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Title: SOLID STATE PROCESS TO MODIFY THE MELT
CHARACTERISTICS OF POLYETHYLENE RESINS AND PRODUCTS

WORMMTAZHI AN process for improving the melt characteristics of FS$IFEIRNEHB31826

resins is provided. The process involves contacting a polyethylene resin
powder with a low level of free radical initiator at a temperature below the
melting point of the resin. WO 2007/070121 PCT/1JS2006/031826 5
Solid State Process to Modify the Melt Characteristics of Polyethylene
Resins and Products 10 Field of the Invention: The invention relates to a
process for the modification of polyethylene resins to improve melt
characteristics. More specifically, the invention relates to a process for
the solid state modification of ethylene copolymer powders 15 utilizing free
radical initiatin§odideSitste it does) iy e dify able delirObatackénistiosh
modification. BackgrouofiRafltie¢hirienaResiny adidiaduets polyethylene
resins in the melt state using free radical initiators is known. One such
process for the production of 20 polyethylene films is described in U.S.
Patent No. 5,962,598. The process involves melt extruding a linear
digldlyofithat b ventperatUFbeofrateletast I&@tésirtctraa passsndenfhamodification of

ount of free radical. |n|t|ator su |c nt 1o b t.
BRI R e S R il i nvenion
pebﬁiemeouqusb@dslefoamhmumhcbfsg@snwﬁmﬁmomfaatmgmrsopolymer powders
RRSHE RS RIRNG 2 SRRe A IRCIRoNS, Bl R B OREADy such

poy thyI&ne reains 10 pr emtilsifiable product rocesses
anediBeatired 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
|n|t|ators with partlculate 30 polyethylene resins, they are typically carried

e tiom Enscenitiomn |9éuwmnr@fm@vthWmﬁdmmb9rﬁlamelt state

roé(lj G r(eje aﬁ@lpggﬁ?%gr on gh %98%&“%9 f ﬁ%ﬁ/eﬁp&%&e R4 Iﬂgdﬁ%quctlon of

actor
polyethylene films is described in U.S. Patent No. 5,962,598. The process involves

melt extruding a linear copolymer at a temperature of at least 180°C in the presence of
an 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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Patent No. 4,459,388) high density polyethylene powder is combined with
500 to 20000 WO 2007/070121 PCTIUS2006/031826 ppm free radical

Waoingdampound in the absence of oxygen and heated belR¢ THéS2006/031826

softening point of the high density polyethylene to decompose the initiator
prior to introduction into a fluidized bed reactor where it is oxidized.
Treatment of polyethylenes utilizing high levels of free radical ipitiators in
PR A BB E S IBE A e TR Bl SRR BRI the
gerialmaPptationsalpeMenite pefudisifiablecappticaposs the initiator prior to
copending application Serial No. 10/930,295, multimqdal palyethylepe
HAAGBRLIBB A Dy Bk g 1 hrg'flﬂ%vm%rl%cﬁlan%%%%gglmpi{%%em of
msgeiylcHmuitisiag ai g hewasizatinr reakidrharesrodified indhreslidduces low
state utilizing.free radijcal initiatqrs at levels from 1 to 45%%0%?. ;

RYARS pRSTREY, water-

RQlsRICHAr e FRAGHS Tausty Taisnbtlih [ osrn R

bangsigdureshpiR wal. and increased melt strength. It would be highly
advantageous if other polyethylene resins could be modified 15 with low

levels of peroxide in the solid state to enhance one or more of their melt
charactgrigigenSumnagpyiaiibe IByaatiatoA poreessds) thaisatiddaatpolyethylene
modification of polyethylene resins to jmprove their 20 mel :
TR AGIEE SO B BT oL St GBS HELER S APPSR, e in
eopdbtaper fesimaowder viibtarn atteeaivd iendurnthefsoigastdreglizdicdtee radical
inifiator at a_ temperature abgve the initjigtion temperature qf the organic .. .
HHARER 3 IR AR ooty P etiny LRGP EyaHorCoio pidifed in
mRsirdedocieidbenibproRRwiihe raddite dicesiribblebsiciéhgdramit.strength.
Powders modified in accordance with the invention 25 typically have

average particle sizes from 5 to 2000 microns and, more preferably, from
75 to 1508 ¢nidronsi ghojyathyieneoasiitotieichodyetiaylvantasmousiyld be modified

modified are copalymers of . ethylene. and an a-olefin comonomer selected.
HOT (R QRO COrRTETR DR S0 R S SO ey el
amensiyidriosn 0.89 to 0.965 g/cm3. In a highly useful 2

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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WO 2007/070121 PCTIUS2006/031826 embodiment linear low density
polyethylene resin powders having densities from 0.915 to 0.935 g/crn3

WQREOHBWITAd. Highly useful films having improved melt chara®€idiR2g0eAdN826

shrink properties are obtained using linear low density resins modified in
accordance with the solid state process of the invention. 5 Free radical

initiatQrs em I or he roc sﬂar selected fro SIS ng10915
P TIERR Y SRS B LAe s Pk s Lovige defignes

Qroasis gzardmdemaame@pemgmy alls@ﬁﬂltﬁhmchadﬁg selpatestifrostt theracteristics
roup consisting of. dicumyl

ro : .
BEgb  BLLR e S BB S p B  rgifed in

@%Bﬂdﬁék}/xﬂﬂh&ﬁé@ﬁ@%ﬁe@b&mm&saﬂmmount of free radical

initiator used will generally range from 0.5 to 450 ppm; however, free

radical initiator levels from 1 to 350 ppm are preferred. Detailed

Descrifttien @idhﬁll rinitiaions b&qure”senhmpeasrtm imwa gpiecess flonththe group

modificatio %/eth%/ Hf é resi o |m ro et ir melt " Oreanic
CRBFLLERZIS c%r FAST GALEE PEPIET ¢ pr COLLERANS Th Somgoste Ve

mdn‘iaailcml@f Rpesily powaide, gﬁoxﬁ@rreﬂdﬂé&brﬁmﬂt@g&m&e cesiisting of

B aRorag e BBl e 5o By O B

affepmhﬁmeﬁ aﬂm&géo%@ fﬁﬂtberpﬁjbeésarm Hﬁtmmbbﬂfﬁeeaanhcal initiator used

erved melt enh ts include im edm It
|‘f’f11 rg%?f?'ﬂ]glfaé}ggt% W and ﬁ?n@g]\y’gglp?bc %\égabl%!ree | (1)?%ol\l/ﬂér %ﬁr lgyels from 1
itm psovepneis prefackdeved without significant oxidation of the resin and
without significantly altering molecular weight or molecular weight
distribution of the resin. 25 Polyethylene resin powders utilized for the
process are those comDmailzdaBmdcﬂath/cﬂuhwhvg_n_@,n_hase
p merizatjon rocesses having average size out

AN B e Ao AR o A resins o
Iia{pg‘esa‘ rhigiraineiit dtiatac tEhRonichonit tncadestticutas)ythspfokess entails the solid

t%og%?ﬁéa?{c&g %f PE resin powder, also referred to herein as the base resin, by

incorporating a free radical initiator into the resin powder followed by controlled
heating of the mixture below 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



10

15

20

25

30

3 WO 2007/070121 PCTIUS2006/031826 invention the average particle
size of the polyethylene resin powder is in the range 100 to about 1200

WoriedoA 181free radical initiator is combined with the polyethyRABYEZIA6/031826

powder and 5 uniformly distributed therein and adsorbed on the powder
particles. Any suitable mixing means whereby the free radical initiator is

dlstrlbute hrou hout the entlre wder. v me and unlfor adso bed
é]i]]Vﬁl;lél ths é'JrVﬁ Al &}ﬁ AR (é}llg ype cL'b‘XC Ne resin 'Re\{ 18 IRJ e range 100

methods may inc

st bt 1Abogaiciarding, fluidization and the like. 10 The free radical

initiator may be added directly to powder as it exits the polymerization

reactor or at any stage in the powder handling/recovery/storage process.

As a re:AuMréo’ﬂeat@imﬂ)a[ﬁtwteratmmﬂnﬁlfmﬁhaﬂm@ldmdmgmmdasén;ilpowder and

der ar and mix an.yvary over a Wld ran
e AT I TG, A A o licc B A2 SH i a1y sulabl
dﬁ&ﬁlﬁgm&almevﬁaebﬁdjmmmﬁlaﬁdndﬂi snttiatan iﬁ@xtﬂhutb‘ditthrmlghout the entire

meff ctive for modflcatl bgéfor nlfo Iydlst ibute the pow
Xoégglee %Iéncl sé?y ower ert)em(é)er ugr[eqo thegp?gwc? ployed.

kmfﬂrmafmmmmgf ihdlir,&esrmﬂtcglrmn@pmmtdmg,m‘azfaaenadd:&ladlka,tor
having a higher initiation temperature. 20 The free radical initiator may be
combined with a suitable solvent to facilitate distribution within the resin
powderThésdres acaﬁbeénitrﬂf&noenah)jebéhmddsé disoliy fteepoadienlas it exits the
inigators. If a solvent IS Us it will pgetLerab% e.an or. anlc

hyd
R SRR Tt BT e e o DR g proces.

Mzed during
m&imgamhijahethamaqamtdmmhn@w%eﬁrwircaadm:aitlatiuamté emplqys’dder are

for the proc smc de organic perox des ar |ch dro eroxi
R A A o MR S e
plodan thaf magmymmykmimmngxammemmahbﬁwgam@pbmm to such an

| y perox dlt I roxybenzoate buted in th
)§e(r]1| G[H 51 r&ﬁ%& Butyly p)él}(g))gyfo ?(la-%(%{’lnle)eatEI ut)?l pe)glox{/]neg et%:lgl%%)autg in. the
Z)Mmethylsﬁc’d di(tase it w111 be necessary to lower the temperature of the powder
before addition of the free radical initiator and/or use a free radical initiator having a

higher initiation temperature.

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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4 WO 2007/070121 PCT/US2006/031826 butylperoxy)hexyne, t-amyl
peroxypivalate, 1,3-bis(t-butylperoxyisopropyl)benzene, and the like.

WERMrdsehative hydroperoxides include di-t-butyl hydroperoxiBETUsdH)p/031826

hydroperoxide and the like. Suitable azo compounds include
2,2'-azo- diisobutyronitrile

2 e Ao 23 AR B enne,

addahtagreusRepisechan dicudaypsrerdidanide di- t—butyl hydroperoxide, t-butyl

ethyl-2,5-di(t- ane and t-amyl per. valate
S e AR (S P e %‘aﬁﬁ%ﬁi&é‘%@ “Sigputyronitie
m-\;m&ngrraz&@RM&M&&%HR&MWW@IM@@W&UMQeoasly modifiezbbris(N-butyl-2-
acc ance with, 3;5 solid state modification process of the invention are
é] BORIGREIN p% 7 <fCopolymers of ethylene with butene-1,
hexene-1 and octene 1 are partlcularly advantageous. The copolymers

are produced b pol merl rocedures and 1 |II caII
contain TS SR 8 AT (T A BT or e Pa T Betoride, 2.5

mmhpmﬁﬁ(lﬂ(ﬂlhmmme&quimml JloxydiBalatedaPedpecially useful
/cm3. C eg)ﬁ |th| ensr% ran%% Ncompass very low density
%W&ﬁ)]ﬂ% %{k‘?ﬁ ég 8%%%% ehet ’E) Ilnear low

density polyethylene (LLDPE), medium density polyethylene (MDPE) and

hlgh eth lene (HDPE) r sm . Resins o th above
can be o‘%s)f%n dgu?llthla g|Oeg éarrs &] |ps FHetal 8e(r)1f%ae£c%n Ce with the
ysodmbs%s mnakfipatter ghkycsharryf othg aim ydvdea mwceﬂsdsnca;pahtﬁmbopolymers.
ing resi ders haying particle |zes Wthlnnéfl escr. bed
R he R Ty il GTEN (P ELCEGLs B Rapticularly
addarrtﬁcg@)meféhabiypcﬁﬂpme@sgﬁs pmﬁma bg/dzmﬁwpqiynﬁmmiatlym@bcedures and
for I|d St ication b roce s 25 invention,
ellﬁ?s%ll 1scare effed orglétgﬁal{n \?/}egredél rﬁp ccorgar?cr:réo\l}v? ?&Saﬁvinﬂf(ture of
t6abnMuodifieatidnvs Heosigit ahtgmpfmmamhamlﬁ@%wdeﬁs%ﬁ@(m? Copolymers

ha ing the free . adlcal adsorbed thereon at a tem eratyr eowt
i InlggHE)om o?]t oLalge CHconDass very low ctiensRy po tR ene IEeLDPE) low
density polyethylene (LDPE), linear low density polyethylene (LLDPE), medium

density polyethylene (MDPE) and high density polyethylene (HDPE) resins. Resins of
the above types can be obtained utilizing Ziegler, Phillips or metallocene technology in
processes, most preferably 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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30 period of time sufficient to effect the desired change in melt
characteristics. The 5 WO 2007/070121 PCTIUS2006/031826

Weidydide and time will vary depending on the resin being RGH¥iEH06/{31826

amount and type of free radical initiator used, powder particle size and
other factors. In general however, temperatures within the range 40C to

115C are e erably, the erature is ma d with
PR S G D1 O AP A RE GO DRk Gmount and
Wpstdlpﬁéatu&ﬂ&aaﬁm@ﬁﬁmﬁedlyﬁamlspaie@eerwelna (bltl&nrrﬁadﬁbmtlm general,
ime is several times the initiator's half life. V|des axi

SRR PRI ISEE R Aoty oF NSRS odegp Prefrebly,
tﬁsiwﬁ@@dh@mﬂomﬁﬁdﬁﬁmlﬂdﬂmmge\ﬂd@edsldf()ﬁﬁdmdompsisp!ﬁferably, from
%ggtorfé ,not detrimental, the presence of 10 significant amounts of

dedWiritiator in the modified resin powder can result in the formation
of gels Badathelopetssiiapiadifecttulurigdagpseqieoperations, the modification

rocessing/f brlcatl n of.th es Whllet e amaunt of fre

B SR R B PO R e ARG P e gt ation and

and dmmmﬁ@é@dheepﬂmelbleﬁyerf mn&thﬁu%ﬂmmmtﬁipmsmmmenﬂfm medtified resin.

Z‘Qﬁ} }c}%gdls\%lcsI Fo €V (z?son the %m% of free r:%\ddc l|n|t| a@ prese of
Nth 'ﬁ‘f@ e\%ﬁﬂl&gﬁe alﬁly 8 eerf%mge o & R

4fgﬁimamt ‘Bhefige dsﬁdmahdtremmarammnrm@mwnﬁb@mmpdwdammuﬂt in the

om ag%lg r&g{ﬁg fdgi § m and,ina, é)a&?cg yly.useful e embo ﬁ%@gffﬁ%@abncatlon

freeta cal initiator 1s emp
mgemthﬂmrmiarly useful when organic peroxide initlators 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 unde‘mm@dsedrmiﬁmtmf dree geherbihittoosidedkdato eeyhdgsilsls. dhnitiator
As previously.pointed ouyt, the free radical initiator.may be added directl
A FO e e BTl B TnEImrs SRRk in me
mmmtdﬂsmblcmmibmmmjafmnameﬁcﬁbemeIImthadlrsbodseﬂﬁievith the

Sudst iy S DU Ym0 BRIV BHSIER. Toe e
initiator is more preferably utilized in an amount from about 1 to 350 ppm and, in a
particularly useful embodiment, from about 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 ferm,

polymerization processes, where polyethylene slurry from the reactor is sent to a flash
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of the resin without additional heating. For example, in slurry, i.e., particle

form, 30 polymerization processes, where polyethylene slurry from the
WOaeTdY i Hent to a flash 6 WO 2007/070121 PCTIUS2006/0BLBAE 20806431826

where solvent and unreacted monomers are removed and the powder

dried in one or more driers, the free radical initiator can be mixed with the

polyethylene powder in the flash drum and the modificatipn can occur,in . .
R AeEa St R I BRSO, RO THABY i et Grid in ome

6&? mb'trl]aaﬁi\eﬂ@h heurealiRkignatpovmespriokda ditadsierdyalstemmgeowder in
silo re the mixture can he held for a sufficie riod for. maodificatio .
B drei PR HOAMGER R LFAR S HE POy TR faoturing
Bpadacicaltisitiatitoic supe tatuembm sdweltld tarhtheheshylvetepstored prior to
for an extended period 10 riort}to modification, adﬁiti'gn Iheati%; may be%od for
FERRSHRSoEO1 1S REE & 8n Y BYER PO ) A HEP 15RO BB TSt hiform oo P
gisttifviivenabtbecarganic initiator in the resin powder, the temperature of

the mixture is raised above the initiation temperature of the free radical

initiator but below the melting point of the polyethylene resin to effect
modificatior bsemplayadiieneitenipiiation empdfatierslyeteisto the free radical
temperature at which the 15 initiator wjll begin to decompose and .
ABags FRB TR Nb ARG 156 ST PO G APl opigadsd period
ihtoselichiiaifodsing Widitieuelhedtireentagibalrnjtiatals, Inaitisulasdy and preferably
organic peroxides, produces significant improvement.in resin,melt .
TR B Lo A e R D FR Tt s B WS cin povwder, the
neoipaularsveight disttinetioniw oot tthe polyatien seppethiuingf the free radical
undesirabl Is. Enhanced melt chargcteristic the solid state-madifig .
R A S o I A e Bl s oo,
denengibd/édr hereiadifiedafmPlerpaetuesinednd resithentagifpecainre at which the

accordance with tge invention. These data are geperated using any
FH&W@?@P?CQ%%BI P dfe %e enera%e & Ig'é\%r%ﬁ:aﬁ ‘properties of

0 %Ogla%%sr?naél dynamic mec
polymer melts over a range of frequencies such as a Rheometric

Mecha i?aﬂjﬁs ecometer Model 605-0f 70p or Rheometrics Rynamie. <o |
Analyzg/rlc x%%iygﬁgsgn pow%ers Srhe 2 ove%yges 1 HES SNt using low
levels of free radical initiators, particularly organic peroxides, produces significant
improvement in resin melt characteristics without substantially altering the molecular
weight or molecular weight distribution (MWD) of the polymer or producing

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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Analyzer. 30 7 WO 2007/070121 PCTIUS2006/031826 More specifically,
PE resins modified in accordance with the invention unexpectedly exhibit

WQiMRiHeEHaYy improved theological polydispersity. Rheological PCT/US2006/031826

polydispersity, which is obtained from rheological measurements

performed on molten resins and is influenced by the type and amount of
branching, chain extension and other 5 inter- and intramolecular . .
interacROME iSPEGHARYMY B@ed%l%mgﬁ%ﬁgég iRhe agfgst}@}g} affi§ 1vention

'ﬁ@ﬁﬂ%c&myoéihcflb?rﬁgﬁlﬁgﬁlﬂﬁgdimpﬂﬁtttestmbtbgiahigmﬂ' ypistydispersitiieological
ER is.determined from plots of storage modulus (G" versus lossmodylus

RS SRS B0 1o LA POTSCE SH PR SO ety ek molten
eavine RirNE) Rieisein g ths Wiseuasaghul. Sbraffching Hhvawidénsiddeand other

Measures of Polydispersity from 10 Rheological. Data on Polymer Melts," .
Firoaeh PSP A o L2080 BOR LD a1 HRME PR i mel
813t RP AR TER S 2 ohé b e teachiogaioéduniesats idradoafed pelelispersity.

by reference. PE resins modified in accqrdance,with the present pro .
R B ASEER e 28 RIS BoSETERS IO LSBT Cer AR ot and s 2
imdhasrobd sigienenbibitaaryditiease polkRspéaitieadiRl Gspencentiamttl; determined

some instances, up.fo several hundred  percent. Preferably : .
ARt hs G AR TR, EPSl IS B Foginb qoispersty fom
REERRSECDI 22%n0P sharer Mietegygr AbidiaddPehsrenIeRRriseatT MBI HEDS. See

wijthqut the formation qf nd,whi [ntaining a weight average .

e A0 ) ST T M P LRE o O DT fgrporeted
Be0RMbrbfschusher 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
improvemestiits rhecidgid abpatydidpecsityi(k R)cupiegelavplevess bfy frestacting the
radjcal initjators in extrusion mogdification. procedures, the deqree of s
B DAL 2418 L T e S A, SRL et bt an
imdruis acdRnpAniettiy the ploedtion] ofrgetsrenthsirsigrifigare clesgé hundred

Igegc]:grll%(:%gf\éﬁﬁgf Vet lr%%%li?{e\él%lg chcordance with the invention, ER of the PE

resins is increased by 20% or more. Moreover, this increase in ER is accomplished

without the formation of gels and while 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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distribution. In addition to the ability to increase melt elasticity (ER) of the
PE resins, in most 30 instances a corresponding increase in complex

WQRAWIATPIAT) at low frequencies, i.e., at 8 WO 2007/070121 PCT/US2006/031826

PCTIUS2006/031826 low shear, is also realized. These complex
viscosities typically measured at frequencies of 0.1 radians/second
rad/sec), are referre re| S low- she ISCOSII es. Im R,g \ﬁ%, measured at

ch@g%’olh’@/ @ﬂ%ﬂe éﬁw)ﬁgﬂ@ i és"é’élé%?de

ﬁ?ﬁ&%ﬁﬁ%ﬁ strnolexmmﬂgﬁmr&t f‘(@ld/ﬁ@!]ue{nma%f&medatwghlsheaas mMany-shear
also be 5 obtained. The latte Visc measured at

HSg e Gloa BRIt R Set a hoenb s T i P PRSI Pbvidenced
Bb’imi@@&&dﬁﬁlﬂeﬁlMséba@émw}ﬂg&fr&npﬂmestm@,tlwhhlgllesachnienw also be

without significant oxidation of the PE resin, i.e., the acid humber of the
ﬂ’ﬂ%des% RELFORGEd” 1%}?—38%7& nzlyresms mcggl % Fquencies of 100

anbescaneefithcthe abeve wddgtibddasaliststities.procedure are

advantageously utilized in any application where the base, i.e.,

unmodified, resin can be used. They are particularly advantageous,

hOWGV@(diﬁtiBﬁﬁ@ applibatiedssotibse mmﬂﬂﬁhmtimsliam’taphimmi avghout significant

ra,ble for extrusjon coatin rmoformln bIo moldi
?88?119%1’8%? 2fiSHs ﬁ"héﬁf&%ﬁlg yeﬁsoefu %ovihe” Srodlucat an' (1)]1‘&1?19%6(1
sheets pipes and profiles. The modified polyethylene resins of the

mvent%ﬁla %&%@I a%*sﬁ%%rern? 5’8’85}35%9 %P llcl:?}i oS edreesée S%}%I)hd state

extrusi primary concerns Ina particu
ps&faﬂl@mbﬁémﬂmhntdgaﬁﬁlys nudkiitdd ito ramvmpph@,nenha\dilngelmmw@de

meIt p rties c e of fabricated. |Im
Pé%?ge ?ﬁ?c‘#ﬁ %&%?? ics. eﬁlﬁ‘fﬁé’sa oS rn}c’)t §ny Cop on%g?sV gyen In those
eﬁpyiem&)mt{whbtaempeﬂmhmmdpanwmte resirdtdejsgotierssiiesxtrosion coating,
O 915 tp 0.935 g/cm3 and melt | exes (Mls rom O
B0 (10 B o7 BB PR, TR LR RefFfor the
@wdlatttgnodf thilinge) rshsststmﬁdeealddareﬁﬂs‘sanqumcehﬁﬁ@mieﬁwmesgs1ns of the
%%gllﬁ(.{ ot gi%rggrt%%hax y usefudf? %?Cks gppE) atf&%t\% % %H%e of extrusion and

bubble stability are primary concerns.

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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susceptibility to melt fracture and low shrink. Films obtained using the
solid state modified LLDPE resins produced in accordance with the

WQgeE8dEtkthe invention have significantly improved shrink PCT/US2006/031826

characteristics, in many instances comparable to that 30 obtained with
LDPE films, without significantly affecting other desirable film 9 WO
2007/070121 PCT/US200Q6/0 roperti elt indexes referr
RS o e R N R R T AR BB G Cahohin ASTM
1O0728L61 Teadadionwing/lberatory scale experiments |IIustrate the
invention; however, 5 those skilled in the art will recognize numerous
variations within the spirit of the invention and scope of the claims.
RheoIogi@aEMeasﬂgeMmmck@bdwhpﬁdnmﬁtheiﬁtugiml thedsuestinanthowever,
were perfor ed n accordance with ASTM 4440-95a,. 10 Wh

R Gl T e R A B RS iR LG R SUERE of the
ﬁqR&ﬁdhaﬁmﬁi@paM&SﬂmmrMnless otherwise indicated the rheometer
was operated at 190C in the parallel plate mode (plate diameter 50 mm)
in a nitrogen environment to minimize sample oxidation/degradation with
a gap in the parallakpmﬂageﬂmﬁasﬂehﬁnﬂsﬁmmmmamplitude of

10%. ncies ranged from 0.0251 1 rad/s
recogngfé%og%ﬂﬁ se salg‘f SH A the art spergllf3 ? compf) xa\l/rfgecgglty\%gﬁ@I 4440-95,
wﬁﬁ&rhad&ashmsadymmmrmndh@pdgtaommairmnamemtwmmvémeAtBheometncs
d with the modifie ins of the. mve t|o )Y, t
g’gﬁé %% erasm %Inddgrzl%r?gto m?engednt 0 Be | (lirertllﬁ%ngﬁ %t?%%%%t gy?sarg erated at
e ate the pdesl lsplatifineddt Gfleendigiont:r X0 Rioepiogiceitagen environment to
enerated usm dlff rent. condifions, e.g., tem ature,
R Gh R AL e ot 1 o B SR B oty of 12-
h]lghmncandcnnterrtlampﬂmkeafeblme@rdqumﬂuesmmdémhe@é}aﬁréblﬁ% 1 rad/sec.
poise. ER was determined by the method of Shroff, et al., supra (see also
U.S. Patent 25 No. 5,534,472 at Column 10, lines 20-30). Storage
moduluss GillarrtosgrozéGby e shdksliretheTht sineifowonfteiseyity data

Pe%lenr}sedvt%rﬁelflgl%dal@ \f)?o%O&nds og?y { CHE0Srate the improvements observed with the

modified resins of the invention relative to the unmodified base resin and are not

intended to be limiting since they are generated under a specific set of conditions.
Rheological data generated using different conditions, 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’.

10
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decade) and a linear equation was fitted by least-squares regression to
log G' versus log G". ER was then calculated from: ER + (1.781 x 10-3) x

W@R0EPZ 13 Value of G" = 5,000 dyn/cm2. 10 WO 2007/07012PCT/US2006/031826

PCTIUS2006/031826 As those skilled in the art will recognize, when the

lowest G" value is greater than 5,000 dyn/cm2, the determination of ER

involves extrapolation. The ER values calculated then will depend on the
degree on nonlinearity in the log G'versus log G" 5 plot. The temperature,

plate dl@mweadmlféaqnanewfaw@e o geilestetauchethayositGit thine is greater
resolution of the rheometer, the Iowesé% vaIu is clo to oi less

a
o %8}@4‘&1 B QTSP INRABAR SEERIRG gﬁs RRYerads g ER values

Bam@wéarﬂy@igmul\dap)emmbmea;@mgammmmarm@hﬁ(d\wg aﬁfdrersus log G"
molecular weight dlsm‘bﬁcfﬁlon MWD fthe olymers were %%195 within
Bmd ARJFIUPREINLS0B ﬁ&’f’{(%eﬁfé e S SR APEE ﬁE?iB 16
B REAIE ipStheNgRbatpPed \Mtheatr‘ﬂkedah&d@leﬁmtumm 1ess than 5,000

olymer Labs mixed with B-LS). Samples were prepared by dissolving 6
%%@%F‘Eﬁe PE resin in 2.75 ml 1,2,4 15 trichlorobenzene. The mobile phase
was used at a nominal flow rate of 1.0 ml/min and temperature of 145C.
Molecular weights were alculated in rrow ol styrene calibration

et } %t " Waters Empower

SOftW&fWeTglﬁ Mafkgé_’ﬂldﬂewlaﬂ Iwe@hs(am@ iﬁmﬂﬂbxadwlamguenelecﬁﬁma\?eight (My)
%gﬂ;é%éisﬁpectlvel %ﬁ%l tey ocl"gt OOOé e%fgnéislgd (91'67 g%talned by gel

resin
pemc&enaﬁIlaﬁfbfﬂﬁtm@m@d(@@ppmuanwdem@mg@oog]mﬁgmmeramre
9/10 min; meltlng oint 125C |ed in a danc ith the E
TBHERSHE ?‘Il\lélm’ﬁ &Y 35882\%{% glc%gpoﬁ/mero ?hwenei ﬁ’d“ﬁ%ﬁ%r‘f&“ B-LS).
S@ﬂubﬂ’@ pRudephaded aserdigsopantclé sire of afyerBiimessly 100R75 ml 1,2,4-

I’;rr]fc(::lgﬁnrgbenzene. The mobile phase was used at a nominal flow rate of 1.0 ml/min and

temperature of 145°C.

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

11
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The PE powder was combined with 10 ppm
2,5-dimethyl-2,5-di(t-butylperoxy) hexane 30 and tumbled for 15 minutes

WQeBQO Y ¥hsure uniform distribution and adsorption of the 1PARAIS2006/031826

2007/070121 PCTIUS2006/031826 peroxide on the resin powder
particles. The resin powder was then placed in an oven and maintained at

100C for 20 hours after which tim ntlall all of%heyg ide lwa
BeEBritls o 1351’?&%51%@&% Qﬁ%ﬁ ‘?‘fle ?ﬁ?& %ﬁn en placed in an oven

uRaadifiesdRase rERNPewdEr hoere detewhiokdiardeasenteyityrtald of Tabperoxide
1. Molecular weight data are also provided. The modified resin had

AT IEaRMAYSFEved melt characteristics as evidenced by the significantly
higher ER (160% higher than the unmodified base resin) and 10

substantially improved low-shear visc - 106% increa frl*

rad/sedN8 )iotﬁﬁ? | pronstss e 3%%1’“19/86@ g;thaé@bg\%o%% %e’het in powder
ek slsenginanshdalé rejasticitiharebeehievedealide wajploviat tre aheitprovided.
processability of the resin as evidenced by a decrease in high-shear

viscosity, i.e., lower dynamic complex viscosity at 100 rad/sec. 15 It
should Méhﬂédiﬁé&t&ﬁﬁhﬁﬂ&ﬁﬁkﬁd@y&b@wdmmmmaiaelmieveidenced by

without t ion %1{ tf| oft e solid state | (ﬁres n

Ay akf’é%% v\@ ‘Hfor gelllshusmg anrglocgptlca 45g tesin) and
@ngtmtﬁgng@ﬁow@ ﬂo%ﬁlﬁﬂﬂﬂ@&lﬁsﬂ}e 1106 Y& finsshowfag @i)dllffedémcmver that
ver| that the rhealogical eff ts 20 were not the result of rossllnlﬁngﬂd melt

Sesisifed PAGTRGYES WIEHAP RS BHSS SHGNa My oA TR
MWﬁbmasrert%%geﬁ Iﬁ&ﬂlféyi@iWﬁg t]?érﬁeiapnpd:eszalhsﬂaynﬁiﬂle resimilarevidenced

i B S A RIS HRCEUR 1 SO A b R aFe e 100

IruaREc.used was a copolymer of ethylene and butene-1 and had a density
of 0.9435 g/cm3 and MI of 0.7 g110 min. Resins of this type are
commonly used for extrusion of
It should further be noted that all of the above improvements 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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30 wire and cable insulation. The average particle size of the powder was
approximately 12 WO 2007/070121 PCT/US2006/031826 850 microns.

WOAH3e1ahd amount of peroxide used and treatment procedBédgUifes/031826

the same as described for Example 1. No gels were observed to be
formed as a result of the modification. Rheological and molecular weight

data for the modified HDPE powder is reported,in T, bletl al n?Owi(tlh data i
AN HRIEBREr ol 1R RRE FROGH SEReioxide i SR RHRELI L R oA s ore the
saneraiadsesiaswildapy e a¥seplsthatdhd pntal dnabeefemveds2brasirt of the

and strain amplitude was 2Q%. Whereas the modified and un ifi .
raetifcationit %&ﬁ%ﬂﬁ} fhd g}:ﬂw@‘ﬁ?ﬁﬁyeégléta?agﬁs 53&%@% 1§‘e nao%té |fe% powder is
@M%h@@ﬂg@ig@f&@nﬂﬁmﬁ@\&ﬁ theotoaichli.2) nalyclisfied SHDPB Yase resin.
increase in ER) and 32% increase, in Iow-shear viscosity, of .

AR G OB BT 0 LSBT0 e E A lgrter was

79 femersifalia hgueigaility 208 broad applicability of the modification
15 process, a commercial LLDPE powder was modified following the

general procedure of Example 1. The LLDPE resin was a copolymer of
ethylenwaadheaxeneolifiadingdutiansd!feafosa30egtebiEedstintfallyd il Same high-
min and melting point of . Resins qf.this. type are commonly u

S RRREREIPG! ORISR B e o LS 00 HagNe
pEsappsaxin@ely 10-asicianBRY and B2Yppor2aSedimietindi2 4-digcddity. My of
butylperaoxy) hexane was combined with the powder and the mixture
HhsegHeAnd Bee ?lsfgli’?S{ﬂssWﬁees}l%g[ﬁﬁﬁ@iﬁﬁgl&ﬁ%%iLDPE was

essentially gel free and there was no detectable peroxide residue. To
demonstrate that no significant oxig@tion gcgjrred under the modification

25 conditions, samples of the LLD S&sin and modified resin were
analyzexh byetiisatipatdothetemsimdincidmiummoed. Epplikebpliticeoiuthe modification

duplicate blank solv sample solutions.were titrated .using a

SN OSSR RO SR B NI S FShete propedure of
solveplanalybes WaBREOASN| wanat {epelymlencfoehdefeaeid hexeberlfdaving a
lgeﬁéalccgpé?)o.égédg?c%f) f/roer(f ghgﬁ%n;l%lr? efanrha}xgianvé%sofn%l%%l?ﬁ%dd?yResins of this

type are commonly used for the production of blown films. The average particle size of

qﬁgglogical
er

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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30 subtracting the average titrant volume for the blank from the titrant
volume for the 13 WO 2007/070121 PCTIUS2006/031826 sample
WQRHIYEM1The resulting titrant volume was multiplied by the nd¥TaHB2 W6 hE 826
titrant and divided by the sample weight to obtain the acid numbers in
miIIiequivaIents of COON per gram of sample. Acid numbers for modified
nmodified r |ns e ess |a the same, O 0017
EARE iR ENLPE AERR BRI & BRI e USsRevaialy of he
amnn‘en&uﬁx@ded&@uﬂae Eﬁhqﬂ&gmghattddhtaiecuhlaawe@thhﬁamlgendmedvalents

B RO L R < Wk LR e G0 B RS s vee

exaepiihe tHwenime]e.00as amemoe)d htréﬁ%mmlay Mhidatis dmsidezedviasbe within
Wln an straln amgf) ude 0%. F:rgereas the molecular weight
AR/ D AR AR 8 h E L e BRSO iYE Phodified LLDPE and

unmodified LLDPE base resin were comparable, remarkable

improv gé]é?%l m&elasigl %(Ovﬁéﬁ?go ;{g'”creer% 4 R a”O'd 2 d LLDPE and

strengt P |ty were o serve
thﬁrmdiﬁﬁ@CbFBsn‘reiﬁ aegnprstiddé the BidifidiandRhebibgiehomeasurements were
SRt VESHOUA CEAEEr LR e RGPS bl G Gacal A 150°C, the
waatemmowmeMneaﬂﬂHrmumqﬂmmaneafm@%wh|ch 20 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
Iip air rmgleﬂéiisntt&bﬁuﬂﬁmﬂaroweig'hnWe}el\mmuandtéﬂghﬁﬂlélaﬂwimeﬁty of the
m 10- 430F, hlaw UR of.2.5 and frostlln ei
R b o B R A S Pt
ihpeEsangset fodh atadtadite amensﬁ%%lppamse fmrERDlelmhtaet}haﬂtMth (400%

film roduqed uﬁ'nag the LL E res modi fleq Q acco e W|th the
mcrease 1n, 1SCOBIE ra’ seryed with hefmh .
process of the invention ex blt a |gh egree o rn |ng it

suitable for use for shrink film applications where LLDPE resins have

heretOf‘fre({]e%%oH/s%gtae”MlQ %?g%%n %&y oCIL tlsle above improvements, 4 mil films were
blown using the modified 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.

14



14 WO 2007/070121 PCTIUS2006/031826 Table 1 *"100 rad/sec rad/sec
ER M" M,,, MWD Ex 1 (modified) 8.14 x 10 6.75 x 10 2.09 23213 82583

W@ 267/FE0 1R unmodified) 1.0 x 10 3.27 x 10 0.80 25814 97958PE.TARHI¢031826
(modified 1.04 x 10 2.5 x 10 4.98 12902 132269 10.25 Ex 2 unmodified
9.99 x 10 1.89 x 10 3.94 13718 131407 9.58 Ex 3 modified 2.29 x 10 1.19
x 10 8.10 25052 113872 4.55 Ex 3 &%ﬂgﬁed) 1-72.74x102.38x 10' 1
1.07 28062 119142 4.25 Table2 M LDPE Unmodified LLDPE

1% Secant Modulus (MDEB336B:E9, 1080 bedecanERlodulud(TD) M5 400 MWD

64,3 cﬁxgﬁmd‘kﬁﬁd@m E&l4q<h1ﬁnk (TD\5A7§?‘I¢1‘,0RF ZfPle 4 333 | 82583 3.56
Comj | :TLO ons At 320 X ree 08D, ] 258140 Q7038 4| 3.79

modifed), e | . L0dx 100 | o 2.5x10° 14098 112002 | 132265 | 10.25

Ex 2 ( -
state vgxmﬁ&aamegww togioPIqHESS of theo Ry g NtoNANt PErPRYe 131407 | 9.58

modifiGILGHRIED OVt M B TR SIate; 105 1PIOWBIEOMPRIGIVE! 13872 | 4.55

exampig WistRirelDPE was«mwdified useg 1moth techniquegsigsd 0 119142 | 4.25

presented. The same LLDPE resin was used for both procedures. It was a
copolymer of ethylene and butene-1 had a density of 0.919 g/cm3,
MI of 1.0 g/10 min and melting point . One sample (Example 4)
was modified in accordance with th&lqadeddur®eescribedtali odnIiPE.
Anotherl%m%m@am{@(m&xample 83,36 tumbled for ggelbour at

room tempeyaimenisiuiR ppp) of the sapserperoxide jand 15 glrgotly
extruded, agiRRIRFBFd USing a fjvin-screwy ¢xiruder. The resulisjin Table

3 belowlaathi §AYy that the two methodgsJo not prpduce thejgame
effects: rabfe-3

Example 4 and Comparative Example 5

To demonstrate the difference between the solid state peroxide modification
process of the invention and peroxide modification carried out in the melt state, the
following comparative example wherein LLDPE was modified using both techniques is

10  presented. The same LLDPE resin was used for both procedures. It was a copolymer
of ethylene and butene-1 and had a density of 0.919 g/em®, MI of 1.0 g/10 min and
melting point of 125°C. One sample (Example 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

15  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.

20
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Whereas 165% increase in melt elasticity (ER) was achieved with the

solid state modified resin of the invention, the ER of resin contacted with

the same,amount.of, peroxide.in th melf. stat ncre

%.5 Cnc])\ﬁ\lpara% gEé%érrlﬁzf) 8% ot err?%)ar?étra%,e?%? needX ?o Gtiize |OWM16 Solid state
Imt&iﬁieﬂfremraﬂ‘ ¢ht inivatdiofor ttiee ERIioff stsite coothficativnthrieesspe amount of

Exam asr ed usin acomm %ﬁ PE powder
(%?ﬁ ﬁg’f eifsc%po yar%gr 1enr(fg %ﬁg |1_‘)/I:)m3 M1 0.05 g/10 min)

and 2000 ppm peroxide. Results Were as follows: MWD rlI*@I00 rad/sec

ER M. Example 6 (modified) 3.13 x 10 .1 204.44 14,973 3.37 Exam

le 6 (unmodified) 2.53 x 10 2: 46 10 The data

clearly ﬂ‘emanenmestﬂmtnmgahlgthémidedlevﬁlﬁmwddweklamator for the solid

disadvant us result. IteI ofth ed resin was r
R R R E D D g BRI povcr
medcﬁssem»mmmrymgamnumdmmaeteﬁ@wsm% Al 6th§eried msimsand 2000 ppm

comg)ﬁrv Smarﬁgﬂna%&fler} feltp(%(]ene copolymer resin powder with an
N*@100 rad/sec ER M, My, MWD
Example 6 (modified) 3.13x 10 1.20 4,447 14,973 3.37
Example 6 (unmodified) 2.53x10° 271 | 12,819 | 313,611 | 24.46

The data clearly demonstrates that using high peroxide levels produces a
disadvantageous result. Melt elasticity of the modified resin was reduced and the

molecular weight is significantly changed.

16
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modified resin at least 10 percent, wherein the ethylene copolymer is a
copolymer of ethylene and an a -olefin comonomer selected from the
group consisting of butene-1, hexene-1 and octene-1 having a density
Wesiai 89 to 0.965g/cm3 and the powder has an average particle size
1. fromp 1:@QQ0 MUErQRSdidyihBetREOGRSE difatatrkivhedinghe AmRuRt 9ksin
free (adlipéal initiator is fro% 0?5 to 450 ppm. 3. The prpcessﬁgl? Claim 2 bins
COPIaTAiR ¢RRIFEEA S AaicH TN erel wars et dRie Walbap edealisgragnepnt of
or IR PAGHACT, BIARNE DVAIRRGIANUCR AN B0 AAMRR N tEor the
rocess of Claim 3 wherein the organic free radical initiator is ah organic
orgaaroxide mdatds initiied anddre mwabnnfetmglpm B350 therathslchhe qrayess ofsin

Claim 4 wherein the arganic.free radical jnitiator js an organic roxide.
10 GaGE T o RSP Lol RS ks 10 PerodhE SHERein the
ethglendimiblyh:016lift-copyipesioxy) adyane and mdmylopeiaxymhetiaieortelected

The process of Claim 3 wherein the ethylene copolymer has a densit
frofrothe gy U con0suBs f/BHienarld hesepended resns llerige vansie f&pza 0.89

to $/9B3 g/érﬁ@ mi@&&% hs INSRIAEESIRICRIMR WRatEM DS Rthylsne

copolymer is an ethylene-butene-1 copolymer having a density from
0.915 to 0.945 g/cm3. 17 8. The process of Claim 6 wherein the ethylene

copolymer is an ?21 lene-hexene-1 copolymer.having a density fro
2. G o S S T A R L PR e A B e 5 0
450bpdinear low density polyethylene resin comprising contacting a linear

low density powder of a copolymer of ethylene and an a-olefin selected

from the group consisting of butene-1, hexene-1 and octene-1 having a

3. densify. from QO 90935 0eres With fee 19t PRIL{EEESTREISALd from the

initiator selected from the group consisting of organic peroxides, organic
griwporopdsoRitelsorgatiapereodesovigari ahrdrepmexides ensbarpectmepinitidsion
temperature of the free radical initiator and below the melting point of the
linear low density copolymer resin to effect
4, The process of Claim 3 wherein the organic free radical initiator is an organic

peroxide and is utilized in an amount from 1 to 350 ppm.
5. The process of Claim 4 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.

6. The process of Claim 3 wherein the ethylene copolymer has a density from 0.910

t0 0.955 g/cm’ and the powder has an average particle size from 75 to 1500 microns.

7. The process of Claim 6 wherein the ethylene copolymer is an ethylene-butene-1

copolymer having a density from 0.915 to 0.945 g/cm’.
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butylperoxy)hexane and t- amyl peroxypivalate 11 The process of Claim

e UL R e, A A48 e

coﬁﬁ@dﬁeﬁlmﬁm@ H@hﬁtgafﬁﬁiﬂmgmﬁ@(f).p%@ﬁhﬂene resin comprising

contacting an ethylene copolymer resin powder under substantially
non-oxidizing conditions with an effective amount of an organic free

9. radical InfiRIRr 8§ FSIRGTAUTG: 2RNE (s HEAURR temReTiuLe %Jsh Qensity

organic free radical initiator and below the melting point of the copolymer

powthy:]r@msth)ecnmnr@agtmtyaoﬁn@adamlylnwrdwammwdto opercepiilymer of
e UR ATl IOpeasing g Scit IS S EORPTEN SRS ng

opolymer encandana- the group tonsis
octehbutéaedy ahaemwIramdocmtene-&%ﬁdgnanﬁwmaqdm%yzlﬁor]alimSﬁ)e‘@radical
. .0.965g/cm3 and said powder having an average patrticle size from 5 to
niep SelrstsAdrom the group consisting of organic peroxides, organic hydroperoxides
and azo compounds at a temperature above the initiation temperature of the free radical
initiator and below the melting point of the linear low density copolymer resin to effect

an increase in melt elasticity of at least 10 percent.

10.  The process of Claim 9 wherein the 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.

11.  The process of Claim 10 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.

12. A process for modifying the melt characteristics of polyethylene resin comprising
contacting an ethylene copolymer resin powder under substantially non-oxidizing
conditions with an effective amount of an organic free radical initiator at a temperature
above the initiation temperature of the organic free radical initiator and below the melting
point of the copolymer to increase the melt elasticity of the copolymer by at least 10
percent without substantially increasing the acid number, said copolymer being a
copolymer of ethylene and an « —olefin selected from the group consisting of butene-1,
hexene-1 and octene-1 and having a density from 0.89 to 0.965g/cm’ and said powder

having an average particle size from 5 to 2000 microns.
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