WD 2011/ 085377PCT/ US2011/ 020850 THI CK BLOMN FI LM5S CROSS- REFERENCE TO
RELATED APPLI CATI ONS This application clainms priority fromU.S.

pat ent appbi2ertdsssv7seri al nunber 12/685, 148, filed Januacy/ukio112088) t he
di scl osure of which is incorporated herein by reference for purposes of

U S. practice. BACKGROUND AND S Y THE. | NVENTI ON 5Pol yet hyl ene has
desirabl e properties that have ﬂi@ﬁéﬁ%%@lw he hi ghest vol une pol yner
manuf act ured. Pol yethyl ene can be made in different processes in order to
gi ve differamopssaarHRIESCE SoRELhamD hepr af ApRbMSt hyl ene incl ude high
density pol yethylene (HDPE), linear |ow density polyethyl ene (LLDPE), and

| ow density pol yet hyl ene nade using high pressure reactors (LDPE). Wthin
10t hese broad cl aS¥egpphaalion skiims piesite fiogt Uspatentrapplieasipndictipk nember ypes
of pol yol efi ss, t.echnol qgi (f.ar,.e I ution I or,_gas
phase) or frlgr/n Sﬁlce%"%ugﬂeedglﬁnu ?}'18 g‘r%ﬂto’ E:hé:’tdéT‘Cif/%trﬁge %@%ﬁﬁiéi%mrr%?@? %i?({e%%%lr -'ﬁgt ta
or constr ai nedr@een@tpuypssad & Yt plactidhe desired application requires a
careful bal ance of rheol ogical properties which will |ead a person of skill
inthe art to select one t of palyethyl ene aover another. In 15 many
appl i cat | onASKGRQUNEY aWth S MME R @ Bt BN YENRIGRD! i cati ons. el t
strength of the polyethylene is a key paraneter, frequently neasured as

el ongatignal viscosi t ypdpfethy1endiRk YiBRFable properties that halB®elFBl to ShEERYD 1S a
practical nmeasurenment that ‘can predict nmaterial perfornmance when submtted
t o el ongat i dngliesdeflanepbiyorss mannfageired. frodyatledemegcag bedn@i@rie diffesentengt h i s
inportant to maintain stabi.lity. durin rocesses ;such a oatin bl own
1T m pr oductTom < haret B it difelsth PrBs el FRPFE Fnfids SPoSSEh R oV angt n
is related tipcls@VeikRdefiQGRHBIIYIeRAHIITE) Elifeab HENd@Sith gt @ yRhabiLDPK),and

t herefore thickness variation during blow film production; parison

for mati on dunidae Weesiyraslindenegalsi wbedugh pigsprofeagtersdkDH| dYithigel |

25f or mat,i,on ri f 1.ng; re.. ﬁﬁgl i { i i i-ng sheet
[ film tlper &g%grb?n&ggcﬁfs@sqﬂanwarﬁuﬁ i slseerr)%%%)tglétr}gost% éiﬁjf%éel{tetiéﬁéar?gggﬁgg/ehﬁsi ng
resins wth groghetechillegied @or svainglhd, solatidn, SUCH dregb pBase) il frgraniey @elof require
nor e robust e?ui pnment and nore energ)[ use because they tend to generate

hi gher ext r SSIERNGHAEL LT AORRAMPLE. iRgl A FQr sRNStFiRselssgmetry sptapysise
properties t : V] : i i oR:.af

Phyei cal pr oporae e BRACARR R FuAEE GPROIE|EATRL AL, Pichwil

appl i cat i ondeadsupdrsasoffstill mabe am tssdlag enagypt iof polyethglenb bearcsother. UBPE and
LLDPE are typically used in order to obtain a bal ance. of processability 5
(oxtrudds aBuvamapHEesmE) SEHG PP RCH A B I AEisRtipBs e ERED b end
the LDPE comzenepdlyddylbheisRies pasaRidrl tyquefiParefl-die§a5atibRa vidblE i s the
mechani cal end conponent. Therefore, the ability to decrease the LDPE
portion of tdighdpdpaeshoul d i ncrease the nechanical properties of the

bl end. Through this inyenti the ability to increase, the |t strength of
the LLDPE conponent al V}BCIF %Eenﬁ@els 8" Cuﬁ%ﬁdﬂ%a}surfﬁleBg&%terﬁéggfm tfﬁiE in
the bl end, thusrhiitesdRhRgbhitediBehagitivabl reRRitiohsSInhélbpidessagrdobtici Ng
processability. ~Accordingly, one aspect of the inventionis a film
par ti culZ8r | ynelestrengtl is @gpergant fhmatatain pabidigpdirag nreepssespaeh HugeEses of t he
present inv [ "t hi feh Lt . i average thickness of at

| east 100 m%gé‘gﬁg,hﬁgﬁcfﬁfgén’r%)ﬁglpéfﬂ)%flgglg%&%ﬁ{ga%ﬁggw havi ng an aver age

t hi ckness of greater tMalns@2&@thriscelard . to Iherd iplaressadg pdrempressaci ad nventi on
conprise a pol éeth |.ene whi ch has been reacted with an_al koxy am ne

derivative tHPBlsgHLIEYanGheesiprelicknesp v aatiogdiging blown filg prodetingsy, one
aspect of thg LaVRALMhASh dfifk d1bk T@hbNGefink Hufik B SRFI1OE &R, BN 200

m crons congjr?lfls(ls}}rﬁg a p%}] yetiﬁyl e‘he pgll %nefgglr?ggle Egﬁt he procseéls’ of first
20sel ect2Sng farmaiogeturipglfyeting] moe stabdd thidkavisniystabaemsiuwring sheet détrer m ned
accordi ng tohASTI}/I D792, in the range of fromO0.90 g/cnB to 0.955 g/cnB, and
a melt indexXPTHOIYERS i ned according to ASTM D1238 (2.16 kg, 190C), in the
range of from0.01 g/ 1ﬁﬁ@ﬁrobatdylgalwel&lhah&dbyhfsﬁlgtréﬁnstT%{tgﬁlghﬁpﬂnxsr&ﬂwene i's

reacted with an al koxy am ne derivative in an anount |ess than 900 parts

derivative pedighti butisoeh prains svilgenpsiliphtequire more robust equipment and more energy

use because they tend to generate higher extrusion pressure during the extrusion



25 total polyethylene resin under conditions sufficient to increase the
nelt strength of the target polyethylene resin. This nodified target resin
i s then cwobzonedssm’t h an anmount of | ow density pol yet hylpemasSpoieparssed i n a
hi gh pressure process and the blended resin is then used to neke a film
30The nodified tar esins for use thhe rese |nventﬂ§n i ncrease the

el ongat i onalP'¥iSto etr oL PFRRFI(Es muskbe balaged fo provide aptcrePtahls nt ai ni ng t he

viscosity atcombm%n%bﬁaqysufa%ﬁﬁ)e&ﬁs PpReddaieh that the ease of
processing of the material is maintai ned at typical extrusion conditions.

One aspect of the i nvdntthickfiis applatatipme sudasifoiiee lpsié@uipeli@@iess ipdends

i ncrease nor 0t t he co arat.i.ve es i n_upo rocess

i nventive reSL&ﬁg?mFﬁ%ﬂgg “%%BF& HﬁﬁGBHH{ ng%gg] g@ﬁf%ﬁﬂ%ﬁptF THE
DRAW NGS5 (ektin@tiéf 8mps ﬁhp%@sshhg af@ Iﬁumsﬁdfcﬁm&zh p@wev&sveﬁ Sdi§b1%hdl e P
velocity with increasing 5additive concentration. L@g}ure shows the

vi scosity verspeneias dindrecerabity eeppeisalwhergauthe LIS the meshapigak end

Rheonetri ¢ EYBEAD i oy Bk PR AR, SR Ine L POE RGP IR BenfUDER 1 o

bl ends of i ruasidevie machaaapploptitiveof @8 brendeﬂhttslghhlas amentidn, dtie dbDRAE t6 €si n
F. DETAI LED DESCRI PTION OF THE | NVENTI ON 15In its broadest sense, the
present i nveREEd themgltsirenathgfihs 4 LORIFomprasat djloastths userpfd &S ni cr ons

conpri sijpg: &}CC{]{ PLEPF]@ gl?eotﬁéﬁf %USQMCI%IIMIC P‘Tecﬁ‘anq 1}?%53% e§ Q\ﬁ W@t ymer

made by the proce ecting a target” polyethylene resin aV| ng a
density, as sdetfring pede@zigor di ng to ASTM D792, in the range of from 0.90

g/cnB to 0.955 g/¢cnB, .and a nelt as dete nlned or dj ASTM
51558 (5. 16 kg, 1GERHN Srd pesngbEEREn & THIPEGHIAT §eAOTRE"

i) reactinghRRiflmtppB&kioRE! FEIJNYPRBEMKE BredfhidhWeatYn 2NN I8 iV ahé ve i n an
anount | ess than 900 parts derivative per mllion parts by weight of tota

25pol yet hyl dneingewiaveiage Bricknesrdiftat tnast 0frhictdnenandtfor inagy elazi@atum ame| t

strengt h.of .the tar et h ne . r nd b f ercent by
vl one 2% HelheiRd fsl By rdiub Bhaad Bisdts. miRTudnb g0,

i ncl udes al linpakipiebSpAse PpolyeMmYylehé GRS Habbedn @i BWider Myaetmlh@ast 50%
by wei ght from et hyl ene nmononer units. This includes materials known in the

art as hi gh deanatieythipwel segar exsugiMpmEpessingnear | ow density pol yet hyl ene

(LLDPE) (i ncl udin e&%c% a%?%l‘;‘r‘r Jﬁgfshu Hf {Sﬁ%%veﬁlﬁ %%Pﬁ P{axﬁ%fl AN ?s”ﬁea(tkll-DPE)

net al | ocene pol yet e reactor polyet ene reactor"”

bl ends of Zitagl momafr(trﬁ dampainthg gichydtingd emq)dPﬁneﬁnmh: lg&hapﬁﬁagstcfffdstscl osed
in US. Patent Nos. 6,545,088 (Kolthamer, et al 538,070 (Cardwel |, et
al .): 62866,8latingatargst polyethyl eny rese boyAn gy Bensieyy %Srdgm%@rne @ccoqflingto 5 geg’ 575

(Kol  hammer xehy@brds o 81448 3410 OBQIPATRS5s Ladlankly mahdbow,densi Ly

pol yet hyl ene made usi ng |g 5pressure reactors t ar get
pol yet hyl eneleteeginedsiet@dingdo sHSTIM i 123§ €2.46 klg,rﬂ%f@) uatsheolatgrqﬁfmdo,ﬁtkcor di ng

to ASTM D792,,.1n. th e. of . from 0. 865 g/ 0. 96 cnB, nore
o o ably i/ e 00 SRR (e Wb css BeiSeGRiant X giced wHB RN SlioTg BRI ned
accordi ng t QefAPdiMeh 43 nlodndiBsdlan mp@rt«s deﬁv&tlfk% ﬂeaﬁgﬁloafpaﬁg erw@ lgmof
109/ 10mn to 100 g/ 10 mn, nore pref erabllyé /10mn to 15

|

Sui t abl &5t artgiet p(piwtwlph@/te@memdels¢qm§1tmﬁs cwnb@unerdaamthmm@bmrmth ohthe

Zi egl er Nat ttg‘rggtr po yetﬁ;rfpene resin. This modified target resin is then combined with an amount

of low density polyethylene prepared in a high pressure process, and the blended resin

is then used to make a film.

30 The modified target resins for use in the present invention increase the
elongational viscosity at low (0.1 s) shear rates while maintaining the viscosity at
higher shear rates (> 100 s™') such that the ease of processing of the material is

maintained at typical extrusion conditions. One aspect of the invention is that the



catal ysts but also with netall ocene or single site catalysts. Such resins
may have nononodal or rmul ti nodal nol ecul ar wei ght distributions. Once a
target powvgebntwisssté resin is selected, it is react ed wi PhTas2di3akiesxy am ne
derivative. For purposes of the present invention "al koxy am ne
derivatives" includes nifroxide derivatives al koxy am ne derivative is

added i n an AHYUHPTEIECHERROEBABIEIHE ﬂ?&}f]@q‘éi’gﬁlﬁ CPYPHAL YRS YPB nel t
strength of tbesne ﬁﬁtlhvénﬁwerésﬁﬁatnhe e eké?fﬁ)é Bhiifienderivatives correspond
to the formula: (R1) (R2)N-O R3 20where RI and are each independently of
one anot her ,BWEgéﬁRImOmEHﬂEEbeWIMSMZ aryl or substituted

hydr ocar bon groups,conpri si;n nd/ or form a
g str uer JPRRESEPRARe HHE e Rt gefﬁwﬁfsgﬁﬁlg iR

substi t used gaugfve@aﬁ&g&ag@rpup conprising O and/or N. Preferred gr oups for
R3 include -G -G 9al kyl; -C6-C oaryl; -C2-Ci 9akenyl; -0-G -C 9al kyl; -0-
25C6- G oaryl ; -NH-Ci-CiQaI kyl ; -NH-CG-CioaryI -N-(Ci Ci 9al ky1) 2. R3 nost

preferably i : ound may
Form ni tr oxy e SaPar ot B o BB e shsay e iroafe LS B i T er

deconposi t i aoenatintttt@peratuysos190°C at a frequency swéel:pmrthAlIh@mln)enﬁsr @fcﬁfﬁﬁ@d

speci es of al koxy amine derivative is

30( acet yl oxﬁhe?n’@trlq}E’EHaP@PﬂySISt?méAf@St)r| met hy1- 1, 5- di oxa- 9- azaspi ro[ 5. 5] und
ec-3- yljpnet hyl octadecanoate which has the follow ng chem cal structure:
Exanpl es of sone preferred species for use in the present invention include
the foll ow Aggure 3 shbws gfmeelaktrdmgdraﬂ?)@d:ndaruf nevepsteears] cngparmive rgpireyasused Wit h

one particul arl fav yl am ne ester being

9- (acetyl oxjgf-’ %348“@(9 mh{%ﬁlf% 8, 10-

trimethyl-1, 5-di oxa-9-azaspiro[ 5. 5]undec-3-yll nethyl octadecanoate.

The al koxy am ne derivatives are added in an anount sufficient to increase
the nelt st rRAGAH-EPHENCRIRGTI@NSF THE INVENEIQN to the desired level. In
general 10 the al koxy am ne derivatives are added in an anount of from1l to
900 ppm,Qf thet t_of vyl en i that, is from
lto 90 gparts al bﬁtﬁy%g%g%esen ert?l\g/ |Sélgmven%08% %ﬁmhg%flggﬂgqfng%g%regtfzem n

pl us carri erth&reX0midrénsadyprisigef erably from 15 to 600 ppm nore preferably
from25 to 400 ppm and still nore preferably from30 to 200 ppm 15The
addition to the pfmnyépmﬂ%@effsnsmewelehtrpfw%ﬁthﬁ@w Rﬂlﬂfm?rrfn%&lbyctﬁ%torrary

m xi ng machi nes ip whigh the polynmer is nelted and m xed with the
additives. Suitable machi nes are known to those skilled in the art. They
are pr edorri nant | yi) mselensig akmtgad;e:rlgethyidneeoetmuﬂmmg a dehgtypnodassninad pr ef er abl y

carried in an extru ug t he 20additive duri rocessi ng.
Parti cul? rI y prefer?‘if&r% @eégjf%b?r(g?c g éf%bé’ gZ‘if?g (ggﬁ)uders,
contra rotating and g3 hPd g 1ﬁd@xna§c‘1‘€t§ﬂlﬁéﬁta{ct§&%{® o ANARIEYE A6
extruders, ring extruders or co-kneaders. Suitable éxtruders and kneaders

are descri bed, forkgx@pCe in iha rigedis dom doil gkllﬁ)nmnm o9 gdRtminsi on, Vol 1

G undl agen, Ed| tars F. .Hen ent e,

| SBN. 3- 446- 14339-4 f%ﬁmgzsaléﬁ{"araf!%awsiﬁﬁaw hfé‘ °X|Y§§N“%§9%‘8§91§123§1 7). For
exanpl e, the screw h@bghthesaRan®0 ﬁ@dbh@ﬁfetpﬁﬁmﬂﬁbﬁl}ﬁh@d BREighs oftb@f er abl y
35-48 tines the screw di anmeters. The 5rotational speed of the screwis

pref eraBPy 10-600 r pelacthylese frsin widsueanditiqnapuifiemne tipinecaseabe petsiranghr pm

It is al so possible f t oncentrated m xture of the additive
in a carrier polyet ﬂlE'ILPlenAer%?t so%ﬁgﬁ%rn%frgsrlg’b § at 1000 to 10000 ppm and then

i ntroduce thi sbydraeotts 80 ercoiit byrm@gletrdialtlsh densttyepayetedendid@ipasition. a nel t ed
pol yet hyl ene using a static mxer to blend the two materials, preferably at
1to 20 %

Polyethylene resin includes all polymers or polymer blends which are
30  derived at least 50% by weight from ethylene monomer units. This includes materials
known in the art as high density polyethylene (HDPE), linear low density
polyethylene (LLDPE) (including Ziegler-Natta linear low density polyethylene
(LLDPE), metallocene polyethylene, and multiple reactor polyethylene (“in reactor”



10of the concentrate in the nelted resin. The concentrate could be
processed in an extruder, preferably at tenperatures from 180 to 240C. The
t enper at Wwex0iwnssdte static m xer could range from 200 t ®CZAGA)112G8K0 a
residence tinme in the mxer ranging from1 to 10 m nutes. The maxi mum

the.dri vi ng R8T 2R g geddautt MU REEbntichy SiEPGH Walr el oUS6 carr1 ed
out at a | evigkenk MHRI6 smggéewmmrzr&ugﬁwsswwemww &the) RS cRicer S
mentioned or enployin ng machi nes delivering dosage anbunts. If a

plurality of(Pelmldp@hér)t 8,814, Oéﬁdédthanmeetcaém BROPY Brikodilammendtield); and

i ndi vidual ly, 0The ners n be sub ec to an Ievate
tenper at ar e F 4 SIGERRNIRERE DEPY.p% L T R R changes
occur. The tleéggelre%m@sg]s])ggper ally above t he softening point of the
polymers. In a preferred enbodi nent of the process of the present

i nvention, a tenperaturhe tiﬂl‘@ﬁbl@l}’%hﬁ?nétlr‘?élﬁ solgoied shyard hevel addnyity.aém about
160C to 280 I 5 e ari ant,
the t emper attir i RN tng B A TR HSE b Bk BL AL R REB Y 0 0t

tinme neCESS@’/MnBQﬁOIEQ)@ﬁHaBny@@ﬁMS)g/ﬁﬁ3a)(DQSTT:gAcﬁB a(ﬁfi atrhﬁtindéﬁ’g%ature t he
anount of material to be reacted and the t exanpl e, extruder

f, f
Dsed. 1t i s dssumineg Rraingtods N6 LNads U6 k6 150°Gh ﬁﬁrhegangerp £t 90l ar from
20 secog@ gto @Rt HH & oIﬁQlT %r@]hljéf%% 9@1@&%%% ﬁnsaﬁy@eta@g&ws' y

be adde e m Xi ng evr ce se o ster batc

appreci at ed pnﬂ/ydtﬁmme ro§inocahi beqrrydm:led fwtithi qmnt/dfrmoaaltnglheNam o1 @tromésnn f or

t he rrasterbatcl? u be chos n to be co atlble the resin to be

nmodi fi ed. Lﬁ@ew.sg\w %meeﬁa OFegensiipgle F%tf‘]m%‘rsgﬁeabﬁﬁvm he¥eferred to
in the i ndushéporsial &Qﬁﬁltﬂndﬁ%fﬁo%@@l&ﬁ@z@fgﬁ%ﬁtrffbﬁﬁ&% to be the preferred
carrier due to the lower reactivity as evidenced by little variation of the
extrusion pressure dur@m@ artaleeepcﬁmthﬁemm@ms S@Wted-IDFIErmg@dbeﬂaaIbetter
carrier a@léw” re gven a%r@ es tot“hlgve tertiary

car bons ! FY 3G ‘F‘?@dﬁ%t’f?ﬁﬁ“&%‘)s h8 ara%smnm%a Bt’ YBOE. s5Anot her
advant age ofdehkla@vds’nmenidepﬁltﬂosldemendmﬁe@.vrfhcvaﬂkb arRfleVRFiORKle@h 8dded iMOt A
good carrier for this additive, as it tends to degrade at typical

processi ng tarameuat wrdundepeendifiqns gniicinpe fyinpisagerhe rrtertétréegthpgrher esin shoul d
be substanti e .having | ess
than 1,000 gumeiifiedh, 30YpRaky Ak BAR ELY AP on R AL e R AR 02, N
activity of the additiReyRIN-OHR; preferred carrier resin should be
conpatible with the application at hand; it should have simlar viscosity

with théd%arget polyetHareReanéRp areaehindppedenty pleongenAger Gy eest é%rded | t
shoul d be pr, ute

unsat ur at i on@umk?p&ypr g zle‘cl @b% r%?sjgv%grgi {i}ﬁgh&%&{% Hfjlsnédﬁglnsh{ (?:gir?%%fng The
preferred caerndrvdrerer Rsami Rhoay fbrhraanengstmhec tdgatheweing vthe(d\R)is hidibgdrs al ess

t han 50, 000 ;s hat it is e ocess, as denonstrat th

bt easur e dr d diatg o e St el b ScRhar 8230 rERPREE R O Al CEBTBEr at e
ot her addi t'g‘f@@sff@fR?f ﬁﬁ%SJCQQ:@dHé'ﬁ legtcroaryﬁhegttggaﬁéﬁﬁefcﬁb Y Ryl; -O-
substantially free of antioxi dant ‘conpound erab contai ning |ess
than 1, @80 mﬁryhnwhﬁrfowﬂldféﬂﬂ\%@n&mﬂ; lﬁr@f éinsatﬂiyy)zl dsgnesh arefgadyppm
nor e preferabl | ess tlhan 100 ppm by wei ght. 20The target polyethyl ene

ontains an ac
resin coul d Dé4 cop ol PPof et hyl ene with any al kene nononmer containing 3

to 12 carbons. Preferafe)prefefied E@rﬁg@indﬁﬁi}yﬁhlﬁ}ﬂl@(Eb%rlﬂ’a&i%hlr(RSbl(M)N drave a
| evel of trisubstituted unsaturation units per 00, 000 carbons rangi ng
from 200 to asilrgdical RRLIRNG tes desinenasition ofgicgmelysisi ght |y sl ower than t he

carrier resin, as indi fegably, the
mol 1 index of 26the t £ BACC Ay P RelEl et BE Bk R INEREATOLY S b
units (@010 (aeenyloxeh8 iberiéthylal,8 dogiimethyi-@ Si-diox PO el espaib[ /3] uhdim 3)0I yet hyl ene
resin should contain miniml qr no antjoxidant additives, and any additives
shoul d be welllmdhygetadeanpife pHidch kasithe Eﬂﬂpmn&ew%%atﬂmterﬁded with the
carrier resin. The amobunt of the active al koxy am ne derivative material in
the 30carrier resin should be in the range of 0.1 to 30% by wei ght,
preferably fromO0.1 to 5% and nore preferably in the range of 0.2 to 1%
The amount of the masterbatch is added so that the al koxy am ne derivative
is added to the target product in the range of 10 to 900 ppm preferably

from15 to 600 ppm nore preferably from25 to 400 ppmand still nore
preferably from30 to 200 ppm It wll readily be understood by one of
skill in the art that the anopunt of al koxy ami ne derivative in the final

product will be reduced as the conpound reacts with the target and carrier
pol yet hyl ene. Pr ef er abl y, t he amount of the actl ve | ngr ed| ent

T P Y. . . e e .



product remains stable with further processing. It should be understood
that after the al koxy am ne derivative has been allowed to react with the
target res0Onp11Va8s3Tay be desirable to add one or nore anPCoAisdant2e@ddi tives,
to protect the properties of the nodified target resin. One way to
acconplish this is to blend the resin after reaction 10w th the al koxy

am ne derivative with another regin that is=rich in antioxidants.

The nodified target polyethyl ene-shoukd pr fom 10 to about 100% by
wei ght of the film A second optional o] f_the filmis an LDPE
resin, which can conprise fromO to 90% of t

) the film One of the advantages
of the present invention is the abi Iify to Tedugé-the anpunt of LDPE whil e
still maintaining 15the desired nechanical properties of the film so in

preferred enbodi msntseéhe i Ingi | 1 e&on%)({]i se | ess that 25% pref«tarabl y less
than 10% and even nor ErABPYC PESE ¢ AR5 By wkt 'GhPr Lo vention

Such | ow dengéitide Pelyedsivbene conposition may have a density in the range
of fromO0.910 g/cnB to 0.940 g/cnB; for exanple, fromO0.915 g/cnB to 0.935
20 g/cnB, and a nelt index (12) in the range of from0.1 to 5 g/10 m nutes;
for exanple, fromO0.2 to 2g/10 m nutes. The target resip (wFfj\\*ch may |i tsel f
be a blend includiyng LDPE) pay advant'dgeouslas fimsen be feacged-wt-H the

al koxy ani ne derivative and then bhended wi thntheXLDPE.| 25 lses The
et hyl eni ¢ pol yneér iy be eq\p’f}‘b_ﬁd #0 a virPety df &orvent ifonal
t her mopl asti ¢ fabr[cati on processes to produce ;Q’STéif}ul artfedes; includi ng
obj ects conprising at |east one filmlayer, such-& a m)n"oltb.yer film, or at
| east one layer in a multilayer filmprepared by cast, blown, cal endered,
or extrusion coating processes. 3 Addi tives and adjuyants my be

0
added to the ethylenie|pol ymer post-formti Sui tabl e add ves include
fillers, such as organv¥cor ingrganic parligl egl.cencl udi ng £
titani um di oxi de;~zeol'kt es, Roered netals’ f gari C REh
Si on r

ays, talc,
gay, &, fibers,
i ncl udi ng carbon f{li ber ili ridel fi b?%steel W rg gy nesh, and
nyl on or pol yes cordi ng no- si zerti cl es, cI and so forth;
tackifiers, oil &xténders, I udi ng paraffinic or napthelenic oils; and

ot her natural and synthetic polyners, including other. polyners that are or
can be made accordi ng 'n@enrdal eidpsal ABdte sHrhya snore preéerfed withage al so
conprise addi,t : h i ] : n xtures
of the et hyﬂjgat?(%ﬁhgkl fgﬂ‘g@gﬂ%&?ﬁﬂ?&?ﬁ}é&%%‘fﬁfg‘@e% kdr?segl%éﬁ? t%%jlﬁ)e po ynﬁls(mf or

bl endi ng wi tthintetgyl-@thgibenbazaplipifes mndestyl | hethyhbaedecanadteide t her nopl asti ¢

and non-thernopl astic ol ymers including natural .and synthetic pol yners.
Exenpl ary pol yners forﬂlﬂ 'yr?ﬁllp‘frlé‘l‘rhvd‘élg%?r?%%dtlg}ﬁ@§ nb%‘&{’/‘i%‘f’ﬁﬁ‘?ene, 10
i ncl udi ng hi;ghePERRSHER strEd RR kB! BB leadcAle dﬁ@c%it%fo BRl deel-dyleene 14 EERE

Ziegler-Natta |inear | ow density polyethylene (LLDPE), netall ocene PE,
i ncl udi A§ muhe alsbey ammetderivRives arernddediot ar dmdying nfifowf I @i WY pem: dathe totBE and

net al | ocene PE, such . a roducts disclosed in U S Patent . 6,545,088
(Kol t hammer  rsponE P oI5 gn BEg 5o (B R R (e i1 CROBGaror farfiigy, ey
al.); 5, 844, RSk ¥eqiek RAMBRpart@bf @kgel 'resﬁgl_}ﬁﬁ@ea@ﬁérréﬁﬁﬁ@laﬁ apFeRdrabl@tirodd - ) ; and
6, 448, 341 (Kol thamer, et al.)). he et hyl enic pol ymer nmaybe enpl oyed
as resin forl3tthioBR ppin, meore Wigfsatilx eyl 35 tor4e ppaand skl ers psefewsht bommPr ove
the nelt st rt§|§g{)ﬂ 1%f the inventive resins while having better
processability B resins with simlar melt st rength, as indicated by the
energy riéquired in an Extaddidien td thegpodp@isgentpd yreeroah ®e icatried wuoinfdll ns. When
this 20 ethylenic polyner is blended with LDPE resins it exhibits nelt
strengt h hi ghelPmapamiting meghingsinariticlhihepebipats meked sk mpgAmdththe he

addi tive. TESE: it SAR t : density are
pr epar ed accljagrg1 ﬁ%@%@%ﬁﬂ%@%%@ Nba@%rt%%r?%(gfegﬁgﬁﬁzdc%%&e&%en one hour of
sanpl e pr esgiredpmisantly AIKEM, K7@ders Med bowudsrs. Melt 1 ndex Melt index, M or

|2, is measured in accQrdance \MtgLr ASTM D.1238, Condi tjop 190 C/ 2. JhG kg,
P ey the

and is reported in gr Rratet e b GRS @ in g gt _ tiodycing _
accor dange WdhifivAGhNhPpA2d&ineCangidul 1Y prORrEd %ﬁbc%&ingarﬂgcﬂi&sra?@ﬂﬁg@d SN
grans eluted per 10 mnutes. Melt stréngth Melt strength is neasured at 190
C usi ng a Goetewf extiudRiyeaingiagotin® Ind Gowtatingrtvin-saew eRoedersiplanctagCyearnel t

fed with a %9( r%agrg,rrgng%@?r%hgr% to?g:o—%gga ePs.a‘@ulltLll?lE:\éxtmders and kneaders are




10 rheoneter equipped with a flat entrance angle (180 degrees) of |ength of
30 mMm and dianeter of 2 mMm The pellets are fed into the barrel (L=300 nm
Di armet er W0 2nmy085370npr essed and al lowed to nmelt for 10 mCmOtSe® 1loedsse e bei ng
extruded at a constant piston speed of 0.265 nm's, which corresponds to a

hr ough- ¢ ne diHaBeS: BF extrraclena g Kb e it WY BETEEHE: di o oxi t
and is pul | ggiifys Fh%ﬂé@?,&if.smwyﬁrﬁotéﬁte,msapﬁ;ﬁI3gf,@SBm-n@6-¢43§9-z2<%1mﬂ s2.

The force (in cN) exerted on the wheels is recorded as a function of the
vel oci ty of 2 Retrushmwhiageannl 9807 ISBN BgH6- 14822yt Foriesamplsothe edremslength cpt at eau

force (cN) hefope .the.strand,broke. 1, &..Mechani cal ..Spect r oscopy

1 ongat | onalbe AL BT YR CRRU RS dPHERE MEyNERIE ReordameGr THe

Spect r 0sgopYrofabYRI spRidtthe YRR eRsMly | RE00 YotSRa heMRARIK GPRNHoRI €
performed with the ARES system of TA Instrunments (New Castle, DE) at 190 C
usi ng 25 nmpsefeEbhel>-pPtnse Kis dsqapsstie @ fostareraiea sengneead naruIsef ai n of
10% under d.nert nit r r ' is from
0.1 to 00 roefRRE AR RIRIE ek B RN B SRy cleB
The stress riagqhies ik SormealrytZ.ad “niasteeiamh” ofia afpkiriided éntancngifedse, from which
the storage mpdulus (G ), |oss nodulus (G'), conplex npdul us ;G*é tan 8,
phase angl e PONEHWIRGHSIGA Sticcpiset (P klgnd thy wo mptrisa pesderabipat &9 29 wt%
anplitu i NSy 109 r I : in terns
of anpl |qu udzjfgnd p{ilgﬁstreaj?é ]fn:t gﬁn\?ﬁ?%ﬂe%%gﬁ%t%ﬁgﬁgaﬁsghﬁu%%f‘%%géﬁﬁggg nmodul us
(G'), conpl extmoctupreterdt®y ht techpnamres fromcd@Oitd 94Q°C0 The teanebrdtawes (n the) or tan
delta are cal cul at ed. r sappl e, pre iaqn, resins are.c r.essi on- nol ded
‘o 3 mm R R R HBT TP Bal e i aifoietie Gheis BE st nut os
under 10 MPa,pdiRS &WREl i (Binfnutdien cool ed. CGel Permeation Chromat ography
5The Triple Detector Cel Perneation Chronmatography (3D GPC or TD- GPC)
system consi sts of a Véteanaxiiwm thequghpwhs dyperd@Cohitiphscrengaumetarr e

chr omat q@r aph, (.ot her sui t.abl e. hi t enper at ur es C instruments include

ol yrer Eaodpanigi sk d i vhe ks TELEP ST Be (R eibiir IB0 Sabbed wi th
an on- boar d wdichfreddesik hed lek&flbaeit @RRhRkinfith Yhrodgthut iéﬁa@@i@&h@pmlﬁl&e@san
include an IR4 infra-red 10 detector from Pol yner AR (Val enci a, Spain),

Preci si on Den@rioped oy gppleyiag woighing machipergdedvemrgedospggydnodist t eri ng (LS)
det ector Model 2040, T - Capi
sgl 5'& 8:1 Vi sgomet er. jpég@r%itﬁﬁ?%ﬁggé@géﬁ% g@defimgféf%ﬁég)g%éﬁ%%gg% Lé%{egrs and

at | east onéndidubiy.f ormer detectors is sonetines referred to as "3D-GPC or
TD-GPC' while the term "GPC' al one generally refers to 15conventional GPC.
Dependi 7§ on the sanpl e ROYMES negsefobs subigeted & an Hevases! (EHGEREE Rt | i ght
scattering z i far, j tionis
per f or med ugﬁﬁg&ﬁtﬂ?ﬁ i) g%fde Tr ?Ssgéhés%g]#{&m%?%d %él ggﬁlr ((E))ér%ﬁg ST%%H?C%@J& hgsﬁ nel

Vi scot ek DatgndfaliagesveDh 8dftenitpeposntsit ém pdyratiso Iregpigbped amtiddiraent@h- | i ne
sol vent degassi ng de¥i ce from Pol yner Laboratori es Shr ogégg{ﬁ/e Uni ted

Ki ngdom) . 2030PIONBISET HicgeieahoNraiqty & tERsILBie AR 1eXAT tha 'such as four
30 cmlong ?lﬁﬂﬁll(arbf@&ﬁ abSutMe0r©@ R SRCENO emPloyE@UIn 3PhrGENIRY YiRRSrehabs

col ums of 20-m cron m xed- pore-size packing éM XA LS, Polynmer Labs). The
sanpl e éar ouredesgvarpat. thetismpemtuyp eange drpraabor 0 Gred00He icahplayed onpar t nent
s operated at 150 C_ e, 53k 6% AL PIERANSM AL Ay concenta.atian ol 0 1
grans of polynmer in 5 i PE O FPEPSCSr L oY VERT 'f;ﬁevclﬁ/ronayogra%i C

sol vent and tfpesadlie AhepRLANa®RNab@ BeaBict&Piidahe 1,2 f apreaimfelt v at ed
hydr oxyt ol uene &gl—l‘l’) in trichloro benzene (TCB). Both solvents are sparged
wi t h nit r ogextrugeraisgd| If ét wiyipkbn Eomabene K0 speandsdp BPynigutes.ria gagiculpgfyom f or
four hours. iy i unme is 200 mcroliters. The flow rate through
the GPCis szgk%géﬂyf%ﬁ?dl)%ﬁ%ﬁj%é. 30The GPC columm set is calibrated by

runni ng 381 narrow nol el dkoxwainghd delivaitive bait advantagdopsiyeaiddedtoathelar ds. The
nol ecul ar wei ght (MN of the standards ranges from580 to 8, 400, 000, and
the standar dBXHietv iRty e al f magterhalidit A6 Will Re apripeiated by dpss OLAWRAY ni xt ur e
has at | eastyf) fafade Bl cSEPAh MDAl AR GoMiddihalho i § BelcBfphight s.
The standard m xtures are purchased from Polyner Laboratories. ’Phe

pol yst yr ene gitlathd aeiis toareempdi€ipdr EPPEthigh p25suge low &isity polfyethplenent f or

nol ecul ar wei ght s al to.o reater t J, 000, 000 and. Q. 05 in, 50 nL of
col vent 1 or MRTRSafarTdi it e PBEY her BPEOG SO TTRE i ey Betisdne
standards were dissolved at 80 Cwith gentle agitation for 30 mnutes. The
narrow standard 5m xtures are run first snd in order of decreasing anount
of the highest nol ecul ar wei ght conponent to minimze degradation.

The pol ystyrene standard peak nol ecul ar wei ghts were converted to

pol yet hyl ene nol ecul ar wei ghts using the follow ng equation (as descri bed

~NaA A NS\



15 vol unes. The actual polynomal fit was obtained so as to relate the
| ogarithm of pol yet hyl ene equi val ent nol ecul ar weights to the observed
el uti on wsbunaxstand associ ated powers) for each pol yst preEns26itianar d.
Nunber, weight, and z-average nol ecul ar wei ghts were cal cul ated accordi ng

to the foll ow uat i = ' 147f" , 3 | (wf,
“21a7 ) v Do ey GiFto e Tower ieheaviftaeievidipbed § g kot | on' of
the i-th conRaqnenh ?é@glr%uhl%; ;nla@feﬂmlcﬁ%cﬁkuw abpEahay bea bette,lil cEPRPRNRNt .
The MAD was expressed as the ratio of the weight average nol ecul ar 25

wei ght (Mn) widl redme emrﬂb@rbeawag@eﬁnbelmybmrtlmmgmone Mg very low The A

val ue was det.e ustl in equation (1) until My, the
wei ght avergt eub%{]gcdulf‘é?w lloaﬁlfll/gaq%@dﬁé?#:d usi ng equation (3) and the
corresponrdi ng retenti oMndtXraaRarieYdTRk MvenBGE BARe WisédVvelhn@al ndependent | y
determ ned val ue of Mwv obtained in accordance with the |inear honopol yne

ref erence wiRohykeRyenoie neii 2epdaagips farghsadiiivewsiigigndoto degsdeabtygicabl .
Tri substi t ut |l et
risubstitu Spt?g(iegﬁﬁgk p%&raltﬁl CkAﬁH@lel% %godﬁgégl@%ﬂﬂlec'\f@[‘ﬂeqqesgf Iﬂol?ﬁd ég‘ ellets are

pressed fir ressed again to

make a thin subdtantly@red2b anyrmntidxédant hddifices! preferstee haveag R8s thas ¢D00@phd and
t hen sanded on hoth sides before being |oaded on a N calet 6700 FTIR
i nst rument . 9fRBUYidant gddibives Apthsr sgaddp seppgess theractivity of Bi5radediyet o obt ain t he

val ue ofjgnunber of tr 'ﬁeqﬁ&fefrg& egnepl%%htghe&m@ cHR aéblpeggﬁggggplggt?&bw' ng

64 scans with 10 resolution of 2 cm1 techn que h rated
usi ng a knovnndjs shdnkhce eandilaoncesity atth dre targdt payetbylese fesin with whichiickness

in order to .determ eth atio f th I |ImTet|n
Condi £ ons. 15FHEERSPT B e hYRRILEe meBathy PR ORI RSt iR PHET | s
produced:  (risubséifrcehRMurdMed Whits prdBabEeREeN@al 70 %Glt 1,000, O@Féjarg@is( ahess

direction): ASTM D882-10 (average of five filmsamples in each direction;
each sanpl e prafeirpd gargei 1r¢'51)n shmdélawje Cholicrian sigrght day that mé@gtﬂmn 0 so
D1922-09 (av, e of 15 fi each direct rrpl e "

T x 2. 85 naHAPR R Perspiy e aTP R D Bl SR Pa BRERuR

preferably heneeanierMit esild gfceqioefte bimanaddi@ved fonmbeesPing kst i sesgat er than
200 g and a CD tear greater than 700g MD and CD Tensile Strength:

ASTM D882- 1(Prefaiabhyabfesubtantially fige qﬁaeawgrieg cpmpemdrs pricfeaghly 6‘PﬁtalémgHeS§arrpl e

(5 adnreve AubBLRD L TRE S RLHAY R BT RSSO G U, Rlor O 0P

Puncture Strpeefgtably lRsnthtni1 @ psmibgasdigied on an | NSTRON Model 4201 with
SI NTECH TESTWORKS SOFTWARE Version 3.10. The specinen size is "6 in x 6
in," andYsix measur eneredargeeplygiylens aingpridhe a6oraliees gEethyleae i@ val ue.

The 30fi M 1%y GARHE WoABRE: EfitaifiBiaRAY IS ARl f’fekéi‘htﬁ Qe EkEQBolyRAGIAE | east
24 hours in a% ASTM cont roit'(ﬁ{dl 1915 borat ory ?230 and OA) re%atrIB \}@Hﬁ/ umdity).
A "100 | b" Iredd skeild haw alsed ofitffubstined ndsspatomenitshsi d 400900 4aibooh
di ameter. Thrgn 1H£ rtorlillrﬁ)Opt 98 &t houldjhave a molecular weight slightly slower than the
carrier resin, as indicated by the melt index (g/10 min). Preferably, the melt index of
25  the target polyethylene resin should be higher by 0.2-0.5 units (g/10 min) than the
final desired resin. Preferably, the polyethylene resin should contain minimal or no
antioxidant additives, and any additives should be well-dispersed in the resin prior to
being blended with the carrier resin.
The amount of the active alkoxy amine derivative material in the
30  carrier resin should be in the range of 0.1 to 30% by weight, preferably from 0.1 to
5%, and more preferably in the range of 0.2 to 1%. The amount of the masterbatch is
added so that the alkoxy amine derivative is added to the target product in the range of

10 to 900 ppm, preferably from 15 to 600 ppm, more preferably from 25 to 400 ppm
and still more preferably from 30 to 200 ppm. It will readily be understood by one of



inch dianeter" polished stainless steel ball (on a 2.5" rod) with a "7.5
inch maximumtravel length." There is no gauge |ength, and the probe is as
cl ose as wo=siisss7ro, but not touching, the specinen (tRreTarseda/oessset by
raising the probe until it touches the 5specinen). Then the probe is
gradually lowered, until it is not .touching the specinen. Then th
crosshead | KL e arié‘}%}he@gwaeﬁlﬁw HRINFAST YRS € ﬁ\?"&fnabp@ﬁaﬁa@,ﬁ bhe

di stance woulbghRg adRIDNIpBREEIhcl whd thOeheet ThE catigsshigadyiepReed is 10
inches/ mnute. The thickness is neasured in the mddle o¥ t he speci men. The
t hi ckness of the fil m Prdferabliysthanowunhef the agbleangiedicaivsbbeld, bedapt bethew peak

| oad are us 0 determne the.10. puncture by the software. .The. puncture
robe 15 or dunRar b M e pel SRt e DR anh iy MoRaCIRL L no
exanpl es sdesidal pRdubiehibeadu®sthMtiallyWeai@t Sut@h tHeGHiah prod8aGH thea \heGnA
15simlar nolecular weight, with different concentrations of an al koxy

am ne deri varpdust gaeing sigble witd fapleariprocesaei it shuld Beandesstood that after the

9- (acetyl oxy): LO0-1 1} et - 7 -t 1] | -. L

152t oxa o Wickydihfe By Aann o d A it the rsetresin. i mapbe ¢ e
as an LDPE (desigibie {d)addasie @F bat€ inthavdangadditsees] togmotéctare p@pertisy o ght  of
the additive, in this exanple having 0.56 percent by weight of the,.

addi tive. Nopedifipdytargaseesgpnngveydo Q@w%léﬁfléalsu@b%ﬁﬁdﬂ@ gpingaftef factiffount  of
al koxy I ne, el KV anagded; . I sterbatch
added. b %1%21%‘@%\@65' n&%lvgﬁge {t;}ﬁg ag{)}ggliﬂggg?nﬁartlgg Iééeﬂr]r?lvagltﬂ iBJ\illg%gggi tive are
conpounded i n a 30mm cdhe atadificgargenpadyategbnaghoGhipmmpne WomEd toRfbloet der er

ZSK- 30 (ZSK- fW n scr xtryder to forma masterhatch. The -30 has
Con barrel <40t bt s iy dVerad on gl rborseet i BB dn D Engt h & o
di ameter ratbQn (WhiBh carfedniBisePtden 66 802 it filgn. USBLoht heUniRePbe@Kker plate
or screen pack. The extruder consists of a DC notor, connected to a gear

box by V- belpresentihgent®ntptheabdity isredosethe dmpyntepf ORI jvhde sl magiaaidedr i ve

| ocat ed ,i_n control cabi.net. The contrgl range of the screw shaft speed is
1%0. “THe" nadf RS er ERRAT ot BB 6T B T BB Bl R opE B Eim3EA
pressure trangicdibaiist fesPah D5 peEféablly 1R thef 109 endléR@ntRordBageinblydes
pressure. The extruder has ei ght heated/cool ed barrel sections al ong
with a 30 mihapdedy weiphtdidPPakes up five tenperature controlled zones. It
has a cooled only feed i .di e 1.On i s held
together by tie-rods a%gag%%g%?ﬁggp&gﬁﬁ?%ggﬁach%ﬂ%hPP%ﬁg%k%H%nﬁ@%ﬁﬂ?%n can
be heated elmeegerdfcaioh P. oM tehenaitg @ %0 diaht, fetwhmphe aber 69 ehg/cedal @d3Hy a
speci al system pof cooling channels. The screws consi st of continuous
shaf ts off w#/eh -Sef BRFY NgHt & iR Bivgaraaftidraml: ISpesy HY mimdad Mg amelfent s are
installed i rfﬁcﬂ‘ﬁ%.f ) h(rgerﬁmﬁfe%'e"rhﬁﬂ?get‘%és‘%ﬁ'?\%&éh #a§ iRe1PBL 9 biAgeh eding adi al |y
by keys and keyways and axially by screwed-1n screw tip. The screw shafts
are connect ddF) mheadyearagsdhmiyt Srsble wactpd Wi sharloxaammadsletiyathe apdithead out
of the scre q%%reL fgr Eﬁ@pantling. A Conair pelletizer is used to
pel | etize t HECsed A the LDFE- 5 250 volt variabl e speed, solid cutter unit.
The vari abl e speed notor drives a solid machined cutting 10wheel, which in
turn drives a fixed netal roller. A novable rubber roller presses against
the fix@d rdideer and hel ps pull the strands by friction into the cutting
wheel . The tensi o onatic, movable rollgr Jmvobe adiusted asenecessany The
tenperatures are set IR The PPe&S 201, °2 ZUneSS A thhe ef?ruder, and ]he di e
as: Feed: 8Qferdplishc fABRGtidANErodssses to produce useful articles, including objects

comprising at least one film layer, such as a monolayer film, or at least one layer in a

multilayer film prepared by cast, blown, calendered, or extrusion coating processes.

30
Additives and adjuvants may be added to the ethylenic polymer post-
formation. Suitable additives include fillers, such as organic or inorganic particles,
including clays, talc, titanium dioxide, zeolites, powdered metals, organic or inorganic

fibers, including carbon fibers, silicon nitride fibers, steel wire or mesh, and nylon or



180C Zone 3: 185C Zone 4: 190C Die: 210C zones in the extruder are set as
follows: the first at 25C, the second at 100C, and the rest at 200C

The pol yreo 20al@8s3yanp is a Maag 100 cc/revol uti on punp wPhatushelpossonvey
the nolten polyrrer fromthe extruder, and through the downstream equi prrent

It is 5 power a 15 hp nmotor with a 20.55/1 red ctio ear is
equi pped Wi tH??%FSi? seuling “@P%ﬁ’% P?réﬁcpeén‘c‘}aés 556 §O 68’it T ‘i&ﬁ‘flﬁF 1§ét68ﬁelp

inlet and oyhdigling r;ﬁ?ﬁﬁhico& RAfEGenid BRG] S(HREALREalZARCS nBlRk Btﬁ)lﬁﬁéx% punp
and the inlet and outlet transition pieces which are set ‘at 220C.” The nelt
punp i s att dstleding othérepdymersdthat argd ot lwen dienglade see@dingxtor thteembodiment 10
enters the poIt n@sr streamthrough an injector fromthe single screw side
arm ext ruder™ injector is a 3/4 of an inch tubing protruding into the
centerline of a priefilat agRRd comptibeadmiiénapusRpdnts @ BRatlthé Fich&Sniphke nal
di anmeter. The polynmer comng fromthe extruder is blended with the single
screw ext r udendy &si mixgares toff thowsthylenisughlyamest aritle otiexepolyplefins1 8 Kebles

m xi ng el ene i psi al t Th i ng
ol eront o have Rt AR ML duling, pRVERR aelCARE ove] dffle)

zones i n thehah@bplastien amlr Iﬂndhahﬁ)paishc sgdlyiers2 2udidd enatoabi anad s§ﬂtb)wct hen
flows through a Gl a eIIetlzer system The Gala is equipped with a 12 hole

(2.36 nm di d}?éxréffrs h&iXéglp AR IPRLyHeES mrttﬂe%w H’fﬁthVémHB? é&@e%@f BPL§GeleneThe
cutter has 3ndi04ihe Bidosre Peiffet Irgcﬁi@&l%@sdeﬁélt@?&g&@@ﬁé &Iypér)o RANKBRE

wat er terrperature in the zer is kept a mount of the
mast er bat ch loradioy- ddneityl pdlyn@steee I()IaLDHE}a, mactaleseme PE) mc]apmganulnpleerbgct@f

percent by ight of th tot al i n_ano The resid me of the
ast o bat oh i CiheSitio Bl af 4GB NALE Abp el Brgpe S0 o BB TS he
25r esi dence (fléc'l‘@se@fm Uhe parly NBE. 4,543,083 ﬁéo@tthh&nﬁk X®hl): % ﬁBRTmXCHRin%hI}’e@
m nut es. The melt strength of each of these exanples is neasured

using Cottfedld; Fhedtek e(IPaQﬂ@O cat alD9OEI4FRAES vilkkeldwimmyeri setmed$ureddUEISng a
constant, .te ture of nc ep..in a TA Instrunents

" Advanced R&B%L‘&?@Wgr I?x%l n%l? oﬁ%@%@@?@ﬁ% 2 E)))The nelt indices are
nmeasured usi ng ASTHY iBlIAAE pByks&agbe é&@ﬁy@&hi\ﬂasﬂl £ fHidrSfilkohsS SSurppidingl§] on
Pl ast onet er Model I\/P987 Tllw)e nmol ecul ar wei ghts are determ ned using the

met hod descrthpadditifedias Fhawn kg IBIIYSd8e apdt atrengthe of thegdyentivst fesis while

Resin A (DOVﬂa@ﬁl Léfi fﬁﬁ%gésﬁ)%tg tﬁa &S Wil si IEuJ;] eﬁ@&%&%ﬁ%@gﬁ@%&@% Ey %lg‘e?e

resin made in a n proc aVI ng ne ex o

190C, 2. 16k@gnAgyMelnitaB) aﬁmjctmdeiensptope&@lﬂlegﬁﬁm&a( ABIMIREO2Whed Rt n B
(Dowl ex TG 2085B). is a Ziegler-Natta catal yzed pal yethylene resin nmade in a
sol ut i ortOpr c?élé}‘%%mﬁa%ﬁi&r as Rispded Wb LIRE eesons igpalpbits Weﬁﬁre&@b@g@r sy ASTM

D-1238_ and (g, Qtﬁﬁ%llé gjtﬁatgllog t(c@ﬁ-EM B 9ddiivResin C (Dow ex NG 5085B) is
yze

a Ziegler-Natta cata pol yet hyl ene made I n
TEST METHODS

Density
25 Samples that are measured for density are prepared according to ASTM D
1928. Measurements are made within one hour of sample pressing using ASTM

D792, Method B.



a slurry process having a nelt index of 1.3 g/10 mn (at 190C, 2.16kg ASTM
D101238) and a density of 0.918 g/cnB8 (ASTM D792). Resin D (LDPE

208C/ 206 Myoi2e11z08h87M0pol ynmer et hyl ene resin made i n a hi ghTarsesis0e@se ubul ar
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A Conair pelletizer is used to pelletize the blends. It is a 220 volt
vari abl e speed, solid cutter unit. The variable speed notor drives a solid
machi ned wotoimgsdHnheel , which in turn drives a fixed meCcalusealilozesso A
novabl e rubber roller presses against the fixed roller and hel ps pull the

strands by friction ipto the cuttin eel . The tension on th vahl e
roller may Hﬁma‘ﬁi‘}%s’t gfg g ‘ﬂ%‘?ﬁ‘é@% 8’F‘§}1.qar @q"tee?'fp]gﬁa{jtfgﬁé mingtes é‘tnﬁ?rgﬁf ﬁ@af eed
zone, 4 zongsgedshretifQir@Xdd (%, and the die as: Feed: 80C Zone 1: 160C Zone
2: 160C Zone 3: 160C Zone 4: 160C Die: 160C A Gal a underwat er

pelletizer with 2500 rpm and 30C water tenperature is used to pelletize the
esi n unded as descri bed above is referred to

in. t t
ggsigsi n E vﬁ%ﬁe%@%éﬁﬁ?g&ﬁf’ﬂa@?ggﬁ ilms are nmade using a typical silobag

extruder smachi ne and artelr@ge Dayefor BepPEmidatioh Chignabdhipidy (3EYEPC or TD-
distribution of 55%/ 27%/ 18% wth correspondi n% screw di aneters of

150/ 120/ 90 il vietearrnsials G ar¥wcrradlitiony Masal L 00PRideismgaragnel t he di e
mach ne. 1000t hutor 02671 1 Bt bl PR SR I RIS o

The start updborarat(Smopita, K)Meded D10 pidpkitl 220 ofhipped 82%anhesi-tvatd ( LDPE
204M) and 33, 20%resin E, the rest of the formulation (14,78% is_conposed
of white or difeeRtiHdelrtometehdd) andditiend dererion tdngpdcas R4 ingadeds t he

mast er bapch d%EecF‘og R Pé’lﬁﬁ{%r @BA‘T@{\%ﬁén@la? Sgéinj?'i)? Qi BQéctBﬁbg(rAt er@l € changed

during the tria 15 The materials are distributed on t ree’ | ayers as
fol |l ow ng: LMdyer) 2Ran(ghkblger [iphbsdrasiing (GS dd8fsetoRbEidal TD40, Aidds Wikcbek Mast er bat ch

Layer B (27% . 57% Resi + 15% Resin E + 28% Sc ayer C (18%: 38.5%
rorin G o bR TR R sk Saube ey Bedbreb o Hbe BYEterriticbig o >0

conduct ed r gph@ehdG bbecdisandal RatilddBlr IRSbANE Riecldi€istsBi@aed AR Mot h
high nelt strength (Resin E + 60 ppmof additive). Case 1 is used as a

control . Cases3P-GRd o8 Thr-ePE sihgledie eomt 6NC miyis genembpidfensyowi t h i ncr eased
amount s lgf tcb)relwl:‘n %ﬁzligl éﬁél B’epending on the sample, either the 15° angle or the 90° angle of
the light scattering detector is used for calculation purposes. Data collection is
performed using Viscotek TriSEC software, Version 3, and a 4-channel Viscotek Data
Manager DM400. The system is also equipped with an on-line solvent degassing
device from Polymer Laboratories (Shropshire, United Kingdom).

20 Suitable high temperature GPC columns can be used such as four 30
cm long Shodex HT803 13 micron columns or four 30 cm Polymer Labs columns of
20-micron mixed-pore-size packing (MixA LS, Polymer Labs). The sample carousel
compartment is operated at 140 °C and the column compartment is operated at 150
°C. The samples are prepared at a concentration of 0.1 grams of polymer in 50

25  milliliters of solvent. The chromatographic solvent and the sample preparation
solvent contain 200 ppm of butylated hydroxytoluene (BHT) in trichloro benzene
(TCB). Both solvents are sparged with nitrogen. The polyethylene samples are
gently stirred at 160 °C for four hours. The injection volume is 200 microliters. The
flow rate through the GPC is set at 1 ml/minute.

30 The GPC column set is calibrated by running 21 narrow molecular
weight distribution polystyrene standards. The molecular weight (MW) of the
standards ranges from 580 to 8,400,000, and the standards are contained in 6

“cocktail” mixtures. Each standard mixture has at least a decade of separation

between individual molecular weights. The standard mixtures are purchased from
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25 Case #1: all of resin Ein the external skin (Layer A) is replaced by
target resin E conpounded at 235C with 60 ppm of the additive. The anperage
i ncreaseswOenmasad7i7ly in this extruder but is reduced smoDiusky11aLosshe
original level and good bubble stability is obtained. This is the control
case and it |s used to verify that there 30 are no vari ations. n _comnpar ed
Co the st andilUPRLERERLEE: oSl o A B P FBHoR S LGS il Ho.
Layer A by r@Rl-aciodndi&sidt veidhtt Bold e s0smaundad 11089i0n0 EnWolds St PAL
additive, increasing this resin by 15% and reducing resin G accordingly.
The anper agefisnbeetdoemolqcolar 8tights [eg0thanyO0P.886.1 hhe polgstyrehe standdrilsivereof

this extrudey. Te ratu ofile is i.ncreased by 10 -.,15C to reduc
amper age.  THIETEIGR ok i, paf RieiPE 1GF o TGy e HEnBerT e FIRAE. £ or
this extsudehixpieNa RAI fidsOBn®fin loesr NofElecfeatiaplatRdt b teNRighéstthletNice

| ayers. 5Case #3: the same fornulation as in Case #2, but in addition, 10%
of resin E arcighifyrempeonery to gpnigtedagyadaien.compounded resin E with 60 ppm

additive. The pressureni.n ot iphe's Jimt 1S r and
it is the final for rru?%{ei I%ﬂ§&%§§%g%hg%ﬂe& %ar%(lﬁpgf]‘{?% ‘\?]\ne]lghg]t‘&%ﬂenceo\?ve%g‘{aerr%l ation
i s achi eved.polyehyi¢nralmdleguiavedighar mkihat ihenfolkwid® dgaywsn Aad 2% ribedOfib Resi n
G + 50% Resin E + 60 m additive + 11% white nasterbatch Layer B (27%:
57% Resi n G Willizgms peWarg JoPolgoy, Sgicdiplym. Lety, §y041 @908)%05 : 38 5% Resin G +
45% Resiip E + 10% (Resy P Ll + 156. 5% bl ack terbatch
The effélgt of 1ncr errefll\{t/lﬁ%lﬁet&%g% [g@?@gér%wggﬁbbe noti ced by thgq?rechani cal
properties neasur enentlere Bhkeasreegallid of hbeardiethe ek pethonallfaddtenBnedVaue of

El mrendorf MD, Te is acritical property for the application and it is

i ncreased byAis:)’(S/l’é%IS the LLDPE 20to LDPE ratio in the blend is increased.

The trials results at AMhgsedided hiaBhas Wb td RedealRReBeHolybdbleny th

additive could deliver better nechanical properties w thout |o00sing bubble
stability arduivaleetr eflohratiork pemisngbtained Szare agmativmel)otet hatr. otserygd eelutiaghows

the melt strength cyyve versus str hi ng ,vel ocity wit 5], ncreasi ng
ddi £ pvd Sconiitas { o ae LR EE L Brodnehad hadh urul bR aneaTh Ry
behavi or of Jeegktyidhe eqiGvLagi mletiier highs neeHedbtaved eRitioh YdremsdliRn
polymer. All sanples are conpounded of the indicated resins with 3 wt % of

resin D. Fi gyresiaedprvgsifaecaghgebshusnossanslagl. t he shear rate frequency

measured using a 30 ¢ t e r f 3 y in a
TA I nstrunments " Advan?g%{"%’eg}rggﬂr?’lé %pﬁﬁ%ggn%%gﬁé%%eﬁ%wgfﬁgm?&

i ncor por at i arcatlirighe teddilbwitg «haigss t he behavior of Resin C at | ow shear
rates as conpared to resin E. All resins contain 3 w%of resin D. WO
2011/ 085377PCT/ US2011/ 020850wy, Figure 3 shows t¥igymmf} strength of

bl ends of inventive ang,caonparative resin versug;theé anount of LDPE resin
F. For LDPE anounts in thg(m’fnz of less than 50 V\'t%iﬁfﬁe inventive resin
wi th thepadditive exhi bitS\hi 641 r mel@)strength than“The compapative resin
wWith no additive. Both resin sanples contain 3 wt % of LDPE resin 5D. Table
1. Blown filmprocess parg:r(a&@w)used to produce all filnms. Al resins also
contain 3 woof resin f_D escription Exanple 1 (Resin B+LDPE20 8C)

Exampl e 1 +30ppm Exanpl e ]S@@g‘m Exanpl e 2 (Resin C+LDPE20 8C) Exanpl e
2+60ppm Exanpl e 2+80ppm o )

Where, Wi is the weight fraction of the i-th component and Mi is the
molecular weight of the i-th component.
The MWD was expressed as the ratio of the weight average molecular
25  weight (Mw) to the number average molecular weight (Mn).
The A value was determined by adjusting A value in equation (1) until
Mw, the weight average molecular weight calculated using equation (3) and the

corresponding retention volume polynomial, agreed with the independently
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Speed (rpn) 18.9 18.9 19.1 18.1 18.8 18.8 Rate (Ib/hr) 152 151 151 147 151
151 Rate/rpm 8.04 7.99 7.91 8.12 8.03 8.03 Barrel P1 (psi) 3010 3210 3120
2590 2770W0R40/Baimel P2 (psi) 4190 4370 4370 PCT/US2011/020850

determined value of Mw obtained in accordance with the linear homopolymer

reference with known weight average molecular weight of 115,000 g/mol.

Trisubstituted Unsaturation Group Determination Method (FTIR)

5 Pellets are pressed first to make a thick film of 0.25 mm and then
pressed again to make a thin film of 0.125 mm. The film is then secured on a scan
card and then sanded on both sides before being loaded on a Nicolet 6700 FTIR
instrument. The area under the peak at 909 cm™ is integrated to obtain the value of
number of trisubstituted unsaturation units per 1,000,000C using 64 scans with

10 resolution of 2 cm™. This technique has been calibrated using a known absorbance
and concentration and corrects for film thickness in order to determine the

concentration of the sample.

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

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”).
MD and CD Elmendorf Tear Strength: ASTM D1922-09 (average of 15 film
20  samples in each direction; each sample “3 in x 2.5 in” half moon shape). The films of
the present invention preferably have an MD tear greater than 100 g, more preferably
greater than 200 g and a CD tear greater than 700g.
MBD and CD Tensile Strength: ASTM D882-10 (average of five film samples
in each direction; each sample “1 in x 6 in”).
25 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 “6in x 6
in,” and six measurements are made to determine an average puncture value. The
30  film is 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 1b” load cell

is used with a round specimen holder of 4 inch diameter. The puncture probe is a “/2
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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, the specimen (the probe is set by raising the probe until it touches the
5  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 the peak load are used to determine the
10 puncture by the software. The puncture probe is cleaned using a “KIM-WIPE” after

each specimen.

Examples
The two examples described below are for two sets of resins, each having a

15 similar molecular weight, with different concentrations of an alkoxy amine derivative

additive. The specific additive used is 9-(acetyloxy)-3,8,10-triethyl-7,8,10-trimethyl-

1,5-dioxa-9-azaspiro[5.5]undec-3-yl]methyl octadecanoate, which is added as an

LDPE (resin D) masterbatch having less than 1 percent by weight of the additive, in

this example having 0.56 percent by weight of the additive. Note that the ppm levels
20  reported below refer to the amount of alkoxy amine derivative added and not the

amount of the entire masterbatch added.

The LDPE resin D and the alkoxy amine derivative additive are compounded
in a 30mm co-rotating, intermeshing Coperion Werner-Pfleiderer ZSK-30 (ZSK-30)
twin screw extruder to form a masterbatch. The ZSK-30 has ten barrel sections with

25 anoverall length of 960 mm and a 32 length to diameter ratio (L/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 15 Hp 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 revolutions per minute.
30 A pressure transducer is positioned in front of the die to measure die pressure.

The extruder has eight 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
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on the machine frame. Each section can be heated electrically with angular half-shell
heaters and cooled by a special system of cooling channels.

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

A Conair pelletizer 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 may be adjusted as necessary.

The temperatures are set in the feed zone, 4 zones in the extruder, and the die

as:
Feed: 80°C
Zone 1: 160°C
Zone 2: 180°C
Zone 3: 185°C
Zone 4: 190°C
Die: 210°C

The screw shaft speed is set at 275 revolutions per minute (RPM), resulting in an
output rate of 52 Ib/hr.

The masterbatch defined above is dry-blended with different amounts
of the LDPE resin D in order to bring the concentration of the alkoxyamine derivative
to a desired level in the target resin as shown in Table 1. The masterbatch or the dry-
blended material thereof is blended with LLDPE resins B or C using the following
setup: the masterbatch or the dry-blended material described above is fed through a
hopper into a Sterling 2 V2 inch single screw extruder which is used as the side arm
conveyer with a rupture disc of 3200 psig. The four heating zones in the single screw
extruder are set at 220°C.

The LLDPE resins B (Example 1) or C (Example 2) are fed through another
hopper into a Century- ZSK-40 extruder (37.13 length-to-diameter ratio extruder, a
co-rotating, intermeshing, 40 mm twin screw extruder with 150 Hp drive, 244

Armature amps (maximum), and 1200 screw rpm (maximum)). The nine heating

15

T3 (F)
T5 (F)



375 375 Screen T (F) 424 440 445 444 445 446 Adapter T (F) 450 450 450 450
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zones in the extruder are set as follows: the first at 25°C, the second at 100°C, and the
rest at 200°C.
The polymer melt pump is a Maag 100 cc/revolution pump that helps convey
the molten polymer from the extruder, and through the downstream equipment. It is
5  powered by a 15 hp motor with a 20.55/1 reduction gear. The pump is equipped with
a pressure transmitter and a 5200 psi rupture disc on the inlet and outlet transition
piece. There are heater zones on the melt pump and the inlet and outlet transition
pieces which are set at 220°C.
The melt pump is attached to the extruder and the single screw extruder’s flow
10 enters the polymer stream through an injector from the single screw side arm extruder.
The injector is a % of an inch tubing protruding into the centerline of a pipe attached
to the melt pump with a 3.1 inches internal diameter.
The polymer coming from the extruder is blended with the single screw
extruder resin as it flows through a static mixer with 18 Kenics mixing elements
15  inside a pipe of 3.1 inch internal diameter. The mixing elements have a 1.3 length-to-
diameter ratio. There are seven heating zones in the static mixer and are all set to
220°C.
The combined flow then flows through a Gala pelletizer system. The Gala is
equipped with a 12 hole (2.36 mm diameter holes) Gala die with four of the holes
20  plugged. The cutter has a four blade hub and operates at approximately 800 ppm.
The water temperature in the pelletizer is kept at 30°C.
The amount of the masterbatch or dry-blended masterbatch and resin D is
approximately 3 percent by weight of the total resin amount. The residence time of
the masterbatch in the side arm extruder is approximately 20 minutes and the

25  residence time of the polymer in the static mixer is approximately 3 minutes.

The melt strength of each of these examples is measured using Gottfert
Rheotester 2000 at 190°C. The viscosity is measured using a constant temperature of
190°C at a frequency sweep in a TA Instruments “Advanced Rheometric Expansion
30  System (ARES)”. The melt indices are measured using ASTM method D-1238 at
190°C using a Tinius-Olsen Extrusion Plastometer Model MP987. The molecular

weights are determined using the method described under Testing Methods above.
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Resin description:

Resin A (Dowlex XUX 61528.20) is a Ziegler-Natta catalyzed polyethylene
resin made in a solution process having melt index of 0.5 g/10 min (at 190°C, 2.16kg
ASTM D-1238) and a density 0.917 g/cm’ (ASTM D792).

5 Resin B (Dowlex TG 2085B) is a Ziegler-Natta catalyzed polyethylene resin
made in a solution process having a melt index of 0.95 g/10 min (at 190°C, 2.16kg
ASTM D-1238_ and a density 0.919 g/cm’ (ASTM D792).

Resin C (Dowlex NG 5085B) is a Ziegler-Natta catalyzed polyethylene made in
a slurry process having a melt index of 1.3 g/10 min (at 190°C, 2.16kg ASTM D-

10 1238) and a density of 0.918 g/cm’ (ASTM D792).

Resin D (LDPE 208C/206M) is a homopolymer ethylene resin made in a high-
pressure tubular reactor 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).

Resin E is a Ziegler-Natta catalyzed polyethylene resin made in a solution

15  process having melt index of 1.0 g/10 min (at 190°C, 2.16kg ASTM D-1238) and a
density 0.920 g/cm’ (ASTM D792).

Resin F (LDPE 132i) is a homopolymer ethylene resin made in a high-pressure
tubular reactor having a melt index of 0.25 g/10 min (at 190°C, 2.16kg ASTM D-
1238) and a density of 0.922 g/cm’ (ASTM D792).

20 Resin G (LDPE 204M) is a homopolymer ethylene resin made in a high-
pressure tubular reactor having a melt index of 0.3 g/10 min (at 190°C, 2.16kg ASTM
D-1238) and a density of 0.920 g/cm’ (ASTM D792).

White masterbatch is a homopolymer ethylene resin made in a high-pressure
tubular reactor having a melt index of 13 g/10 min (at 190°C, 2.16kg ASTM D-1238)

25  with 60 percent by weight of TiO, as a white pigment.

Black masterbatch is a homopolymer ethylene resin made in a high-pressure
tubular reactor having a melt index of 13 g/10 min (at 190°C, 2.16kg ASTM D-1238)
with 60 percent by weight of carbon black as a black coloring agent.

30 Production of Films

Example 3
Films are made using resins produced in Examples 1 and 2 above on a Sterling

extruder with 3.5 inches in diameter with a 30:1 length-to-diameter ratio and a 6 inch

17



Standard deviation Melt Index (g/10mn) 0.95 0.05 0.69 0.05 1.3 .05 1.00
0.05 Density (g/cnmB) 0.919 0.002 0.919 0.002 0.918 0.002 0.918 0.002 Melt
Strengt h woN@Almsza) 4.8 6.4 3.5 5.5 Thickness (m | PCT/U$3010/00B20

die with a linear low density (LLDPE) type screw with internal as well as external
cooling. Films are made of 100% of the samples in this example.
General blown film extruder parameters used to produce the blown films for
the LLDPE-rich films are shown in Table 1. All resins shown contain 3 wt% of resin
5 D. The temperatures in Table 1 show the temperatures closest to the pellet hopper
(Barrel 1) and in increasing order as the polymer is being extruded through the die
(upper die). Film properties for some resins (control and respective inventive resin)

are shown in Table 2.

10 Example 4

A target resin is produced by incorporating an alkoxy amine derivative
additive in a two-step process. The specific additive used is 9-(acetyloxy)-3,8,10-
triethyl-7,8,10-trimethyl-1,5-dioxa-9-azaspiro[5.5]Jundec-3-ylJmethyl octadecanoate,
which is added as an LDPE (resin D) masterbatch having less than 1 percent by

15  weight of the additive, in this example having 0.1520 percent by weight of the
additive.

First a concentrate is made with LDPE resin D and the alkoxy amine
derivative additive in a 30mm co-rotating, intermeshing Coperion Werner-Pfleiderer
ZSK-30 (ZSK-30) twin screw extruder to form a masterbatch. The ZSK-30 has ten

20  barrel sections with an overall length of 960 mm and a 32 length to diameter ratio
(L/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 15 Hp
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

25 500 revolutions per minute. A pressure transducer is positioned in front of the die to
measure die pressure.

The extruder has eight 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

30  on the machine frame. Each section can be heated electrically with angular half-shell
heaters and cooled by a special system of cooling channels.

The screws consist of continuous shafts on which screw-flighted components
and special kneading elements are installed in any required order. The elements are

held together radially by keys and keyways and axially by a screwed-in screw tip.

18
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The screw shafts are connected to the gear-shafts by couplings and can easily be
pulled out of the screw barrel for dismantling.

A Conair pelletizer 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 may be adjusted as necessary.

The temperatures are set in the feed zone, 4 zones in the extruder, and the die

as:
Feed: 80°C
Zone 1: 160°C
Zone 2: 160°C
Zone 3: 160°C
Zone 4: 160°C
Die: 160°C

The screw shaft speed is set at 275 revolutions per minute (RPM), resulting in an
output rate of 50 Ib/hr.

The above concentrate is further incorporated in resin E using 4 weight
percent of the concentrate to produce a target resin E with 60 parts per million by
weight of the additive. For this compounding step a co-rotating twin screw Leistritz
extruder is used with length to diameter ratio of 40 and screw diameter of 75 mm.
The maximum output is 600 kg per hour. There are eight heater zones in the extruder

and two heating zones in the die as follows:

Feed: 80°C

Zone 1: 180°C
Zone 2: 190°C
Zone 3: 200°C
Zone 4: 200°C
Zone 5: 210°C
Zone 6: 220°C
Zone 7: 220°C
Zone 8: 220°C

Die zone 1:  220°C
Die zone 2:  220°C
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at Break Wo206804536 PCT/US2011/020850

A Gala underwater pelletizer with 2500 rpm and 30°C water temperature is
used to pelletize the resin.
The target resin compounded as described above is referred to as resin E with

60 ppm additive.

Films are made using a typical silobag extruder machine and a three-layer
blown film line with a layer distribution of 55% / 27% / 18%, with corresponding
screw diameters of 150/120/90 mm; the central screw has a typical LDPE design and
the die diameter is 43 inches. BUR is 2.5:1, with internal bubble cooling and machine

10 output of 950 to 1050 kg/hr. The film thickness is 235 microns. The start up
formulation has an overall proportion of 52.02% resin G (LDPE 204M) and 33.20%
resin E, the rest of the formulation (14.78%) is composed of white or black
masterbatches and scrap from the process. None of the masterbatch or scrap types of
materials or proportions thereof are changed during the trials.

15

The materials are distributed on the three layers as following:

Layer A (55%): 54% Resin G + 35% Resin E + 11% white Masterbatch
Layer B (27%): 57% Resin G + 15% Resin E + 28% Scrap
Layer C (18%): 38.5% Resin G + 55% Resin E + 6.5% black Masterbatch

20
The experiments are conducted replacing the standard LLDPE resin E by the target

LLDPE with high melt strength (Resin E + 60 ppm of additive). Case 1is used as a
control. Cases 2 and 3 are designed to test bubble stability with increased amounts of
the LLDPE resin.

25
Case #1: all of resin E in the external skin (Layer A) is replaced by target resin E
compounded at 235°C with 60 ppm of the additive. The amperage increases
temporarily in this extruder but is reduced smoothly at the original level and good
bubble stability is obtained. This is the control case and it is used to verify that there

30  are no variations when compared to the standard LLDPE case.
Case #2: the formulation is changed in the Layer A by replacing resin E with the

compounded resin E with 60 ppm additive, increasing this resin by 15%, and reducing

resin G accordingly. The amperage increases from 81 to 100, overpassing the safety

20
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limit of this extruder. Temperature profile is increased by 10 — 15°C to reduce
amperage. This is used as an intermediate step to determine the limit for this extruder

when a portion of resin E is replaced in one of the three layers.

5  Case #3: the same formulation as in Case #2, but in addition, 10% of resin E at Layer
C is replaced by the compounded resin E with 60 ppm additive. The pressure
increases until the machine’s limit is reached and it is the final formulation. Good
bubble stability with the new formulation is achieved. The final improved
formulation is:

10
Layer A (55%): 39% Resin G + 50% Resin E + 60 ppm additive + 11% white

masterbatch

Layer B (27%): 57% Resin G + 15% Resin E + 28% Scrap

Layer C (18%): 38.5% Resin G + 45% Resin E + 10% (Resin E + 60 ppm additive) +
15 6.5% black masterbatch

The effect of increment on LLDPE portion can be noticed by the mechanical
properties measurements. The results are described on Table 3. The Elmendorf MD
Tear is a critical property for the application and it is increased by 13% as the LLDPE

20  to LDPE ratio in the blend is increased. The trials results at the end demonstrate that
the compounded LLDPE with additive could deliver better mechanical properties

without loosing bubble stability and, therefore, keeping the same machine output.

Figure 1 shows the melt strength curve versus stretching velocity with
25  increasing additive concentration. The incorporation of the additive changes the
behavior of Resin B, increasing the force needed to stretch the molten polymer. All

samples are compounded of the indicated resins with 3 wt% of resin D.

Figure 2 shows the viscosity versus the shear rate frequency measured using a

30  constant temperature of 190°C at a frequency sweep in a TA Instruments “Advanced
Rheometric Expansion System (ARES)”. The incorporation of the additive changes

the behavior of Resin C at low shear rates as compared to resin E. All resins contain

3 wt% of resin D.
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Figure 3 shows the melt strength of blends of inventive and comparative resin
versus the amount of LDPE resin F. For LDPE amounts in the blend of less than 50
wt%, the inventive resin with the additive exhibits higher melt strength than the
comparative resin with no additive. Both resin samples contain 3 wt% of LDPE resin

5 D.

Table 1. Blown film process parameters used to produce all films. All resins also

contain 3 w% of resin D.

Example 1 |[Example 1 |Example |Example2 |Example [Example
. (Resin +30ppm 1+60ppm |[(Resin 2+60ppm |2+80ppm
Description |5 pippg| C+LDPE20
8C) 8C)

Speed (rpm) 18.9 18.9 19.1 18.1 18.8 18.8
Rate (Ib/hr) 152 151 151 147 151 151
Rate/rpm 8.04 7.99 7.91 8.12 8.03 8.03
Barrel P1 (psi) 3010 3210 3120 2590 2770 2840
Barrel P2 (psi) 4190 4370 4370 3510 3730 3840
Barrel P3 (psi) 4410 4570 4680 3590 3870 4040
Screen P (psi) 4320 4450 4580 3500 3790 3950
Adapter P (psi) 3040 3080 3190 2370 2610 2670
Melt Temp (F) 456 457 457 457 456 457
Barrel T1 (F) 378 374 375 375 375 375
Barrel T2 (F) 427 420 420 420 420 420
Barrel T3 (F) 396 389 390 389 390 391
Barrel T4 (F) 379 375 375 375 375 377
Barrel T5 (F) 381 375 375 374 375 375
Screen T (F) 424 440 445 444 445 446
Adapter T (F) 450 450 450 450 450 450
Block T (F) 456 450 450 450 450 451
Lower Die T (F) 452 450 450 450 450 450
Inner Die T (F) 191 186 189 188 185 184
UppgpDie T (F) 451 452 450 450 450 450

Table 2. Film properties of some films produced per conditions shown in Table 1.

22



884 78 931 50 807 43 897 46 Table 3 - Mechanical properties of filns from
Exanple 4 - Silobag films Oiginal fornulation Case #3 - | nproved

For mul at iwo 20Avss3Ige Std Dv Average Std Dv Thi ckness (averase)L1/oke8s@37 5
237 6 Secant Modulus, 2% MDD, MPa 190 7 189

Resin Resin
Description Resin | Standard | B Standard | Resin | Standard | C Standard
B deviation | w/60 | deviation | C deviation | w/80 | deviation
ppm ppm
Melt Index 0.95 0.05| 0.69 005| 13 05| 1.00 0.05
(g/10min)
Density (g/cm3) 0919 0.002 | 0919 0.002 | 0918 0.002 | 0918 0.002
Melt Strength
(cN@Platen) 4.8 64 3.5 55
Thickness (mil) 1.43 0.052 1.37 0.082 1.27 0.045 1.42 0.027
Puncture
(fE+1bf/inA3) 113 18 130 23 120 18 125 21
Dart (g) 235 235 262 283
Modulus Secant
CD 2% (psi) 29942 1042 | 29016 494 | 26129 1312 | 27033 1292
Modulus Secant
MD 2% (psi) 26158 806 | 27241 365 | 24144 469 | 23560 568
Tensile CD
Peak Load (Ibf) 52 1.2 6.5 0.4 52 0.4 53 0.9
Strain at Break
(%) 604 36 634 17 624 5 603 40
Stress at Yield
(psi) | 1581 39| 1599 72 1544 16| 1521 40
Tensile MD
Peak Load (Ibf) 7.6 1.1 7.9 1.0 6.6 0.8 7.4 1.0
Strain at Break
(%) 515 22 494 14 541 15 510 39
Stress at Yield
(psi) | 1619 99 | 1644 40 | 1590 55| 1560 142
Elmendorf Tear
MD (g) 457 64 404 58 530 83 391 92
Elmendorf Tear
CD (g) 884 78 031 50 807 43 897 46

Table 3 — Mechanical properties of films from Example 4 — Silobag films

Case #3 —
Original Improved
formulation Formulation
Std Std
Average | Dv | Average | Dv
Thickness (average), p 237 5 237 6
Secant Modulus, 2%, MD, MPa 190 7 189 10
Secant Modulus, 2%, CD, MPa 200 2 199 3
Strength @ Break, MD, MPa 26.8 --- 26.7 ---
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10 Secant Modulus, 2% CD, MPa 200 2 199 3 Strength @Break, MD, MPa 26.8

--- 26.7 --- El ongation @Break, MD, % 1010 --- 972 --- Strength @Yield,
MD, MPa MO011/085371. 6 --- Strength @ Break, CD, MPa 24. PCTAS2@53/070850 -
El ongati on @Break, CD, % 1107 --- 1098

Elongation @ Break, MD, % 1010 --- 972 ---

Strength @ Yield, MD, MPa 11.8 --- 11.6 ---

Strength @ Break, CD, MPa 24.7 --- 25.7 ---

Elongation @ Break, CD, % 1107 --- 1098 ---

Strength @ Yield, CD, MPa 11.4 --- 11.6 ---

Elmendorf Tear, MD, g 2149 161 2633 186

Elmendorf Tear, CD, g >3840 --- >3840 ---

The following embodiments are expressly considered to be part of the present

invention although each embodiment may not be separately claimed.

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

10 allowed patent applications identified above are incorporated herein by reference.
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--- Strength @Yield, CO, MPa 11.4 --- 11.6 --- Elnendorf Tear, MD, g 2149

161 2633 186 El nendorf Tear, CD, g >3840 --- >3840 --- The follow ng
enbodi merwe 2ar1e88¥pr essly considered to be part of the pCcEdsaa1tiopassnt i on
al t hough each enbodinent may not be separately clained. 5 Al t hough
the inventi S been described in considerable detail through the

precedi ng de EF‘BFTon and exanples, this detail is for the purpose of

iITustration ampgd A%hﬁ%vﬁlg alRicRRNS bFdRd 1R 1@0'@61»&@&61%@9& the scope of the
invention as it is descri in the appended cl ai ns d%lted St at es

patents, published pauénﬁbapblmbéml@ngﬂmhﬂ“&ﬂéﬁbbmedygawbn@pabpwruaﬂéons
identified above are incgrafrated gprein by reference. W claim A film
havi ng a thi ckness great &¥ AR tD8" ni cr ons conprising: a) from10 to 100

percent By weight of a pol mtewﬂlgemfm YIyethyHAE ey hd iy PHARRFSasof @ 1)
sel ecting a target polyethylene resin aV|n§‘a density, as determ ned
according to ASTM D792, i n dekemingdgecaflingite S@M@7Qﬂclﬁﬁhq @nge 96Bowy/ cnB, and

a nelt index, as determ petﬁ&;g/glrnd &gggé)%ﬁ !\/%IBJHZI% tl%e}sa:&%te{é?n%g in the

range of from0.01 g/ 10m n reac

pol yet hyl ene with an aIkoxymamﬁn@td@ﬁﬂﬂﬂiﬂ@ﬁSKhlaRgam@&ﬁlnh&ﬁ&mﬁﬁaﬁ 900

parts derivative per nllllon parts b ht of total polyethylene resin
under conditions sufficientffeB0 #Hd?gﬁg@t?aggﬁgﬁpnétrength of the target

pol yet hyjhene resin; and 9 L5 ??thqIﬁgqﬂﬁyﬁﬁﬁ§ﬁﬁWuN@ﬁ9QBx§§ fhel OW density

pol yet hyl ene conposition.” The Cal erein oxy am ne
derivative corresponds to Khﬂvﬂﬂmnubaanﬁﬁmﬁbﬂﬁm&hQDGﬁmmmkﬂst&[&nd R2 are

each i ndependent of one anot o 2 aIk or C4 2 aryl or
substituted hydrocarbon grdﬁﬁ% ‘3ﬂ§“dggﬁgﬁ%¥Y%P Eﬁﬂf%ﬁéw’le and R2
may forma ring structure tc%ﬁ@lftﬂaﬁ‘i sufBAEnMS ihSedl¥ HOHE0 stréh W&ﬁtﬁ@ﬁa{r#@r‘ or a
substituted hydrocarbon group conprising O and/or N. The #I|ﬁ]0f claim1l

wherein said target polyet pplysthylénegesingwdsity in the range of from 0.908

to 0. 93%59/ cng. b) from O to 90 percent by weight of a low density polyethylene

composition.
2) The film of Claim 1 wherein the alkoxy amine derivative corresponds to the
formula:
(R1)(R2)N-O-R;
20 where R; and R, are each independent of one another, hydrogen, C4-C42
alkyl or C4-C42 aryl or substituted hydrocarbon groups comprising O
and/or N, and where R; and R, may form a ring structure together; and R;
is hydrogen, a hydrocarbon or a substituted hydrocarbon group comprising
O and/or N.
25 3) The film of claim 1 wherein said target polyethylene has a density in the range
of from 0.908 to 0.935 g/cm3.
4) The film of claim 1, wherein said target polyethylene has a melt index in the
range of 0.01 to 3 g/10 minutes.
5) The film of claim 1, wherein said target polyethylene has a molecular weight
30 distribution, Mw/Mn, of less than about 5.
6) The film of claim 1, wherein said film has MD tear greater then 100 g and a
CD tear greater than 700g.
7) The film of claim 1, wherein the melt flow ratio of I;¢/I, of the target

polyethylene is greater than 8.9.
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The filmof claim1, wherein said target polyethylene has a nelt index in
the range of 0.01 to 3 g/10 mnutes. The filmof claim1l, wherein said
target powgepbhiissste has a nol ecul ar wei ght di stri buti onPCHUSEALL/02G850 eSS
than about 5. The filmof claiml1l, wherein said filmhas MD tear greater

then 100 g and_a ear. greater than 700g. The fil f claim rein
the nelt flow ?};{tﬁg iy aff_galalzia‘fhef%_ el %Q-ﬁg@%ﬂ}[%@%ﬂg Gl t han
8.9. 8) The fildpuaf afdeRpdlydthyhe R EMSIO0ST (o BdteOhdn 630/ s1/ [ Vi scosity
at 100 rad/s] of the target po?,yet hyl ene msasuredg at 190C is greater than

6.5. 9) The fiPmdfe fdadtraldim latvdheedim tanaieltdet 9.4 rad/s Of the tagétpobyfetitythenet ar get
pol yet hyl ene neasur ed gt tﬁ&&i ? I &ss ti;an 5.5. 510) The filmof claiml1,
wherein nelt stretﬂ%atsﬂre A the t'a eﬁ% aBéI‘ et hyl ene nmeasured at 190C is

greater shan 4]§chhe flld) of UM 1, Whein &leiti siedgth \Wh @fe@iufet fitydthy1Bhd Meddufduced
by blown fil m extrusi on process. 12) The filmof claim1, wherein said

target polyet hyl etéoPilelsamaterihagrerchiel t 10strength after reaction with an

alkoxy am ne S HRUNEE AR, £ SRIBSURNR, SRS DA kRS, 22t 9

pol yet hyl ene conprbses a bl end of two or nore of LDPE, HDPE and LLDPE at
di fferent proportions. The filmof claim 1 wherein the film

14 1
conprises a bl épdlhsiilmgf %im@w@ewn s3i¢l tgwget pabyothvigng Presepts highsemeltn at
I f th : : 1 | k
east ong of the s@f%lﬂ _Iaﬁtgmgf}rﬁnﬁg\flﬂgﬁga@WarH% RECRiVERRAL £bnpdibian al koxy

am ne derivati ve. e fi Im 13, erein the concentrati on of
LDPE i s at | east rédGfoshychieisglt bdeaweactddnarth bih elkdsy hainerigriaateiem | ar nel t

TSI N LTI S AN
or more of LDPE, HDPE and LLDPE at different proportions.
14) The film of claim 1 wherein the film comprises a blend of two or more of
15 LDPE, HDPE and LLDPE, wherein at least one of the blend components has
been not been reacted with an alkoxy amine derivative.
15) The film of claim 13, wherein the concentration of LDPE is at least 10% by
weight lower than blends having a similar melt strength which do not contain
any linear polyethylene which has been reacted with an alkoxy amine

20 derivative.
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