70766 H GH MELT STRENGTH POLYETHYLENE COMPOSI TI ONS AND METHODS FOR MAKI NG

. THE SAME Cross- Reference To Rel ated Applications Thi s application
cl ai ms prwonpntyossyzom U. S. patent application serial nunper/us2¢1682(083318,
filed January 11, 2010, the disclosure of which is incorporated herein by
5r ef erence 7366 pur poses of U.S. practice. Background and Summary of the

I nvention Polyethylene resins are used in many applications requiring good

For mat 1 on' oftePMEE b TR At HaRASA AR L COM R AR AN DA REDBect ny1 ene

(LLDPE) has very desirabl e physi sedKINGopeE SARsE but 10nostly | ack sufficient
. melt strength to be used in certain filmapplications such as |arge bubble
films or in<IofssRefergpcgiloRelated Anplicaligns; i pe applications and extrusion
~.coating applications. Simlarly H gh Density Pol yethyl ene (HDPE) suffers
fromthe same shuist applicagpnaslainksDipforivy t flomh e B8 Cpatdnd applidatien rserigt humbeow

i e havi nEPRERgA Hedderhn TGOt b R PREL Y msb@SaEEker i of gooa

mechani cal mRfegded fok PEposkslofMBBYprayaipd. i cations a bl end of LLDPE or HDPE with
LDPE is used. Although those bl ends do have higher nelt strength, the

addi ti on of e}éen S nI IS amz)lunc;t fVL onE, such as 10 to 20% LDPE, does cause
‘a signific < roperties such as tear and dart

i mpact resi st an®elyethyles resind dieused femafy ahpehatidns esqairmg @oat @asica propeies, el t

‘strength coul d be ver eneficial such. as 20e usi coat.i .Qr collation
shri nk. casy AU guigm&?t tsﬁ%‘@ﬁ‘ fgﬁfOHBatﬁ’Bloih[nas qr &'r'f‘g] e(p%dca?sr ed nelt

strength i nlcihﬁaaewimna@ P@Cy@ﬁ?lﬂh&(fﬂll.DBHﬁhdSQ&tyrdﬁdiﬂaﬁﬁ phﬁ?ﬁﬁBﬁr?petﬁdshfbluS mal | cost

i ncrease, Suc n_ i nprovenent w enhance the use of polyet ene resins -
across the ‘Hﬁsﬂlyﬁlaégttsﬁr‘%ﬁ‘g‘.“ qsgﬁlf%ﬁoé’ﬁé}seﬁdgc"d@gﬁ filgmpgllfgp‘glﬁéﬁ“ﬁ} aéiargehat have
hel ped to ngsBleifimé H8n BiodBSlinY ApplidRiodS pg@Iaymaﬁdmaw@%umecbauﬁgal yet hyl ene
can be made in different gliriocess‘es in order _tQq gi ve gifferent properties.

Known f ani | apBlcagpnssimiarly HishRensifyGolygthylepg HIIESPHSrs BoPVtAPF ene ( HDPE) ,

linear | ow gieAsintiNg RADSHBWERebld PR renghd [bawdagnsidythyrhy €IDPH) ene made
usi ng high pressure reactors (LDPE%. Wthin these broad cl asses man
P

vari ati ons Badedw thecigh pressurefiep radisalresessihilepawuas Henificanyhighsr goeliy oc egs
technol pgi eséxeﬁ%tf%ufﬁ%‘@f’@ﬁ ?alck S04l hRhanicAPFGRrRY, Unm¥an§ bpiiR@icab @6Rd & from
i

t he use of fferent catalysts (for exan‘gl e, Ziegler-Natta or constrained
geonet ry cakldPBEerDPE thdd il i gsedppitheugn those bl idpééYedllgf’&YEF%?“eB&‘Fance of
rheol ogi cal ypr ARG tdf@f&n%ﬁ'ﬁm%dd of 1§, SicRES PP 20% 1K, lodsRalsBg art to
sel ect one type of polyethyl ene over another. In many applications, such as
bl ow nol di mjgrplmntﬁlrm the ingnhBrigab pioperti¢sneh asrear @nds‘i%f‘géﬁ’gﬂ%feéﬁtaﬂ%&e“ n
- pol yethyl eng ha% Bt KSVE MBfAREES 2 kNG Hi dremdih S5 €k Veby RnHicR bicha

measur ement - { Rat  can pregl ct materl al per?ormance in’‘elongation. In nelt
pr ocesslhg, exgrosion eaaling ertqoBatipnishiink. i nportant to maintain stability during
processes such L ng, ' i j SRi.Ri;ng, and foaned
parts. Melt strZlﬁla%g?%érggé?%@g@?%éié)evgérg?}égﬁrl%egggesh{%gﬁ%%r ar?etérs such as
bubbl e st abéchndmicaaod ddtroheimednoerewitinsrodineosisnerease. Surtoan ipravagesMoln i | m
production; parison f t dur.i i ng; sagging during profile
ext rusi on; %’gfufce c?ruﬁ%?firpg’??'egﬁr P%}géglb%agfﬁlg%\gl\;y é@ircgﬁds;g ‘abl e t hi ckness
di stribution durfohgthslaaechas dedirablaptopetiesthahavetglped to makeTthshighaspealdnge can be

h b [ ' th high | ' t . i il
general 7y vetiind enre Rontafe e SRR Aty bR BRSS! 1

different properties. Known families of polyethylene include high density polyethylene

(HDPE), linear low density polyethylene (LLDPE), and low density polyethylene made
using high pressure reactors (LDPE). Within these broad classes many variations exist

resulting from different types of polyolefin process technologies (for example, solution,



15tend to generate hi gher extrusion pressure during the extrusion process.
Therefore, properties nust be bal anced to provide an acceptabl e conbi nation
of physi C&D 2pr1a8837Pi es and processability. I n thi @KTUSRON1/020853
applications, blends of LDPE and LLDPE are used in order to obtain a

bal ance of 76gessability (extruder anps and pressure) and fil m nechani cal
properties. In 20 this blend the LDPE corrponent is the processability

© conponent ereas t s t he ch faore, the
TPty t o Wb S pePlesed o e bt Fliamn EHEos ETReRm s R LA gE s ne
mechani cal @nop@det igesinadly chlaBstb). aheldesrbd apptitatioh requires\aeatefid baladchef abi ity to
ws t he use of a

i ncrease th I t stren .0 onent all

hi gher per c8f? %ﬁj‘é’l Brl"p‘t_rE%Pg“?thw{lﬂEadtﬁ‘lpéﬁﬂn of? ml“f?(f‘f"é&é YO Echani cal
properties yiijeltbne 5@ binditics] ngnﬁr?@pmmmutn dsloW-mblaghgGne Blowamilaf

unaccept able |l evel s of insoluble é The present invention is a

new met hod FPBHCatiARs, Bl stFgethpd thedolye YlFréfn‘@? KeYrRramsiSet hyl ene i nvol vi ng

‘reacting nolten metRERMBNS a PrabficabReBSirbmesl tiat €8 préidt Glterigrieforhate W th a
speci fic peak deconposition tenperature and decog%ém tion enerﬁé t hrough
e

regul ar extinglingatiopr Buedspraeessing serdanaigitynaty itdmaheLe iniiRgapitbention is a
met hod for tgl oh @%&@& sadh Jsitsadﬁglﬁlo@t ﬁﬁnﬂbtmcatn FbB AR KhERBMEESArR.

conpr|5|ng selecting a po1yet yl ene resin having a density, as
det er m ned M@h@tmgthgs relsteASTRAVErADErocep NG IEAMELgRyICIH S HUPBISBLILY ang¢0766 g/ cnB

to 0.970,9/ {’?Jrita Iﬂ&lz‘?ﬁﬁ 1238
- (2.16 kgo 1@8%“ In t e ratﬁ%e 0 P?g%q%hg;ﬂha%gnﬁgﬁgg%mgﬁ%&%w\gnd t hen

reacting thmddplemagglwdm@rqfé@ﬂ@wlo@éﬂémﬁmﬂ\ﬂw?ﬁ fopmingongesiahleene resin
in an armunlth Eﬁ%ﬁs hﬁ@ﬂﬁﬁu&%ﬂ%ﬂé&?f%tt&hﬁéf@&h 0 increase the nelt strength

of the poly ene re esent 1 nvention is a new process for

i ncreasi ng the MEhistproptertg nayt e eohanpcﬂ byatsing resine withigher mejequias sveighy butp| ten

pol yet hyl ene w th t

et usi on' proviseds hFecRBEEY e, Do e Rk ERhe R ERAR R Cherk MBSIMLARY T 1o
for i ncﬂeasuemgtotglamerateh@hatexmgmrpmﬁuradtpmgytwtdxwgw@row Theshype.i si ng first

ASTVI D793, PRI TG HaeR PREHE B e i Eidphing i BHSLM AEBaRGRC 0P, 1 ©

i ndex, as d@b&rsm)im@d according to ASTM D1238 (2.16 kg, 19OC) in the range

of fromO0.01 g/ 0 o 30.9/.10 en &ast i n free
radi cal gener at q‘ﬁh"’t*‘ﬁ@’%tﬁ?’i?e@ﬁ’&f 8@#%%‘?%‘[{ na eg‘c’r(?’t%un rﬁ%ﬁ% Edngq -
condi tions mtt 611 ;ﬁd?tfesshﬂhtyﬂ@itﬁﬂé@tﬂpb&ndﬁﬁksisuxﬁ)ztrﬂrfghhleolﬁanﬁdahprpp}:lrbﬁst hyl ene

resin. present inventjon is roc t s t he.
mel t st Pengts b&ﬁ“dtﬂﬁé‘qp GONPORERT NG REET] Elhfyrf\?gﬁ?‘?eBﬁwﬁ%eaé%lﬁeuq%{%é gs t hat

i ncreases t Rgchihiefl @ShpoheMmatiherefdke, tHa@bili§Sb decréaselihe ADPEGoGid0 Of mebmﬁd;sabl lity.
Det ai | ed Descri ptl on of the |nvention %En i tdf 13‘60 St. sense, hgl resent

i nvention i $oaldiparessihe BlechapicrlPLnerigs f ’Qt"ﬂm8'? the ab P'get hyl ene
resin. Pol ygtihyt80@e hﬁﬁ'sﬂeﬂgﬂfdflﬂmmi}j coRpbiHE Al wa theRRe yfﬁ?lﬁgﬁ& pérckntagbi ch are
derived at |east 50% b ¥ ght from et hyl ene nonomner ﬂ@lu Thi s includes

materi al s kefdAPHED thedlendy m&%‘“ﬂFﬁH‘gd@rﬁ‘fch‘I%PWB‘frﬂ?ﬁl‘%‘ (BB | near | ow
densi ty ;pol yetdiabaiForthddEiabn oﬁﬂﬂcdeﬁtﬁbl@%’@&k byinfl&hhytigane made using high

pressure reactors (LDPE). 25The p | ene resin sel ecte g shoul d have a
density, as det éPh?lPF?é@théWthnﬁt"bm opingesasing{he welt SLEREE obt from 0. 900
g/cnB to 0. R6ifS SHRAI P61yt QRO ADspéifEBirdeGadlc D SheiiisinB. and a
mel t index, &ﬁ%t eeﬁlg&r‘rllone gccggr di ng ptvbgteAgTM DlZS:Egl 16 ﬁ ° 980) in the
range of frwrﬁl @ sigtifig peakrepompesign gmeramqqandﬁm@psﬁl&we%tﬂygmeugf r@ﬁ“ {Bmin to
159/ 1 Om n. e FSisP&t 6B RfetioR UCRLnM fohing@ay@nt | onal

Ziegler Natta ggpgl%c%ﬁh%mgg%}ca a:bye?%sg tt)ut %I s% w th netal Iolcr:lene r(%p single
site caBl ytemelSuoigtrafgipalyctnlpnarasiecommising disit sdecting P Poligsneigsiecul ar

wei ght di st ﬁdvl?rl'ét '(ﬁgﬁty, m%%ned according to ASTM D792, in the range of from 0.90



Once the polyethylene resin is selected, it is reacted with a specified
free radical generator. A free radical generator nmust be selected in such a
~ way that we 2nH#8837¢ert ai n exot her mi ¢ deconpositi on ener FETAISAIPHAISS3
deconposition tenperature conbination to cause the required inprovenent in
melt strengie6lf the deconposition energy is too high, 5then due to
indiscrimnate reaction of radicals the quality of polyethylene is reduced
due to local,zed format.i on.and renders the syste i On t he

ot her “hand. PP DESBEAT R g et oS et RASIRIAR T okie o

st Ir engL hI [ s193219@)$m/melraa§e <|tfrfﬁm1 @0 g/abdminas $0 ghm nﬁi‘k&nﬂ@&iﬂr&c&r@ﬂ@kpfehﬁﬁd eaclt with
pol yet hyl ene to, cause nol ecul ar chapges that are th urce of the melt
strength i n%?ﬂ@@?%ﬁ?nerWéV‘&‘MYe\%ﬂg‘? Fe&in inya qogun é‘P‘gﬁ'B‘i”?“fﬂH%t have a 10
deconposi ti Mﬁ@@ﬁ[cﬁ)icr@zfseﬁie meB@&EngtDél theRile@§lci®lesiand at nost a
deconposition energy of - 250 kJoules per nole. In addition such free

radi cal Yener at o PFF\ﬁ%"(‘ inygRHonds apwr%ésofﬁwm%ﬁh%%%a@a% of |ess than
280 degree Goranel1diR iR oI redcaR) Molk&%gly&th?&]&% He PebifiedFrecra@ienad i nventive
exanpl e of the present invention, but not limted to, are al koxy 15 am ne
deri vat i vesgenyRir rqushyeasly PIETUSiEn PIPEEssiDn Accorlinglyl oneAsEst et MYesiARSunder
condi tions Sukhbe ok Herdafngd ME HRASFenph®r %bl&etﬁ;‘lé&'?&%co?&pm&ﬂﬂgﬁ%@&e‘l’&h}iﬁ’i ene

resin. The al koxy am ne derivatives correSpond formul a:

(R1) (R2) N- @mwﬂ@p eesiRthaging a fensiy, @s desrmined a@p&metmﬂ%fm%e inheranes |

hydr oge 3 r n groups
“conpri s?cr)]g and or %kmgtﬁé)@\mg% ’é%d a%‘tﬁ{zﬁe)ﬁ%gg?%%wg%%%%s?ﬁ%re

toget her; aR#23jH@A6kRINE )y theagsen of ot § @ gamiroie 3018/14 meinbad thenreacding

Py ocar Don 9GR8 AP S SRS e Mo HEL il 6 B Y | 1t ude

CNH- CL. Coal mnmons\ﬂaffm&m@mqsayec menwsmmgimo@mewwymylenmsi&ost preferably

Co) CRos NG oY iR BN iPLF SIS GRTRIUNS el BRI HOR! o o2l
R1 R2) N- O* or a raadl ca

§ he% §m| itm S. The pksmmvlemwhaf 4 Qﬁewthﬁdnmﬁkﬂndm@ Raijoyof gheiresdn,

derivative | etyl oxy):3, 8, 10-
triethyl-7, ’é‘alfﬁmé H‘ie%/rﬂﬁg%l,l%fdi oxa- 9- azaspi ro[ 5. 51undec- 3-yl ] met hyl
oct adecanoat e which has the foll ow ng chem cal structure: 70766

Exanpl es of SOITE, referre . ecies for use in the present invention include
t he fol | owi A& . | am ne esters are nore preferred with :
one particul arl yinfRu@a&e: sBiywd| lﬁé(yﬂeseafﬁh{?@uelsiserm&ﬂ&idrf@ increasing the melt
9- (acet y| ox

-3 10-trjethyl: -1, 5-dj oxa- 9-
azaspir &9 5. é%eﬂﬁHQEa BOIWJ]yﬁeé‘F%%?f“ '8%‘8%8%‘3 Ey&‘des a pOLP'HErSaﬂr REYTeiends
derivati veswhick aRde@edianlean 5@%;1 %1gﬁtlff(fm ahgede hénhomBLEm@.SThik eluded t strengt h
and/ or increase the elongational vi scos)lé?&%(ﬂt o the desired Jevel. In general

the al koxy MeeCHHS KROvdp theaftiay Bigh densituppiusiiviene PR linfar 91 depgbh 1 to 1, 000
- ppm of the gﬂyexﬂgliéw IEISPEY O N dddityyRil@ iy lené i@ W@ heihdsyuré feagr$0 to 200

ppm e addition to the pol yethyl ene polyner can be carried out in
al | cust omafyPERxi ng machi nes in which the polyner is nmelted and m xed with

the addpfives. S*Hetpagletﬁyleﬁécrgéu'ﬂ?e?ecﬁﬂ@h&ﬁWeﬁﬁerfsfi'ﬁﬁﬁde‘-i&ﬂde@%dofﬂugglﬁ art.
They are predom nantl'y m xers, kneaders,and 15extruder process

i s preferabfyTMAY1Reld tlgq rangeroT SAMALI0P gisay 1o T0r/ e gmerepEeleraly gﬂﬁﬁoﬁo\/e during

processi ng. o/BaF i fdkhfdny aRd £1elt (fRek, BE AG&RDeDAcRERY DOSTM B153gNohEKSCr eW
ext ruders, contra rotating and co rotating tw n-screw extruders,

pl anet ar y- gE¥FChin theitheesof fram@0 ke foiade 30 &/10 mék meerueisrably). 1 108 possi bl e
Lo use processiotn "QGALE BSyRhAMlcdGshs Wad B bddcEPRih QRFeBRal Ziegler Natta

30  or Chromium catalysts but also with metallocene or single site catalysts. Such resins may

have monomodal or multimodal molecular weight distributions.



70766 renoval conpartnment to which a vacuum can be applied. Suitable
extruders and kneaders are described, for exanple, in Handbuch der

Kunst st ofwexbrwmssayn, Vol 1 G undl agen, Editors F. HenserCTWS2Knap3e3 H.
Potente, 1989, pp. 3-7, |SBN. 3-446-14339-4 (Vol 2 Extrusionsanl agen 1986,

| SBN 3-446-104829-7). For exanple, the screw |length can be 1-60 5 tines the
- screw dianmeter, preferably 35-48 tines the screw di aneters. The rotationa
speed of the screwis preferably 10-600 rotations per m.hute ([pm, nore
preferably 25- 36¢°F BW%PO{YH YIRRe resin s splpctef K Sdacke i SPF‘EIﬁ?dsﬁeélré({i&bossi ble to
first prepageeratof ONEREEAdRAERnéThisE Muk bOfcidch@ iPdidh h Wi@ thiafkis Basdeit@hhy| ene
resin, preferably at 1,000 to 10,000 ppm and then iIntroduce this

concent r at ec*PhgmaiR desempptieqn gnggy and peak decampesitipBiisRcEatwe GAMPIRRLLNA ati ¢ ni xer -
to blend thgui{etRe AQuiFRLiRblodment R Bélef@Ry, RineHeldnpdiidd Sefly if BEnpANCENt rate
in the nelted resin. For the al koxy amnes the concentrate coul d be

_processed i Hemdpedyindisgriinalg reacidanapiiradicals thequplity of ppliethyleng i redyed @ie290C.  The
tenper at ur egcdifed B o dnCandtehBérs He @#s&ien{ @R@igible. @R RO hakP Hene WinkD 2
residence tine in the mxer ranging from1 to 10 mnutes. The maximm
t hr oughput ¢nsregdgien Hentheronp impeovemeriip te el swength i ebseryedias theeadicalpawd 15and
the drivin . . h MR aleSRe b€ carried
out at a Ig$%?&¥%$ﬁgnfﬁgﬁﬂ%§§§%ﬁ 0$ﬂ§%§%§%§¥&%y&%§ﬂ%fﬁgg%ﬂgmpara%eters
ment i oned osousapf by imel siweigdhimprpvemeni Messinvkakive/ksee radjcal gengrporampsipeca | f a
plurali o $ﬁB [ d ) ] . i
individh%ll%?g e9§§P§%%¢§?%g%§‘?% gﬁggﬁﬁgggggg%gqgﬁﬁngég?ggﬁggﬁperature
for a suffiZi0ddoulgeer mdle2d midition mech fee radival gentratodasist kaye e lpeakges occur
dependi ng on the peak dec ition he Cifl I r adi gener at or.
Tho -t emper atespBreBRR R IT Skl AR b ol CRIT Brelebfy R ERPITTE 2 P
. a preferreddegrdbadi nent of the process of the present invention using al koxy
am nes, a tenperature range |ower than 280C partjcularly fromahout 160C
(6 250C s onpl oy RRAxpBE oy b s Bren PR T Bl i, RS o 0
t enper at §ir earfiad @ivhii@s Tk alkox Pamia 0civhivedy Aided & aanplooytadd uideecquditiood of
time necessary . for reaction can vary. as function the tenperature, the
anount of n%‘tﬂ)élct"?“ép ipeyease thedng &Sgangﬁh%f ﬂ?ar%’%fe% N fesing gﬁe @g%’fﬁfng& extruder
used. |t i sdadisbdlel Yorfeksomd abmelforh@laseconds to 20 minutes, in particular from
20 seconds to 30 mnutes. The specific free radical generator can '
advant ageously be ad e RelN-Prits m xing 30 device by use of a masterbatch. As
will be appyrgt Rl 86 Brd &6 Mdefen@ndy BEIn¥ asdthdr| hylifdgéd) €% f alkyl bECL@L i er
resin for the masterbatch should be chosen to be conpﬁ%lble with the resin

to be #768YiRsdRsHuEd hydspearhonegrouns eraniisive QARIRE Ns pidyWse Rl fe BRE pol yners

(referred: tRmnhA rhBSmichesiRléMerashd WHERER s HyaFoRer) A B¥RB&EIRAl0Y 2 fibdtidieio be the
preferred carrier due to the |ower reactivity as evidenced hy little

vari ation ofydiasarben o samprising Sander NuPrefgredwrtier foake oo dbic gyl HOPE may
be a bett er coafhyRlCAS iyl 1-Cl-eRRkyIeXRO, LRASI; DRARLSG ity dNESCROt have
Stertiary carbonS. Another” advant age of t%ls invention is the discovery

t hat pol yprepgvkeME(CsCrudkyly. dosrpstplerably comiping 4 asyLgaoHPt i ve, as it tends to
.degrade,at typig ' A S radMAPERIGR 25N - 83 QY BhVnilrsdiddiat t he
carrier2$esin sﬁgﬁpg%%gggﬁg téﬁ?ﬁgﬁ{y freZ of a%yﬁgh??oxidan 1adolliatives,
pref er abl y RIVRAPNT after dechmpositiqp@o thepmelysis: ant i oxi dant additives, as they
tend to suppress IV : LS dedi iU GEENERH-3GaL 1 er
resin should be %E%%%‘???%P\ééf‘%&yﬁdﬁf’% %%Q%S%%E‘E“?odﬁg‘%mﬁg%zé ! ﬁghl.d have
simlar vistiotyk}8w-trimethnd- 1 Pedigrat hydaspino 5. Hundec-ByHmethy! ¢otadgesinpaie whiche

bl ended with, .t ferably an LDPE or HDPE resin with vinyls
bel ow 0. 07 %ﬁ}mf?%8§H%§F8§ﬁ£&&$%%gpreferred carrier resin should have a
nol ecul ar weight (M) that is |less than 50,000 g/nmol so that it is easy to
process, as denonstrated by the pressure drop through the 15extruder. The
carrier resin could incorporate other additives for processing aids but it

shoul d be substantially free of antioxidant conpounds, preferably
containing less than 1,000 ppm of any anti oxi dant conmpound.
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" of the active material in the carrie

The pol yethyl ene resin could be a copolynmer of ethylene with any al kene
nononmer containing 3 to 12 carbons. Preferably, the polyethylene resin
-shoul d hawe 20118535P of vinyls 20 ranging from 0.2 to 0. 26TiSa¢1192¢383 1, 000
carbons. It should have a nol ecular slightly slower than the carrier resin,
as neasured/g6the nelt index (g/10 mn). Preferably, the nelt index of the
pol yet hyl ene resin should be higher by 20 to 30% hi gher than the final
desired resin. Preferably, the,polyethylene resin should contain mnimal or
no antioxi dant additives, and fpany additi s houl d be wel | -di spersed in the
resin prior to bei ngﬂofeadeds W tdmelae ' 75 resin. The anount
)s(r nsheulnd be in the range of 1 to
30% preferably in the range of 0.m"t The amount of the active
~ingredient in the final product should be suffFtient to achieve the desired
i nprovenent in the nelt strength. In the case of al koxyam ne specified it
shoul d be in thé&xamplgeofcbmt prefapred i@ ciopfor ugprie fhepadsént invantidnéncd@lertzenge of 30
to 300 ppmfoﬁowmgol yet hyl ene resin should contain |less than 2,000 ppm of
anti oxi dant "conpounds. 70766 The amount of specified free radi cal
generator used for inproving nelt strength will depend on the specific nelt

~index antioxidant |evels but should be so selected [a ave too nuch
unreacted free rggical ler at or to cawserf wht he '
strength than ori gi nal\y destxgeNi n_t he<fiqal  f| Under
this invention, e “hay avoiEl® f hér changes o [ product is

to blend this resi™m wth7anot her res t hat
As part of this invention, the polyethylene T&sin cloul & be an UBPE resin
with vinyl content greater than 0.4 vinyls per 1, 000 carbons and contai ni ng
no prinmary antioxidanfs. 10 Testi ng Met hgds _Melt Stren Mel t
strength measurement re cond ed on GQtJEiert Rhe efis 71. 97

. (Goettfert Inc. S@Natt B‘a'n PeM _Raggt est er 2000
capillary r heomefer . he ed |l e ( out 2% ten3dy grans) was fed

with a Goettfer eot est 000 ca ary rheo equi pped with a flat
entrance angl e 0 degree | eng of 30 mm dw#dneter of 2.0 nm and an
aspect tio (len / nmet of 15 After i | es at
1306 1 ors 10" m nab el Ry &%m e ROl SRR bRl dE | O ' 56
- nun/ second. hyﬁhﬁylidnﬁﬁtd@[@ﬂbél%@ (atceuy]oey)a&&r(}atrmsl lswmmrﬁmmaqnpbmﬁwas dr awn
uniaxially t rgting. nips |ocated 100 nm bel ow t he di e,
with an accaéP@FaérngdS‘F g’Z’HH‘eﬁ‘ﬁL gag a‘i‘%é ‘tensile force was recorded as a
function of the ThakRoxansipeédivatives ire addep i & dnsounidefficiesit tocingtdse thasetteport ed

as the plateau fo ef or strand Th condi tions
wer e used |Sr‘|ref‘$¥£ ‘FPZ‘?W’%‘%%%E‘@FW“%B VRS ©: ‘Eep‘f e(jievaeg If@@finergﬁméhe Xy

nmm secongl; AeSHereGRk ereaaadannanancfhnmﬂfﬁ)& 1 ®3ARO00IppIyof diegioBedylese 2. 0 MM
capillary length = 30 mm and bF]HreI gbfilrret er = 12 nm Melt I ndex

Mel t i ndex,Pabmer by weighi,moes prefgra P t h ASTM D 1238-10, Condition
- 1900 2. 16 kg anfe h&dificHO leqsdi Eﬁ@pmyn@rblzhﬂﬁ daffed H0k ifVkiD tis@naryliniidgl 0 was
measured in accordance with A TI\/FD 1238, Condition 190C/ 10 k and was
reported i nmaghiesin varchiba pelymerds melited and mixed atidjthe additives, SupahE Wachines

prepared acgokshwido idsdSkiiMah héQa- Thby are7 e?cﬁﬁmﬁa h@;&rsv\@ﬁeed@mﬁsed at 374F
(190C) for five mnutes at 10,000 psi 8 MPa). he t enper at ure was

mai nt ai hed GUEIRF (190C) for the above five minutes, and then the pressure
was increased tqhéQroQ&Q éfex(ab??%arl\{?@amﬁrpén éxhﬁ@e@bgldﬁ‘d&&%g ildidRitwes fol | owned

by one mnute hold at -70 21C) and 30, 000 psi 07 MPa Measurenents are
made Wi t hi nduring processing. Partmularly preferred processing machmes are smgle -screw extruders,

contra rotating and co rotating twin-screw extruders, planetary-gear extruders, ring extruders

or cokneaders. It is also possible to use processing machines provided with at least one gas



5 one hour of sanple pressing using ASTM D792-08, Method B. Dynamc

Mechani cal Spectroscopy Resi ns were conpression-nolded into "3 mm
thi ck x Iwopnetr/ossi7ecul ar pl aques at 350F for five m nut @T/uspea02@BSH0 psi
pressure in air. The sanple was then taken out of the press, and placed on
t he count er7a766 cool . 10A constant tenperature frequency sweep was perfor med
using a TA Instruments "Advanced Rheonetric Expansi on System (ARES),

equi pped with 2 nm di arret par al | el a er antr urge. The
sanpl e was "8 g‘t‘%a"éﬂﬂ‘"h‘fapgg&l’thf‘i &CF’HF“dF’iS%‘?ﬁ‘? s at
190C. The pdrét&@&nwer@r é)&ﬁﬁ@leCinC}mﬂdbdcﬁ)d& KaRstoftexdrubion, vtdmcmmqu@n tBdised
(extra sarrpl e _that_extends bheyond the circunference of th 25 mm di aneter”

15 pl ate i st-HatsPel) Knappg H.Feo “th989é§t3ﬂd§3§t3a?‘{6e]dl339rﬂévﬂé’t hod had an

- additional Iflylti-ﬁ@loﬂéaﬂldgeﬁh 1986,3¥BRYLd4k- 143391 OF&l ex Mib1E Qhe $cRWPRAGA Bdrfbe 1-60
~equilibrium The experiments were perforned at 190C over a frequency range

of 0.1 td 1tpesthapceew digraeter; Prafeﬁbbzr%éﬁfitm theerey dipgeieny He ratatignalispeedst r ess

response V\’a&ﬂ?&%}eﬁéﬁfﬁrefe%biﬁd@&&a@dm értxhhﬂﬁ’(e &), Qﬁtﬁc?ﬁnefehfbms‘l‘ivoqﬁmt he
storage nodulus (G ), |oss nodul us , ex nmodulus (G"), | ex

_.vi scosi t yt ali troes) of ghkoxyamiges, itas alﬁﬁpé?&%i’ Wlf&tprﬂva@ arca@pealre(tm}ure t)

viscosity [ iR re

- cal cul at ed%dm?erﬁéﬁlﬁé{f Még%)rsllﬁl g@mal?%} ?ftr)r(g{:trgéb?a%%?ﬁ o glfgr ent | al)tmggannl ng
“Cal ori met r ycop@8C)te y@rangetruderigto omelisd polyethylens using p static @mbiomletngi theftwg

mat eri al, ov ' trunents
25 QZOOiqDSd,ﬂ 5%%%%%3‘{ b%p zgﬁ tggoéé@ @gkﬁcggﬁagt eg1 ecoogﬁgnsggﬁg%@é@s used to
per f or m t hi sniaecsahey@neentrate 008d Be prgcessed il & dxgugslrqueferably ablegpersiyres épinl | ary
ept cool “uiou Py T RRRLES Hullale SRS OAFHnIGRATRAFE 8TT, WAk LP O 1O
determ ne nlesdénbeﬁmintpempertangsgfr&mrl tblh@smmumlsy5| s of the peak

decompos t1 on, e T prResbiEE BT b ARRsh B E Yo"t o
20 ny. 157074 the driving Toree. t’fl&rpmdesshﬁlﬂﬁ\preséntdﬁvemdm csimalpd b dagiedetieat mileveld by
ranpi ng the sa(r)r‘FIete erature Li)g dl?wnto create heat . f]l ow ver sus

t enper at ur clOBFIJR3n maxipim froughgul by yarying t Pt R)eoRed Ot PEPIOKINE o s r ed
initial tem@gmﬁm@huﬁhwlvm@t&ﬁag@mbm mn to the desired end tenperature.

Next, the sanple_is cool The sa s then heate i n is the
5"reheat" ranp) Ifa?(pl‘élrali@o ‘?WI?%‘FIES ﬁgg‘{egﬁbesfzﬁ e(pfﬁlé‘x?cg?{é‘g‘?qddbé"b‘g?aﬁl Yi's not
done for free raukpaymeeAEIdab B subjed@il @San@Mvited Rmppaluysiony biEfidert P&ridi
st udi es, Both heat | ng curves are recorded, The initial heat curve is

anal yzed byofdiser ot siredechanganencmrderendiggmon fhe PEdAeRAMPRI OB of e end of

t her nal aCtdpEélﬁé/freé}'édlﬁzhge&?a‘i& Ghe ieRperaRteat SeneRUPhIRE IR/seaiddgols o Of t he
test. The reheat is used to assist in the determ natjion of integration

start and efdymerhdnggreffacd embodimgptef His@rogess oplig Rrepedfaeuion PEng 8K§XY peak

t her mal aCtdrfﬁhés)’a RPRSRLAL HAR, 1&&%&%864@ ARMNBE TRRT aBLAIB:C to 280°C For the
free radical genera ors the peak era?ure isS recorded as well as the

total deco oxed.ol aa}ae%cgl)arlbpref@wéaﬁoa%ls ¥asiapt the fanperaiie RBESEYR 2bWE curve of

the fi r§§ hgpbe wele ARtpldya basel ine. As will be readily understood by one
of skill inthe art, if thé deconposition is 15 exothermc, then the area
bet ween the cur Vise peripdiofi Emis aecessanycfol readtign eanrvaned aé@Cﬁ@g@&th%maﬁrétufe@ t he
fact that t gﬁrﬁodn%o %%ﬂY@oquﬁtedfahtﬁWe t)%@@ (L%xantlﬂ]@ eﬁﬁﬂm Gedefi§y ates heat.
If the sarrpelse erm c such it heat, then the area is

i nt egr at ed weally fpmsahou\/@ sacamdeio, 20[minutes, in melat fiem 20 sependsdo Apminatashe

R L

30 device by use of a masterbatch. As will be appreciated by those of ordinary skill in the art,

the carrier resin for the masterbatch should be chosen to be compatible with the resin to be



For the GPC techni ques used herein (Conventional GPC, Light Scattering GPC
and gpcBR), a Triple Detector Cel Perneation Chromatography (3D GPC or
TDGPC) sywoDemmms37ased. This system consi sts of a Wat er #CTMSkd1a/02085MBSS)
nodel 150C Hi gh Tenperature Chromatograph (ot her suitable high tenperatures
GPC i nst runi6e i ncl ude Pol ymer 25 Laboratories (Shropshire, UK) Mdel 210
and Model 220), equipped with a Precision Detectors (Amherst, Mss.)

2-angl e |l aser .|i atterin LS) detector Mdel 204 n.IR4 infra-red
detect or f ri8ff MWM&@%@\%@@% @EV;;?M‘*PC Efﬂ?fim%fs %nglé‘f‘)‘f@ e {Eﬁoust on,
Texas) 150Rndus@apd HIDHEY) $eak uhéxpectadlyoamnth &e tiePRferred ¢@fiebdue to the lAveSPC Wi t h
these latter two inde engg L det ector and at | east ne of éﬁe f or mer

- detectors j GaCHXiRes & Plgda'i‘aé‘o&g %ﬂ"@@“p@?s“r ML the term

"GPC' al oneprg@iRBs HIYPE Rbh@bda bedteCARKE B it ATlPdeadER¥en kﬁﬁlb&a@@'lﬂ dves hdd Raves
- perfor rred usi ng Viscotek Tri SEC software, Version 3, and a_ 4- chl%nnel

Vi scot ekd DalfBiafADgeT Aragihsbad vepfage o) tisinygngon jsdby ‘55"8&’153( BRRPIRIPHIEEHS 0N - | i ne

sol vent deggsabhd dRek R tfid AINVE) Y ﬁ&éndbﬁhﬁ B@itltﬁﬁca( ?ﬁé&ﬁﬁ%ﬂefr@eraﬂ&l ed
Ki ngdom . The el'uent fromthe GP rm set 0 rou%h each

det ect or arfegisdispqyesds thasthe ?qmqrﬁfélwsewlw ﬂ’QS‘é‘Pt&HYffeq_@ g piorEaAnt | Rg
detector, thapvEPpredkam Riving TRE Y $060Fh 6f ARBLEAE Mdites, b Begl@hiom nat i on
of nulti-detector offsets i S perforned in a manner consi stent 10 with that
* publ i shed bsppBasskke achwith afyhe additie.  (Mour ey and Bal ke, Chr onat ogr aphy

Pol ym , ,@&hapt er Ig“:l'lF re?e]‘t%%hat%er(rgﬁ‘ﬂ $Bul B@'c&&%a@bﬁ%fhl the dppHeatioh §URARd; ;MOUT ey,

Chr omat ogr aphy 3 apt er ? , optimzing triple detector |og
(MV and i ntshowidihevesimibsaiseasity wish depolypthianaresim ghakit isrzemd 1l Blended wishe

st andard, ( bel ow in
t he paragr Z%%‘R’? dlq g)?&e&ﬂ%éﬁg??%ﬁlt ?Q?E P%m J?{m%yﬁc&%wgb?geﬁﬁéﬂr&gtc ﬁ&eﬁsGPC

col ums canThegprefered, cagige tesiashduddirave @ molecilamweigh Maxthpishss tha %P on

packing (YAt FRyiLEP s B EnEM RSy e pR R AP e B POCC ™ 10

sanpl e tar oamﬂerc Wh@amuermin qosldomrmtmbtmr addioes ffawdowhelg@ms brtit co rrpar t rre nt
i's operated 5 Th are ¢
arans of  polgHAPE Rty IRTR) Doy B p P RAREIRIAL b B0 O

sol vent andplinlnefaﬁ@@mi(ﬁlqamepmpatndon sol vent is 1 2,4-trichl orobenzene (TCB)
cont ai ni ng 200 m of - ter utyl- 4rre hen ol vent

i s sparged with PP enef?f’é" %OSWC\A é%‘fres ar lenegvéﬂﬁng’%h@’er?g g 160C
for four heuftsnindBeo i N¢adtink. OPreférablymbe pﬂyﬁh’bﬂenmmsﬂmdhbnld Ihsve a'IIbel of \owlsr at e
through_the GPC | s t 1 m/m ti onal

Convent 2bngmeaseon b ta Bl Hrfed 600 Ginds o aER Botelii simsid

cal i br at ed 4y tewarienfksid lashadasovd byhenelt Hlﬂe)u@llghmim):lIPSéfenalﬂga,tth@melpmldg/Jst yr ene
standards. The npl ecul ar wei of th and rds ranges. from 580 g/ nol
C o 8. 400, 08bINGPABH Shrqe ok br aisbersy ap b DR bERR AT RS e B

m xtures. paghagy andmlginfiest keia shausd @htalreamima oBib dmﬂxdm@ddlmamu on ‘
bet ween i ndi vi dual nol'ecul ar wei ghts. The stagﬂ&rd mng?(tres are urchased

fr om Pol ymspY 34Biyesthgridds WeWépﬁﬁﬂdQ%ftVFﬁﬁ’ep@f VIR WRSYEY at 0. 025
g 7076650 Qe m, of solvent" for nolecul ar weights equal to or greater

t han 1, 000, 000 and at "0.05 g in 50 nL of solvent" for ecul ar
wei ghts | ess thgﬂlef“‘ew‘ﬁ"é@'@ a@;vmatenfﬁg the spryiet Vﬁ@ﬁ@u&%ag}edgngg% B ssol ved

at 80C, wi tab%gﬁefelra%lﬂﬁkﬂe% 5@81‘0@% 0.5%. Théwh&t oﬂfﬂ@acﬁ@é meMdishian dr sl
m xtures are run first in order of decreasin ghest nol ecul ar wei ght

5 conponen tprqd@arﬁlwmrbez@fféfé@ﬁ wpshipysrihe Wﬁeddm%f’??’g h‘éthé gk qtgngthy nthe
ol ecul ar ?n cﬁéﬁ&&@ﬂé&ﬁfeﬁ%h&ﬂd poliv@t ms%\ammy hﬁppéﬂn@'bréf&hlﬂﬁin thisi Ng

Equation (1 ibed In I'1ianms and m _ Sci . Pol ym

Let t er s 30 6 rargg mf 30110689 ppm.\blesi BodyeHyleagwssia stould qomtain ?@t%@&@? BPESL 1), where
Mis the n%j]g&xdag{co}qubmts of polyethylene or polystyrene (as marked), and B
10to 1.0.

i s equal I's 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 determ ned at the
time of calibration using a broad pol yet hyl ene standard, as outlined in the
section on Light Scattering (LS) GPC befow in the paragraph follow ng '
Equation (5). Use of this polyethylene calibration nethod to obtain

nol ecul ar wei ght val ues, such as the nol ecul ar wei ght distribution (MAD or
Mv Mh), and related 15 statistics, is defined here as the nodified nethod
of WIllianms and Ward. The nunber average nol ecul ar wei ght, the wei ght
average nol ecul ar wei ght, and the z-average nol ecul ar wei ght are cal cul ated
fromthe foll ow ng equations. ci



A 147,c ==Ewi ntc,i. Ec, /(Eq. 2) =Ewm /E(wi/m(Eq. 3) 20nz, cc.
=E(wnm,i)/E(wWwmM(Eq. 4) Light Scattering (LS) GPC For the LS GPC,
- the Preciwpaemiidsszet or PDI 2040 det ector Model 2040 is u®ew/USDepopisshg on
the sanple, either the 15 angle or the 90 angle of the light scattering
-det ector is7006€d for cal cul ati on purposes. Here, the 15 angle was used.
25The nol ecul ar weight data is obtained in a manner consistent with that

publ i shed by Zi Zimm B. H . e Phys. 6,. 1099 (194 an

ot ot 1K st ROPHIT ofsSebiBd Ria i BerstHior e St PRy e, BegRai

Sol uti ons, ddpeMinahe spedifiomdlt iMd¥x 4ntiBRidnt levie Buiaau@bd sd swjeered astomoncent rati on
used in the determ nation @f t he nol ecul ar vveisggt is 70766 optai n&d from
the mass dele@Cren mushdRreagtsd;iredradingl geoeslerat togu CAMEIRAtangs 1 Pel ST eth a

sui tabl e |i igawaRgaliydsfaein iR mAPiNRE artiole. ORger Ais inRentidA] ety kene

~ standards of known wei ght average nol ecul ar wei ght. The cal cul at ed

mol ecul a? wavoyHRehes changesiof thedmal produst i tq Blendsthis resin ey aagtherg R Hatis gigh  ved
from one origMRi&i®hist he pol yet hyl ene standards nentioned 5bel ow and a v
. refractive index concentration coefficient, dn/dc, of 0.104. Generally, the
mass detector r erebthisdprention theipghyethylenaredn Fowdl Rend (D resip 3P gk

det erm ned éornge/m nggfdetérra%ro.ﬁiaﬁ%@,om Edibhs IR @Rl ety dnfiogisRss of

about 50, 000 The vi sconeter calibration can be acconplished using

t he met hods descri bed by the manufacturer, or, alternatively, by using the
publ i shegl V&Wﬁ%@ui tabl e |linear standards such as Standard 10 Reference
Materials ( (avai l able from National Institute of Standards and
Technol ogy (NI ST)). The chronmat ographi c concentrations are assuned | ow
enough to e}j m.nat e addressing 2nd viral coefficient effects (concentration
effects on #ﬁ%@%ﬁ% weight). Wth 3D GPC, absol ute wei ght average ‘
mol ecul ar wei ghtM¢lt sWengtibeisurdments Sveckatorduried od a Gttfeyt Rigatans DrP7((Gpetifett ow,

usi ng the "pea req” for -hj I [.Sd. O "LS
Areas and thE: Kegran. SPeaid O bR RS BRI oM R Rl e R S
conbi nattf onsample (Raut 2Hp1301gBins) ohd feé with @ GoetdarBhegtesee 800 @pilley 1 and 2), the

e e O S LU SO S B S 2L
above) are ofe@minaiadniabygeat ratid fengthédismdtérpol 180 Adeequilibeatihl; 6 shidpies &t Then,
Cauat o0 L P B G LIS sk e 1 0
profiles of Thdwan@xpesi wBpérakireSeR1HET. (The ganldipias Gavaguiaiadlytioa sdief | og
M(ce- CI%I ) éccgigr?ltia/é nailp))(sI lgcafte%rl 00 mm below the die, with an acceleration of 2.4 mm/s>. The
tensile force was recorded as a function of the take-up speed of the nip rolls. Melt strength
was reported as the plateau force (cN) before the strand broke. The following conditions
were used in the melt strength measurements: plunger speed = 0.265 mm/second; wheel
acceleration = 2.4 mm/s%; capillary diameter = 2.0 mm; capillary length = 30 mm; and barrel
25  diameter = 12 mm.
Melt Index
Melt index, or I2, is measured in accordance with ASTM D 1238-10, Condition
190°C/2.16 kg, and is reported in grams eluted per 10 minutes. The 110 was measured in
accordance with ASTM D 1238, Condition 190°C/10 kg, and was reported in grams.
30 Density
Samples for density measurements were prepared according to ASTM D 4703-10.



25each LS profile is the LS detector response nornmalized by the injected
sanple mass. Initially, the nolecular weight and intrinsic viscosity for a
| i near powvpebhiiseste st andard sanple, such as SRML475a oPCarUSe@uiowsent, are
det erm ned using the conventional calibrations ("cc") for both nol ecul ar
wei ght and 70766i nsic viscosity as a function of elution volunme. 70766

In the | ow nol ecul ar weight region of the GPC elution curve, when the

o “ant - oxi SErrorRar a0 iRl L OB SRRl U P Cance an

under est i rmﬁetnpéramfe v’ enairisaiilrat 3R Age°Cridralsidbave fiveimgibiiteq, M) thaf the he pol yner

.sanple to give a' overestina e S ol ydi sper fined as
MV Mh, wher BFESFC Vs f‘ﬁfe@a%ﬁ‘gm 80@\?@?@ %\%H '{l]{eﬁr'm&%‘?s ﬂjthls “13‘5301to¥"ﬁgg Yol yner
sanpl e nol egiélmahuiBbig At 708F 8417G)REd B@OVOGRNQONSIPEY, cmeasmemerag g mateditinom t he

GPC el ution by excluding this extra eak Thi s Br ocess is comonly
descri bed adnethqer ofsaRple Riesninedising A D208, Me8odEsi ng procedures in liquid

chr omat ograptjlsa%,@m‘lh%,@@lgg}g@,ogé_@g§ process, this additive peak is skimred

off fromthe el ution curve before the sanple 10 nolecul ar wei ght

cal cul ation is gksnppaIsGOMPIEHHanHacldgddntg| @lf‘l“bﬁ“%‘,‘t}r\/’éc“ SRR HIHAT ng | ndex

- by Tripl e DejoeeiopbiviRtnufe3 An@T500 psi pressﬂé% 6P CBR RAMPRGIS i2n takeNutoBthe
determ ned by first calibrating t% | ight scattering, viscosity, and

concent r at | pFessdand@dacest en thecaydigeiojcgeld previ ously. Baselines are then

subtracgged from B swhbs & X PRt 6fmed35#l g § TACRRIRAds ON

chr omat t(1)grams é\%@éﬁhg?%%é&%%@%% Y ar% g%n seet togensure i ntegration of

all of the TAdvapas @@mr@nmw@xpgmonr%mmt@&ﬁsqumeci iy eS mm [disgelep)ght

scattering g 1CHENEE 0 Of

detect abl e gﬁﬁleﬁlﬁﬁgﬁéﬁ?%ﬁmge raé(%t rI@e I as hrg(?rg% %8?%% £)fl{_led%ear °

pol yet hyl enmelg fmﬁdammaelﬂoﬁrénThﬁsédeStvmr@@ma@DSedrﬁp peAPYE £ mym.dhesapile

pol ystyrene « t »the two

ol ties oy o AEIFH BHARERAPL Aty bRP e ERAHLRY of BE SRR Pier

cal i br att$ onplatt ds removed tahd them tee ast easustaated. Bieghdthadridd pohddationgl fsaninwie r i nsi ¢

hown i n” EqiEipl e gy plr syt 9 BRepefs Vel iP5

190°C over a frequency range of 0.1 to 100 rad/s. The strain amplitude was constant at

10%. The stress response was analyzed in terms of amplitude and phase, from which the

storage modulus (G’), loss modulus (G”), complex modulué (G*), complex viscosity n*, tan
20 () or tan delta, viscosity at 0.1 rad/s (VO0.1), the viscosity at 100 rad/s (V100), and the

Viscosity Ratio (V0.1/V100) were calculated.

Differential Scanning Calorimetry (DSC

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

stability of a material over a wide range of temperatures. For example, the TA Instruments
25 Q200 DSC, equipped with an RCS (refrigerated cooling system) is used to perform this

analysis. A 0.5-2'mg sample is placed in a glass capillary tube, weighed, and flame sealed

with a specified headspace gas while being kept cool using a "cold finger" device. Analysis

is then performed to determine its thermal properties. For the analysis of the peak

decomposition temperature of free radical initiators and their energy of decomposition, the

30 sample size used is generally on the order of 10 to 20 mg.



IMPE(Eq. 7). (K K pE KPS 25The gpcBR branching index is a robust
met hod for the characterization of |Iong chain branching as described in
Yau, ‘Wl I'\s0eo0lNess37exanpl es of Using 3D-GPC - TREF for PeCyalsed1i1/020853
Characterization,” Mcronol. Synp., 2007, 257, 29-45. The index avoids the
"slice-by-sV0ré" 3D GPC cal culations traditionally used in the
determ nation of g' values and branching frequency cal cul ations, in favor
of whol e pol yner, . det ectqr, area From 3 70766 CGPC dat a ne can obtain
the sampl o bul k USSEr PO GRT raouhleB Tsmentht g Re mbl abs) oy che
i ghéI scat t efipagtutdfp) and dbes taxreateshaagfldvneeriie dmpara@ae peofileo Girstlihe saigid od
avoids the !slice-by-slice" ratio of |ight scatteri etector signal over
the concent IIHHiGH et Rebeiesis SRR Snerili st R a0tk Brbedesietad
~det erm nat i @mperature. N¥xt, fthe3BinElRGs codREPD The baMipld 18 Hieh hvdieTapaint(ihaSs ee al so
~ obtained_i ndependent |y Uélon .Equat i ons ((g) The area cal cul ation in
Equat i on’ ( 5)r<BEaH TR & rgfgwﬁ_ HtiehefiRgerps (R rehgatiog parks ngdagp fQsiee Bdfcak anpl e
area, it isgdidabork@gns spfor bbly@hjiéhe Yedin idi@N BemUR RthoRYUrvELAE Edetided1OTHRE and
3D-GPC settings on baseline and integration limts. NMNore | rrportantlty, t he
peak area cH‘l“@bF‘fa"f FBYe §’_‘3rln>_(ﬂ3d By ?%‘E‘Eé’éselﬂ"j ‘t“ﬁ%‘_"@l‘é_fré@t"_éﬁbe%‘f‘ﬁ‘ﬁéo e F%‘b‘? S.
Simlarly, Hegndh@iiproR HeThR@df ioRAERlcfddidihi/Btternd A8 ihk Yest | Fe | S
obt ai ned by the area method shown in quluatlon (8): ECIVIi EDP, CDP Area
1V =NJ= EE repeatjsupadto@isist @ thedgierminatignof integratipn sgirt andged: elhpppluet ands for t he
di fferenpi alieRhfiRa et GRBbralRVILLHER tbnhAGE Ny PR AlIE, (Abts) OR JMtIGCONEL er .
15To determhene t he 5?SBR Elrﬁarﬁchi ngplbndex, t he Iiyght scatt eél{g%gﬁel ution area
for the sanpireral yner is used to deternine .the nolecul ar weight of the
sanpl e. The viscosity detector elution area for the sanple polymer is used
to determ ne thepdr MelticB $ddfcaVicheamlstive feal efipedatile is @dcoldb®asSadIPds @he thiai ti al 1y,
~the nol ecul ar weight and intrinsic viscosity for alinear polyethylene
decomposition energy by integration of the area between the curve of the first heat cycle and
the baseline. As will be readily understood by one of skill in the art, if the decomposition is
15 exothermic, then the area between the curve and the baseline is integrated as negative due to
the fact that there is negative heat flow. That is, the sample generates heat. If the sample is
endothermic such that it takes heat, then the area is integrated as a positive number. In this

case the curve is above the baseline.

Triple Detector Gel Permeation Chromatography (TDGPC) — Conventional GPC, Light

20  Scattering GPC, and gpcBR

For the GfC techniques used herein (Conventional GPC, Light Scattering GPC, and
gpcBR), a Triple Detector Gel Permeation Chromatography (3D-GPC or TDGPC) system
was used. This system consists of a Waters (Milford, Mass) model 150C High Temperature
Chromatograph (other suitable high temperatures GPC instruments include Polymer

25  Laboratories (Shropshire, UK) Model 210 and Model 220), equipped with a Precision
Detectors (Amherst, Mass.) 2-angle laser light scattering (LS) detector Model 2040, an IR4
infra-red detector from Polymer ChAR (Valencia, Spain), and a Viscotek (Houston, Texas)
150R 4-capillary solution viscometer (DP).
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20 standard sanple, such as SRML475a or an equivalent, are determ ned using
the conventional calibrations ("cc") for both nol ecul ar weight and

i ntrinsi cwoizetigssi’y as a function of elution volune, pePCEqsatilonssg2) and
(9): , ci [77] cc =E1V = E E ci , Equation (10) is used to determ ne the
gpcBR branctl76g i ndex: gpcBR=[([771cc)l M~ Tr" 11 [111 ) 111. w,cc 70766
wherein [1] is the neasured intrinsic viscosity, [1],,c is the intrinsic

viscosity fromt onyentional caljbratiqn, Mwv i he ne red wei ght

aver age nol ecul d?gﬁéi“ﬂﬁ‘ttgesaﬁ’tﬁ‘lﬁstwf’ e 8%8“5‘3@? ﬁﬁiatﬁﬁﬂfté’eﬁfa’lége gﬂé‘f’ﬂht of the
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scattering (LS). using Equation éS()é) is commonly referred to as 5 "absol ute
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usi ng convegfriwarale S0k 3MmaauudnasinelRiseidk 54 Mahakl D400 MR sysiGR @0t | onal
calibration") is often referred to as "pol yner chain backbone nol ecul ar

wei ght, "5 " cestnnead v an onrhincyielvenhAsgastiag deyice digmarolymesy faforatories fShegashitgyc Al |
stati sti cal gyglaugggdeihh the “cc” subscript are determ ned using their
respective 10elution vol unes, the correspondi ng conventional calibration as

previ ously descr Tizeauengfiem ih¢GRCGendwnn sehflownihiogsh eaclyfeteqtesrangsd &Y sepiesed
val ues are fﬁ‘%ﬁesfdﬁ@\_?jﬁg ﬁ&gf%g%g%&gr 5o &eﬂ:@tgj[ﬂrﬁlge?i DHE8eRE P! Thd shbibmaticand

Vi scomet er areas. KpE is a ed iteratively, until the
| i near r ef eappraaeh foa theldetehrigation gHhwBM-detegion o tsusipariornéd ip @mpnng §pnsisicahpl e,

the fin \% : o] } hat i gﬂ,ﬁ% this
parti culﬁldz)ar ‘?glgga%éug{%&}ggggiﬁg%@%sga}'?@P%g g@ﬁaj\i/%l’ §%F‘8{°g1% Iyetl)hl?il ene, and
0.722 and -Gh®es 12,(:¥PPBakke | Thitirdigakulpbéw; Sthgungndourey, Chr@paegraig PRlyand a

val ues have ' LIS ] t g&w LS ed . ' , the
procedure igﬁ)arepgegégﬁéﬁzﬁsﬁﬁwﬁ%%kﬁlgﬁ%ﬁg npl %sd %@ﬁgéglr?%ﬁ@ﬂgééh%fn‘%) es are
anal yzed ususing 4 breadfohyathylohe Karidardyis mktlinehisttizrsesticaontllght Besteritigg@S) GPC

cal i bration,_yal ue and ti.o =~ (9) are applied. 20The

i nterpret at ‘f%%w&a%%%ﬁﬁqﬁg&&wfﬁn%%%@n&%r d. For |inear polymers, gpcBR

cal cul ated fr omduiatsé high tefrfperanird GPO eolainnsan be usedy such asi fowresOtchelongl ues

nmeasured by_ LS a isconetry wll be ose to the cqonventi,Qnal calibration
st andar d. F%}P%B’f g&ﬁ%e ‘B’Bﬂ‘}ﬁéﬁ“g‘nsﬁbg’éﬁ%ﬁ‘{‘ FOIBQe%agﬁ‘é(ﬁm%saorg zg'en?l%r,on especi al ly
~with high | suelporfside pagking ®ixA DS Artyien gabsheHeau ke MireA PS coteasuwerel pol yner
nmol ecul ar weight will_ be higher than.the cal cul ated ,.e and the

cal cul at ed ¥8¢d Thefamplesaropsel,pmpapinsnt ‘St(??érar"éz% E‘i‘oe{]’ %‘8:@#&“‘4‘\2"@@?& , the
gpcBR val uejshagars entse°d. hﬂlefsﬁlﬁ?léé QOpepdrdd £ hacgentehition 61®. Inphrecef palynst ze
contraction effect as the resu

O B e eh S oD o B B Phg i FBSERY L0701 O,
50% and 200¢41veneis RO tri¥fbdobens e IE B Pcontaf @y 200@pintE 2,6rd @t milts- of
| 4methylphenol (BHT). The solvent is sparged with nitrogen. The polymer samples are
gently stirred at 160°C Ifor four hours. The injection volume is 200 microliters. The flow
rate through the GPC is set at 1 ml/minute.
25  Conventional GPC
For Convc;,ntional GPC, the IR4 detector is used, and 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 g/mol to 8,400,000 g/mol, and the
standards are contained in 6 “cocktail” mixtures. Each standard mixture has at least a
30  decade of separation between individual molecular weights. The standard mixtures are

purchased from Polymer Laboratories. The polystyrene standards are prepared at “0.025 g
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average molecular weight, the weight average molecular weight, and the z-average

molecular weight are calculated from the following equations.

H

C.
= — = M ..
Mwcc Z[Z c JM, Zw "y

" (Eq. 2)
=S w /> w/M,.;) (Eq. 3)
20 | | V Mz,cc = 2 (wiM:c,i )/ z (WiMcc,i) (Eq 4)

Light Scattering (LS) GPC
For the LS GPC, the Precision Detector PDI2040 detector Mddel 2040 is used.
Depending on the sample, either the 15° angle or the 90° angle of the light scattering
detector is used for calculation purposes. Here, the 15° angle was used.
25 | 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 the determination of the molecular weight is
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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
5 below and a refractive index concentration coefficient, dn/dc, of 0.104. Generally, the mass

detector response-and the light scattering constant should be determined from a linear
standard with a molecular weight in excess of about 50,000 g/mole. 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

10  Reference Materials (SRM) 1475a (available from National Institute of Standards and
Technology (NIST)). The chromatographic concentrations are assumed low enough to
eliminate addressing 2nd viral coefficient effects (concentration effects on molecular
weight).

With 3D-GPC, absolute weight average molecular weight (“Mw, Abs”) is

15  determined using Equation (5) below, using the “peak area” method for higher accuracy and

precision. The “LS Area;’ and the “Conc. Area” are generated by the

chromatograph/detectors combination.

M _ZWM =y G M _ZCiM,- =ZLSi __LS Area
Vo 4 ZC,- a ZC,- ZC,. Conc. Area

i

(Eq. 5)
For each LS profile (for example, see Figures 1 and 2), the x-axis (log MWcc-CPC),

20  where cc refers to the conventional calibration curve, is determined as follows. First, the
polystyrene standards (see above) are used to calibrate the retention volume into “log
MWos.” Then, Equation 1 (Mpolyethylene = A x (Mpolystyrene)B) is used to convert “log
MWps” to “log MWpe.” The “log MWpg” scale serves as the x-axis for the LS profiles of
the experimental section (log MWopg is equated to the log MW (cc-CPC)). The y-axis for

25  each LS profile is the LS detector response normalized by the injected sample mass.
Initially, the molecular weight and intrinsic viscosity for a linear polyethylene standard
sample, such as SRM1475a or an equivalent, are determined using the conventional -
calibrations (“cc”) for both molecular weight and intrinsic viscosity as a function of elution

volume.
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In the low molecular weight region of the GPC elution curve, when the presence of a
significant peak that is known to be caused by the presence of anti-oxidant or other
additives, the presence of such peak will cause an underestimation of the number average

- molecular weight.(Mn) of the polymer sample to give a overestimation of the sample

5 polydispersity defined as Mw/Mn, where Mw is the weight average molecular weight. The
true polymer sample molecular weight distribution can therefore be calculated from the
GPC elution by excluding this extra peak. This process is commonly described as the peak
skim feature in data processing procedures in liquid chromatographic analyses. In this
process, this additive peak is skimmed off from the GPC elution curve before the sample

10  molecular weight calculation is performed from the GPC elution curve.

gPcBR Branching index by Triple Detector GPC (3D-GPC)

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

viscosity, and concentration detectors as described previously. Baselines are then subtracted
- from the light scattering, viscometer, and concentration chromatograms. Integration
15  windows are then set to ensure integration of all of the low molecular weight retention
volume range in the light scattering and viscometer chromatograms that indicate the
presence of detectable polymer from the refractive index chromatogram. Linear
polyethylene standards are then used to establish polyethylene and polystyrene Mark-
Houwink constants. Upon obtaining the constants, the two values are used to construct two
20 linear reference conventional calibrations for polyethylene molecular weight and

polyethylene intrinsic viscosity as a function of elution volume, as shown in Equations (6)

and (7):
Jarrs arsy

M g =[‘§_PS'J "M ps -

e (Eq. 6),
. a+l
(M e = Kps - M pg M

PE (Eq. 7).
25 The gpcBR branching index is a robust method for the characterization of long chain

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

and branching frequency calculations, in favor of whole polymer detector areas. From 3D-
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function of elution volume, per Equations (2) and (9):

[ﬂ]CC Z ZC IV ZW cc,i

(Eq. 9).
Equation (10) is used to determine the gpcBR branching index:
M @pg
() (2]
[7] My cc
25 (Eq. 10),
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10 Table 2: Melt Indexes, DV5S Viscosity, Melt strength, and TDGPC data from
conventional calibration (cc) and gpcBR of LLDPE, LLDPE Extruded, and LLDPE
with 19 ppoands3®Ippm Free radi cal Generator 1 (1s' pa®sY/US2@Gaopmssati ve
Exanpl e 1 Conparative Exanple 2 Conparative Exanple 3 Conparative Exanple 4
I nventive Bd6fple 5 Inventive Exanple 6 LLDPE LLDPE Extruded (1st Pas)
LLDPE Extruded with 19 ppmfree radi cal generator

wherein [n] is the measured intrinsic viscosity, [n]c is the intrinsic viscosity from the
conventional calibration, Mw is the measured weight average molecular weight, and My . is
the weight average molecular weight of the conventional calibration. The weight average
molecular weight by light scattering (LS) using Equation (5) is commonly referred to as

5 “absolute weight average molecular weight” or “M,, Abs.” The M ¢ from Equation (2)
using conventional GPC molecular weight calibration curve (“conventional calibration”) is

% &

often referred to as “polymer chain backbone molecular weight,” “conventional weight
average moleculaf weight,” and “My,cpc.”

All statistical values with the “cc” subscript are determined using their respective

10  elution volumes, the corresponding conventional calibration as previously described, and the
concentration (Ci). 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 are 0.725 and -3.355,

15 respectively, for polyethylene, and 0.722 and -3.993, respectively, for polystyrene.

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 “cc” calibration values,
and Equations (2) — (9) are applied.

20 The interpretation of gpcBR is straight forward. For linear polymers, gpcBR
caléulated
from Equation (8) will be close to zero, since the values measured by LS and viscometry
will be close to the conventional calibration standard. For branched polymers, gpcBR will
be higher than zero, especially with high levels of long chain branching, because the

25  measured polymér molecular weight will be higher than the calculated My, ¢, and the
calculated IV will be higher than the measured polymer IV. In fact, the gpcBR value
represents the fractional IV change due the molecular size contraction effect as the result of
polymer branching. A gpcBR value of 0.5 or 2.0 would mean a molecular size contraction

effect of IV at the level of 50% and 200%, respectively, versus a linear polymer molecule of

30  equivalent weight.
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1 additive (1st Pass) LLDPE Extruded with 38 ppmfree radical generator 1
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mn) 8.51 7106868. 27 8. 24

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

5  high molecular weight from the concentration detector. Errors in detector volume alignment

also do not affect the precision of the gpcBR index determination.
EXPERIMENTAL

10  Free radical Generators
For the purpose of this invention three free radical generators were used.
A low decomposition energy free radical generator 3,4-diethyl-3,4-diphenyl hexane
(hereafter will be referred to as free radical generator 1), an intermediate decomposition
energy free radical energy generator an alkoxy amine derivative : 9-(acetyloxy)-3,8,10-
15  triethyl-7,8,10-trimethyl-1,5-dioxa-9-azaspiro[5.5]undec-3-yl]methyl octadecanoate which
has the following chemical structure (hereafter will be referred to as free radical generator

2):

“K@‘“‘

20  The third free radical generator used was a well known peroxide with very high
decomposition energy that is used mostly for cross linking of the polyethylene as its high
reactivity renders it not useful for the purpose of increasing the melt strength of the
polyethylene resins with good quality product. This peroxide free radical generator is
commercially available from Akzo Chemical under the trade name Trigonox 101 (hereafter

25 referred to as free radical generator 3).

The peak decomposition temperatures and the decomposition energies of the free radical

generators are given in Table 1. Note that the decomposition energy in kJ/mol is calculated
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as the decomposition energy in kJ/g multiplied by the molecular weight in g/mol multiplied

by the percent purity divided by 100.

Table 1: Decomposition temperatures and energies of free radical generators

Peak Start Finish | Decomp. | Decomp.
MW Temp. Temp. Temp. Energy Energy
Compound Type (g/mol) | Purity % ‘) (°C) (°C) Jd/g) kJ/Mol
Free
Radical Comparative
Generator 1 Example 270 98 204 146 227 32 8.5
Free
Radical Inventive
Generator 2 Example 638 99 248 199 321 -230 -145.8
Free
Radical Comparative
Generator 3 Example 290 94 188 114 218 -1124 -306.95

The linear low density polyethylene, LLDPE, used was produced by Ziegler Natta
catalysis and was a 1 melt index (I2 or MI), 0.926 glem® density, with additives of 1,000
10 ppm Irgafos 168 (Ciba Specialty Chemicals, Inc., Basel, Switzerland).
Examples were produced from this LLDPE extruded with different concentrations of
the free radical generators. The specified free radical generators (except for the Trigonox
101 as this is well known to those skilled in the art as a cross linking agent incapable of
producing higher melt strength without significant gel generation), were added as an LDPE
15 masterbatch having 5,600 parts by weight of free radical generator 2 per million parts by
weight LDPE orAan equivalent molar amount of free radical generator 1 (note that the ppm
levels reported below refer to the active ingredient only and not the entire masterbatch).
LLDPE and the specified free radical generators were compounded in a 30mm co-
rotating, intermeshing Coperion Werner-Pfleiderer ZSK-30 (ZSK-30) twin screw extruder.
20 The ZSK-30 has ten barrel sections with an overall length of 960 mm and a 32 length to
diameter ratio (/D). A two hole strand die was used without a breaker plate or screen pack.
The extruder consists of a ‘DC motor, connected to a gear box by V-belts. The 15HP motor

is powered by a GE adjustable speed drive located in a control cabinet. The control range

-18-



3,941 3,896 4,539 4,993 Visc.
1,686 1,680 Visc.

9.09 4.98v0.2001/085%2 3.39 2.01 Melt Strength (cN) PCT/US2011/020853

10

15

20

25

30

70766

of the screw shaft speed is 1:10. The maximum screw shaft speed is 500 RPM. A pressure
transducer was positioned in front of the die to measure die pressure.

The extruder has 8 heated/cooled barrel sections along with a 30 mm spacer, which
makes up five temperature controlled zones. It has a cooled only feed section and a heated
only die section, which is held together by tie-rods and supported on the machine frame.
Each section can be heated electrically with angular half-shell heaters and cooled by a
special system of cooling channels.

The screws consist of continuous shafts on which screw-flighted components and
special kneading elements are installed in any required order. The elements are held
together radially by keys and keyways and axially by a screwed-in screw tip. The screw
shafts are connected to the gear-shafts by couplings and can easily be pulled out of the screw
barrel for dismantling.

A Conair pelletizer was used to pelletize the blends. It is a 220 volt variable speed, .
solid cutter unit. The variable speed motor drives a solid machined cutting wheel, which in
turn drives é fixed metal roller. A movable rubber roller presses against the fixed roller and
helps pull the strands by friction into the cutting wheel. The tension on the movable roller
may be adjusted as necessary.

The temperatures were set in the feed zone, 4 zones in the extruder, and the die as:

Feed: 80°C

Zone 1: 160°C
Zone 2: 180°C
Zone 3: 185°C
Zone 4: 190°C
Die: 230°C

The screw shaft speed was set at 325 revolutions per minute (RPM), resulting in an output
rate of approximaiely 40 Ib/hr,

LLDPE was extruded with 19 ppm and 38 ppm of the free radical generator 1, with
60 ppm and 120 ppm free radical generator 2, and the LLDPE was also extruded alone with

characterization results shown in Table 2.
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100 rad/s (Pa-s) 1,600 1,609 1,607 1,592
Ratio 4.99 6.54 5.48 5.44 8.68 15.38 Tan Delta 0.1 rad/s
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Table 2: Melt Indexes, DMS Viscosity, Melt strength, and TDGPC data from conventional
calibration (cc) and gpcBR of LLDPE, LLDPE Extruded, and LLDPE with 19 ppm and 38
ppm Free radical Generator 1 (1* pass).
. . . . Inventive Inventive
Comparative | Comparative | Comparative | Comparative Example 5 Example 6
Example 1 Example 2 Example 3 Example 4
LLDPE LLDPE LLDPE LLDPE LLDPE LLDPE
Extruded Extruded Extruded Extruded Extruded
(1st Pass) | with 19 ppm | with 38 ppm | with 60 ppm with 120
free free free radical ppm free
radical radical generator 2 radical
additive generator 2
generator | generator (1% pass ) additive
1 additive 1 additive (1* pass)
(1st Pass) (1st Pass)
I, (/10 min) 1.09 0.90 1.03 1.03 0.66 0.44
Ijo (2/10 min) 8.51 7.67 8.27 8.24 6.45 5.53
L1 7.83 8.53 8.03 8.00 9.76 12.50
Visc. 0.1 rad/s (Pa-s) 7,982 10,525 8,808 8,651 14,633 25,838
Visc 1 rad/s (Pa-s) 6,359 7,324 6,675 6,579 9,004 12,292
Visc. 10 rad/s (Pa-s) 3,906 4,093 3,941 3,896 4,539 4,993
Visc. 100 rad/s (Pa-s) 1,600 1,609 1,607 1,592 1,686 1,680
Visc. Ratio 4.99 6.54 5.48 5.44 8.68 15.38
Tan Delta 0.1 rad/s 9.09 4.98 7.02 7.22 3.39 2.01
Melt Strength (cN) 2.7 3.8 3.7 3.5 5.6 73
cc-GPC Mn (g/mol) 26,680 26,390 26030 25350 26,500 25,520
cc-GPC Mw (g/mol) 106,380 106,780 101090 101540 109,390 102,950
cc-GPC Mz (g/mol) 319,700 316,000 285400 284000 335,100 290,500
cc-GPC Mw/Mn 3.99 4.05 3.88 4.01 4.13 4.03
gpcBR 0.015 0.069 0.131 0.138 0.051 0.068
Visc. = Viscosity
15 Visc. Ratio = Viscosity Ratio
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290, 500 cc-GPC MW/ WMh 3.99 4.05 3.88 4.01 4.13 4.03 gpcBR 0.015 0.069 0.131
0.-138 0.051 0.068 Vise. = Viscosity 15Visc. Ratio = Viscosity Ratio 70766
It is cleso2briass3fabl e 2 that the nost significant inprecemsaetionsse| t
-strength, and viscosity ratios canme frominventive exanples with free

radi cal genm7ééor 2 with noderate deconposition energy. Free radical _
generator 1 did not produce any effect on 5 polyethylene in terns of change
in nelt strength or other paranmeters such as Viscosity Ratio. Conparative
Exanple 2 is Conparative Exanple 1 with one pass extrusion. In this case,

there i s some increaggs diéar FOMtTable 2Ry tHe nasst SgMAnEiNpkRetX@phelt 1 does not
contain any primr antjodeant.and_onlﬁ 1, 000 ggﬂ&lrgafos 168 &%ksecondary

ant i oxi dant SRSt 28H VisCH YTy e S9RCPRHVE GAmRle jree epgicalogencyay

with moderate decomposition energy. Free radical generator 1 did not produce any effect on
5 polyethylene in terms of change in melt strength or other parameters such as Viscosity
Ratio. Comparative Example 2 is Comparative Example 1 with one pass extrusion. In this
case, there is some increase in melt strength as Comparative Example 1 does not contain any
‘primary antioxidant and only 1,000 ppm Irgafos 168 (a secondary antioxidant available from
Ciba Specialty Chemicals).
10

15
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WO 2011/ 085379PCT/ US2011/ 020853 WHAT IS CLAIMED IS: 1) A nethod for

i ncreasi ngkhe nelt strength of a polyethylene resin conprising the steps
of : a) sevecvimgszopol yet hyl ene resin having a density, Pag/Useeia/orissed
according to ASTM 5D792, in the range of from0.900 g/cnB to 0.970 g/ cn8,
and a nmelWHATIEXCT.ASMEEt Br mi ned according to ASTM D1238 (2.16 kg, 190C), in
the range of fromO0.0Q1 g/10mn to 30 g/10 m n; b? reacting said

pol yet hyllané melBpe [giingicasing be meldtrength 96 A PLEBYICHR f931TEC AU BIREIST 65¢Bh
energy in tpe range of from-50 kJoules/nmole to -250 kJoules/nole, with a
peak 10 decorposition tenperature of no | ess than 150 degree C and not nore
than 280 degy eeleCiingdd pbigéthbieye reinl IRsHgtd@nsihe@s dagingigeCadelinOomS EME han
250 degree C, .in an anmpbunt under conditions sufficient to increase the

mel t Strengt h 18792 Hethpsangeoh ioare d9@eicm’ 1y 0870 giast apgomel drdeans above a
control not react i i g fr. I LAt e t hod
o G aim 1 wnah b etk brdReds NI EADE 1 RITOR LT m e AT TF e
15corresponds d/mhingo 3ome @in; (R1) (R2) N-O- R3 where R1 and R2
are each independently of one another, hydrogen, C4-C42 al kyl or C4-42 aryl
or subst it ubkdeyige seidmebisthytana pesit wip i fstergdioal ggagrator Nithapcompestiq and
R2 may forma ring,structure t her; a IS hydr n, .a hydrocarbon or
520" Subst | FOrRLMDE S PhBRm S L HmPdp o B BRS Rl P et hod o

clai mol wheggiompobiionldApdtat@id dterodevsithat 1 30 ddpfeed My rydra ane 80 skegice 4)
The met hod of claim3 wherein the hydroxyl amne ester is hydroxyl am ne
ester bei ngC, preferably no less than 160 degree C and no more than 250 degree C, .in an amount

9- tyl -3,8 -triethyl-7,8 10-trinethyl-1, 5-di -9- i r0l5.51und
cc 3yl 1 mg PO Pa B L s SRR e B RN SR 100
percent by vy, 6¥ertahe aPey®husf nddradcidkyiph engdade Wdidal aaRihes.

pol yethyl ene resin. 6) Any of the preceding clains, wherein said inventive
pol yet hylZ2néhtawthoddd g daimyl whereinelrecandisalogentratmipan @tkoxyp agi@7@righeyB. 30 7)

Any qf. the precedi | al s, wherein said inventive polyethylene has a nelt
i ndex>i n thgorfeéﬁa%&g?ﬁﬁ@im?%’ 30 g/10 minutes. 7n7KK WO

2011/ 085379PCT/ USZQk}j(ﬁﬁ&B@SR@ Any of the preceding clains, wherein said

i nventive pol yethyl ene has a nol ecul ar wei ght distribution, MV M, of |ess
t han about 5. 9) A whdreRnaukRaercardh mgepandetty ofenhadotbér, Gydoges C4+A0) A

ggl:g?gi ra]';atﬂlfy logpg—it%ag?ﬂcgrosglggtﬂgteh %yctlr%garg(l)r? Egrrgugs' co%%&x%sirfénO%)r(l oF , glncfl {‘Vilézr%llg made
and R, may form a ring structure together; and Rsis hydrogen, a hydrocarbon or a
20 substituted hydrocarbon group comprising O and/or N.
3) The method of claim 1 wherein the alkoxy amine derivative is a hydroxylamine ester.
4) The method of claim 3 wherein the hydroxyl amine ester is hydroxyl amine ester being
9-(acetyloxy)-3,8,10-triethyl-7,8,10-trimethyl-1,5-dioxa-9-azaspiro[5.5]undec-3-
yl]methyl octadecanoate
25 5) A composition comprising:
less than 100 percent by weight of the polymer of Claim 1 blended with another
polyethylene resin.
6) Any of the preceding claims, wherein said inventive polyethylene has a density in the
range of from 0.900 to 0.970 g/cm”.

30 7) Any of the preceding claims, wherein said inventive polyethylene has a melt index in the

range of 0.01 to 30 g/10 minutes.
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12) Any of the preceding clains, wherein the nelt flow ratio of 110/12 of
the sai d-Amuentive polyethylene is greater than 9. 13) Any of the preceding
cl ai ms, WNOreimspfwscosity at 0.1 rad/sl/ [Viscosity at PCOMSe@d/OSBsdDf t he
said inventive polyethyl ene measured at 190 Cis greater than 8. 1014) Any
of the pr&cadyng el médedingwiame) whdrain sael iheenditve ollcthgidhs haf a inbrcslai d

i nventive polyethyl ene neasured at 190 Cis less than 4. 15) Any of the
precedi ng cMaightdisiiberen. Mt oklepethg RDGY St he said i nventive pol yet hyl ene

measur ed tA%%%Héa%$mgﬁgﬁ%§%HLgﬁﬁﬂéﬁ‘ﬁ(Hmnﬁﬁ) Any of the preceding clains,

wherein t'he gp rnventive polyethylene is 15greater than
0. 03. 10) A molded article made according to the claim 3.

S 11) An extruded article made according to claim 5.
12) Any of the preceding claims, wherein the melt flow ratio of I;¢/I, of the said inventive
polyethylene is greater than 9.
13) Any of the preceding claims, wherein [Viscosity at 0.1 rad/s]/ [Viscosity at 100 rad/s] of
the said inventive polyethylene measured at 190 °C is greater than 8.
10 14) Any of the preceding claims, wherein tan delta at 0.1 rad/s of the said inventive
polyethylene measured at 190 °C is less than 4.
15) Any of the preceding claims, wherein melt strength of the said inventive polyethylene
measured at 190 °C is greater than 3.
16) Any of the preceding claims, wherein the gpcBR of the said inventive polyethylene is
15 greater than 0.03.
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