POLYMER COVPQOSI TI ON HAVI NG | MPROVED OXI DATI VE STABILITY This invention
relatés to the stabilization and thernmal oxidative stabilization of

hormopol ymers and copol yners:-ef. olefins. It is known-in the art that various
additives, such as, for exanple, antioxidants, can be added to pol yol efins

~to inpreve thernmal oxidative stabilitdy. Addltlonally, pol yol efins, or
plrastics, are becom ng nore and nore prevalent in applications for use as
containers for digestible itens, such as food. In the past several years,

t he general public has developed an averS|on to ™non-natural" additives, or
conpounds that can be seen as "chem cal s, and the perceived use of excess,
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grown, i.e., under organic gardening condltlons‘ = iral" foods, and
advertisenents that claimfoods are "all natyg LG
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This invention relates to the stabilization and thermal
oxidative stabilization of homopolymers and copolymers of olefins.

It is known in the art that various additives, such as, for
example, antloxidants, can be added to polyolefins to improve thermal
oxidative stability. Additionally, polyolefins, or plastics, are

. becoming more and more erevalent in applications  for use as containers
for digestible items, such-as food. Iﬁ tBe past several years, the
general public has developed an aversion to "non-natural" additives, or
compounds that can be seen as “chemicals™, and the perceived use of
excess, non-required additives, components or ingredients. The
prevalence of these attitudes can l;e seen in the rise in foods that are
"organically" grown, i.e., under organic gardening conditions, "natural"
foods, and advertisements that claim foods are "all natural” or have "no

preservatives" added.
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‘consuners view as non-detrinmental, or even beneficial stabilizers. In _
aceor.dance with the present invention, Vitamn C and Vitamn E are added to
honopol yners and copol yners of olefins in amounts sufficient to i nprove the
t hermal oxidative stability. Polyners Cbefin pol ynmers useful in this

i nvention can be any ol efin homopol ymer~or copol yner. As used in this

di scl osure, the terns "polyolefin" and "polyner" broadly includes both
ol ef i n homopol ynmers and copol yners of one or nore ol efins. Exenplary

pol yol ef i ns i ncl ude,_ .but %%%Pgoggve@tg_gg b2ovi AlesO hdmop® Lynedu @ f r om

ol efi ns having from L out caibon atons per nol ecule. Specific,
exenpl ary pol yol efins i E%%-Fﬂ[lt Wik rovied @tabilizaltisthyl ene(s),
pol ypr opyl ené(y%%"?"'%??(% yI'-T-pent ene?(s) and m xt ure&gﬁe_r eof . The
preferred polyol ef] r I SN aniprbvied nidatisre: sta il ik¥ yet hyl ene
bei ng nost pr%‘f%‘??ié%fe%u?#g relatively sinple post-production processing
condi tions an ghflye use in food container applications. 3
Pol yol ef i ns é%ﬁ§%+ %% produced by copol ynerizing an olefin with one or
nore hi gher al pha-olefin conononers. A conononer usually is present in-the
pol yneri zation react 8hej Anyenkipn Susther prevides hameRelymerscient to
mai ntai n pol yner density of |ess than about 0.94 grans/cubic centineter
(g/cc). Usuahliycoplyh&rsatith ThavRl Bepe’ ABIL1 LREDROtE antdox idanps ekieith i N
the total ol efin nonomer m xture. For

consumers view as non-detrimental, or even beneficial stabilizers.

In accordance with the present invention, Vitamin C and
Vitamin E are added to homopolymers and copolymers of olefins in amounts

sufficient to improve the thermal oxidative stability.

Polymers
Olefin polymers useful in this invention can be any olefin

homopolymer or copolymer. As used in this disclosure, the terms
"polyolefin" and "polymer" broadly includes both olefin homopolymers and
copolymers';f one or more olefins. Exemplary polyolefins include, but
are not limited to, polyolefins produced from olefins having from about
2 to about 8 carbon atoms per molecule. Specific, exemplary polyolefins
include, but are not limited to, polyethylene(s), polypropylene(s),
poly(4-methyl-1-pentene)(s) and mixtures thereof. The preferred
polyolefins are polyethylene and polypropylene, with polyethylene being
most preferred, due to relatively simple post-production processing

conditions and extensive use in food container applicatioms.



exanpl e, pol yethyl ene.producti on can use ethylene as.the nononer and a
comononer, preferably, an al pha-ol efin having about 3 to about 8 carbon
atons per nol ecul e. Exanpl es of conononers useful for polynerization with:
et hyl ene include, but are not Iimted to, propylene, 1-butene,

4- net hyl.- 1- pent ene, 1-hexene, and m xtures thereof.  The presently
preferred conmononer for use with ethyl ene noRoner is 1-hexene, which
produces butyl branches, to produce a polyner with the nost presently

f g anc! . e m .
preferred properties polydlRelANRaR0d 16aEhe JHa8hka 'g? é%ﬁy%%‘iﬁ?}#r ol 813&%8,9 as

any crystalline or sem -crystalline palypropylen exanp

described i nwLéhSonPQheB&re‘lh%,rSﬁIthbp%ﬁn AYhomHELsS) - hm&ﬂlxéxelf&eumlyyi@r

can be produced according to any method kno in the art. Polyolefins

useful in th{slseseayem itRE podndi@zPRHUEGRLHY 1ANY SMAINOthokROVE. 8)) khCamdbht
usi ng any polynerization catal yst systemknown in the art. Generally,

pol yneri zat i swgfiatienty St malatLIRs pal PndiOBehslfyeof NM¥sgakhén Oatiode ougrport ed
chrom um cat al yst systens (al so known as "Phillips catalysts"); transition
met al hal i degranmsdcaislcorcgmianedm(gf ccxonUeudidy( alip otk bt 85 mdXe gudreentdNat t a
catal ysts"); or netall ocene polynerization catal yst systens, wherein a
transiti on meemdnomer candbé spredentc hiad thbetat@dnolefinomosmee wixfanec Gorpounds
(also referred to as "netal |l ocenes"). Conmercially avail able chrom um
cat al yst sysgmlpquiapﬂylene production can use ethylene as the monomer .and a
comonomer, preferably, an alpha-olefin having about 3 to about 8 carbon
atoms per molecule. Examples of comonomers useful for polymerization
with ethylene include, but are not limited to, propylene, 1l-butene,
4-methyl-1-pentene, 1l-hexene, and mixtures thereof. The presently
preferred comonomer for use with ethylene monomer is l-hexene, which
produces butyl branches, to produce a polymer with the most presently
preferred properties.
Propylene polymers useful in this invention can be any

" crystalline or semi-crystalline polypropylene, such as, for example, as

described iIn .U.S. Patent 4,376,851 (Hogan and Banks). A propylene

polymer can be produced according to any method known in the art.

Polyolefi;ls useful in this invention can be produced by any
method known in the art, using any polymerization catalyst system known
in the art. Generally,.polymerization catalysts systems are considered
inorganic oxide supported chromium cataly'st systems (also known as
"Phillips catalysts"); transition metal halides and an organometallic
compound (also known as "iiegler-Natta catalysts'); or metallocene

‘polymerization catalyst systems, wherein a transition metal is .



conprise chromum at |east a portion of which is in the hexaval ent state,
supporfed on an inorganic oxide; optionally, the supported chrom um

pol yneri zation catal yst systemcan further conprise a netal alkyl

co-catal yst. Exenplary chrom um catal yst systens include, but are not
limted to those disclosed in U S. Patents 3,887, 494; 3,900, 457; 4,053, 436;
4,151, 122; 4,294,724; 4,392,990; and 4, 405,501. one met hod of
pol yol ef i n production, especially fiseful for pol yet hyl ene

producti on, wUses i Noswgani xpde supported chrom um.oxide catal yst systens
under S|lJrry?S§§%16§? i ?Fé??’grﬁﬁk 65Iégkﬁ’PEQﬁFﬁSrFQ98ﬂﬂﬂdfi S0, ﬁ&tqqe"
react or terrp%@%ﬁgge 'eguPlsuaI |y kept below the tenperature at which the

nto solu

pol ymer goes | on. Such polynerization techniques are well known

" Lhe 2ty o ore deaglessdty St kon i, MEINHE. Hue "Betclil,
conprise COQplsXea %rghgﬁﬁ‘o,s'att' 9Ba tr%ab\?m t ond6E whilh L InNBhd deRaPd1ent

titanium zirconium r vanadi u organonet al I't ¢ conpounds, such

as al um numggd ey %upml BhYadl EHrghaMAldxade At Heysial 1§ NCLi Suphiiieedr € NOt
limted to, those disclosed in U S. "Patents 4, 394, 291; 4,326,95 ©and -

4,347,158. Weidwidh PSlymetystebi carhOfiicidydten caWhfurther déhBrise a metal

Ziegler-Natta catal ysts usually have relatively mid polynerization

reacti on coalkyl ebscataligdt.asSEtenpliBNRAEMiuRccatalykt, Systone Shil@se, but are
not limited to those disclosed in U.S. Patents 3,887,494; 3,900,457;
4,053,436; 4,151,122; 4,294,724; 4,392,990; and 4,405,501,
One method of polyolefin production,
especially useful for polyethylene production, ﬁses inorganic oxide
supported chromium-oxide catalyst systems under slurry, or particle
form, polymerization conditions wherein the reactor temperature is
usually kept below the temperature at which the polymer goes into

solution. Such polymerization techniques are well known in the art and

are disclosed, for instance, in Norwood, U.S. Pat. No. 3,248,179,

Commercially available Ziegler-Natta catalyst systems
typically comprise complexes of transition metal halides, such as
halides. of titanium, zirconium, and/or vanadium, with organometallic
compounds, such as aluminum alkyls. Exemplary Ziegler-Natta catalysts
include, but are not limited to, those disclosed in U.S. Patents
4,394,291; 4,326,988; and 4,347,158. Methods of polyolefin
production which use Ziegler-Natta catalysts
usually have relatively mild polymerization reaction conditions, such as

low temperatures and low pressures.



Stabilization As used in this disclosure, the stability of a polynmer is an

I ndi cdation, or nmeasure, of how polyners are effected by external forces,

such as, for exanple, light, heat and oxidizers, acting on or reacting with

a polymer. Stability, in other words, is an indication of changes occurring

in and/or to the polynmer. It should be recogni zed, however, that the

polymers of this invention can contain additional conponents which do not

adversely affect, and can even enhance, the prgpperties of the polynmer, such

as, for exanple, other stabilizers, pignents, dyes, processing aids, inert

fillers, binders, cross-linking agentsstatdutissdiodi ng agents, and

conbi nati ons of two or nore thereof. The antioxi dant stabilization package

useful to inprove the Ashasehilinoshidadisciostedi khé stabilabeidfnapsllyser Isi dn

this invention conprises ascorbic acid [err] commonly known as, and

herei naft er alimdicatfien; @i seasase,\/pf dwwnpdlymenrd atefiflactied| 5y egtermoh| forkan\n

as, and hereinafter also referred to as Vitamn E, such as, for exanple,

[ err]-tocophersgkh[as,r foBextmplie; aliight C kead and axidizErs,anctimgper oentedctingy

amount sufficient to inprove the thermal oxidative stability of the

pol yol efin. Thdsk & melimexrpoftabilisy, da athRrdwersisantd eniindAeatiomiafhchenges

i nprove thermal, light, and oxidation stability of the polyner. Any type,

or isomer, of 9%CeHFiBEcimapd/azato fhe RRlymeR. t Htsshasdd he spcosniadn Baweseny bi c

acid and D ascor bi,\'iﬁ' aci d are conmmerci al'ly avail abl e. Dascorii c acid is

al so conmonl y Heabyiheagotymers (?rfsﬁ’é)’rsoiie"%(t‘%iﬂna?ﬂi‘ eeatsia adddiional neampenestsd

[err]-Iactone; i}ar boascqrbi c acifg I S alio known as, er thgrbic aci d,

D-ert hro- hex- 2’-h_ [ °_(:“‘.?1'E:ia versely affectynand S8 pveRsehagres £8p ProRerfiies % own

as I_-XyI(Jasccnuggcpéy§hgrfaggch as, for example, other stabilizers, pigments, dyes,
processing aids, inert fillers, binders, cross-linking agents,
neutralizing agents, and combinations of two or more thereof.

The antioxidant stabilization package useful to improve the
thermal oxidative stability of olefin polymers in this invention
comprises ascorbic acid (C¢H,0;), commonly known as, and hereinafter
also referred to as Vitamin C, and tocopherols, commonly known as, and
hereinafter also referred to as Vitamin E, suck as, for example,
a-tocopherol (Cy9Hs405). Both Vitamin C and Vitamin E can be presegt in
any amount sufficient to improve the thermal oxidative stability of the
polyolefin. These two compounds can be added as antioxidants which can
improve thermal, light, and oxidation stability of the polymer.

Any type, or isomer, of ascorbic acid can be used in this
invention. Both L-ascorbic acid and D-ascorbic acid are commercially
available. D-ascorbic acid is also commonly known as D-xyloascorbic
acid and D-threo-hex-2-enonic acid 3-1acfone; D-araboascorbic acid is
also known as erythorbic acid, D-erthro-hex~2-enonic acid ¥-lactone; and
L-ascorbic acid is also known as L-xyloascorbic acid and

L-threo-hex-2-enonic acid ¥-lactone.



L-t hreo-hex-2-enonic acid [err]-lactone. . 6 Any type of tocopherol can be
utilized in this invention. Exenplary tocopherols include, but are not
limted to, four naturally occurring conmpounds possessing Vitamn F
activity and four other anal ogous conpounds. The four naturally occurring
conpounds are mnethyl derivatives of toco
(2-methyl-2-(4",8",12'-trinmethyltridecyl)-6-c¢hrononol) and include
[err]-tocopherol (5,7,8-trinmethyltocol), [err]-tocopherol

(5, 8-di net hyl t ocol ), j,,gr _E}p‘et 9?09%9&417&6 dg%?%ﬂegcgh)thi@n%ﬁ:té:?%n()pher ol

(8-nethyltocol), and dérivatives of one or nore ereo rnclu oth the

D (right) angxbmgla®y!docepidrods | thedidd,V fut W2aEHGE 1{?%?6@' g{:g A vRbEYAY

i nclude, but are not linted to D-[err]-tocopherol acet

DL- [ err] -t ocQebe¥Qhg Aesipahfis %L@ésrs]m% OCQRAREA OF &t 14184 Cald"FoBr other
D-[err]-tocopherol polyethylene glycol 1000 succinate,” D-[err]-tocopherol

qui none, and gffh ¥dgdus ScdmpsindS| - TheerduRUhataral 5O QLSuGIAP Ubpsunds ea:raea&eﬁh
derivatives of tocotrienol (2-nethyl-2-(4',8",12" -trinmethyltrideca-3' ;7

, 11" -trienyl HeBtvati@epnol and conggi n three unggdour at ed bonds in the side
chain. Generally, the entire antioxidant stabilizer package is present in

t he pol yner Rtdéthyleargée' af, 12 -toimishyltridédyd)ré-chicguondt) Kidndgr aneluday/ kg or
ppm, preferably within a range of about 10 to about 1,000 ng/kg. Most
preferably, wmhtodaphatolafsiysitimetistlibedl)z ep-prokber@li €5 (A-ddmathyltocbh),
final polyner conposition within a
¥-tocopherol (7,8-dimethyltocol), and §-tocopherol (8-methyltocol), and
derivatives of one or more therebf, including both the D (right) and L
(left) optically active isomers. Exemplary derivatives include, but are
not limited to D-a-tocopherol acetate, DL-a-tocopherol acetate,
D-a-tocopherol acid succinate, D-a-tocopherol polyethylene glycol 1000
succinate, D-a-tocopherol quinone, and mixtures thereof. The four
analogous compounds. are methyl derivatives of tocotrienol
(2-methyl-2-(4',8',12"'-trimethyltrideca-3',7',11'-trienyl)-6~chromonol
and contain three unsaturated bonds in the side chain.
Generally, the entire antioxidant stabilize::' package 1is
present in the polymer within range of up to about 1,000
milligrams/kilogram (mg/kg or ppm), preferably within a range of abo.t:t
10 to about 1,000 mg/kg. Most preferably, the total antioxidant
stabilizer package is present in the final polymer composition within a
range of 50 to 500 mg/kg, for best polymer stabilization. Any
additional amounts of stabilizer do not significantly improve the
oxidative stability of the polymer. Insufficient amounts of stabilizer
do r;ot sufficiently improve tﬁe stability of the polymer.

Generally, the amount of ascorbic acid present in the final

resultant polymer composition is within a range of about 1 mg/kg to



range of 50 to 500 ng/ kg, for best polymer stabilization. Any addi tional
anmounts of stabilizer do not significantly inprove the oxidative stability
of- the polymer. Insufficient amounts of stabilizer do not sufficiently
inprove the stability of the polyner. Generally, the amount of ascorbic
acid present in the final resultant polyner conposition is within a range
of about 1 ng/kg to 7 about 1000 ny/ kg, preferably within a range of
about 5 ng/ kg to about 500 ng/kg. Most pre}erably, t he anmount of ascorbic
acid present in the final polynmer conpositfion is within a range of 10 ng/ kg

The. anountaBpt o FeCERAlal FRSSTIER, SREh i 'fa%ﬁ%grfe&m gﬁtx-:'s&{ heppoue
000
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250 ny/ kg tann I npart color tot resul pol ymer-'a Rd i gh
| evel s Carbéaerwmsfﬁ;&blm e fh eG4 PRl Eﬂd&@ﬁfe@f&ﬁ 16l preferred ranges

provide a synergistic effect in stabi ng a pol yol efin agai nst therna
oxi dation. The ant ey fdihe RCaBcathtbll Bridbt 1VEH! ie9h FaRsbRafEdCd LO

the polyner in accordance with any nethod known 1n the art. Exenplary

Im%‘t hods tg zm ROmpek 1dNbd QXi getitra By up ROLNSHR' 1000 hiAigy, Bid pREferBbiy
imted to physi cal bl ending, nmelt bl ending, spray appllcatlons | et'ting
within a range of about 5 mg/kg to about 500 mg/kg. Preferably, the
amount of tocopherol in the finai polymer composition is within range of
10 mg/kg to 250 mg/kg. Vitamin E can impart color to the‘resultant
polymer and high levels can be unacceptable to a customer. Furthermore,
the preferred ranges provide a synergistic effect in stabilizing a
polyolefin against thermal oxidation.

The antioxidant package used in this invention can be added to
the polymer in accordance with any method known in the art. Exemplary
methods to combine an antioxidant and a polymer include, but are not
limited to physical blending, melt blending, spray applications, letting
down & concentrate of a stabilizer (e.g., Vitamin E) in a polyolefin to
a desired level, and combinations of two or more theréof. For example,
an additive can be diluted in a solvent for simpliéied addition.

Contacting of the antioxidant package and the polymer can be
done under any conditions sufficient to prepare a final composition with
an appropriate amount of antioxidant package in the final composition.
For ease of use, contacting temperature generally can be between about
ambient temperature to about the melting point of the desired polymer.
The stabilizer(s), such as, for example, Vitamin C and Vitamin E, can be
added to the polymer at room temperature and then the entire composition

can be melt blended for more thorough contacting. Contacting pressure



‘down a concentrate of a stabilizer (e.g., Vitanmin E) in a polyolefin-to a
rdesired | evel, and conbinations of two or nore thereof. For exanple, an .
additive can be diluted in a solvent for sinplified addition. Contacting of
t he .anti oxi dant package and the pol ymer can be done under any conditions
:sufficient to prepare a final conposition with an appropriate anmount of
‘anti oxi dant package in the final conpositign. For ease of use, contacting
tenperature generally can be between about anbient tenperature to about the

el ting poigaher@fily NGandeei #1246 Mu‘t”ﬂﬁnosmetﬁt @binbaérx(,%bo p°s‘i§t‘ éha aﬁf’r

.exanple, Vitamin C and Vitamn E, can be added to the polyner at room

tenper at ur eypaichet BEkosphiérecBin R GOEPOANERIBL AN 1kt B dosPhetad eshchOas TOT €
t hor ough contacting. Contacting pressure generally can be from about

at nospher i Gok OCextiplié, :niQ06keAS oy, afgeh,any prd¥erfali Ak NOsdeRees Lideddy Used,
al t hough an inert atnosphere, such as, for exanple, nitrogen or argon, is

preferred ipplymedestdbalitycdering il wd@itiohadf thd Mnthokidghtt packageli ti on of the
anti oxi dant package. The followi ng exanples are intended to further

il lustrate preferr cheefiblicwimntexaspldsiarei ttandédortonifuithetr filldeerdteni t ati on
of the scope of the invention. EXAVPLES Pol yet hyl ene, prepared by

convent i ongrefergadreanbpdineptnodi thdsd dnventdby stithopst evdve bislitatiodesf the
tradenanme of Marlex[err] 6007, available from Phillips Petrol eum Conpany,
Bart | esvi | IseopeCRE athendnvepbion.ested for thernmal stability using a variety of
ant i oxi dant s. Commercial ly

EXAMPLES
Polyethylene, prepared by conventional, commercially available
catalyst systems, sold under the tradename of Marlex® 6007, available
from Phillips Petroleum Company, Bartlesville, Oklahoma, was tested for
thermal stability using a variety of antioxidants. Commercially

available Vitamin E was purchased from Hoffman-LaRoche, Inc., under. the

o T st R B At e T e

trade names of Ronotec0.201 or Ronotec® 202C; Ronotec® 201C is a blend
of 10 wt.% Vitamin E and glycerides. Vitamin C is commercially
available and was purchased from Hoffman-LaRoche, Inc. as Ronotec® 100.
Tetrakis [methylene (3,5-di-t-butyl-4-hydroxyhydrocinnamate)] methane is
commercially available and was puéchased from Ciba-Geigy as Irganox®
1010.

All oxygen induction time (OIT) analyses were performed in
triplicate, unless otherwise indicated. The OIT analyses were performed
according to the following procedure. Polymer fluff was slurried with a

mixture of Vitamin C and Vitamin E in methylene chloride in order to

noiyprei et toha et 04t B e rdm o e Tt et e e

achieve the desired concentration. The fluff then was extruded and
pelletized, as is normally done in a production facility. Individual,

stabilized pellets were pressed to a thickness of 8 ~ 10 mils between



avai l able Vitam n E was purchased from Hof f man- LaRoche, Inc., under the
trade 'nanes of Ronotec[err] 201 or Ronotec[err] 202C, Ronotec[err] 201Cis
a blend of 10 wt. % Vitamin E and gl yceri des. Vitamn Cis comrercially
avai l abl e and was purchased from Hof f man- LaRoche, I nc. as Ronotec[err]
100. Tetrakis [nethylene (3,5-di-t-butyl-4-hydroxyhydroci nnamate)] nethane
is comrercially avail able and was purchased from C ba-Geigy as |Irganox|err]
1010. Al oxygen induction time (OT) anal yses were performed in
triplicate, unless otherw se indicated. The O T anal yses were perforned
accordi ng t o tuoeglads elideg g eclmtupatePat \ASEPF f(1I7PCIVESr Jess thenl Wimiiuta,

m xture of Vitamn C and Vitamn E in nethylene chloride in order to

achi eve the dinei céddewlancsamplatwasnpunchied fdomf Rathqrelldets weth raudpésl diaseter
pelletized, as is normally done in a production facility. Individual,

stabi |l ized petunchsandemes pplaseddnt an aalumindmeeg. of I8 an dttempt stohasimtain O
two glass slides on a hot plate at 350F (177[err]) for less than 1 m nute.
One circul ar wdfpre heas tuansfardte rihe samHepcthetcazpers af1the glumisuerpgrunch
and was placed in an al um num pan. In an attenpt to nmaintain uniform heat
transfer to tWeFessrinped andebenfr ferkeepr alhdostionsof phen chrgudas rsampdel #md
bent to keep all portions of the circular sanple in contact with the pan.

If heat transt@taghadiitst thmiReBr m 14 theaty fraptdrysyes mosurmiforby ey 8T, For
examle. 1 UICSEPLeL S 195 KeRt T Bof haste Mk Ll 5.aRE0 U AOLEE 0
contact with the pan during heating, the sample could initially curl up
and then flatten out as the temperature increased, resulting in a low
OIT value. The samples were heated under nitrogen (N, fed at a rate of
50cc/min), at a rate of 10°C per minute to 200°C, then switched to pure
oxygen (0, fed at a rate of 50cc/min). The rate of heat flow (mcal/sec)

was measured with time (min) to determine time {(min) to onset of

oxidative degradation (exothermic reaction).

Example I
Results of OIT analyses using Vitamin E, Irganox® 1010, and

Vitamin E/Vitamin C are presented below in Table 1.



and then flatten out as the tenperature increased, resulting in alow QT
val ue.” The sanples were heated under nitrogen [err] fed at a rate of
50cc/mn), at a rate of 10[err] per mnute to 200[err], then switched to
pure oxygen [err] fed at a rate of 50cc/mn). The rate of heat flow

(ncal /sec) was nmeasured with time (mn) to determne time (mn) to onset of
oxi dative degradation (exothermic reaction).!%xanple | Results of QT

anal yses using Vitamn E, Irganoxe 1010, apnd Vitamn E/ Vitamn C are

presented below in Table 1. 10 Table 1 #tdve Concentration, QT
aT aT O T, Run adidgi ti ve ng/ kg #l
#2 #3 Aver age 101 COMGW‘: oﬁ o1t orr. 0 orr 1@7,
1.88 1. 85 1. 90. 02 m—n—EMLE 100 4 » 4,18
5.27  4.70%88103 L%ﬁ#t—a' & Hbo #2 4 o3 4 Aygrage 4 47
4.30.3 104 I rganoxferr] 1010 300 4, 91 11 242
45109 105 Whanin &0/ WAeanin ¢ 1000100 19711, 3e88 6% 112.93if€*°§. 14
7.48 197 8. C3ufaniBORR! CCLr 1ho 201 " 'fRoR0teg gy T] 20AC Daf 344y Table
| 'shows that the OT is Increased significantly

103 Vitamin Et 100 4.02  4.30  4.67  4.320.3

104 " Irganoxe 1010 300 4.91 6,11  2.42  4.541.9

105 Vitamin E¥*/Vitamin C 100/100 11.28 6.81 12.45

5.14 7.48 8.613.1

*Ronotec® 201
**Ronotec® 202C

Data in Table I shows that the OIT {s increased significantly

by combining Vitamin E and Vitamin C.

Example II

OITs were again performed on an unstabilized polymer, a
polymer with Vitamin E only, a polymer with Vitamin C only, and a
polymer with both Vitamin E and Vitamin C added. The data are given

below in Table II.



by conbining Vitamin E and Vitanin C. Exanple Il O Ts were agai n perforned
on an-.unstabilized polyner, a polyner with Vitamn E only, a polyner with
Vitamn C only, and a polyner with both Vitamn E and Vitam n C added. The

data are given belowin Table II. Table Il Additive Concentration, QT
aT AT O T, Run Addi tive ng/ kg _#1

#2 #3 Aver age 201 None 11 : 0 ' 2. 86 2.68
1.36 2.30.82 202 Vitam n E* 100 2.14 1.82

2.96  2.30.59 203 Vitamin C Table 4y - 1.36  0.88

1.46 1.20.31 204 Vitamn E*/ ¥a in C 100/100 4.57 4.71

3. 60 4.30.60 *Ronotec[err] 20 fie da I n Ie I fhom/ t he

addi ti on of th Vi t E an ‘\ch"é' ign ’ha sy glstl effetOIan
i mpr ovi ng tﬁg-oxygeﬁgﬁhgﬁéP +¥Lsho §§¥@§2that

the data in,fable | ang, Jable Il canpnot be glaréectlzy gorrpqr?ﬂ ?3%? #;e

fact that only one pellet was used for each anal ysi's and 0

variances, gpgh as, Ji%mﬁg@wpl e, n@gnpl et eZ-CPQ‘Bt agt, gof thgg)eI Ifrz?iwlgj; t he

al um num pan. However data within each | e can be conpare ally,
in order 203 Vitamin C 100 1.36  0.88  1.46  1,2#0.31

204 Vitamin E*/Vitamin C 100/100 4,57 4.71 '3.60 4.3£0.60

*Ronotec® 201

As the data in Table II show, the addition of both Vitamin E
and Vitamin C has a synergistic effect on improving the oxygen induction
time of & polymer.

It should be noted that the data in Table I and Table II
cannot be directly compared dﬁe to the fact that only one pellet was
used for each analysis and other testing variances, such as, for
example, incomplete contact of the pellet with the aluminum pan.
However, the data within each Table can be compared. Ideally, in order
to achieve a more uniform polymer blend, Vitamin C and Vitamin E would
be melt blended with the polymer sample prior to extrusion and
pelletization. Unfortunately, such a step adds another heat history to
the polymer and can alter the polymer.

While this invention has been described in detail for the
purpose of illustration, it is not to bé construed as limited thereby
but is intended to cover all changes and modifications within the scope

and spirit thereof.



to achieve a nore uniformpolynmer blend, Vitanmin C and \ﬁtar’im
PO

melt bl.ended with the pol yner sanple prior to extrusion an ﬁmwﬂuﬂmm
mer ands cad

Unfortunately, such a step adds another heat history to the ¢y

alter the polyner. Wiile this inventi on1ga§u9§:ﬁt@n€%ﬁgé{ gs Prgnc%z,g,%k Hé’:ﬁ)y

the purpose of illustration, it is not t e construe

but is intended to cover all changes and nodifications within the scope and
spirit thereof. 12 Substitute sheet - 20 Decenber 1996 CLAIMS 1.

A pol yner conposition having inpr d | oxidative stability which
conprises: a) a polynmer which is r or a copolynmer of an olefin
having 2 fo 8 car bo‘mmerpmoeﬁﬁﬁomhﬁtﬁm,imrqy thexaadher eof ; b)

ascorbi c agidapi¢scstabilivy) whickn¢ompkidesp 1000 ng/ kg based on the total
wei ght of the fi nal“i resulotfmter?p%ﬁ_rggricogp%siti n; and.c). ane 3r nor e
t ocopherol s present®} n RPUIERH p*fo® aDTLP Tk E FXPEFYBRTt he
total wei gfit anfolefinhkeving & o &ncapbbynatonm parsialiefiin molecule, A
conposi ti g acCaPkehrd tKerdcs®;m 1, wherein said olefin is ethylene.
b) ascorbic acid present within a range of 1 to
1000 mg/kg based on the total weight of the £final, resultant
polymer composition; and
c) one or more tocopherols present in an amount of
up to about 1000 mg/kg based on the total weight of the
final, resultant polymer composition.
2. " A composition according to claim 1, wherein said
olefin is ethylene.

3. A composition according to claim 1 -or 2, wherein
said polymer is a homopolymer of ethylene.

4. A composition according to claim 1 or 2, wherein
said polymer is a copolymer of ethylene and a higher alpha
olefin. | ' _

5. A composition according to claim 4, wherein said

higher alpha olefin has from about 3 to about 8 carbon atoms
per molecule.

6. A composition according to claim 1, wherein said
polymer is polypropylene. ' .
7. A composition according to any one of the preceding

claims, wherein said ascorbic acid is L-ascorbic acid, D-
ascorbic acid, or a mixture thereof.

8. - A composition according to any one of the
preceding claims, wherein said tocopherol is a methyl
derivative of tocol (2-methyl-2-(4',8',12'-
.trimethyltridecyl)-G-chromoncl), a methyl derivative of
tocotrienol (2-methyl-2-(4',8',12'-trimethyltrideca-
3r,7',11'-trienyl) -6-chromonol), or a mixture thereof.
9. . A composition according to claim 8, wherein said
tocopherol is a methyl derivative of tocol (2-methyl-2-
(4',8',12' -trimethyltridecyl) -6-chromonol) and is

CaSE: 33210
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3. A conposition according to claim1 or 2, wherein s i
a honopol yner of ethylene. 4. A conposi tion accordi ng Iﬁ nﬂlmﬂl I“l
2, wherein said polyner is a copolyner of ethylene and a am s »

ol efin. 5. _ A conposi tion accor d"g‘gca&bsﬁt@fer%heet‘mfb% ezﬂ?% kpggger

al pha ol efin has from about 3 to about on atons per
A conposition according to claim1l, wherein said polyner is polypropylene.
7. A conposition according to any one of the preceding clains,

wher ein %@&Wc (BQVﬂal&im&ﬁm.nﬂélcﬁlaglHrt&oﬂ%ﬁlbl((s.a(;-ld or a

m xture- ther Si gl gn a e of the
precedin 3%4’&“&8&% W %%?cc’?clfe(r}%o her’gl dgﬁgeﬂ’%"é?%‘fﬁde%\'}ig{sl ve of tocol
(2- et hyltt'&c(phewl 18-methyheeend . Mé@ﬂ}'asitﬁr%ﬁtﬂﬁﬁ or o RE|
de“ Vat' éo&%%h @8net 4 Zniw¥uRe oF tdo, 8r Adretdf rmidwldompdenas
%{#’ en -rQT-chrormnoI) or a mxture thereof. 9.

corrp05| ti z?@é%‘r ®6 claim 8, wherein said tocopherol is a net hyI
derivati @ .of tocokh p:onshytom-px(epazﬁngle polymex gamnasidden) - 6- chr ononol )

and is CARordiatl thhbiy! éné Née rall preEeAinghetdihif Qihichd compriles

melt blending components (a), (b) and (e).
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13 Substitute sheet - 20 Decenber 1996 [err -toco herol

[ort]-tocopher sl (7. & i et hyt ESESP? “ﬂm heﬂi!ﬂmlﬂlﬂlll" M IHIII
(8-nethyltocol), a derivative of one o onpoun ds & A nfxture

of two o+ nore of such conpounds and derivati ves. A process for
preparing a polynmer conposition accordifg to any one of the preceding

the. repl ol e aPaeroR, fX: 7, &GN aeh iRy % Hoopnaeal (8,8 T ° ¢
dimethyltocol), y-tococpherol (7,8-dimethyltocol), and &-
tocopherol (8-methyltocol), a derivative of ome or more of
such compounds or a mixture of two or more of such compounds
and derivatives.

11. A composition according to any one of the preceding
claims, wherein said tocopherol is present within a range of
up to about 1000 mg/kg, based on the total weight of the
final, resultant polymer composition.

12. A process for preparing a polymer composition
according to any one of the preceding claims, which comprises
melt blending components (a), (b) and (c).




