WO 2011/ 085375PCT/ US2011/ 020846 POLYETHYLENE W TH H GH MELT STRENGTH
FOR USE IN FILMS Cross- Reference To Rel ated Applications Thi s

appl i cat iwp20l1zisewspriority from U S. patent applicati orcsarscah/omsaber

12/ 685, 148, filed January 11, 2010, the disclosure of which is incorporated
herein by rePOILATCEHYQENE VWDEE HIGH MEL TS ERENGTH FOR IUSPIN FIEMSvent i on

The present invention iﬁﬁerally‘pertains to ethyl ene/al pha-olefin

i nt er pol @eps-Referanse g Related Applicationy ns with i nproved optical properties
(haze, gloss, and/or clarity), good nechanical properties (tear and
puncture), an ' |k shr | Sit9R) .ch, cr. 110 e
films especiaﬁvgéf Pﬁgﬁkgn%g§%é|$%§p?oﬁ§?‘éﬁghlgghgdﬂﬁ%?%%ﬁ’§%&?n@“¥?§ﬁs.
Backgr ounid/e83d 43u fitet Yarafaryt he, ROVENhe adisclosure of Ratiyletihyh@nsorh@s Heshrigbl e
properties that have helped to nake it the highest vol une pol yner

manuf act UeEENCPPaIRREerdl SaRtapécerade i n different processes in order to
give different properties. Known famlies of polyethylene include high
densi ty Bl §0&br (HDPE), linear |ow density polyethyl ene (LLDPE)
and |OMIggn§fry_prYET§ylene made using high pressure reactors (LDPE)
Wthin these broad classes many variations exist resulting fromdifferent
types of polyolefin process technol ogies (for exanple, solution, slurry or

gas Iohas e) or FhegueseRkinyeuiopreeasrke pattinaeaiyaeIRRoefiy mgspelymer resins
Zi - ; ] _ . . .
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per son ofmé&dhicali propdigesatdar hitd pdicst), amEhikl REritagp Ghyiak sHsne whkdrcréiot her .

I n many applications, such as bl ow nol ding and bl own film applications,
mel t 18t r drgh rales filmpecspediglbt foy plaik appligationy. s9gh aneqllagion shrink filmsThe el t

strength]&%klbgﬁgg&1§%£ L& Qﬁﬁthat can predict material performance.
In nelt prUtgssrngr—googﬂﬁéiﬁ—sggénd¥h is inportant to maintain stability
during processesyethattethaddefRdld ptopertiéomi Havk Relpe@ehiahitedin thefifiRst Ml ng
and foanmed parts. Melt strength is related to several processing

par anet erpolyirinamifastnpd. ePelyetbyleng andieanadedp gffgarentiprioceriss 5 0ndgy foivon
during bl filmproduction; rison, farmti.o r.ing bl ow

2011/ OssdierertapOiy dobbbianf G e o Xtk e B id Peveiens on,
cel | 150r NBDMH). Gitak RGv QR PalyetiDlefe SUADPE), bid RknN@sSitd bslyéthbhé paAdEUr i ng
sheet / film thernoform ng. This property can be enhanced by using
resi ns wiusingtiighpiesst eectbesr(LinEEgh Wit theseibioad ekapses nwinl [vagativas gkisy requi re

bust i ; A b .th 5t t t
i aher ottt Ol AR o ag PN R e it R ShRBR. PSS 2 ©
propert i efurAsite 0 @hRR) 8NGEEH thOuRIIViH8eRR2AGERNTRRK BRI Ri-BRY NaRa Of

physical properties and processability. The present invention generally
pert ai ns doostetihag genorctly ghtalysispf The dasired prilligateen tegyirgsst qaheftl kedancerake il ns

wi th ji.nmproved .optical .pr rti haze, ss, and/or clarit ood

omechan Beosrg et heni Ead A HREPn AL im e SrfianilE Tonr i nk
tension) puNeely1Gle@RbCadbIGR. MRhHey fpPiesddis! duch Qs bRW-Bldidd AdBblowH ¢lmas _
collation shri'nk films. Additionally, a high nodulus is advantageous. It is
di f fi cul tappbcasionaimelastizak i ghopolydikdeneis opey pammewirt h one resin. For

i nstance, high,shrinkage may be .obtained b very hj.gh nol. ecul ar wei ght.
This hi gh ol ed6i B wergit > “ragsarrepemsn Galindrodictsmtird gerioapance.
properti g3 nast peEsilh Hdod WM SHb@'is Wep&hhe RhShiadl SabifRhkrRePeodigh! y

el astic and upon extrusion create a high surface roughnéss on the film

| eadi2ag tsoch ewematiogttiloah fipn ppehciies fibAnstimeng exchfppinedipsrts.hat generally to

i ncrease the ulus the density is_ increased. Wien the densjty.is
i ncreased, ho{/@g‘éﬁﬁrel{gﬂbls g‘ﬁ@glﬁ? éeVﬁF%BE’FF?Sé@ RyEHBTLES SyC *é%?“é’gife%ablhty and

Addi ti onghd¥ord ﬁﬁ&n‘sﬂ\&%ﬁﬁéi&pdlﬁiﬂgﬁ%@wﬁ @lim toR&dddBEn: Paridsh ﬁ%ﬂrﬁﬁ(’)ﬂ"&rﬂ%l piskhy!l ene
resin, 20 which when reacted wth an al koxy am ne derivative, IS even nore

suitable for shrinkage filns due to lower nelt index (12 or M), higher
melt strength, higher Viscosity Ratios, and higher nelt index ratios
(110/12). The ethyl ene/ al pha-ol efin interpolynmer of the present invention
provi des good properties (such as optical, tear, puncture, shrinkage, and
nodul us) w thout any one of such 25properties being unduly negatively

i npacted. The present invention is a new process for increasing the nelt
strength of pol yethyl ene invol ving reacﬂing nol ten pol yethylene with an

al koxyam ne derivative through regul ar extrusion processing. Accordingly,
one aspect of the invention is a nethod for increasing the nelt strength of
a polyethylene resin conprising first selecting a polyethyl ene resin having
a density, as determ ned according to ASTM 30 D792, in the range of from
0.90 g/cnB to 0.955 g/cnB, and a nelt index, as determ ned




WO 2011/ 085375PCT/ US2011/ 020846 according to ASTM D1238 (2.16 kg, 1900, in
the range of fromO0.01 g/10mn to 10 g/10 mn and then reacting an al koxy
am ne derwoabinvmssiwst h t he pol yethyl ene resin in an anpouRCTAISA0 10816
conditions sufficient to increase the nelt strength of the polyethyl ene
resin. Theolgings elingnieing ipedfile 8x@usi@wcpll agattod Aiiringoaeasy; Agré hableel t
strength of 5 poalyethylene involving reacting nolten polyethylene with an
al koxyanithiskersy dishithugien duriag ghect eglar Beresforpigon processing.  Accor di ngly,
one aspect of fje ﬂo’ﬁ]&?r‘édnﬂd’é énﬁaxﬁ}e%&bﬁﬂ Qind DiEh & ﬁéﬂ‘&o%gﬁﬁf%&ghtsbﬁtengt h of
a pol yet hyl ene redi onprising Trrst S8l'ect ng ac“pol yethyl ene®résin havi ng
a densi t \ucklafesths twall Fena ol e oiiélndg: tobuASIMpBERPand Motelt@erzgngebataude ey 0. 90
g/cnB to 0.955 g/cnB, and a nelt index, as determ ned according to ASTM 10
D12385( 2.ta8l feggenargydyigher gxtriéon priggfaroduringdhe extomiay proeash Teerdforey/ 10 nin and
then reacting.an_al m eripvativ 1.5 h ol hyl ene resin in an
amount - adoingarms b8 B BRAE eRFldy Bl ot S LBGaOR TV ADROBTTH o The
pol yet hy|ﬁ6@s§a®ﬁit?,. The present invention may al so i ncrease the
Viscosity Ratio of the resin, indicating good processability. 15 Detail ed
Descri ption ofTherHwesenviarention generally pertping tg efrydeag@dphasdefgeinterpelypeessins
invention,is. a thod for .produci ng inpraved fil suitable f shri nk

appl | cat BT APRR FEH: 1D R PR PR R diesaind Tl ebthat h of a
targqo p%&&hﬂmﬁlgﬂ%p]e&@@sl (Poar M) pechib e Agd Kigh ishrinlAgk GAEifik dnlsioRP WhIBRI Feads

pol ymer bl ends 2 ich are derived at |east 50% by wei ggt' from et hyl ene
mononer Ungh valuerérpscinihy faydednkriitnes; sedhsasicabaton shrink éilms .t Additiangly, ddigi ty

pol yet hyl en HDP | i near., | ow.density pol.yethyl e(LLDPé3 d | ow

Gons ty JOPgutT patestE et SHRFRRS pitaB o P sE RS LmpbisBly vithRes Ui ge
pol yet hyl,gfig. FESinfas@l BGheHr b inthyR\oBtan<daiiSd {&fy hadh HSb&NAH 8 6ht2 This
according to ASTM D792,ng n tﬁg@r ange of from 0.‘9%yg%?m3 to 0.955 g/cn8B,

mor e pr eflaghatolecfilapwei@hd ogkeeerBoftan ©519% iy peadpticali proparteseaspresf mghbl y from
0.923_g/c tq 0.935 g/cr nd a nelt index, as determ ned according to
ASTM 51 298 Ipo g gt Haigesls P 1§ HERIeAga G o BRTIDE GE P ORARE FEN 010
MmN, NorgoRERkeS GPthY fi%m e nkOB118wEQoplicS pkOfRres. S&H&tﬁé?'e%arﬁﬁl'eﬁﬁhﬁv%&@ﬁallfyeS' ns
can be produced with conventional Ziegler tta or Chrom umcatalysts™ WO
2011/ 08537 5RCHst8201dd0R0B4 Befputly iains@awidt Whest éik ldoeiyes orxcressaulghewsver.e

catal ysts, Such resins. rra\é?egg}l(e nmononodal or nul tinodal nol ecul ar wei ght

distri but?%ﬂ‘é‘?“ﬁ@éoﬂeﬁg’slgi ycﬂ)eﬁrifé?'hyl ene resin is selected, it is
reacted with %cﬁii&%ly, @V iRGer¥Bh Ml Y& thd Qe JT4h RRRER B&ly&tﬂﬁeﬁ’é RI@Nt
i nvention "al koxy am ne derivatives” includes 5 nitroxidé derivatives. The
al koxXy) amineh dben veatted evithsainadileqy annnaderambivertis eves modenitdda thrtshomsige

sufficient to increase the nelt strength of the polyethyl ene resin. The

al koxy Akl e 19 (Paer pusl @@%3\45’ Hghetigely SF%ﬁ’aLyg?‘QW{SP&?N@@% ere Rl
and R2 ang }%@%Nigg&%ggse@[()y% of one another, hydrogen, C4-C42 al kyl or
C4-C42 10 %ryl or substituted hydrocarbon groups conprising 0 and/or N, and
where R1 and Rthersslyyléme/aipla-olefigim¢rpolytngr ef the geishi@rinveamndn weidesig8od

hydr ogen, a hydrocarbon or a substituted hydrocarbon group conprising O
and/ or N.PreResties (et 350ptiFd- o Pﬁ?t‘i‘fﬁcﬁ%éagecﬁﬂ%ngg‘lﬂw Wlthoumumfaqfwgh

G oars - Rt Rl B gy B PAC Hishon MSebto b Ao,
15The pr aeharasd: tho mpdisadngih\of polyathpliehe oyl vimglteaeting( Rl nRR) Mtler@rwith an
A

anynilradi cal (R1l)(R2)N* after deconposition or_ thernolysis.
par ti cul AxYpmEreriEatieIBIuER regulag exBysjompioRessiggr iK\rapidingly. one aspect of

9- ( acet y| - 3. .10- . . . ..

{1 et ny 10 BN PAETA racesis e Bl el f apohen L e e

oct adecarfoat ®elestihg b pbigsthilege fedln lowingth ddneiny,aaldesimined ucodrdizdtd ASTM | CH 2
Exanpl es of sone preferred species.for use in the present invention include

the 011 dAMHg: in tharagenef EPmH Y0 ey tafdne 26at etngl melt jrses. Isrdsteamingd wi t h

one particularly favored hydroxyl am ne ester being
9- (acetyl oxy)-3,8,10-triethyl-7,8,10-trinet hyl-1, 5-di oxa-9-
azaspiro[ 5. 5] undec-3-yl| nethyl octadecanoate.
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5The al koxy am ne derivatives are added in an anount sufficient to increase
the nelt strength and/or increase the elongational viscosity to the desired
| evel . | rwoenaw@b37she al koxy am ne derivatives are adde@Cirrusaniapwsunt of
from1l to 900 ppmof the total anobunt of polyethyl ene polynmer by wei ght
(that is dee@dink tb &S00 DN2BE $2.86 ko xy0a®), e thdenngéalfifioen PO gMOnih @n 1@aros ( by
wei ght) of target resin plus carrier resin, if any), nore preferably from
15 10 t o BOONgRkeN KRtiBEERaikoxyBMnG desiyptse vih Aiwopdbystindens 18¢ip in apgrpeant

pr ef er ablabﬁdf ! 8gr1c%gdﬁ18 g&?{l&@ﬁ? to increase Iﬂ%emglggtlrén' ﬁlnofttﬂe Eﬁ&etﬂgﬂexg}e@ l ene

pol ymer can be carried out rn art custonmary m % ng nma nes 1 n ich the
pol yner is melTiecrésed: ifvafidn\é & Rew Ppeocasidiol incesisin@ihd @blt etrémebnes are known
to those skilled in the art. They are predom nantly m xers, kneaders and
15ext Puddiodyethylene ineing iencting moktem pelyethalsns with ap jab@xpynine dedyatekt r uder by
| ntr Odu.cItﬂ%rl%gﬁﬁegﬁlfiagle)titlrﬁ/s?ond r'blfzg ging.r AES %nn Y oﬁg Egﬂe&u(%ﬁﬁfl; Hy Iqteofnellé Ié‘%gfieéhod
processi ng chimes "are singlé-serew ex ders, ‘contra rotating and co

rotating fbiMnareasing Mheaxlt Leteioth ofl pMRiIRYTedeah cEMbFitide Fisst sélbdtthg@Xt ruders or
cokneaders. It is also possible to use processing machi nes provided with at

| east onebofshydaneresiphaying a gpesity nasrdctarpingdiaceordingde ddrhM dA7Pe  HipE rage

Sui t abl e tru S, a derss are descri bed, .for .ex le. in buch der
cunst ot of 20y IED & o SR i 8 AT ER o P SmigiEiRoRupd R ASHE"
Pot enpe, $3PB8%2.(2NB ke3190°Ch, SBM3aAgbof AR 9-04 &/ Mithindo 1¥0/10 min and then reacting

2011/ 085375PCT/ US2011/ 020846 Extrusionsanl agen 1986, | SBN 3-446-14329-7).
For exanphelkaxdyanyos devivating withdampdgethyle@ tepinas an heoiraad udilermaenditions

pr ef er abl 5- times the screw di ters.. The rotational speed of the
erew | < HrEral it BB TorEreE s TR FinlTE £5hm  or e pref erabl y
25-300 rpm It is afRGreRECIPERIJNIndy 41§ inBFeBRANE VAscoARCRMMJ St i8Rl rd¥inxt ur e of
the additive in a carrier 5polyethylene resin, preferably at 1,000 to

10, 000 ppnglicating gdedwréagssabdigce t hi s concentrate or "masterbatch" via an
extrLiSer into a nelted pol yethylene using a static mxer to blend the two
matertals, preferably at 1 to 20 wt % of the concentrate in the nelted
resin. The.&iQROSALAES SQHe thvBsidd ocessed in an extruder, preferably at

tenperatures from 180 to 220C. The tenperatures in the static m xer could
range from 200ntits bpBEE;t sesehtha pld3emtasyaiding & ¢ mgéod hort freduringsimpravegl filgsf r om

1to 10 mnutes. . . he .maxi mym.t hr oughput i s dependent on_ the screw
di et or UHAE Fos b AR <SRRG ATER e THTHGL R Foh B CmiB S ALUGn g he
pr esent | /ient hADeRABNAHcSA, PBIERIdE e RincRke fall SISl WL A FRX mum

t hroughput by varying the paraneters nentioned or énploying weighing
machi2fes vdeth yerdenigedademyeSdabyntaght Tfini ethyleheinmhomyr wiitsc dilpoinelntlss i s

added, these.can be pren xed, or added i ndj vi dua]l ) The pol yners need
to be suﬁp@%%a?%%ﬁl &F vt Etﬁhtdgﬁﬁ@rl%ﬁllﬁﬂé‘x?@r(ﬁ?ﬁé:df W%FE%WH%&VM of tinme,
so that theAeHid-8A PPENIGE 1QF Abfisity PaR R T LEin Ald aabve the

. it ii%ﬁﬂ‘é‘
sof teni ng poirnt of the pol yners. A a prétferred enbodi t of the process
of the pr@P®hd. i nvention, a tenperature range |ower than 280C, particularly

from about 160C to 280C i s enplayed. 20 In particularly preferred process
variant, the t @t}ga&Rﬂ?@tméﬁ&erewaﬁﬁ%géhou%gbacetaod@z%e% éets%rl%%/ed. The
eri of Ll (o i a i3 f

P erparat ice URds 2S00 (ERGKT BPIGRD ATENNET Gobd BERT PoR i Rfply

exanpl e, feoth OOdeycrosed).94 g/cins, stisluadeypréfeabiyadhon). 900 gher atodsOI5q/A0° mdut es,
in particular from 20 seconds to koxy. am ne derivative

¢ 0 20 minutes. 25The al ke
can advarfgyddes|ay dpermimgdacqosding e ApXMhE g2 ey, 1HA o the Fnge af Bamch.
As w || | at . I I } : he carrier
resin for’ ]ﬁgﬁ?rlglgit@r%/%mgﬂgﬁﬁg%eef&%ﬁ@gg%g@g I{eloc’}ogr%gtl 'fée&l%biteh the resin
t o be nodiolyesttlene DB IGaglbepiehirtd &ith@oncamtiohil\Zigabyeithydralteomalny oRtlSsts
(referred to in the industry as "LDPE") were unexpectedly found to be the
preferred carrier due to the lower reactivity as 30evidenced by little
variation of the extrusion pressure during nmasterbatch production. WO
2011/ 085375PCT/ US2011/ 020846 HDPE may be a better carrier as it will react
even | ess because it does not have tertiary carbons and very |ow vinyls.
Anot her advantage of this invention is the discovery that polypropylene is
not a good carrier for this additive, aé it tends to degrade at typical
processi ng tenperatures. Another discovery is that the carrier resin should
be substantially 5 free of any anti oxidant additives, meaning that the
carrier resin should preferably have | ess than 1,000 ppm of anti oxi dant
additives, preferably |l ess than 500 ppm and nore preferably | ess than 100
ppm by wei ght, as antioxidants tend to suppress the activity of the
addi tive. The preferred carrier resin should be conpatible with the

- o, e - e




30 preferably from15 to 600 ppm nore preferably from25 to 400 ppm and
still nore WO 2011/ 085375PCT/ US2011/ 020846 preferably from 30 to 200 ppm
It will bworendiss3rsunder st ood by one of ordinary skill iPaTtUseo1aneosadrat t he
amount of al koxy ami ne derivative in the final product wll be reduced from
t he addedbuaaBu Rt mésliddege 60sPAERIde ERAGtS. Shdhnetinemaahget mamsmedl bi er

pol yet hyl ene. Preferably, the anobunt of the al koxy am ne derivative should
be kept HewMgmodponelesulaweighy digrikptiensi ze reaction in the carrier resin,

reduce the potent.i for s 1 £ r. t nd be ntially
react ed out iAiﬁﬁéﬁ%F%%¥P§§g§ﬁ%ﬁe§%5pﬁgﬂa%ﬁ£1€$ﬁéfﬁgﬁg§h%%ﬂ?§ %ﬁ@gstable
W th furtdeekatved T@s plip@dses!df tisdindscit e entithe aBlox® dntifederb/hti eds” ik@uddk Koxy

am ne derivative has been allowed to react with the target resin, it may be
desi r abl eutrexideiderbrnéves Theradkamytanune dernitatise i added s antan@mpaetendene

properties_ of. the 1 fie arget r.esin. t ish thisis to
S G e e L L

anot her  rsih®dédhakivescoiteSporidno ai foahidant s. Bl end The target

pol yet hyl ene for use in the present invention may advantageously be a bl end

of two or nore pol yReXB)NOGrRexanpl e a |inear | ow density pol yet hyl ene

bl ended with 15a high | ow densi | yet hyl LDPE
Such | ow S Re S0 BF el Bandibere ol KVt Sares (v o ChE ange
of friom Qudld) s@hstififted Byd?o SHELIOI6HE; confrisBadBh@or NI & PhGd R @hERBnta9 0. 935

g/cnB, and a nelt index (12) in the range of from0.1 to 5 g/ 10 m nutes;
for exangbem afringrstroctaret togethgrl andrivhere &sis hydwgon.ar lpidrodsftondr efsubtiisutedir get

in bef t ith the.al i i vati ve. h it
o e S0 tRR ol irgintra ShdiiN o B e b hp KS ulfis e Pl B 018
g/cnB to @6@%5?41/-@5@19&%1,&0@1Jclgdme&@%d-@;)clé)a@ylg hmr@}r@%lﬁ&l; fygre 0. 01 to 5

g/ 10 mnutes; for exanple, fromO0.1to 3 g/10 m nutes. ternatively the
target r dsiaryl; WNi(€h-Greajkyilbs dlfmast peeferablydpniaing ahiacgltgrowep.r eact ed with the

al koxy am ne derivative and then bl ended with re. addition
ol yrisr o By 1 SIS FORPOUSTIY oD ATV BT B ARG ot DR Eidr eof
W th one (@n)@59 efdielecHApYIBSSor th@mddypl € LDPE, may advant ageously be

used to manufacture films. Such filnms may include, but are not limted to,
clarity shri nkA padtislarly pidferrédospesiby ofidtkdxyl amsipe dersvatise ise?-Cheetyldxys 3.85i0- age

films, stretc der fi Sseal.ants, nd. u uc ilnms, liner fjlns,
e ne. diiroerT S0 st g P Ee D Mgl Seratix RO ey Loc R ecpisaB b hich: s
may be empl qyed)bQinRaEhaG UhRadPsuch films. Suitable conversion techniques
include, but are not limted to, blowm film WO

2011/ 085375PCT/ US2011/ 020846 process, cast fd:l m process, tenter frane
process, double bubble procesd, such as pattilalty crosslinked or
non-crosslinked, vertical® or horizont fofrmfill and seal process. Such
techni ques are generally well known n e epbodfent, the conversion
techni que includes, but is not |irftedto, bl own filmprocess. 5The
fil according to the present invention may!include at |east one film

| ayer, such as a nonol ayer film or at |east one layer in a multilayer film
prepared by cdstampidsaiispme preteniat edcicoforase mube presevanvengoprsbelsses. The
reacted Haﬁget pol yethyl ene or a blend thereof with one or nore other

pol yrer s,'°FO¥"éxanpl e LDPE, may be used in a variety of films, including
but not limted to clarity shrink filnms, collation shrink films, cast
stretch 10filns, silage filns, stretch hooder filns, sealants, stand up

pouch filnms, liner films, machine direction oriented filns, and di aper
backsheets. Testing Methods Melt Strength Melt strength neasurenents are
conducted on a CGottfert Rheotens 71.97 (Goettfert 15Inc.; Rock Hll, SO,

attached to a Gottfert Rheotester 2000 capillary rheonmeter. The nelted
sanpl e (about 25 to 30 grans) is fed with a Goettfert Rheotester 2000
capillary rheoneter, equipped with a flat entrance angle (180 degrees) of
|l ength of 30 nm dianeter of 2.0 nm and an aspect ratio (length/dianeter)
of 15. After equilibrating the sanples at 190C for 10 m nutes, the piston
is run at a constant piston speed of 0.265 m second. The standard test
20tenperature is 190C. The sanple is drawn uniaxially to a set of
accelerating nips |located 100 nm below the die, with an acceleration of 2.4
mm s2. The tensile force is recorded as%a function of the t ake-up speed of
the nip rolls. Melt strength is reported as the plateau force (cN) before
the strand breaks. The follow ng conditions are used in the nelt strength
measur enents: plunger speed = 0.265 mi second; wheel acceleration = 2.4

nmm s2; 25 capillary dianmeter = 2.0 nm capillary length = 30 mm and barrel
dianeter = 12 nm Melt | ndex Melt index, or 12, is neasured in
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30 Density WO 2011/ 085375PCT/ US2011/ 020846 Sanmpl es for density
nmeasurenents are prepared according to ASTM D 4703-10. Sanples are pressed
at 374F (WOQO/d8s375fi ve m nutes at 10,000 psi (68 MPa). PChaIS@mpeesas ure i s
mai nt ai ned at 374F (190C) for the above five mnutes, and then the pressure
is increased to 30,000 psi (207 MPa) for three mnutes. This is followed by
one mnute hold 5 at 70F (21C) and 30, 000 psi (207 MPa). GMeasurenents are
nmade within one hour of. sanple p[_§5|ng ngmA§IM D792-Q8 ~-et.hod B

Dynanlc Mechani-xal Spectnoscopyao Si N are conpreSS|on- | ded into
"3 mmthick X 1 fineh” cireulcar @baﬁues et 350F ¥ five nitnutes, under 1500
psi pressure ir. Th \sanpl e |S‘rﬁen taken‘cut of | -+4 %uﬁtess Oand

pl aced on the counter to cool. A constant tenpetature frigquency sweep is
performed using a TA Instrunents "Advanced Rheonetric Expansion stem
(ARES), " equi pped with 25 nmm (di aneter) paraIIeI pl ates, .under a nitrogen

purge. The sanple i s pl aced on e pl ate; al | owed tt for five
m nutes at 190C. Th at es ar en cIo |t@Ea gap of 2=p the sanple is
15 trimed (e np) e~ patrh ~bge Cir & \‘g’che of the "25
nm di anet er " plate reaned) nd then th est i§ staried” ™ The nethod
e del ay to Qj for tenperature
¢

has an additi g7 five
equi l i brium The  experi are pe ned at 190 r a frequency range
of 0.1 to 100 rad/s. The strain anplitude is constant at 10% The stress
response i s ara Igymﬁrail liyrirctmyt aminefes@rydre trwdfeprafmirenhaﬁeonefpaatmﬂdﬂycﬂavctrhe
st orage 20 nnd | us nmodul us _(G*),  conpl ex
vi scosi t Yﬂtoxy %rawe(eétfr ermg §r€a<@aﬁw5l %é &éﬁ%% T rime at@S(dWaf} t he
vi scosity, discosity Ratio (VO.1/V100) are
calculate %%¥%?9 %ﬁgéf%gﬁﬁﬁﬁé%P&%%§%§§%|On Chr omat ogr aphy (TDGPC) -
Conveft i onal G?@ allkdxghimifse ddrivarivexgaréR@leddandn gmobBiRr subfodrarn té hercaRGht eadini ques
used herein (Conventional GPC, Light Scattering GPC, and gpcBg%l1t a Trlple
Det ect or SENStbapdeRincERsTHE SlaeyimapbRychiche datlreﬁdeﬁth) InsgeneEifhes
Thi s syst

aAnith Cgél%!a%ikés 2t o ﬁd }é‘%h% Smfolthd Jf‘% Sn 1"{5‘ }E%%‘f‘ 'thét@&?a@g%ﬂl f o ument s

Terrper ature romat ogr ap t her sul tab e eratures

i ncl ude E@ll}}é!ﬁl’@ﬂedeqbﬂmﬁr(btylv%g}(tﬁhhmpﬁfunﬂ & to 9130 pawtsdeltox@haliﬁmderMadeé p&20) ,
equi pped Wi th a Precision 30Detectors (Anherst, Miss.) 2-angle |aser_Iight
scatteri ﬁgllleq_tgyar@épéyptﬂht)m@@getzgﬂg Pluéﬁaqrpgresmf any), more preferably from 15

(Val dfcr 40 RPN rb LA B0 P Bl 2 shor eSS, 00

sol uti on ppngconeter (DP). A GPCwith these latter two i ndependent
detectors and at | east one of the former detectors is sonetines referred to
as "3D GPC' orThepddiion to i padyatindencerohymarman baraned syeinel Auptpmast @p4ng o

conventiqQ c §$%
softmarelﬁ%égggghwgﬁ%‘hgﬁ%&ﬁg gﬁ%% é%g(ﬁgﬂ%gg n§§eghgkﬁﬁ%ﬁc

syst em i sar@ks®vreapthpRadilwdtif tanre nfﬂdyra 1@l B THan e Hiaces, rkgezdiew ad from

Pol ymer Laboratories (Shropshire, United Kingdom). The eluent fromthe GPC
col utd seXtpflgfys t hr ough each detector arranged in series, 10in the
followi ng ord LS detect R4 .det ect or DP.d tect

systematic apSI?hc? chFor Ptr%eraBeYtCé‘F%ﬁ n%‘t?ﬂ%%“ é’t““%et Y ngSfadtin <§‘rdtE s is

per f or nediurifig ProvRIMEY. FRAGIISTERefeMel Prdd@ingdmblHisdiad hﬁ IBQ;H@Q/ exadegy, et
al . (Mourey and Bal ke, Chromat ography Polym , Chapter % (1992)) (Balke,
Thi ti r at SRR rotating amun@tlnmmesyremtmdamglﬁa@w ol Vmude@ham extrudgrs
(1992)), |ng det e ntri.nsic

esults' 1 Ponk bRy L ugs BateR B mrenattr A ntPrOUBE fiek o RS oh ke
sectixpn QmebzﬂQbm%ﬁﬁﬁﬁs@trtb Rehi¢H-Yadaltfa dalbeWpplied NuidBlediaRhs bl kwidy
Equation (5). Suitabl e high tenperature GPC col ums can be used, such
as four 30e derctibery f@tradmpleHirsdandbaclariomstbiftentissionrVdldubradlagen, IE@llltyrser

ore, thd Tk & dohitmed e 0955 28 7 PO B M0 i et 1 &

operated at 140C, and the colum conpartnment is operated at 150C. The
sanples are prepared at a concentration of "0.1 granms of polyner in 50

mlliliters of solvent." The chronmat ographic solvent and the sanple
preparation solvent is 1,2,4-trichlorobenzene (TCB) containing 200 ppm of
2,6-di-tert-butyl -4net hyl phenol (BHT). The solvent is sparged with

ni trogen. The pol ynmer sanples are gently stirred at 25160C for four hours.
The injection volunme is 200 mcroliters. The flowrate through the GPCis
set at 1 m/mnute. Conventional GPC For Conventional GPC, the IR4
detector is used, and the GPC colum set is calibrated by running 21 narrow
nDIecuIar melght dlstrlbutlon polystyrene standards The 30 nDIecuIar

Y - . e e~ N - v ~ AN NN - N 1



WD 2011/ 085375PCT/ US2011/ 020846 standards are contained in 6 "cocktail"

m xtures. Each standard m xture has at | east a decade of separation between
i ndi vi duawormiessd7ar wei ghts. The standard m xt ures ar e Pplifush@smeosiie om

Pol ymer Laboratories. The pol ystyrene standards are prepared at "0.025 g in
50 nmL of BehM@ntdnidgen 1086, 48 BNa3-44@il 431957 )e Foakxdmiplorthgsaak éengithaum bk, 060, 000
g/nmol, and at 5"0.05 g in 50 nL of solvent"” for nolecular weights |ess than
1, 000, 00CIBgsHBE Scraw didpestsrs pzfeaptdy 3P AR dupesshascsew dipgsitered The rog@ionalgpeed
gentl e agistat| f 1N . The n ] @S al.&,.. un
Prrste am iR i el CHOF R SRR, QAR R b GRouRf o

m ni m ze IdRgIRR$BIR.to TiRg pRPayesd yoneatrasddambkaiid op erkaddanlveenh asirriéei ghts are
converted to pol yethyl ene nol ecul ar meight usiqg Equati on %1) (as descri bed
in WPl i awwbyetiodeng rowan.cprefgrabpoityl fH00ge i10,00@ppipaand hen éxteduge theepneantigs) gr:
Mool yet hyl eng .= A.X . olystyrene) B(EQ. 1), where MisS..the I | ar. wei ght
of "ot yer My MR DRI LRl e el MRG0y g R0 BRY B T
known t o tvbas@ei@dls, QrétbmaBlyyar kb RO with difiBe edricedthal i¥hBRE10E rdsth. areange of
about 0.38 to about 0.44, and is determined at the tinme of calibration

usi ng a moseahtigtsl apatdye rrpeesIBinan gataderagretsiably aldemperatuies fsae B on Li ght

Scatteri S).GPC bel i.nth h. follow i (5). Us f
Chi's: pol yaPryr e eapraiker Bt nERaaTPBR s RSP0 M al ves,
Such 1as  tadeRk G ARG tardirstiéRyth 00 nMMB.0r MW M), “and rel at ed

statistics, is defined here as the nodified nmethod of WIlians and Ward.
The nunber aveérmgeaxymmuacthienghpesiightpendéns onghaterevadanmets, the retatidrat speed ght |

cquat i ongna g e e Biast RS Pre S EBPean ey bRETEES et AT B wi m
(Ea. 2) (5@er Bhn baQimdh thrbh@plut @%@Iﬁ%itﬁ@p&hﬁ&e_@: therdhed of difplbyingPC, the
Preci si on Detector PDI 2040 detect or del” 2040 is used. Depending on the

sanpl e, evdigeng ntachih8s daliykenpdoapea®Oungl e of the |ight scattering
detector is used for.calculation.pu ses. Here, the 15 apgle v ed. WO
2011/1585375PCH UBSBA) BHBTIETRE IVHIET Rl e s Bt dor SeEbe Ra T
manner consi St'ﬁ{%tpo%é}s hé’@to%@hbjé&@&'tob% &é&ﬁ@dt@h@@ﬂat@g Fra svll,ffic%ﬁgbrig’chys; ,
16, 1099 (1948)) and Kratochvil (Kratochvil, P., assical Light Scattering
from Pol yofgimeSed thtat teslesitddsdangas ocOuf dihd terhper{ti@87 pnerdlheabove thel softempgct ed
concentration_used.in the det rninatign of % e nnlecgéﬁr meiqht i S

5obt ai ned ¥ HOMAHROIVRFS et BEfBIIGMPRAIMEHY of HIE PHASSS Hfefe RIS L8t ght?
derived fi£ QR @nSdlihabldd HGRRORE) MRV RPo ABBRALY Lo 2P CAPEmPBloyEde
polyethyﬁeng%s?%né% ds of known wei ght 5verage nnlecﬁ?é? meight.B?%e

cal c@0at dd amaltenidriyrpreferrghpocess vaninitathn éehpesatng rangd fgdrh abeat200fC g2 105ast ant
derived fromone or nore of the polyethyl ene standards nenti oned bel ow and
a refract’’ ¢8PINeEx concentration coefficient, dn/dc, of 0.104. Generally,
the mss 10delfilofiol 68 RARTEAM [lGeddBikad (Y LELIMRERBEIRNEmBOAE b
determ ned from ’near standard with a mol ecdl ar wel ght 1 n excess of
about 50,th0 dmgimwif eaterhaé tobesicacted end thaltypercdt fioo axanapie ratradaangd.i Bived usi ng

t he net hods descri bed by the manufacturer, aor, alternativel é} by  using the
publ i shed'sYaDUEIM PO Orsgeanels 19 AR HYnWesa Hy HEU3LfEPM 28 setoads b ) MéTUssence

Mat erjizal s (S j : 0 I I Lt - and
15 Tezg hnol 095'\'? fﬁ%@@?a@%@%ﬂ?gﬁ%g%ﬁé% %&E}gﬁk@ 6 %ta %1%&[ t:(&otﬁes&fg?lgé gé\ggé d | ow
enough t aisebf shnaatetbaadhdr &S siilhge Apytesihteaby st bf cidaniy €fifl @cths aftchieeeafiterat i on

ef fects on nol ecul ar wei ). ) ) ) o
resin for the masterbatch should be chosen to be compatible with the resin to be modified.
LDPE high pressure low density polyethylene polymers (referred to in the industry as
“LDPE”) were unexpectedly found to be the preferred carrier due to the lower reactivity as

30  evidenced by little variation of the extrusion pressure during masterbatch production.



Wth 3D GPC, absol ute weight average nol ecul ar wei ght ("Mwv, Abs") is
determ ned using Equation (5) below, using the "peak area" nethod for

hi gher acworaciyssstd 20 preci sion. The "LS Area" and t hePCTarseo11Aeaas are
generated by the chromatograph/ detectors conbination. G LS Area Eci (Eg. 5)
For each HISPRm@fyiHeex Helitor cedarmliewilbeactlevgulegsbekaadedt djes nobkave-tésias (1 og
MAMc-CPC), where cc refers to the conventional calibration curve, is

det er mi ne@rbess fed Yawdow minvky Anqteer adBitasstof tim inventigia tersdiseoyeryabgve) ar e
used to cali t. re ti ol yne .int o "l.o "I Equation 1
(pol yet A aRsg i Rod b Bicu b NETRAUREE ay Endf el BBTh GBI L7 & 1 g
MWE. " Theocdsaifg Miiferateeal Ans@ev@Scoasrytihhak tixdafidr afsirt fivuldbdNuottah@slyof the
experimental section (log MME is equated to the | og MNcc-CPC)). The

y-axi § f dree afi@nyantic 8BRS USLDng trodecasigs Fesinssheplsinreierably haye lgss
detector Jes normal i zed 1.he inpecte I s. Initiald t he
ol eou ar PR LA Bul 3 TR A GEy B4H I8, b G s R eBa PBRGg ot B ebhndar o
sanpl e, gughhas] P BH & cht,ab afGOH ¥BIERhd (AfUPPEST Bknhal, sihdgddife.
conventional calibrations ("cc") for both nol ecul ar weight and intrinsic
viscosity as allfeuniefeireshcaticialesinisbould bg spmpetible with the gpplisationoyyhad:étul ar

oo S 0yl RS L S v BB SRR PR T o
addi tjgvespleddes. RrsRSEA®E paffeaBSNNERIE VWi HDPEAESE vath Midanastivatin of the

nunmber average nol ecul ar weight (M) of the polymer sanple to give a
over est i nusitoratioh unite psedenpbly fe@engbiuy 40 serel @i0:900dafianedoras Td vaferigiler e My

is the wejght | ecul i ght. The tr | | e. mol ecul
wei ght o GTRTBRNT IOLE Aape Rl St Mi Fo e B proBBRai e by
excl udi ngo pRices €t ddnhRaked Thits: REQGRSEop Sr6MHMBLY SRS CThOEHidstile peak

skimfeature in data processing procedures in |iquid chromatographic
anal yses.cohld ingirgogreogbesdditivesfoagdicessing peakutiisshokidiresgbgiutiallydreetdie GPC

| uti ve bef th | 15 nol | i t | | ati i
B e s e L e O
Det ect or (@RGSR still more FBRrBPERR MEANGMbAE byRA8xh(l 5t MGLAASiBRH DY

first calibrating the light scattering, viscosity, and concCentration
det ect or scoagodedcri bed previously. Baselines are then subtracted fromthe

| i ght scatteripg, visconeter, and c entratjon chr tograns. | ntegration
20 ndows. ar ¢ e SaT B EHSETE PHOEASCPONTST ST TIEH YHE LAY scul ar
vei ght 1 gl 8HhECHYRhiHEB b QQg%bbﬁ's.tIkl@feHb@}htthegt% Eﬁél&&ﬁyl@ﬁ@reﬁn%ﬁ@ﬂﬁth%&e a

chromat ograns that 1 ndicate the presence of detectable polynmer fromthe

r ef r 20t i leeeli of deésubstiueriamsegnanond umsger pOHDY.H0 kyibenetontsan dzr cisgaofererh@f0used
to establi ol ye | ene and pol ystyr.ene Mar kHouw nk constants. Upon

obt ai ni ny ‘fﬁeq&%wgfd%vsﬁmﬁ%@%&@v%%}}t&@ght FOVGE BN (S CHHRTTURS (RIS EBY | near
' ef er enchy fRTNANHLANA)1IERll DAL ABS, IRImACHUS! BYheRsH P REHIAM Bl g, and
pol yethyl'ene intrinsic viscosity as a function of elution volunme, as shown
i n Equat highs {yg).2-@rfdur(iig) g/ 1 MniRk) thai Ki¥éefipE dédi@d pesin: \Preferity, thé Ridyedthylebd PS K
pE (Eq. 6), WO 2011/085375PCT/US2011/ 020846 M PE(Eq. . 7). The gpcBR

br anchi nbes’inrfé‘eskldic@mémr@HH@PFW&OT"SF‘“&%@QH’(YE%@& fBY F‘%%Yf‘éﬁﬂﬁflgﬁ’éﬁﬁﬂc hai n
br aneli ng: ' ' . I ] " of Using 3D-GPC - TREF
f or 5§| yg’lsg?}fégﬁ %aérllaégg F?ﬁgﬂ’h&n, ek?gécaf“élyrﬂofh.e CE?%EP%S 007, 257, 29-45. The

i ndex avoids the 5 "sli CEelynaint ofethe 3RoFPamirael deuilv atfiveomstetislddithid cunddrl y used
in the determnation o val ues and branchi %%; reguency calculations, in

P
favor of rﬁmﬁléo%bw.ethea%xgé@f Brl taBR%sby wright srstpeblydiom Ode SZaadBos n t he

sanple b i 2 I e |ight
Seatt or i e PR R Sl B 2R PR RL b e M R R LR T s e
"sli ce- byrisdxyaeiing adrivatiof islddgéd tosthatdrgotippgludels éc therrasdeghial to @08 ppinh nore

concentration detector 10signal, as required in a traditional g
det et ndrefgrably from 15 to 600 ppm, more preferably from 25 to 400 ppm and still more



Wth 3D-GPC, sanple intrinsic viscosities are al so obtained i ndependently
using Equations (8). The area calculation in Equation (5) and (8) offers
nore precwei2on/oshysause, as an overall sanple area, it PSTMsCH 1020886
sensitive to variation caused by detector noise and 3D-GPC settings on

basel i ne pefdrabht ENB0IL6N00 bpint 3¢ wivbeerehdipoiridantdod, bytdhe opeaknay eill in the
15cal culation is not affected by the detector volune offsets. Simlarly,

t he hi gh-astt8at ta¢ amoyntipbalkoxy amifesdesivoiivcindhe anlwocmt Bt bg Wéacqurh &ear ea
t hod ==E = WO
D011/ ogad uREk ot 2% i sibuad ik il el ciel boryBhliefet ) 1Yo

mol ecul ar wei ghtfegddlly, ittt dvh\Gic 6f thbsln@iytamuaesdeawhumiho@m tf kepl biélownby@l une,
per g]uatl ons (2) and (9): Eci (Eg. 9). Equation (10) is used to
det er nelODmrrgﬁ@dmekZarﬁwrlﬂ@ in} they é&rrlesregme Bruce the pgfential foy galy ingle final( Eq.

10) rodu\Mtﬂ| anglb t'? antlght pe%ct metgelf r' n I %h%&‘ﬁm Wil Sp h|1|1c"t I's the

intrinsi Cp Vi SC’OSI ty conven I ona nmeasur ed

wei ght  avemame safaieemﬂ Al theehroBdssingN ek dMbuld Ueﬁln'ﬂ&@to‘éﬂ ittgHR ftevas amexmﬁféul ar
wei ght of the conventional calibration. The wei ght average nol ecul ar wei ght

by I'i ght @éla@tn\@rhaﬁ@em@)ow|tﬁgea€q\mh thsrfayesy reﬁlg,@@mmldy'sm@ﬂfewr@é e oas 10

"absol ut e_wei V nol ec u ht" or
canact on pOF 0BT EAENT K ER b mt S fhaiqear twa?ffwi s it obe el o
(" conyentgp @&iﬂm;ﬂﬁh iths ?sttb %![\:"n)i th§re@ﬂ°nta$ﬂar reaf@sn @ﬁh e al%ox Fh(ﬁhﬁéfﬁémiah% With
backbone nol ecul ar wei ght,"” "conventional weight aver age nol ecul ar wei ght

and " Mv, @pether wisin thatas rich incaitioyiglaniés with the "cc” subscri pt are deterni ned
using t heg,l(rmar espective
The target polyethylene for use in the present invention may advantageously be a
blend of two or more polymers, for example a linear low density polyethylene blended with
15 ahigh pressure low density polyethylene (LDPE) composition. Such low density
polyethylene composition may have a density in the range of from 0.910 g/cm’ to 0.940
g/cm3; for example, from 0.915 g/cm3 to 0.935 g/cm3, and a melt index (1) in the range of
from 0.1 to 5 g/10 minutes; for example, from 0.2 to 2g/10 minutes. The overall blend of
the target resin before reacting with the alkoxy amine derivative may have a density in the
20  rage of from 0.910 g/cm’to 0.940 g/cm’; for example, from 0.915 g/cm’ to 0.935 g/cm’, and
a melt index (1) in the range of from 0.01 to 5 g/10 minutes; for example, from 0.1 to 3 g/10
minutes. Alternatively the target resin (which may itself be a blend) may first be reacted
with the alkoxy amine derivative and then blended with one or more additional polymers.

Film Application

25 The inventive polyethylene or blend thereof with one or more other polymers, for
example LDPE, may advantageously be used to manufacture films. Such films may include,
but are not limited to, clarity shrink films, collation shrink films, cast stretch films, silage
films, stretch hooder films, sealants, stand up pouch films, liner films, machine direction
oriented films, and diaper backsheets. Different methods may be employed to manufacture

30  such films. Suitable conversion techniques include, but are not limited to, blown film



15el ution vol unes, the correspondi ng conventional calibration as previously
descri bed, and the concentration (C ). The non-subscripted val ues are
nmeasur ed weal2oashzrsed on the mass detector, LALLS, and PCISPElAL0Sas¢ €as.
The value of KpE is adjusted iteratively, until the linear reference sanple
has a gpgiBbtaigaaufieh pradeds; t@fterzeinde ploosss edaaibel bblch@oddsnialiclvad piegalfyor cc
and Log K for the determnation of gpcBR in this particular case are 0.725
and - 3. 3ssossmlff'éls%@em%ﬁlynkefiowrb%ﬂlyébwymrﬁé forghill gnd seal pipgess3 Sggs,
respectlv [ p ve been

ot or m neg 168 belEha B bR Ruowp, 1y ot BRSoRF AL RERIRNE "
repeat ed indludg, bllftQS b@tanﬁlh@ﬂosmmnm filbthgrdeeanched sarrpl es are anal yzed

usi ng the final Mark-Houwi nk constants as the best "cc" calibration val ues,
and EQuat i ons {®)filmsaggording tey s fresgnt 125%@11@@@91#1@@ altlpaph o filp &BR. isuch

straight forwa i ne ) pc
2011/085§§ébaﬁwgkﬁﬂﬁékﬁiﬁé%éegroan'(gfgon %¢%b§ggﬁ¥§g) %w%éﬁgwn5|nce
t he val uesicnBasyr 66 eyusich addlingl SEE4TBLS! YTﬁHrEadﬁéﬂ Er @5 Epdl @ thleheCONY EMridonal
calibration standard. For branched pol ymers, gpcBR mnll be hi gher than

zero, espbare Wyh\mnt: or Iiilileh othey @olymests. | fonerastiie hOFEamehi brguseddt auesiephef

e U e Rlsy fud e Bt s, iy, snfifs MR cEoraig shifio Bt Gloedty

fact,jot hﬁfﬂﬁﬁcﬁﬁgy@hrﬁ@ 8RN 2B FilinREschlaakt itamnBhp P ehanaR, Mue filhe, mrdhacul ar
size contraction effect as the result of polyner branchlng A gpcBR val ue

of 0.5 ordizc@ompnigntedielars, anddiapeubagksheietse contraction effect of Wat the

| evel of 50% a dﬂ] 096 respectively, versus a linear polynmer nol ecul e of
equi val e #1929 0For t hese particul ar exanpl es, the advantage of using
gpcBR, iqug@gp@ﬁgﬁon to a traditional "g' index" and branching frequency
calculations, 1s due to the higher precision of gpcBR Al of the

par anmet er s usddelt ptrertgeh @memma(e dendictadrmatd Gottigrtdkhebteas 87 Whbditfgwod

det ffect 3D-GP det ect
Feapdise las- Rpeniiibibe it P grieou i RherE- ExnDhfePdanahedBr 6y BIE Melor s
in det eCtsﬁfn L H6R 28l a0 %Fdﬂﬁs) 455[%11 Svﬁtl"pé)GB&Efeﬁfl@ch%%stEIhﬁ)(]@rcﬁﬁﬂl%fﬂEe&{letEpe

gpcBR i ndex d erm nation. Film Testing fol ]l om ng "‘physi ca
properti eezs]umped wethsufitae dntoance hegle |(18€bdaseed)ec§dcmgnbdf BOminh eliangierof Peth nar,

secti on. taI Over.a er nal . haz
oot o Masarieat S0 LlchelaiRARS chlr e bt ating hEshaBte: ALEOPE Lo Bl & ned
vi aref raphbiee hRETRHGNIAEHIMAG TSR 0Pk hyfil SATPIROTnGHNGD | S

applied as a coating on each surface of the fil A Hazegard Pl us

( BYK=2Gar dnmperalSﬁe 1s@ODUNDbThe szMEp)le lssiralwadmfamallyetsa setepf adw@iergagmipelotated i ve
sanples ne and avera e reported nsi ons re "6 in
x 6in.' g? gB 2§§3F%9 246@ﬂ@|v wpﬁﬂggﬁﬁpggmo Kee RS 8anpl e

"10 in x f&gct%%'d? tﬁe tafd- ﬁﬁ :81%1&51 d?\éﬂé'\ﬂlﬁ)il&f@i\@&t ol }ﬁg? L}Q)frteﬁ by the n&ﬂit@ﬂusi%f%l es,

each sample "10 in x 2% Secant chi ne
di rect i or(pNabetofeldh¢ etlra:rslsbrdﬂqsed”hi: cﬁmi)otwﬂ@&'«bﬂdiﬁ&z aftd)us(ed\netmgﬁeloitrdngme film
sanples in each direction; sanple "1 in x 6

eac !
2011/ 085317@15@?#199@03 Winges spoRst = 288 mopisegogdcpheel ﬁ%gfawonﬁvgf* I@wsengt h: ASTM

D1922-09 h "31in x
25 1o HaTE R Gl 20,0 STy i R i EleP LaneR L B Rbg2- 10
(aver age Mbélt fridee f|In1saanes in each direction; each sanple 'Linx 6
in"). 5Dart Inpact Strength: ASTM D1709-09 (m n rops..to achieve
a 50% f ai | ur e;Me}pidexs Wul%ﬁwasreeq if} agcorgancy Wlﬁlt/?@w)l) 1%%&9&@1%&1%ngt h:
Punct ure o e E S
sorrware B Eran i s DB R G S, TR R e ah

measur emeigtsdace wigd&STM Deite8 ni'sirlitton BOOECAGek g imCisuemoriedlinigrambhe filmis
10 conditioned for 40 hours after film production, and at |east 24 hours in
an ASPM degisiy| | ed | aboratory (23C and 50%relative humdity). A "100 | b"

| oad cell is used with a round specinmen hol der of 4 inch dianeter. The
puncture probe is a "1/2 inch diameter"” polished stainless steel ball (on a
2.5" rod) wwth a "7.5 inch maximumtravel length." There is no gauge

| ength, and the probe is as close as possible to, but not touching, 15the
speci nen (the probe is set by raising tBe probe until it touches the

speci nen). Then the E



probe is gradually lowered, until it is not touching the specinen. Then the
crosshead is set at zero. Considering the maxi numtravel distance, the

di st ance woubd/iss37appr oxi mately 0. 10 i nch. The crosshea®C3seal 1i020816

i nches/ m nute. The thickness is neasured in the mddle of the specinen. The
t hi ckness of tduengléd for déRity dicatiaaaentt he prepssheacrdineasel SV RNTR00.t he peak
| oad are used to determ ne the puncture by the software. The puncture probe

i s cl eanedmpgsge aressedpt WHAE (1Y e fordyermispise phEh000g (GkMFPahsThen:  shri nk

" : . h 0 N et . -
1 A D9 LA TR AT T B,
" Shrink RoinzeeabeB® B0 @07 MM )I6f thide Mriduee. FhisisialloSRE bANhEGinute hold

Proceedings, p. 251264 (2008). The shrink tension of film sar‘rEI es is
measuped X APBUGH'Q 08 FPEPRpSk BO7 AR Blusirhgents SrCBMIAE %DANGH HESA- || |

Dynami c hani cal Anal RSt S; New Castle, DE) with a film
fixture. %&P%%ﬁ%&%&%ﬁ“@%ﬁ%@@ Qgﬁl\\/}m&ggﬁhand "63.5 mMm | ong" are die cut
from t he pidamis aeehdmiciSbigrostspyt he machine direction (MD) or the cross

direction (CD), for testing. The filmthickness is neasured by a Mtutoyo
Absol ut e di gi rasing agocampipssianomoldes dtp “CrrpdEXB) 1 it "siichlgl plagess #6380 &

i \ 12.7 WD 2011/ 085375PCT/ US2011/.020846 ith
R s R U U B i o G U

di f f gpentaniQtati onsheduBRE b ddol.m speci men, and the wi dth of the specinen,
are used to calculate the films cross sectional area (A), in which "A =

W dt h x Thi ckniesentstast taniperftivlerfragpetsyrssieep & pesfotmedusing # A Mitrymendst i ng. A

tandard f,) mtensi i £ram TA Unents, | d for t
reasur e v aeE Bisghebid bt eh ST QRES HEPRRLlT oS S FamelD | cast 30
m nut es, &ﬁ%@r prﬁﬁeees,]gﬁdei DEitloBen B@Re MR tHehIax Pheekidngse %ﬁaeaﬁdund“eéd tgap is

set to 2 | il'mspecinen i's then attached onto oth the upper and

t he | owerméli fardive sninMgpatclHOr§, The aktasaneihts closed R gaplof 2rrequithesampke ipl y
film, _Because the shrink tensiop.in t CD directiop.is ically J,ow, two
or i prmaeegir e et ek savonste fer bR eashmsore bbb Almal 1o
improve tdife § @RRNed)0aihSe tHe@bdt s stdrfedS U Retk@PRas dh@dfiohi oI FHHARSS 1S
the sumof all of the plies. After the filmreaches the initial tenperature
of 25C, tdelyuypem, fa diaw toritempeamtued dapiliteiuse dl oy exiperimertd asd pegforinygd ato obt ai n
an axial faorge of -1.0 g. This.1s to ensure that. no buckl.ing or ex sive
Stret chi ngUGF Ovfler fdusneienssord T bRdhn i gan Aredtided Ohrifah T HE L est
is startefe sfreGARSIAM isfahﬁ&%cﬁng@xﬂls'o‘?f aﬁﬁ'lim&'aﬁﬁgh%éf 59 Wien fetstdrpel ©
measurenent. The tenperature ranp starts at a rate of 90C mn, from25C to
80C, 200l |meddubis’a lomtneoddusA0GC), momplaxonmp@06G (&) 1&0@leDuis¢asdy hfictan &yprf r om
80C to 160C, as the filmshri t he shrjnk rc ured by . the force
{r ansducdit dsig. g ablddads %ﬁigi’iﬂbﬁ'n“é‘fos’c% %@JP&P SVTED. g g Siscaniay ysi's.
The di ff q8g0G&0PEVIE@NL BEcuiRegk force” and the "baseline 20val ue before

t he onset of the shrink tforce peak" is considered the shrink force (F) of

t he fil mIrifie DglecionlGdl EasuamoniCHriveabigtaphy $TDGE ) atGamverdtionhEGENY Ligk: f or ce
(F) to thrageessGeectadpaiBrarea (A) of the film EXPER MENTAL 25The |i near
llow density paioyehd®PeMeohnldubPibd HRSH (@ chvBAQHACGBCOYicht SEtRFindeiP(8 and
catalysis and is a 1 nelt index (12 or M), 0.926 g/cm8 density, wth

addi t i vesgpeBR1., (0Ddplp Pretactaydied EerhatipClhsorspegiphyt (3 Donehi a dIRGPC ngystenBasel |
Switzerland). Exampl es are oduced fromthis LL t ed with

' or entoEbmDEASTaT 5151 S D QYR Me 5 Fiog 106 Tigh feripe e
specific @ggfntaio¥?apﬁﬁ_§t@el‘ S"‘uit%bl@@lgﬁlt $hP¥dhirdy P& Qnstruments include Polymer
30triethyl-7,8, I0-trinmet hyl-1, 5-di oxa-9-azaspi roll5. 5lundec-3-yl | nethyl
oct adecarng&bmtongli( Siropide2 UK M&EB 2 5iPGId Meada LoD 2q84ped withddBacmmnan LDPE
mast er bat ch having .5, 6 rts ditiv er mlli art i.ght | DPE. of
The. o 159etprehEEia M el Byerieh Bt EReRrperient SEb D e
of al koxy am ne derivative added and not the anpunt of the entire
mast er bat ch added). The nasterbatch is prepared as foll ows: The al koxy

am ne derivative additive is 5 conpounded with a honopol yner ethylene resin
made in a high-pressure tubular reactor (that is, an LDPE resin) having a
nmelt index of 0.7 g/10 mn (at 190C, 2.16kg ASTM D1238) and a density of
0.925 g/cnB (ASTM D792) . The LDPE and derivative are conpounded in a
30mm co-rotating, interneshing Coperior Uner ner - Pf I ei derer ZSK- 30 (ZSK- 30)
twin screw extruder to forma nasterbatch. 10 The ZSK-30 has ten barrel
sections with an overall length of 960 mMmm and a 32 length to dianeter ratio
(L/'D). Atwo hole strand die is used without a breaker plate or screen
pack. The extruder consists of a DC notor, connected to a gear box by
V-belts. The 15HP notor is powered by a GE adjustable speed drive |ocated

Y b1 T e - A oA~




Each section can be heated electrically with angular half-shell heaters and
cool ed by a 20special system of cooling channels. The screws consi st
of conti muous1igisai7’ss on whi ch screwflighted conponent sPamaSe@aeoR@slie

kneadi ng el enents are installed in any required order. The el enents are

hel d t ogdhfigfed ddéctdd fyorhPokeres ChAR Keysvry:s Spad), axd alViycoesk @losctosyBekak)n
screw tip. The screw shafts are connected to the gear-shafts by couplings
and can 8R4 capallay poladopyiscamete{®Pcr ew 25barrel for di smantiing. A

Conai |1 . | | et lends. . Lt i
va? ?Ia[:)l ges pgte:f,% %'rspg; ‘?JHH?%S }ea?teﬁﬁ’\llot Elh gdéﬂgﬁf%gﬁgs %lgeaégﬂalrsrt;?n%r()%gl?el f\\ég&sl&a solid

machi ned dewctdr@ svhreeines Wieedd tons t'SDIGRICT MESTRGPC Xechiehé termOIGHET. aldne
novabl e rubber roller presses against the fixed roller and hel ps pull the
strands Benenally tafers to ernyentiena GPG: déptppllactiompseetforaedusiog VissetekdviabiCe
roller 30 b | ust S N Ly, 011 PCI/ US2011/ 020846
The t emparRraFey By ol AR SR L Ak R 00, 0 SRR gt ne

di e as: aipp8d withQn &nllinkGOveAOMRa%inkBRei 4R P3lyhitd Caksthi@rids (SHbpshire,
D e: 210CTEﬁleq}gcrew shaft speed is set at 276 revolutions per m nu%e (RPM ,

resul ti ndnifeddringdamlit rate of approximately 52 Ib/hr. 10 LLDPE1 and the
LDPE/ al koxy am.ne.derivatiyv di.tive sterbatch are conpounded in.a 30mm
corrotating, | HEaH e R SEEr i iar B Shge il RoeRTRgH RS G sty & i
scr ewoextih ddefollowiiy ofRK- BY da@stol, aR4 iRtk @, t(RECDPARBECctth ! Thatyse@iiial | | engt h.
of 960 mMmand a 32 length to dianeter ratio (LID). Atw hole strand die is

used wi t hoaroagh i thy deakraringioatad norltisleteston offseik is PEHermasd mydmannss peisstentof a

DC not or, . ted t box by V-helts. 15 i db

o o aq; nPEBRER U Su TR IEE MER ud rh SR epd B rof S gRRYS! °F ange

of the saripeshaf t1osDseshlis ThithesadNeL FRHMAL, Mb@Wy, bRy 'Paygp.,o RPM
|1 e

A pressure transducer is positioned in front of the die to neasure
pr essur e.ClRp®nd 3 e{ PP Uderptiazing tidatietdétovwige M Wand éftriggic visopwtyatesnlgs fomh a

30 acer, which fi tenmperature controlled zones. a
ool 83 oaryerdbt B brearuidaE a BURBHT i 1hF sBBb oR i e LR PRC
t oget her Qyov [k peiScADH FHURARE EGGatIA (5e machine frame. Each section can
be heated el ectri cal ?y wi th angul'ar half-shell heaters and cooled by a

speci al syst erhutabledugh tegpehaana &IPS caddThecadrawsd,sodsasiound0 codongiuous

shafts o i C f.lighted co nents and specjal knead; el enents are
et ai | e ACRRYSBEd S rTiean Gp BB THE G LR b L hor U PaGEt HEFTHER, al |y by
keys and rﬁ&%%ﬁ%—ﬁf@pﬁlﬂ@ld\/}ixﬂlg? P%Bz&r%‘f‘@;%é)ﬂ HREL A 10 LSReIBGIeN shaf t's
are connected to the geaf-shafts by couplings and can easily be pulled out

of tRO scFewampter @iouselrcodimnament isgerated®@t 200°(7, @85 8i2sPTNMUSTOIANGDO 84 6

A Conair pelleti As used to pelletize the blends. lf is a 220 volt,

vari abl e WpEES a@S{)i(’a Thg %aérrptl?frﬁr% Prei?ﬁféé\?%ﬁ FOSERIAOBA] hdtgé%mwf RRA¥MET 80 i d
machi ned i1 | Whi i F i r

bl o it S6honi THE chidmfafayfiid Afentald tEdaffBle Brorfafidoifsolvbe

st rands Ly 1£2t4-gichtzmobentenet (1€ B) gbhtaimgng2(eppm dh2 6idenat-buybdamethelphonabl e

roll er 5may. be _adjusted as necessary. The tenperatures are set in the
f eed zonépﬁ'lrgzgﬁ%éo%’vﬁmﬂﬁ@’a&?@r%@ém}méﬁb ThedyBes s e raiieddc zone

111606 10408e & 8Ok n?heamj]egé&l volume is 200 microliters. The flow rate through the
GPC is set at 1 ml/minute.
Conventional GPC
For Conventional GPC, the IR4 detector is used, and the GPC column set is
calibrated by running 21 narrow molecular weight distribution polystyrene standards. The

30  molecular weight (MW) of the standards ranges from 580 g/mol to 8,400,000 g/mol, and the

-11-



Zone 4:190C Die: 230C The screw shaft speed is set at 325 revol utions
per mnute (RPM, resulting in an output rate 15of approximately 40 |b/hr.
LLDPEL i swexbrwmgsezyswi t h nasterbatch so that 60 ppm and P2O/yspemiotostse

al koxy am ne derivate additive are added. LLDPEl is al so extruded al one.

These t hrsegds@Rpleantahadrig oWichktdil DRk tles. OF &-hexdnd sl i nae Bachtaeaci eri zed,
with the results shown in Table 1. Wth the addition of the al koxy am ne
deri vat e dsaflerafpeparatips hepyeenipdiziduvabaplegalasweights. FBp stapdird geixturestdre

110/12) | s i o i h | ,
ana. the SR Ve ABGRLIE "The Rl AGtRE S ERcendf bERalt Ry OEFE T C®
ext r uded ihSOREL of fvenNOo2 Gibld AR JREMETLJUSLO Lok /p020S48unTROIEROD o/Mel tand dexes,

DMS Vi scosity, Melt strength, and TDGPC data from conventional calibration
(cc) and ‘§OBRnc0 mLpppalvent| fypmolesularperights baselthap DRIOY.0N0wAmelb Tsm and 120

ppm al koxy,am ne deri vat ditiveono arative. | g4 . tive
o o SRR SR A9G g TR KRR B0 SR M e wi th
60 ppm alde@syw dHdak]sGeiktuvet dry Bundlidi, bhd B dHERIE HebehdibElBi@hdt Itbldedthr premahal koxy

am ne derivative additive 12 (g/10 min) 1.09 0.90 0.66 0.44 TO (g/10 m n)
8. 51 7. 6o pe8emd tgminimize degradation. The polystyrene standard peak molecular weights are

converted to polyethylene molecular weight using Equation (1) (as described in Williams
10  and Ward, J. Polym. Sci., Polym. Letters, 6, 621 (1968)):
Mpolyethylene = A x (Mpolystyrene)” (Eq. 1),
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
15  standard, as outlined in the section on Light Scattering (L.S) GPC below in the paragraph
following Equation (5). Use of this polyethylene calibration method to obtain molecular
weight values, such as the molecular weight distribution (MWD or Mw/Mn), and related
statistics, is defined here as the modified method of Williams and Ward. The number
average molecular weight, the weight average molecular weight, and the z-average

20  molecular weight are calculated from the following equations.

Mg =3 ZC—C M, =T,
f (Eq. 2)
M,.=>w /Y w/M.,) (Eq. 3)
M, =>wM2,)/ Y (wM,,) (Eq. 4)
Light Scattering (LS) GPC
25 For the LS GPC, the Precision Detector PDI2040 detector Model 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.
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110112 7.83 8.53 9.76 12.50 Vise. 0.1 rad/s (Pa-s) 7,982 10,525 14,633
25,838 Vise 1 rad/s (Pa-s) 6,359 7,324 9,004 12,292 Vise. 10 rad/s (Pa-5s)
3,906 4, 088 2411588374, 993 Vise. 100 rad/s (Pa-s) 1,600 1, ®#0%/Us2@8624680
Vise. Ratio 4.99 6.54 8.68 15.38 Tan Delta 0.1 rad/s 9.09 4.98 3.39 2.01
Mel t Strengt h TieMholecular 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
5  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
below and a refractive index concentration coefficient, dn/dc, of 0.104. Generally, the mass
10 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
Reference Materials (SRM) 1475a (available from National Institute of Standards and
15  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
determined using Equation (5) below, using the “peak area” method for higher accuracy and
20  precision. The “LS Area” and the “Conc. Area” are generated by the

chromatograph/detectors combination.

_ Zi:ciMi ZI.:LSi LS Area

C,
M = M = — M = =
" Zi:Wl l ZI: ZC,» l ZCi ZCi Conc. Area

: : (Eq. 5)
For each LS profile (for example, see Figures 1 and 2), the x-axis (log MWcc-CPC),
where cc refers to the conventional calibration curve, is determined as follows. First, the
25  polystyrene standards (see above) are used to calibrate the retention volume into “log
MWops.” Then, Equation 1 (Mpolyethylene = A x (Mpolystyrene)®) is used to convert “log
MWps” to “log MWpr.” The “log MWpg” scale serves as the x-axis for the LS profiles of

the experimental section (log MWy is equated to the log MW (cc-CPC)). The y-axis for

-13-



2.7 3.8 5.6 7.3 cc-GPC Mn (g/nol) 26,680 26,390 26,500 25,520 cc- GPC Mv
(g/nol) 106, 380 106, 780 109, 390 102,950 cc-GPC Mz (g/nol) 319, 700 316, 000
335,100 280,280086375GPC Mv/ Mh 3. 99 4. 05 4. 13 4. 03 gpcBR 0COAB20108834€. 051
0.068 Vise. = Viscosity 5Vise. Ratio = Viscosity Ratio Based upon

t he sanpleash DS piailt és the LSRR te el irdspofi@ nosdnlled byshémgte tddnsamipltetadso make film
I n conparison to other conparative sanples of nomnal 0.5 nelt index (12 =
0.5) w t HniigBy thapiodsutap weighhpndintiinsic Yipeosy foit lwasplysikyleispitandatd ons. | n
this case 5 m ) derivati Ltive d s ; Thr ee
ot hor *conpbli; PR ARATEY A28 T 36, CAphe B KB LANE et gpa

et hyl ene/tbgtend EEPEf@tRethieettcalat Geithtghd @tridsk. viabienis Appbiicasdl dmiddunber
12/ 814,902 Filed on June 14, 2010. Conparative Exanple 2 is an

et hyl éne/'®&4ehe LLDPE produced according to International Application

Nu mber  PCT/ US]IQ/ t}? %45 flie!:ﬁal w4 ﬁeﬁél%%? the[3PC ]éF ti%g ]Cvae,C\%HPnatﬁlgt ire\égnc%xo?‘gpl e 3
i s produced from LLDPEL “and exfrusron “as describe P
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
10 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
15  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

20  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

25  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):

PS
K PE

K %lPE + s %pE +1
M, =| =& M
(Eq. 6),
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previ ously, but using 355 ppm of di phenyl oxide bis-sul fonyl azi de (DPO BSA)
as an WO 2011/ 085375PCT/ US2011/ 020846 additive. This DPO BSA was a m xture
of DPO BSMOI2ng1883751 - 1010 (G ba Specialty Chemi cal s, | neCT/uSasial020846
Swtzerland) in a 1/3.3 ratio. The characterization results of Exanple 1
and Conparative Exanples 1 - 3 EI’GMP‘@ in Table 2. The densities and 12
nmelt index of Exanple 1 andl P@O'rrparatl @s/Exanples 51 - 3 are conparable. The
110/ 12, viscosity ratio, and nelt strenngh of Exanple 1 is the hi ‘és7t

i ndi cati ng gooﬂ“b%@ﬁﬁs(%%@h ﬂ Adex 1§er§b1?st nﬁ{ﬁlotd fl)mg%ﬁﬁact%tlgh%?ﬁﬁl' tCYlamNEl t

strength, and TDGPC data from conventional calibration (cc) d gpcBR of
Exanpl e Dbramtingonplasatbet & Exaiphlkse WV -, “Bxamﬁxanﬁoﬂjsang3De@B@r—deEEchxarrpl el

0.5 Sgagl%%eggf%g&%ﬁéeﬂcfﬁ%? VAL D?@%%@V-é%/g /It%en%dﬁ?? o U
3.85 G 31‘8&%@11&9 3P2GBCRalculations traditionally used in the 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 (Mw,
Abs) 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
10 signal, as required in a traditional g’ determination.
With 3D-GPC, sample intrinsic viscosities are also obtained independently using
Equations (8). The area calculation in Equation (5) and (8) offers more precision, because,
as an 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
15  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 (8):

Zl.: ClV; Z DF, DP Area

I = I I = = / =
v =bn= ZW V= Z Z V= ZCi ZCi Conc. Area —_—
i T T q. ,

where DPi stands for the differential pressure signal monitored directly from the online

20  viscometer.

To determine the gpcBR branching index, the light scattering elution area for the
sample polymer is used to determine the molecular weight of the sample. The viscosity
detector elution area for the sample polymer is used to determine the intrinsic viscosity (IV
or [n]) of the sample.

25 Initially, the molecular weight and intrinsic viscosity for a linear polyethylene

standard sample, such as SRM1475a or an equivalent, are determined using the
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6.91 9.41 Vise. 0.1 rad/s (Pa-s) 19,074 22973.9 12,096 16,919 Vise 1 rad/s
(Pa-s) 10,515 12214.3 9,823 9,353 Vise. 10 rad/s (Pa-s) 4,826 5774.54 5, 852
4,580 Vi sw0 20085384/ s (Pa-s) 1,708 2148.41 2,217 1,689 YCsas2Batpas4dl. 17
10.69 5.46 10.02 Tan Delta 0.1 rad/s 2.64 2.80083 10.18 2.57 Melt Strength
(cN) 7.2 don8erdiodal calibrations (“cc”) for both molecular weight and intrinsic viscosity as a

function of elution volume, per Equations (2) and (9):

C,
[7]cc :Z Z—l v :ZWiIVcc,i
l' (Eq. 9).
Equation (10) is used to determine the gpcBR branching index:
M Opp
[77] MW,CC
5 (Eq. 10),

wherein [n] is the measured intrinsic viscosity, [N]c. 1s the intrinsic viscosity from the
conventional calibration, Mw is the measured weight average molecular weight, and My, ¢ 1s
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

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

29 &<

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

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

15 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 oe and Log K for the determination of gpcBR in this particular case are 0.725 and -3.355,

20  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.

25 The interpretation of gpcBR is straight forward. For linear polymers, gpcBR

calculated
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6.7 cc-GPC Mh (g/nol) 25,980 35240 36, 720 27,390 cc-GPC Mv (g/ mol) 109, 960
101610 137,000 117,350 cc-GPC Mz (g/nol) 329,700 217500 355,500 377,900
cc- GPC Mwibtrod/@3372. 88 3. 73 4. 28 gpcBR 0.098 0.070 0. 11@CO/UBeL1/02B¥ se. =
Viscosity Vise. Ratio = Viscosity Ratio Monol ayer blown filnms are

made of tfhén @qmi@s(spfwﬂlr&bﬂese’zto AV einay gie valdegneasigedby DS HBd@istdmétry
conposition of 65 wt % LLDPE ( nBIes of Table 2) and 35 wt % LDPE in 15
whi ch t heVillbpElepsdy the§oath@ﬁa1 Bratipe sapdarde Kl hrgnghsdl pelymiere gechidadll by The

Dow Chembcéehl h@ﬁpd% z%ro E glaill w1h 1 l?évMs ’ofﬁ) %ilialg % in Fﬁ)écaﬁsﬁq é‘ LDPE/ LOPE
agh Shie s "

bl end sanple propri es are neasure aboratory

bal ance. rﬁév@nnedtpb@ntar &nﬂ@ﬂ@@«@gm Rdll bt highet @b aqebﬁgumédﬂmtgj Em@ irent
airspace, is agitated by hand for two minutes until the mixture is

hormogé ned@?ulmﬂ e \yﬂh@ﬂyghv th@r tae megsured palyaer B4l In faﬁdﬂ}@@prRwah@ dry

bl endi ng

mul 1 pl o 'BRERIHOTS st Pt TR0 RUTEcu B AR ol B TR T B
(E25P x %ﬁlﬁh@)b)rarfm f acgpum{lviqye b 0.5 6810l weulEatdan @i dled dr sm@&oatracuon
gravinetric feeding ysten1that cal cul ates the output rate. Each extruder

has a ot iarel 13 2\ dhealer oliog O aoeaRPdh respeasively, versus a linear polymer molecule of
equivalent weight.

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

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

Film Testing

The following physical properties are measured on the films as described in the
experimental section.

Total (Overall) Haze and Internal Haze: Internal haze and total haze are measured

20  according to ASTM D 1003-07. Internal haze is obtained via refractive index matching
using mineral oil (1-2 teaspoons), which is applied as a coating on each surface of the film.
A Hazegard Plus (BYK-Gardner USA; Columbia, MD) is used for testing. For each test,
five samples are examined, and an average reported. Sample dimensions were “6 in x 6 in.”

45° Gloss: ASTM D2457-08 (average of five film samples; each sample “10 in x 10
25  ”).
Clarity: ASTM D1746-09 (average of five film samples; each sample “10 in x 10

n”).

2% Secant Modulus- MD (machine direction) and CD (cross direction): ASTM

D882-10 (average of five film samples in each direction; each sample “1 in x 6 in”).
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5The die gap used for all films is 2 mnmand the blow up ratio (BUR) is 2.5.
Process conditions for the 100% LLDPE sanpl es of Table 2 are shown in Table
3. Proceswocondissi7ons for the 65% LLDPE sanpl es of Tabl @CZ/uskaih/o3B% LDPE
1321 are shown in Table 4. 10 Table 3: Process conditions for blown filns

made of ExanplMDIlandri®h Compatoat Tose Sksagth] £STY b1®2-BaaptegEsanplign 1
Conpar ative Exanple 1 Conparative Exanple 2 ’,Clp?ﬂri‘}oar ati ve Exanple 3 Target
Fi | m Thi crRA@ks i gaohydirpcqony eachesaplgyet in) 3. de moqn ghape)igs 186 186 185

et L TR %y B R R L Y
direction; each sample “1 in x 6 in”).
5 Dart Impact Strength: ASTM D1709-09 (minimum of 20 drops to achieve a 50%
failure; typically ten “10 in x 36 in” strips).
Puncture Strength: Puncture is measured on an INSTRON Model 4201 with
SINTECH TESTWORKS SOFTWARE Version 3.10. The specimen size is “6 in x 6 in,”
and four measurements are made to determine an average puncture value. The film is

10 conditioned for 40 hours after film production, and at least 24 hours in an ASTM controlled
laboratory (23°C and 50% relative humidity). A “100 Ib” load cell is used with a round
specimen holder of 4 inch diameter. The puncture probe is a “Y2 inch diameter” polished
stainless steel ball (on a 2.5” rod) with a 7.5 inch maximum travel length.”

There is no gauge length, and the probe is as close as possible to, but not touching,

15  the specimen (the probe is set by raising the probe until it touches the specimen). Then the
probe is gradually lowered, until it is not touching the specimen. Then the crosshead is set
at zero. Considering the maximum travel distance, the distance would be approximately
0.10 inch. The crosshead speed is 10 inches/minute. The thickness is measured in the
middle of the specimen. The thickness of the film, the distance the crosshead traveled, and

20  the peak load are used to determine the puncture by the software. The puncture probe is
cleaned using a “KIM-WIPE” after each specimen.

Shrink Tension: 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 LLow Shrink Force Films”, SPE ANTEC Proceedings, p.

25 1264 (2008). The shrink tension of film samples is measured through a temperature ramp
test that is conducted on an RSA-III Dynamic Mechanical Analyzer (TA Instruments; New
Castle, DE) with a film fixture. Film specimens of “12.7 mm wide” and “63.5 mm long”
are die cut from the film sample, either in the machine direction (MD) or the cross direction
(CD), for testing. The film thickness is measured by a Mitutoyo Absolute digimatic

30  indicator (Model C112CEXB). This indicator has a maximum measurement range of 12.7
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Extruder Inside Core (kg/hr) 2 1.9 1.9 2 Extruder Core RPM 25 25 25 25
Extruder Qutside Melt T (C 187 187 185 185 Extruder Qutside Core (kg/hr)
1.8 1.9 w0 201198EXtr uder Qutside RPM 45 45 45 45 Takeof PCHasea 1(ndsns n) 8. 4
8.4 8.4 8.4 Blower (% 46 46 46 43 Layflat (cm

mm, with a resolution of 0.001 mm. The average of three thickness measurements, at

different locations on each film specimen, and the width of the specimen, are used to
calculate the film’s cross sectional area (A), in which “A = Width X Thickness” of the film
specimen is used in shrink film testing. A standard film tension fixture from TA
5 Instruments is used for the measurement. The oven of the RSA-III is equilibrated at 25°C

for at least 30 minutes, prior to zeroing the gap and the axial force. The initial gap is set to
20 mm. The film specimen is then attached onto both the upper and the lower fixtures.
Typically, measurements for MD only require one ply film. Because the shrink tension in
the CD direction is typically low, two or four plies of films are stacked together for each

10 measurement to improve the signal-to-noise ratio. In such a case, the film thickness is the
sum of all of the plies. After the film reaches the initial temperature of 25°C, the upper
fixture is manually raised or lowered slightly to obtain an axial force of -1.0 g. This is to
ensure that no buckling or excessive stretching of the film occurs at the beginning of the
test. Then the test is started. A constant fixture gap is maintained during the entire

15  measurement.

The temperature ramp starts at a rate of 90°C/min, from 25°C to 80°C, followed by a
rate of 20°C/min from 80°C to 160°C. During the ramp from 80°C to 160°C, as the film
shrinks, the shrink force, measured by the force transducer, is recorded as a function of
temperature for further analysis. The difference between the “peak force” and the “baseline

20 value before the onset of the shrink force peak” is considered the shrink force (F) of the
film. The shrink tension of the film is the ratio of the shrink force (F) to the cross sectional

area (A) of the film.

EXPERIMENTAL
25 The linear low density polyethylene, LILDPE]1, used is produced by Ziegler Natta
catalysis and is a 1 melt index (I2 or MI), 0.926 g/cm’ density, with additives of 1,000 ppm
Irgafos 168 (Ciba Specialty Chemicals, Inc., Basel, Switzerland).
Examples are produced from this LLLDPE]1, extruded with different concentrations of
an alkoxy amine derivative additive. The specific additive used is 9-(acetyloxy)-3,8,10-

30  triethyl-7,8,10-trimethyl-1,5-dioxa-9-azaspiro[5.5]Jundec-3-ylJmethyl octadecanoate, which
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23.25 23.25 23.25 23.5 Frostline (inches) 4 4 4 4 Total Throughput (kg/hr)
5.7 5.7 5.7 5.8 WD 2011/ 085375PCT/ US2011/ 020846 Table 4: Process
condi t i orsOf0r/dsk3dn fil ms nade of 65% of the sanpl es ofPCTAlsb@1@2@ne 35%
LDPE 1321. Sanple 65% Exanple 1 / 35% LDPE 1321 65% Conparati ve Exanple 1 /
35% LDPE id 3@dedaS %n Conpamadierbacichaning 6,680/paddddditdREpcl 3z llioharage by Fiehght
Thi cknes SLISlinZ.lo% th% 'a(51di%ilvg (nldte:S that the ppm levels reported below refer to the amount of alkoxy

amine derivative added and not the amount of the entire masterbatch added).

The masterbatch is prepared as follows: The alkoxy amine derivative additive is

S compounded with a homopolymer ethylene resin made in a high-pressure tubular reactor
(that is, an LDPE resin) having a melt index of 0.7 g/10 min (at 190°C, 2.16kg ASTM D-
1238) and a density of 0.925 g/cm® (ASTM D792).

The LDPE and derivative are compounded in a 30mm co-rotating, intermeshing

Coperion Werner-Pfleiderer ZSK-30 (ZSK-30) twin screw extruder to form a masterbatch.
10 The ZSK-30 has ten barrel sections with an overall length of 960 mm and a 32 length to

diameter ratio (I/D). A two hole strand die is used without a breaker plate or screen pack.

The extruder consists of a DC motor, connected to a gear box by V-belts. The 15SHP motor

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

of the screw shaft speed is 1:10. The maximum screw shaft speed is 500 RPM. A pressure
15 transducer is 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

20  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

25  barrel for dismantling.

A Conair pelletizer is 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 a 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

30  may be adjusted as necessary.
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Extruder Inside Melt T (C) 185 186 185 Extruder Inside Throughput (kg/hr)
2.4 2.5 2.5 Extruder Inside RPM 60 60 60 Extruder Core Melt T (C) 185 183
184 Extruwseroiwssiteé Core (kg/hr) 2.6 2.6 2.6 Extruder Coce/USPM1820836 35
Extruder Qutside Melt T (C) 187 187 200 Extruder CQutside Core (kg/hr) 2.5
2.5 2.6 Extrudeie cmpshtecsRiPM&h 6@ f6& zone, 4 zones in the extruder, and the die as:

Feed: 80°C
Zone 1: 160°C
Zone 2: 180°C
5 Zone 3: 185°C
Zone 4: 190°C
Die: 210°CThe screw shaft speed is set at 276 revolutions per

minute (RPM), resulting in an output rate of approximately 52 1b/hr.

10
LLDPE]1 and the LDPE/alkoxy amine derivative additive masterbatch are
compounded in a 30mm co-rotating, intermeshing Coperion Werner-Pfleiderer ZSK-30
(ZSK-30) twin screw extruder. The ZSK-30 has ten barrel sections with an overall length of
960 mm and a 32 length to diameter ratio (I/D). A two hole strand die is used without a

15 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 of the screw shaft speed is 1:10. The maximum screw shaft
speed is S00 RPM. A pressure transducer is positioned in front of the die to measure die
pressure.

20 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.

25 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.
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Takeoff Speed (mMmn) 7.8 8 7.8 Blower (% 61 61 59 Layflat (cm 23 23 23.5
Frostline (inches) 3 3 3 Total Throughput (kg/hr) 7.5 7.6 7.7 The

properti esoab11tdss37fi | ms are measured, with results showrCirruST@ahloeosds f or t he
100% 5 LLDPE films and in Table 6 for the 65% LLDPE / 35 % LDPE 1321 fil ns.
For the 100% LA DBkaif péli®izof is Tisdl © pelletzcan®pblends. Shws220elcit aviebly spaed opti cs
(high clarity, high gloss, and | ow haze), simlar to that see for LLDPE
resins noPligepicay. &9716 aptizhle presd water e e isoled maghjped gutimpyrpegl avigl in

Exanpl e ng. r.at| le 2 IV | . Rr y
ot rast onf S TR ARE LUl pEGR o By BR Bhbife s SRR e BLERNRTESY, |
poor opt ile$ps pAllhBeé staahda by aga®nahtoktiasntity Whadle The ¢hsivl oanbe abvit@arcllegood
dart, and puncture. Exanple 1 shows the highest MD shrink tension and a
hi gh €D ghay bekadiested asmecess@iycat i ng that this resin and filmwould be
beneficial in ré:rtierrrllkerf éulrens1 a@?'tiilgﬁlteif eQISz'on-tI:-hfz fr{elsrﬂs g%g cYgrt %d%t?(rﬂglag 1 also
show good secan rodurus ichis also 1 npor ant 1or Shrink f1Tm

appl i cat ifgnsws:15Tabl e 6 shows for the 65% LLDPE / 35 % LDPE 1321 fil ns
simlar conclusions as seen with the 100%filnms. Exanple 1 has relatively
good optics (high dieadity, hi%hCgl oss, and | ow haze), similar to that see
for LLDPE resins n? %roduceg&@y extrusion with additives, such as

Conpar ati ve Exanpl off &nd Co r%ti ve Exanple 2. The filmnmade WO
2011/1985375PCT/ US204:W-020846 wmiptch Exanple 1 has the | owest internal haze.
The filmmade with Conparative Exanple 3, produced by extrusion with a
different additive 4dma:t hat I8 Exanpl e 1, shows very poor optics. O her
advant ages of the fjl m4made i Exanple 1 are high MD and CD tear, good
dart, and puncture. Ot film wi th Exanple 1 shows the highest M
shrink tension 5anth. hi gh CD3ghri nk tension, indicating that this resin
and filmwould be beneficial in shrink filmapplications. The filnms made
wi t h Exanfflescievaihel spbrsiis gaod 33% antutivosl pdrusinwiei (REM)s reaiilsiog impooutawitrateor

shri 5 fil.mapplicati For the films of Table 5, the MD shrink
tensiq n v%?pﬂlggg?ﬂgﬁégq%f'ng 1 ply of filmand the CD shrink tension was
det er m ned usiMOHPE Plsie®Buid With MasEMardhhe tﬁalt%@ﬁ)lpﬁf ant@Rl0S peh ofl@le bikex VD
shrink tension was determned using 1 ply of filmand the CD shrink” tension
was det eraminederisiagldtiyel aresddefl. 1ILDAE1LS aRO extruded alone. These three samples,

along with LLLDPE before extrusion are characterized, with the results shown in Table 1.

With the addition of the alkoxy amine derivate additive, the melt index decreases, the melt

20  index ratio (I;(/I,) increases, the Viscosity Ratio increases, the tan delta decreases, and the

melt strength increases as compared to the initial LLDPE] and the extruded LLLDPE].

25
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25 WD 2011/ 085375PCT/ US2011/ 020846 Table 5: Film properties for bl own
films made of Exanple 1 and Conparative Exanples 1 -3. 100% Exanple 1 100%
Conpar at iwe 2Bkzispd7é 1 100% Conpar ati ve Exanple 2 100% CecparsatiiipeosExanpl e 3
Thi ckness (mil) 1.01 0.95 0.94 0.95 Density (g/cnB) 0.9264 0.9284 0.9274
0.9269 12rdBi38 Plehdndexd IMSViddditd. Mt 4tréhdth3 a8 TR’ data from conventional

calibration (cc) and gpcBR of LLLDPE1, LLDPE1 Extruded, and LLLDPE1 with 60 ppm and

120 ppm alkoxy amine derivate additive.

Comparative | Comparative | Example 2 | Example 3
Example 4 Example 5
LLDPE1 LLDPE 1 LLDPE1 LLDPE1
Extruded Extruded Extruded
with 60 with 120
ppm alkoxy | ppm alkoxy
amine amine
derivative derivative
additive additive
12 (/10 min) 1.09 0.90 0.66 0.44
10 (/10 min) 8.51 7.67 6.45 5.53
110/12 7.83 8.53 9.76 12.50
Visc. 0.1 rad/s (Pa-s) 7,982 10,525 14,633 25,838
Visc 1 rad/s (Pa-s) 0,359 7,324 9,004 12,292
Visc. 10 rad/s (Pa-s) 3,906 4,093 4,539 4,993
Visc. 100 rad/s (Pa-s) 1,600 1,609 1,686 1,680
Visc. Ratio 4.99 6.54 8.68 15.38
Tan Delta 0.1 rad/s 9.09 4.98 3.39 2.01
Melt Strength (cN) 2.7 3.8 5.6 7.3
cc-GPC Mn (g/mol) 26,680 26,390 26,500 25,520
cc-GPC Mw (g/mol) 106,380 106,780 109,390 102,950
cc-GPC Mz (g/mol) 319,700 316,000 335,100 290,500
cc-GPC Mw/Mn 3.99 4.05 4.13 4.03
gpcBR 0.015 0.069 0.051 0.068

Visc. = Viscosity

Visc. Ratio = Viscosity Ratio

Based upon the samples of Table 1, one additional sample is made in order to make
film in comparison to other comparative samples of nominal 0.5 melt index (I, = 0.5) with
application to film for use in collation shrink applications. In this case, 105 ppm alkoxy

10 amine derivative additive is used.

Three other comparative samples are used. Comparative Example 1 is an
ethylene/octene LLLDPE produced according to U.S. Patent Application Number 12/814,902
Filed on June 14, 2010. Comparative Example 2 is an ethylene/octene LLLDPE produced
according to International Application Number PCT/US10/50745 filed on September 29,

15 2010. Comparative Example 3 is produced from [LILDPE] and extrusion as described
previously, but using 355 ppm of diphenyl oxide bis-sulfonylazide (DPO-BSA) as an
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110/ 12 14.32 9.17 7.03 10. 64 Haze Total (% 13.6 12.2 5.5 35.3 Haze
internal Total (% 2.7 2.8 2.0 5.8 45 Degree doss (% 42.9 48.3 72.0 15.5
Clarity (W92006/08588.6 99.5 52.9 Tear B CD (g) 708 537 5P8TAAZ01TM20848 MD ( Q)
204 143 243 144 Dart A (9Q)

additive. This DPO-BSA was a mixture of DPO-BSA/Irganox 1-1010 (Ciba Specialty

Chemicals, Inc., Basel, Switzerland) in a 1/3.3 ratio.
The characterization results of Example 1 and Comparative Examples 1 — 3 are
shown in Table 2. The densities and I, melt index of Example 1 and Comparative Examples
S 1-3 are comparable. The I;¢/I, viscosity ratio, and melt strength of Example 1 is the

highest, indicating good processability.

Table 2: Melt Indexes, DMS Viscosity, Melt strength, and TDGPC data from conventional

calibration (cc) and gpcBR of Example 1 and Comparative Examples 1 — 3.

Example | Comparative | Comparative | Comparative
1 Example 1 Example 2 Example 3

Density (g/cm’) 0.9267 0.9289 0.9298 0.9266
12 (g/10 min) 0.59 0.46 0.56 0.67

10 (/10 min) 6.27 4.435 3.85 6.31
110/12 10.59 9.6 6.91 941
Visc. 0.1 rad/s (Pa-s) 19,074 22973.9 12,096 16,919
Visc 1 rad/s (Pa-s) 10,515 12214.3 9,823 9,353
Visc. 10 rad/s (Pa-s) 4,826 5774.54 5,852 4,580
Visc. 100 rad/s (Pa-s) 1,708 214841 2,217 1,689
Visc. Ratio 11.17 10.69 5.46 10.02
Tan Delta 0.1 rad/s 2.64 2.80083 10.18 2.57
Melt Strength (cN) 7.2 5.8 4.3 6.7
cc-GPC Mn (g/mol) 25,980 35240 36,720 27,390
cc-GPC Mw (g/mol) 109,960 101610 137,000 117,350
cc-GPC Mz (g/mol) 329,700 217500 355,500 377,900
cc-GPC Mw/Mn 4.23 2.88 3.73 4.28
gpcBR 0.098 0.070 0.116 0.104

10 Visc. = Viscosity

Visc. Ratio = Viscosity Ratio

Monolayer blown films are made of the samples of Table 2. Monolayer films are
also made in a composition of 65 wt% LILDPE (samples of Table 2) and 35 wt% LLDPE in
15 which the LDPE used is a high pressure low density polyethylene made by The Dow
Chemical Company (LDPE 1321, 0.25 M1, 0.921 g/cm3). For the LLLDPE/LLDPE blend
samples, appropriate quantities are measured out using a laboratory balance. Then, the
blended compound, in a large bag with sufficient airspace, is agitated by hand for two
minutes until the mixture is homogeneous. This is usually referred to as a "salt and pepper”

20  dry blending technique.
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133 73 160 133 Puncture (ft-I1b/in3) 150 188 293 124 2% Secant Mdulus - CD
(Psi) 38,993 41,846 43,918 42,246 2% Secant Mdulus - MD (Psi) 38, 548
41, 303 4270381485853 CD Break Stress (Psi) 5,361 5,624 PCTAK261,1838B4CD
Strain at Break (%9 613 618 619 578 CD Strain at Yield 7 8 7 7 CD Stress at
Yield (Psi) 2, THmonolayer blown films are made using multiple extruders (25mm (E25P x 25

L/D), 30mm (E30P x 25 [./D) and 25mm (E25P x 25 1./D)) manufactured by Dr. Collin.
Each extruder has a gravimetric feeding system that calculates the output rate. Each
extruder has a standard single flight forwarding screw.

5 The die gap used for all films is 2 mm and the blow up ratio (BUR) is 2.5. Process
conditions for the 100% LLDPE samples of Table 2 are shown in Table 3. Process
conditions for the 65% LILDPE samples of Table 2 with 35% LLDPE 132I are shown in
Table 4.

10 Table 3: Process conditions for blown films made of Example 1 and Comparative

Examples 1 — 3.

15

Comparative | Comparative | Comparative
Sample Example 1 Example 1 Example 2 Example 3
Target Film Thickness (mil) 1 1 1 1
Extruder Inside Melt T (°C) 185 186 186 185
Extruder Inside Throughput (kg/hr) 1.9 1.9 1.9 1.9
Extruder Inside RPM 45 45 45 45
Extruder Core Melt T (°C) 183 185 182 185
Extruder Inside Core (kg/hr) 2 1.9 1.9 2
Extruder Core RPM 25 25 25 25
Extruder Outside Melt T (°C) 187 187 185 185
Extruder Outside Core (kg/hr) 1.8 1.9 1.9 1.9
Extruder Outside RPM 45 45 45 45
Takeoff Speed (m/min) 8.4 8.4 8.4 8.4
Blower (%) 46 46 46 43
Layflat (cm) 23.25 23.25 23.25 23.5
Frostline (inches) 4 4 4 4
Total Throughput (kg/hr) 5.7 5.7 5.7 5.8

5.




2,463 2,370 2,338 MD Break Stress (Psi) 6,082 6,313 5,361 4,495 MD Strain
at Break (% 430 483 436 454 MD Strain at Yield 7 9 8 7 MD Stress at Yield
(Psi) 2,0x0 2811387372, 161 2,086 MD Shrink Tension (Psi) 1®C3AS201430866 94
12.81 St. Dev. CD Shrink Tension (Psi) 1.73 1.57 1.12 0.97 CD Shrink

Tensi on (R®ig 4:0Prdtedd.cédditions for blown films made of 65% of the samples of Table 2 and

35% LLDPE 132I.

65% 65%
65% Comparative | Comparative
Example 1/ | Example 1 / | Example 3 /
35% 1LDPE 35% 1LDPE | 35% LDPE
Sample 1321 1321 1321
Target Film Thickness (mil) 1.5 1.5 1.5
Extruder Inside Melt T (°C) 185 186 185
Extruder Inside Throughput (kg/hr) 24 2.5 2.5
Extruder Inside RPM 60 60 60
Extruder Core Melt T (°C) 185 183 184
Extruder Inside Core (kg/hr) 2.6 2.6 2.6
Extruder Core RPM 35 35 35
Extruder Outside Melt T (°C) 187 187 200
Extruder Outside Core (kg/hr) 2.5 2.5 2.6
Extruder Outside RPM 60 60 60
Takeoff Speed (m/min) 7.8 8 7.8
Blower (%) 61 61 59
Layflat (cm) 23 23 23.5
Frostline (inches) 3 3 3
Total Throughput (kg/hr) 7.5 7.6 1.7

The properties of the films are measured, with results shown in Table 5 for the 100%
S LLDPE films and in Table 6 for the 65% LLLDPE / 35 % LLDPE 132I films. For the 100%
LLDPE films of Table 5, Example 1 shows relatively good optics (high clarity, high gloss,
and low haze), similar to that see for LLDPE resins not produced by extrusion with
additives, such as Comparative Example 1 and Comparative Example 2. Comparative
Example 3, produced by extrusion with a different additive than that of Example 1, shows
10 very poor optics. Other advantages of Example 1 are high MD and CD tear, good dart, and
puncture. Example 1 shows the highest MD shrink tension and a high CD shrink tension,
indicating that this resin and film would be beneficial in shrink film applications. The films
made with Example 1 also show good secant modulus which is also important for shrink
film applications.
15 Table 6 shows for the 65% LLLLDPE / 35 % LLDPE 132I films similar conclusions as
seen with the 100% films. Example 1 has relatively good optics (high clarity, high gloss,
and low haze), similar to that see for LLDPE resins not produced by extrusion with

additives, such as Comparative Example 1 and Comparative Example 2. The film made
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0.82 0.72 St. Dev. MD Shrink Tension (Psi) 0.15 0.16 0.33 0.39 WO

2011/ 085375PCT/ US2011/ 020846 Table 6: Fil mproperties for blown filns nade
of 65% ofwOhelismasbes of Table 2 and 35% LDPE 1321. 65%CEASaqphe2@44 35%
LDPE 1321 65% Conparative Exanple 1 /35% LDPE 1321 65% Conpar ati ve Exanpl e
3 / 35% LDOAh EladplEhilek arsiswestihernhl Bdre 1 TA4 film 4dadoavigi CympghavBlxdne 30. 93
0.92 12 0.24 0.31 0.33

10

15

20

25

produced by extrusion with a different additive than that of Example 1, shows very poor
optics. Other advantages of the film made with Example 1 are high MD and CD tear, good
dart, and puncture. The film made with Example 1 shows the highest MD shrink tension
and a high CD shrink tension, indicating that this resin and film would be beneficial in
shrink film applications. The films made with Example 1 also show good secant modulus
which is also important for shrink film applications.

For the films of Table 5, the MD shrink tension was determined using 1 ply of film
and the CD shrink tension was determined using 4 plies of film. For the films of Table 6,
the MD shrink tension was determined using 1 ply of film and the CD shrink tension was

determined using 2 plies of film.
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110 3.72 3.53 4.29 110/12 15.41 11.45 13.20 Haze Total (% 12.1 9.8 22.7
Haze internal Total (% 3.0 3.5 9.0 45 Degree A oss (%9 45.5 51.5 27.4
Clarity (Wp280/8584.4 74.8 Tear B CD (g) 778 692 739 TeaCTRSMD1(02084d31 81
104 Dart A (g) 115 88 124

Table 5: Film properties for blown films made of Example 1 and Comparative Examples 1

- 3.
100% 100% 100% 100%
Example 1 Comparative | Comparative | Comparative
Example 1 Example 2 Example 3

Thickness (mil) 1.01 0.95 0.94 0.95
Density (g/cm’) 0.9264 0.9284 0.9274 0.9269
12 0.33 0.48 0.54 0.53
110 4.67 4.43 3.80 5.66
110/12 14.32 9.17 7.03 10.64
Haze Total (%) 13.6 12.2 5.5 35.3
Haze internal Total (%) 2.7 2.8 2.0 5.8
45 Degree Gloss (%) 42.9 48.3 72.0 15.5
Clarity (%) 95.7 98.6 99.5 52.9
Tear B CD (g) 708 537 523 545
Tear B MD (g) 204 143 243 144
Dart A (g) 133 73 160 133
Puncture (ft-Ib/in’) 150 188 293 124
2% Secant Modulus - CD (Psi) 38,993 41,846 43 918 42,246
2% Secant Modulus - MD (Psi) 38,548 41,303 42,935 40,953
CD Break Stress (Psi) 5,361 5,624 7,111 4,835
CD Strain at Break (%) 613 618 619 578
CD Strain at Yield 7 8 7 7
CD Stress at Yield (Psi) 2,146 2,463 2,370 2,338
MD Break Stress (Psi) 6,082 0,313 5,361 4,495
MD Strain at Break (%) 430 483 436 454
MD Strain at Yield 7 9 8 7
MD Stress at Yield (Psi) 2,014 2,307 2,161 2,086
MD Shrink Tension (Psi) 16.95 10.43 6.94 12.81
St. Dev. CD Shrink Tension (Psi) 1.73 1.57 1.12 0.97
CD Shrink Tension (Psi) 0.71 0.71 0.82 0.72
St. Dev. MD Shrink Tension (Psi) 0.15 0.16 0.33 0.39

08-



Puncture (ft-1b/in3) 128 160 113 2% Secant Mdulus - CD (Psi) 40,723 44, 262
41,461 2% Secant Modulus - MD (Psi) 34,931 40,005 36,128 CD Break Stress
(Psi) 4, A6 2811082375, 021 CD Strain at Break (% 634 665 @60/USD1Bemsu6 at
Yield 8 8 8 CD Stress at Yield (Psi) 2,073 2,306 2,080 MD Break Stress
(Psi) 4,395 4,855 4,321 MD Strain at Break (% 338 401 376

Table 6: Film properties for blown films made of 65% of the samples of Table 2 and 35%

LDPE 1321
65% 65%
Comparative | Comparative
65% Example | Example 1 Example 3
1/35% LDPE | /35% LDPE | /35% LDPE
1321 1321 1321
Thickness (mil) 1.46 1.44 1.41
Density (g/cm’) 0.92 0.93 0.92
12 0.24 0.31 0.33
110 3.72 3.53 4.29
110/12 15.41 11.45 13.20
Haze Total (%) 12.1 9.8 22.7
Haze internal Total (%) 3.0 3.5 9.0
45 Degree Gloss (%) 45.5 51.5 274
Clarity (%) 89.8 944 74.8
Tear B CD (g) 778 692 739
Tear B MD (g) 131 81 104
Dart A (g) 115 88 124
Puncture (ft-1b/in®) 128 160 113
2% Secant Modulus - CD (Psi) 40,723 44262 41,461
2% Secant Modulus - MD (Psi) 34,931 40,005 36,128
CD Break Stress (Psi) 4,725 5,032 5,021
CD Strain at Break (%) 634 665 650
CD Strain at Yield 8 8 8
CD Stress at Yield (Psi) 2,073 2,306 2,080
MD Break Stress (Psi) 4,395 4,855 4,321
MD Strain at Break (%) 338 401 376
MD Strain at Yield 7 7 8
MD Stress at Yield (Psi) 1,858 2,063 1,882
MD Shrink Tension (Psi) 24.79 19.56 19.43
St. Dev. CD Shrink Tension (Psi) 1.44 0.96 19.54
CD Shrink Tension (Psi) 0.53 0.86 0.39
St. Dev. MD Shrink Tension (Psi) 0.09 0.14 0.49

Although the invention has been described in considerable detail through the
preceding description and examples, this detail is for the purpose of illustration and is not to
be construed as a limitation on the scope of the invention as it is described in the appended
claims. All United States patents, published patent applications and allowed patent

10 applications identified above are incorporated herein by reference.
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MD Strain at Yield 7 7 8 MD Stress at Yield (Psi) 1,858 2,063 1,882 M
Shrink Tension (Psi) 24.79 19.56 19.43 St. Dev. CD Shrink Tension (Psi)
1.44 0. 96W020H088D5Shr i nk Tension (Psi) 0.53 0.86 0.39 BCT/USea1/0”kB4&6hr i nk

Tension (Psi) 0.09 0.14 0.49 5 Al t hough the invention has been
described in considerable detail through the preceding description and
exanples, this detail is for the purpose of illustration and is not to be

const r uedVEA RIS CRAMMELL: on t he scope of the invention as it is described
inth d i Al | i . i sh
e SERen T A L 5 LS S, 0 e

appl i cat ions rden
i ncor por at edothipfighdtheytdpeber ence. WO 2011/ 085375PCT/ US2011/ 020846 WHAT | S
CLAIMED I'S: 1) A nmethod for producing filmparticularly well suited for

film applicakisslstingalaasarephyedyteappsinshaying héensiteps derrmpay acerdiag Ing a
target polyet hﬁ\&ﬁolel)? llnnthgg‘%ﬂgg%f rogﬁg@.?%tg%:'hggéo%séer ”&ﬁ;g@d 9&%&2?&&9 1o ASTM

D792, in the range 0 rom g/ C a el |h§%x, as

det erm ned accRlnigdtaocAShMEIRIR1 (238 (k06 k4 A00)C), inhe hgnge N G@nPH.0f r om
0.01 g/10mn to 10 g/10 m n; b) reacting an al koxy am ne derivative in an

amount | ess t ledl0ogo 8l Wy vati ve per 10m | lion parts by weight of

total pol yegpyrlez?crt]i%g ragSa-ikr(])X‘}I/\'ia;[nri]net e%v%t nl;‘gi%tan%(r)rll(%%g fgzgsl &ar o0& gailr?s derivative per
10 million parts by weight of total polyethylene resin with the target polyethylene resin
in an amount and under conditions sufficient to increase the melt strength of the
polyethylene resin; and
¢) forming a film comprising the reacted target polyethylene resin.
2) The method of Claim 1 wherein the alkoxy amine derivative corresponds to the formula:
15 (RD(R2)N-O-R3
where R; and R; are each independently of one another, hydrogen, C4-Ca,

alkyl or C4-Cy; aryl or substituted hydrocarbon groups comprising O and/or N, and where R

and R, may form a ring structure together; and Rsis hydrogen, a hydrocarbon or a

substituted hydrocarbon group comprising O and/or N.

20  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-
yllmethyl octadecanoate.

5) The method of claim 1 wherein the resulting film is a shrink film.

25 6) A film comprising:
a) from 10 to 90 percent by weight of a polyethylene polymer made by the process of:
1) selecting a target polyethylene resin having a density, as determined according to
ASTM D792, in the range of from 0.90 g/cm’ to 0.955 g/cm’, and a melt index,
as determined according to ASTM D1238 (2.16 kg, 190°C), in the range of from
30 0.01 g/10min to 10 g/10 min;
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in an anount and under conditions sufficient to increase the nelt strength
of the polyethylene resin; and c) formng a filmconprising the reacted
target powvgebtwydsssre resin. 2) The net hod of C ai m PCriuse@iin2dashe al koxy
am ne derivative corresponds to the fornmula: 15(R1l) (R2) N O R3

where Rl and R3 ajaetigaci iangde pepe@nichy with a@RekoaRatlh@s derfidvo@gedn, ankAmCA2

al kyl or C4-C42 aryl or substituted hydrocarbon groups conprising O and/or
N, and where RL kntthre p@pattodarivativg pry msilliancrais &y tsight vé rotaledycrisilape

hydr ogen, a hydr r hon it ISI ng O
and/or N. 20 3) %%1% un%teﬁgodldat%o%"sj% ftﬁcwﬁ %1nc%gseQ§§m%R krgnx%/(%ﬁlef 81%%) er| vative
i's a hydroxyl am p@lyetﬁpleﬁe rédin; I method of claim3 wherein the hydr oxyl

am ne ester is hydrox am ne ester being

9- (acétyl ox}) fgara 190 g@pelcﬁ}thywvegmmw@‘wé@wymlwﬂwﬂm&om@e&la@pu roll5. 51un
dec- 3- _y| thlmo% de K Oatesaléggﬁr}%ﬂfm y?ene%as adta:‘nsrlrt1 l Y%%%%lr?%:nof%%%%o 90

resul ting m 18 a Sh? Pk i Al mcorrpr|5|n

per cent by m@ggmogfgs?/caﬁl yet hyl ene pol ynmer made by the process of: i)
selecting a target ethyl ene resin having a density, as determ ned

accor di ngdt dhag Dvlgzn 6i wherkia sahigegebpolyetbyie: 196 agnehBiden ipthgB&15g/0En8, and
a nelt |ndeﬁ 1 10 as determ ned according to ASTM D1238 (2.16 kg,
1900), in t A 'LASE P M Sm 300. 01 g/ 10min to 10 g/10 min; WO
2011/10853)55Pd filp20 dih{R 808 A& cinl shlcrteﬁget bAlgetBAbLL Ez@ragﬁ(t)leaﬁﬁﬁ/\%l@ml ene with an
al koxy am ne derivative in an anount |ess than 900 parts derrvative per
mllion par thrﬁ))ﬂtlm,IMhlthﬂpfh?@i tilan pbdyt &t hyl ene resin under condi ti ons

sufficient e e.melt s th thetar e fesin;
and 5b) ratRa B 8 BT SufEi R dLRT A o P i GRNGH ofSBUF B gl ENe
conposi ti onanjah;'gge)fflésls Maf150) ai m 6 wherein said target polyethylene has a
density in the range of fromO0.920 to 0.935 g/cnB. 8) The filmof claim®,
wher ei n sldi) dhe éitrgef Clramye i rean gnith fism dand1? teangiexter then B0 gande (U t@r 01 to 3
g/ 10 nut es. 9%‘ ﬁpe filmof claim®6, wherein said target polyethyl ene
has d°nol ecﬁ’ieﬁ'ier{ﬁ?d &distribution, MMM, of less than about 5. 10) The
filmof Ghyirg ﬁlm‘é@@l&ﬁh@ %ﬁéﬂémfthé H?eh%ﬁmﬁ%aﬁ@o% I {%th@&ég oRbnglegaier than
20 cN and a haze of less than 15% 11) The I al m 6, wherein
said film hg@aIVDt}taeé)r greater then 100 g and a CD tear 15greater than 700g.

12) The f] |m6 erein.the nelt f tio of 0/ of the
taz get p 35@11?15 Cllagnérgflg‘frém R’H%ﬁs@/atfél) afl%\iy [Rﬁ’f%gl&fath ﬁ&é oliker ei n

[Viscosity ghod) gieﬁééne[aéﬂé&ﬁsl'%m% 90, iad/gs1 of the tar_get _
pol yet hyl ene %Tegsure at 190 Cis great ér than 8. 2014) The filmof claim

6, w2ér eild)thafitelof alaan 60wheremdAs ddfa 4tiel tadfsgd thepatggepdlydtbylenamasureelcht at
190Ci5|ei§§ffﬁ %Thefilmof claim6, wherein nelt strength of the
target pol yéthyt Bres Sthdlstired at 190 C i s greater than 5. 16) The film

of el al M &) THORfR LAk GIRAERrhell Brbf IShe ROAN BEI¥HSIFe hRadhEPLGOLDaN

is greater than 5.
16) The film of claim 6, wherein the gpcBR of the target polyethylene is greater than 0.03.
25
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