bubble stability is determined by taking the bubble to the point
where it would not stay seated in the air ring. At that point the rate is reduced to
where the bubble is reseated in the air ring and then a sample is collected. The cooling
30  on the bubble is adjusted by adjusting the air ring and maintaining the bubble. This is

taken as the maximum output rate while maintaining bubble stability.
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Triple Detector Gel Permeation Chromatography (TDGPC)

[00063] The Triple Detector Gel Permeation Chromatography (3D-GPC or

10  TDGPC) system consists of a Waters (Milford, Mass) 150C high temperature
chromatograph (other suitable high temperatures GPC instruments include Polymer
Laboratories (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,

15  Mass.) 2-angle laser light scattering (LS) detector Model 2040, and a Viscotek
(Houston, Tex.) 150R 4-capillary solution viscometer. A GPC with these latter two
independent detectors and at 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

20  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 with an on-line solvent degassing

device from Polymer Laboratories (Shropshire, United Kingdom).

[00064] Suitable high temperature GPC columns can be used such as four 30
25 cmlong Shodex HT803 13 micron columns or four 30 cm Polymer Labs columns of
20-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 chromatographic solvent and the sample preparation
30  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
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injection volume is 200 microliters. The flow rate through the GPC is set at 1

ml/minute.

[00065] The GPC column set is calibrated by running 21 narrow molecular
weight 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 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 weight using Equation 5 (as described in

Williams and Ward, J. Polym. Sci., Polym. Letters, 6, 621 (1968)):
Mpolyethylene =Ax (Mpolystyrene)B (Eq 5),

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 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 3D-GPC
method, infra, and specifically Equation 12. Use of this polyethylene calibration
method to obtain molecular weight values, such as the molecular weight distribution
(MWD or M,,/M,), and related statistics, is defined here as the modified method of
Williams and Ward.

[00066] The systematic approach for the determination of multi-detector offsets
is performed in a manner consistent with that published by Balke, Mourey, et al.
(Mourey and Balke, Chromatography Polym., Chapter 12, (1992)) (Balke,
Thitiratsakul, Lew, Cheung, Mourey, Chromatography Polym., Chapter 13, (1992)),
optimizing triple detector log (Mw and intrinsic viscosity) results from Dow 1683
broad polystyrene (American Polymer Standards Corp.; Mentor, OH) or its equivalent

to the narrow standard column calibration results from the narrow polystyrene

20
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standards calibration curve. The molecular weight data is obtained in a manner
consistent with that published by Zimm (Zimm, B.H., J. Chem. Phys., 16, 1099
(1948)) and Kratochvil (Kratochvil, P., Classical Light Scattering from Polymer
Solutions, Elsevier, Oxford, NY (1987)). The overall injected concentration used in
5  the determination of the molecular weight is obtained from the mass detector area and

the mass detector constant derived from a suitable linear polyethylene homopolymer,
or one of the polyethylene standards 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

10 concentration coefficient, dn/dc, of 0.104. Generally, the mass detector response and
the light scattering constant should be determined from a linear standard with a
molecular weight in excess of about 50,000 daltons. The viscometer calibration can
be accomplished using the methods described by the manufacturer or alternatively by
using the published values of suitable linear standards such as Standard Reference

15 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).
gpcBR Branching Index by 3D-GPC

[00067] In the 3D-GPC configuration, the polyethylene and polystyrene
20  standards can be used to measure the Mark-Houwink constants, K and @,
independently for each of the 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.

[00068] The gpcBR branching index is determined by first calibrating the light
25  scattering, viscosity, and concentration detectors as described previously. Baselines
are then subtracted from the light scattering, viscometer, and concentration
chromatograms. Integration windows are then set to ensure integration of all of the
low molecular weight retention volume range in the light scattering and viscometer
chromatograms that indicate the presence of detectable polymer from the refractive
30  index chromatogram. Linear polyethylene standards are then used to establish
polyethylene and polystyrene Mark-Houwink constants as described previously.

Upon obtaining the constants, the two values are used to construct two linear
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polyethylene intrinsic viscosity as a function of elution volume, as shown in

Equations 6 and 7:

K %lPE + s szpE +1
M, = [i] M % (Eq. 6), and
KPE

a+l
— KPS ’MPS

5 (771 5 (Eq. 7).

PE

[00069] 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, 29-435.
The index avoids the slice-by-slice 3D-GPC calculations traditionally used in the

10 determination of g’ 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 (My,, ans) by the light scattering (I.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’

15 determination.

[00070] With 3D-GPC, absolute weight average molecular weight (“My, abs”)

and intrinsic viscosity are also obtained independently using Equations 8 and 9:

YoM, LS,
C. - . LS Area

M. = M. = — L M. = =L = Eq.

W Zi:wl ! Zl: ZCI. ' ZCI. ZCI. Conc. Area (Fa. 8)

i i

[00071] The area calculation in Equation 8 offers more precision because as an
20  overall sample area it is much less sensitive to variation caused by detector noise and
3D-GPC settings on baseline and integration limits. More importantly, the peak area
calculation is not affected by the detector volume offsets. Similarly, the high-
precision sample intrinsic viscosity (IV) is obtained by the area method shown in

Equation 9:
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C,
IV =[n]= AV, = |1V, Eq.

: Conc. Area
where DP; stands for the differential pressure signal monitored directly from the

online viscometer.

[00072] To determine the gpcBR branching index, the light scattering elution
S 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.

[00073] Initially, the molecular weight and intrinsic viscosity for a linear
polyethylene standard sample, such as SRM1475a or an equivalent, are determined
10 using the conventional calibrations (“cc”) for both molecular weight and intrinsic

viscosity as a function of elution volume, per Equations 10 and 11:

MWCC—Z ZC M, => wM,, (Eq.10),and

i

(7] Z ZC IV, = Zwl . (Eq. 1D).

Equation 12 is used to determine the gpcBR branching index:

15 epcBR= U”]CCM My j ~1| (Eq. 12),
[7]

MW,CC

wherein [n] is the measured intrinsic viscosity, [1]c 1s the intrinsic viscosity from the
conventional calibration, My, is the measured weight average molecular weight, and
My cc 1s the weight average molecular weight of the conventional calibration. The
weight average molecular weight by light scattering (LLS) using Equation (8) is

20  commonly referred to as “absolute weight average molecular weight” or “My, aps -

The My, . from Equation (10) using conventional GPC molecular weight calibration
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curve (“conventional calibration”) is often referred to as “polymer chain backbone

29 &l

molecular weight”, “conventional weight average molecular weight”, and “My, gpc”.

[00074]  All statistical values with the “cc” subscript are determined using their

respective elution volumes, the corresponding conventional calibration as previously
5  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 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
10 are 0.725 and -3.355, respectively, for polyethylene, and 0.722 and -3.993 for

polystyrene, respectively.

[00075] Once the K and a values have been determined using the procedure
discussed previously, the procedure is repeated using the branched samples. The
branched samples are analyzed using the final Mark-Houwink constants as the best

15 *cc” calibration values and Equations 8 - 11 are applied.

[00076] The interpretation of gpcBR is straight forward. For linear polymers,

gpcBR calculated from Equation 12 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

20  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%

25 and 200%, respectively, versus a linear polymer molecule of equivalent weight.

[00077] 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

30  the low 3D-GPC detector response at high molecular weight from the concentration
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detector. Errors in detector volume alignment also do not affect the precision of the

gpcBR index determination.

GPC-LS Characterization

5 [00078] Analysis of a concentration-normalized .S 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.

[00079] The “GPC-LS Characterization” parameter, Y, is designed to capture
10 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.

[00080] An ethylene-based polymer that has long chain branching, such as low
density ethylene-based polymers, can be differentiated by using an analysis technique

15  called “GPC-LS Characterization”. In the GPC-LS Characterization method, the
determination 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-

20  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 the one shown in Figure 2 — 4.

25 [00081] 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 = Log LSCDF = Log(LSCDF) +3.5 (Eq. 13)
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concentration-normalized LS chromatogram curve. The straight line and the points
will provide the basis for determination of areas A and B. The two points, a first
point and a second point, are located on the concentration-normalized .S
chromatogram curve and represent the concentration-normalized LS response values
20  (afirst 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, Point 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
25  the logarithm value of cc-GPC molecular weight 350,000 grams/mole (representing
the first logarithmic cc-GPC molecular weight value), which is a value of
approximately 5.544. The second point (Point 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
30  response value) corresponding to a logarithm value of cc-GPC molecular weight

1,320,000 grams/mole (representing the second logarithmic cc-GPC molecular weight
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value), which is a value of approximately 6.107. 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.

[00085] The third step is to determine the area A between the straight line and
S the concentration-normalized LS chromatogram curve between the two logarithmic
cc-GPC molecular weight values. Area A is defined as being the value of A1l plus
A2. In preferred embodiments, the area A is defined for the range of values between
the logarithm value of cc-GPC molecular weight 350,000 grams/mole and the
logarithm value of cc-GPC molecular weight 1,320,000 grams/mole.

10 [00086] Al is defined as the area bound between the straight line and the
normalized .S 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 LS chromatogram curve between the two

logarithmic cc-GPC molecular weight values.

15 [00087] 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 1S chromatogram curve except at Points 1 and 2. In

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

[00088] A2 is defined as the inverse of A1. A2 is the arca 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 1S

25  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 Points 1 and 2. In these

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

[00089] In some embodiments, as can be seen in Figure 4, the straight line may
30  intersect with the concentration-normalized LS chromatogram curve in at least one

other point besides Points 1 and 2 (see Figure 4 at “Additional Intersection Point”). In
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such situations, Al 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 5.9 to the logarithm value of cc-GPC molecular weight
S 350,000 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 5.9 to the logarithm value of cc-GPC

molecular weight 1,320,000 grams/mole.

10 [00090] In calculating a total value for A, A is again defined as the area Al
(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.

[00091] The fourth step is to determine the area B under the concentration-

15  normalized LS 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.

[00092] The fifth step is to determine the value of x, the slope indexing value.
20  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 16:

LSresponse p, > cyy — LSresponse p, ., cv)

LS i
e response(Poth,CN) (Eq' 16)’
log MW, —log MW,

(Point 2,ccGPC) (Point1l,ccGPC)

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

Points 1 and 2.
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[00093] Finally, once x, A, and B are established, the GPC-LS Characterization
value (Y) is determined using the previously presented Equations 13 - 15, repeated
below:

Y = Log LSCDF = Log(LLSCDF) + 3.5 (Eq. 13)
5 LSCDF = Abs(A/B * SF) (Eq. 14)
SF = A Slope Function = Abs(x) + 0.1 (Eq. 15)

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

Process Information Related to Examples 1 —3 (Ex. 1 — 3) and Comparative
10  Examples1-2(CE1-2)

[00094] In discussing the Examples and Comparative Examples, several terms
are defined. There are three Example compositions and sets of process information
for their creation: Example 1, Example 2, and Example 3. There are two Comparative

15  Examples compositions and sets of process information. The process runs that
created Comparative Examples 1 and 2 are analogous in that they are produced using
the same process train as Examples 1, 2, and 3. Comparative Examples 1 and 2 are

directly comparable with Examples 1, 2 and 3.

[00095] When process conditions are discussed and compared, the process
20  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).

[00096] Examples 1, 2, and 3 as well as Comparative Examples 1 and 2 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

25 another. Figure 5 is a simple block diagram of the process reaction system used to

produce the aforementioned Examples and Comparative Examples.

[00097] 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

30  compressor “BP”, a hypercompressor “Hyper”, a three zone tube reactor which is
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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
S toasecond 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 “LPS”; a

low pressure recycle line 9; and a chain transfer agent CTA feed system 13.

[00098] The tube reactor further comprises three reaction zones demarcated by
10 the location of 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 0
meters and feeds a portion of the process fluid into the first reaction zone. The first
reaction zone starts at injection point #1 (3), which is located about 120 meters
downtube of the front of the tube reactor and ends at injection point #2 (4). The first
15 peroxide initiator is connected to the tube reactor at injection point #1 (3). The
second reaction zone starts at injection point #2 (4), which is about 520 meters
downtube from the front of the tube reactor. The second reaction zone ends at
injection point #3 (5). The third reaction zone starts at injection point #3 (5), which is

located about 890 meters downtube from the front of the tube reactor.

20 [00099] The preheater which is the first 13 tubes starting at O meters and all of
the reaction zones have an inner tube diameter of 5 centimeters. For all the Examples
and the Comparative Examples, 100% of the fresh ethylene and ethylene recycle are
directed to the first reaction zone via the first reaction zone feed conduit. This is

referred to as an all front gas tubular reactor.

25 [000100] For all the Examples and the Comparative Examples, a mixture
containing t-butyl peroxy-2 ethylhexanoate (TBPO), di-t-butyl peroxide (DTBP), tert-
butyl peroxypivalate (PIV) and an iso-paraffinic hydrocarbon solvent (boiling range
>179°C) are used as the initiator mixture for the first injection point. For injection
points #2 and #3, a mixture containing DTBP, and TPO and the iso-paraffinic

30  hydrocarbon solvent are used. Table 1 shows the flows of the peroxide initiator and

solvent solution used for each of the trial runs.
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Table 1: Peroxide initiator flows in kilograms per hour at each injection point for

Examples 1 — 3 (Ex. 1 — Ex. 3) and Comparative Examples 1 — 2 (CE 1 — CE2).

Organic peroxide (PO) Ex.1 | CE1 CE2 | Ex.2 | Ex.3

Injection
Location Material | (kg/hr) | (kg/hr) | (kg/hr) | (kg/hr) | (kg/hr)

Injection Point #1 | TBPO 1.13 1.13 1.20 1.27 1.41
DTBP [ 0.56 0.57 0.60 0.64 0.70
PIV 2.70 271 2.87 3.05 3.38
Solvent | 18.11 | 18.19 | 19.27 | 20.48 | 22.69
Injection Point #2 | TBPO 0.42 0.35 0.34 0.40 0.31
DTBP | 0.84 0.70 0.68 0.81 0.61
Solvent | 19.65 | 16.45 | 1590 | 18.98 | 14.44
Injection Point #3 | TBPO 0.49 0.26 0.21 0.42 0.43
DTBP | 0.98 0.52 0.43 0.84 0.87
Solvent | 23.12 | 12.13 | 10.01 | 19.68 | 20.34

5 For all examples and comparative examples, propylene was used as the chain
transfer agent (CTA). The propylene 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 examples and Examples 1 and 2 for the
process runs. This is done to maintain the melt index of the product. The peak

10 temperatures for each of the three reaction zones were increased to maximize
molecular weight distribution. The reactor tube process conditions used to

manufacture Examples 1, 2 and 3 and Comparative Examples 1, and 2 are given in

Table 2.
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5 [000101] 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 is the temperature profile of the tube reactor showing the reactor details of
Example 1. The graph shows the three reaction zones with respect to the peroxide
injections. The x-axis shows the joint location between tubes and the y-axis is

10 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 MWD of the product.

15 Characterization of Examples 1 — 3 and Comparative Examples 1 - 2

[000102] Characterization properties of Examples 1 — 3 and Comparative
Examples 1 — 2 is shown in Tables 3 — 5. From Table 3, at nearly equivalent melt
index, the examples of the invention have higher melt strength values than their
comparative examples as a result of their broader MWD shown in Table 3. This

20 increased melt strength is translated into this material being an effective polymer to
aid in the increased output of a film when used alone or in combination with other
polymers to produce a film, for example on a blown film line. Also, at nearly
equivalent melt index, the examples of the invention have a higher zero shear
viscosity than their comparative examples. This is also related to the ability of this

25  material to provide improved bubble stability during film formation, such as on a

blown film line.

[000103] Per Table 4, the examples of this invention have lower vinyl per 1000C

levels and higher methyl per 1000C levels than the comparative examples.

[000104] Table 5 shows the TDGPC properties of the examples and comparative
30  examples, using the same comparative examples shown in Table 3 and 4. The

examples have higher Mz or high molecular weight tail values, broader MWD

(Mw/Mn), and lower Log_IL.SCDF.
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Table 3: Melt index, density, DSC (thermal) properties, and melt strength of

Examples 1 - 3 and Comparative Examples 1 — 2.

Melt Melt Zero

Index Heat of strength |  Shear

(I, at | Density Fusion %o at 190 | Viscosity
190 °C) | (g/ee) | T °C) | (J/g) | Crystallinity | T. (°C) | °C (cN) | (Pa-s)
Example 1 0.58 | 0.9211 | 109.6 143.7 49.2 97.4 14.4 42,508
Example 2 0.64 | 0.9205 | 110.4 145.4 49.8 98.2 12.1 38,292
Example 3 0.67 | 0.9206 | 110.7 143.0 49.0 98.4 12.0 38,707
CE 1 0.52 | 0.9220 | 109.9 144.3 49.4 98.3 13.3 42,699
CE?2 0.68 | 0.9212 | 110.5 145.2 49.7 98.7 11.9 35,765

Table 4: FTIR properties of Examples 1 - 3 and Comparative Examples 1 — 2.

Vinyls
Trans/ | /1000 | Methyls | Vinylidenes
1000 C C /1000 C | /1000 C

Example 1 0.057 | 0.143 17.1 0.041
Example 2 | 0.045 | 0.111 20.2 0.073
Example 3 | 0.037 | 0.102 19.6 0.073

CE 1 0.050 | 0.171 16.3 0.032

CE2 0.035 | 0.157 15.6 0.051

34



Us2010l038285 -0 H <

1-917 0 917 0 917 O

Fa H -171717 0 917 81717 0 917

_0-

Ou

1 0917 0 917 0 917 0 917 0 917 0 917 0 917 1-917

g8’} 8¢'T | 190 [860| 60T £6'9 | 001°1€E | 09¥°S6 | 09L°CT =R

191 8LT | 090 |660| €T 69°'L | 00099¢ | OvT'L6 | OV9°TT e

8L} 89T | 650 [00T| 80C L8 | 000°L8€ | 06€°60T | 060°CT ¢ 'xq

060 86T | 090 [ €01| 80T ¢'8 | 00Z°L9¢ | 091°401 | 09€°TT 7xd

v0't LT | 8§50 |660| LET 768 | 00T°69¢ | 091701 | 06611 I xg

S ¢+HADSTD ggods | 8 | Syp | (DD | WA/MIA | (Jow/T) | (jow/T) | (fowy/3) | opdures
S0T1=4aDST 301= X MAT | "M | DD | ZIN MmN U
/ (sqe DdD-92 | DdD-22 | DdD
-STDMIN -2

a) 6: 0 -
0 917 1-917 0 917 0 917 1-917 1-917 0 917 1-917 917.

17917 91AWOokeBLA4BI17 EO17 17917 -17"17. EIT17 EIT17 t. PpCH/
917 c

0 917 0 917 0 917 0 917 0 917

9-17. Z71) H

7 — 1 sordwrexy aaneredwo)) pue ¢ - 1 so[dwexy jo sanradord DdOAL S Q[9eL

35



wu_ O _ co EIT17 -17-17. -171717 61717 6E17 LEV LEV EE-17 E-17. 01717
9917 E917 E917 (TI2 CI1T5 Hb CO 9LE 9LE 9LE O9LE 9LE 9LE 9LE O9LE O9LE
OLE 9LE wWOBo1044E8¥1) C I TS5 H b CO 9LE 9LE 9LE 17LE 9PETIISEN109k4285 OLE
OLE LLE 9LE ELE ELE T1)

[000105] For the Log_IL.SCDF, additional comparative examples have been
chosen to show the uniqueness of the Examples as compared to comparative
examples. These data are shown in Table 6 and plotted in Figure 7. As shown in
Figure 7, the inventive examples show a unique relationship with Y = Log(I.SCDF) +
3.5 and also with Mw/Mn. In particular, the inventive examples have a much lower Y
than any of the comparative samples and in general have a higher Mw/Mn. The Y is
less than about 2, preferably less than about 1.5, and most preferably less than about
1.2. The unique structure as demonstrated by their low GPC-LS characterization Y
values of the inventive embodiments is clearly shown in Table 6, where a large
number of LDPE resins of similar MI range are compared. The comparative examples
in Table 6 covers a M1 range from 0.24 to 8.19. The comparative examples in Table 6
also covers a broad range of branching level with gpcBR values ranging {from about
0.62 to about 4.72. The comparative examples in Table 6 also covers a broad range of
molecular weights with the cc-Mw values ranging from about 70,000 to about

260,000 Daltons.
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m Properties of Examples and Comparative Examples

[000106] Film properties from the maximum output rate trials are shown in
Tables 7 — 12 and Figures 8 — 11. Example 3 when blended at 20% with LL.DPE1
gave the highest output on the blown film line (428 1b/hr from Table 7) while
maintaining bubble stability, as compared to all other comparative examples made

10 with LLDPEI1. The LLDPE resins are described in more detail in Table 8. The
comparative examples are described in more detail in Table 6. At the same time, the
haze of the films with 80% LILDPE1 and 20% Example 3 was very low. When
Example 3 was blended at 20% with LLLDPE2, even higher output was obtained on
the blown film line (480 Ib/hr) and this combination also had the lowest haze (7.1%)

15 of all the films in this study. Figure 8 shows the combination of good output and haze
for Example 3 compared to comparative examples (lower haze is improved or better
haze) and Figure 8 shows a similar plot for the maximum rate and 45 degree gloss
(higher output and higher gloss preferred). Figure 10 and 11 show results for the
maximum rate, haze and gloss when Example 3 is blended with LL.DPE2, showing

20  the advantageously high output, low haze, and high gloss.

[000107] Table 9 shows comparisons similar to those shown in Table 8, but
instead of being at the maximum rate, Table 9 shows results at a lower comparable
rate of 250 Ib/hr or 10 1b/hr/inch of die circumference. The inventive examples still
show the lowest haze of any examples at the 20% level in LL.DPE]1 of 7% with

25 Example 2. In LLLDPE2, the haze is even further reduced to 6% when 20% of
Example 3 is used.

[000108] The process conditions used to make the films in Tables 7 and 9 are
shown in Table 10. The barrel temperatures T1 — T5 refer to temperatures closer to

the feed of the extruder (T1) and closer to the die end (T5), respectively.
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5 [000109] Table 11 shows results for 2 mil thick and 1 mil thick films made at

maximum rates. At both thicknesses, the blend with 20% of Example 1 showed the
highest output as compared to the LILDPE alone or when 20% of Comparative
Example 1 or Comparative Example 9 is used. The haze is excellent in the 2 mil film

with 20% of Example 1 at 4.7% as is the 45 degree gloss at 86%.

40



4

D e

Dier
4_,

- PCT/US2010/088285 = | n
1L---

-.--.C0-)

2 345 n Adapte Block r

(F)

1 80%LLDPE+20")/0 CE 9 100% LLDPE1 80% LLDPE1+20% CE 1

(&)
o
¥9/°'G | 090°'G LOE evS 8ev'| 198'ce | 0¥6'/€ ave L2 /08 € X3 %0¢ + €3dd711 %08
D €629 | /867 | €8¢ Lee 0Le’lL 09v'Ge | 9GZ°0v 9l¢ L2 €08 € X3 %0¢ + 23dd711 %08
5 o€, | ¥62°S 088 Gges LIt 0/9°L€ ¥8/'9¢ L6¢ ¢l 6./ ¢3dddT1 %001
— 0969 | 8GE'S 29¢ 86/ gLt 9G9°9¢ el vy 14744 06l /.19 3ddT11 %00 L
m ¥9.°G | 090'G | 6¢2 G8S 9ge’l 16€°8E IS Y 66 el TAVAS) 930 %02 + 13dAd71 %08
o €629 | /867 | 92¢¢ 2l9 162°| 8188¢ | 096'¢cy 791 an 9LL G 30 %02 + 13dA71 %08
8] 192G | 9¢8'y | €62 26v Lev't 00€8e | 0L Ly 891 L'6 0. ¥ 30 %02 + 13dAT1 %08
= 80.°G | €16V | 0S¢ /69 622’ ¥6¥°'2€ | 092'L¥ 0S| el G119 €30 %02 + 13dAd71 %08
= 0€G'G | 296°c | ZI¢ 791 G8e'l 182'8¢ | /leS'ev g9l 98 L9/ 2 30 %02 + 13dAd771 %08
NM_V 992G | 69,V | 661 /62 66E° | 906'/¢ 1/8CY PG 1 '8 v/l € X3 %0¢€ + 13ddT11 %0L
- /GS'9 | €56'F | 6G2 689 AzAll 192°/¢€ LL2'6E /61 oct L'€9 € X3 %01 + 13ddT17 %06
G¥6'G | 126y | €c¢ 9SG 90G'| 1/65°8¢ LV LY A 96 80/ € X3 %02 + 13ddT11 %08
€eG'G | /99Y | 8¢ge A4 GG GG0'8¢ | v09'cy 26l 8'8 v/l ¢ X3 %02 + 13ddT11 %08
(isd) | (sd) | OV (b)) q (b)) q (1sd) (1sd) | (uvary) | (%) (%) uondiose( ojdwes
ssollg | ssallg | Leq | edAl ses] | adA] sea] | sninpowy | sninpopy | einoung | ezeH | esibeQ
Meaig | Mea.g Jlopusw|3 | Jopusw|3 | UBOSS | 1UBDSS [eio] Gt
an an an an %LAN | %L ad §S0|9

Sanmpl e Description 100% LLDPE1 80% LLDPE1+20% CE 1 80%

co c) Lg)

D 1-
Melt Tenp. Tenp. Tenp. Tenp. Tenp. Tenp r Tenp Tem Tenp Tenp Tenp (F) (F)

(F) (A (F) (F) (F) p (F) (F) (F)

917171-917091799170917L171717LCOLCI - 6Cl - 8176LC
17C17617170917917171-9171-171717LCOLCO6C08179LC
9171709170917§17

80% LLDPBY®208d 7841 80% LLDPE1+20% CE 9

617 1-9 9L
LLDPE1+20% EXx.

Jr---

"9¥el WNWIXEW J& SSAUNDIY) [IW 7 Je apew swi[iy Jo sontadoid [earsAyd :/ 9qel.

41




bl own
1)
haze

its total

Sanpl e Description

100% LLDPE1 80% LLDPE1

1

per cent age of

ni
i s being extruded through the die

bubbl e cooling is used. Ceneral

EEH'
as reflected by its higher surface/internal

1 80% LLDPE1 +20% CE 9 5PErtussoiofo32RFPE Al one
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26 47 Yield Strength -

haze ratiwoisioalishat ed for

sever al
t hose shown in Table 13. The resulting correlation of the properties of

MD (psi) 1,927 2,175 Shrink Tension MD (psi) 19.0
17.0 Shrink Tension CD (psi) 0.9 0.6 5

[ 000111] The surfacel/internal
LDPE' s nade in a nmamoEruseniobsss t o

these sanples[iS shown [n Table I5 [and Figure 12. In particular Exanple 1
has a high surface/gr®elgal chaze ratio as welajed to its nelt index. Sone
10 ot her conmgr ci aI§L§)EI‘Zs & e 3h t At Rave|hi gher surface/internal haze
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wei ght is | owgred; r'rg<=neral the nechani cal ploperties are | owered).
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1.1 7.8 7.2 CE10.52 0.9220 7.7 1.1 6.7 6.2 CE 34 0.37 0.9276 6.1 1.9 4.1
2.1 CE 35 0.69 0.9227 9.6 1.6 8.0 4.8 CE 36 0.52 0.9286 9.4 1.4 8.0 5.7 CE
37 1.67 OWO24B8/@4741.9 4.5 2.3 CE 38 0.89 0.9240 7.4 1. 8CP/US2B003%B5 39 2. 12

5  Films of LDPE Alone

[000110] Films of Example 1 and Comparative Example 1 were 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 13. The
temperatures show the temperatures closest to the pellet hopper (Barrel 1) and in

10 increasing order as the polymer is being extruded through the die (melt temperature).

The film properties of these two examples are shown in Table 14. Example 1 has a
relatively higher percentage of its total haze being composed of surface haze, as
reflected by its higher surface/internal haze ratio. Additionally, the MD and CD
shrink tension of Example 1 are improved over that of the comparative sample,

15 making this a potentially good LLDPE for use in shrink applications.

Table 13: Blown film fabrication conditions for Example 1 and Comparative

Example 1 samples with physical property results shown in Table 14.

Parameter Value
Blow up ratio (BUR) 2.5
Output (Ib/hr) 188
Film thickness 2.0
Die gap (mil) 40
Air temperature (°F) 45

Temperature profile (°F)

Barrel 1 310
Barrel 2 330
Barrel 3 350
Barrel 4 380
Barrel 5 380
Screen Temperature 420
Adapter 420
Rotator 420
Lower Die 420
Upper Die 420
Melt Temperature 430
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0.9178 16.9 1.5 15.4 10.2 CE 40 1.99 0.9197 5.4 2.8 2.6 0.9 CE 41 0.73
0.9202 6.2 2.2 4.1 1.9 CE 42 0.23 0.9208 9.7 0.5 9.2 18.1 CE 43 0.70 0.9221
5.6 1.0 4vb62410814€R444 2.07 0.9222 4.6 1.8 2.8 1.5 CE 45r0TAB5201003865 12. 7
0.5 12.2 23.0

5
Table 14: Physical properties of film with process conditions shown in Table 13.
Comparative

Description Example 1 Example 1
Clarity (%) 91 93
Gloss 45 degree (%) 69 74
Gloss 60 degree (%) 89 102
Haze (%) 8.92 7.72
Haze - Internal (%) 1.08 1.07
Haze-Surface (%) 7.8 6.7
Surface/Internal Haze 7.2 6.2
Dart A (g) 151 148
Puncture (ft-Ibf/in’) 61 65
Secant Modulus 1% CD (psi) 24,475 27,617
Secant Modulus 2% CD (psi) 22,502 24,509
Secant Modulus 1% MD (psi) 23,528 26,044
Secant Modulus 2% MD (psi) 21,963 23,453
Elmendorf Tear CD (g) 238 282
Elmendort MD (g) 264 237
Ultimate Tensile - CD (psi) 3,215 3,003
Ultimate Elongation - CD %) 544 535
Yield Strain - CD (%) 14 12
Yield Strength - CD (psi) 1,796 1,753
Ultimate Tensile - MD (psi) 3,610 3,658
Ultimate Elongation - MD (%) 337 370
Yield Strain — MD (%) 26 47
Yield Strength — MD (psi) 1,927 2,175
Shrink Tension MD (psi) 19.0 17.0
Shrink Tension CD (psi) 0.9 0.6
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CE 46 2.38 0.9271 5.0 2.9 2.1 0.7 CE 47 1.77 0.9251 6.0 2.2 3.8 1.7 CE 48
0.76 0.9248 11.2 1.6 9.6 6.2 CE 49 1.93 0.9201 6.2 1.5 4.7 3.2 CE 50 0.83
0. 9206 4.80D2010/347843.2 CE 51 0.76 0.9243 6.0 1.3 4.7 3. BCCHS2A003€285 0. 9253
5.2 2.2

5
[000111] The surface/internal haze ratio is tabulated for several LDPE’s made in

a manner similar to those shown in Table 13. The resulting correlation of the
properties of these samples is shown in Table 15 and Figure 12. In particular
Example 1 has a high surface/internal haze ratio as related to its melt index. Some

10 other commercial LDPE’s are shown that have higher surface/internal haze ratios, but
this high ratio comes at the detriment of having a high overall total haze as shown in
Figure 12. The samples with higher surface/internal haze ratios have high total haze
at a low melt index or correspondingly have a lower haze but at a higher overall melt
index for the LDPE which is not as advantageous in terms of improved bubble

15  stability or maintained mechanical properties (i.e., as the melt index is raised or the

molecular weight is lowered, in general the mechanical properties are lowered).

[000112] The following numerical relationship exists for the materials of this

invention
SA>(-2%L) + 8 (Eq. 17)
20 in particular for when the total haze of the film is less than 9.5%.

[000113] 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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3.0 1.3 CE 53 2.62 0.9246 7.7 3.4 4.3 1.3 CE 54 0.30 0.9167 12.1 0.4 11.7
32.6 CE 55 0.26 0.9218 5.7 0.7 9 6.6 CE 56 1.92 0.9189 5.4 1.2 4.2 3.6 CE
57 2.33 OWODA/KM4B41.6 3.3 2.1 58 0.81 0.9215 6.7 1. PCHUS28003%85 59 0. 73
0. 9236

5 Table 15: Haze values for Ex. 1, CE1, and Comparative Commercial LDPE Ex. 34 —

4.
CE

65.
Total Internal | Surface | Surface/
Melt | Density | Haze Haze Haze Internal
Index | (g/co) (%) (%) (%) Haze
Example

1 0.58 | 0.9211 8.9 1.1 7.8 7.2
CE1 0.52 | 0.9220 7.7 1.1 6.7 6.2
CE 34 0.37 | 0.9276 6.1 1.9 4.1 2.1
CE 35 0.69 | 0.9227 9.6 1.6 8.0 4.8
CE 36 0.52 | 0.9286 9.4 1.4 8.0 5.7
CE 37 1.67 | 0.9243 6.4 1.9 4.5 2.3
CE 38 0.89 | 0.9240 7.4 1.8 5.6 3.1
CE 39 212 | 09178 16.9 1.5 15.4 10.2
CE 40 1.99 | 0.9197 5.4 2.8 2.6 0.9
CE 41 0.73 | 0.9202 6.2 2.2 4.1 1.9
CE 42 0.23 | 0.9208 9.7 0.5 9.2 18.1
CE 43 0.70 | 0.9221 5.6 1.0 4.5 4.3
CE 44 2.07 | 0.9222 4.6 1.8 2.8 1.5
CE 45 0.26 | 0.9186 12.7 0.5 12.2 23.0
CE 46 2.38 | 0.9271 5.0 2.9 2.1 0.7
CE 47 1.77 | 0.9251 6.0 2.2 3.8 1.7
CE 48 0.76 | 0.9248 11.2 1.6 9.6 6.2
CE 49 1.93 | 0.9201 6.2 1.5 4.7 3.2
CE 50 0.83 | 0.9206 4.8 1.1 3.7 3.2
CE 51 0.76 | 0.9243 6.0 1.3 4.7 3.5
CE 52 2.00 | 0.9253 5.2 2.2 3.0 1.3
CE 53 2.62 | 0.9246 7.7 3.4 4.3 1.3
CE 54 0.30 | 0.9167 12.1 0.4 11.7 32.6
CE 55 0.26 | 0.9218 5.7 0.7 4.9 6.6
CE 56 1.92 | 0.9189 5.4 1.2 4.2 3.6
CE 57 2.33 | 09195 4.9 1.6 3.3 2.1
CE 58 0.81 | 0.9215 6.7 1.1 5.6 5.0
CE 59 0.73 | 0.9236 6.9 1.4 5.5 3.8
CE 60 1.92 | 0.9238 4.5 2.1 2.4 1.2
CE 61 2.08 | 0.9207 5.4 1.5 3.9 2.5
CE 62 2.25 | 0.9313 6.8 3.2 3.6 1.1
CE 63 3.55 | 0.9313 7.4 4.2 3.1 0.7
CE 64 0.38 | 0.9181 26.5 1.3 25.2 19.9
CE 65 0.24 | 0.9215 9.5 1.4 8.1 6.0
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5.5 3.8 CE60 1.92 0.9238 4.5 2.1 2.4 1.2 CE 61 2.08 0.9207 5.
CE 62 2.25 0.9313 6.8 3.2 3.6 1.1 CE 63 3.55 0.9313 7.4 4.2 3.
. A0 P1E17826. 5 1.3 25.2 19.9 CE 65 0.24 0.9215 PCH/UB261083828%. O
What is 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 (Mw/M,)
from about 8 to about 30, a melt index (1) from about 0.1 to about 50 grams per 10
minutes, a gpcBR value greater than 0.05 as determined by a gpcBR Branching Index

and a GPC-LS characterization Y value less than about 2.

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 less than about
1.5.

5. The ethylene-based polymer of claim 1, where the Y value is less than about
1.2.

6. The ethylene-based polymer of claim 1 where the molecular weight

distribution (My/M,) of the ethylene-based polymer composition is from about 8 to
about 12.

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

one other natural or synthetic polymer.

8. The composition of claim 7 wherein the synthetic polymer is selected from the
group consisting of linear low density polyethylene (LLLDPE), high density
polyethylene (HDPE), and a low density polyethylene (LLDPE).

9. The composition of claim 7 wherein the synthetic polymer comprises LLLDPE.

10. The composition of claim 7 wherein the LLLDPE comprises at least 50 percent

or greater, by weight of the composition.

11. At least one film layer comprising the composition of claim 8.
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WO 2010/ 144784PCT/ US2010/ 038285 5What is clainmed is: 1. An ethyl ene-based
pol ymer characterized as having a density from about 0.9 to about 0.94
granms perwoubioci4emati meter, a nol ecul ar wei ght di stri butconusenn/doBszss f r om
about 8 to about 30, a nelt index (12) from about 0.1 to about 50 grans per

10 m nute a gpcBR val ue greater than 0.05 as de m ned by a gpcBR

Br anchi ng??-ndegﬁaeﬁaﬁﬁrafe AP Lo Rarsin At B Pst o W Mt ase IR about 2.
2The et hy - . i % t 1 ed polyner is
2 homopol vy g R B PP ER T

et hyl ene- based polyner is a copol yner. 154. The et hyl ene-based pol ynmer of
claim1, wher eThhpolymeablidains 1) welsseinhianpapout has.a5melt SrenfheatdOfyCeme- based
pol ymer of claim 1, wher lﬁhe Y value is |less than about 1.2. 6. The

et hyl ene- Bgé’ééreﬁ&r)‘}}i?é‘rnosfec 1aim 1 where the nol ecul ar wei ght 20

di stribution (Mv M) of the ethyl ene-based pol yner conposition is from

about 8 t @4abouh ciidienclbas@ FANRESIith ARuAKEH 28] 916n tikernt Mk eNBodias ed
polymer of claim1 'and at | eaSt one other natural or synthetic polyner. 8.

The cHhpouiits drie fzeing hotly deihariaedutinga Syradeenddnisylay Hare ingthed] andtaed from
t he 25gro consi stin N . |.ow densi lyet hvl e GLL ), high
densi ty. A BhLm el RIS SHRRIR M g VS PGPt " 8 The
conposi ti esr@bord @i the ol\wkekeidationghipynt heti c pol yner conprises LLDPE.  10.
The conposition of claim7 wherein the LLDPE conprises at | east 50 percent
or greater, by weight of the compositign, 3011. At |east one filmlayer
conprising the conposition of clallm &2 W% 010/ 144784PCT/ US2010/ 038285 5
12. The pol yner of claim1l, wherein the polynmer has a GPC Mv and a zero
shear Vi seOShic) afd (b HERS) 1&:elhioopshi p 1 og (10(Pes))>3. 66071 og( GPC

Mn) - 14. 678. 13. The polynmer of claim1l, wherein the polynmer has a nelt
strength at 190 Cin cN of greater than 11.5 cN. 14. An ethyl ene-based

pol y wilsh aThepdlager piagdaim 8} inawhich ther mell indgz és greateibamOiSrnddesani t s of %
haze and Bgt determ ned using a Surface and Internal Haze nethod, and a
melt indeX F 2) in grans per 10 m nutes, where the nunerical values of S
I, and 12 correspond to the follow ng rel ationshi p:

S/ > (-2162) +A8.ethylensttiagdl pdigmeiodhatachaized hshdvigsa ddmiy obPabolb09. The
polymer of claim14 in which the nmelt index is greater than 0.5 and | ess

than 2. e2boph0.af gianemrer sulie gebnsiie f ek verght diptantioadMéMa) densi ty
f b . i i I i gh
rom a Oulhggl %&%m?f%ht 80,94 8f f1HBx g%;;%&ﬂ%sut%md J%h??on%tg)n({%f; ar wei ght

di stri but fromabout 8 t out 30, a nelt fr om about
0.1 t20 aboutut&) agpeldi® vpkie giét@@han 0 esdetangpaBR ¥ ghaBR Gramhmg Ihdexn 0. 05 as

det erm ned cBR Branching | ndex, a GPC-LS characterization Y val ue

| ess thanaéﬁa\@jﬁsggm&dgﬁﬁt@e ﬁ%?%f%@aaﬁbwg&ﬁ% WG48 St o BWA 0 uni ts of
% haze ang,hof odehemits BEG Mgk I8 BoRUblcaafeansink AlREMASL afdBem@t hod, where
the nunerical values of S, |, and 12 correspond to the fol |l ow ng

rel at i onshlape meégd] wher¢ trm@jericalvalyeswiiiSch anthdr qosteaponidde ¢he wllpwsrg t han
9.5% 17. At |least one filmlayer conprising the ethyl ene-base pol yner of
claim1l. reﬁfon E'filmlayer according to claim17, wherein the filmlayer
has a machine direction (MD) shrink tension greater than 15 psi.

25 SA> (-2*L) + 8

in which the total haze is less than 9.5%.
17. At least one film layer comprising the ethylene-base polymer of claim 1.

18. The film layer according to claim 17, wherein the film layer has a machine

direction (MD) shrink tension greater than 15 psi.
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