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Solid State Process to Modify the Melt Characteristics
of Pol yethyl ene Resins and Products Field of the

wo pveftiion: The invention relates to a processP€DUS100€031826

nodi fication of polyethylene resins to i nprove nelt

characteristics. Mre specifically, the invention

relates to a process for the solid state nodification

of ethyl ene copol yner powders utilizing free radica

initiating agents and to inproved products produced by

such nodi fication. Background of the Invention:

Modi fication of polyethylene resins in the nelt state

using free radical initiators is known. One such

process for the production of polyethylene filnms is

descri bed iSvlid. SSateRxioeess tdidIodifyoihz &8 Chansctpristicss s

i nvol ves nelt extsfPblveth@leht Regins and Prydmeets at a

tenperature of at least 180C in the presence of an

amount of free radical initiator sufficient to inprove

bubbl e stability. Melt phase processes of this type

%riejd (ﬁo ﬂ;ﬁvl ﬁl"wn&bﬁ:f I'fﬁél }nvglﬂio%o%tlz[té)sl 102! .%r(? b€ PoPiRAUGE fication of
s of ‘gel's.” Free radical 1nitiators,

palyetisidnartyins pefmpiode sndliavterataitibeeMart ispedifichlfyorthe invention

the solid state_ oxidation of polyethylene resins }o

pelaigtide aepioress fior e splich algte @Pddfé‘l’@np Pgé i@e gppglymer powders

ARG, WD g e et s vy o

meaiifidatios. utilize free radical initiators with

particul ate pol yethyl ene resins, they are typically

carried out under conditions so that polyethyl enes

hﬁﬁék@u‘ﬁﬂ%}' tRE THvEHIRET SVBdificRi AAMGRAveth NNk 96 @RSmelt state
r € oxidation of polyethylene in a fluidized bed

ueiagt Gree (raklisal Ratignts Mo knawn5R38)chhipeteesterfer tthe production of

o LU SRR S0 97 AR NRDs SR 508 . O BRR fmvotes
A Healintt PRIQWCHRyBef dtenichpeRirdbf of ebd1e 80!l the presence of

density pol yethyl ene to deconpose the initjiator .Pri or
tag amount of free radical initiator sufficient to improve bubble stability. Melt phase

processes of this type are, however, difficult to control and often produce undesirable

amounts of gels.

Free radical initiators, particularly, peroxides have also been utilized for the
solid state oxidation of polyethylene resins to produce emulsifiable products. Such
processes are described in U.S. Patent Nos. 3,322,711; 4,459,388; 4,889,897; 5,064,908
and 5,401,811. Whereas these reactions utilize free radical initiators with particulate
polyethylene resins, they are typically carried out under conditions so that polyethylenes

having high acid numbers are produced.

In one process for the oxidation of polyethylene in a fluidized bed reactor (U.S.

Patent No. 4,459,388) high density polyethylene powder is combined with 500 to 20000
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introduction into a fluidized bed reactor where it is
oxi di zed. Treatnent of polyethylenes utilizing high

wo eopeghoiof free radical initiators in this manP@r/US2006/031826

produces | ow nol ecul ar wei ght species which limts

utility to certain applications, nanely,

wat er enul si fiabl e applications, In copending

PR fré@tadaenl Seimiag cORpodill B3the2HRendeLdft dyyRei@land heated below the

pol yet hyl ene powders obt ai ned by bl ending high and, | ow

poftening apinheil ghe hidngdasinmws! TentongcoPPessy the 1nitiator prior to
| jon r r i fd i.n: the: i d

SROEGLT bl R, ARGLSY St Sp 0 {AGE 0N DAY ¢ pront of

bolyetyhdes pRliringvhich ilewetiadf foed péichlyihiziaeors @sthissmam praiices low

in accordance with this_ process have reduc di e swel |

adequiae rwaighigsnesles veiche h@}lﬁ.utﬂ{tymm@aaleeamﬁ%}%& namely, water-

\é@pﬁ . Lf _Qther polyethylene resins could be

%gll |%%§a#?ﬁa@g§ilevels of peroxide in the solid

state to enhance one or nore of their nelt :

characteristi.cs. Summary _of t I hv ' A process

For ¢ curiding; aplobm Srtzh o BYS8k#SHe . RyfieREf Soyethytene

%@%_ SRaihEPHOReddtR highddd BRALRIATr Sdigf domponents made in
rovided. The process conprises contacting an ethyl ene _

copodtygeepolymesiization wepstorsvatehmadifiefl fie thd sadidasigantilishg free radical

or.ganic free radical ,J.pitiato t a. tenperature above .. .

ERBAP o atais forh e AaDberer Meim B SRR R e daF Ypaified in

laBdJrildlce kvitHis pedeyd e rétickd g speilnhd afcrébed ekhygiremgh.

copol ynmer resin to increase the ER of the nodified

resin at |east 10 percent. Powders nodified in

accor j t j ' [ - AV .

par 1 o BogaHetghp SHMHERMED ol pERlen1chR HE R RRADBe modified

il Rraldvgls &ff paroxie tio tHb OflidrtateonsenhRadey eiichpt eree of their melt

resins which are advantageously nodified are

€byastgIEIcs of et hyl ene and an a-ol efin cononomer

selected fromthe group consisting of butene-1,

Summary of the Invention

A process for the solid state modification of polyethylene resins to improve their
melt characteristics is provided. The process comprises contacting an ethylene
copolymer resin powder with an effective amount of organic free radical initiator at a
temperature above the initiation temperature of the organic free radical initiator and
below the melting point of the ethylene copolymer resin to increase the ER of the
modified resin at least 10 percent. Powders modified in accordance with the invention
typically have average particle sizes from 5 to 2000 microns and, more preferably, from

75 to 1500 microns.

Polyethylene resins which are advantageously modified are copolymers of
ethylene and an o-olefin comonomer selected from the group consisting of butene-1,

hexene-1 and octene-1 having a density from 0.89 to 0.965 g/cm’. In a highly useful
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hexene-1 and octene-1 having a density fromO0.89 to
0.965 g/cnB. In a highly useful enbodi nent |inear |ow

walengiotor2pol yet hyl ene resin powders havi ng denBCT/U8R06/031826

fromO0.915 to 0.935 g/cnB are nodi fied. Highly useful
films having inproved nelt characteristics and shrink
properties are obtained using |inear |ow density
eRbb tign o0 ﬁhédr&dwidl@nﬁ@qimﬂMMmewbmh pohdesdlaiihgsieasities from 0.915
process of, the invention ? adi cal initiat
lyapssEg &)

éq;ﬁ; §§épm oAre frslifiedo cldigh B8 hayng iyprqvEe %eitoqparactenstlcs
GO SIFhIN ro Erifdk g%"@agbtgﬁé@xds 1n9%§%\lvcden51t res1 s modified in

hydroper o es an Z0 CO gani c pe es
atgbrésipe omall thy sdidaate prq@essmf |t}mleemvemioact ed fro m t he
group consisting of dicunyl peroxide,

2,5-dinmethyl -2, 5-di (t-butyl peroxy)hexane and t-anyl

per oxyiplay ?:Jﬁ?éa? ﬁﬁ@to&ae B%(Prfd)ﬁ/ﬂﬁdﬁ\/@@éﬁgcﬁé’ wsleb R ﬁ«hﬁ the group
process. e anount ree radical initiator used

wohdistopgreraganic pangmieﬁ raggandx Byd'loparsmdpqamd tovgomegounds.  Organic

BPERieF e EeG Sd BRE IO, STeTsih T, aht R ragsisting of
B&%ﬁﬂl %)efo‘%‘i’d:én bi SOdIhﬂeﬁly@-Z praaesgylh ékbxﬂh@xa[ﬂéddnﬁl tCaaﬁyl PRroxfypivalate
pol yet hyl ene ( resins to inprove their

@frmpaamméanl}s aql\cagtangS| fosthemaeases t Theameunt ol é’lesrré@é%islmtlator used

h Jyodj f f
{1&8 gadlsggﬁoé? ?ggttote 5 I,Pglgré:hﬁ%aegg? #e%e 65‘5%4"1?3%1&“ l%vels from 1

n@gmﬂﬁﬁ&tdmfe@eﬂr ee radical initiator into the resin
powder followed by controlled heating of the m xture

bel ow the nmelting point of the resin to effect changes

in one or nore nef)&taﬁ@(i’f)@&tr tiO%Ltdfq € Vegl@l%nr esin.

Qobserved nelt en ed nelt
sThepgisknt invgrtiovds aqmédessefoasslta wiotlificatieh oﬁmlyﬂhﬁlene (PE) resins to

processahi l i Mor eover, these inprovengnts ar
HEPIONG éaely\meitoq}{argqteéﬁmq c]é‘n’tts g adest it Sy etWBC‘?SésePWﬂS the solid

%@e ﬂioﬁﬁ%ﬁoﬁ"o@ hii) 'ré\sﬁpﬁyl)\\édéfl LR6I ReErR! BChrah MWeihgNas®hesin, by

nol ecul ar wei ght distribution of the resin.
E&mw;mraim& aefrceesadlcq@ammm' intd Ithe eepirf powdbie fellayeadsBy controlled

%eatlng ofs tﬁe mixture lbgllow the melting point of the resin to effect changes in one or
more melt characteristics of the resin. Observed melt enhancements can include
improved melt strength, improved melt elasticity and improved processability. -
Moreover, these improvements are achieved without significant oxidation of the resin
and without significantly altering molecular weight or molecular weight distribution of

the resin.

Polyethylene resin powders utilized for the process are those commonly
produced by slurry or gas phase polymerization processes having average particle sizes
from about 5 to 2000 microns. More typically, the average particle size of the powders

ranges from about 75 to 1500 microns. In a particularly useful embodiment of the
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produced by slurry or gas phase pol ynerization
processes having average particle sizes fromabout 5

W0 2002000211 crons. Mre typically, the average Per/USm0€031826

size of the powders ranges from about 75 to 1500

m crons hi a particularly useful enbodi nent of

t hei nvention the average particle size of the

peleytibd Heeverage paniciuosigkes! ths pblyethlytene aexje pd®@ert is imtieutnge 100
1200 microns. Afree radical initiator is conbined

i ebout AE0G ISRy | ene resin powder and uniformy

di stributed therein and adsorbed on the powder

particles. Any suitable m xing neans whereby the free

r adi cal fienirhdiahloinitimordisstamtingdewithhihe ugtipeibyleire resint powder and

Gt i (s EhhteRenett apboefin Sheb oS dalypar i ady suitable

%ﬁ(ﬁ{g 1ﬂ9ansr\9h$r’eﬁ‘§3 thd W@@lrhdﬁgal ﬁﬂtié'tcﬁl' % 3dlhtﬁBut@Hdthfdh%hout the entire
free radical initiator may be added directly

tpowdomi@lurrasandt ueifomyy tddsorped prethe nemiden mélxd;QSoqcanobe gmployed.
HIECIRERIEN A T T

free radical initiator and resin powder are conbl ned
and m xed can vary over a w de range. The only

requi rlibgefice iradied)i initiasayamgy i be ﬂmﬂ @Wﬂb’eWp@P‘é{ﬂ@i’r as Abexits the
bgl}grge h!ettgoh 1%% ttoro ?xd ?t %9&\%@ il ﬁ].% ?&@e C{xiﬁ’glglﬁg é‘?do@lalt}/'/s%rgée process.

da fréso] tmnteb@)feﬁit@feldt wisichu Ithef ﬁé&‘r‘radlcﬁl Shitiiatoutaad ﬂesintﬂw/der are
powder. In such a case it will be pnecessary .to

Pﬁ@btr@ﬁﬁéﬁl HHLRGCaHVAheY S5 WHET T8¢ o B QRN f?‘ﬂ‘BWn%?Flt ? s regard is
fiff End @%Q%Iturb bt b@%‘ ]ﬁgrrég /tcpﬁecldg{f)oge fl{eef?eerrﬁ@ﬂcﬁlamltlajrlpﬁ to such an

initiato avi ng Initiation tenperature

fexteat faditcal meffecttwat fm’ naalyfidation dnﬁurn atlismuiforenl g igteibated in the
solvent to facilitate strlbutlo the re

OGNt capeoh MU BHPE AP BeT difel R et e povder

feffe haHHSRbr Y htatLhic idifialr sRl/¥eMde & $rebl38dlcalithititdr having a
preferably be an organic hydrocarbon having a

sighler piteatonyerhpaatyod.| i ng point so that it will be
vol atilized during m xing and/ or the subsequent
heati ng.

The free radical initiator may be combined with a suitable solvent to facilitate
distribution within the resin powder. Use of a solvent also enables the use of solid free
radical initiators. If a solvent is used, it will preferably be an organic hydrocarbon
having a sufficiently low boiling point so that it will be volatilized during mixing and/or

the subsequent heating.

Free radical initiators employed for the process include organic peroxides,
organic hydroperoxides and azo compounds which decompose at temperatures below
the melting point of the polyethylene resin. Examples of suitable organic peroxides are
dicumyl peroxide, di-t-butyl peroxide, t-butylperoxybenzoate, 2,5-dimethyl-2,5-di(t-
butylperoxy)hexane, t-butyl peroxyneodecanoate, 2,5-dimethyl-2,5-di(t-
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Free radical initiators enployed for the process
i ncl ude organi c peroxides, organic hydroperoxi des and

w@z@7oompounds whi ch deconpose at tenper at ur esSPOEUSA06/031826

the nmelting point of the polyethylene resin. Exanples
of suitable organic peroxides are dicunyl peroxide,
di -t-butyl peroxide, t-butyl peroxybenzoate,

Dubptiroehhesdyne, D-adiyl t patbygpdedlany )1, Poisdbatylperbxyiydpropyl)benzene,
per oxyneodecanoat e,

zn@ t]éq Hee- h%epl@seguﬁvcat}mgi{%eg@g@g@wmlp@g(Qh‘bbutyl Bygreperoxide, t-butyl

lude 2,2'- ]
ASHRBARRI AN S, Suiatle ez sppouds e 2.2 isphuyronicl

Re};dreaykam-awddmeﬁwﬂ-ﬂapahmyldmmomtrile;de di 2,2- but ydazobis(N-butyl-2-
er pxi de hydr oper oxi de and the |ike.
§&ﬂ§3§ 0810512’6‘16@&%‘83]?‘%@{9 ncl ude

2,2'-azo-diisobutyronitrile,
2- phenyl azo- 2, 4- di net hyl - 4- net hoxyl -valei Onitril e,
2,2 Qrzabi @@Nxbiws wre mom@ﬂmtweomlm niaed ded dlcamwltneeomde 2,5-

l ; ke V&?qaﬂl %gg’ ?XI ar © rcrlo-am}%dﬁ/e%g)gy% e?alfe a¥e especlally useful
wyéroﬁd&«faf ﬁﬁenbdﬂiﬂ&d@l@ﬁ@msmﬂélﬁwaﬁmnt any|

peroxyplvalate are especially useful organic peroxides
for the nndlflcatlon process of the invention.

ocur aNED T ot ST S PAVARh AR, MR RE bl with the

@blid heatd mﬂcﬁﬁrﬁaaaen grece’t hfl thveinvermmioaf are crmlmbnmmoeseﬁn copolymers.
Copol yners of ethylene with butene-1, hexene-1 and

Sopelymers ee@a}epp cHithr byteawaﬁxeéa@ohsan TRE B o 3ameragticularly
%ﬁﬁﬁe{%gllﬁé Zﬁ?ebé’ogg{}%@ B% y%g@{c'eé @g'kﬁgwﬁ Qﬁﬁlgéﬂz%ﬁoﬁﬁf&edures and

wel g t per cent
(uid] . t%)wald)yrmnm]r 0dr tax&t umegh@fpemnbrﬁwh%ﬂscom@ohmeor mixture of

densities r ng fr.om abput 0. 965
CORORYHER anaiets TP HESrERG g B O SoHihth A S8E y Copolymers

lawidemsi deysiRP ka\ggte mﬂc&ﬁﬁa&\'@‘@?ﬁbw hé?l‘éit? %ﬁ"ertﬁ/ylene (VLDPE), low
pol yet hyl ene "(LDPE), |inear |ow density pol yéethyl ene
@an@@Epolyn@meu«m @ERE): yinpai Jast Hiensifie p@{}@ﬂ’ﬁ’jeﬁ@n (CIWPBR), medium

ggnSI tf%/ %@QX %Rm%g{%g% dal%esiﬁy:}% Yﬁg‘y%n& Q(@Pé) résins. Resins of

kY dove $yRE caEb@bbiamed atiligiah T AeY Phillifl R Ge&skscentRhnology in
preferably slurry or gas phase processes, capabl e of

PFeSEeREs. ot plgrably slurry or gas phase processes, capable of producing resin
powders having particle sizes within the prescribed ranges. Copolymers having
densities in the range 0.910 to 0.955 g/cm® and, more preferably, from 0.915 to 0.945
g/em’® are particularly well suited for solid state modification by the process of the
invention. Densities referred to herein were determined in accordance with ASTM D

1505.

Modification is brought about by maintaining the resin powder having the free
radical adsorbed thereon at a temperature below the melting point of the resin and for a

period of time sufficient to effect the desired change in melt characteristics. The
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powders having particle sizes wthin the prescribed
ranges. Copol yners having densities in the range 0.910

W@ 200009621 g/ cnB and, nore preferably, from 0. 9RGI/US2006/031826

0.945 g/cnB are particularly well suited for solid
state nodification by the process of the invention.
Densities referred to herein were determined in
aasrstancadih b wiS Ty depoiting dh did tesiatbenny medifieduthhtamount and
about by maintaining the resin powder havi ng gtg; freﬁ1
gl efafreerepslisah dnitistperednPay e nashgle sireand BBTJ@FiPHe o general,
L 19RO ' ' £d.t M®Be preferabl
EErbl P chPephods pLif (FERe A0 [PILACRES LiPlofid. MBFe preferably,
tiatemptmiirs is maintalinet eitlp Greatuges@atot i10RC wid, Imaesh pyeferably, from
dependj ng on the resin being nodified, the anmount and
Fgﬁgt%ffo%@ee radical initiator used, powder particle

si ze g AshepehBGAOERd phRticURRS! Rlge &Ql’éebé&&ations, the modification
t enper at ures thin the range Q)(?to 1150C are

¢inpel ispevtralNimes the afitatatis half fife Thispervadasmeayimum modification and

intained wth the.range sQ0C.to .H OOC and, . npst . .
ParamiBiArs e Snabe Tomseie oo e BisePRERHgdified resin
ANGoRSK tbKUbRILS ¥ haldSnpe M e iR bleOms, ddif@ental, the presence of
nodi fication tinme is several tinmes the initiator's

signffidaitf amourts ef wireastadelsitistoriimiin modified cepin BOWEH Ganreylt in the

Pl O s R Bt sl B bk Pingpbriation
vherRGasdits@ebsinni ti ator are not detrinental, the

presence of significant anounts of unreacted initiator
in the nodified resin powder can result in the

f or maty f g ' | 1§ BSinitiat
o AR, o 84315, LN MBS Ly SR A0 O
aesdenimdhial end Genanmudiceche flesedrmelifiedtionni.¢.| Eoveased in melt

B e S g G S LR
.{p%ﬁgﬁ’ @/ﬁ?{ﬁm&rﬁ'ﬂ}nﬁ}s tn %@faﬁg& @Fon$ bb&-0.596 45Dippnt. €86 MTree radical
he amount” of free radical initiator conbined with the

pitieter isniriore grsfirataly (wilibed iman keoneinfentabont Ao 3E0@Pm and, in a
tpgrti%lslgﬂglpu@eﬁﬂ-%renb&rﬁ%leen ,aﬁjolng %{)out 2 ppm to 200 ppm free radical initiator is
employed. The latter ranges are particularly useful when organic peroxide initiators are
employed. Not all of the initiator need be decomposed in order to effect modification of
the resin; however, as pointed out above large excesses of undecomposed initiator are

generally considered to be undesirable.

As previously pointed out, the free radical initiator ma&l be added directly to the
reactor powder, i.e., resin exiting the polymerization reactor(s), or to powder which has
been stored for a period of time. In the first case the powder may be sufficiently warm,
i.e., at or above the initiation temperature of the organic initiator, to effect modification
of the resin without additional heating. For example, in slurry, i.e., particle fbrm,

polymerization processes, where polyethylene slurry from the reactor is sent to a flash
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initiator is nore preferably utilized in an anmount
fromabout 1 to 350 ppmand, in a particularly useful

wepodiarent , from about 2 ppmto 200 ppm free PEOUSANN6/031826

initiator is enployed. The latter ranges are

particularly useful when organic peroxide initiators

are enpl oyed. Not all of the initiator need be

daso apesad vt Aideireidedibashesasy fenatd and dfe doweler dried in one

resin; however, as _ pointed out above_ |arge exce s of .

Qha@éfbﬁap%e@teufmetrﬁ@%lrlnma@r Gambe apixgd BVéthsf ?J@P]éfa&%'gmﬁ gowder in
d r e 0 t e

N

ppsvEigdns, ithe initistes ican éyei ¢dnmtgnddhevifhotvgme riotwthiydene powder prior to

reactor(s), or to pawder. which has peen ored f.or .

yensierdtoo st9rAge i Wh%e fhier WixtHtgs ey ﬁ%%ﬁksﬁﬁ)éra ﬁ%{ﬁ%&? period for

%gdfﬁ&hgmd Ve \f(ﬁa i.e., at or above the initiation

tenperature of the organlc initiator, to effect

modi fication of the resin without additional heati ng.

For e in slur I . €. articl fom .

pol yneh f aqu’élnlsp?to@@gégg tenW?EqIEr pdi SS/‘ét?lﬁ g¥ belqvy, g, free radical

fifigMdnRnlpRAtier ad & WANE beqf e teamhWElivREBr 80 leXRAded period

and i nreacted nononers are renoved and the powder

dripetd inndificetion, additiendrheating meay é’effﬁ@éfqdadﬂldgls case, and preferably
i tiator

el RS SRR FRLNGAD U, PERMELIMABED, BRUER bbaer,

tinhRigure! JF thE REktup@RUbRed Midveghopti@ionaesipertatige of the free radical
initiator can be conbined w th warm pol yet hyl en

patieter byt bdewtthe melting Beint of thegpalyeipdeng FesiReF dect fepdification.
'Rsxélﬂf)lgg%?rlllepe?n hﬁlllt%tlogrtleﬁ’lp?%{lﬁé GLRN 1Pehd &Eture at which the

1on tG occur eresin is at anbient
tietiper ailUbeginto dacbinposeeaidl gendreledieetrhdicilsee radi cal
initiation tenperature, as it would be if the resin
were stored for an extended period prior to

modi fivgaif PEdIghﬁl e;%gxgiersh eRtthO dbSRY types e S/ sthtB using low

this case, d pr ef l'y after incorporation/uniform
devstsr ob ditek cmdmfal irfigatorsg gaitiowlarly targamie neroxides, peeduges significant

PR e
'vﬂ:'léﬁt ab0 rm&@éul%'vﬂ%%l {th §1sﬁﬁiu§1b1'ﬂ gMaWDY oFf tHeh@olymer or producing

pol'yet hyl ene resin to effect nodification.
undesirable gels.

Enhanced melt characteristics of the solid state-modified resins are
demonstrated by comparing various dynamic rheological data generated for unmodified
PE base resin and resin modified in accordance with the invention. These data are
generated using any rheometer capable of measuring dynamic mechanical properties of
polymer melts over a range of frequencies such as a Rheometric Mechanical
Spectrometer Model 605 or 705 or Rheometrics Dynamic Analyzer RDA2 or ARES
Analyzer.
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As enployed herein, initiation tenperature refers to
the tenperature at which the initiator will begin to

waewonpase and generate free radicals. MdifyiPQr/PR006/031826

resin powders of the above types in the solid state
using low I evels of free radical initiators,
particularly organic peroxides, produces significant

| Mpr owgdre NépetifichBy, PEMREsinsC Reddafdde i S:idcomamd hmﬂlﬁ the invention
subst anti al I y altering the nol ecul ar .

roexneotedly ebiljhsigaifiseptly dnprved phgglosea tﬂ%y%&eyﬂﬁfr Speological
E)P]g/ g%lgqu %glz !i% {1 eecggjg T '56‘1% Elerﬂeegﬁ#éme ts gfor%legrog molten
desiransit iaintldelned byrthatype gnd amloumlsof dbyanaehing, clhaue ektegriomind other

data generated for unnodified PE base resin and resin
(oA P NGB AP It ORI Foh 10 PRVt ages in mell
a r I
e
mgeiemnfneécfxmmplmommiagamodum é@’r)raftsrsue lage areiius[G'') and is a

Spectro del 605, or r Rheo ric

ARy 1 Theopo B AR e BARERY Db e B GpER, b ORP o pgdetermined
e AR dh R €Sl fr ARL . dARGRIINM INew Medsﬁh‘é@ rgfi Plydispersity from
unexpect edly exhibit significantl

ﬂ%@glog@akﬂaatapglliﬂdhmgd\dg]ts, L Mﬁ@d%’ﬁlmr Smence 57 (1995) 1605. See

ﬁ%gé@?eﬁ%@ﬁ%e?ﬁ@ ’%E%j C}]g% 49%%#;6@6?5%1{1%6%{‘ \?gfcﬁa}&e incorporated

hefdinenfgdeide. t he type and anount of branching, chain

extensi on and other inter- and intranol ecul ar

[ Int eractions, is conmonl y used to show changes in nelt

el asti rt.- i .

o 2ot L 3B B S A RAOLAPYy consing i

dediepovded Witlo mb\plletfeﬂs of fﬁe(xraalgel nmmhﬂd)msin(tﬁe)soﬁérska]s exhibit an

|.oss modul us (G!) an ure of,

ARGgPASRN dRuPA L Y ghY § efran I o SR snetgncsgRup do several hundred

&gﬁwgtm ?%%réfbl e%vﬁéﬁ&ﬂlﬁ@ﬁ&ismdéc%ﬁﬂﬁﬁgedwﬁtﬁ tRe imn@bh, BRODS the PE
New Measures of Pol ydi spersity from

Restid BghcabseDatya2@h dPahgreer Mividower, 'thig ingkpgsiei is dERPa$ peasmplished

%vcllth%ﬂ‘g 1%6? rm(alfl%gsof églcs) 5and W%ele maintaining a weight average molecular weight

(M,) suitable for melt processing, e.g., greater than 30,000. It has further been
observed that, in most instances, modification can be accomplished without
significantly altering the weight average molecular weight. Whereas it may be possible
to achieve some improvement in rheological polydispersity (ER) using low levels of
free radical initiators in extrusion modification procedures, the degree of improvement
is significantly less and, in many instances, the increase in ER is accompanied by the
formation of gels and/or significant change in molecular weight or molecular weight

distribution.

In addition to the ability to increase melt elasticity (ER) of the PE resins, in most

instances a corresponding increase in complex viscosity (n*) at low frequencies, i.e., at
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also U.S. Patent Nos. 6,171,993 and 5,534,472, the
teachi ngs of which are incorporated herein by

wo edfogoariee. PE resins nodi fied i n accordance weTUs1ve6/031826

present process by contacting the resin powders with
low I evels of free radical initiators in the solid
state exhibit an increase in ER of at |east 10 percent

gfwfsueablsﬁrr@lsb nshRAges , ThiRet coriver dbcdsities) éybigrtyc emdasured at
referably

finqemeiconst B GRUPRKSSPIG (EH0/60), e Al SEe (6 Y SR04 rlow-shear
Ugfxﬁ 1t1:¥b rlﬁ%\ﬂf\gep npﬁ?ée‘ésa'bﬂﬂ/ ke an%l’ﬁ\% I3 1yREHRIR rESRE Gs ev1denced

i on of gels an e maintaining a
wlcﬁbﬂeawaedoagﬂemmbmuiearat \Imtgfreql(ehwps duei,taildligh Slagar,nmpy also be
pr ocessi eater t han

@b‘@ﬁlegbs"gﬁq, daitef H’an% X, VigeRstties @mgsme%gﬁf% rgﬁlbeﬁmes of 100
?ﬂﬂse? Car8C R ﬂo%@n%ﬁ?ﬁ%hea?'v%b&hé‘sam ly altering the

wei ght "aver age wei ght. Wereas it may be
p033|ble to achi eve sone inprovenent in rheol ogica

polyd erS| usj n l.evel.s of f

initi i’ onp t{ﬁ’g P gﬁsqgjt?aﬁ?fl}ogﬁqahﬁmparr% %égg\fegﬁg 1lﬂ§cﬁllt significant
deQILE6n Of the PEeréiﬁ MRNthd Scidhaifbdr oF A deYinliessediuly undhanged.
many i nstances, the increase in ERis acconpani ed by

the formation of gel s and/or significant change in

rTol ec #5|8ﬁ/r {h\é\f#ﬁ Eésggs-rrpo 1ﬁ8§ LI'r{ Qgco%h%]&fltﬂ tl?é 5110Q19tde95hbeh Rolid state

addi t I'ncrease ne

pERbdwt tlke afntRebisy tiliZe0Sin iangt appdiestian where the base, i.e.,
correspondi ng 1 ncrease i n conp | ex vi SCOSIt

t
uaggofl J@qu@ﬁl@ @8 be,usgd TREY 816 gqq@g}lar \'f @Vgp@gecglléailp\?gﬁr, in those
OB SUBATAR MR P e ULkl S8 cmsioncnin
tief o foeghing) blvey aiohdiag ahd feamting DpM‘a’SQI[SS i Thegsa.re hrgbﬂsousa:ful for the

bi Ljt f the nodjfi th
ggﬁ%gllg S%ga% J@}F% é‘fgﬁ]e‘@aglzas eqdﬂpglge e d¥1{' eéggcg{&ﬁ;l/lgﬁé ré3is of the
%t aﬁﬁlggﬂe%%ﬁlchlaﬁty uséful fir Bow BB ﬂ’[ﬁ:ﬁtl@ﬁs&@h&@ ease of extrusion and

ter conpl ex VISCOSItIeS typically
imebisla s@tliliay aferpeineaeyn coresrsf 100 rad/ sec, are referred
to herein as high-shear viscosities.

In a particularly useful embodiment, LLDPE is modified to provide resins
having improved melt properties capable of being fabricated into films having highly
desirable shrink characteristics. LLDPEs, most notably copolymers of ethylene with
butene-1, hexene-1 and octene-1 having densitites from 0.915 to 0.935 g/cm® and melt
indexes (MIs) from 0.1 to 2.5 g/10 min, are commonly used for the production of blown
films. While these films exhibit good toughness, tensile and resistance to
environmental stress cracking, some well known drawbacks include low melt strength,
susceptibility to melt fracture and low shrink. Films obtained using the solid state
modified LLDPE resins produced in accordance with the process of the invention have
significantly improved shrink characteristics, in many instances comparable to that

obtained with LDPE films, without significantly affecting other desirable film
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Addi tionally, the above-described nodifications are
achi eved w thout significant oxidation of the PE

WO e®i7/070121 €., the acid number of the resin i s PCT/US2006/031826

essentially unchanged. Pol yethylene resins nodified in
accordance with the above-described solid state

procedure are advantageously utilized in any

ﬁfb@lafti%atM@n indwgeerdifitedtaderein were detanmided ireakcordaséenwith ASTM
can be use are particularly advantageous,
Eb%@@éﬂ-cmﬁh?%bgé) Ol ications where superior nelt
properties are deS|rabIe such as for extrusion

coating, thernoformng, blow nolding and foam ng

oper atthe rfsllomngylabmetoty gelley expreinoants diustrhte the daneatipenhowever,

of fi e pes and profiles
Howg elpiienete et Bl GReasiize: B yeun ayiio, g pyfit of the
Hﬁz@ﬁﬁ%n Msc@%@&ﬂhébiaﬁ@pp! i cations where ease of
extrusi on and bubble stability are primary concerns.
hi a particularly useful enbodinent, LLDPE is nodified
to provide resjns ha.V| [ OV -‘ ropgrpes
capabl e of beiBg ' S A P e hi ghl y
desi r aipbslogikl Iﬁlsasﬁm[ea@tvefd fﬁdrfo@r&‘aed i RBalancOwith AR TN 4¢440-95a,

copol ymers of ethylene with butene-1, hexene-1_ an
wiichi neasyrasalynaggicodpelpgy lals in thnirerusnsy Fyeep, Hads- ggc%leeome‘mcs

met e{éggég gsfe%{\/lh ?n%)e];s% {Heﬂm%e Ergl%gab%l ]’1? OFBC%I etfperated at
1 bEERinf the Paraishplaiet modo@l4te dinmeasso mﬂljsnlaemangbn environment to

resi stance to environnental stress .cracki nﬁ] f wel |
nﬁ@mzwmae@am%qiwa%m%%atg@tlﬁéli*?grf €1 plaic geometry of 1.2-

$ USEfPh té'nja{nt }%lﬂu(%e&ftl ob4. alﬁtreﬁt:fﬁé:ﬁcﬁ:@ ﬁjaﬂg@&’ﬁ%m 6.0%51 fo! 98I rad/sec.

obtalne using e solid state nodified LLDPE resins
produced in accordance with the process of the

t t d sh
char acksary R eden i b6 e B B BRielt ooy pigposity data
?Q’Eﬁécf‘ﬁ)%e\ﬂélh Rrd6FdEd bﬁ'l? to \ﬂfeﬁlﬁﬂéﬁatesﬂhg Rinpiovemihty observed with the

fecting other desirable filnproperties. Melt indexes
rrﬂfde‘iadecbsms <bfeﬂ@| mvension watize rio nibg ummcz;hﬁ@r Baseckesipy egd are not

F%B‘%ﬂﬁgt t9 2\§p8 L négc gﬁxgé &I%q%g?ﬁlegge{n%a%e%t at géecﬂ‘#v g«% t ofocondltlons

RAWEEIcal data generated using different condltlons, e.g., temperature, percent strain,

plate configuration, etc., could result in complex viscosity values which are higher or

lower than those reported. n* values reported herein are in poise.

ER was determined by the method of Shroff, et al., supra (see also U.S. Patent
No. 5,534,472 at Column 10, lines 20-30). Storage modulus (G') and loss of (G") were
measured. The nine lowest frequency points were used (five points per frequency
decade) and a linear equation was fitted by least-squares regression to log G' versus log
G". ER was then calculated from:
ER +(1.781x 10®) x G'
at a value of G"= 5,000 dyn/cm’.
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those skilled in the art will recognize numnerous
variations within the spirit of the invention and

w@ewpe7wabl t he cl ai ns. Rheol ogi cal Measur enent SPERTS2006/031826

Cal cul ati ons Rheol ogi cal neasurenent were perfornmed in
accordance wi th ASTM 4440-95a, which neasures dynam c
rheol ogy data in the frequency sweep node. A

Rheonetri cs ARES rheoneter was used. Unl ess ot herw se

i ndi cated the rheoneter was operated at 190C in”th? .
par al Aelthereatkilladpigebe grtavid @rogmiace whep thejowest §" value is greater

gigg%lggmd {}cvzlinr,gcgg%ﬂ{enhﬂla%ﬂ] gﬁigggilﬁ@% gxtraapol t}m The ER values

nfdegradaton w int parallel plate
goutBled Yhaf will depehdonntire alagres tonaiomliaequity i des bl GOsrsus log G”
Frequenci es ranged from 0.0251 to 398.1 rad/sec s
ot | T%tm@mez@atewamﬁwﬁé%qpﬁw TR HE selpqied such tha, within

ﬁféer%gélhgor? %?Ril? Xhof RS ey 1odkRba G ef£id &dclole RERI1Bss3hen 5,000
ed only to

provi enonstrate the inprovenents observed
diidicrthhe nodified resins of the invention relative to
the unnodi fied base resin and are not intended to be

limting since they are generated under a specific set

of conditions. Rhegiauta! wephfDetrafiah®sh usi ng
different conditions, €.g. erature, percen

. 1€ t ,
st r ai Weightaverago midleputastweaght (Mg nunghsy peerpgssiplecplgr weight (M)

conpl ex vi scosi .val ues i [ r .

SRR e SR5bl VulPhE MORED, BE MRS b et by
B&ﬁr%%tio@%h&“ﬁﬁat@@k?hfﬁ((ﬁ@@) bysidghe Weitdro dGRE208000f thighe temperature
al ., supra (see also U S. Patent No. 5,6534,472 at

Giument@juinred exitpe n8r9d bedk GPG Gelumsy(lalgnerd abs apired gidth B-LS).

f ) .ower upred,. [ e . .
SomhlEs yERLBreBRRY P eE i\ g TR PRCANERRL 275 mt 124
andhicobénzesy. Elitabbidaphms whi titegicht byndneasit iy e 6 1.0 ml/min and
regression tg log G versus log G'. ER was then
sapRezataEeey 1P Em ER + (1.781 x | B) x GL at a val ue
of G'= 5,000 dyn/cnR.As those skilled in the art wll
recogni ze, when the lowest G value is greater

Molecular weights were calculated using a narrow polystyrene calibration curve

using appropriate Mark-Houwink constants and Waters Empower software. The Mark-
Houwink constants, K and alpha, were 0.000374 and 0.728 respectively for
polyethylene and 0.0001387 and 0.7 for polystyrene.

Example 1

A commercial medium density PE resin powder utilized for rotomolding
applications (density 0.940 g/cm®, MI 3.6 g/10 min; melting point 125°C) was modified
in accordance with the invention. The PE resin used was a copolymer of ethylene and
hexene-1 and the powder had an average particle size of approximately 1000 microns.
The PE powder was combined with 10 ppm 2,5-dimethyl-2,5-di(t-butylperoxy) hexane

and tumbled for 15 minutes at 25°C to insure uniform distribution and adsorption of the
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than 5,000 dyn/cnR, the determ nation of ER invol ves
extrapol ati on. The ER val ues cal cul ated then wl|

walepention t he degree on nonlinearity in the |PQr/Gs2006/031826

versus log G' plot. The tenperature, plate dianeter
and frequency range are selected such that, within the
resolution of the rheoneter, the Iowest G' value is

%Eﬁﬁtﬁie_t&l B b8 poivianpdtifed e edsinBowddnlvesithe pMéedyitt an oven

term nati on Wi ght average nol ecul ar wei ght (M) .
odrivesintaived ab S04l @é@Oéro%a@qstwlvml%wf%}ailmlla?f the peroxide

\gﬁaits%chéon%;q%&[.i bution (MAD) of the polyners were

alne y ‘'gel perneation chromat ography (GPC) using
a Waters GPC2000CV hi gh tenperature instrunent

equi d with i xed d GPC_col Pol b .

i e Riee REgBlSpperbanl 6 e BB Ty aied B gn powder
@vé@%{lgnﬁig&i 4k &€ ?éFBrtle@ irﬁTe?b?e i Mbléutht weight data are also provided.
tric he 1Te

or obenzene. no phase was used at a
nomnal flowrate of 1.0 mM/mn and tenperature of

145C. | ecu wei ght s e.cal cul at ed, usi a narro

ol y P ai e TeprdB ner ey SOy Ry B Spop et s i o tbnced by
%!me% 1GeRs! BRt $160% M8h&' akMeVWanmseificdabe resin) and

_I}%ralgl r k- _Q%uvm nk congt a_n)?sl}ﬁK and al pha, were resin) an

GuitDDBialy smprofed Rv-sheaprisedsits|- Yl 06 Gringrerspealiny 1@h & ragfspc over that

0..0001387 and 0.7 for | ystyrene [ 4

S5 e Festa Wheradr s e SPGB, feft sisgen,pnd el

lePAsQETR) 41t Aehiwrfal Wikt ihﬁﬁ&viﬁg eHeshély pldcdabiftycarihe Msindastevidenced
/10 mn; nmelting point 125C) was nodified in . )
codaunese iwihigh-shesr ivisceity, die lywer prngnaisi sonyder visqesity ot 100

ey gelcymsr of ethyl ene and hexene-1 and t he powder had

an average particle size of approxi mtely 1000

m crons. The PE powder was conbined with 10 ppm

205 diItmseltlorJl){Ji -f\%ftl?e_rdli)e( tn(_)tke):gtt%/llltpgli %?3@16 réﬁé(x?en ?mprovements are achieved
without the formation of gels. Cast films of the solid state modified resin and
unmodified base resin were scanned for gels using an optical gel counter. For gels over
150 microns, the two resins showed no difference verifying that the rheological effects

were not the result of crosslinking.

M,, of the modified resin was within 16% of the original M, and the MWD was
not significantly changed.

Example 2

In a manner similar to that described in Example 1, a commercial high density
PE powder was subjected to solid state modification in accordance with the invention.
The HDPE used was a copolymer of ethylene and butene-1 and had a density of 0.9435
g/em® and MI of 0.7 g/10 min. Resins of this type are commonly used for extrusion of

wire and cable insulation. The average particle size of the powder was approximately

12
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and tunbled for 15 mnutes at 25 Cto insure uniform
di stribution and adsorption of theperoxide on the

WO e®@irn7q@ewder particles. The resin powder was PEENS2006/031826

pl aced in an oven and nai ntai ned at 100C for 20 hours
after which tine essentially all of the peroxide was
deconposed. Rheol ogi cal properties of the nodified

8SS hilcrané THYMPE hhEanbagef hesikidepsudiaid nertaentgirecatursdvere the

and are reported in Table 1. Ml ecul ar égt q?ta are

simso apdesoiibragior Frempisdi Noegpls @@rewbﬁ%edr@m%@ fped as a result of the

o e

PR 350 B B R B DR pocr s

veprRdil fih delbasﬁom§W1ﬂh)dawlﬁ)r3h®S¢mrw i iad.,| ynmovjpfied BADPE base resin.

| owshear viscosity - 10696| se of h*é? %@ sgc

M@@logﬁa]t % wpﬁ:egeétgl@gedraésqeﬁcrl 8\’/%?7(06?111 at) \pia e diameter was

ngt h and nelt elasticity are

fgégggﬁﬁﬁfhﬂhﬁﬁkgeggggthe melt processability of

the resin as evidenced by a decrease in high-shear

viscosjty, i e., | r dynam. onpl ex ISCOS t .

Too' s, oF pioghfih e tipiemie s St REeTly B same i

Sher a@@éﬁ%niegp HQ:V RIS Een axRiveee dsiphifibatly thfroved rheological
formation of gels. Cast filnms of the solid state

f b’ldfspadlty €26% imgrersa nmdR)fand B2 a drcrease iith lopeskeas vaseaaty. Mw of
or S.us opti cal gel .count I
oo At Dt E Dl B8 e SRRl me Fhe Ig o OV

verlfylng that the rheol ogical effects were not the
result of crosslinking. Mof the nodified resin was
within 16% of the ori gi nal Exgmpled t he MAD was not

S' gni i c g%bgsu%{%aﬂ%egﬁﬁ)ﬁﬁ?p&? Prdil %@%mﬁfy e n?ﬁle Sfodification

to that descri , a co rcia
Pedtsis, ¥ chnnfeecisl I DRIS pswﬁgavsxzdseﬂodiﬁeds llioshirsg ‘dnbgeneral procedure of
nmodi ficati on in accordance w t theﬁtnt!} tion

Fspeplss bd WesLIDRE I61Y S BFoRAKPFe e, 3 Ve faving a
ﬁ@l%l@ Sensdot é’/cﬁf, N1 3468 g/10 min and melting point of 125°C. Resins of this

type are commonly used for the production of blown films. The average particle size of
the powder was approximately 100 microns. Ten (10) ppm 2,5-dimethyl-2,5-di(t-
butylperoxy) hexane was combined with the powder and the mixture maintained at
100°C for 20 hours. The resulting modified LLDPE was essentially gel free and there

was no detectable peroxide residue.

To demonstrate that no significant oxidation occurred under the modification
conditions, samples of the LLDPE base resin and modified resin were analyzed by
titration to determine acid number. For the procedure, duplicate blank solvent and
sample solutions were titrated using a 0.1014N KOH solution. The average volume of
titrant for duplicate blank solvent analyses was 0.090ml titrant (equivalent to 0.009 acid
number for 1g sample). Acid number of each sample analysis was calculated by

subtracting the average titrant volume for the blank from the titrant volume for the

13
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g/lcnB and M of 0.7 g/10 min. Resins of this type are
comonly used for extrusion of wire and cabl e

wOo p@alztieon. The average particle size of the PONMig2006/031826

was approxi mat el y850 mi crons. The type and anount of
per oxi de used and treatnent procedures were the sane
as described for Exanple 1. No gels were observed to
bemplerailysks Fhe esuitihg tirahtheolomdiwdscatitiphied Bielnd nginedity of the

and nol ecul ar wej ght data, for the npdified HDPE powder .

AR anCh diEdor Ry THLPERDIS HFiSNg P NGRS 2CGRmoREs I T heduivalents
. i h . .

D e S e

psahialtli thestmme, WAG1 2mdrh@ENTd rapeaivalyampbldht is densadered® 89/be within

Wiereas [ he nodifjed d_unnodified resins exhibit

Lhedlmtts @F"}’G’Elﬁlén@laﬂ%or PoEHIare S cositi es, the

nodi fied resin exhibited significantly inproved

rheol ogi cal pol ydispersity (26% increase in ER) and

32% i Rireelagizal md wwlcsienweight das igeyerateth fof themeodified LLDPE and

nodi f.i nd unnodi fi ed. .resi re bstantially the
SR P ST cchuRuied par EeR o BHBSIGERA Jhrogh i were
koAl AP prealublyt deseibeihekcomdinki hadrhedr Pad@pesiteddat 150°C, the
commer ci al LLDPE powder was nodified follow ng the

glatediametsr otae 0 mem end sixarpmplitnde Wee 20YDPE resin was a

copol ymer of ethylene and hexene-1 having a density of

0.930 g/cnB, M of 0.8 g/10 mn and nelting point of

125C. vRegédisthef mblbwat Weihar(®I,J0MWD yindieth-fletr wixeosity of the

production of blown fjlnms. The average particle size

grodifirsl bbhRer andh ynmepisd WelPBEbase ges oV R compsppbile gypmarkable
- Qi < = di b : 0

ool T ol SRR (oY U PR il BRTRR MR stagnghh (400%

1B&sE ar loROsHeanviscositewere ubdrvatgwith ticfmedi fied BRE. was

essentially gel free and there was no detectable

per oxi de residue. To denonstrate that no significant

oxi datrOfbnQrEtihik 8k MBARTatdeCoMEiabbFAlhABvGRAME, 14 MIBfilms were
sanpl es of the LLDPE base resin and nodified resin

wever wsing yleehoified LLDPE resin and the base resin and compared. The films

were fabricated on a laboratory blown film line — the main components of which
included a 2” smooth bore extruder, a 24:1 L/D barrier screw with a Maddock mixing
section, a 4” diameter spiral mandrel die with a 0.060” die gap and a dual lip air ring.
Film fabrication conditions were: output rate of 60 Ib/hr, melt temperature of 410-
430°F, blow-up-ratio (BUR) of 2.5 and frostline height of 11”. Properties of films
blown from the modified and unmodified LLDPEs are set forth in Table 2. It is
apparent from the data that the film produced using the LLDPE resin modified in
accordance with the process of the invention exhibited a high degree of shrink making it
suitable for use for shrink film applications where LLDPE resins have heretofore not

typically been employed.
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titration to determ ne acid nunber. For the procedure,
duplicate bl ank sol vent and sanple solutions were

W paorarmel usi ng a 0. 1014N KCOH sol uti on. The avRCEHUS2006/031826

volune of titrant for duplicate blank sol vent anal yses
was 0.090m titrant (equivalent to 0.009 acid nunber
for Ig sanple). Acid nunber of each sanple analysis
was cal cul ated by subtractl ﬂ‘gbleh]e average titrant

vol ume for the b apk i

nni- vol i for
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t hes e ETARt MWD
mul th rpl: GuanYsl ;&L% 6709 1ot * i iU %!5333 3.56

b “E’x gunmg*aYﬁeag" 3.2 ‘To‘“"[g‘gd‘ s [ 8%9 | 3.79
y modified) |

g;'t.QA:zg‘iLont atm,  figsact %.689"“12902' 32269 | 10.25
mllj Ex"ﬁ"@ﬂrﬁ‘dd‘ﬁié&,):’ of 5 §e Per Ulsgtig a3l e %19 131407 | 9.58

nunbeg sy & ORI dT | T esh Al UNmogibL e T eSS VelEs, | 113872 | 4.55

esse ‘Eir}j('mnﬂodﬁfé&) 5aTE; 4 000013 3ng Qo001 7,077 EJDREAR [igd M2 | 4.25

whi chmTs Ttons ed to be wthin the rimts of
experi ment al error for this procedure. Rheol ogical and
nol ecul ar wei ght data gener dabl X or the nodified LLDPE
and unnodi fi ed base resi r—pare-prav-ded 'ELTa“I." 1

Rheol agical neasurenents \A_Q’;Oél fg! Q(Hmd i A d;[;_f}gDErE
descr| Bedeceant deduliseMBb et ed3wdd oper at ed a19-480C

t he pl BbSedimibodius@®)25 nm 8t08t r ai n| anpl i 44:3¥ was
20% |WieStemk (M1®) nol ecul ar wei gif (Mn), | MAD andl

hi gh-/shesinki(gegsi ty of the nodyfied LLDPE andi6
unnodified CLDPE base resin were conpar abl €,

remar kabl e i nprovenents in nelt elasticity (over 600%
increase in ER) and nelt strength (400%increase in

| ow shear viscosjt ner e ohserve WI h the_nodi fied
resin. To denon i e above

| mpr ovieNB&hSnstAteMte differBhcaVBERcBh QO sbBd REhtd PEroxide modification
nodi fied LLDPE resin and the base resin and conpared.

Phesess bfrﬂlev@wenttcmbmdcmreud@ maglifiegbion aerisd ptoipntheimel state, the

oiSrine boeTRil ERERIE SRR LB s AT e foth oqpmiues i
ek Mh¥ishGe iﬁﬁPEf‘asnﬁwéé'uﬁﬂ FoEb&h Iﬁ&eﬁaﬂesmiﬂdaﬁh copolymer
ie with a 0.060" die gap and a dual [

B et v Tton - b GRS Brneier 8f OQUP e Yk o6l 1ie/10 min and
lnpélttﬁ{g pcgﬁ{ ¢ 1AREe r(ﬂe%%ﬁ‘lpféf (E%A‘l%ple 4) was modified in accordance with the

procedure described for Example 3. Another sample (Comparative Example 5) was

tumbled for one hour at room temperature with 10 ppm of the same peroxide and
directly extruded and pelletized using a twin-screw extruder. The results in Table 3

below clearly show that the two methods do not produce the same effects.

Table 3
n*@100 rad/sec | n*@100 yrad/sec | ER
Ex 4 2.09x 10* 1.06 x 10° 6.21
Comp Ex 5 2.33x 10 3.02x 10° 2.97
Control * 2.50x 10* 2.71x 10° 2.34

* the unmodified base resin.
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43Q0F, blow up-ratio (BUR) of 2.5 and frostline height
of 11". Properties of filns blown fromthe nodified

wapa7omtedi fi ed LLDPEs are set forth in Tabl e PCT/US2006031826

apparent fromthe data that the film produced using

the LLDPE resin nodified in accordance with the

process of the invention exhibited a high degree of

shrin RWhakzitsnLﬁSi% isreabal welt elastissty (E8) mlsrablnilevéd with the solid state

e O Y DX YT
gﬁf@@&eﬁh't eemgPE@fE&! WaonlQiflfIRaSsy Bog. the difference

t ween t e solid state per oxi de nodification process
of the invention and peroxi de nodification carried out

inthe nelt state, the,follow ng co ative exanpl e

wher ei n LLDPE was md&gﬂé‘éﬂéﬁﬁr@%@gﬁ echni ques is

pr esentoetbmohidgats AEndel BPEIHRSbR 1@t diSRek Ifa@fcaﬁﬁitﬂttor for the solid
procedures: It was a copol yner of ethylene and

statemedificatien pregess, Bearspleyl wis 1BPG1D! yiiesB commenfial HPPE powder

%Etéglﬁ,s? ut%?éj-lnc%lpg dT% pc?e Qlt%eaccéﬁc ﬁ%\@qg\ﬁ O? %&dnlglin) and 2000 ppm

eﬂﬁ@@ﬂ&sﬂl@ss%ﬂeaedomwS Exanmpl e 3. Anot her sanple
Conpar ative Exanpl e-5) was tunbled _for one howr a
room. tenperature w Ihjf@lﬂ%m‘/@? tIhéRsameMoer pxMe adGVD
di r gdixhyplesimodifiedl and negllﬁé‘tli) zed udEhg &40 h148Beyy 3-37
ext rlfample pmedified) fs | ?-5Fap0'e 3 h27by &3.88r Y135k 2446

that the two net hods do not produce the sanme effects:

R

Sidaddarsdgebes p@ditf | MLl elastiitfoft the mﬁ&flﬁﬁﬂlreﬂn Wie rddicaf and the
resin_contacted with the same anmount of peroxide in
pesiiqriwaghidesigaidicaniix chapgideased by 21% Corrpar ative

Exanpl e 6
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To denonstrate the need to utilize low |l evels of free

radical initiator for the solid state nodification
wEe@cend21 Exanpl e 1 was repeated using a commePCI/EE2006/031826

HDPE powder (et hyl ene-butene-1 copol yner; density

0.950 g/cnB; M 0.05 g/10 mn) and 2000 ppm per oxi de.

Results were as follows: The data clearly denonstrates

tihadlaiMsi ng hi gh peroxi de | evel s produces a

di sadvant ageous result. Melt elasticity of the .

frodi f Bedrecssy fonesodibang e amgltt FRATBRITENGH 201 BeGHIYIGNS resins

signi.f.icantly. i _ _ o
P g A RAB N copOBT rebin AwRISRARP A Afective amount o
6%&1’]1&8&@53%“&5 linigateo at aCtbmpcg a@re .abdvel the Elnlﬂtl(ap()nh yergperature of the

resin powder with an effective ampunt of organic .free
peanieateq FolehiTatat 280 belaye i BFBNS SRk BE Sthyleric copolymer

Hnglh{ éog%érgﬁett%n%ﬁ LRt Rodfied REINCE 4881 ® fdr&gitr adi cal

or an el ow the nelting point of the ethyl ene
copolymer resin to increase the ER of the nodified

resin_at |least 1Q.percent. 2. .Th f Caiml
Gos! DR okeSEs ol RaRBY Sephi o e 530 e if S eboter of

e e B AN -8R fift - hRfnBhieP BOIBAEE Froff HRCEBHp fobRdytitieof butene-1,
group consisting of butene-1, hexene-1 and gctene-1

hendneq mddetese-tlyhavingm dengity fromd®). 8% G &ngcrindnd He powder has an

ﬁ}c,)wder rllta an vergg}e @@rt.i clne size fromb5 to 2000
pgfrRarticge sigg KoP Y PRWITHCY S m 2 wherein the amount

of free radical initiator is fromO0.5 to 450 ppm 4.
The process of Caim3 wherejn the free radjcal .. )
Bni t | Thepracesssef Glaired Whaspntthe agewilpideisspdicahyititor is from 0.5

gor i c_peroxides, organic hydroperoxi des and azo
o%%d;@jr%‘s. 5. The process of Claim4 wherein the
organic free radical initiator is an organi c peroxide

and is utilized_ in an anount from1l o, 350 m 6. T
fr ocedbe procesaphiChihd MeicFR e %P@ Lfical fl?]é‘é&? ad isggl‘fte‘51 from the
'gFHuE)'c%hﬁgtiﬂgsof%?ga‘?ﬁ(gﬁé}bﬁdes, organic hydroperoxides and azo compounds.

5. The process of Claim 4 wherein the organic free radical initiator is an organic

peroxide and is utilized in an amount from 1 to 350 ppm.

6. The process of Claim 5 wherein the organic free radical initiator is an organic
peroxide selected from the group consisting of dicumyl peroxide, 2,5-dimethyl-2,5-di(t-

butylperoxy)hexane and t-amyl peroxypivalate.

7. The process of Claim 4 wherein the ethylene copolymer has a density from
0.910 to 0.955 g/cm® and the powder has an average particle size from 75 to 1500

microns.
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per oxi de sel ected fromthe group consisting of dicunyl
peroxi de, 2,5-dinethyl-2,5-di(tbutyl peroxy) hexane and

wao 2@mproiper oxypi val ate. 7. The process of C ai PCBHUS2006/031826
wherei n the ethyl ene copol yner has a density from
0.910 to 0.955 g/cnB and the powder has an average
particle size from75 to 1500 m crons.8. The process
& C giheprooskes Chairh Newlkdréiyltenethglopotopodymersis an ethylene-butene-1

et hyl ene- byt ene- 1, copol r hayi a,density from
@99‘1153*?6}1%’.11!84"53 Sewongg-gi%@ @?%{@g@ of laim7

wherein the ethyl ene copolyner is an ethyl ene-hexene-1

copol ymer having a, density fro . 915 to 0.945 g/ cpB.

to. Ayf_ﬂp@@é%@gs Pidrlaif di Wil theahlase Co@ﬂg)?’é%tl%?l? fhytege-hexenc-1
%g&lgﬁ'ef‘ﬁaﬁﬁ%é ?&é&ﬁ?%{o}ryw% ¥£0.5%4 §Bg:resin conprising
contacti ng

I nea ow density powder of a copol yner
of ethylene and an a-olefin selected fromthe group
onsi St inGeRf BHLRRRRIne NEXGRAr tnaRtteASIRNEr b AN WA densit
gensitylﬁrgh10.915 t&A%%QSS g/ cnB mﬁfh 0.5 to 450 ppm i
fpobethybatic cedin tompiisihg corgaiting tadthefir lom deneityypowuger of a copolymer of

cqnsi st i of or.ganjc oxi.des, organic

RETEEaPe i dieleR delesist dim dira o un RS basped hevene-1 and
ARRUE- 1tCideM bRt Frorh OMNS810W38 FEmt RanfU 26 Us0LEAl free radical
initiator and below the nelting point of the |inear

limitatde nsélegied ofrohy nthe raseim eansistingcof aprganer eperexides, organic
R,of at.]east 10 percent. 11. Th [ fi..

THoPar sl VRGRE pg Proppdforl B0 B BliloR Bl haure of

Aks B¥d MbicsEhRit@dnfl belvwt the nileigpoiargitlsd limar Gfw démsityngbpolymer

peroxi de, 2,5-dineth -2,5-di£6buty|peroxy) hexane and

fresiipl effrst gxippronsg kR ofiat leaph £0 perefiiss of Claim 11

wherein the free radical initiator is utilized in an

anount from1l to 350 ppmand the tenperature is from

8500C tThe hidtass oflGClaind 10 ivihercii tiai fedradisalnigitatordslad beginic peroxide

li I [ I hyl i
ﬁ}é]ggtgésfrgl\#lv d@?%?éf%%@?gon%i%%ing gfn edicru%lsylllnp rrogjcfj e? e£5pd¥mgtlﬂyell-2,5-di(t—

butylperoxy)hexane and t-amyl peroxypivalate.

12.  The process of Claim 11 wherein the free radical initiator is utilized in an

amount from 1 to 350 ppm and the temperature is from 50°C to 110°C.

13. A film obtained using a modified linear low density polyethylene resin produced

by the process of Claim 10.
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