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PHOSPHI TE ADDI TI VES | N POLYOLEFI NS Fi el d of Invention

This invention is related to the field of polyol efins.
we@abilzwharly, this invention relates to the fPel/usSmwbs/016772

phosphite additives in polyolefins, nmethods of making

such pol yol efins, nmethods of using such polyol efins,

and pol yol efin conpositions. Background of the

I nvention Polymers are used in a variety of diverse

appl i cat i onPHOSPHETEWHPITHICS [N PO, YOLBRINS ncl ude

food packagi ng, electronic conponents, autonobile

parts, fibers and fabr Field oblkYeREOR cal equi pnent .

Pol ymer sTERUindedih Rerd AL weh fdiaver §Sly61éﬁﬁ§' OP‘eﬁ’ucularly, this
w t hout the assistance of a very broad range of

inprptigmeelates do they Ssld off plnsphiteaiditiviey de pOb'@le,er wethads of making

FRUTESHY TR ST SRS TRa G, s

Addi tives not onIyEaMBQQaﬁaofﬂ&ﬂmvaﬂﬂnpther
limtatigns, but also can inpart inproved performance
properti 88l VST #6 Uspchip 2 Eﬁ‘i"ft?éh et divesse apRlisations. i axppple, such

ﬁca%hé ﬁfehgle anb&d Mykggngsa@étﬂoﬁm%ﬁl Ba&Hs, ohﬁibﬁe g)mtt@ ibers and

dative gradation f pol yimer's Degra ation
fabmnSt pad eaediaé reqhipgsnt. adﬂomiless coiildiop peefaunisuch slfmmseeﬁmctlons

an un alre el ec are at ed al v,
w\fﬂou? theu.iistSJrs ance g ta Veg%ll ﬁnge rr%tg% Ol Viner Tlcicp tﬁ&)egr \R}E‘[ﬁal}t ¥dd1t1ves
polhéb bdtrpdégfmierdliring@rodeﬁsmgsaﬂdaivleﬁtiﬁld ol &53e &nf)zio@ @trength discolor,

radical is forne a chain reaction can begin_that
and egquag @8 r;%lrﬁ? néﬁfilélvewqi&mywercse%hefa@ﬁ@ BExtaponss but also
ield a peroxy
r%@?iﬁ %ﬁ%e%&fbﬁ% n reéécg?J) \iﬁ\}% #Ln% I%gl\%[l | abl e P

hydr ogenOat dypg of ﬁchhmears aptistidiite wiydr opellpeidesednd retard the
sence. of,

o@%ﬁvgﬁe@gﬁ%&or{ ﬁ ?81%?%65%t II% ad&{i?p [N (l;ﬁém%ated when free radicals,

higia} freftiop agaties Gvie dn Caipair&B leb@or) Odry NeR6atelE O 3BRIhRH by heat,
There are two basic types of antioxidants, primry and

ulsadelatrdiption: mestiagisal diean, end/er wetallisvigwpurities. Bris heligyed when a
v SR U ialn RIF A AR Yyan
Subkafuestacactibar of thetradiodl detht a1 caygep melanide Ear yialdi Dperoky radical,
Wl%dﬁl I’d}eln %Qr? Ireafc’cr vevleth tag%bglﬁllbfe h}ydro%%ﬁ %ton? tsoI fc])%nuarr]lsutngtg{)le hydroperoxide
and another free radical. In the absence of an antioxidant, these reactions can become
self-propagating and can lead to polymef degradation.

There are two basic types of antioxidants, primary and secondary
antioxidants. It is believed that pnmary antioxidants can intercept and stabilize free
radicals by donating active hydrogen atoms It also is believed that secondary
antioxidants can prevent formation of additional free radicals by decomposing unstable
hydroperoxides into a stable product. When primary antioxidants, such as hindered
phenols, are utilized, polymers can have a more yellow color than unstabilized polymers,
therefore decreasing the commercial value of polymers. Secondary antioxidants, such as

phosphite compounds, often are utilized to increase the stability and whiteness of

polymers.
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hydr operoxi des into a stable product. \Wen primary

anti oxi dants, such as hindered phenols, are utilized,
wp@oiogietss can have a nore yell ow color than  PCT/US2005/016772

unstabilized polynmers, therefore decreasing the

commerci al val ue of polynerg. Secondary anti oxi dants,

such as phosphite conpounds, often are utilized to

i ncrease the stability and whiteness of polyners.

ATLANT A48t bt fidlobphiRt Rditivesd BIRS Bk lcecatd diffituless il solymer
can create difficulties in_polynmer production and

progdugion @ad peRiivations and pausep %eéﬂ@ilw.eéﬁﬁ%t ¥ plpmenyiahibiyyard color.

Flrﬁt ﬁl?ﬂ aﬂ Iﬁ‘{édadﬁﬁ vk caﬂ: L4t pol cﬁﬂ'g!%@ér#de _“ﬂ’c%ﬁ to feed
po ynmer clunping”and can ficult

1ntof ﬁlecboilynmn frbducpioh ypresespr Sdmetphosphfitbsa aeslsydrﬂtynmlly unstable and

hosphltes ar e drol i cal e and c a
canfiega ik BFF SSHTIE § JPvie a5t PRSP RS offGueGlor Slabilzing
polﬁﬁ&@ eNppabitidRs Eﬁblo%ﬁrﬁgg}bﬁdsﬂhfégadﬂﬁiv)émrﬁresuﬁpﬁi b egdub@NGuality in
nmpl oyi ng phosphi't ditives can result in a reduced

the qqhxaﬁlpqlwrppprtl?ﬁeomylypl@ﬁns prsseidingss therejs|a agedt innhe polyolefin

1nd1|1é§i§1° Eq yﬂ?) ol%hltet enﬁgcgfe t@lcg gl‘gﬂt #{}I%atsgsfgﬁgﬁ%éplt ﬁf)ﬂi@y and improves

mewnmmmaseﬁpﬂwmmmer stablllty and i nproves the whiteness
of polymers . of t vent.i on The present
invention is di rgng@g‘“f‘%"yo‘?r}éh? Y§8He™ol yner and
copol y mahe GRERAS InfvbMith ANdrddRl NG defd hﬂﬁbb(‘}lgrn%f‘ gn&' %blﬂﬂymer
such conposi tions which have at |east two sgg
compmfscptsuané setloge of making apd using eech cofpphitiges which bhvet atdeast two
0l s [
specgf?a 1qs ]iukegov]j;“r:e top{hg g#gsgg neg %\é‘ écﬁ e pﬂgér’?%}/t lp%%o%fm%rhg% Rroduced

hav1hg\ﬂrr@hﬁz%@ hjolceSandem’ISlhm eﬁerapblyléléﬁlml C@ﬂtﬁhlngb&ﬂy heie @f the two
ht st abl izer is present in the corrpost!tl on. The
ph OS@ s"f‘iePoW B AV nebsprvgie o | gt ceiphplifes ols gresent in the

comPNiI&H. efﬂerborrﬁaogl'uf)ﬁ bf ﬁie%s@ﬁttﬂﬁénklxn 9&9&9&% ta%oly%‘l’é}ﬁl @¥irst high

n ary di phosphate having a fornula, "an

actnht;yq]holsglmm:mh ws st aityladkyd qurhpbplme havmg mf@nmga a

triaryl phosphite; having a fornula, The vagjoug "R

noi eti es ar e\ def/i ned bel ow.. "I n accordance w h the
present invemmign, a co ifﬁh mat t er/ IS\ f or med
by conbigi ag(conpanant comoF ;g(P———o RO

o—CH2 CH2—0

Ry Rs . Rio Ry

-3
The various “R” moieties are defined below,
In accordance with the present invention, a composition of matter is formed

by combining components comprising:

ATLANTA 405259v1



ATLANTA405259vl a) a polyolefin; b) at |east one high
activity phosphite conprising an aryl al kyl di phosphate
whaoosngpoas f or mul a, wherein Rl, R2, R3, R4, R5,PEBUSHE5/016772

R8, R9, and R10 can be the sanme or different and are

sel ected from hydrogen or s8rai ght-chai ned or

branched, cyclic or acyclic, aromatic or aliphatic,

and m xed aliphatic, aromatic, and/or cycloaliphatic

or gani c ay adi gblyolednj ng from about 1 to about 20

carbon atons per_radical; 10 ). at |east one ) .

hydol yét &spl gneshigh) astivry phptohite Comprsegfg gylalkyl diphosphite

' osphite having a formula: wherein R, R2, R3,

haﬂéﬁéﬁgn R@B, are sel ected .from hydrogen or

strai ght Behaijied or branched, cyclic ofe

felic,

aromatic or aliphatie—and gixed aliphat aromati c,
1.5 and/ ¢ | oal i phat'i c\ @r ganhc radi £a avi ng from
about®T ut ©20\car boj\at ong" pét g ) @
optional | yv—& pri mar p—poHy nes,—st abi | i ze

‘optionalll, an acid scavenger; f) optig Ly, an

organi ¢ base, °Lewi s base, or aliphatic amine; 20 g)

opt i Onalvx:'qh}féreil\!\m]l,eR'g, ng&hﬁs,o%imnaigl Ro, ﬂ}qd‘lREbg@lhebb thccja same or
am ne. The at |east qne high activity 0 ite an

the at MeEgentoRd %5 aslentsa from lpxﬂrggeabqrépﬁﬁr@g ipgd of franched,
present .iLh; POSHIh 2R btk Ch ; ; i
DL T of Shei o PEfTEe bl S RBEo ki MuRHP b, puomatc,
Nurmber @R&or cyelpaliphptio otgssicntpdicelsahavang, &rogy ebauér]l tchabout 20
the PE # r?»f aocogi%osi ti F_n formed by conbining |ike

amount s ‘8PP AE §5‘1décfa’n,' the high activity

phagphi tag Jeast baebBgir6lgticdiBriabhle Wabdsphite @0ehpALinA G Biarylphosphite
scavenger. | n another aspect of the present invention,

havglg;@f%@glafi on is formed by conbining the foll ow ng

_conponents: - ’ -

wherein R, R,, R3, R4, and Rs, ére selebted from hydrogen or straight-chained or
branched, cyclic or acyclic, aromatic or aliphatic, and mixed aliphatic, aromatic,
and/or cycloaliphatic organic radicals- having from about 1 to about 20 carbon
atoms per radical; 4 : -
d) optionally, a primary polyrﬁér stabilizer;
e) optionally, an acid scavenger;
f) optionally, an organic Base, Lewis base, or aliphatic amine;
g) optionally, water; and
h) optionally, a hindered amine. ‘

The at least one high activity phosphite ‘and the at least one hydrdlytically stable

phosphite are present in the composition in respective amounts sufficient to raise the

ATLANTA 405259v1
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a) a polyolefin selected from honopol yners of one

nmono- 1- ol ef m having from about 2 to about 10 carbon
w@t@ag240e8 nol ecul e or copol yners of at | east BCT/US2005/016772

di fferent nono-1-ol efins having about 2 to about 10

carbon atons per nolecule; #) a high activity

phosphite conprising an aryl al kyl di phosphite having a

formula, wherein R2, R4, R5,.R7, R9, and R10 are
PhillipsllCod@ Narter BPH #) Rath Rocessing 1B ablae rprecgst tbh RRAPECH of a

and, _aromati c _organic radi cals having fromabout 1.to . .
comggition Agrraed By ncombipgeéte pelms(of tg? PelyReiite | e itk potivity

I ' b ' phosphi t e havi ng

phoSfifs; FPQOSIRRLRITPIES Wil At s v p 1o

triaryl phesghét espacteohfhgr prgsent anmgniin, san doRBosiien is formed by

. sbel.ecg}eegoﬁr om strai ’?ﬁht - chai ned or branched organic
_ oMY %\\;111%900@8 WU$out 1 to about 20 carbon atons

per radayal , atpi@ydiefh seleéted iftom [Hoaspblyneerand dtemono-1-olefin
ATLANTA405259vI hydrol ytical |y stabl e phosphite being
havigeclseipabpy Ztq ghoxt 10 kadenatosisnes imaleqle o soplagss ef afleast 2
: nmass
TG 3RpoRL FRERO DS BrE o 3 Pt Hrich AGRE ek b
aryl al ky) di phioghhadtigitpf posplite aofplisinghar ewrylalR®] dizhosphite
h R5, R7, .R9, and R10 in the another aryl al kyl
avg}gpar@%}lﬁ,t e are hydrogen and.Rl, R3, R6, and R8 are
sel ected from strai ght-chai ned or branched organic

radi cal srRhavimg from about 1 to about R0 cafbon atons
per radical; /e) optignally, a %indered phehol in an

a range_EfCH%:ip%Hd't_ 50 ny/ kg, FQ\about 5000
ny/ kgsba feRass oic t he oo @ TR
[ d

opt i onal 'ys—=at er inoan{ﬁﬁsagLo ithin a~xa
nmg/ kg to abodt 5000 ng/ kg based on the /nas$
neat pol yel effsn; g) optionally, a hind&edRan ne in an
anount within a range of about 50 ngy/kg to about 5,000

ng/ kg based on the nmass of .the neat pol yol efin;
wherein R,, Ry, Rs, Ry, Ry, and Ryg are hydrogen and R, Rs3, R¢, and Ry are mixed

aliphatic and aromatic organic tadicals having from about 1 to about 20 carbon

atoms per radical;

c) a hydrolytically stable phosphite comprising a triarylphosphite having a

formula,

Rs O+—P

R.
. R R g

wherein R,, Ry, and Rs in the triaryibhoéphite are hydrogen. and R, and R; are
selected from straight-chained or branched organic radicals having from about 1 to

about 20 carbon atoms per fadical; the high activity phosphite and the

ATLANTA 405259v1
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h) optionally, triisopropanolamne in an anount within
a range of about 0.25 ng/kg to about 100 ny/ kg based

worobhatomass of the neat polyolefin;. and i) PCT/US2005/016772

optionally, an acid scavenger. in an amount within a
range of about 1.25 ny/kg tdo about 500 ng/ kg based on
the mass of the. neat polyolefin. Yet, in another
aspect of the present invention, a process is

desgydrbRfcABNeH1S bRespiitEe Belhg greséﬁt ima nﬁtblypiicﬁf)hlte arthyura within a

hi gh” activit hosphite co ng an. aryl al kyl
5 sl e O B ALY g of g e

R? R7, R8, R9, and R 0 can be the same or \
d|f eyeng and are selected fromh dro%en or straight

~ chailped aptiooaliyn caheﬁh,er expddlkyl &iphosp fozrgeDagyperaie Ro, Ra, -
|
RO R A O I A AR TR . o

Rqlafe f0Qidd 26in ¢R4iBRNCIAIR T PRinchaicirgalic rad)calis having from about 1 to
hydrol ytically stabl e phosphite conprising a

abpmu?é)ro)arhm@gmﬁme@r #hgalng a formila, wherein R, R2, RS,
> ral bout 5
Chal ed (g)i?o%'éﬁ'y fhgﬂ%ﬁeﬁ éﬂeﬁm Y M Q88 nOWithin" &irfd¥e of about 50

ranc cyclic or acyclic, aromatic or
mgkg phaa:tomcsoaﬁ)ndg/kg bwda)hnhmmwscpf ﬂmma’apquoleﬁm
cycl oal i hatl ani c radl cal s haV| n t
cycloal b R RN ignn e P'ng&g to hbb® 5000

m%l%@%'&k%ﬂoﬁ&h(éﬁhéﬁ)&fﬂ%ﬂa@ﬁdlgﬂ&% ong f og rr:gl gl g Iz:anWher ein

t he g ameopfonglly.f @aﬂ’érrﬂer@&]n@mﬁyeems@ amowy Withim, ﬁg@}ggg%fnabout 50
m%(%gﬁ% ug g,pOg P‘n%/l%aq%sgc{ orp{ %43? gt th€ %QA’c hgw[efﬁcy clic,

m xed a aromati c,
an d/myr Cypmcﬁﬁlly,phmopmpam@armm in adla:mkmt wahmrvgrahg@nf about 0.25

miketorn TS BRREE GHoaser e RrsepRPEEs wd " o S
opt ijpnal btioml] ﬁﬂ%l&%ﬁ)@ﬁg&lm dn) arfdink Qﬁﬂhﬂl %,raﬂ\@ &f about 1.25
mg/kg to about 500 mg/kg based on the m‘asé of the neat polyolefin.
Yet, in another aspect of the present invention, a process is described
comprisingAblending:
a) a polyolefin;
b) a high activity phosphité. 'cp@prising an arylalkyl diphosphite having a

o—CH2 CH2
O "—CHZ CHz—O

wherein R;, R, R3, R4, Rs, R, Ry, Rg, Ry, and Ry can be the same or

formula,

different and are selected from hydro gen or straight chained or branched, cyclic or

ATLANTA 405259v1
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g) optionally,
hi ndered am ne;
W0 eiobADPIOpPanol am ne.
present invention,

an acid scavenger;

Still,

h) optionally, a

and i) optionally,
i n anot her aspectPCFf/Us1005/016772
a process is described to inprove

the nelt stability upon recgcle of a polyol efin which

conpri ses blending: a) a polyol ef
activity phosphite conprising an

ha\éﬁwlca af(ﬁﬁzftw 61; a

in;, b) a high
aryIaIkyI di phosphite

Mlaﬁbﬂ ﬁ&ﬁﬁi&@mﬁwﬂaﬁc eadr3tid,, oReyclddiphatic

R10 can be the sane

or %gwwéwels(%wma rf@ns@fr%l&i gdghn%%ﬁ’ £34BoRyptems per radical;

| sti %&élyﬁyﬂgoﬂﬁﬁe

bra cheg cyc acy
andomded al i phatic, aromatic,

PErghiE RO PR BByl having o

and/ or cycl oaliphatic

organi ¢ radi cal s havi ng fromabout 1 to about 20

carbon atons per radica
phosphi te conprisin
formula, wherein Rl} R2,
from hydrogen or straigh
or acyclic, aromatigRor
ali phatic, aromati.c 2
radicals having fro abo/t 1
per radical; d) opt onaﬂ%y
di phosphite of fornula (1),

;. c) a hydrolytically stable
a thi ar ylRphos

phite having a

nd RS are sel ected
or branched, cyclic
T&nd mi xed

atic organic

Lo alout 20 carbon atons
.arfet hdr; aryl al kyl
wherein R1, R, R3

R4

RS, wikrein R, R, lﬁ,gandallﬂﬁargjsgleé?t@@ e hidB oS8 @faight chained or

di fferent an
st rtapaghed.ctyalio ed aoyiclipr apaplic or

or Wobbutc Rl thdee BT

1 ha&aﬁout 20 carbon atons per radlca

T RSB a7, B, R,

/Cléﬁ 8 @B e 08B 8 RAS 8@ from
the mass of the neat polyolefm f)

dlnberent fr n1the hi

optPonalopfion yhgrmglgqr
R, Nee /L rbaut 1

are sel ected from hydrogen or

@;P@NFC@ a:@;i m@zgegl@ﬂlpléatlc arornatlc or

SlabGut R

aving from a ou
mhlch is.

ﬁht'

%)ms per

optionally,

hydt%ms@‘pﬂm@ﬁ@hamm er brangledawpelivt ompdyhliey aromafger efiphatic, and

mixaegoalllitphagtic,2 %romatic, and/or cycloaliphatic organic radicals having from about 1 to

about 20 carbon atoms per radical, which is different from the high activity phosphite;

e) optionally, a hindered phenol; '
f) optionally, water; o

g) optionally, an acid scavenger;
h) optionally, a hindered amine; and
1) optionally, triisopropanolamine.

Still, in another aspect -of the present invention, a process is described to

improve the melt stability upon recycle of ‘azpdlyolefm which comprises blending:

a) a polyolefin;

b) a high activity phosphite comprising an arylalkyl diphosphite

having a formula,

ATLANTA 405259v1
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ng/ kg to about 100 ng/ kg based on the nmass of the neat

pol yol efin; g) optionally, a hindered phenol; h)
wopitconals y, water; and . ATLANTA 405259vii) PCT/US2005/016772

optionally, an acid scavenger. Further, in accordance

with the present invention,7a process to inprove the

Phillips Col or Nunmber or whiteness index of a

pol yol efin conprises blending: a) a polyolefin; b) a

hi gh actiRyi t yxiphosphite conprising an &ryl & Kyl

di phosphl e havi ng a f orqu I%gherel n R R2, R3, R4
, RS, RF RX , , gr A\can b same or

di ff &s | ect egk f romMyd —Rs (D)
st rai ght -\che ned or M{ \:_. clic,

aromatic pr aliphatic, and n1xed al i phdatic) aromatic,
or cycl o&iph&tic organic radicals hav’i{lhg ff om about 1
to about 20 carbon atons g;thadl cal; c¢)

hy dvlsrsie RaalBy Rt Kol Bs . gho t éim:@ndpRn osqandvedhe same or different

A REREE 0 s B Gl e o

st maighéd, afyalin e agycliby aombge or Elyiﬂiatlc, and raixgd laliphatic, aromatic,

aromatic or aliphatic, and m xed aliphatic, aromat
or aBger &aﬂp@lﬁg{aﬁe g Fadicalgnavines ﬁﬁﬁ\/% tele @5 cgrbon

ﬁ%ﬂ Q?g rbon atons per radical; . d) optionally,
ano er- ar di phosphite of for mul a (1), wherein

R ¥) Ra molwcallyﬂsable RBospRite comPrisiRg, a frradylRAGspbie heing 2
ﬂ)tQ@ same or different and are selected from

TR ANTA405259vI| hydrogen or strai ght-chai ned or

branched, cyclic or acyqilc q&onﬂtlc or aliphatic,

and m xed. aliphatic . or |cycl oaliphatic
" organi ¢ radicals haying fron about| 1 to about 20

carbon atons per ragirca ig—gi fferent fromthe

hi gh activity phosphite; optionally, a hindered

am ne in an anount W t hi n/a nange |of about 50 5 ng/kg

to about 5,000 np/ kg basgd on ¥ he |mass of the neat

pol yol efi n; -3

wherein R;, Ry, Ri, Ry, and Rs are selected from hydrogen or straight-chained or

branched; cyclic or acyclic, aromatic' or AaAli'phatic, and mixed aliphatic, aromatic, or
cycloaliphatic organic radicals having from about 1 to about 20 carbon atoms per radical;

d) optiénally, -another arylalkyl diphosphite of formula (I), wherein R, R,,
R;, R4, Rs, R4, Ry, Rg, Ry, and Ry can be the same or different and are selected from
hydrogen or straight-chained or branched, cyclic or acyclic, aromatic or aliphatic, and
mixed aliphatic, aromatic, or cycloaliphatic. organic radicals having from about 1 to
about 20-carbon atoms per radical, which.is. different from the high activity phosphite;

e) optionally, a hindered amine in an amount within a range of about 50
mg/kg to about 5,000 mg/kg based on the mass of the neat polyolefin;

) optionally, triisopropanolamine in an amount within a range of about 0.25
mg/kg to about 100 mg/kg based on the mass of the neat polyolefin;

" g) optionally, a hindered phenol

h) optionally, water; and

ATLANTA 405259v1
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f) optionally, triisopropanol am ne in an anount
within a range of about 0.25 ng/kg to about 100 ny/ kg

whawed24m t he mass of the neat polyol efin; g) PCT/US2005/016772

optionally, a hindered phenol; h) optionally, water;

and 10 i) optionally, an acBd scavenger. The processes

of the present invention nentioned above and descri bed

in detail bel ow enpl oy a bl endi ng procedure which

i nGJ UdeSptﬁBﬂéllﬂ,@hnd@ﬁiéc@%ngbﬁg, extruding, and any

conbi nati on thereof. Even further, in another aspect

of the PrEBENM Fcpeidargeatith the PAGSETtdNEeNEiPN S DIogeRS fla &pproxe the

Pm%lﬁg%ﬁgﬁig Fenﬁ?ﬁ%&a%%'a po‘@%ﬁggﬁhgﬁﬁ?“§§ﬁ§gﬁi‘

activity)phospﬁ&obﬁnpnprising an arylalkyl di phosphite
e, URB) ant b BATHE CPioRRic, FamB g ¢ A IkS fidogphit

mwﬁ@ha@hﬁmafron1hydrogen or stralght chai ned or

branched, cyclic or acyclic, aromatic or aliphatic,
and n1xed al i phatic, aromatic, or cycloaliphatic
organic 5. rgdicals having from aboutgrl te@, about 20

car bon at radlcal a hydrolytlca ly stable
phosphi t pri-sin T'Qosphlt. Vi ng a

f or msy FA4-65 59v| reln ﬁ%ko RZ s agy RS
are sele from hy __Q % rai ght - ned or

br anched, lic or acyc c, ‘aromatic gr aliphatic,
and m xeksal iphati c, aronatlc and/ or ®iycl 8ali phatic
organi ¢ radi cals having fromabout 1 to about 20
carbon atons per radical; .d) optionally, a second
ar W idréH |R dlmbqegpmt R, 0, Rqrnglm, érld) IR, Ovv!mrbalme Snhe or different
R2, R R5 R7 can be the
sarfadgre sﬂkforeérfmm haﬁ@gam ar gtéﬂl@&tcbamﬁ mewég@whe jor acyclic,
stral,ghts 6h Qhﬂﬁ%ﬁ,o bnPRRED GllphaB%C bictnaBi, BF %§ibSliphatic organic
aromatic or alilphatic, and

radicals having from about 1 to about 20 carbon atoms per radical;

c) a hydrolytically stable phosphite comprising a triarylphosphite having a

formula,

wherein Rj, Ry, Rs, Ry, and Rs are selected from hydrogen or straight-chained or
branched, cyclic or acyclic, aromatic or aliphatic, and mixed aliphatic, aromatic, or
cycloaliphatic organic radicals having from about 1 to about 20 carbon atoms per
radical;

d) optionally, another arylalkyrdiphosphite of formula (I), wherein Ry, R,,

Ri, R4, Rs, Rg, Ry, Rg, Ry, and-RlQ can bé the same or different and are selected from

ATLANTA 405259v1



m xed al i phatic, aromatic, or cycloaliphatic organic

radi cal s having fromabout 1 to about 20 carbon atons
w@enenamigal , which is different fromthe hi ghPEUB200%/§16772

phosphite; . e) optionally, a hindered anmine. in an

anmount within a range of abgut 50 ng/kg to about 5,000

ng/ kg based on the mass of the neat polyolefm f)

optionally, triisopropanolanm ne in an amount within a

hy r%ﬁ%rosftra 'P—U aifleor Hﬁﬁ&&dt deﬁ@%tac%lﬁ 'ﬁﬁdrhﬂlcb@‘sﬁtbh@ﬁc, and
df mass e neat polyol €f m optionally
mixed ndiphetic, ptnem@mq, dr) c;@glahghfmq Vgamﬂ@qb@lgﬁ@ﬂﬂg grom about 1 to

' I I
ot b Bt B B e
oilly, QoKipa@Sed amnse. inFug anﬁunbwpthnea rehge of about 50

p . effect o?ﬁregrl nd on HLM for ?‘lg’fjl ous iY?q%ESItlons

mgfRedo abput §1A9Rmagke hesed PR I mas Of BGICAP ™M /15 for

vargd ous Bﬁpﬂ@' i¥RopahibiChmifte SPAPARSENt tWithih iele oFfabout 0.25
regri nd."Yon hsi [ npact for various conpositions.
mgfKgGo aboutd0p angdlss based el fheanass bf thegestmelOFIESCR A for

vari ous cQ itio 6 compares the effect of
reg®i nd OQHn%%%R E@S?ed\?g?‘?oé’us conpositions. Fig. 7
conpar esptibealBf vakk; €8l regrind on crossover nodul us

for "vari ous corrp05|t| ons. ATLANTA 405259vl 1.1 Fig. 8
10 corpar esPprtinealls pRa¢id §§aVERESFi nd on crossover frequency

Thd g)goc\é?sreé K %hecﬁ’&?é}ﬁ 'ntn{eﬁﬂ@n mehfencd ARTDANE HebdiDefih @etail below

regrind on for various conpositions. Fig.
empDycod rlsﬂmrdatg proeedsfré exdtichofinclugigs inpiingn pellefizing, tf&}itrathn& ind any

rad/ sec_for various conpositions. Fig. 1 1 conpares ‘

comppgalig Wereoht regrind on viscosity at 100 rad/sec for

vari ous ERNPasitet, OMSanother. aspect of the present invention, an article of
15 manufacture is prepared from a polymer produced by a process comprising blending:
a) a polyolefin; :
b) a high activity phoép]ﬁte comprising an arylalkyl diphosphite

having a formula,

o———cn2 CH2
o——CH2 CHZ——O

20
wherein R, R,, Rs, Ry, Rs, R, R7, Rg, Ry, and R, can be the same or different
and are selected from hydrogen or straight-chained or branched, cyclic or acyclic,
aromatic or aliphatic, and mixed aliphatic, aromatic, or cycloaliphatic organic
25 radicals having from about'1 to about 20 carbon atoms per radical;

c) a hydrolytically stable phqsphife, comprising. a triarylphosphite having a

formula,
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Fig. 12 conpares the effect of regrind on shear
response for various conpositions. Fig. 13 conpares
wao bweatfoext of regrind on Eta (0), zero shear PCT/US2005/016772
viscosity, for various conpositions. Fig. 14 conpares
the effect of regrind on Tag eta for various
conpositions. Fig. 15 conpares the effect of regrind
on a Eta for various conpositions. ‘Fig. 16 conpares
the effect of regripnd ol.NM/f-r ri ous conpositions.
Fig. 17 conpares the effs 'regrind on M for
various conpositions. Fi ares the effect of
regrind on H for va&io K lens. Fig. 19
conpares the effect| of r&g on{A T for various
conpositions. Fig. |20 conpars effect of regrind
on the Phillips Coljor ) for various
conpositions. Fig. 21 conpares thé effect of the

addi tion of a UV concentrate on the Phillips
Polyethy er for various conpositions.
Fi gvhemn { faee selefted Bgmi hy@rqgﬁ;morfsgplght-chamed or

va )S f 0
R i s R B
compdoe sydlbatiphhtieotganfc fa@@hls Fldwﬁig bl 4ot flog abdii Q0scarbon

conposi tions. Fig. 25 conpares the effect of regrind
on? epradifilivar i ous conposi tions. Fig. 26 conpares

t hey ef f r ?&JrrHﬁ r S
% 03|?ﬁ%ﬁ@ﬁyﬁfg£bﬂgm§gﬁ%grgse%%geg? ect op?g@%?%%%ﬂ,lib
Rs,dh, Bt aR(,08s, Ree B@, ‘giteBr, sanseotbe syme podiffengritend are selected from
nyaf IR s RRGpanlo B Pl o el eo gt ouBhis o Rge, and
mixed faﬁphatﬂf afoR@itic) 61‘ @Rclobiephtic |drgaﬂl$c Raliy#d hyviapeiréal dout 1 to
Nunber for various, conpositi

aboutrd Ongarherodoms priiagicaly GVhé@rﬂﬁ dilisgentifise firddgh aqiiviehosphite
adg}%telr Op%t?fn\'c}ﬂ?g %ﬁﬁﬁé&gﬁ%ﬁﬁ}%einoﬂl bAGuk h\kf tin'npac‘ erQeo&f about 50

mg/kg to about 5,000 mg/kg based on the mass of the neat polyolefin;

f) optionally, triisopropanolamine in an amount within a range of about 0.25
mg/kg to about 100 mg/kg based on the fnass of the neat polyolefin;

g) optionally, a hindered phenol;

h) optionally, water; and

i) optionally, an acid séax}engef. -

Brief Description of the Figures

Fig. 1 compares the effect of regrind on I for various compositions.

Fig. 2 compares the effect of regrind on HLMI for various compositions.

Fig. 3 compares the effect of regrind on HLMVI/I; for various compositions.

Fig. 4 compares the effect of regrind oﬁ tensile impact for various compositions.

Fig. 5 compares the effect of regriﬁd on BSCR A for various compositions.

Fig. 6 compares the effect of regrind on ESCR B for various compositions.

Fig. 7 compares the effect of regrind on crossover modulus for various

compositions.
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Det ai | ed Description of Invention Polyolefins The term

"pol yolefin", as used in this invention, includes
woemwopioysrer s as wel | as copol yners of ol efii cPCT/US2005/016772

conpounds. Usual |y, such honopol yners conpri se one

nono- 1- ol efi n havi ng about 12 to about 10 carbon atons

per nol ecule, and typically, about.2 to about 6 carbon

atons per nol ecul e. Exenplary nono- 1-olefins, which

pr gguce Rphpredseticnerivbit Bf a¥gald @At clokRer the@8ency for various

i nclude, but are not limted to, ethylene, propylene,
compogjtiemme, 1-pentene, 1-hexene, and 1-octene. In one

aspec = Je 40 d S

g R e e R

Appigd. cbbtempapo theneffet od mpgiisk oatvidcesitt al 0di fadéeerfor various

nonQo- 1-ol efins, a nononer and one or nore conononers,
compo#HORayi ng from about 2. to about 16 carbon atoms per

NOIFGE Ul 1€ corfiPdreS HANEHRE 08 U6 HIDHP REeSsityWti 000 piddbdfer various

pol yol efins with excellent properties, include, but
comppeitipet: |inted to, ethylene, propylene, 1-butene, 1-

pe e ’ - e - .
e8RS S 8 00 1 M S
t h@igrissentparesienefifen of fegeinpoaBya (0)nmeno siesas vispaditydidr various
. but, are not limted to, aliphatic 1-olefins, such as
compOgifioPene, 1-butene, 1-pentene, 4-nethyl -1 pentene,

1- hex anQompaRs R iecPbite SirdtEén 1AL forGaf bl Wonddditions.
conj ugat ed "or non-conj ugat ed di ol efi ns_ such as

1, Fipitaampares thesfeeerfaegrindes /Farfar various compositions.

2 gl 55 bk i BHEA EB%a d iy REOLAGIsSREmosivons.

ne, ‘an ercsuc ol'efI'ns and“m xtur es

t ha¥igaf7.cohipael eheastrecsdf rofriidien Pihdsewirious vaenposiinnst he

copol ymer conprises of ethy|e nd a hi gher ..

al ph&-15) cOnmaEes Mﬁ?@? Oﬁwfawxﬁig@fnﬁb ¥ BOHS ‘%chGSIQB’&SUt 16

carion ol fBrRfle dRLESHUEindEPOYT £ aridus dduipRBiGons.

1-pentene, "1-hexene, 4-nethyl- 1-pentene, and

| ~ Rigt Zheompareshthe eaffsciogleregrnd eoribn Bhidlins €eolor dgnbgy (RE #) for

et h}él ene.tgoue to ease of copol ynerization and excell ent
VarPuS BTNt " Cdpol ymer properties. Usual Iy, such pol ymers

COIHig.| Blecahpitts thet dfedbofitheddditidngifta P8 canrenicaeonahe Phillips
based on the total weight of the polyolefin.
Polygthdeng Cglor Nugbeyfor ¥piiopscamPREieNst ai ned t hr ough

POI BB ZAlaRd 1R et of regrind on Is for various compositions.

Fig. 23 compares the effect of régrihd on HLMI for various compositions.

Fig. 24 compares the effect of regrind on HLMV/]I; for various compositions.

Fig. 25 compares the effect of regrind on ESCR A for various compositions.

Fig. 26 compares the effect of regrind on crossover modulus.for various
compositions. - ‘

Fig. 27 compares the effect of re‘gﬁn&on Eta (O), zefo shear viscosity, for various
compositions. . A

Fig. 28 compares the effect of regrind on OIT for various compositions.

Fig. 29 compares the effect of regrind on the Phillips Polyethylene Color Number

 for various compositions.
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ol efi ni ¢ conmpound or conpounds by conventiona

techni ques known in the art. For exanple, a polyolefin
w@2ehstops oduced by sol ution polynerization, sPCF/D$2005/016772

pol yneri zation, or gas phase pol ynerization using

conventional equi pnent andigontacting processes. The

ATLANTA405259vI term "neat" polyolefin, as used in this

di scl osure, neans a pol yal efin produced froma process

pr F%L 3b on}rgﬁré deé test &f thanydiBe ol VEY. cohBerta€: 88 BRCPhillips

of tthe present 1nvention, a polyolefin can be prepared
ColorNurhteer foreeeiove cahpesitidnsor gani ¢ oxi de support ed

chrom um oxi de t.al SV:St. 0 its excellent

pol yol efi n pr odf}g?tf‘%%dsfg%sﬁ %I;:lﬁil;r}olf g%ﬁnkgnused in-this
Polybl&nlsosure, the term "support” refers to a carrier for

anot her_catal yti c conponent ., .support useful to
suppor t Thetermy é’?lygbe%fler?é u&%@&n@gg H&V‘?ggor‘&%ﬁi]bcfeﬁ bj’?m‘)pdymers as

well &OJQ%@H‘HF%QZS{‘ IR ARR AnYhndY SURIRIS URIRA HoPopBBMEE corBiptise one

are not limted to, inorganic oxides, either alone or,
morionl -olefii Iraririgo shoup 2o tep et d 0i qathogastomis e dealecie.xad typically,

oxides .t hereof, and a i t For ex: » whi
ol b5 LGS Bl o B bl AR, | PS8l S HBTRAS, win
prod@ict ol effns uoith eeckllahtupropatiess indhided bat aiei mod, linhikedr foa gthylene,

al um nophosphat e, al um num E%o&phat e, phosphat %d £ th t
propylenee &-Duigs prspisae-al BRFHE, S} [108kne (1B g, dspect of the presen
invéhlﬁeﬁ Ghé Hio'il@-tc}e&ieﬁﬁ {d RN LdtRB IR its EdstioF hstad sk ideEbon.

al'un na, and any m xture thereof may be enpl oyed in

the pr edeplicable enpalpmersCranpsisa | leashf2 dhiderpptomgaerl colefins, a

mobiniaydiood el @b Pl fu PRl Py SRR 483 4B carbon

atorf§ Pl @iol&mRe C IFop fextfiplep s@hefondrnste tvhivh, plodoeppblyoiefiss with
as well as copolyners of olefinjic conpounds oduced

excelinp grepertiesin dicydsn bie 181 ot diigRd @ateg{@?ﬁ PEP i;n n g‘%ﬂtene’ 1-

pen%e e,é%%%glg,ga@hég&uteﬁf llﬁéaﬁg le 18 1ria§ teXeRS 1SRk ak Yl%lt 1§10rédm~lbleﬁn

nera the'transition netal halid
ducatateaseysftuse duirel resenhinvedtion. Hxeinglary oonpounemera izklude, but are not

LI!S BRI TR L, oo SR 1

. penfihdl Pryfak! UR8tenSUHA JtheéSjlet ORfRBEAN cORIRatdds non-conjugated

~conprise a transition nmetal - in the group I11B, |VB,.
diolgfips wreb, as/|1 Bbadicns, |isenrents PIRCBHCTe t2al i)t In>-PRigdiene, 1,4-

cenect | _ ., o ¢
o GERREC 5B AT o AR ST ity oo
of fad prekO®iAint&aAdh, themopebyarptanprigesof clhyBnoood d Liglhdr alda-olefin

titani zi r conj .
comonomer lfllgw]/ing ﬁorr? %ol{lrt% t%ta%out 16 carbon atoms per molecule. Propylene, 1-

butene, 1-pentene, 1-hexene, 4-methy1—}-perjtene, and 1-octene may be employed as
comonomers for use with ethylene due to ease of copolymerization and excellent resultant
copolymer properties. Usually, such p@lyﬁ:lers compfise about 1 to about 20 weight
percent comonomers based on the total weight of the polyolefin.

Generally, a polyolefin can be obtained through polymerization of an
olefinic compound or compounds by conventional techniques known in the art. For
example, a p'olyoleﬁn can be produced by solution polymerizatipn, slurry polymerization,

or gas phase polymerization using conventiohal eqﬁip'ment and contacting processes. The
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and group VI1I would include palladium platinum
cobalt, etc. Suitable transition netal halide
we2ual1y®1s are disclosed in U S. Patent Nos. 4PGRBESBBY016772
and 4,394,291, both of which are incorporated herein
intheir entirety. In yet agother aspect of the
present invention, honmopolyners as well as copolynmers
8f ol efinic conpounds produced using a catal yst
QNposi N CO is {0
T e TN P e T
prodad Sdr Pake aﬁdlﬂ&ﬁ) oPdy addiBTs, J8Pne 3sERsl o fhe. prajayt nvention, a

polfql,%}%céﬁgq p%ho%reg ?\r%%i%{ocgégﬁ%oﬁﬁga S&%lc‘ﬂ&e Egipdrtkd chromium

ox1cﬂaoé ﬂfsrt I5g@drh Odfebts 1\% &xlae1oaat polyobefin @rmhb%rysipabm@ mAs used in
ted onaS|I|ca”t|tan|a sup 3/01

thlscdisnlwm ghon tearni PPOEERIPFE 182 Wl%nfoa aP%hE t é§° Fer é’anent

poI ol efi over
U i s

catdl?dt Mtﬁﬁlsﬁppoﬁnstmaudnnbuamlms timited itel eoTER(Ne muai@wﬂ%gr alone or

titani Al t h b
in qubm@;)glnaﬂ)ygstp gtg IBSF%%@S?PE(?C%SA etla_e éﬁ?suﬁl]te%éo? bl b8y Sflxture

t t - ded
the%ggn%%%%g %1?)961@@%19@&(1 ﬁ%ﬁpblﬁéea siliza adlfrmpaJ ylumﬁa: lsioride

hi ndered ph I
alufBiivenyisiatied eedietining,y gy @r ; ﬁ‘?ﬂ egpj‘ras @EE%% SP e, phio3Bhated
s1hgq2| 1%5[1%{; St IPHJ aovs? 1<§’ael!1t§191tc\eg )}5} ﬁl‘tzﬁé& sﬁ%%@dnﬁd efudfded/silated

e, antio ts can be added to
alugimi Qe ah@%;xﬂﬂegfhtexeoﬁnﬂa}obe daatplmdsma@pmrpgﬁnt Agvention. One

efined in this, disc| the .
exapalg1 i (e IgFERIRIPRAE: O oy iRaul, w0t shbdoriLofomium oxide

catlrlﬁfs’h{)yfs{eﬁl s 8diRy- tﬁéﬁl@rsﬁﬁﬂorﬁc orces, such as, for exanpl e,

eat, and oxygen, acting on or actin

t he pol yimeanotigragsipettt 9f then PEﬁSPFgr InygRtipg, %‘@“@‘ﬁ%ﬁ g well as
Of yﬁgrrasl)np? gqﬁ;r]l%:cgong}%a uggfﬁfﬁﬁuéeﬁlﬁﬂl /0% anksRioh REetAUaYilE Eatalyst, also

Zers h as hindered phenol s,
kn?\‘vﬁ r:}a@ fe ‘tZ%gldlﬂItyﬂe" ’ ZcQCZlagl(ejlaNaﬂta tyme yea@hysispriap daet smployisly e@enerally,
uch stabilizers can discol I
theattasitiopewseighhalisle qafalyst f@’é’i‘P’El%rSr R %EL%‘IHIG °°8?PF‘)’§8$ %?%Iae‘fansm‘m

i OBL BRI, O¥ 1 WhidegRapSudPis Rkt GbBetabdiialides and metal
%%ICF i‘n% OE osphite addltﬁll%Ves al so can i nprove, the

hyﬂio&bhélidby cﬁuch transmon metal compounds comprise a transition metal in the
group I1IB, IVB, VB, VIB, VIIB or VIII transition metals within the respective group

number of the Periodic Table of the Elements (CRC Handbook of Chemistry and Physics,

78" ed. 1997-1998). For example, group IVB would include titanium, zirconium, etc.
and group VIII would include palladlum,,platmum, cobalt, etc. Suitable transition metal
halide catalysts are disclosed irI U.S. Patent Nos. 4,325,837 and 4,394,291, both of which
are incorporated herein in their entirety.

In yet another aspect of the present invention, homopolymers as well as
copolymers of olefinic compounds produced using a catalyst composition comprising a
metallocene may be employed. Suitable catalyst compositions are disclosed in U.S.
Patent Nos. 6,300,271; 5,576,259, 5.,631,202, and 5,614,455, all of which are

incorporated herein in their entirety.
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pol yol efi ns. However, some phosphite additives are
hygr oscopi ¢, and upon absorption of water, phosphites
w@aveat4mp and can be difficult to feed into ppdHOE2005/016772
production processes. Sone phosphites are
hydrol ytically unstabl e and4can react wth water,
thereby resulting in a | ower active phosphite
concentration for stabilizing polyners. Furthernore,
this hygdgo lbgay eI R TRid@N dataBkdisgstem
reS|due§E|%¥%% yBPﬁﬁhh%?mﬁgglggen di scovered in t%?s ¥
supported i amhcat-hamlat wpanﬂ,oh polpelefin cemeonpaci 11nm9r amount of titania
hosphi t es -t o eflns
in tfapronr o ot Sreh eRaieRRs A Sod B 1ibp g o about
10 B8/MEabdxed @naht ¥na066f dat ﬁ)b’@ole\ﬁ\h ftandph Icﬁm]yst tEliglue calculated as
conposi tion of the present |n enti

n CO
titangwiny ohlditqugh ngt poynd by, thgprya #tis Ple%)feg 3@“ “‘sstf@‘ﬁ cgmprising
! f ddition of
S g SBRLR Dt s, o, i

hind®ed pliechoR10 can be the sane or different and are
segect from hydr ogen and strai ght-chai ned or
Phasphite Yclic or acyclic, aromatic or aliphatic,

and m X@‘F.leﬁidap haditi®es BEQUBRALlY Gare @bthbiifed Cyith qa»lljvm)d?rattb dmprove
organi ¢ radi cals having from about 1 to, abput

selectest bbysical GRS PlaBRlymETs. afer 5Xm?=om°ﬂd&msy°a§t%ﬁéded to
1mp1§9é) ﬁgﬁl? ﬁg%t %%%Hd%t@g st%hf})R%{sy dphes Hbﬂhfsedlmys‘uﬁg i “stability” of

4, and R5 are sél ected
a pofymmmm ble ngilc}ﬂnpnmm msgasure 0§ hot thg/ go](yg‘@n ispafgected by external forces,

suchzz%s; Eg‘a}:g,hgﬁa]t nChed ,Xae l I C or e%gt},nélgr?th the polymer.

Stabﬁft? r[ﬁto'tkfer wRREY, fra rﬁb’é’éﬁ&&if chzh'@%s ﬂlaﬂé@&i&bﬁ 1hadd/0ﬁtosthe polymer.
havi ng from about 1 to_ about 20 carbon gt ons

radi cal Prigpey pelmey stabiligers,civply a3 hindered g né’éﬁ’rﬁﬁ %fgnautlhzed as
a pr rlargngntl% n@cﬁdvyelvgﬁl sﬁpﬁ)% IBilfzersV‘@ﬁnC Biskslofipblyeledmt. f PRiphite
PR 2 l'e, the

'gh actirvity te. For ex €, .
addlﬁeésomh be ainiliaet ko Iré;nyedyhﬂmpﬂiisd;céonzragn porhperh geodding whiteness to

polyolstis, st RBRE, Ry St S tisicdnte (e Ty of
poly%feﬁﬂ'sf ﬁ-f%rv&f%%r 36He A& Bﬁﬁ‘é @d‘(ﬁt@\%sfaf@ﬁi}'@wﬁbpﬁeﬂlcﬁﬁpﬂm absorption of

st rai ght - chai ned or ranched, cyclic or acycli
watey @iasphitesrcan| ¢1]®hatm§1 cam dvendlff@dﬂtam deask o mlmﬁn production

d/ | t
procggsgﬁr? ggm}é (?hlg%l%l tg %Slhgrdfb@gﬁgﬁ gﬁrréggdpl)éé ?ﬁ@c%@éhﬁ%l&%%@ﬂ? .thereby
resuflirfof 8 ra€16%velf 40%ive hesphlty baicleyﬂratdmﬁbostpitllmﬁg enhneye dFusrﬁlermore

this hydrolysis reaction can leave m01sture and a01d10 residues in polymers

It has been discovered in this 1nvent10n that the addition of two specific
phosphites to polyolefins can produce a polyoleﬁn having improved color and stability
over polyolefins containiﬁg only one of the two phosphites. The composition of the
present invention comprises a polyolefin; a first high activity phosphite, such as an

arylalkyl diphosphite having a formula, -
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the first high activity phosphite; 20 . In one aspect
of the present invention, R2, R4, R5, R7, RO, and RO
wo pooshstogs yl al kyl di phosphite enpl oyed as t he PCT/ES$2005/016772
hi gh activity phosphite are hydrogen and Rl, R3, R,
and R8 are m xed aliphatic @nd aromatic organic
radi cal s having fromabout 1-to about 20 carbon atons
- per radical. As used in this .disclosure, "m xed
al i phatic amg ATLANTA 405259v] aromati c organi 6
radi cal s" arp radicals with both an alipha

conmponent ang—an aronay46—bdhpoﬁen\. I n ajipthyr aspect
of the pies w n, the firstP-icg @ Rs (D)
phosphite i s\bt’g(2, 4-di un%hph@gyb pentaeﬁh-- i tol

di sphosphite/ since it provides the excellgnt fesultant
pol ymer col & an¥ stability. Rio Ry
Bi s(2, 4-di cunyl phenyl ) pentaerythritol disphosphite can
be viisrein RedRs Banls;, &saRb, Rof R Ro.2ad &0 celf g same or different and
rpor.at i pn, under -t he. . DQV r . .
are A P R Berog i M gR e BB, by 3¢ Bt aromatic o
alipl@ifib] exE ehixdd alighadicdammiticpbetiyd $ydouliphatid brgahiel radicals having
di phosphite can contain up to, a oué %?W qf,tﬁg cage .
fron gihd | D ADRY 21 SEPYs BamS pot fadicapand g hdgelydoallyestipigphosphite

| Comgﬁgiﬁéggﬁd%ﬁﬂl%%g?gﬁ%igé ggqrgmla[ ef erence. Alternatively,

bi s(2, 4-di cufyl phepyl ) pent.agrythritol . di sphosphite,

" bis(2,4-di-t-{butyl Rhenyi.) pentaerythritol di phosphite,

commerci al | y javai | gble\as ‘U tranox(r) 626, which is a

regi stered tradens eogrrl Electric Co. may be

enpl oyed as a hi gh\actyvity| phosphite. In another

aspect of the pres¢gnt Nnvention, R2, R4, R7, and RO in

the aryl al kyl| di prosphi ke enpl oyed as the first high

activity phosphite are hydrogen and R1, R3,R5, R6, RS,
wheeth R1R,nRy, Bg and Repeadenttéd froml the tgsolif eamsisting of hydrogen and

st.rai ght - chai ned .and..branched organi ¢ r.adi.cal s, havi,n .
R R e L G T R R R
aroffiati€Chnd)or RpelbhigplAnE oddaaithhiicald hgwns Grond dbeid|1Stoh@eitiZ) carbon

fromabout 1 to about 20 carbon atons per radical.
atomsper fadicRlvel y, such first high activity phosphite nay

be enpl hy CLA. VI AR .

R e e s R
whivhde diffaent| fadoy Ithel fipdh highhactieity BRospRite. Rbr eRinplROthe apcbnd high

actﬁ%tg)/ plhossp%%tg rr]r(?ayacro)rlrllpellrlslé%ll a%}lﬁ@ﬁsgi?};uotsgm’ga ot £§mula (1), wherein R;, R, |

Rs, R4, Rs, Rg, Ry, Rg, Ry, and Ry can be the same or different and are selected from

hydrogen and straight-chained or branched, cyclic or acyclic, aromatic or aliphatic, and mixed
aliphatic, aromatic, and/or cycloaliphatic.organib radicals having from about 1 to about 20
carbon atoms per radical, which is different from the arylalkyl diphosphite employed as
the first high activity phosphite: '

In one aspect of the pre;serit' invention, Ry, Ry, Rs, Ry, Ry, and Ry in the
arylalkyl diphosphite employed as the first high activity phosphite are hydrogen and R;,
R;, R¢, and Rg are mixed aliphatic and aromatic organic radicals having from about 1 to

about 20 carbon atoms per radical. As used in this disclosure, “mixed aliphatic and
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hydrogen and R1, R3, R6, and R8 may be selected from
strai ght -chai ned and branched organi c radi cals having
wo e@aniabdotit 1 to about 20 carbon atons per radPCHUS2089016772
exanpl e, bis(2,4-di-tert-butyl phenyl) pentaerythritol
di phosphite may be enpl oyedgas the second aryl al kyl
di phosphite since it provides the excellent resultant
pol ymer stability and color. Bis(2,4-di-tertbutyl) '
armﬂ?tﬂ:t (ﬁfgﬁﬁﬁ Pi{dl(ta@” Ad SRNAKPRHH Both 3R aRhaMHtcdhiPBHent and an aromatic
ci al from GE Specialty Chem cal s_under the
compmm Uh amcahw(smct ebthe prgsertrinyentipn, the fie highgickiyity phosphite is

is A HEOSER BF R B U b on B o

resﬂ@ﬁmo&ﬂﬁemmand stability. nBrsghm-ldﬁ:unﬁrlphlemj{l)ma‘racrythntol disphosphite

Canégﬁ?;:?;;ﬁ%]al lpé/mglegzéﬁblngr ﬁl on g h1 %éltnlldﬁﬁ the name
Dox%%_h 28.N DdPRRAIAE RANe %wﬂhaéliqﬁeﬂwd@ fh@& Ribhaﬂmﬁmérdgﬁ)yed
5259v|hydrogen and R3,

bis(@, %thﬁph@iyé)wé@lermhumlsdlplmsglme s astin mgeo ShaERGt of the
cagg gg%cgg%d s(,:cgoslgd rl%\cﬁ[g threogyggg g%%@Sé,qbe?%ﬁﬁeragcorporated by
refdr@hcB:- di - ARsrhathuelyy| or 4nnedditidrpheniis(2, @éhm@tinyl)ﬁentaerythritol‘

di ph hat d:
B TR T S T
avaﬁ%lé‘ 'JEUIET&'BQ@ lsh& YwHicH 1§£’¥é§istergﬂ fradcnbk OF GeBbrht Bl¥citlc Co. may

pentaerythrlto di phosphite can be
be @bplayafdeeck adoglnm’cmtalphyspﬁlﬂ@m Anfine Chem cal Corporation

g?ggren: {15 ﬁ{lloé d%g%ae Egt% ’%ent npveggc% Ikez A &l I%fin {ﬂ'éedrylalkyl
dlphdSsilpﬁft?’ El%ﬁ]?@&hhi t;ﬁe i & #ﬁglﬁe:]cﬂgﬁﬁ gﬁ)’sﬁ}éﬁare &Iydrolgan an®R;, Ry, Rs, Ry,
ecte romstra t-chal
Ry o |I%ayr#§vmﬁa>@mf1@%4YaWe e i P A At reanic
radﬂsgfs Hafile R E éla 15b 2Bb@M0- &ﬁﬁ)hrhﬁqn@ﬁ@ B8 P %ﬂxed ahphatlc and

gani C. s I nclude, but are not limted
aromatlh yolrganice radmlst dvingfighml attoudj kst hlydup 20 p%ﬂlrbOI‘E&‘f@mfol rer yadical.

Alt%]{l)l?.’g\r/%ipgl% plrlistt E}%h flﬁlfl HBWF}% %%aS/ Qem %pioye& &8 th®second high
aagmy?m6§mh@rt butylphenyl) phosphlte tris-
I-dlnethylpro | )-phenyl] phosphite;

tris-[ 2, When kg optiapahseqepd ﬁpg}pwt}w‘p{hg}mﬁﬂm% %gpsﬁp?rgl arylakyl

asp ct f ot h e
oyl RO, B5P36, Rl GRS bR Ao R may e

hydrbgﬁphnd 8,,5Ry dﬁ, and d?armqyr bwsdectcdnﬁloml mlglémamad}tand branched
orgamc ra 1cals Laavkilllé %roXn about 1 to' about 20 carbon atoms per radical. For example,
bis(2,4-di-tert-butylphenyl) pentaerythritol diphosphite may be employed as the second
arylalkyl diphosphite since it provides the excellent resultant polymer stability and color.
Bis(2,4-di-tertbutyl) pentaerﬁhiitol dis_phosphite can be obtained commercially from GE
Specialty Chemicals under the nafnes Ultranox® 626; which is in powder form,
Ultranox® 626 A, which is in free flowing granular form, and Uliranox® 627A, which is
in free flowing form and contains an inorganic neutralizer.

Additionally, when the optional second high activity phosphite is a second
arylakyl diphosphite, R,, Ry, Ry, and Ry in the second arylalkyl diphosphite may be
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and color. Tris(2,4-di-tert-butyl phenyl) phosphite can
be obtained commercially from Dover Cheni cal

w@eoropae4ts on under the name Doverphos(r) S-480rCTng2005/016772
first high activity phosphite and hydrolytically
stabl e phosphite can be pregent in a total phosphite
anount within a range of about 1 ng/kg to about 20, 000
ng/ kg based on the nmass of neat polyolefin.

hy%%&? aLd ‘ﬁ ' S R?,ek?"kg, ah® /lé((? I ?:"(I)e? )?/el%c?ecdt" Elfghf: Et‘?aﬁghtlﬁained and

rove col o’ afd 'nprove s
bramohadodrgfuiin sadicatchaing Mo ahbi\isto20000W) ¢aghdugatomy penedied. For

U.S. Eoo n nls atlnllmt oy
exiiip b B4t Ay Rl RSV CogrbAPcviEitoD hqsphipe, may be
erdpltyed @k Vtht @Edond. arﬂélk@[l Gl}ﬁ&ﬂﬁﬁ:t% scetibOrai@s et excellent resultant
I nvention, the first high-activity phosphite and th

polyneF oftshiliyarng colegpl SipHedptiiter-d %’é 6rré@bﬂph¢nyl)ap@r5§eavthntol
dlp@%%a{?ﬂgzég 8@ %B}‘hEﬁedV\@ é?m@ll HleAﬂlfﬁnQ kf‘fi’l‘é{glncjal @Waﬁo‘ﬂ under the

base mass of t neat
traperaye REER-BO. h| anot her aspect of the present

[ tiopn, th t, hi t t h hit d .
hyar ol yt e AP aBRCD W deoRb e e P e R 474 ot e

E trliﬁb]?rﬁ@ﬁﬂﬁt@ a%gqiyﬂiog%tdﬁan? ah@RYearef selectil! K6mt Grab&fQhained and

based on the mass of neat Iagol yol efin. These
brqﬂﬁ gaie rasfealyhaning fiem ab%éyl torabQutRd darhomncaes per radical. The

s Agh A 5oL S04 SR 568 g ot

terphulyb haride 1 d adimbthyhrgsént Exam}ﬂhl? tbrat};lﬂm’sp]hltbs ainclidgubiit are not

0 b 9
tingtet o Gis S ATt oo R P OE: 912 ST &mﬁ%ﬁ?mm tis-
[2J(h @-duh&tﬁﬂrl@kdﬁ&)clﬂieh y1] $hadphfte;PRASEIRI S 2- cﬁqqi@%ﬁlethyﬁﬁoﬂw)%henyu
ncentrations: bel ow about 2% by we

phwbé@ dhyetraaothst aspeatrafihe pistens oesphon, dbe Elﬁi}éﬁhmgﬂ@é tris(2,4-

S REMSLET phRPAPSSAE SO oo 000 1Y Pl bl S
and asml OTnsI(Il,e diadrebutgiphemyl) phosphios pi besobﬁdﬂlﬁﬁdcérﬁhbrciaﬂy from
de, the synergistic-effects of roved polyolefin

Doafrswoé*w%al %Qfaﬁ'iaFlP‘? W%J?WQW@IPF@E#‘ 8Ri gh activity
phosphi tgye fifit ARG REREF ho@%hﬁeh&dﬁfg@ftﬁﬁﬁcaﬂ? ‘étectﬁfe' rﬁl%splﬁﬂaecan be
pho presen

hydrol ytically stable sphite |
prgsottyiired total ldmsalmnmnowttwlnn a naagrgef @bouiblomg/l@/&ct gbout 20,000

P8 HheckPt e ML Pl oL e GopRRRb ALY L can b
insaPfxs@hité engade BolbPardienpieat stapdlity o efd liblychéﬁns and amounts above
20,000 mg/kg may exceed U.S. Food and Drug Administration limitations, increase costs,
and provide no additional benefit to the polyolefins. In one aspect of the present
invention, the- first high activity phos.phifceﬁand the hydrolytically stable phosphite are
present in a total phosphite amount within é range of about 1 mg/kg to about 2000 mg/kg
based on the mass of the neat polyolefin. In another aspect of the present invention, the
first high activity phosphite and the hydrolytically stable phosphite are present in a total
phosphite amount within a range of .1 mg/kg to 1500 mg/kg based on the mass of neat
polyolefin. These ranges are optimum since they provide improved polyolefin color and

stability at minimum cost.
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anot her aspect of the present invention, the

hydrol ytically stable phosphite is present in the
w@ioget1$ n an anount within the range of 10% PCT/68205616772

the total anount of the first high activity phosphite

and the hydrolytically stabjge phosphite added to the

neat pol yolefin. These ranges have been shown to

provide the excellent synergistic effects between the

first h'(ﬁﬁeﬁﬁ?' thé hyaBRasaty §tﬁ)1@ﬂ%5f)lﬂ€b dnbeqrasehCialthe/polymer

st abl e phosphite t0 irnprove polyolefin color and

. in st atviint ythinPy Fange pf @mty@.% tostbaist 90% é’b’SWEFE]EIer the fotaampunt of

‘ thegh%l]fl gétg\% ﬁﬁcasggn% PE@ etﬁ? &%@Lﬁ?m nétg éllﬁte]n?t}'deﬁeto the neat

polfblBEer e@bnla&&mﬂoﬁs BeRwe B es bynwmgm ‘pm;b(j{nmrthle nidtad ampunt of
as primary polynmer stabilizers.

phasplitrsr aldled fen obs Mmfigend ta @Eﬂ%‘fel W‘i\ﬂ@r‘?‘%’r stpllity; gf the

pol&&@ﬁﬁ@vaﬁlﬁtd & Lh&e Sdudlo¥oOby iviki "ﬁysé@bhoﬂhe%tah amount of
ach éther that are well known to those skilled in the ’

phasphitesGerdet fill tp provide frei synergisto effeasy o tnapspyedeelyplaln gelor and

B EEEDD FRY ik R O D roae

invRAtESHE The h?d&ﬁly@;ﬂﬂ%ﬂtstaefe Misgttitel 18 réeent ﬁmﬂwspdsllymer ii1s ah ramount
a range o

bout 50 to ahout 2 / k
wiflic ags ob#RS Y Eatngbl 8B F AR IR AL P high

.act V%tygt%h%‘ﬁ%tgq {l EMJ&F&S(E&%? QaBle b%'ﬂ@ RAA& to the neat Folyoleﬁn In

eno roxy enzyl aromna
ancﬁherckspecxbfof the present 1nvent10n the hydrolytically stable phosphite is present in

3@}1%? 1g:af1 talehro%mtb thin tﬁ'e pa%ge 8K Yda}] (,?ong(l)/) of rﬂ%)fo?ﬂ 'aﬁqoﬁﬁf (Q" 'the first

hléﬂ ﬁé’hv’i’tydbhdsﬁhite t&ﬂﬁy{hedrhycﬁb@ﬁb’ﬂl?e Bteble- phccsphmmmddectltd the neat
nbno- pol yval ent. al cohol s, spiro c

polarnhtﬁm xTh@ﬁ@gangﬁ% hawst beeaTsharmAR (5% F@@Wﬁ?%{wynefglsﬁc effects

betivegg ﬁﬁg {}g%tf’hfggfé#gﬁ[y ﬁ%&%ﬂg‘f Sﬁrgi;glﬁ h%r{)%cﬁl?y stable phosphite to

1m§rotve pblyblefiy lcokor amd ktabiliphenol ; and

_Per droxyngwgbééz 6-di-tert but yl phenol . Exenpl ary

but are not limted to,

2, 2" - met 1hereA18 Thking diffdert: Bitnatytplolimed stﬁ‘&ﬂhb@th pﬂl&ihohe)y be employed
2,2 -net hyl ene-bi s- (6-tert:butyl4-et henq %
in ﬁ]@q Righaf én\@p’gor[ 4_Fﬁ§tep§91pp18,_ {undered pheno s are emp oyed in’ the polymer

mcﬂlytgf %%!ng%t&?ﬁé%’ %)t%belﬁféﬁé" Ojé)ﬂgtreae{rgee knagjr Binfeted fhdnoRUINMr fe equally
suigablld fr 0-ih ¢lnet inpentiph .e'ztﬁ/eh;yuxgbf)@ i leh%ﬂopr"i’lﬂ\'ﬁ?{cl} other that are well
known to those skilled in the art. Generally, the primary polymer stabilizer may be present
in an amount less than about 5000 mg/kg based on the mass of the neat polyolefin.
Typically, when present, the amount of Wé’t‘er‘ in the composition is in a range of about
50 mg/kg to about 2500 mg/kg based on the mass of the neat polyolefin. The hindered
phenol is selected fromi monoi)henols, bisphenols, thiobisphenols, polyphenols,
hydroxybenzyl aromates, amides of B-(B,5-di-tért—buty1-4-hydroxyphenyl)-propionic acid,
esters of [3—(3,5-di—tert-buty1-4hydroxypheﬁyl)-propionic acid with mono- or polyvalent

alcohols, spiro compounds, and mixtures thereof.
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but ane;
2,2-bis-(3,5-di-tert-butyl -4-hydroxyphenyl) - propane;

wo 2006324018 s- (5-tert-butyl -4- PCT/US2005/016772
hydr oxy- 2- met hyl phenyl ) but ane;
2,2-bis-(5-tert-butyl-4-hydd8xy- 2- nmet hyl phenyl ) - 4- ndod
ecyl mer capt obut ane;
1,1,5 5-tetra-(5-tert-butyl -4-hydroxy-2-net hyl - phenyl)
- pent an eEx@ﬁﬁ‘lyﬂye]MOPhenols include, but are not hrmted to, 2,6- d1—tert-buty1 4-

151%&9 | S [ %1]‘?3[) %gthggc%hten tiut yand (K}gc{:o }Xnetﬂ}%ly 2,6-di-tert

bug,lllgpehg]yl 2 2. hydr oxyphenyl ) - 3-(n-dodecyl t hi 0) - but ane;
and 4,4' -thio-bis-(6-tert-but I-3 net hyl phenol ).
Exenpl ar§xemnleyi b mls dnqlug, H%afeb@[t listited fot 2.2i-mcthetne-bis-

6 tté?’t—bl{lltﬁfu gﬁéﬁi@gﬂeﬁgﬁt ho ri. &%ﬁéne"&& f6e 2l guty14 ethylphenol);  2,2-
m&hﬁenetlhs@m&@dmbbmbﬂasi}cyabh@@ﬂ)yplﬁham0| ) EPSHESEH @-tért-butyl-4-

pol yphenol s include, but are not limt

‘ hyfl@g(ygkmgtpﬁlepwyléﬁ)@tane 2,2-bis-(5- tert-butyl- -hydroxy—2-methy1phenyl)

trinme
hydiioxy-8emethyiplydny)bityms; oxy @Qﬁxy(g-wmuﬂMehydroxy- -methylphenyl)-4-n-

but.yl - 4-
ONFARITRTIIS: < deySRUTE 6 TR e Hypggentane:
citylenb- di gl el bicblatybis 43"ty uglshidraxsbansimurier! hane-bis.(3,5-

hydr oxybenzyl aromates includ but are no
dnpqathylt?e@yciégxypyeryl)g?z (n-dodecylthio)-butane; and 4 4'-thio-bis-(6-~ tert butyl-3-

di -tert-butyl - 4- hydroxybenzyl )-2,4,' 6-tfineth
mét]?%%}{r?;z)igl e; 2,2-bis-(3,5-di-tert-butyl-

4 hydr oszanprlydy) thivblisphemoladictixdd) but adamt | limisddeta, 4,4'-thiobis(6-
terhylaﬁyggi%lgwxj g-tggfi}fk%- Ié%(hoall)rid and  2,2'-thiobis(4-methyl-6-tert-
buBdptedbn t ert - butyl 4hydr oxybenzyl - phosponi ¢ aci ddi et hyl

ester. Exenplary am des of

b- (3, 5- @xqmlewmﬂmmmlhwimybﬁ@r@ngt lppitasi tonteralsigineethylene-

3%‘3!11“@15 ughl t431%r£§§ J&S %‘erlrb}t1 )%033? %a{ej Iﬁ kyp3heny1Petp¥l ot 8 nt§/ls(3 =

dl-kdﬂekmhlydh@rosﬂtanzﬁ; baezeand - 1,3 5-tr1s(3 5- d1 tert-buty1-4-

N, N -di 5-di-tert- b dr oxyp enyl
Ao BN o ST AR OV RS B oy G- B 4
hy&bﬁ?@ﬁﬁ&nﬂhﬁﬁ@bﬁnaﬂﬁkude but are not limted to,

esters of -
(3, 5-di Emplwtwdra&yhmbagﬂm@wnqlum dpt atgi ot digpited to, 1,3,5-

tri-}@%,?ﬂiéﬁpgutgpﬁ-h gﬂ%ﬁ@%&% 26900k gb&#&%ﬂ .2 "%ééga 5-di-tert-butyl-

4-lgldye:gbendyl)-agbeichy | @ftEdl@bfﬁd@Iyl neagent 3113 S}trisqels di-tert-butyl-4-
pent aer yShrl tol, and tris-hydroxyethyl-isocyanurate.
hydroxybenzyl)-isocyanurate; and 3,5- -tert-butyl -4hydroxybenzyl-phosponic  acid-

buﬁég%;ﬁag,g;‘-jﬁli{(%ﬁ%dl-?éﬁ l}ﬁ!lt?/ 2] ﬁ{i}g{f gﬁ)ﬁgﬁ'@?ﬁ%@( QP 'on 3L8J. (5-tert-butyl-4-

diethyl ester. ,
Exemplary amides of [-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionic acid .
include, but are not limited to, 1,3,5-tris-(3,5-di-tert-butyl-4-hydroxyphenyl-propionyl-

* hexahydro-s-triazine -and N,N'-di(3,5-di-tert-butyl-4-hydroxyphenyl-propionyl)-

hexamethylenediamine.
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Exenpl ary spiro conmpounds include, but are not |limted
to, diphenolic spiro-diacetals or spiro-diketals, such
w@g0o6f1p1018 exanpl e, 2, 4,8, 10-tetraoxaspiro-[5, BFUS2005/016772
undecane substituted in the 3- and 9- position with

phenolic radicals, such as 23, 9-bis-(3,5-
di -tert-butyl -4-hydroxyphenyl)-2, 4, 8,
10-t et raoxaspi ro-[5, 5] -undecane and 3,9-bis-[I| ,1-

di met hﬂg&gm{yﬁgihﬁd&%ﬁt Hély Ilnc‘ﬂud%}’ SE0REPRR Nithikeceion ¥btbrs2of B-

4,8, 10 asplro - undecane. In one aspect
(3, 59d1-téﬂ1}®ugﬂ-dsh§mlroxyphat}ﬁ)-pmp1omcn@ed edth pteanolos nehvalent alcohols,

sel ect n1tet Kis [
suc]e FS5WH %ﬁ?n%lutoy' aaacaﬂ% rﬁeéggvag(ggll ner%% lene yco% thlod}ethylene
glyéol 3he@pérftjél él)?bo'i’ fentaerythntol and tns-hydroxyethyl 1socyanurate
-tert-butyl

droxybenzyl rime
b (3, 5- Exemplery ksnwcom%omﬁa%a%(y%e‘ﬂm are g0 é!néfﬁ%eto iphenolic
splrﬁccggcgj@ é)trr?%b Jh}(@%fs u%h Ia_s’:)ﬁ‘(érn gf(amgle 2,4,8,10-tetraoxaspiro-[5,5]-
undeé e [shbdtinwtedriat ﬂhy 3- 2ad B, }ﬁ)snhlontvaﬁltplbuol}d radichlgdsush ps pieis-(3,5-

RO fero i e e
dmie[H%zE 93@% -G ObutFinglh ?ﬁl@%ﬂeh})l)—feth&l]w abaétavxaspiro-[5;5]- .

I'n"another aspect of the present invention, the
undetander ed phenol conpound is tetrakis [nEtherne

(3,5 o1 ShLoRUEY br B LR OROKRABIRE ok aBeted from

since i es exc nt .col or

tetrpldlk Y@letilyicne (B Gpdittbit-®atyl- Ietydaixyhymmmm@anethane 1,3,5-tri-(3,5-

ditert- butyl-4-hyd yd
BT T O Y MR ba. SposPRF oyt butyl-d-
hy&ﬁ)gyﬁ;'ht%%%l)z pﬁ)?ledsngcg 2@ Stadt O %te@@fdﬁkéﬁbuﬁpﬁn{& h&ﬂ)l 3,9-

In an anount | ess than about
blS@/lkt;mbm?bﬁ -(By3-dittert-atys-4 dfydroaziphpayly-othet] 2.8 Ftht@tr?@P(aSplro-

- [5, %]Eémpéﬁ%ggrlgﬁ n‘ghenmﬂierﬁ%f/ E’ghel%% %gﬁg{ﬁd %Bgl %)gn?ﬁﬁé 6%110%@ color

an@gaﬁh@13p§§ gkfingat pol yol efin. Yet, the hindered
phenol % present in an anount wWithin a range

of
50 ng/ k g}nta@ot_h@o ashegly Mcthe aessent dpventan, e gu@preﬁéglpnol compound

0
TN S R SRRSO S0
provixkl %xcealﬁﬂt ahenald sIahﬂ]@@moi}@ﬂafmrmopmhwv ‘Béraly foptlgdenel8,5-di-
ter‘}&?{tﬂkﬁ?—ﬁx@%@%&?ﬁ%r 3 1“1 N S’ctaﬁl Ie: obte}ined commercially from Ciba

. Specialty Chemicals as Irganox 1010."

Generally, the hindered phé,ﬁol 1s ‘present in an amount less than about 5000
mg/kg based on the mass of neat polyolefin. Further, the hindered phenol may be present
in an amount within the rangé of about 1 Vmg/kg to about 2000 mg/kg based on the mass
of neat polyolefin. Yet, the hindered phenol may be present in an amount within a range
of 50 mg/kg to 1000 mg/kg based on the mass of neat polyolefin. Hindered phenol
concentrations above 5000 mg/kg can excéed FDA limits and increase production costs,

and phenol concentrations below 50 mg/kg can be too low to ensure polyolefin stability.
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In accordance with this invention, it has been found
that the addition, or presence, of water can inprove

wo b@sanioss of the pol yol efin over polyol efi ns MT/O82005/016772
wat er. However, the presence of water is not required.
General ly, water may be presgent in an anount up to
about 5000 ng/ kg based on the mass of neat polyol efin.
Al ternatively, water nmay be present in an anount up to

0 ny/ kg based on the mass of neat polyol efin.
W@Q{’}iﬁaﬁ%ﬁ may be present in an anpunt up to 1000

nmy/ kg bdsedcaydartchevittagids afventic, lqobasmyfoumd that ghe addition, or

concentrations .above 5000 can S
DroE Gl AICE T R Ry e oL e Pt Yo G oy U gns without
walkYPHeeldt, thehesseRELSPRter MOt RABMEL. @éneﬂﬂlye fwatet thdyebe present
conposition is in-a range of .about 1 t o_about

in BEOBMAIk PP bigs eBown SPHR m@(&g [ ﬁléf‘atmaéél 9%|n@ﬁq @olyoleﬁn
Alt%aﬁ(zel dded: 19 ZPlat T aEV Rl &4 %‘Hbllﬁ:lﬁrﬂ{) haVBowi 2bb Whd/RE Based on the

range ’f about out 1 her, the water can
mabsauﬁnaat il ywilefhi. n Yat rwatglema& telwesen6 it an abwunt 8p tA 1980 mg/kg
wer .than 4 can,ca so %ﬁctl on e

oo P, AP R o0 R EReERLHLTS gk’ Pgag meis can

caide hbB18Sinhe %@Iﬁﬂ’efﬁhﬁﬁl@hg hiechherh&giallh Qmﬁdo@biablet yT@icallye when
pol yol efin. Polynmer Additives The resul tqla]fng abl l.i zed

Presentydie @mcwnt; ST 111 B8 SOBPOFIHPE 1S IRRIARED £ imag/kg to about

phosphite, and the
50?161%5%‘%]\/%8 sf{l &gloml%hmoegﬁﬂdlﬂlgﬂw th or without the
pr esencéWafer eddekﬂem thé po]goleﬁnmyn pateynpH witlbial taaga ofbabout 4 to
ain_vari

t |1y, al
Qi 1R eI Porve &y St et oF g o ebyut 8. A pH
1omtthaﬁax4 &a%h&se pro&ickidh BguipReit tH @&ndadermﬁ@aa&pat a(;JH Bigher than 10

kyl at ed hydroqui nones, " such for exanpl e
cargregctdvlth thp hiingered phaiql ﬁgng}géh@q;tablhty of the polyolefin.

5-d ut yl - hydr oqui none; -
P(’%’T%e dAd(&tlg I - hydr oqui none;.~and 2, 6-

di pheny| Fie- aesiaidee yitabilipdde polyoldfih &)onipjodﬂtions/l af etlis invention
for exa

coég{rgsggéﬁ eb@ply ftfh ,ertﬁtb lhlg;hc gqlavﬁ‘@t msglﬁgﬂ gi%l ?t’he hydrolytically stable

phgsp%ne tvﬁ'tlrpolbdvﬁh&ﬂ 26bdRbe BPéilker the pr1mary olymer stabilizer or water,
hi o- bi s- ( utyl-3- neth peno and

magz ap‘tlonai,b( a&ﬂog;o(x’@.m Vzmquy chnveniienah c.bh%qqg}u); as the following:

(1)  Antioxidants, including, but not limited to, '

(1.1) Alkylated hjdroquinénes,,such as, for example, 2,6-di-t-butyl-4-
methoxyphenol; 2,5-di-t-butyl-hydroquinone; 2,5-di-6-amyl-hydroquinone; and 2,6-
diphenyl-4-octadecyloxyphenol; |

(1.2) Hydroxylated thiodipheny! ethers, such as, for example, 2,2'-thio-
bis-(6-t-butyl-4-methylphenol); 2,2'-fhio-bis-(4—octylphenol); 4,4'-thio-bis-(6-t-butyl-3-
methylphenol); and 4,4'-thio-bis-(6-t-butyl-2-methylphenal);

(1.3) Benzyl compounds, :éu'(ﬁh as, for example, 1,3,5-tris-(3,5-di-t-butyl-
4-hydroxybenzyl)-2,4,6-trimethylbenzens; bis(3,.5-di-t-butyl-4-hydroxybenzyl)sulﬁde;
isooctyl-3,5-di-t-butyl-4-hydroxybenzyl-mercaptoacetate;  bis-(4-t-butyl-3-hydroxy-2,6-

dimethylbenzyl)dithiolterephthalate; 1,3,5-tris(3,5-di-t-butyl-4-
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(1.3) Benzyl conpounds, such as, for exanple,

l,3,5-tris-(3,5-di-t-butyl -
wd20vgdexy benzyl ) - 2, 4, 6-tri met hyl benzene; PCT/US2005/016772

bi s(3,5-di-t-butyl-4-hydroxybenzyl)sul fide;

i sooctyl -3,5-di-t-butyl -4-pdroxybenzyl - mer capt oacet at

e; bis-(4-t-butyl-3-hydroxy-2, 6-

di met hyl benzyl ) di t hi ol t er epht hal at e;

t-butyl 1,3,5-tris(4-t-butyl-3-hydroxy-2,6-

Iudk¥%2%¥k305gﬁb§F%5droxybenz I)|socyanuraté v Y
dlmleth?ll‘.@nmrl)ls(cgtanuxatg;t y Hiogtafead -a)éydlzt—w.tyl -4-hydroxybenzyl-phosphonate;

yl benz
Calcd'iuﬁcsta %&ﬂon% %‘yfg ] %H{u@flﬁ-h%dr%x OXWG% 20 h°nﬁtgs€ 3 e s
1, 33 c%@gl‘dh@ﬂigséahydr@iybmmmd&yhnurate
-t tvl -
1, 3 5I t £ ¥ chlﬁm?no%[leno sbesrl]la{ zPsh %P Ielxast)rlqp -hy%roxy—launc acid

anil Cy 2 nﬁx&%ﬁé’c@i}ﬁ%){éld Aah'ﬂmér QW&@%W]&&%&%N@E(Brﬁi—l@utyl@-h?droxy—

enol s, such as for exanp

anidind)yselriondye;| aad ortyl-adB 4- chﬁfuutsdé~hwhmhml -eprleadtes aci d

ani | i de; .

2 4 bi s (bl yFAigrc 8bt o Pavh ey - ey Py BRIopions ocid
with ?ncfﬂoh?dtgmgo% apéllyhydric alcohols, such as, for example, methanol;
dlei%)l(]:{l%yg-lgy er gctglfléctan(?lm %létﬁylgr){éjgrl}(f)c)c(ﬁ/ph?gyheg(ane%{ol?a Ean%éerythritol'
neo%eﬂtﬁl’gﬁ%cm't yl rléhgm&%fﬂyl?’ W@&c@r){lllurﬁ’ﬂe' enﬂhécﬁé’cﬁﬁl‘eﬁ’é’ﬁlfco@m N, N

ndéhy r|c or polyhydri¢ al cohols, suc

bls@ydqulyﬁhyh)tmahalaclld dlanméc,m}adelnégqhyéxﬂthyl ettligchsichdigmide;

trieth 6- di t th [ ;

neopent y7b1 vh Seepiels S HEETRTNG | Socyanurate:

; 2: gdld Ie;(rhnn(bj :ae(gi H?&bxyﬂlﬁhﬁflj-bgﬂtlffﬂli&grfgr?tﬁh hag) ﬁoqa)eahmple the 5"
e, VS agoHbin o 4 RE QL ﬁfséb%trw@h@bw 0 SehloreTbE5dit
bu I-(% ﬁ”h'l_Mg Oﬁﬂg&ﬁgyﬁﬁtﬁa@né%& 'b@tﬁ@ 3¢§bu121" ch o@ﬁvxy,f ar 5'-di-t-amyl-,

anc53 -St-bhunLdnneﬁiylHdnzyl) -8erdveatives; anet hyl but yI )
5-chl or o-

5-chl or d;%;) t2 Igmrwcy-% bnzlq,é]ilem;pes such as, for example the 4-hydroxy-, 4-

Ame§10x§-e QDE’&J&%I 45de'c§/ro§éyl1 Yl doddcylegl-0¥bensylody-; 4j2:, 4'-tﬁ1ﬂdroxy— and

(a) a- di et hyl'benzyl ) - deri vat | ves; (2.2
@dwm@ﬂydm@ﬂwawﬂéﬁbﬁ?é’ﬁs such as, for exanple, the

o hrdony Bl PPN PHEM AT BN e, o st
exatnplygheaxysalic latetd- f@ﬁﬂybplyerﬂbsalmylatw estylph2ny3 salisst ate;glipdnzoyl-
resFS)%;E)n It ut . alg%]@%sou ztpslfo&gl]?l be%%éﬁ}e(s:or%ﬁlloijSQ £8C tl'bu%sl-phenyl—
3, 54(11t té%i%’?&%%eﬂiﬂé aXd ﬁé)@de@f"}-g)’a'l-dittﬂﬁﬂf}bl Srydréybahfate;

(24) = Acrylates, such as, for example a-cyano-B,B- diphenylacrylic acid
ethyl ester or isooctyl ester, a-carbomei;hoxy-cmnamlc acid methyl ester; a-cyano-B-
methyl-p-methoxy-cinnamic acid metﬁyi éster or butyl ester; a-carbomethoxy-p-
methoxy-cinnamic acid methyl ester; and N-(B-carbomethoxy-B-cyano-vinyl)-2-methyl-
indoline.

(2.5) Nickel compourds, such as, for example, nickel complexes of 2,2'-

thio-bis-[4—(1,1,3,3-tetramethylbutyl)—phenoi],1 such as the 1:1 or 1:2 complex, optionally
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bi s- (4-t-butyl benzoyl )-resorcinol; benzoylresorcinol;
2,4-di-t-butyl - phenyl -

W@ 2624018 but yl - 4- hydr oxybenzoat e; and PCT/US2005/016772
hexadecyl - 3, 5-di -t - but yl - 4- hydr oxybenzoate; (2.4)
Acryl ates, such as, for exasple,
a- cyano- b, b- di phenyl acrylic acid ethyl ester or
i sooctyl ester; a-carbonethoxy-cinnam c acid nethyl

witle Sliftiondl- HYAHIQ- firch n%t Rydutydaieh ecisthyanohatihe o CNebyclohexyl-di-

met hyl ester or_butyl ester; a-carbonmetho t.h
eth@phn‘g]pﬁ,c nigkel q},abp‘ql;{ymt@ggagpamaéﬁd nlcke? salts X¥ 91”1‘19 dré)xx ’3,5-di-t-

but%ér%'ﬁ)ﬂlf) %ﬁlﬁﬁﬁ%&% %E%W %st&L sMitlch ag offRlciéih ?ld efhly16x butyl ester,

Suc for exa npl e, ni ckel
nicleb mnhpbcw affkeyx2ines such as of 2-hydroxy— -methyl—phenyl undecyl ketoxime,

ol S Sob il o, BB U B i) i

ad&ﬁEh&NT ﬁ@5259vlmnth addi t i onal Ilgands such as
n- butyl am ne, triethyanol am ne or .
N cycl okaRY | Sterieelivanderd, emingscjgagh as, for example bis-(2,2,6,6-

oM OGBSt st -
3,5e1-buty]-4rydtoxgbercdy] trwometdeid; ,ble(hgz 2, @ﬁ—p@uwethelmmndyl)ester
i ckel conpl ex f ket o
conga sy ot OORCF i 40 Yﬁ?éxvﬁylﬁﬁég' BBfndctvargmyriperigigp and
suctP! ex%gs ObohddpbRINM! - $rddudl OYdf 5- WW(ZQZ,ﬁﬁp&ﬁ@Iﬁsﬂhylpmendyl)
optlonally wi th additional |igands. Sterica

hexamethyleadiaming eand sddtpcidaming:2, %Qlﬁhlﬁr%lﬁr s-pripzme 618 J(2.2,6.6-
te t h eb .
tetr.%rinétrh?ﬁpfnﬁg@ r@t‘?ﬂégﬂyge}naé?h @&%? 2|(2‘,1")§l6) -tetr. gt(l:lglt Lé ’plpendyl) -1,2,3,5-.
butindtgtrydarbohis- dmdt Hyit'y1 zzbtﬁa_;wmyi;sjotse(ﬂzw 5+rettanmgtieylpipemdzinone).
Sucg)o%al(gkg dflgl&}g g} e rrngt ehsy gi\}égrﬁg}il ﬂl erecﬁ amines, such as di-(1-

hy(iroﬂ)(g b BBl et pip &iden- ﬁgﬂ)rsaﬁ@itb,y' - 4 E’y@é@@ 219, P edtiadhethyl-4-

slccinic acid; condensati on
bemdoxyp;mepdme@ 6-t et r amet hyl hhp;@p}(ﬁ«}ﬂ)é 6-tetramethyl-4(3,5-di-t-butyl-4-

hyc%mt(y %n%&%gﬁgy@?pﬁﬁ%eb ragd I N; él EElydlroxy 6 6 tetramethylplpendm-

A-ylEd- Sap(réla&alﬁ 6-

t et ranmet hyl pi per.i dyl. nltr Iotrlacet e; Vo
t et raki 42 %ﬁ éﬁ@he 1 r‘Hﬁ@’c %l S‘&’hplafye?‘?rd)‘?fiﬁmple’, #%-dioctyloxy-

et 2,2"-di-dodecyloxy-5,5'-di-t-butyl-
ox%{fltlc?e?_ %%PLS%Z%R?@ §dﬁ&b yl-dxanilide; i-dodecyloxy i-t-buty

oxarﬁl,l& arethoxsaa’eqthyuqxap@daz NaRS ey (3- diggibilaminoreepylhexakyeide; 2-
etha%{ -(‘ST %@ﬁ%— %X}ga%gh de° danfdr 9L hﬁ‘]ﬂ(%r e%vlﬂ{n E%ﬁfox? we ch9155 4'-di-t-

builoXafiliBe: hﬁd nikREdRWfR-pethbrly andipyoisedyasatel] as of o-ethoxy and p-
I'- hydr ox 2,6,6-tetranmet’hyl’-4- benzoxypi peri di ne;
ethoxmlwlaﬁkl tgi oxagilileset r anet hyl - 4(3, 5-di - t - but yl - 4-

Rl}/((jlr oxy 2@2 %&gﬁg&éh%%{% gélrrfg? rha‘; dfg:f‘ g)éa}rlﬁﬂlg nI_\IN -diphenyloxalic acid
diamide; N sahcylal N-salicyloylhydrazine; N,N'-bis-salicyloylhydrazine; N,N'-bis-(3,5-
di-t-butyl-4-hydroxyphenylpropionyl)-hydrazine;  salicyloylamino-1,2,4-triazole;  bis-
benzylidene-oxalic acid dihydrazide. |

4 Phosphltes and phosphomtes such as, for example triphenyl

phosphite; diphenylalkyl phosphites; ,phenyldlalkyl phosphites; tris(nonyl-phenyl)
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4-yl)-e-caprolactam (2.7) Oxalic acid diam des, such

as, for exanple, 4,4'-di-octyl oxyoxanilide;
WQ2®6AzH01®cCct yl oxy-5, 5-di -t - butyl -oxani | i de; PCT/US2005/016772

2,2 -di -dodecyl oxy-5,5" -di -t-butyl oxani lide,

2- et hoxy-2'-et hyl -oxani |l i deg

N, N -bis(3-dinethylaninopropyl)-oxalanide; 2-

et hoxy-5-t-butyl-2'-ethoxyanilide and its mixture with
phodifle] O acyt egﬂa@ph ot nilbrabgt VipBuephicd] deisieag] MpthuErguitol

thox -nmet hoxy a$ well "as of o-efhoxy and

dlpmpltm ynsﬁzsub@thmdt@ansdmmhm@eéusoeisgyl W@tlfaprythntolydlphosphlte

bls(%% 1—t p/lg];)(eq‘? r%rﬁﬁrltofl %gph%ﬁﬁg‘}él fristearyl sorbitol triphosphite; and

tetré‘lhﬂa,ml-cﬁ-)tlb&tyhﬁlheaﬁl) I%%Meﬂyldteahphmphomte
N, N - bi s-salicyl oyl hydrazine; N, N -bis-

di - t - buf ! - 2LHYHEEx FEHERGI BT SHFbNYY) fwyd?%m% esters of P-
iR AL, B e Ih3R7L Hamhe M gce, al S

, memgﬁhbmumﬂmolaamnﬂiee zirter sghefy 2- nrmwpihen@nudazole zine- dlbutyl-

GBI e RISSTAL 8y BB RSB SEpe

propidasBhi t e; trloctadecyl phosphi te; dlstearyl
pent aeryt hrit ol hite; .
tris(2, 46)i - l’olbf e ﬁﬁgﬂVPlfpf?ﬁ%}bhqst efor gyl cyppper salts in

corf BB L, ?@%ﬂ@ﬁ ok e hela e

trist ear(yl)l SBadic t oto- stablhhaIs,phsmca as;d for example, melamine,

tetral cis(2, 4-di-t-butyl phe bi phenyl ene
po WLB}I]IB% ?’e dl%yg?dlw%x t&éﬁ% 8%1},].&&, u1%§ g%rlvaagwesr, Oli;ydrazme
derfAATR! Sninks tp%[y%nﬁaesb ol&ﬁ*eﬁﬁhé%r SRA1Oet2] SdlisGind fallialine earth metal
exanpl e, the au[% steary myristyl or tridecyl
saltes:tfelnsher ety apide h@xwﬂaz@l@r@ rStQaRiC, ZpaTIn gfeprads, magnesium

steadate {é) Oli eﬂgle%dggﬁgﬁumﬁ&aﬂﬁlr%byﬁ% o ep Cate b&nd zinc

dre enttaer YIrto akl's
mbcﬂaﬂﬁﬁwk mer capt o) - propionate. (6) Polyanide

stabiliz h f e, I [ ; )
conbi nattfbn’ NUEIRHER8EES o ih o> pioSHRUAGs FACHBAURRe scid
adi %cﬁlahﬁéde?eﬁlgla/&{l@Qéldﬂanganese (7) Basic

o- st abi | . such for exanple, nelam ne,
pol yvi nyPpyr Falarsicamd, r@nf@mgnaamtaesu@r jag| [fgr example, calcium

car%gnate sﬁlcafes ugrlaes‘gl f%%rrsl, Xs%%ét&e, %alc,%gfu?,zlingg, barium sulfate, metal oxides
and hydroxides, carbon black, and graphite.

(10) Aminoxy propionate derivatives, such as, for example, methyl-3-
[N,N-dibenzylaminoxy]propanoate; ethyl:3-[N,N-dibenzylaminoxylpropanoate; 1,6~
hexamethylene-bis[3-(N,N-dib enzylaminéﬁy)propionate] ;  methyl-[2-(methyl)-3-(N,N-
dibenzylaminoxy)propionate]; octadécyl-3-[N,N—dibenzyl—aminoxy]propanoic acid;
tetrakis[N,N-dibenzylaminoxy)ethyl carbonyl oxymethyllmethane; octadecyl-3-[N,N-
diethylaminoxy]propanoate; 3-[N,N—ciibenzylarrﬁnoxypropanoic acid potassium salt; and

' E 1,6-hexamethylene-bis[3-(N-allyl-N-dodecyl énﬁnoxy)propionate].

30

(11) Other additives, such as, for example, plasticizers, lubricants,

emulsifiers, pigments, optical brighteners, flame-proofing agents, antistatic agents,
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derivatives, am nes, polyam des, polyurethanes, alkal
nmetal salts and al kaline earth netal salts of higher
wo ai0bs1248¢8 ds f or exanpl e cal ci um stearate, barPCUS2005/016772
stearate, nmagnesium stearate, sodiumricinol eate,
pot assi um pal mrate, antinopy pyrocatechol ate and zinc
pyrocat echol ate. (8) Nucl eating agents, such as, for
exanpl e, 4-t-butyl-benzoic acid, adipic acid, and
bloWgRhenygedfet iaggac 'tlﬁosy(l&)gls't:d | |s‘%161§ apd r(ﬁlaﬂfﬁ{h?dd?&opmnate or
agents, such as, for “exanple, calcium carbonate,
distepryilthigdinsopighates fibers, asbestos* talc, kaolin, nica,
glaglcﬂm S('f%f gtrfglﬁ?{n%{cﬁljiv(e%cﬁt%ﬁfﬁ a cgr glxléd gé‘ Iod gsd@hosphoﬁﬁmes may
addlgonaligtor \wlisrnadislin bapresbmr exarrpl e, rret hyl - 3-
[ N, N-di benzyl am noxy] propanoate; e
3-[N, N di ébe gxmg@g;gyl]algﬁ,(ﬂagﬁ%tb@se Pr @n aliphatic amine. Aliphatic
amfHR¥ ﬁ{EﬁId*é}Z’&ﬁ'&?e Imt%mfea% %@b@&ﬁ&%&m@ AN AP LA Frmula:
net hyl (et hyl) zylam n y) propi onate
; oct adecyl - NN d| nzy am noxy propanoi ¢ aci d;
tetraki s[ N, N- di bemzy- ll:-y-)cnet hyl car bonyl
oxynet hyl ] net hane; ocfadecyi - 3-[N, Ndi et hyl am noxy]
propanoate; 3-[N, N-di enz fém noxypr opanoi ¢ aci d
potassium salt; and
|, 6- hexamet hyl ene- bi s[ 3-¢N-al | yl - N- dodecy!l
Tr@ﬁbﬂ%@éﬁﬂ@lﬁﬁﬁ@' Q@ ah@lilable 1 kbl GhRAGhder vV 8% ﬁéﬂéﬂlaﬁ? name of
for exanple, plasticizers, lubri‘cants, enulsifiers,

Trijsogivpeolamias3ocsem mqvg Rhemisak Compampinghidindy disligan.s A blend

o 2L e LA AL S A0 i
coﬂmstcﬁlwyéxtaﬂabld i mﬂapﬁxantaztchmaﬂ& Amedfedovaeltiol 199233 T Fhteh Dover

as, r exa zaphosphol i di nes, may additionally
Ch?ﬂmcﬁ{ Q"S}’elbb%ﬂﬂesent (13) An inorganic base, a

Lewi s bf@&lera‘i’lry Bits trbrpilﬂr@nfa%m&é@ 1A§e'np hatij Canaﬁmqm less than

i nclude, but are n e sGpr opanol am ne
abO(UTIS%GI)Y weightizased hletﬂeonm bﬁtheﬁolyo@fmrc@pmoubm witheut additives. In

QnIer der t he trademar
andbi e} 61 08 BB R oo BB R E B s iRy i o0 emount
w1tMndilaEHi1.ge M ebdug RS % byl v@é’ig‘ht to about 3 % by weight based on the mass of

the polyolefin component without additives.\ In yet another aspect of the present

invention, triisopropanolamine may be present in an amount within a range of 0.5 % by
weight to 2 % by weight based on the mass of the polyolefin component without
additives.  Typically, when present, the' amount of triisopropanolamine in the
composition is in a range of about 0.25 mg/kg to about 100 mg/kg based on the mass of
the neat polyoleﬁn ‘

(14)  Acid scavenger, such as, a hydrotalcite component which can be
any magnesium-aluminum hydroxide compound. Generally, the hydrotalcite component
is hydrated and contains a mixture of aluminum hydroxide and a magnesium éalt, such as,
for example, magnesium sulfate or magne'sium phosphate. The hydrotalcite component
can be obtained as a natural product or synthetic product. The natural product is held to
possess the structure, MggAlz(OH)16C0;f4HZO. Suitable hydrotalcite components can be
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of bis(2,4-dicunyl phenyl)pentaerythritol diphosphate

and triisopropanolanmne is comercially avail abl e
wanaen24oe trademark name of Dover phos S9228T PEDIS2005/016772

Dover Chem cal Conpany in Dover, Chio. Generally,

triisopropanol am ne, when prgsent, is in an anount

| ess than about 5% by wei.ght. based on the mass of the

pol yol efin conponent w thout -additives, hi another
scR&RECt 16 t NBe Premapt koNEHLE ONof t‘rMﬁé%{;,ﬂmﬂﬂb@}%ﬂe&%Hzo,

may be present in an anobunt wWithin the range of about
Mes26(OhyCOEBGRLO: o aboutMaCh Byie(ghh] KEDeuTo, the  and

th ol yol ef one Wi ditives ' .

Mg‘é?‘ﬁ%;\@g?ﬁéreog'spect o]!f’lggeﬁ%ﬁgr esgltr?t ih(grnfai]‘%%, co pbné?ﬁ 18
MpC O SDogOdPs2y0l (OH ) pd Hp@ywhieh py cogaendrcially avai Rblzunidemsht iademark

i Wit g DA oFh it Chipigl ity Company in

triisopropanol arrine in e conposition-is in a range
cogipogiionis i, pngypkepoub | 25 ang/kd Bo2beyt kYO medarbased phehe mass of
neat pol yol efin. (14) Acid scavenger, such
thglg?ﬁgg&?/fg?igt al cite conponent which can be any
magnesi uThahytromaluite byhboxdnt ancsiaciade assesits-alubiinurh Redroxide
h d{’lotjial cite conponent is hydrated and contains a
°°ﬁ$¥/’2 B EXPPG hEReRiaBYEN dedaxide & shngnesialinazgilable under the

trad ka8 mel RZIEX AR Gn b ' :
phos pha%ng . The hydr ot gyglg,? -?E%%gﬁllg%iﬁ{%gﬁh @%@%ﬂ Irll%gapan

as a nat Gerdrally, dhe dydistalgigrromonentpis guesent inThe amattr ebs than

bR el rafhoh B CRARTI PRV ShitbGhont vitipb s 1o
anciier @ﬁeqﬁﬁfﬂdﬂ;ﬁﬂ%@ﬁa%lggé ‘gj(idr&ﬁlzc?ggéﬂél)p%ﬁeflgﬁ #%§?% Sm amount within
i b LS5 s i e e poe
_ . - 2. - . .
coﬁlp@f%@ wﬁ_ﬂﬁt Wﬂlﬁ%@é, {(gj)ﬂl %né% n"}é‘?%%"?rz@% ﬁ(r%iﬁgxp qnventlon, the

ydrotal cite conponent is My
hy@rofgiii®, camhpagieni & prosenéritiaal dnyovay avithitb herangedef 2thmg/kg to 37.5

ensy k_nanes _of - 4A. and. DHT-4V, both from Kyowa
R RS Spnfciey e Rk hec kaposeap dthor] pRAHRY ™ Thee
hydhedicir es@fponchiie raipesintefffientlpe &@dnd SHAVeER@erof Niehepis(2,4-
dicumylphenyl)pentaerythritol in the polyolefin composition.

OB Tap¥es . TYMBIIA! When ys%bﬁsmp HRS @ffount BE BOREN s@fvenger in the

Other components can be also be blended with the polyolefin composition.
For example, antifogging agents, antimip;gbizﬂ agents, coupling agents, flame re:tardants,
forming agents, fragrances, lubricants,. mold releas¢ agents, organic peroxides, smoke
sﬁppressants, and heat stabilizers. Further information on these compounds can be found
in Modern Plastics Encyclopedia, 1992, pages 143-198.
Polyolefin Applications
To produce a polyolefin with improved color, stability, and melt strength
after recycling, a process is employed comiprising blending the following components:
a) a polyolefin; | o |
b) at least one high activity phosphite comprising an arylalkyl diphosphite

having a formula,
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conposition is in a range of about 1.25 ng/kg to about
500 ng/ kg based on the mass of the neat polyolefin.

wab@ehymi®t al ci t e conponent can al so i ncl ude aPgT/US2005/016772

zi nc- al um num hydr oxi de conpound. For exanple, a

zi nc-al um num hydr oxi de i s2Gommerci al ly avail abl e
under the trademark nanme of ZHT-4D from Kyowa Chem cal
I ndustry Conpany in Gsaha, Japan. Cenerally, the
hydr ot al g t e Rgonponent is present in da andunt |ess

t han about 500 ny/ kgopgg d (?p_ he mass \of /t he
pol yol ef | nmponent/"wi thou 2agdi ti ves/,i~anot her

aspeet ' ion,Jﬂe hy gro® mponedt i s
present i amount pw-tcHj Nct,hg range ogF—gbout 1. 25

ng/ kg to faboyt 500 ng/ kg based on the mass\of the

pol yol ef RBn cdwponent without additivesto YeRs in

anot her waASRELR, OR, LIRE 10! RICRL, RNVGNR),0hd R}an be the same or
hydrotal cite conponent 1s present 1n an anount W thin

a r angedifferént Bndptk seleateBitom hygtdagn loa straigbihchairednggskyanched,

of the polyol efin..conponent wit di. k1 . S :
hydr ot a E%‘il%éeorc S?Pﬁ?gﬁ’e ﬁ{%ni‘aglﬁ g° S alg{ﬂ%‘%i'% [ %n yiégs(? l}e%hgﬂg ’h gromatlc’
life of shdier bj@éaiphaticlioguanicl pliral| Davert fremy bt tioto about 20

the polyolefin conposition. O her conponents can be
al so becybemaems@et FrHRBE pol yol efi n conmposi tion. For

‘exﬁcglpl €t Rk § gﬁ#ﬁg@%i@&gﬁ%ﬁﬁhﬁé @Binphisifg @NfrRrylphosphite

co i ng agents, formng agents,

. havingggfoamalas, | ubricants, nol'd rel ease agents, organic

per oxi des, snoke suppressants, and heat stabilizers.
Furt her information|on these danpqunds can be found in
Modern Pl astics Encycl opedl 1994, pages 143-198.

Pol yol efin Applicat|ons Jg ducg a polyolefin with

i nproved col or, stap®¥i T Tstrength after
recycling, a procesy is elpiQyed donpri sing bl endi ng
the foll ow ng conponents;/ a) & poljyolefin; b) at |east
one high activity phospHi‘t e cdlprising an aryl al kyl

ra Pk, Rt B8, S B BisleBaH B Saap Bl haed o

SaNgrafthed, cyclic or acyclic, aromatic or aliphatic, and mixed aliphatic, aromatic,

and/or cycloaliphatic organic radicals having from about 1 to about 20 carbon
atoms per radical; ‘ ,
d) optionally, a primary p‘ol'ymfer stabilizer; .
e) optionally, an acid sﬁavengér‘; :
f) optionally, an organic basé,.Lewis base, or aliphatic amine; and
g) optionally, water. ' '
The combination of the at least one high activity phosphite and the at least

one hydrolytically stable phosphite with the polyolefin improves color over polyolefins

produced without water or a second phosphjfe. In one aspect of the present im{ention, the

hydrolytically stable phosphite is present in the composition in an amount sufficient to

raise, after processing, the Phillips Color Number (PE #) to a value greater than the PE #

of a composition formed by combining like amounts of the polyolefin, the high activity
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different and are selected from hydrogen or

strai ght-chai ned or branched, cyclic or acyclic,
W@e@aat40es or al i phatic, and m xed aliphatic, aPCIE$1005/016772

and/ or cycloaliphatic organic radicals having from

about 1 to about 20 carbon mtons per radical; c) at

| east one hydrolytically stable phosphite conprising a

triaryl phosphite having a forrmula: wherein Rl, R2, R3,

pho%ateaa%lrﬁred%}ﬁn&e h&Ewadr.f modmdiiea! paIgoleth stablhty is improved by
strai ght -chained or branched, cy clic or acyclic

the Ao rh flieccammbinationhef ﬁhé at éﬁ@ét ?ﬁ%(blﬁhaﬂlctlbl%PhQSPhlé% dhaet least one

dicals h f
Ry Bl b LR AR Gl 2 e T cal - )

opt i onaIththermopsr, iwtenthga lgast ons highi activiey phasphite and the at least

opt.i qnal i d scavenge t
one Pk aoblsuTe BRnESBE R b Mhall OB ki Eeptagiotns o
rew@ﬁ&ﬂ Yol fins WAL E imprbR&d GRERIRALh ArofEh bidiAé rdLRAtpadRe. As
hi gh act|V|ty phosphite and the at |east one

defingdirip| yhis c@nsqclysm,ab‘r@ycﬁp@smml@f ing't B t Hewersed opdyelpfins”
polj RIS 43t BhesCibploudlof Bliia BRATHGEE wieh PO -
by moMén bmusmﬂm' dnhleirapiﬂ}datlomd | y{egnmbpﬂsqzsh msscﬂﬂﬁnbé a$ the number of
sent the conposition i.n an apount Ci
timf 58 golyglefars BiUBTYs AT RESBRRET TpLEad s vel Beeneth
is aﬂea‘é@re%f Yid éﬁ%ngﬂﬁﬁtﬂ% Thdirnwhilein ke Hﬁoﬁén Rate OMRABEL di®ssion of
formed by conbining |ke amounts of the polyolefin,
the trmmldlpgcbpedmﬁllwmyldﬂ@ LINWA&@E%QWIQWosphat e, a hindered
phenol , and ter i t 0 bj
ot ovedaByet e M AORL' S Selpe B ke L flctfbined

wit® ke bb@bleﬁﬁﬁ Iav¢dr&m@ h@&ﬂblrhﬁhod k@owh ih ekesbrtcand at any time after

hydrol ytical |y stabl e phosphite and the ol ef.i n.
formharh o P cROIHIERR tHePREU SRS PTORES @hpﬁe it fyring, or after

fabggﬁgﬁﬁqh{oearﬂags t gg e}ﬁé axéﬂ‘?l@tﬁo&@@f Qnighy ttﬁ&ﬁﬂdspmgé 9&&1@‘1@ with

sphite are a he polyolefiny recyc
the polyptdﬁaf inoBidesbut eweorok Hthited It(y mmﬁlgmselhameg,u Ermludingdands‘n'txmres

thereo e{lge Shospﬁlgeugc{]dlt%]els tcar? Le pre Qc{j togaﬂsier and tﬁ‘g‘n combined with the

polyolefin, or the phosphite additives can be combmed individually with the polyolefin.

Phosphite additives of in accordance Wlth the present invention may be in solid form,
solution, or a slurry. Further, the polyoleﬁn can be in any form, such as, for example,
fluff, powder, granulate, pellet, solution, -slurry, and/or emulsion.

Water can be combined: w1th a polyolefin prior to, during, and/or after
fabrication of the polyolefin into articles. Water can bé added by any method known in

the art including water spray or steam injection systems. In one aspect of the present

ﬂ invention, water at ambient‘te'mperat.ure is routed via a pumping system to the throat of an

extruder. Another aspect of the present invention includes adding water via an
atomization spray system. These methods permit uniform water addition to be obtained.
Another aspect of the present invention provides a composition formed by

combining components comprising:
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defined in this disclosure, "recycled pol yol efins" or
"rewor ked pol yol efins” are polyolefins that have been

w0 e@ocazdods or pell etized after having been prevPOUEE3005/016772

processed by nol ding, extrusion or other applications.
"Regrind passes" is definedoas the nunber of tinmes the
pol yolefin is ground into pieces to be reused in new
applications. Melt strength is a nmeasure of the

strengt hyof theoRlohstin Gelddidd @rokd hbhRpIReN otk emono-1-olefin
Furt her discussion of the regrind procédure is

haping\fiagie b 2t teeaboia b Farbomb atosw, pepmplastilet ¢recopdlyimers efat least 2
o Do SEHDAR s R PR LB B RO

according |
the art ®nd ai Hgly detinky afhosphifcocormpring ain tahgalkyl diphosphite
pol yol ef in in production processes, or prior to,

hayingiadgm after fabrication into articles. Exenplary

met hods of conbining the phosphite additives with the
pol yol efip, imglude, but are not limteg tog, m xing,
pell eti zi extrudi ng, and m xtures thereof. The

phosphi t e /adqiti ves can G2 p‘?}‘éﬁP\(\ended t er and

t hen epH @ d—tihe pol Yol ef i p—o0 K t @)
addi ti ves\tati/be co 'Qg_Hrhgiygﬁually

pol yol efif. Pkosphite additiVés of in a¢cordance with

the preseRt imyention may be in solid frgr mRsol ution,

or a slurry. Further, the. polyolefin can be in any

form such as, for exanple, fluff, powder, granul ate,

pel diereirsBY, R4 B, Rys Rurang R;aard hydrogenibis] BRp R;VRE, eind ®zare mixed
be ¢ i.ned . with a polyol ef.i ri.or .to uring, .and/or

ot t SR A A PEeE i) Peyifh SoRt abai i aat 26 carbon
WAt efonsaser bRli@dded by any nmethod known in the art

i ncludi ng water spray or steaminj.ection systens. In

one cps peg thydfolytivallp rseebien phasplien toraprising taetriagfiplanphienhaving a
tengera ure is routed via a punping systemto the

t hr S%™ an extruder. Another aspect of the present

i nvention includes adding water via an atom zation

spray system These t hods perm to uni form wat er

addition to be obtailned. ®not h8t agpect of the present

i nvention provides conmpos+t{on formed by conbi ni ng
conponents conpri sing, AT 058 9¥I a) a polyolef n

sel ect ed from honopgl yiery one “frono- 1- ol ef i n havi ng
fromabout 2 to about 10 .carbyn at ons per nol ecul e or
copolyners of at |ledst 2

wherein R,, R4, and Rs in the triarylphosphite are hydrogen and R; and R; are
selected from straight-chained or branched organic radicals having from about 1 to
about 20 carbon atoms per radi‘cal, ‘the high activity phosphite and the
hydrolytically stable phosphite being joresent in a total phosphite amount within a |
range of about 50 mg/kg to about 20,000 mg/kg based on the mass of the neat
polyolefin; '

d)  optionally, another arylalkyl diphosphite of formula (I), wherein Ry, Ry,

Rs, Ry, Ry, and Ry, in the another arylaﬂiyl diphosphite are hydrogen and Ry, Rs, Rg, and

ATLANTA 405259v1



10

15

20

25

di fferent nono-1-ol efins having about 2 to about 10
carbon atons per nolecule; b) a high activity

w@b@sphiote conprising an aryl al kyl di phosphi t eP¢EUSIVg5/616772
formula, wherein R2, R, R, R7, R9, and Rl10 are
hydrogen and R R3, R6, and 38 are m xed al i phatic and
aromati c organic radicals having fromabout 1 to about
20 carbon atoms per radical; . c) a hydrolytically

Rq a?rte @élé&e@ﬁeﬁma{gﬁt-md &ivishoBied 61 g@ﬂiﬁé hgh@SPRvirgs famiaBeut 1 to
fornula, wherein R2, R4, and R5 in the

aboutzwayb@ﬁi@phpﬂéa@%l, hydrogen and Rl and R3 are

seI cte S [ rd
oL e ol b AR BT o LA A6 RSARRL B s
mg/ﬁg go ﬁl‘ftﬁiﬂt se(bal mg/fkg bht)eiglrmﬂﬁé maﬁst of tbﬁmsippollyeleﬁn;j the
ydrol ytica sta e osphite in esen
totthl pABYHHITeY et b o Ao G080 TR pasgaSn the mass
Oftﬁg{l&g gl?o@ﬁ@ut 20 OOO ng/ kg based on the nmass of t he

neat polyol efin; d) optionally, another arylalky
di osphptienally, #drnddred emine wher ameur Witk a stngeva about 50

mef1p B SHRg iyt Rt MR A Bl BB I 2

seligct edpfismily striisipgdpanclamireecid anranfuano/itaoh Drapgeiof about 0.25
adical s having fro out 1 about 20 car bon at ons
mgikgto phoyt 199 mggsg Q?ﬁ?‘{nﬂhgﬁell’@ass ot e Reptpalyo dol n an
anq nt ‘ggﬁ&{aﬂyaaﬁ aBdSscen ?Qoiﬁt arP S &t Kﬁt}flﬁ’ aaij‘ﬁﬁgg §)§Ql§)c91t 1.25

oh’ the mass of the neat pol
mg@qgtto elrmlt |590 mgdtgdrasechomthe amase nf thgpeatwom 5000 my/ kg

2gf|egng|r$° etéawipﬁ’,g %{gge N uvﬁfir %pcir% naltllgf)re§1ﬁtant compared to

aryraﬁ{wmpﬂﬁsp&tteyt 50 nmg/kg.to about 5,000 ng/ kg based on
the mass of the neat. polyol efin; and h) optionall
trii sophbpeatbaraapsseof he RFPsERYALoR eRTeress ?Wége%grendmgz
abayt 0,239 to about 100 ny/ kg based on the mass
of the neat” pol yolefin; and
b) a high activity phosphite comprising an arylalkyl diphosphite having a

O-———CHZ CH2—O
O—CH2 cnz—o

wherein R;, Ry, Rj, Ry, R5, R(,, Rs, Rg, Ry, and Ry can be the same or

different and are selected from hydrogen or straight chained or branched, cyclic or

forrnula,

acyclic, aromatic or aliphatic, and mixed aliphatic, aromatic, or cycloaliphatic
organic radicals having from about 1 to about 20 carbon atoms per radical;
c) a hydrolytically stable phosphite comprising a triarylphosphite having a

formula, -
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i) optionally, an acid scavenger in an amount within a
range of about 1.25 ng/kg to about 500 ng/ kg based on

wo b@ora®ss of t he neat pol yol efin. Sone PCT/US2005/016772
triaryl phosphites are relatively hydrolytically
resi stant conpared to aryl @ailkyl di phosphites. In
anot her aspect of the present invention, a process
conprises blending: a) a ponoIefin; b) a high
activity phosphite onpr|5|ng ryl al kyl di phosphite

having a formnul a, ereil R2, R3 ., R4, R5 RG,
R7, R8, R9, and R10| can be=tR or different and
are selected from hygroge 1 ght chai ned or
branched, cyclic or| acyc tic or aliphatic,

and nixed al i phatic| aronati or |cycl oal i phatic
organi ¢ radical s haying g 3
carbon atons per ra |caI c) a hydPolytically stable

phosphite conprising a trlarylphosphlte havi n
f orrherein RaTRANEARSSIERA ih selestpd Fipm pydrogen orpy algé}h ghaiged or

ar r

br Z)ﬁzﬁﬁh% ?911({ BPEQﬁMg Cag &wo& 8%) ngt%clg gﬁdof'rhﬁgfil gﬁgﬁf Caromatlc or

an d:yﬂbal@ﬂat&l onghwet iradicader hﬂvaig| ftom abowtyt ltm abiyd 24t ¢agbon atoms per
gﬁgl radi cal s having from about 1 to about 20
fbat ons per radical; d) optionally, another

ar >d)al k)bbu&laﬂlb}oﬁwﬂleﬁr @r;@zﬁkﬁ@ipﬂdkpln{eldffomﬂﬁﬁﬁ d), mmemlm, R, R;,

R4, R5, R6, R7 and- R10 can_b e th n?
Ry, Rsf Rer BntRark: ands Raekatt ba SRy GEienpAn are selected from
i e
hyd%&r%na(%rstéra‘f "Elc a'E’II‘ ?fa‘ﬁ@l‘t‘ég ?ﬁl(ﬁ%%&l % ta?%%&ﬂédr gl;rglq])hatlc and
nu)a:dcyhphatmy aiomﬂtucphml/mrccyo}oghphauc maghnuatashchk\hamglgfﬁrmnabout 1 to

sbogf £ eeh SpRaREL HALoHY GIERdE FUITG BRBIBRPED oyl protpnif

optdyonal, ?Monﬁyhaﬁﬁaéﬁdﬁﬁaﬁn%d and f) optionally,
mater optionally, hindered am ne;
f) optlonally, water; -

g) optionally, hlndered amme ‘
h)‘ optionally, an aliphatic armne and
i) optionally, an acid scavenger.
Still, in another process of the present invention, melt stability of a
polyolefin composition is improved the upon recycle of a polyolefin by blending:
a) a polyolefin; ,
b) a high activity phpsphite- comprising an arylalkyl diphosphite

having a formula,

O0—CH, CH;—O
NN
R 0—F ¢ p—o Rs (D)
| 0—CH, THy—0

Ry Rs Rio Ry
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h) optionally, an aliphatic amne; and i) optionally,
an acid scavenger. Still, in another process of the
w@e@sano1s nvention, nmelt stability of a pol yol PETMUS2005/016772
conposition is inproved the upon recycle of a
pol yol ef m by bl endi ng: a) a&2pol yolefm b) a high .
activity phosphite conprising an aryl al kyl di phosphite
having a fornula, ATLANTA405259vI wherein R 1, R2, R3 ,
R4 whefh R, RR,; RE/Rs, O RRR,, lggj@kg,%a T3 feak be thdRnfaelifferent
or different ‘and are selected fromthe group . .
conad std sriectid fpur thgesroumeonsisting ghthyeiogrhead §raight-chained or
branch e - AC ] : (-1 e, ;
and G oG oeep il DY o HIRRNC, fan e AIGNALE, romaic,
or gadior cyddtiliphhiic baganivgrafiiceln levingt framt dboabduto @ut 20 carbon
carbon ato er radical; c) a hydrolytically stable
ph@gﬁﬁﬂf%r%%ﬁgrising a tri.aryl phosphite having a
f Orczq“ ap HYREIIREAAIRstatR h&%hi,t&éom@ﬂﬁn%@ faeylsRdsphitelaving a
from hydrogen” or stralgﬁt-chalned or branched, cyclic
or famyd4,i c, aromatic or. aliphatic, and m xed
al i phatic, aromatic, or cycloaliphatic organic
radi cal s having from abd Rd ahout 20 carbon atons
per radical; d) opt gnot har aryl al kyl “
di phosphite of fornula (} ereinPR 1, R, RB3., R4
RS, R6, R7 , RS , 9, § ] an be the sane or
different and are sgl ect ep—=FKom hydr ogen or
strai ght-chai ned or| branghed, \cycliic or acyclic,

aromatic or aliphathkc, a d. mi xed aBi phatic, aromatic,

Loal i phat | . el . ; .
o AL, AL ] s e
brafiéHelie et &1 adnclibe atongitic ast aliphksic, pinds pik ede plipghatic, aromatic, or

optionally, a hindered amne in_an anmpynt wthin a o
cyciamigeatisroELEsEIS gy g OB Shahl (Sat08b2her ke HamdebRdical
t h_ed)mas% ﬁgnatllp,eaﬂﬁﬁér_ RPN &fphSsphite bf @Rti@Dad,| Wherein R, R,,
trllsoperano am ne in .an amount within a range of
R; 8RARs, Bs 2B, 1R, KRy, tiod Rhpwin bOOG sagicky difigent and arhselagied from -

hydgf)getnhgr sr]tr%?g t—%ﬁ!ai}{g %I Iblrr]a;nched, cyclic or acyclic, aromatic or aliphatic, and

A

mixed aliphatic, aromatic, or cycloaliphatic organic radicals having from about 1 to
about 20 carbon atoms per fadical, which is different from the high activity phosphite;
. e) optionally, a hindered amine in an amount within a range of about 50
mg/kg to about 5,000 mg/kg based on the masé of the neat polyolefin;
f) optionally, triisopropanolaminé in an amount within a range of about 0.25
mg/kg to about 1000 mg/kg based on the mass of the neat polyolefin;
2) optionally, a hindéred phenol,;
h) optionally, water; and 4
i) optionally, an acid scavenger.
" Further, in accordanée with’thé_ present invention, a process to improve the

Phillips Color Number or whiteness index of a polyolefin comprises blending:
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g) optionally, a hindered phenol; h) optionally,
water; and i) optionally, an acid scavenger. Further,

w0 pocaazpiglance with the. present invention, a PCDUSHS5/016772
to inmprove the Phillips Col or Nunmber or whiteness
index f a polyolefin conprizses bl endi ng: ATLANTA
405259vl a) a polyolefin; b)..a high activity phosphite
conprising an arylal kyl- diphosphate havi ng a fornmul a,
mhereln)R 1%”§g 3%1 R4, R, R, R7T, .R38, RO, and
Rlo can ‘be the Ssane or different and are selected from
hydrogeh)or s thigh gletivish athesrhitsr compritine o epdalkyd diphosphite

hav2SY aromatic or aliphatic, and m xed aliphati c,

VIES ??%’ or cycloaliphatic organic radicals having

- fromabout 1 to about 20 carbon atoms per radical; c)

a hydro
triarylp
R4, and F5—a{e sel ecpedchr hydrogen 0
strai,ght ned, or,/ br anchéd, cyelis G, ()

[ Al i phat i\c, and\n1xed aI|phs % aronaﬁlc
or cycloariphatic orfdanfe rdli€al s having f rom about 1
to about 320 Ggarbon atons per radical; ¢ oftionally,
anot her aryl al kyl diphosphate of fornula (1), wherein
R1, R2, R3, R4 , R5, R6- , R8 R9, and R10 can be
t he .sane or ent t :

“or Fé?gﬁt 8ha|3he osrﬁ%r‘ }%‘é %I)Q/lcllgl cJag?)ggll(;:yyc IC g&%fferem
ar aAa taieCsetdcted! frgah apdm gemmdstmglﬁdhahecbblabmmheé,r Qehe | lor: acyclic
or cycloal|p ti.c anic r quals ha |n B
to {C lea B,n g%e ﬁp 8’1 Ergrna 19\7h ﬁyci %ahp atic orgamc

di f [ @adical;
A o s

/tically stable phosphlte co isipg a
6sp%ite having a ‘formul a, mﬂg&eln T Rl, R2, R3,

anmsdint wlmdmiyrapaﬂarﬁg@lwh tie compriging ¢ trigrdblesphite havng a
kg based on the nmass of the neat polyolefin; f)
ionally, triisopropanolarhie in an amount within a
range of about 0.25 ng/kg to about 100 ng/ kg based on

the mass of the neat pol yol efin;
Ry Ry

fonB

wherein R;, Ry, Rs, Ry, and Rs are selected from hydrogen or straight-chained or
branched, cyclic or acyclic, aromatic 6r aliphatic, and mixed aliphatic, aromatic, or
cycloaliphatic organic radicals having from about 1 to about 20 carbon atoms per radical;

d) optionally, another arylalkyl'i diphosphite of formula (I), wherein Ry, R,
R;, R4, Rs, R¢, Ry, R, Ry, and Rm can be the same or different and are selected from
hydrogen or straight-chained or branched, cyclic or acyclic, aromaﬁc or aliphatic, and
mixed aliphatic, aromatic, or cycloaliphatic organic radicals having from about 1 to

about 20 carbon atoms per radical, which is different from the high activity phosphite;
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g) optionally, a hindered phenol; h) optionally,
water; and i) optionally, an acid scavenger. Even

WO aobh24018 i N anot her aspect of the present i nvedlt/US1905/016772
ah article of manufacture is prepared froma polymner :
produced by a process conpri4si ng bl ending: a) a
pol yolefin; b) a high activity phosphite conprising an
aryl al kyl di phosphite having a fornmula, wherein R 1,
R2,6) R3, offonallfd a, hiftleredRémirBin &Y anifk Hi@irCanake bhebout 50

same or different and are sel ected from hydrogen or

mgikegte Pyt S O mgikis based pa thetivass of (heiueat notyodefips| i c,
or Eycl Safnafty AR Goan SBT3 BlduBDAIME o BHOTRE ko 025

mgfkg t@blsnut 100 npAcdieneddmtie npss of thdneatipplyolefia;
hydrol yti cal stahl e osphite conprising a
trigér yl BHB%‘BW’*(% ?ﬁeﬂgﬂ%{l or mul a,
ATUANTAGBRaRAY! whier,ehd R, R2, R3, R4, and RS are
sel écted from hydrogen or strai ght-chained or
br dhche@ptienadlyi an asid spayenges, aromatic or ali phatic,
and m x ld ti.c, ' c tphati ..
or gani o B e BERE: i soBe BiEe pEARE BrosBHClRBAGY ' fricl of
madEidioe iapepaced dont apolgme: prdduepbyapabdeys canmetgyitlending:
aryl al ky; di gh%p{] te of formula (1), wherein R 1, R2,
R3 , %) REIPREYR®, R8 , Ry, and RIO can be the
sane or pfli ffergiph AANiH BhoxBhiBs l8thphikiam Ewderr?lgﬁ@l Qfiphosphite
Ca

strai ght-chai ned or branched, cyclic or acycli

havingomderinglapr  al i phatic, and m xed aliphatic, aromatic,
or cycloaliphati G organi c radicals having fromabout 1
to about @O0 cgrbon atoms per radical, which is

different\frgmthe high activity phosphite; e)

opti onal | y;—4& hi nder M) zi—@\an‘ ano| thin a
range,o QWQ about}-5, se@b on
t he mass \o e neat\ pol yéRhefin/ f) op

triisopropangl am ne io_af%12 aff&dit withina tange of

about 0. &

wherein Ry, Rj, Rj, Ry, Rs, Rg, Ry, Rg, Ry, and Ry can be the same or different
and are selected from hydrogen 'or.;stra'ight-chained or branched, cyclic or acyclic,
aromatic or aliphatic, and nﬁxed“'éliphatic,' aromatic, or cycloaliphatic organic
radicals having from about 1 to about 20 carbon atoms per radical;

c) a hydrolytically stable phosphité comprising a triarylphosphite having a

formula,
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ng/ kg to about 100 ng/ kg based on the mass of the neat

pol yolefin; e) optionally, a hindered phenol; f)
wopiscolis y, water; and i) optionally, an aci dPCT/US2005/016772

scavenger. The article of manufacture can be produced

by any neans known in the &st, such as, but not

l[imted to, extrusion, blow nolding, injection

mol di ng, and thernoforning. Further information on-

Pr QaRssh RY'RY RE ROIMOIRETdré s€le@D bl 9ydrdgeh Grastraight-chained or

manuf act ure can be found i n MODERN,PLASTI CS

ENbraocloripyglic argapyclip pemgatioor alphaticysnd gnixed aliphatic, aromatic,

| NGARRPT @lgﬁlﬂﬂgﬁ@' alﬂi/c fa9 c%fseﬁh%ﬁt FrBmaaRlub 8T t02SHRRE L0 Uarbon

the pres Irnvent | It gbe prepared enpl oyi ng

t hetomlopee radbbeadyr | bed aspects of the present i nventi on.

Lot DRk edtaha SRR FogThie i R (5 WndtblR,, Ro,
R3,CR4P 'R%QRQ' RE tgamnm@%%pem@ eléIﬁqANiFﬂﬁ@&aﬁ&mHVdﬁe Eetédled from

, R8, R9, and Rl can be_the
hydmm aorstugight-ghained einbraneheds eyabiet e5cRop s lisin aRFaR sy @h alihatic, and:
St.r d
rmxed aﬁgﬁﬂ%c gapﬁh{iﬁ:b ﬁ’g ‘ Iyt?fo@%‘ﬁg org%ﬁ& r&dl a% ?1?/191 r%er)trtlal altbé)ut 1 to
aboanm carbeiy atbma peptadidat, vdrighaisidifferanti fc<ah$hetﬂagh activityapho sphite;
abo t 1to a out 20. carbon atons per radical: and
eas PP Nyarlﬂ?c}ﬁr?ct AP g %tbla‘glo tog’dbhtnt g ranse o hbout 50
TkPhasbd bR BRhhisS ohéinest RIfodefmyl a: .
g@ﬁg?gﬁﬁg%ogl?; %B R4, and Rg arne srgl}fect ed fro
hyd) oge@pmnaﬁw wiisppronehelaméne iBrantsnavehedhiny singe 0§ ebout 0.25 |

Wi c al i phati c,
meR i abiy 100 AP SosBLoR iRl bPe 304 pBERERG, B2
hawd)ng fopﬁdjﬂa&?lbpathmﬂletbdphmut 20 carbon atons per

radical. The_at | east _one high activity phosphite and
thef)at logHgT2 Iynwatsl 3pd) ytically stable phosphite may

?nxeq, phball Og}ﬁa@@p%ab@ﬁ efind presented as a mxture
he kit. ternatlvely, the at | east one hi

act i vityThe mmoﬁmamf@btuﬂ@@an be prodaead byrpay means %HOWH in the art,
ydrol yticall.y.stabl e hos
{0 L e BRI o BB BRRRRS bine,
theRfbfoMhing. PhagRPiihPrAMMbreas Hrocessing the polyolefin composition into a
manufacture can be found in MODERN PLASTICS ENCYCLOPEDIA, 1992, pages
222-298, which is incorporated herein by reference. ‘

In another aspect of the present invention, a kit may be prepared employing
the above-described aspeets of the preseht invention. Accordingly, the kit comprises:
a)  at least one high activity,phoéphite comprising an arylalkyl diphosphite

having a formula, ‘
Rz R, '
0— CHZ CH2
Rs O——-P/
\O—CH2 CHZ—-O
R, Rs
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hydrol ytically stable phosphite may be presented in

the kit respectively separate from one anot her or
w@e@santoesl as m xtures of high activity phosphP€EESZNH016772

m xtures of hydrolytically stable phosphites, each

m xture being separate frongthe other. EXAMPLES The

foll owi ng exanples are provided to assist a person

skilled in the art with further understanding of this

i nyent boR, RINRS &, EXAMD! 1S RAMG, bid RNGAH bk ehddme or different and

|IIustrat|ve of the’jnvention but are not neant to be
are sebeusddr fued haérogenmlt stra@htﬁbam@h@rdmmhéd,swéb‘éoroéfcyp% aromatic or

ahpfé n]\éﬁ%%l éméf,(gh ﬁﬁnl?ﬁi]ﬁ’r onpg ?gﬁoﬁj%clldaﬁﬁﬂadc orlgBi8 &adicals having

fron? bisdid 140 %diiﬂ@b@ﬂbeﬂydo)nsmﬂtﬁ&raytahdl tol di phosphate
(CAS No. 154862-43- avai |l abl e

S .
bobar phasicet)ons tysayioaly o Papeplit ETapatPe patamphgsphite
f Cheni cal Conpany .. Doverphos (r) 9960C is 95
bavifly %38%‘2% phos (r) SATLANTA 405259vl 9228T and 5 wt. %
DHT- 4A. Dover phos(r) S- 9@28T iRg 99 wt . % Dover phos(r)
S-9228 and 1 w. %|[TI PA; . b s(2,4-di -t-butyl phenyl)
pentaerythritol di phosph| lo. 26741-53-7),
conmerci al |y avai | apkse H+) 626, which is a
regi stered trademark of t--- Ellectric Co.; C.
bis(2,6-di-tert-butyl 4-neth\ phenyl) pentaerythritol
di phosphite (CAS No, 80693-00-Rt), jgommercially
avai | abl e as PEP-36, which is a registered trademark
of Am‘| redhexeimelRi, Ba,IRs(:Bn pgql Rsi agmnselepted from hydrogen or straight-chained

or bg%s d, Cc;lydl]l & 'Rl%ﬁlc{ RAGONE )or %ﬁﬁaﬁ@rﬁﬁi%ﬁ&@ lahﬂiaﬁ@ Oa?r&hbﬁce and/or

aval e as anox 627A, which is a
cycloalipiatie roega\nicrmdheattaﬂlkwmg figanaoat 1 Eb ebauti2f agghon agoms per radical.

Thec%;ﬁ%@i; 851%#115@ bUt BTpgl}éle )an aatﬁgé;? t {H 'r_ﬂygﬁ)l}q ﬁ[&’ﬁé 'i)ﬁosphlte

may 8¢ infited ith bﬁ@ﬁ@ﬂar kndpreanedtas laakixsirChed il A@@xr_;atlﬁely, the at
leaqts rplpg i‘lﬁﬁ&ﬁ%\g{y_ Igh%gghltg %%X t}Peha% Téélst) on% %ﬁr%pyltitcgllycsqm Ir)lg:olsf))llnjtey may be

- presented in the kit as separate items. For example, gac;h high activity phosphite and each

hydrolytically stable phosphite may be presented in the kit respectively separate from one
another or presented as mixtures of high activity phosphites and mixtures of hydrolytically
stable phosphites, each nﬁxture being separaie from the other.
EXAMPLES

The following examples dre provided to assist a person skilled in the art
with further understanding of this in\‘{éntio'n. These examples are intended to be
illustrative of the invention but are not meant to be construed as limiting the reasonable
scope of the invention.

Chemical compounds utilized in these examples are summarized below:

A. bis(2,4- dlcumylphenyl) _pentaerythritol diphosphite ‘(CAS No.
154862 43-8), commercially avallable as. Doverphos S-9228, which is a registered
trademark of Dover Chemical Company Doverphos 996OC is 95 wt.% Doverphos® S-
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Dover Phos(r) S-480, which is a registered trademark of
Dover Chem cal Conpany; G

WO 2005(124048 di -t ert - but yl phenyl ) phosphite, comePCi/ab1095/016772
avai |l abl e as Irgafos(r) 168, which is a registered
trademark of Ciba Specialtysfhem cals Conpany; H.
tetrakis [ nmethyl ene
(3,5-di -tert-butyl -4-hydroxy-hydroci nnamate)] net hane,

e el pEomI Pty Dpenfaged bss s |

wthdiPsal Conpany; |. tetrakis [nethylene

gshusngle e”#@sﬁi y'dlg'&%&&gﬁéhédrom Fgfﬁimalg@l)spﬁt h39%s No.

2@1’4&9@1«2X eéﬁlm%%ﬁ aWBﬂﬂhe hSURran6d G162 Haethlis adeifered @hdemark of
peci alty em cal s Conpany; J. ZHT-4D, an acid

Gegerallaefeie Cosommerci al | y aval | abl e from Kyowa Cheni cal

| ndust r y» Co ol f ?&?%ﬂgﬁ% 8fthdythritol diphosphit

scavengers "ﬁl, 6rdc(l% tyélval abl 1p§§mpKyowgt éﬁoemdlg pepate
(CABdNst 896930m}a))y ccnmdeﬂmallw\/madaiﬂe retsr BER-3i6s vehit!DRE a registered

arr Ioa of about 20 wt.% of the total
tra&, Jéﬁ%?‘&ift@e Wfﬁt@orb 944. Chimassorb 944 is
t he Com'@r C' is( @ﬁQﬂlﬂ% hen?rl% pentaerythntol dlphosphlte commercially
pol 3tetrameth @]:Y ) am noJ - -triazine- 2,
e

)
avmlahfews ]I{l‘(r@norz 628A, Wbtchamtqg;slter dserarlelgf &Pnﬁraicﬂlecmc Co.;

F(e)z(age gl'%l teteorlsé dﬁ t—buﬁfl%hen%lp ant'lasrythnto]] (]11phosph1te commercially

avzﬂlﬁbl@l\ﬁEAAIkﬁﬁ&Q/Pme wiiehe e segisteasd tradomdrk ofr@saintalien Chemical
t he conposition of the present invention in an anount
Coup to about 2.5 wt.% of the total conposition. In the

exanpl esp bel Qs (3 hQit@l-brybRchyPhyBbphlte &roﬁﬁﬁérhaﬁ§ OMRdifed as
det er m ned in accor dance Wth t'he respectivel
Kx@ﬂwa&w,

Doveidthesit Sd3ASTNLTs saardgisigeed uaki@mmﬁ%ctf é)qVIemhgmlca
205, O APl S NG oSN I
Irgafod® 968 @ﬁﬁdi 15 2 rE@itered HaBeBark QFCib AP alty: €3 mi et Corip iy,
-?yééoos/o epalt?atrakilzs5o[me;li1(§f?e?llel 8 4 gp 'ggtt-butyl'-aglry c[)))|(y- ydzrocmnamate)]
methane, a hindered phenol, commercmlly available as Anox® 20, which is a registered
trademark of Great Lakes Chemical Company;
L tetrakis [rﬁethylene (3,5-di-tert-butyl-4-hydroxy-hydrocinnamate)]}
methane, a-hindered phenol commercmlly available as Irganox® 1010, which is a
registered trademark of Ciba Specialty Chemlcals Company;
J. ZHT-4D, an acid scavenger, commercially available from Kyowa
Chemical Industry Company; ' ‘
K. DHT-4A and DHT-4V, acid scavengers, commercially available
from Kyowa Chemical Industry Company; and
L. UV concentrate is a.ﬁDPE carrig:r with a loading of about 20 wt.%
of the total concentrate of Ciba Chimassorb :9.44. Chimassorb 944 is the commercial
product of poly[(6-[1,1,3,3,tetramethylbutyl)amino]-s-triazine-2,4-diyl][(2,2,6,6-
tetramethyl-4-piperidyl)imino] hexamethylene [(2,2,6,6-tetramethyl-4-piperidyl)imino}].
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Oxi dative Induction Time (OT) - ASTM D3895. The

nol ecul ar wei ght distribution of a polynmer, H, is
waledoone®ias MV Mn, wherein M is the nunber avPCHYS2005/016772

nol ecul ar wei ght distribution and Mvis the weight

average nol ecul ar wei ght di®ribution. Ml ecular

wei ghts and nol ecul ar wei ght distributions were

obt ai ned using a PL 220 SEC hi gh tenperature
ThEOVUTREQHRRAYy b bresdnbal hBesmbeesnadfahd Mesenrivlntion in an

trichl orobenzene (TCB) as the solvent, with a flow
amett &p 66 2y ViIt.%0iof the taial eoraRosHioNenper at ure of about

145 C. - dli - - S/ :

concent Aaicoqelpt YRR fllondae PRI BRRBRLH vt fetermined
in dcherddeB. wisinthe ngspedtively iudicatad ASTMaktendar®00 L was used

W th a _npon.nal po ncent r.at i f about 1.5
rrg/lﬂﬂ‘.’v tgm)i‘dggﬁr?ﬁ@gsg%cﬁ o1 OUALGT | zed TCB was
carried out by heating at about 150 C for about 5
houFlewRath(Ipc s MAal S05geprdigtoma iYW 294 on. The col urms
used were three PLgel M xed A LS colums (7.8x300mm
andESER A cASTNIR1 &P, Wonditian Br @800l Igenads FPbI yet hyl ene
standard (Phillips Marlex(r) BHB 5003) for which the
mol ESUR & 1086 - GISTM &d 6B2,aCondétoarBr{ 19eslIgepd),tFS50i scosi ty
was determ ned as foll ows. Sanples were conpression
ol dadilaimpde0UASTRADTIENType Bl of three minutes.
The sanples were allowed to nelt at a relatively | ow

Pr egsidhEvd RiuARAUime eI} M Bvanskoshen subj ected to a
hi gh nol di ng pressure for about an additional two

m nut es. Theheolaeilaiedeighindisteibutinay of a pdymep EHcialgfined 25 Mw/Mn,

cold. pre at _room.tenmper re..Room.I. r j .
i MBS TRy B AR BEREGE M S R UBSRTRE AR i weiamt
avéth g noleduar S tvaighe dlisitibutidn. t hBlotselbe dweigkte sarfdmolecular weight

r heol ogi cal ATLANTA405259V|~(§J1EgE:61%t erization.  Fl uf

=1

f .
disigahpes Vs DtainehP1ing 8 dlnt g srrmaTetEfcsEomigetaphy unit
(P%%lgfeﬁog%o%&iésy %‘thvt?i%hﬁBfBbQﬁieﬁg (PR LS HDIM G- with a flow rate of

train oscillatory shear measurements were
ab@er 1 ombioinoie at Rhteometatives of mbout( Aé%Y €A BIEL r(@rfedittent-butyl-4-

R o SRR TRIES o RRAR LR we 7. s
injBdtRRKeLREE dfhbBit 2000e W ak Osedrwiel a hémiflahpdlimer @dkytRition of about
degradation. The rheoneter was_preheated to the )
1.5 migflal Digseuiontof the ggmple in stabilized TCB was carried out by heating at
about 150° C for about 5 hours with occasional, gentle agitation. The columns used were
three PLgel Mixed A LS columns (7.8x300mm) and were calibrated with a broad linear
polyethylene standard (Phillips Marlex® BHB 5003) for which the molecular weight had
been determined.

Melt viscosity was determined as follows. Samples were compression

- molded at about 184° C for a total of threef minutes. The samples were allowed to melt at

a relatively low pressure for about one minute and then subjected to a high molding
pressure for about an additional two minutes. The molded samples were then quenched
in a cold press at room temperature. Room temperature is defined herein as about 25° C.

2 mm x 25.4 mm diameter disks were stamped out of the molded slabs for rheological
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the study. Upon sanple | oading and after oven thernal

equi libration, the specinens were squeezed between the
WEk@bastt® a 1.6 mmthickness and the excess WeST/US2005/016772

trimmed. A total tinme of approximately 8 m nutes

el apsed between the tinme thgosanple was inserted

between the plates and the tine the frequency sweep

was started. Strains were generally maintained at a
cha®AddH At Feuft Snglighatle stbiliRq%ancy. 1 SWoeBHIUbisp§dsh acetone

strain values were used for |ow viscosity sanples to
andiihpmvedunmedigddeforamoddingr que. Smal l er strain val ues

were us ) PO c T ' Si S ‘ i d

over | oadEArRFa Py shdsn AR EEmbls “YBhe rerfopmed on o
Rh¢dmectticsnbar (nows CAdhstatmantd) IARES ogfilldtéry rheompdter. usitipeparallel-plate

i nstrupent,_ aut omatically.reduces t trai.n at high
o T rer BF 4T (P ATBe S0 15 HEIR b Y AN r PRt Ay. fherder t
mitiRfiF S 1Ih @fion. VI1RGB8dthotedPpriiatedith kthe/hitfal @mperature of
Carreau- Yasuda nodel (Eq. 1) to obtain estimtes o

thetshuslyz dimonshmale loadinpand after pvencbarnal efuikibration, the precinagng were

r v |l 172 : + .

sulBf 0y B A Bleto 116 o Btk g 1o bl Vas bt ¢ ol
tine afhgppraxinfatedy) Bendyutes slapetobeswear thel Smeosthe \saimble=was inserted

viscqus relaxation tine a =breadth parangter n ~ power
betfisgh 14 Phiier B0 109 (8 dAeredyoney s ogp JEBSPRFLs. at 0. 1 and

100 rad/ r | n g '

the dat & i (orarRraRf bl RGN o e BBt o A i Guency
swergt huindargerusieaan tvoluge teerni tsed tioe lewowisensly fa@ples @ maintain a

nodyl,us _and r.fr gle nd, the.l,oss t angent .
e SRS S rolol GRS ke 304 o RaghCRRech B0 Y lteps to avoia
ovelDadiNg Ahdl G edtvinktieceRagd takieeprwilith the FHaas vikesdlasti®dimits of the
R NI e T —a—

to IEHeP\f’fo%PWéﬂwdiﬁg%tBFqu@‘i:raﬁs&@&Per ature of about 420 F
with a nine-gal'lon drop inpact nold. Tooling enpl oyed

Viscosity data were fit with a Carreau-Yasuda model (Eq. 1) to obtain

estimates of the zero shear viscosity, viscous relaxation time, and breadth parameter.

¥ = /[ + (@) @9, (Bq. 1)
where: | 7*| = magnitude of the complex Vi§99§ity .

o = angular frequency | o

1o = zero shear viscosity

T, = viscous relaxation time

a = breadth parameter

n = power law parameter, fixed at 0.1818

Viscosities at 0.1 and 100 rad/s were obtained from the Carreau-Yasuda fit

to the data. G' (storage modulus) and G;' (loss modulus) data were used to determine the
crossover (G' = G") modulus and angular frequency and the loss tangent (G"/G") at
angular frequencies of 0.1 and 100 rad/s.
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during the evaluation was a 4.5 inch diverging die. A

standard processing procedure was conducted for this
weabnzaoion. A die gap of approximately 0.196 PODOS285016772

used during the main processing portion of the

eval uation. 1. Sanple virgi4g pellets and process

t hr ough bl ow nol di ng machi ne. 2. Extrude nine gallon

container. 3. Sanple extruded container (first pass

wal | seghi Gbrind- or WRRI-PAR PésN&Fasi d¥nudtb® aiSiziagdhe Ubllowing

pi eces back Chrough bl ow nol di ng machine to produce a
progudnes. gRiiobesaing omsa¢ondncted on Sakpiitex EB-2Y Slev-molding Fgchine at o

tem{g%rﬁ{%eis hg Ebcf'ult g%ﬁg ?gsgitﬁ%islﬂ{iéﬂ@monscﬁ% iiﬁxglct Iﬁoldq}%bliné ;énléoloyed

_ 0°pi eces’ and run pi eces
durinbriighlvationmnak didnginehdhvierging diep rostaaiardiprocessinggirasdure was

container. . _ 7. Sanple extruded,co ' . from st 6
congyaipd " ke ahtions Bt 81 Of BPTIH L gl ok 'AGH VAt B diigpe e
maiﬁ&&ﬁbk&ir%ﬁﬁﬁ&lépﬂ*e'évﬂuﬁioﬁges back through bl owol di ng

chine to produce a nine gallon container. 9. Sanple

extlr fdeplevrgiapeldats fndproesss frenghidowinqlding mygghine.
sectinon).. 10. contal ner fromstep 8 into pieces
an '#%ﬁh'?gg§§A %@ﬁ? 1§%ﬁgh,blomnnlding machi ne to
pr o Wagnple ?mﬁe@ abilteinerc@indt phsserall skdtiorSanpl e ext ruded
contai ner fromstep, 10 (fifth pass [y tion).. 12, ..
Tedh hapepriamer FnPices By Befa ek rpuigy AU ging Fachine
o ﬂ’r&ﬂ{cleg%ile];éﬁilo%ontgiﬁlaﬁr’ i GC, | _rrpact St r ength, tensile
properties, etc. as indicated in the figures. Sanple
pr ep aSaatiloextfuled comaiReyftom dtepddsecomd pras redllagectianlf f  of

a copgl ymer, of hexene and et hyl R
e
molRN 8 hindF RS tpketiiice & niet@lloAcoidsinar . and Pf | ei der er
ZSK-40 twin screw extruder with a ear“)o was used
tlo Bx¢aniie extrrdled sopspiner e stepd (ﬂéﬁﬂ?aﬁﬂ ?’@g?c.“o? e die
P € f :
BOPLCA R {406 1R BIeBOCAE rid Babes Sl BrSi g 1GH

e

10-hol'e“voss di
molding machine to produce a nine gallon container.

9. Sample extruded container from step 8 (forth pass wall section).

10. Chop container from step & into piéces and run pieces back through blow-
molding machine to produce a nine gallon container. | |

11. Sample extruded container from step 10 (fifth pass wall section). |

12. Test material from respective pass walls and pass regrinds for M, color, GPC,
Impact Strength, tensile properties, etc. as'indicated in the figures.

Sample preparation for the Regrind Test: Commercial fluff of é copolymer
of hexene and ethylene was dry blended.x;\i‘ifﬁ each additive package using a double cone
blender. | -

Extrusion Line: A Werner and Pfleiderer ZSK-40 twin screw extruder with
a gear pump was used to extrude the samples for the Regriﬂd Test. The die plate
employed for the referenced blend was a standard 10-hole voss die for the ZSK-40
extruder. The.hole diameters are 0.1875.inch. Approximate pellet size was 0.125 inch
diameter x 0.125 inch length. ) |
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extruder. The. hole dianmeters are 0.1875 inch.

Approxi mate pellet size was 0.125 inch dianeter x
w@2mah240meh | engt h. ATLANTA405259vI Processi ng PCT/US2005/016772

Conditions for the Regrind Test: N trogen purge on

feed.chute to extruder to ex¢l ude oxygen. Process Rate

- about 80 kg/hr Extruder Screw Speed - about 290 rpm

Gear Punp Speed - about 21rpm Melt Discharge

PeJRURE Ebitifons BPMURGERA Grthe additives were bl ended

I nt he pol yner po ("fluff) for each sanple being
evaNitzagsd Pm anfe«td@wtert@@mud@ ipexnlid¢eoxypen. r espect i ve

stahiliz et e conposition. The stabilized
pol & ng fe—@ % roéé H%n was then reground four tines

i n agtodddSorsy speteh_tabeut@grrpml d Test, i.e. initial
extrusion, followed by four (4) nore repeat steps of
reghe AP wRI Sesed  AbrB 149 peci fi ed above. After each

r egRidMDRARFee TdSpeiRle SitoBNBer of the pol yethyl ene

was tested to observe the effect of the phosphite
addi t i veThe miditivest wereghlandedsinithe ther polyoer pywdga(é ﬂufﬂﬁ)g for each
arison h

s P08 BulBine T Podin a6 gRBYRCite areRfye cebiioed

polketiylond cofmpbiieee fThe atabiliPel tholyetSEens éﬂﬁipeﬁu@l@ rmrs Itﬁ@dreground
(a) bl.ow nol ding.containers fraom each sanple

(b
fowrdipags4n apogdanice Wé'ili‘ the Regrindeiesh d-cr métiah eutrision, é@épwed by) four (4)
m&ORERENELS oiﬁjeéﬁ’nd B é‘)gﬁgldnnastﬁgclﬁ¥@t lﬂ@k' Oﬂﬁ%%%tclll g&gnnfd pass,

processi ng first Fass regrind w he a
thelnmtt 9%3 o’:f rth@ polyathglepCiva te'ﬁ’rﬁe;drwsslmebfegthd)ef@@ ofnthe phosphite
nd 1 final

s T80 S N HrEprl By AR ing i L 550 pymagon o e

beféa@ it faAe kEgRe Was Teohaktifines imdiateBicRershabitrddeth. Testing of these
processing stability, resin color, and interaction

fingj, Wltmp@%wmﬂeétcomweda@a iblaw; eldipg Rorppiagts from each sample, and
(b faf U SmBR i)gﬁ dédh(% tﬁehEBI wIUEIaAd LoRhRERd uéﬁo qhﬁh&e‘% in the

anti ci pat ustry en -use exposure
evdnaﬂcrmmmmroéassmg hee piotsty pess ofgrind ewmln gbenidditioveof ilowt.% UV

coycéﬂgg'gtgt(@@uéfnjﬁﬁrs‘?q ?gﬁogsd %E}%gﬁqfolgg 4t fnd ?mEeST}?ef ﬁrtlaHelevel of
Ciba Chimassorb 944 in the molded part was about 0.2 wt%. Each package was
evaluated on resin stability, processing stability, resin color, and interéction with
ultraviolet (UV) additives when present. Applicants believe that this overall procedure
mimics the anticipated industry end-use exposure and environment for the polymer of the
present invention. _

Color evaluation was conducted for the samples of the respective stabilized
polyethylene compositions described below The samples were analyzed by a Hunter Lab
D25 Optical Sensor purchased from Hunter Associate Laboratory, Inc. This analysis
provided Hunter “a” and Hunter “b” color values for each sample. Hunter “a” value
indicates color variation between red and green. Negative Hunter “a” values indicate

[11 ”

greenness; positive Hunter values indicate redness. Hunter “b” value indicates color
variation between blue and yellow. Negative Hunter “b” numbers indicate blueness;

positive Hunter “b” values indicate yeilowness. Hunter “L” value indicates color
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pol yet hyl ene conpositions described bel ow. The sanpl es

were anal yzed by a Hunter Lab D25 Optical Sensor
w@erocha®esl from Hunter Associ ate Laboratory, |PCT/USI005016772

anal ysis provided Hunter "a" and Hunter "b" col or

val ues for each sanple. Hunger "a" val ue indicates

color variation between red and green. Negative Hunter

"a" val ues indicate greenness; positive Hunter "a" ,

vaNAHoH SSetvBH GRS AORNESS. NABH®RS Hublter YR UahiddGin@RER Sblackness;
color variation between blue:and yel | ow. Negative
posifiyR Bynten*L riphtss Airdi¢atel bdenssh| ueness; positive Hunter

"b" val Lhdi.cate»yel | @ er. "l €1l

i oat GRS of - ATCAE0b 280y e s B dPhiling Color
Nuanbdr (E#)by thedamule Hunter "L" val ues indicate

bl ackness; ,posit ive. Hu "L ues indicate

whi tenez@#Hﬁk%@ﬁ&'— (%gﬁ“'“ 6_%’\#&"%5 L" val ues were
A GRS PHHAS ah thatealdRiol Whier fedyetiyldiigrber (PE #) by the

formula: PE # L (0.0382L - 0.-056a - 0.3374b) A higher

PE# is ahhd peimpestiions gdenfified &y Rwn Wawrher dndhe Tolbowing examples

0 Lt i dent i f] Y Dt he fol | ow
weE QRS Lhb A SEREN s B M MR el 2 9l 8008 we
meetugd By A SAM D 1808.e The tweight percOHS (Wi %3 valeesof thed vayodSBMtives

Bt Mol e BELFRH ot oottt “wPn i gy e

am¥BhiOfYesedt wWillBn GRRESHSLIREh isVeRechldRcd Svifhl & eidtailel iscussion
anount present within the conposition is in accordance

“abeiet h the detail ed di Scussion. above. EXAVPLES 1-6 The
: ' conpositions were prepared and eval uated as
ex Qp sl

above. Run Nunber Additive Anount.in
Conposi tTlenfdllstvifg cdmpogasexwerel plpite@ andosrelipl@s as described
S-9228 0.10 DHT-4A 0.01

above.

Run Number Additive Amount in Composition (wt.%)

1. Irganox 1010 . 0.07

- Doverphos $-9228 ‘ 0.10

DHT-4A ' 0.01

2 Irganox 1010 0.07

Doverphos 9960C 0.05

Irgafos 168 : 0.05

3 Irganox 1010 ‘ 0.07

Ultranox 627A . 0.05

- Irgafos 168 ‘ 0.05

4 Trganox 1010 0.07

Doverphos S-9228 0.10

DHT-4A 0.01

UV Concentrate 1.00

5 . Igamox 1010 0.07

.- 'Doverphos 9960C - 0.05

Irgafos 168 0.05

UV Concentrate 1.00
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2 rrganox 1010 0. 07 Doverphos 9960C 0. 05 rgafos 168
0.05 3 rganx 1010 0.07 U tranox 627A 0.05 Irgafos 168

W@ 2@6/124018 ganox 1010 0. 07 Dover phos S-9228 0. 1PCDES204%016772
0.01 WV Concentrate 1.00 5 Irgariox 1010 0. 07
Dover phos 9960C 0. 05 Irgafost3168 0. 05 UV Concentrate
1. 00 ATLANTA 4@259vl 6 Irganox 1010 0.07 U tranox 627A
0.05 Irgafos 168 0.05 UV Concentrate 1.00 The effects
of regrind or6 nul ti-paggasyx MAOI ous physical g7
properties were eval uaigghnokfsg7hesul ts of thesg

eval uations are report gd,f0 15 gures 1-20. As ipgkcated
in these figures, the ¢gpp 9&11 ps nmade in acc?ggance
with the present invention ovved i mproved and

S S A SRl v

UV concentrate or I Zer
evanated.effbe tesults of theguuvaludionsAge topoitedineRigmed TS| Ad Bld%cated in
cordance Wi aE the pr ent .l nvention showed
2

thes?rgil%B{?é’d SOBPogfigny made in @gp\ paswithqthe present invention showed

improved and/or enhanced stability. The effects of the addition of a UV concentrate or
stabilizer on the PE # was evaluated and reported in Figure 21. As indicated,

compositions made in accordance with the present invention showed improved color

~ stability.

EXAMPLES 7-12 ‘
The following compositions were prepared and evaluated as described
above. Run 1 was employed as a control composition for comparison to Runs 7-9, and

Run 4 was employed as a control composition for comparison to Runs 10-12.

Run Number Additive - Amount in Composition (wt.%) -

7 . “Irganox 1010 , 0.07
Doverphos S-9228 0.10
DHT-4A : 0.01
8 Irganox 1010 0.07
Doverphos S-9228 0.05

Irgafos 168 0.05
DHT-4A . - 0.01
9 ' -Irganox 1010 0.05
* Irgafos 168 0.15
10 Irganox 1010 0.07
Doverphos S-9228 0.10
DHT-4A 0.01

uv Concentrate 1.00 .
11 Irganox 1010 0.07
Doverphos S-9228 0.05
Irgafos 168. 0.05
DHT-4A 0.01
UV Concentrate 1.00
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The foll ow ng conpositions were prepared and eval uated
as described above. Run 1 was enployed as a contro
W@ vpasiots on for comparison to Runs 7-9, and ReT/USmwas016772

enpl oyed as a control conposition for conparison to
Runs 10-12. Run Nunber Addi#4ve Anount in Conposition
(wt.% 7 . lrganox 1010 0. 07 Doverphos S$S-9228 0. 10
DHT-4A 0.01 Irganox 1010 0.07 Dover phos S-9228 0. 05
Irgafos 168 0.05 DHT-4A 0.01 Irganox 1010 0.05 Irgafos
168 0.15 10 Irganox 1010 0.07 Doverphos S-9228 0.10
DHT-4A 0. 01 Concent : 11 Irganox 1 0. 07
Dover phos S—gg28 0_05;?§%S l09268 0. 05 DHT-4AR%£@1 uw
Concentrate 1.00 ATLA %g a&;z I rganox 10 qxp.os
Irgafos 168 0.15 WV contentrate 1.00 The effects of
regrind or nmulti-pass on various physical properties

wer e The effects of regrind or multi-pass on various physical properties were

evaluated. The results of these evaluations are reported in Figures 22-29. As indicated in
these figures, the compositions made in accordance with the present invention showed
improved and/or enhanced stability. The effects of the addition of a UV concentrate or
stabilizer on the PE # was evaluated ~and reported in Figure 30. As indicated,
compositions made in accordance with the‘pfesent invention showed improved color.
While this invention has been described in detail for the purpose of
illustration, it is not to be construed as limited thereby but is intended to cover all changes

and modifications within the spirit and scope thereof.
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eval uated. The results of these evaluations are
reported in Figures 22-29. As indicated in these

wo c@ane®18 t he conpositions made i n accordance BET/HS1008016772

present invention showed inproved and/ or enhanced
stability. The effects of the addition of a W
concentrate or stabilizer on the PE # was eval uat ed
and reported in Figure 30. As.indicated, conpositions

TTH?F@W& ?ngﬂaﬁ)qgth the present invention showed

I mprove 'e this invention has been

descrl be etail .for e f
et 6 BB b s
| nt e)wdeobpcﬂy@leﬂﬁr al | changes and nodi fications within

the spirit, and scqope thereof. ATLANTA405259vI THAT
WAL B | Stcleast e hl%l agtivily jis £9BPTisRg AR fryplkyl diphosphite

ha@gg‘glfmacorrponents conprising: a) a polyol efl n; 'b)

| east one high activity phosphite conpr|5|ng an
arylalkyl Rdi pltesphi te having a formul a, Rswhel’ei n R1,

R2, R3, R, Ri—&8, d9-0and R10%cad be the
sane or ent _and are \sél ected fro jkogen or
st rai tt - ed Or Rranched,  cyfli¢ o Iié‘? Y
aromatic { i phati co—and rtxed al i phatiel{ aromatic,

and/ or cyI oali phatic -organic radi cals havil
about 1 to' abolUt 20 carbon atons per radi cal”; .
at | eastwhmemh&drml y?ty Bal Ry Bi Rh) Rg,mbosapdinme can be the same or

conpri Si a tri te_ hav a far

wher ei n fifereRb anc?eély %ﬂww rrr”aorﬁ@y 8 ob ptElief bpingghor branched,
hydr ogengsRlic Sdrt &yghd, - ﬁbﬁw@ Qr %pi%ﬁn caaadm&ncmpﬁa@cr aromatic,
acyclic, "aromati ¢ or aliphatic, and nixed aliphatic,

ar omat | candéardgystoatiphdtisapigpriatradicals daving frerdiabank 1 to about 20
havi ng f ! bout - 20 carbon atons per

radi cal ; Jag@ o%?l OH%\TI %glcgla primary pol ymer stabilizer;

e) opti Oz[tallehsy ,onamydmlyilcﬁﬁja\s’abgephosphlte comprising a trlarylphosphite

. having a formula:

wherein Ry, R;, Rs, Ry, and Rs, are selected from hydrogen or straight-chained or
branched, cyclic or acyclic, aromatic or aliphatic, and mixed aliphatic, aromatic,
and/or cycloaliphatic organic radicals' having from about 1 to abouf 20 carbon
atoms per radical,; ‘

d) optionally, a primary polymer stabilizer;

e) optionally, an acid scavenger;

) optionally, an organic base, Lewis base, or aliphatic amine;

g) optionally, water; and

h) optionally, a hindered atﬁin§,.~ .
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f) optionally, an organic base, Lew s base, or
aliphatic amne; g) optionally, water; and h)
wopitconals y, a hi ndered am ne, ATLANTA405259v| MIEUS2005/016772
the at |east one high activity phosphite and the at
| east one hydrolytically suabl e phosphite are present
in the conposition in respective anounts sufficient to
raise the Phillips Color Nunber (PE #) wi th processing
whe%é?n e dﬁlléh%t IER % racﬁﬂ%}”pﬁcﬁﬁllﬁl—:anﬂ tBé aPlesR 1RO BiylioDAically stable
by conbi ning |i'’Ke anounts of the polyolefln
pho!:ﬁhﬁe hirgypreaenti ini thy qolpspiien & TeSPRetHGeRRIIhEHEPIeTg Bise the
i d, sc t
Phﬂgp%cﬁpof%m?h@fgg%m é‘océglé‘iﬁﬁ G0PPsthd GAMAGERE MNBE O of 2

nprising an ultravi 6l et absorber or
corﬂ&bﬁﬁbn Sbakdd by ombdning hﬂ:ecamqnnﬂ:s of die polyoteding ghQ digh activity
wherei n_t he uI cavi o(%l]et absor ber or |ight

phogpbgis; p hg’éiPreF@h%Poi»‘(’%ﬂW &y 98%benzot ri azol e; a

2- Hydr oxybeng dl‘?é”&@ﬂl@ﬂﬁtm@rhcé‘&ﬂﬁfg ®f Gaalhstli tiuitee aomprising an
unsubstituted benzoic acids; an acrylate; a nicke

ultradolpoabsdrbenotlighti stalitizetni ne; an oxal i ¢ aci d di anide; or
any m X ure er eof s NAa t
a Zu m 3: 'ﬁ,‘g gomposition ggorgﬁgpﬁ daﬁrﬁr 2 2GARf < MG tWtraviolet

defed am neés
abs&¥ber (02, ﬁglﬁ ﬁtalﬁlﬁtzéraIiﬁi‘tahyl(m-]ﬂpdrbxiyﬂh)anﬁbbeﬂzatralzeke g 2-Kydroxy-

benﬁgpgépgqe? @%gensgq?nc?t AN {c)a aﬁ)ayl]u% %@ﬁ@ %eli;?é) orai?lgs ;238 acrylate a
mcl?e!l %c&&h Uéﬂt%r ghﬁrd@red%ﬁﬁﬁéi@ﬁuamcpdcﬂ?dlhﬂide) &Sdr§mixture thereof.

on product Of
I - hydr oXdyet hSFhe quﬂpcglt@ntagmrémttﬁ Qlalm 3, wherein the hindered amines

are pr@éﬂ%? )f()%/ﬁ-t% t ?finpfn@n]g =s¢l gﬂenl isd! 2d2 6 %%ﬂﬁ%ﬁh}lﬁﬂendyl)--

sebh&id; aﬁ%tﬁwlm pgi-t-Bivdy)- 4ngamsrgzbdmyylendnanme anel;  bis-(1,2,2,6,6-
4-1- octylamn026d|chloro " Bﬁ{flaz
)

pentaafhylpiperidylipsiest qoaﬁ@%SﬁWbPrﬁéP‘?tdgf TRy ER G Grgmethy-
4- h&glto&g?lﬁé dl(i%s 2’agg éﬁ&'ﬁg@”ﬁ&lﬁ}’ | condensation product of N,N'-(2,2,6,6-

ut ane-tetracarbonic . i d;
tetdamleﬂiéflpllﬁarﬂyl')éneaingthylebdlsmir@ 3am] 54-t-octylamino- 2 6 dlchloro 1,3,5-s-

tr1at&1§1te£ ?rrqu?i’zdi 6’53; By %@?ﬁgﬂgm@& argetﬁltéaf~ It%}rakls (2 %, ,6-t%tramethyl-
4- pﬁﬁerldgft) 1 2 3, 5—butane-tetracarbomc a01d 1,1-(1,2- ethanedlyl)-bls -(3,3,5,5-
6-tetranet hyl -4- benzoxy

tetﬂarﬂqa;lﬁzﬁmwa@n@e}; elit(dthydiogyyd.0 g(tgtr@r_lethylplpen&n-4 yl)sebacate; 1-
I yl - -
hy oag 2%;’%? (‘5%(‘51&/ %ﬂg@%&@@;ﬂéﬁaﬂﬁyl 8' oy g%] 2_ @'_6&@b)ramethy1 4(3,5

di-ebapiipjdactyamirocinnanyylnxWpipeadinger eof . N-ei -hydroxy-2,2,6,6-

tetramethylpiperidin-4-yl)-e-caprolactam, or any mixture thereof.

5. The composition accbrding to Claim 1, wherein the polyolefin is a
homopolymer of one inoho-l—oleﬁn havihg from about 2 to about 10 carbon atoms per
molecule or a copolymer of at least 2 different mono-l-olefins having about 2 to about 10
carbon atoms per molecule. .

6. The composition according to Claim 1, wherein the polyolefin is an

ethylene homopolymer.
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5. The conposition according to Caim1l1, wherein the

pol yolefin is a honopol yner of one nono-1-ol ef m havi ng
wo e@anizaookit 2 to about 10 carbon atons per nol BCTUS2005/016772

a copolymer of at least 2 different nono-1-olefrns

havi ng about 2 to about 104zarbon atons per nol ecul e.

6. The conposition according to Caim1l, wherein the

pol yol efin is an ethyl ene honopol yner.

ATLANTA#052584 dhmpbBiiof QBRGNS it6 TlasChrwihed¢intthe fbigblefin is a
1, wherein the polyolefmis a _copolymer of ethylen
copalymien of etiytene sind e higher APBAIHBYMININICH Gy ng %&?’Puts'ﬁ' to
t.q s 6 at ons per nol ecul e 8. The
abo%g%srg)l%ﬁ;ﬁ%orp}sa%eg%ﬁ |°{1&<}:;e@to Claim1, wherein the
C ?rmgon&r | ST @s@puisition actvedipg|ty €laifi b, wherkinnthe cemagemer is
t 1.t , i
presgit i e RGTAPINEF G BRES FIGNEBb Ry P 267 SpHEporcont B Shormer
basIQHRAS tdrd1i SR PR B g aimil, whereinthe
a® pg{ﬁsﬁo?efl n |1§ﬁprepar g‘&lty?lﬁ the presence of_ an inor f‘nﬁ‘ .
%l de s®pporTletcanpastionnceidine Patlipst Wheseignfc fg_yo efin is
conposi ti r.j 10 [ ' .
pregrc) e PERPG OF S0 b b sBbyriclt BB fRide catlyst
systéfl om um cat al yst systemis a silica-titania support.

11. The ¢ it ( di ny .ai J e .
ol yol edfin oM SRR ecatde 16 CRIRE i i g oxide
of t%é%an{@%%% sﬂg?érhe% FshSiuR catdlRst BR8m RA yRdLfitthia support.

a cataly residue calculated as titanium 12.
The conposi t The campositiom geeadioe afon{Claimyie Paierpin flae polyolefin

ol yolefjn_is epar.ed. in-t ) Y
o4 P B GRS e e BSOISR Bt bgpomn,
titai CHEHsN@sitige llailired as tivagiumi. n the pol yolefin is

prepared in the presence ofﬂjal)ncat

Compr 1 SAg a ThE CaTPoRRTLAccoIing o LT be g the polyolefin is
prepat&d [0 9retsé:hcgo?h RadsitiMRER] falfdé cafyst fystendX7, RO,

13.  The composition according to Claim 1, wherein the pblyoleﬁn is
prepared in the presence of a catalyst Systgm;comprising a metallocene.

14.  The composition according to Cléim 1, wherein Ry, R4, Rs, Ry, Ro,
and Ry in the high activity phosphité are hydrogen and Ry, Rs, Re, and Rg are mixed
aliphatic and aromatic organic radicals having from about 1 to about 20 carbon atoms per
radical. .

, 15. The composition aépordi.ng to Claim 1, wherein the high activity
phosphite is bis(2,4-dicumylphcnyl)pentaéfyfhrit‘ol disphosphite.

16.  The cofnposition écco‘rding to Claim 1, wherein the high activity
phosphite is bis(2,4-di-tert-butylphenyl)pentaerythritol disphosphite.

17.  The composition according to Claim 1; wherein R,, R4, Rs, Ry, Ry,
and Ryo in the second arylalkyl diphosphite are hydrogen and Rj, Rs, R5,‘ and Rg are
selected from straight-chained and braﬂéhe.d organic- radicals having from about 1 to

about 20 carbon atoms per radical.
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and RO in the high activity phosphite are hydrogen

and R2, R3, R, and R are m xed aliphatic and aronmatic
wo@e@an24v18 adi cal s having from about 1 to aboutP@DUS2005/016772

carbon atons per radical. 15. The conposition

according to Claim1, whereign the high activity

phosphite is bis(2,4-dicunyl phenyl)pentaerythritol

di sphosphite. 16. The conposition according to Caim

1, wheregn tige hiogdp oﬁiﬁbh Vzld‘c&rdﬂ{gOS@ hClaémi $, wherein the another
bIS(2 4-di-tert- but H'g! pent aeryt hrj

arylalkgbﬁpl@,thﬁ@s bis(2,4 éef&-b 1yl )?ﬁnfé@a’élf%}?]rfgplwp@eau m

1, V\/ner 7 it caprd

aryl al ky le% %?é)ﬁgﬁ ghg}ri{eacﬁagh gﬁ er?gan , VO&I&% ?ﬁaﬁ%lomer
arylRkybdiphesphiee tseis(2 ,r4edmmnylp]n@lyt)p thmrytbldmé dwhbmh ed

organi c adl ;I;EI S havi, n from ab

1t { .
car bon a FOTPQ%GP% acc ,li@&gﬁég\ﬁ}fgu ‘}%ER“’ and Rs in

the Qﬁa}}%ﬁbéphﬁa a@&ﬁpdragagaﬁdokﬁh@ Ry dre sshetod forhheraiphotingned and
rylal kyl di phosphrte is

brapihed pregnigiradiesls hining frp]apeqbypt) b@@pg@%p[ 93Fhangtoms per radical.
di phosp E?{q €. The ?%ﬁg&lt?o%l%?@d Enggl pCﬁagg‘loL  dieih Bl Hosphite

wher ei n e ano iteIs

is ubé(§@2114erdbﬁwlnhlepﬁ§eplydsphnteent aerythritol diphosphite.
20. The conpogltl on accordin

R4, and2R i nPHEOTPPHRGA ﬁ?ﬁ%‘gﬁg ?%gé?@nﬁwgpgrﬁghﬁlgqag ctivity

: phoégmte%nd%@ h§&loﬁ@1fc§1@y &a&g}pﬁsgpm bife-pbhnRCh @6l phosshets @ehount

ani ¢ radi cal havi n rom about 1 to about 20
wnhmrémnggpﬁﬁlp%éﬂ Rg(lE écaﬁbouz 20,000 engerpssriangife mass of the neat

pol acc rding to aim1, wherein the triaryl phosphite is
o ?2 4-di -tert-butyl phenyl) phosphite. 22. The
conposi 2BpN The @odippgjtido aéﬂoaahng 1o Glkier éj whetesm th'eglligh activity

ph%g]gl!ge\é%{% t@g ggf%%g}:tlté;g]&%?tgplg% 0 dcé %%gﬁl G alh }r{ 3 ?%ﬁ%ﬁphlte amount
t
w1t\é%184e1ﬂgﬂ% lf?ﬂgﬁn%gé tAP 9O mefkeMabddhnt tBe ﬁﬁ@é-'&fztgig n&fd Qjolyglelﬁﬁ

. § of the neat pol yol ef m :
conposi t24on dhe modipasition achoading 10 CAmar & Whﬁﬁén Fheghlgh activity

phﬁ%@%#d? %1@21}@1‘0 E}Ftlca%ﬁtrs]t(gblteff)%o ﬂ p}#ege%k a ?&tﬁiﬁ%}lﬁ)tsphite amount

within a range of 100 mg/kg to 1,200 mg/kg based on the mass of the neat polyolefin.

25.  The composition according to Claim 15 wherein the hydrolytically

stable phosphite is present in an amount within a range of about 2% to about 90% by

4 weight of the total amount of the high act1V1ty phosphlte and the hydrolytically stable

phosphite added to the neat polyolefin.

26. - The composition according to Clalm 1, wherein the hydrolytically
stable phosphite is present in an amount within a range of about 10% to about 60% by
weight of the total amount of the high activity phosphite and the hydrolytically stable
phosphite added to the neat polyolefin. ‘

27. The composition .according to Claim 1, wherein the primary
polymer stabilizer is a hindered phenol selected from monophenols, bisphenols,

thiobisphenols, polyphenols, hydroxybenzyl aromates, amides of (1-(3,5-ditert-butyl-4-
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within a range of 100 ng/kg to 1,500 ny/ kg based on

the nass of the neat polyolefm 24. The conposition
waewenziony to Claim1, wherein the high acti viegr/us2005/016772

phosphite and the hydrol ytically stable phosphite are

present in a total phosphi#e anmount within a range of

100 ng/ kg to 1,200 ny/ kg based on the mass of the neat

pol yol efm 25. The conposition according to Caim 15
hydfwﬁglﬁhglml&ﬁg Lalydd&abt 13-, ﬁﬂi-@rtﬂﬁ@ﬁﬂhlyﬂﬁxyﬁh&[’yb%ﬁﬁmomc

hin a range of about 2%to about 90/o
amdb;ylth/\mogchtorqnblywh]@mt adeciiolsa FRIPROTIOUR e ORARYHIREUR (iarsot.

phoseni 3¢ nfict NEnNAAS] YELGalY 2iaRe PPARBRI She primary

he conposition -

 polyR& QfaBiligr s lﬁh@awﬂ fhenohsrlertet fréve téiyedtisGinythytea BE3,5- di-t-butyl-

4- %%S%ﬁ@?ﬁﬁ%&?%ﬁa%&f i 1655/%3«?2‘? S?{? V&&tflh‘{-ﬂ%ﬁggbepzyl)
2,4 ﬁ'ﬂgﬁ@tﬁ?;m%niehg Ri(9B-RGdrt-¥h @V4W@@@@|@h&r§d)aiﬁldpiohﬁ amd—n—octadecyl

tical 'y stable phoSphite added to the ne
estepol m-df ~tent-bi2l-4-isthytwpds i t 38rbinblebimetaylio(3e é} fertibutyl-4-

L e

t hi obi SleenUl“ﬁe daﬁipysatie;modoeordmgjn@x@}aﬁnzyl véermimt the , primary
am des of -(3,5-diitert-b

tyl
POIVIIANT A4 !7\‘7]‘ hydr o%yphen&?%/ kﬁf@sghgﬁp% aci d& i sptsbutyl-4-
hwg%%&}%ggiﬁﬁargﬁeﬁﬁgﬁm&lt yl - 4hydr oxyphenyl ) - pr opi oni ¢

mono- or ‘pol yval ent _al cohols, spiro
conpoun@s, oTh‘argorrmomtlgn eaqchesingh fto @@HnTihse visrgib sthe| prmary

pol}gg%&rtﬁq 1}%{ 1§ %re%enhm % E}I%V\%%r éesg 6 aﬂeab @L@g@g@{#%& on the mass

ofth@héa@bbl%réﬁhhw ene 3(3, 5- dI -t- but yl
ydr OX}{ phenyl ) pr opi gnat e) t hane;
3 5-t Bt (3T e dfomRositignt %co dcp onn}ywherem the primary
poléh?%&%bﬁ%iem e&%ée@?ﬁza%%ount within a ran%e of about 50 mg/kg to about 2500

ut yl - 4hydr oxyphenyTl ) - pr opi oni c
mgAgitdsedt actha desy of ths heat polyolefin.

% 8 g: ;t3[ r q"gltfb ﬁwﬁ'%%%h%%&gﬁ?ﬁo ;%lra%m it hr:reﬁn water is present in

an BﬁgﬁrﬁwwgﬁmBboc%@udg]basé&&Ltm@niaedcsfane(ﬂ@ppaﬂge[eﬁnS] und
ecane; or any mxture thereof. 29. The corrp05|

accor di rig- t o The sdommpesitign anaten apﬁcgdﬁg 1r5o ; Wé?rem water is
preﬁipg bl .J:IIII Zr}%/él%not Ec:ip trt]cﬁ gmgﬁ(gég%\[iloﬁ%e ﬁlﬁsst_bf%e A& bolhsikeith - 4-

34.  The composition accordmg to Claim 1, wherein the water has a pH
within a range of about 4 to about 10.

35.  The composition according to Claim 1, wherein the water has a pH
within a range of about 6 to about 8.

36.4 The compos1t10n according to Claim 4, wherein the hindered amine
is present in an amount within a range, of about 50 mg/kg to about 5000 mg/kg based on
the mass of the neat polyolefin. | ‘

37.  The composition according to Claim 1, wherein the aliphatic amine

is triisopropanolamine and triisopropanolamine is present in an amount within a range of

about 0.25 mg/kg to about 100 mg/kg based on the mass of the neat polyolefin.
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30. The conposition according to Caim1, wherein the
primary polyner stabilizer is present in an anount

wo e@s/1240881 about 5000 ng/ kg based on the mass PET/URM05/016772
neat pol yolefm 31. The conposition according to C aim
1, wherein the primary polyger stabilizer is present
in an anobunt within a range of about 50 ny/kg to about
2500 ny/ kg based on the mass of the neat .polyolefm
32. The HONMDPOE LbheRkiRGLREHAIE, dontihidk Rbhpoldied &ntrising:
water is present 1n an anount” up to about 5000 ng/ﬁg )
bas@d ore Phiyolrdins sel¢ctech &ome hempnlymeisf ¢ff 033 mopied-olefn having

5 o ¢ . . : or o
e OIRAE) U A5l RSP 0 L3 BBl T e
maied ®lefinsthaeingabbut@do)abbwfli0rarbd4 atohisepet arpdasid; i on
according.to Caim1, erein the water, ha H._. )
Wi thi n M é“g‘iityaé&ﬁﬁtmlﬁ R a&cﬂrylaﬂ:;ﬁ dibfggpbite having
form@ApPosi tion according to Claim1l, wherein the water
has"a pH within a range of about 6 to about 8. 36..
The conposition according to Caim4, wherein the
hi ndered %mvinéiis present in an amount fithi'n a
range, of t 50 ny/ kg-&9 aapus 5000 nmylkg
t he mass Ne neat /pol yol&fin\ 37, The Taxposition
n ] "a ﬁ amhe ®s
€ i s present

accor & n ol ai wherdin th& aPip

i n an anount R’thin a.range of about 0.25 mg/kg to

about 100Rhg/kg based on the mass of tH& ne%t

pol yol ef i n. _ATLANTA405259vI 38, A conposition forped by |
conBhFieHYRe SrpBndin RsabhBia &¢ hydrogsn #dRi, el Be #nd Ry are mixed
sel geinatc Hhe BARIRPALYIE t1idis RREnd RBRT Aok 8T donubBaM 26 3arbon
from'about 2 to about 10 carbon atons per nol ecule or
copeatoynsmesragficalt | east 2 different nono-1-ol ef ns

VS, By M RO RR AR ARG o
fordiupd)osphi t e having a formul a,

wherein R,, Ry, and Rs in the triarylphosphite are hydrogen and R; and R; are
selected from straight-chained or branched organic radicals having from about 1 to
about 20 carbon atoms per radicél, the high activity phosphite and the
hydrolytically stable phosphite bei_111g:present in a total phosphite amount within a
range of about 50 mg/kg to about 20,000 mg/kg based on the mass of the neat
polyolefin;
d) optionally, another arylalkyi diphosphite of formula (I), wherein R,, Ry,
Rs, R7, Ry, and Ry in the another arylalkyl diphosphite are hydrogen and Rj, Rs, R¢, and
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wherein R2, R4, R5, R7, R9, and R 0 are hydrogen and

R1, R3, R6, and R8 are m xed aliphatic and aromatic
wor@an241s adi cal s having from about 1 to aboutP@DUS2005/016772

carbon atons per radical; c) a hydrolytically stable

phosphite conprising a trianyl phosphite having a

formula, wherein R2, R, and R5 in the

triaryl phosphite are hydrogen and R and R3 are

Rg a§(§ g?&%e%ch&ﬁ Qg hi- @Hagtdk of Beuintled R farkid fididaihavingafivr about 1 to
I ca having from about 1 to about 20 carbon atons
aboqma?lo qagin@ims ItﬁliiéaChP@h activity phosphite and the

hydy ol yt I C%%f 5 LRl fedP ﬁ hint £n BRI0E %‘Itﬁﬁleﬁ‘traﬁ GT about 50
t ofal e anount n a range of about

mg/ﬁEéconohDS(ﬁiﬁ)Qﬂg/kg Bad®dnrne ingssbﬂ:tmeahpcﬂh@efmss of t he

neat polyolefin; d).opti onal .anot her al, kyl
5 di phospppRttaagy. vaiehin gn Ué,%”@e ggk t&.?bout 5000

mg/Eg as%ﬁ@n'ﬁ%@mhé’é&f@ﬁ‘eﬁé&%&l%leﬁﬁw al kyl di phosphl te are
3r ogen and , and ATLANTA405259vI R are
selgéct edptiqmﬂ’)’,s@ rlam@md emileniadaro PIBRBNYHBR & rggs o about 50

n at ons
‘ mg%g?o égﬁd &%‘ Tt ona tmé'ssEﬁth@g 338%% ﬁ%?@n an
am}l nt h&ptﬁdﬁany,atrﬁ@pg@aﬁcﬁlamhmuh aﬁ&rrmyﬁkg'lthm atmage oS algaut 0.25
based on the of the neat f) y
10 mg/éiﬁt’“? 190 m&é‘tgé-‘ras?ﬂa %ﬁi‘eé‘?ﬁﬁ% the nea PH Y8 e? of 1
i(g f?(f}ﬁﬂg’] 2000 sk &iEPas s aﬁ’fbuhhﬁnﬂl’(ﬁﬁ& @higd Hfabout 1.25
nea polgo ef

optionally, a hindered amne in an
mg/dxgmmnwolwﬁ%m/k:g baa%@rl@tﬁmﬁﬁwfthsee%@fﬂygqu@ about 5, 000

mg/ kg b%? ?Ee O 5@&&1 & co{&ﬁ%e{beéfalrﬂojﬁ Qhifefdif ftheaﬁgh rzl):tlvrty
opt i onal P '€0Propahol am n an ‘anount Wt
: phds %earﬂfth@hycﬂtbly@lcﬂ@ 3 L @hbsphﬂb amtpr&s(eﬁt o togal bﬂlsaﬂuto nlmount
e mass of the neat pol y and i) _.optionall a
15 w1th1é1| aangepfdigekeitn 1 aR0 éfi*sélﬁ&has ot Taps 8%(3‘@ %?tpﬁhﬁé?ﬁ .
1.25 nmyl/heg t h@QB%lgoﬁﬁﬁn NokdinP 85 ethiAn g, Reher@s Shedhigh hetivity
neat polyole e conposition accordlng to
phdsphiteanariidthe Wpdwobitivall h etable ghospbite aret yresent in a total phosphite amount

within a range of 1 mg/kg to 1,200 mg/kg based on the mass of the neat polyolefin
41. A process comprising blending:. -
20 a) a polyolefin;

b) a high activity phosphite comprising an arylalkyl diphosphite having a

formula,
0—CH, CH,—O '
VA VAR
Rs O——P\ /c\ /P——O Rs (D)
0——CH,. CH,—O

Ry Rs o Rio Ry

- 25
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phosphite and the hydrolytically stable phosphite are.

present in a total phosphite anmount within a range of
waevgikgig o 1, 500 ny/ kg based on the nmass of tPET/NBAN5/016772

pol yol efin. 40. The conposition according to C aim 38,

wherein the high activity phosphite and the

hydrol ytically stable phosphite are present in a total

phosphite ambunt within a‘range of 1 ng/kg to 1,200

oLk Rased, OR,t he 'ESSR OfRJ]I@ 'F@ath,D@ﬂld/!Rl@fcbﬂ b@:]ihe/éame or

process conpr|3|ng ' ending: a pol yol ef I n;

hi gtff@@tt jagdl agﬁ qg}eg’@gﬁi‘og@hyﬁ;qgﬁm afj sﬁg1gghc}gqu3¢|déqr ib}‘,e}nched cychc or

G0 W B I, I5ESR

be oighﬁlosradﬁe:il@ havihé freestouhth @hoet 20edaghdredorbs penradical;
hydrogen or strai ght chained or branched cyclic or

g?éﬁ‘lalt lca h%’gf %@ﬁgaﬁt'ﬁbg ?Sgﬁé? gcgn Iq& a?}lblﬁcﬂ@ﬁftec having a

;@nﬁm9n1about 1 to about 20 carbon atons per radi cal; c)
a hydrolytically stable phosphlte conprising a
triaryl phosphite having a forrmula, wherein RlL, R2, R3,
R4, and RS are sel egctedfrom kydrggen or straight
chalned or branched, cycrlc of acyclic, aromatic or
al i phatic, and m xed alipf omatic, or
cycl oal i phati c orgahk S ipng fromabout 1 to
about 20 carbon ato per )t cal ;| d) optionally,
anot her aryl al kyl dj phosphite of flormula (1), wherein
Rl, R2,R3, R4, R5, , RY, R8RsRg, and R10 can be. the

g o e B 38560 ] PR vt

ar QﬂB{c'th Qyché bP hécli6, ar@xlﬁgtldfbﬁ(ﬁ@h&hd aﬁtﬂfﬂu&d ahplmﬁa,t drématic, or
and/ or cycl oaI i phatic_organic radicals havin Z% from

abcmloah ficy prgaic Zediealy bryingatromsabgul 1 1o dpesy 2 9%‘?%'&9@8 per
dlffdeirent fromthe high activity phosphite; e)
optlona1ly, a hindered phenol; f) optionally, water;

d) optionally, another arylalkyl dlphosphlte of formula (I), wherein R, Ry, Rs,

R4 Rs, Rg, Ry, Rg, Ry, and Ryy can be . the same or different and are selected from
hydrogen or straight-chained or bfanched,~ eyclic or acyclic, aromatic or aliphatic, and
mixed aliphatic, aromatic, and/or cjcloaliphatic organic radicals having from about 1 to
about 20 carbon atoms per radical, which 1s different from the high activity phosphite;

e) optionally, a hindered phenol;

1) optionally, water;

2) optionally, triisdpropanolar‘rﬂhé;
h)  optionally, an acid scavenger; and
i) optionally, a hindered amine.

42. A process according to Claim 41, wherein the blending procedure is
selected from mixing, pelletizing, extruding, and mixtures thereof.
43. - A process to improve the melt stability upon recycle of a polyolefin

comprising blending:
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g) optionally, triisopropanolam ne; h) optionally, an

acid scavenger; and i) optionally, a hindered am ne,
wd2006A24910cess according to Caim4l, wherein PEEUS2005/016772

bl endi ng procedure is selected from m xi ng,

pel l etizing, extruding, andsg xtures thereof. 43. A

process to inprove the nelt stability upon recycle of

a polyolefin conprising blending: ATLANTA405259vl) a

ponoIef@n; a, 1 e@&tivity phosphite conprising an

aryl al kyl” di phosphate having a fornmula, wherein R 1,

R2, R3, W4 , RhigRawctiry, pResphite, canpiiskiy) agaarybakylhdiphosphite

s.a fferent and are selected fromthe group
Im%%ggﬁg%?ﬁ% of hydrogen and strai ght-chained or
branched, cyclic or acyclic, aromatic or aliphatic,
and m xedRal i ghatic, aromatic, and/or dycl o&liphatic

al s havigg_&fzorpﬂa_k_) ut 1 to

carbon atgms~Rer radj/cal; c) a hydrol yt
phosphe @o ' "rTg’\a trx‘iggyl ph/BsTpﬁ' & ngRa (D)
formul a, herAi n Rl, R2~cd33,cil and R5\z sel ect ed

from hydr ggen\or straight-chained or br#
or acycli® afematic or aliphatic, and fm xe®

aliphatic, aromatic, or cycloaliphatic organic _
r adwhetedt Ray Rng Re r BmIshBat R RsoRalodiRi2Gae be Bisrsane gndifferent

per L.cak . t b o

oo RhEe fhed O PR oo ST il gy haned o

RS, bfdGchedRéyclicR:, ackelic, anamdsicoorcaiphiiir, ahé nsas® alphatic, aromatic,

di fferent and. are sel ected from hydrogen or

st r AYPR gxqi%aqwga%fﬂa%nfe gls hayiag; igorg rabgut, & tp cabout 20 carbon

ar omBkispePfadial;phatic, and mxed aliphatic, aromatic,

or cycl oaliphatic. organic radicals having from about

1 t o) abouthyd®lywaby stabicoplwsplite cemiprisitg avihipgipliosphite having a
fo ' fkg erent fromthe high activity phosphite; - e)

oﬁ%ﬁonally, a hindered am ne in an anmount within the

range of about 50 :

wherein Ry, Ry, Rs, Ry, and R; are selected from hydrogen or straight-chained or

. branched, cyclic or acyclic, aromatic ‘()'r 'ali'phatic, and mixed aliphatic, aromatic, or

cycloaliphatic organic radicals having from about 1 to about 20 carbon atoms per radical;’

d) optiénally, another arylalkyl diphosphite of formula (I), wherein R, R,,
R3, R4, Rs, Rs, Ry, Rg, Ry, and Ry can be the same or different and are selected from
hydrogen or straight-chained or branched, cyclic or acyclic, aromatic or aliphatic, and

mixed aliphatic, aromatic, or cycloaliphatic. organic radicals having from about 1 to

~ about 20 carbon atoms per radical, which.is'.c:ﬁfferent_ from fhe-high activity phosphite; -,

e) optionally, a hindered amine in an amount within the range of about 50

mg/kg to about 5,000 mg/kg based on the mass-of the neat polyolefin;

ATLANTA 405259v1



ng/ kg to about 5,000 ng/ kg based on the mass of the
neat pol yol efin; ATLANTA 405259vIf) optionally,

W0 piobARprOpancl am ne in an anount wthin the reeQESWD5/016772
about 0.5 ng/kg to about 50 ng/ kg based on the nass of
the neat polyolefin; g) optygonally, a hindered phenol;

h) optionally, water; and i) optionally, an acid
scavenger. 44. An article of manufacture prepared from

a poly tiogalgsq ‘%ﬁﬁgg&garﬁqlﬁﬁ%%& ABRItivatHig (e rangh ebout 0.5
a) “a poliyolefi'n; Db hi gh activity phosphite

mg/k@tpationt Fymafkgdragddadrikthe netispeiobp Aeat @Og(alﬁﬁﬁg a formul a,
wherein R 1, R2,.. R5, R5, R7, R8, R9, and R10
caﬁs be waonggﬁealggge&?ﬁ“}éepglm and are selected from
hy @ ogegptnally,rvdt@iend hai ned or branched, cyclic or
acyclic, aromatic or aliphatic, and m xed aliphatic,

5 ar dmat i eptionally a0 asid SCBHREP or gani ¢ radi cal s havi ng
from abgut 1 rfH0YF nAluBBRRORHAIToRLS poRMIG Produokd by 2
a hydrolytically stable phosphite conprising a
protess esrgprishogsipbndieg:havi ng a formula, . wherein Rl, R2,
R3, R4, and R5 are.sel ected from hydrogen or
st r ai ght) cha? R¥ICS M anched, cyclic or acyclic,
ar omat i 6) or al hiph addti&ity apltbsphixe dombiigihgt arc ,argeliayhtdiphosphite
ATLANTA405259vIl and/ or cycl oal i phatic organic radicals
10 having4 fegmpleom about 1 to about - 20 carbon atoms per
radical; d) optionally, a 'second arylalkyl diphosphite
of fornulg (lg, wherein R-1, R, R3, R, RS, R6, R7,
R8, R9, a 210 can be the .sane or differgent and are
sel ected frmm hydr ogﬁn_cﬂHl\%‘i‘zé"log\ht-cha'

(
d

br anchec coerrFacycl i@, arorata-€ bt | ¢)
and m xed\ s hat i c,\oar_o(?gét ' g_oér cycl ogtphat i c
organi ¢ radicals having ffomabout 1 tg abgut 20

carbon atqnms per radical, which is difRerem fromthe
high activity phosphite; '
‘wherein R;, Ry, Rs, R4, Rs, Rs, R7,‘Rg, Ry, and R; can be the same or different

15 and are selected from hydrogen or straight-chained or branched, cyclic or acyclic,
aromatic or aliphatic, and mixed aliphatic, aromatic, or cycloaliphatic organic
radicals having from about 1 to about 20 carbon atoms per radical;

c) a hydrolytically stable phdsphite comprising a triarylphosphite having a
- formula, TR

20

wherein R), R%, R?, R*, and R’ are selected from hydrogen or straight-chained or

branched, cyclic or acyclic, aromatic or aliphatic, and mixed aliphatic, aromatic,
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e) optionally, a hindered amne in an amount within a
range of about 50 ng/ kg to about 5,000 ng/ kg based on

w0 bwora®ss of the neat pol yolef n; f) optional | pCT/US2005/016772
triisopropanol amine in an amount within a range of
about 0.25 ng/kg to about -%30 ng/ kg based on the nass

~of the neat polyolefm g) optionally, a hindered
phenol ; h) optionally, water; and i) optionally, an
aci i icPfa8R SR Shalvihgl FBMOMRUE NetoPibout PPScarbon
Coﬁg?/éﬁgxﬂg%ﬁ%?uﬁﬁa@ﬁis 1 ndex oglf a pol yol efm
coapmisgienrdidagndi ng: a) a pol yolefin; b) a high

activit hosphite ¢ S y i ide

B e
R,, R, RR8R RR,;, RNR,RN Raycduchd the ssmoer diffetedtiapdent sdened from
' are selected from hydrogen or _straight-chai r1[ed O o hati d
5 hydrpan cRedmSRENTTBEdLPT BECSRC SYAR ATy Bl X Gips gt pliphatic, an
mix@d Citliﬁhﬁ‘tf‘cg a%lh‘ﬂﬁ?toh %ypl%ﬁl‘?éfﬁﬁib Cor%eﬁﬁc GY&LOaIHapat frém about 1 to

organi c radicals having fromabout 1 to about 20 )
aboua2earber gomsper radidl, oeltich s Hiffewmomp gz high agfivity phosphite;

hydrol yti cal st,abl e phosphj t I

Y50, Sl DALy SO P10 g g 0
mg/R4 to abtsht BD08 mex/Bebaed 6 tHerraass by theagatrpobyolefin;

strai ght-chai ned _or branched,, cyclic or

.acyclic,
10 ardimt | ePEmAND; EHEPIRSIGAEITIA Rdd RIBhEIRE @ Fnghaf About 0.25
mg/t%rg tcgl %lgclﬁ qgg H%g%éol‘;as&{ S HeSndsedf fi8 lnéatlrf)%l’}}é))[@mf rom about 1

on atons per radical; optionally,
anaf)her oatignadllyky hindenethpbgiolit e of forrmula (1), wherein
RS, .R, R7 , Rg, Rg, and R{0 can be

R1, R, R3, . R4 R
thé‘)sané’pﬁ?ﬁark]iyf?vétreleﬁflda.nd are sel ected from hydrogen
or it raigghbnlainadd eravbiggnched, cyclic or acyclic,
aromatic or aliphatic, and mxed ali p{;}atic aaqo tic, nd
15 or cycl d&t i phapiosess g aRPIOVE i Ihillios salor mymbe ‘Hﬁéﬁwsslm ex
t > nms per radical, which is
ofﬁ@?@?@%g&ﬁ%ﬁﬁ?ﬁl@nﬁgh activity phosphite;

a) a polyolefin;

b) a high activity phosphite comprising an arylalkyl diphosphite

having a formula,

20 ‘ Cee ,
R2 ) Rl o . K . .- Rﬁ R7
0—CH, - CH,—O, .
VA VA
R3 O—P\ /c\ /P—o Rs (D)
: 0——CH, CH;—O
Ry Rs Rio Ry .
wherein R, R,, R3, Ry, Rs, Rs, R, ,: Rs, Ry, and Ry can be the same or different
and are selected from hydrogen or straight-chained or branched, cyclic or acyclic,
25 aromatic or aliphatic, and mixed aliphatic, aromatic, or cycloaliphatic organic

radicals having from about 1 to about 20 carbon atoms per radical;
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e) optionally, a hindered amne in an amount within a
range of about 50 ng/ kg to about 5,000 ng/ kg based on
wo b@oress of t he neat pol yolefn; f ) optional | BCT/US2005/016772
triisopropanol anine in an anobunt within a range of
about 0.25 ng/kg to about 166 ng/ kg based on the nass
of the neat polyolefin. g) optionally, a hindered
phenol ; h) optionally, water; and i) optionally, an
aci g) scayap@elyticdy stiblel phosprrRr
hi ﬁ> act i v?t y ygholg%hl te %on‘prl s?&ngﬁghngg\% tﬁﬁrﬂl‘gﬁﬁ%h&nﬁavmg 2
foré”f osphite having a formula, ATLANTA405259vI wher ein
Rl, R2, R3, R4, R5, R, R7, R8, R9, and R10 can be the
same or different and are sel ected . from hydrogen or
st rai ght - chai ned or'branﬁbed gychjc or acyclic,
aromatic or aliphatijc, ang m ed a i phatic, . aromati c,

and/ or cycl oal i phatijc orgd radi cal s having from
about 1 to about 20 |gg+bc pradical; and b)
at | east one hydrol ytical \y abl e| phosphite

conprising a triarylphosppite\havihg a fornul a:
wherein Rl, R2, R3, |R4, 8nd RSy, are selected from
hydrogen or straight-chained or bfahched, cyclic or
acyclic, aromatic or aliphatic, and m xed aliphatic,

aro tlc ycI ha i C organlc radi cal s
havi"ig %mq% gﬁtt ‘g%al?%u%a estrd 6B dpydregeirer nght-Chamed or
brdh@lﬁs!dc %'ychc43r aH?&wE'airorﬁﬁfco&d 'af‘;ShaEQ Ql@'rﬁﬂcétﬁ ’agﬁﬁﬁfce'afbmauc or

the at |east one igh activity phosphite an
qul@aé@hatmgw@ Fastisaly eaingfram abgus 1 |c§<h @qu 20 gathor afomseper radical;

bt LS00 D B A Pt v, v,

R3 PROSPHiRse RanBs t Rg aatl K gash borle ayd & diffeeat hid sleabletied from

(Bhos phite. are_ sep grate from-one ] _
hydrogen™or straight-chained or branched, cycli¢ or acyclic, aromatic or aliphatic, and

mixed aliphatic, aromatic, or cycloaliphatic organic radicals having from about 1 to
about 20 carbon atoms per radical, which is different from the high activity phosphite;

e) optionally, a hindered amine in an amount within a range of about 50
mg/kg to about 5,000 mg/kg based on the mass of the neat polyolefin;

b)) optionally, triisopropanol amifie in an amount within a range of about 0.25
mg/kg to about 100 mg/kg based on the inaés of the neat polyolefin.

2 optionally, aA hindered pheﬁql;

h) optionally, water; and

i) optionally, an acid scavenger.

' 46.  Akit comprising: -
)] at least one high activity i)hoéphite éomprising an arylalkyl diphosphite

having a formula,
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another. 49. The kit according to C aim48, wherein

the at | east one high activity phosphite conprises a
wp@bkwsat4oty of high activity phosphites and eacPCHUSIW05/016772

phosphite is separate from one anot her.

ATLANTA405259vI 50. The . kisty ‘according to C aim 48,

wherein the at | east one hydrolytically stable

phosphite conprises a plurality of hydrolytically

st abl e pRosphites and each such phosplRste ks separate

f.rom one \anot her. ATLA'\I-cr;'ﬁ‘4Oc§§§8V|

O._.
/ \/ \
Rs o—F C - P—0
@ \ 4 \‘CHzf‘O/

O0—=CH,

Ry Rs ' Rio Ro
wherein R;, Ry, Rs, R4, Rs, Rs, Ry, Rs, Ry, and Ryg can be the same or
different and are selected from hydrogen or straight-chained .or branched,
cyclic or acyclic, aromatict-or aliphatic, and mixed aliphatic, aromatic,
and/or cycloaliphatic orgaﬁicgradicals“ having from about 1 to about 20
carbon atoms per radical; and
b) at least one hydrolytically stable phosphite comprising a triarylphosphite

having a formula:

wherein Ry, Ry, Rs, Ry, and Rs, are selected from hydrogen or straight-chained or
branched, cyclic or acyclic, aromatic or aliphatic, and mixed aliphatic, aromatic,
and/or cycloaliphatic organic radicals having from about 1 to about 20 carbon
atoms per radical. o
47.  The kit accordiﬁg to Claim 46, wherein the at least one high activity
phosphite and the at least one hydrolyﬁcéliy stable phosphite are in a mixture with one
‘another. ‘ ' |
48.  The kit according tolclaim 46, wherein the at least one high activity
phosphite and the at least one hydrolytically stable phosphite are separate from one
another. ' ‘
49,  Thekit according to Claim 48, wherein the at least one high activity
phosphite comprises a plurality of high activity phosphites and each such phosphite is-

separate from one another.
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50.  The. kit according to- Claim 48, wherein the at least one

hydrolytically stable phosphite comprises a plurality of hydrolytically stable phosphites

and each such phosphite is separate from one another.
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