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1 PHOSPHI TE ADDI TI VES I N POLYOLEFI NS Fi el d of

I nvention This invention is related to the field of

pol yol efins. Particul arly, this i nvention rel ates
to the field of phosphite additives in polyolefins,

met hods of making 5 such pol yol efins, nethods of using
such pol yol efins, and pol yol efin conpositions.

Backgr oundpHOSHFEITEWIDIPIVES IN POLYOLE®INSers are
used in a variety of diverse applications. For
exanpl e, such appl i caFieldhof Inventies f ood packagi ng,

el ectrgni c. conponent s onpbi part f i.ber syand .
Fabri cAmsairi ool on el hant 1o Ry retolshf pERCularly, this

invent?&d FQBEs S5 %he HeV® OF Hhbsptitd SNHtiHY M f)&l?éfeﬁh@,emetho_ds of making
assi stance of a very broad range of polyner additives.

such pMydiefins, ackdhedswefsisinpodughnpoby oddefimsd engd polyobidimi apgnpositions.
processi ng and over tine C?E QOfe i npact strength,
di scol or, and bec®¥ekexapneof thelnvendion; ves not only

overco i ' UL s

par { Oy e dh bl o B apphihriqhel O e, such

applicatiosiiigicludorfeod ppekaging dtbctiovit ¢@nputienBX antaniobiletpaets, fibers and
usually are used to retard the 15 oxidative

fabricgiegjrch aadich espinsatninePalynissy cadkt nefnperaerb supljdiverse dunctions

witioff 8, 556ar8 3 5ok Mosd ol SF PRV BN 6% WiuPU: acdiives
polynirérg g@r&@rﬁe d\ﬁﬁigaﬁﬂo@ébis%r{ge&m& HmeERAose ®ktrength, discolor,

i C inpurities. Is believed when a free
and becaticcerhbrittlefl o Ariditjvea nohanly evesamethesaandeflienlimtitations, but also

.initiates pol yneri c oxidation., Subsequent reaction of
can i ipiRip ved Do aRaL e BROpEaIES DIt RO o1 d 5 per oxy
radi c ' 44 ¢ '
hyar oq0ne 3fhe B 8giidens GRfokRBRL WHiER BllaRy Sic BRPr) retard the
oxidativeo tibgmditicre of adilyratrs. | Depteelatibs enacboinitiated when free radicals,

. anti oxi dant, these reactions.  can becone .
highlys seactiye oipaeiss i Wigh nd ueBarde glectran arey fisatede it RARFMEFS by heat,

ultravi-gli@rrg%ﬁ{ign,t PH?C&H]%?& ‘fs%légll,e%l%d?gr ﬁ%{e{lﬁ&( ﬁrﬂﬁ\'ﬁﬁﬁes pﬁiiﬁéﬂev%'adsvhen a
secondary ’ant 1 oxi dants. I's believe at primary

free raditaloisi fiaficd, @achdiftresdtRpt canbeginathiat iidiatesepolgmeric oxidation.

radi cal s by donating active hydrogen atons It also is )
Subsegegnt evaationheft the gadisalawith am oxpacaanelecelarrapriaoldna peroxy radical,
. formation of.additi | .free radicals by deco i .

which,ffieq G Eeag B 2 ayailatds Aren o Zorad i BErabliytifoperoxide
and amith&Pfr¥e 2aHieQX1 AL Sabseitelosn Bhiislaasad, flegs %a%tiotﬁfr,] gﬁn become

utilized, polymers can have a nore yellow col or
self-propsgathig dnzlaxdn peddytivgrodymehdegridationdecr easi ng t he
conneriﬁal val ue of gol mers. .Secondary ant.i oxi danf s, d
such ashess prfodpRi (@ 180¥b§tﬁ§n8_§ , A ePUMmarY 2y (geondary
. a . . . .| S . oqe
anonl 21614 DRIVl R, AOLGARRS 8] MRSy il fe

radicathl blyi dohatigs active dhydregerpdrapsiuist i an adsud ispipdlievadi thas secondary
~and cause a deleterious effect on polyner stability
antioxghgtscedroprevent Hrmatonw! ddisismial fregdadicalydy degonenasing unstable

|y .Cl ' d difficult t.o f [
rycro 3B iR e e GR0. d REbaH SpfPricBae, 501 ol Mindera
phenoldy 8FcOkiitiZea 2pdlymerstAlhA e thobe §ellow @8l thdr tnsteiBred polymers,
resulting 1n a |l ower active phosphite concentration

thereférerdesteabingithé ngmpwirginkvalue A polymzers.o Secandarpgmtiexidants, such as
hosphite addifives can.result in a reduced.qualjty.in
phosoffie cBeteds habers rRUSH Borysrer 6 Saplid diiyhildiess of

pobnk ere is a need in the polyolefin industry for a
phosphite additive product that increases pol yner
stability and i nproves the whiteness of polyners.
10Summary of the Invention The present
invention is directed to ol efin honopol yner and
copol ymer conpositions and net hods of naking and using
such conpositions which have at |east two specific
phosphites. Due to the presences of these phosphites,
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15 phosphites, even when an ultraviol et absorber or
light stabilizer is present_in the conposition. The
conposition of the present Znvention conprises a
polyolefin; a first high activity phosphite, such as
an aryl al kyl di phosphite having a fornul a, and a
hydrol ytically stable phosphite conprising a

tri aryUphaaatdlg plassphige adfieivedlaio & credieediffdulessin polymer
"R' npieties are defined bel ow. I

n
productéerpanthapmdiocations arvkcause galeletemausraffash on pobngragahilinand color.
ter.

i, BB S e 00 ARBRSPN S i o e
o GE RSl POSRADH MoECAPTS B QAR A o POt
can react with water resulting in a lower active phosphite concentration for stabilizing
polymers. Applications employing phosphite additives can result in a reduced quality in
the physical properties of polyolefins. Accordingly, there is a need in the polyolefin
industry for a phosphite additive product that increases polymer stability and improves
the whiteness of polymers.
Summary of the Invention
The present invention is directed to olefin homopolymer and copolymer
compositions and methods of making and using such compositions which have at least two
specific phosphites. Due to the presences of these phosphites, polyolefins are produced
having improved color and stability over polyolefins containing only one of the two
phosphites, even when an ultraviolet absorber or light stabilizer is present in the
composition. The composition of the present invention comprises a polyolefin; a first high

activity phosphite, such as an arylalkyl diphosphite having a formula,
Ry Ry R6 Rs

O0—CH; CH,—O
/

ADoK O o

O—CH, CH,—O

R4 Rs Ryg Ry

and a hydrolytically stable phosphite comprising a triarylphosphite having a formula,

Ry Rj
R3 O+—P

R.
N Ry s,

The various “R” moieties are defined below.
In accordance with the present invention, a composition of matter is formed
by combining components comprising:

a) a polyolefin;
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0-CH2 C2-0 RAR5 wherein R, R2, R3, R4, R5, R6, R7,

R8, R9, and R10 can be the sanme_or 5 different and are

sel ected from hydrogen or s@raight-chained or

branched, cyclic or acyclic, aromatic or aliphatic,

and m xed aliphatic, aromatic, and/or cycloaliphatic
organi c radicals having fromabout 1 to about 20

CBY bonaalealt o€ higle@dctvity phpSthileeésthpfdifig an arylalkyl diphosphite
hydrol ytically stabl e phosphite conprising a

having ifamylilphosphi te 10 having a fornul a: -3 wherein

R, R2, ;R3, g4, and R5, are selected frgm hydrogen or
strai ghtt-chained or branched, cyclic or\acytlic,

aromati c al i phat i e;—eamd @ al i phatte;\ aromati c,
and{{or_ al i h_a_/c organic ragicgls 0 flgom(l)
about 1 gbout” 20\car bon\15at gns per *d)
opti onal Fy;<{a pri mar§g—p6hyne—<t abi |l i zerj;

optional/l y, \an acid scavenger; optional] %/ an organic

base, LeW s Dase, or aliphatic am ne; 0;5_ ional |y,

wat er ; whefki? ®)) ®ot RQNRL| Ry, R NRNORY, €L, AdNR,, ddheb@tthe same or

| east one high activity phosphite and the at |east one

hydr ol gifferent| andsaratsetectsidofpm hydragen pr saight-thaingdeor branched,

conposition in respective anounts suffi.cient tf) r:%u' se .

t he  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;

C) at least one hydrolytically stable phosphite comprising a triarylphosphite

having a formula:

R; O1—P

R
| R4 s 4

wherein R;, Ry, R3, 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;

d) optionally, a primary polymer stabilizer;

€) optionally, an acid scavenger;
1) optionally, an organic base, Lewis base, or aliphatic amine;
2) optionally, water; and

h) optionally, a hindered amine.

The at least one high activity phosphite and the at least one hydrolytically stable
phosphite are present in the composition in respective amounts sufficient to raise the

Phillips Color Number (PE #) with processing to a value greater than the PE # of a
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Phillips Color Nunmber (PE #) with processing to a
val ue greater than the PE # of a 4 conposition forned
by combining |ike anounts oft thé polyolefin, the high
activity phosphite, a hindered phenol, water, and an
aci d scavenger. I n anot her aspect of the
present invention, a conposition is forned by
compGsi| %ﬁﬂ?& '%21 E&hb&%@ FieORMBRARL §F tRADSIYBRIMD! BE I High activity
sel ecte ro onopol'ymers of one nono-1-ol efin having
phosphit@m kihdered phewolatvater, dnd aneadid scavengs. per nol ecul e or
copolymers of at least 2 different nono-I|-olefijns.
havi ngithBBgen 2ppscd it the Teseat HBYEnSiOBms FURPHRNER dt dormed by
. [ (R4 phite conprising an aryl al kyl
comblgl}r%n@ggﬂl@gﬁ]ﬁg\?ﬁ%g&gﬁébnnuI a, 10 wherein R2,

R4, R53) R7, a RfblyésletinRidlecdéd fhyrdr hgaopaelpmhei? bf &k nikmo-l-olefin
~and R8 are mixed aliphatic and aromati c organic
having figine abeutrata Abputridhearher atoms perapeleculzeorcgapebymers of at least 2

e lDat ons radi.cal ; ¢ hydr ol yti cal | )
aiffregh BT LBk BV ERaole Tr P psufelob B oot
formulgy R3a Bigh activity phosphite comprising an arylalkyl diphosphite
having a formula,

Ry R, R Ry
O0—CH; CH;—O
R Q o) P/ \C/ \P 0 Rg  (I)
3 — B 8
\ / '\ /
0—CH, CH,—O
Ry Rs Rio Ry

wherein R,, R4, Rs, Ry, Ry, and Ry, are hydrogen and Ry, R, Re, and Ry are mixed
aliphatic and aromatic organic radicals having from about 1 to about 20 carbon
atoms per radical;

c) a hydrolytically stable phosphite comprising a triarylphosphite having a

formula,

= 43

wherein R,, Ry, and Rs in the triarylphosphite are hydrogen and R; and Rj are
selected from straight-chained or branched organic radicals having from about 1 to
about 20 carbon atoms per radical, the high activity phosphite and the
hydrolytically stable phosphite being present in a total phosphite amount within a
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20 wherein R2, 124, and R5 in the triaryl phosphite are
hydrogen and Rl and R3 are selected from

strai ght - chai ned or branched organic radicals having
fromabout 1 to about 20 carbon atons per radical, the

hi gh activity phosphite and the hydrolytically stable
phosphite being present in a total phosphite anount

V\fahga bfehbont 59%&/1@ to2ktHt 20Q0MDMstkd Basel thROmAN of the neat
ng/ Kg based on tRe mass of the neat polyolefin;
dpolgpkeifiopal 1 y, anot her aryl al kyl di phosphite of

L ngkgmﬁé#llﬂgﬁéﬁiﬁwnﬁ%lb%ém%%?@ﬁé%Qf%m@ggﬂgﬁhir%ﬂ Ra. R,
R R B o g e By e ARl R R and

R; are?Rlevtsdofeomastanghtpbnined dir bedriched organé) radjdal olmadihg from about 1 to
hi ndered phenol in an amount within a range of about
about 80 cagorgtems apoiadi®doo ny/ kg based on the nmass of the

% arou el Arhindergd phenpt in g, BHbRR"Ribih < BREE pfhbouc 50
mg/kg 9/ d6BuPSGIIMe/k ol hiBed B $hdinatd6f the akatisilyslbRa] n;

optionally, a hindered amne in an anount within a
rnge oftieuatlyit waleriy/ dogamountwithits agengargf kgnea&eet@ ahput 5000
t.he ss, of the.neat polyaolefin; h)optionally,
mg/kgtl?a[sp@gﬁil&fbglﬁgq i ﬁéle?tfpoa\}vﬁ&gﬁﬁunt within a range of
ut Q%t?&laﬂgf l99hihBer@BO4thinkOR B8/ dtolRRSRRhiANa trifed™® Sbout 50
of t he neat onoIe?ln; and 15i)optionally, an acid
mg/kgstoabeng®000 mglkg hasedrin the mirss ofl theamapé polyokdtfimgit 1. 25

/ kg to_ about 500 ng/ kg based on the mass. of the neat
% yg| eptigpally, tr?isoprggano agg?n’e lpr?na%f’%rwg dofange o?'ﬁ:@out 0.25

eSS T ASI Pes eagpalgror = n

]ICOi) osp lhbﬂstﬁnfausrp bh SichUs@vengat! ial &y bmduph osthin herahgy iofigbaut 1.25
or nul a,
mg/kg to about 500 mg/kg based on the mass of the neat polyolefin.

Yet, in another aspect of the present invention, a process is described
comprising blending:
a) a polyolefin;
b) a high activity phosphite comprising an arylalkyl diphosphite having a

formula,

0——CH, CH,—O

R3— 0—F \c P—0O Rs (D)

0—CH, CH,—O

Ry4 Rs Rio Ry

wherein R;, R, R;, R4, Rs, Rg, 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;
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25wherein R, R2, R39 R4 1(57 R6, R7, RS, R9, and R10
can be the sane or different and are selected from
hydr ogen or strai ght chai ne® or  branched, cyclic or
acyclic, aromatic or aliphatic, and m xed aliphatic,
aromatic, or cycloaliphatic organic radicals having
fromabout 1 to about 20 carbon atons per radical; 6
cd)a hysglmolisdlit lﬂyYStéblébﬂ)Iﬁ)s?hliﬂé RBIipeisi@Artrisiyighdphite having a
triaryl phosphite having a formula, -3 5 wherein R
Formm@, R4, and R5 are sel ected from hydrogen or

strai ght chained or branched, cyclic or acyclic,
aromatic or aliphatic, and m xed aliphatic, aronatic,
or cycl oaliphatic organke radiRgal § having from about 1

to about 20 carbonjfatons ; 10d) optionally,
anot her aryl al kyl di phospghite of flormula (1), wherein
R, R2, RI, R4, R5| RrRRE; —e,—mnd R10 can be the
same or different and are ected from hydrogen or
strai ght - chai ned of cycljic or acyclic,
aromatic or aliphatic, and m xed aliphatic, aromatic,

and/ or cycl oal i phatic organic radicdals having from
about 1 to about 20 carbon atons per radical, which is

dwhereineR1, Ry, & Racand Bk are selested figma diyrragen or straight chained or

5e tJionall a hi ndered. phenol ;. ..0optional l ter, .-
JareRn Pydicgt afilieotpRglr o ARy aRR igpatle Fomarc, o
mﬁﬂﬁfiﬁiﬁti@rﬂrgﬁiic 3hdlcdly hawhs GRékh ldbout 1 to about 20 carbon atoms per
triisopropanol am ne. 20StiTl, in another aspect of the

padisant i nvention, a process is described to inprove

E;‘Sﬁ‘p W&%@%ﬁ%#ﬁ%ﬂ%&y glkry‘fccl%%losp}gge gf %gqlng\&l @, !v%e%lncl{]b Ry, R;,
Ry, ngi)%g é{;]'bgg,t RS, hild Y, RAGSHY ffe CAET oo bitfbrdit A bR Wiboted 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, which is different from the high activity phosphite;

€) optionally, a hindered phenol;

) optionally, water;

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 a polyolefin which comprises blending:

a) a polyolefin;

b) a high activity phosphite comprising an arylalkyl diphosphite

having a formula,
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7 wherein R, R2, R3, R4, R5, R6, R71 R81 RO, and
R10 can be the sane or different and are selected from
the group consisting of hyd/ogen and strai ght-chai ned
or 5 branched, cyclic or acyclic, aromatic or

al i phatic, and m xed aliphatic, aromatic, and/or
cycl oal i phati c organic radicals having fron1about lto
about 2@;carmon atons per radical; R

hydr ogen
acyclic,
aromati @ or&cycloallphatlc organlc radh@alsghaV|ng
fron1about lto about 20 carbon atons per radica

dv)vh %ﬁ nalli)/ v%ér o K5 R%r %ﬁ 55@91%@ %ﬁl%mﬂ)g s ?aéne or different

1érYd a)%Sselédth fieval tﬁﬁ%r@gflc@msttimg shpdrogenliahd etraight-ghgined or
are selected from hydrogen or straight-chai ned_ or

bbran@lmu cyelje pr @cmh%@wnatec Oléﬁ]éplﬁlﬁcs: a@d mixed liphatic, aromatic,
m xe atic aro c

P EvafiR e ororigRRbl e ot gRghb o, fpout 20 carbon

CabRRDeRtAGIPer radical, which is different fron1the

high activity phosphite; e) optionally,

he)nder 2 ydmlycally stabkenphosphite tdwmprssmgmg@amﬂpmphtte Jawving a
P 0 ng/ kg to about 5,000 ng/ kg based on the mass of the
OrMUtieat pol yol efin; Ooptionally, triisopropanol amine in

an amount within arfange of ahout 40. 25 ny/ kg to about

100 ng/ kg based on T8 neat polyolefin; Q)

opgionally, a hinde optionally, water;

an

+—P

3

wherein R;, Ry, R;, R4, 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 arylalkyl diphosphite of formula (I), wherein Ry, R,
Rs, R4, Rs, R¢, 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;

€) 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

1) optionally, an acid scavenger.
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25i )optionally, an acid scavenger. 8
Further, in accordance with the present invention, a
process to inprove the PhilBips’ Col or Number or
whi t eness index of a polyolefin conprises blending:
a) a polyolefin; b) a high activity
phosphite conprising an aryl al kyl di phosphite 5 having
a for "plidher, in %@Ecﬁn@e Rith t'ﬁ% prédedt Henfién, alﬁr?m&& to MnProve the
and R10 can’ be the sane or different 10and are

PhillipseCelot duinibreo m whiteoemsrindex ofta polyblefiolrampeigenblending:

branch C acyclic, aromatic or aliphatic,
and ni ;)ed ag 1%’8%%:“; aromatic, or cycloaliphatic

or gani g, r adj cg gﬁ Q@t‘l’v@g ﬂ}{ogﬁﬁl?é)%h;phsir%?ﬂ léPylgl@(yl d1phosph1te

car bon “at ons per yti cal

having b @bingulphosphi te conprising a triaryl phosphi te haV| ng
a formula, 15 R2 R5 - 3 wherein R, R2, R3, Rs, and
R5 are selected from hydrogen or strai ght - chai ned or
brancheg, cyglic or acyclic, ar OTTB.tI c af al gphatic,

and m Xx d al/i phatlc aromati c,
O_CH2 CH2
o——cnz CHZ—O

wherein R, R,, R;, Ry, Rs, R, R7, 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;

C) a hydrolytically stable phosphite comprising a triarylphosphite having a

formula,

R3 ot—p

R
B R4 s,

wherein R;, 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 arylalkyl diphosphite of formula (I), wherein Ry, R,
R;, Ry, Rs, Rg, Ry, 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



10

15

20

25

cycl oal i phatic organic radicals having fromabout 1 to
about 20 carbon atoms per 20radical; d)
optional |y, another aryl al k{I dlphosph|te of formula
(1), wherein R\, R, R4, R5 R5, R7, R8, R9, and R10
can be the same or different and are selected from
hydr ogen or strai ght-chai ned or branched, cyclic or

mlxe@?ﬂriﬁhét?o AbRARL] 6r Q&cl@bhﬂlih?ﬂd 6rgadif radicdls tRding from about 1 to
aliphatic, aromatic, or cycloallphatic or gani c

about24diarbdrsatioansi peg radionh, wiboelt isdiffereabfom the ligh besiviet phesphite;

Dbs paPPEonaly!  LBAER BRI (7 3 AL GO 8 Ok gbout 50
t 5,000
me/d i S000 e %?%@hsmﬁkfﬁ%a‘ﬁm‘éé?%ﬁé?ﬁb n

5D) gpt bptiaidlly, triisoprepatcdpariot iman amount enthanowarge of about 0.25
within a range of about 0.25 to abot 100 ng/ kg
me/kapasahoobhO) me asaascqontihe missne! [hsiyal Balp iy
ion oI h) optionally, water;
agizl %nélrlla(l)lﬁap;h{h% ‘?{j%}Péﬂ ’scavenger. 10 The processes
ofy) theo ptwlaf&ezﬁid on nentioned above and descri bed
[ n det al I ow enpl oy a bl endi ng procedure which

i el udestwnaklp/ngn a@éISL‘@tqﬂgﬁlhg, extrudi ng, and any
conbi nat rg]g t her

The pgecessgs byes nﬁ\}%yﬁnl Vﬁnmg E%{]e dcholé/g @%ﬁoaeggﬁbeads B GQbtail below
emplog?g (‘;lggg&g%?;ﬁesdlﬁﬁg %{lﬁ 1?1%18&3:5’1‘ ggﬁg%ggfeygﬁigﬂ?ﬁéﬂm?ﬁng and any
combimiatjibn #etréofi t y phosphite conprising an aryl al kyl
d phosﬁgértl efuptﬁgri, r}g gngtﬁérngslp%ct of the present invention, an article of
manufacture is prepared from a polymer produced by a process comprising blending:
a) a polyolefin;
b) a high activity phosphite comprising an arylalkyl diphosphite

having a formula,

O_‘—CHz CHz—‘O
O—“”CHz CH2

wherein R, R,, Rs, R4, Rs, Rs, Ry, Rg, R, 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;

c) a hydrolytically stable phosphite comprising a triarylphosphite having a

formula,
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20 wherein R, R2, 1(3, 1(4, Rs, Rs, 1(7, Rs, R9, and
R10 can be the sanme or different and are selected from
hydr ogen or strai ght-chai nelf or "branched, cyclic or
acyclic, aromatic or aliphatic, and m xed aliphatic,
aromatic, or cycloaliphatic organic radicals having
fromabout 1 to about 20 carbon atons per radical;
25c)a hydrol yticallry stable phpsphjte conprising a
triaryl phosphite having § foryula,| 10 wherein Rl

R2, R3, R4, and R5|are selected frpm hydrogen or

st rai ght - chai ned orlg C c&_gpor acyclic,
aromatic or aliphat|i¢, ed aliphatic, aromati c,
5and/ or cycl oal i phatic organrKc radj cals having from
about 1 to about 20 carbgn atons per radical; d)
optionally, a seco arﬁ*alkyﬂgdiphpsphite of formula
(1), wherein RI, R2, R3, R4, R5 R6, R7, R3, R4, and
R10 can be the sane or different and are selected from

gg’g% %%g ?{I’g{{ij rsr%{’ ?ig’g g}r’d ga ?%’g g?lflgt’red gﬁgﬂ %g’a?no%(eg%&] dtfai #Ht-chained or

abiapBRéd, GychHE QR Elic, Aroraéd ofkiliphaid, andmaixed aliphatic, aromatic,
radi cal s having fromabout 1 to about 20 carbon atons
pend/pa gy clenliphaticcorgasicdradicalse having drempabont dhtoageeuyi 4G, carbon
phosphite; .. . e) optionally, a hindered amne in an

aﬁté’k PefiTediF: a range of about 50 ng/kg to about 5, 000

g t n; inR;, R

oL 1 o B L (o T peen - R
R;, R; ARgeRpf RapRyit RE).ad8 R5 cay beytheosaamoot diff@entrgrideprp sskedted from

on the nass of. the neat .pal yolefin; optionally, a .. .
ey b ey ot B P! bl S of lphatic, and

. . | | ] i ar i e R i 1
iS50, B 5y BRI By R DBt 1
about!2® da@bory atonser Gadipals wthicnis. 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;

f) 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

1) optionally, an acid scavenger.

Brief Description of the Figures

Fig. 1 compares the effect of regrind on I5 for various compositions.

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

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

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

Fig. 5 compares the effect of regrind on ESCR 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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Fig. 2 conpares the effect of regrind on HLM for

various conpositions. Fig. 3 conpares the effect of

regrind on HLM /15 for varibus conpositions. Fig. 4

conpares the effect of regrind on tensile inpact for

various conpositions. Fig. 5 conpares the effect of

regrind on ESCR A for various conpositions. 25Fig. 6

cp{@ag egohpiesf theCkfiodt 0eekfild 0n ESRoBef Oreqi@htpUBr various

cormpositions. Fig. 7 conpares the effect of regrind on
compesipesver nodul us for various conpositions. 11

Fi.g. .8 conpares e effect . of . reqgui on _crossover...

£ Pl Seipar ey (o PGS e 8h ARG TetRdop Va0 i bions.

t?%pef(f ESﬁlﬁgfesrtﬁréf%t OF rE@An@PI Fiskity” 8f 09USad/sec for various

corposi t1 ons. Fig. 10 conpares the effect of
compésigonsnd on viscosity at 0.1 rad/sec for various 5

composi tions. Fig. 11 conpares the effect, of .

r Bt i Hd compaies dbe jaffpchof f@@mg&ﬁls@écqsw %ﬁa&é%&%dfsec for various

sitions. Fig. 12 conpares the effect of

comp&gg&?snd on shear response for various conpositions.

FFiB. 12208aRANRE cffbe Firé@tid o shiea@ FéspOnsyfoEt/ari¢dy) compositions.

zero shear viscosity, for various 10 conpositions. .

FFig. 134ompapes the effect of regeind on Ftadp), merarphepn yisspsitys der various

val.i ous conpositions. Fig. 15 conpares the effect of
Comp?séé?’?snd on a Eta for various conpositions. Fig. 16

CP% N Pndpafesthé 8FEctUt rESUNd 58 TAN ol Qhrid@ doiSositions.

compositions. Fig. 17 conpares the effect of regrind

oRigWii 5fcompasesithe sffecrgfoegindos a 1 forg.ario8s compasitiens. he

ef fect of regrjegd for, varjpous conposition [

I | , .
51  frsamparerie eRPa e i MY Tk AHOPS FEDRTIoBs
oFE Y chifiifes the Birp SERORBRL 67 Ml GG, oinph BHbAC

CBigasichhpates the effect of regrig o2 HI donpaioas cohmpositioast of
the addition of a UV concentrate on the Phillips, 20

PBigy diepmpaeesthe sffeotniegrincdben QAT ifol et sOBIROs Bipgs.
v L GRBRLAR btee e B8hng ool Y DABRIAS; Mo e 9 for

varioUs@@mpiditasHLM for various conpositions. Fig. 24
conpares the effect of regrind on HLM /15 for various
cBig @i toropares Fieyeffad afotipaadditiamhef aflf ¥ceonsentratgramihe Phillips
Polyethyleno Color Nmbe for3iRioss TBosbsilidns
Fig. 22 compares the effect of regrind on I5 for various compositions.
Fig. 23 compares the effect of regrind on HLMI for various compositions.
Fig. 24 compares the effect of regrind on HLMU/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 regrind on Eta (0), zero shear viscosity, for various
compositions.
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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25Fig. 26 conpares the effect of regrind on crossover
modul us for various conpositions. Fig. 27
conpares the effect of regrl%d on Eta (0), zero shear
vi scosity, for various conpositions. Fig. 28 conpares
the effect of regrind on OT for various conpositions.
30Fig. 29 conpares the effect of regrind on the
Phid. 130psoihparke thy bFB& &0iher adiitidie bf hAUVVednicettgate on the Phillips
conpositions. 12 Fig. 30 conpares the effect of
ColortNwmbetdior vamousfcompdsitimscent rate on the Phillips Col or
Nunber for vari 0Si tions t ai.l ed Description
of Invention Po&;nglgq(ﬁ'}gscrlptlon of Inventign "y o,
Pobmﬁﬁﬁ{ golefin", as used in this invention, includes
onnpolyners as well as copolyners of oleflnlc
conpouiitis terstailyglefistcs usednxptiliy/imvestiam npelildes lmmeopolymers as

well a&%ﬁ?élmr? 81U cogRavgpi Lamrdy. e BoTPROD TRER somprise one
monog\Ith%Eﬁ eaBglg ng e?l%uz lngté hazft%ﬁlngﬂ%? m%lec&l efah&‘%yplcally,

xce erties

about Zlctbuﬂﬁ)ut baitcagbion ﬁt@imd ipet trecletle. eElswﬂnpraey Iﬂlano 1- oleﬁns which
propyl ene, 1-butene, 1-pentene, 1-hexene, and

produge p© 3@&1@ﬁnS| With rexcakiens dzrowtlphemshlégehw are\aditlimgited toeethylene,
propy[[cﬁles 1II:HJ\; elgf?]é]nténse qt Hé{xe%ge d(#‘ Flé%%fnléet i(%aq%g ng(lf'tsgf 'tl{é present

invenGSHTRAé ARNBL1-bRA&Rls ethildnkiRNb iIRAG: oﬂus@hﬁ’fthl@ $nvedtion.
nmonomer and one or mdre cononomers, each having from

about Apphcaiﬂ@uiopm&m@rs bemprissnst yb@st o diftereat. nFmo-1-olefins, a
exa such nononers, whic r oduce ol efin
monorpst ééanpémma%ﬁm%gersf Fiah, o0 ok AbSiict (p RpYIS carbon
atoms! 1Per ﬁfo@é’éu‘f‘@e o?r A éﬁ Hibtn%fh%ﬁs lwhikR ;ﬁalgﬁgcee polyolefins with

exene, Agal n yl ene

excellem’pbmpedl@s 1ridmda;rt1ﬂm -aré -mait dirhited! te, ¢thykeasepnipylese, ilrbutene, 1-
the present .invention. Exenplary copononers .inc)ude
pentensytl-bxenpand I-psiees Aaamapﬂwifaxe. raay| be pplaysd a8 § mggo-1-olefin

due td éa;%gylf ﬁlgg ’1ri ilhe Céjréagée}ﬁ n afe%pher ﬁngéogﬁf n‘;ll]esrs 1 ncgﬂéee "Bt are not

hmlteaoﬁi Uglghaelc O -olefiisC QLR oAt 9@0}%@6&3 ol-Bhifens, dusdnt@te, 4-methyl-1-
, 3- but'adi ene, isoprene, piperylene,

penteme, 3- hﬂmchypcmnsf and athes hegher oaeﬁqseanda@nrw&ated or non-conjugated

th h di.ol f
A T AR
pentadi@nﬁ’ﬁﬁl ly‘fnﬁéx&ﬁéﬁér 298 St Ir s‘%&ﬁ%@l@ﬁn@ﬁﬁ’d %11§hﬂ&efhereof In one aspect

l'efi n conononer having from about 3 to about
of theqﬁedmm 1m¢amu9npthe aupbbuud:recorﬁinmwloef rethyldne bnui arlagher alpha-olefin

comoh bR aSh PR s B o Sk hDene 1-
butenéjlui3 lg)H‘]teﬁ S§. If%g( @p@ lnéféH? 1I 1Z Eht%ﬁe qx&%ﬁée %ay be em?loyed as
cop of |es ual'ly, such~polyners

comoﬁ@ﬁ@%lfﬁﬁuﬁh@iﬂlﬁ eﬁhyléihe&hl@ttb 68& d@dc@blyrmizaabh andrRogeRt gesultant
based on the total C%ht of the polyolefin.
copolymere peanieyticsa  Bisngldy.efuch pelimses spraiise dbpwt duignabout 20 weight

perceflgbiprasbatd oh PRl bR F OB L. Eorso

exanpl genérally) ‘ziob@lfybléf %aearp%epb%ﬁﬂé@dtﬂ?&fugp@dﬂyrﬁéhzatmn of an
pol ymeri zation, slurry polynerization, gas phase

olefinpotgmpourEhdi cmmwungs bynemnventiosdl teqhmgmnkn@mu in the art. For

ont act rogesses. The . . ..
examp(ie a polyloﬂ:%np Qbespsfoauced%y solution polymerization, slurry polymerization,

or gas phase polymerization using conventional equipment and contacting processes. The
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13 term "neat" polyolefin, as used in this disclosure,
means a pol yol efin produced froma process prior to
the addition of any additiviEs. [n one aspect of the
present invention, a polyolefin can be prepared in the
presence of an inorganic oxi de supported chrom um
oxi de catal yst system due to its excellent polyolefin
term ‘E}{e‘aﬁuﬁélwréfﬁa%@séd ik @5is disclokeel mbars 4 PbB/olifEL ﬂﬁub@d from a
the term "support” refers to a carrier for anot
processaprionytoi the aidpiomeof any\agdiiugpoin one espect pb tlmpmmt invention, a

p01y0fff%nd%avnc§? R e'@yg?f&?%a%%%??%%ﬁﬁ?rﬁa%% e Fbeitse chromium
oxide ch%} §t9m Hﬁ tQ# 'eﬁcég E%I o?éﬂrf‘ﬁx"odﬁbt%’hecéﬂabilﬂles a‘\s used in

|on phosphat ani ¢ oxi des, m xed oxi
this dtsbmsam‘ tha etna ﬁyuppoxtf’weﬁers here oﬁrriéo rfoe xacuhbe catalypigcocdrsponent.

selected fromsilica, silica-alu
Any SEDROHR el KOSENOR FAAlYS: IVateBEs SAAPE Hied.t HgrhRlary inorganic oxide

cataly@t! %egﬁ Qgﬁ@g&ﬁi&?ﬁg@ ;};)'L'IF 41t MoP hﬂﬁféggttote mto?%ﬂﬁ@ Bﬁfd%g either alone or

um na,
in combagiohPbhedphdtedi Inoe@nid oaides, niikedioixitRg/theteat,eghd any mixture
alum na, and any m xture thereof may be enpl oyed in
thereofh chp;rr exemle, supports salectadefresmsifica Htica-Reminsr @amna,a, fluorided
d_chrom.um

a5 5yl ol BTAREL uP LB OUBE AP DMTLR Brosphard

silica, aﬁl‘i’é\l@ﬁéteasﬂﬁﬁﬁn@f sﬂl&?u%%? e&;prbé'iiéﬁét%ﬂ Offli cAMARRO | WiBRIdRd/silated
as I'l' as copol'ynmers of ol efi ni ¢ conmpounds produced

alumings i amyl any rmixsure thereodt lalayrbfl ethplopdainy shhe patssot kmention. One
gl.er-type" o er-Natta type cat al , .
examplg aSheyBoreatiEn axidll §F A ghqrRani; PKUR SHEPTel ofaE oxide
catal tasé%éfﬁﬁsfg’im 8552 3ufpdel hal i de conpound and a
v; baftta 1%

sition ne nd. The netal halide conpound

I s sel BCtagdther caspoEt af thé hﬁrbseiﬁanaemtmetmrna;ﬁblymers as well as
hydr oxyhal i des. Such transition netal  conpoun
copol)@@ﬁﬁ@rq Sdefinie rcanmounéﬁnpwépwd IHNg RersHiny mpﬁabhalpdpacatalyst also

M B, VI M0 I |
known' g G o p e NagE SneCHah Bl i blolipRg, Generally,
the tra'ﬂsﬁfﬂhnltrfétaq GREIERAABR koRprisGe Aimétaly haidé FtshaR arY(Bh Rransition
ed. 1997-1998). For exanple, group |IVB would include

metal pomanundn The mmduhmde eompoand igsadegsed/from mstal dihatices drd metal
atlnum etc, Suitable tra S|t|on
hydrofralidess Sl Geniih mriccdimaSiis bt f -8, i in the
group 9B, IAV‘I§25B8 %Baﬁ@llﬁ 0?19’4' 13 gcilansﬁfgrprrféfalé"mlﬁﬁh WeE respectlve group
i'ncdrporated hefreinin their entirety.
numb@i&tf thel Behedllc dpbcof the Blémems ¢6€8G Handtwoki afrChemistry and Physics,

th %égars as well as copolyners of olefjni.c
78 e@o uh )prEqu@@n}g}g,' BEPUR avoul fll@ e ditanigm, zirconium, efc.

and gl%ﬂm f}g 't\ﬂ?)ggfrbrfgg% aﬁ@ﬁigﬁ%@&u‘?ﬁgs%g} @% Sﬁﬁ%gjtrgnsmon metal

hahde'\kaﬁalysﬁs Q&Qh?cﬂésedﬁnaj 8. PRt N0634,329837 and 439312014 Bbth of which
of which are incorporated herein in their

are 1n@fp®na€qdyherelm4n their entirety. As a result of pol ymerl zation

b t t t
o1 calh PRttt f50r o IR G R th Rogigryings s well as
copol%&@rofaé@ﬁﬁ'b Qmpdunds 'p"i‘odd&eﬁriﬁlﬂgeﬁ Qe Rd déﬁh%@itﬁ)h‘ ¢bmprising a
h pol yol efins can contain from about 1 kg t
metallabmﬁ by h@/dnmlojzmhecSmmableh%tahss compnsaabmxarq/ @lm:ﬂcmd in U.S.

Patentp N GougRcHal b ooaoot ng6s 202 416 KCPIG0EY Plarol which are

mcorp%?&t@éﬁéﬁenf ghgﬁl%rlﬁ&gri sing titaniumcan contribute to

I'ncreasi ng discoloration of polyolefins upon addition
of hindered phenols. Phosphite Additives Chem ca
additives frequently are conbined with polyners to
i nprove 10 sel ected physical properties of polyners.
For exanpl e, antioxidants can be added to i nprove
heat, light, and oxidation stability. As defined in
this disclosure, the "stability" of a polyner is an
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It has been discovered in this invention, that the

addition of two specific ZSV{Jho§phi tes to pol yol efins

can produce a polyolefin h ng i nproved col or and

stability over polyolefins containing only one of the

two phosphites. The conposition of the present

i nvention conprises a polyolefin; a first high

activi g pheseli éf po?ﬂﬁéhz’hﬁoﬂnbﬁrﬂoﬂr&fmiurﬂl otias phtdl9st system

having a fornmul a, wherein RI, R2, RS,
supporigd R5a sm@a-tmmarsappm a galyoketm eamcordainhe mingreanapunt of titania

S A e 5 B T I 1m0 s
10 m%k% NBised (ﬁ)lr th%I rhﬁ’é%aéf‘ freat ?B%i'éﬂ&? %tﬁhiu&h Bhta st ?és?d(ﬁ:t ¢dleulated as

/or cycloaliphatic ofganic radicals having 5 from

titaniwho utlthough mdiduund byctheboy itisdredieped thadatadyst residuacomprising

hydrol yti cal | t.abl h hi t
titaniyrp; %Bég%@)ﬁ Y s 1%31@?1@;8@2312%('9 ﬁfﬁng)%rrprl Sllyoqgfa 1§, apenpaddition of

1(3 R4 and R5 are selected fromthe group

hlnde@drpsﬂl% |ng of hydr ogen and strai ght-chai ned or
Phos;km&nghqmv@sycl ic or acyclic, aromatic or aliphatic,

and m xed aliphatic, 10 aromatic, and/or

cycl oaChpmqaul caddrtg@m fFequenilyaare eribingd fwishn pebwers1 ta gmprove

el RS5O B P SShops oniapi i g

1mprov%‘He'aV ifght, %B@%&'fdéti%n"&ﬁb@l‘i‘ty' %ﬁdéﬂ&HQHtthfs I8 ddce, fthé SsItablhty” of
hi gh acti'vity phosphite. For exanple, the second hi gh

a polylaclt 1svan: yldpt&bl@pmrtmeamye obhpwithe p@iymm/isaaf@ted by external forces,

such asm or r@ie géh f Egar{u ((g%{gel\pghlgtglggog :é)rtrﬁ@cztwlgf the polymer.
S’cablhlgr'f ?ﬂ; ?cﬁﬁmvoﬁd%r isH rﬁfg? gfr”] gﬁaélgwfﬁaglxl&jrg Q%é;fﬂ 51290 or to the polymer.
ar ot anry pbnyptwtstabmmmj e hmdemmqmenplsaammﬁemuuhzed as

and/ or, cycl oal i phatic organlc radi cal.s having
a primgpp @flthxwiéntaﬁmevzo whb@fﬁ Rizgres cye discqlnre pe yomnéh Phosphite

addltw?#] rb%nilu{]%eg!m l?iI k&‘lgccﬂ&{m% Zpgjpf)ﬁn{a &\RX %[%%teness to

iTs IVI y phos n on aspe
polyoléfiif, Rinds ﬁ[‘taddlitl/(ﬁﬂt pﬁbkﬁhﬁ@ , ad¥tivdsd alsB7 calR%im fpr@{"‘éi tBéostalﬁhty of
the arylal kyl di phosp ite enployed as the first hi
polyolefursi VHeweyshosqsne pbowhetewldrtty@@ Are hyignos¢opia, andeip SP!&)tlon of

e
processre§d'5%%e ﬁ@éjaﬂe c)fd 191518’3{1195%516 and ®ax @Qa@kﬁlﬂh%te? thereby

AT OfR organl cas are radicals with bot
resultumnad lop\tmtalctlvc physphéta tcoacehtmtioarfornstabidizifgSpalymeon elethermore
th t of th t the first
this hy@ﬁo@%?sg@@gtgqqaépeﬁgggegmo%séfmgagSé%Pdtlc Irens\ll e |1r(1) Bolyme?s 're
bi s( 2, t I h :
0 2 AN USRS R MBALLEL 0 L BB B oo spcin
phosphitet @ pahgblefimbedn pyoduce a polyolefin having 1mproved color and stability
Bi s(2, 4-di cunyl phenyl) pent aerythritol di sphosphite can
over ppkyolsfingi enstrinmgnenly ene pf fthe Wbopkesplitesri cEhe composition of the

present 1nv%n{1811tl Iccg)rr]npurg]s%ée a tp%?yoleafms; a first high activity phosphite, such as an

arylalkyl diphosphite having a formula,
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5 Dover phose 5-9228. Dependi ng on the synthesis

met hods and conditi ons enpl oyed,

bi s( 2, 4-di cunyl phenyl ) pent ythritol diphosphite can
contain up to about 15% of the cage formation as
disclosed in U S. Patent No. 5,428,086, hereinafter

i ncorporated by reference. Alternatively, or in
addi ti on t ®:;bi ski2, 4-di cunyl phenyppent aer ytiari t 84

di sphosphite, Bis(2,4-dj-t-butyl phenyl)
pent aeryt hr, di phosp?]i tg?z\ g/g}rli‘rrg)l\ci ally avai | abl e
as U tra 6260w ch is regi steoed rar-ke Of(1)

c Co. be. /& oyéd as a
activity phpsphite. o }{Zln anot her /aspect of
t he presentg,i nvention, R2, R4, R7, and RO mf tRe
aryl all cyl di phosphite enployed as the first high
Lk ORIkt & Af O@e Ny R ifferent and
R G R et afoser o e Sitne Bdifferent
are sel&tddiraht hyehegeneshdsirhightahained cvbgarched, kychiadi eeyddic, aromatic or
) having from about 1 to about 20 carbon atons per . .
aliphatica indamixad aliRkadicalarpmatis,cangier 8)’@!%%1@1? tlﬁr‘@f&ﬁﬁ’& radicals having

adi cal j ) .
rom 3 I oS0 By RS RTAREI: l pR pSRORIERT, A Brosonic

1R7HO SeHpd ﬁ%}ﬂt@h@m Qyfemak, t he second high activity
compnphgsphia%}gp Nhen the gpti onal second high activity

phosphite i$ a segond ayyl akyl 20 di phosphite, R2,

124, R5, R7) R9, and RIO in the second aryl al kyl

di phosphi te|may ogen and R, R3, R6, and Rg nay
be sel ect ed|fpom oht-ghap ned and branched organic
radi cal s haying f : 1 to about 20 carbon atons
per radical | For ) bi s(2,4-di-tert-butyl phenyl)

pent aerythritol phosphi tel may be enpl oyed as the
second aryl a kyl di phosphite since it provides the ‘
el e rnes t it :
wherlf R by TER PRI 1 TSR AL PO e B KonROAs, of B5dipgen and
straigiitechaiied dtrtaehRtpeyriliel drach clivpatdmaieo aifhtiChard maded aliphatic,
under the nanes L_Jltranqu_ 626, which is in_powder
aromatier apd/or cyclpdighajic ezgamic wiadieals hgving fremmeabopp )itapbout 20 carbon
%ranu .an form and U tranox(r) 627A, which is in free
atomsMeL 13Kt or m and contai ns an inorganic neutralizer.
Addi t i h thp&sieet hdRaongrizeatebbithhiztdcyivity phosphite
phosphi@?gbias',nyé\egfg%ng 30 arylakyl di phosphitlg‘,lal R2, }ég p.
whichRE, diffaxenRéromn then Sirss dugndetavify ahasphitdi Jrassgdammde,nhy sseond high

. .hydrogen and RI, R3, R5,. R 5 .Rg, and 0 e .
activigUSSRBE RS ROAEE gnr o PR e of IR S wherein Ri, Ra
organ cw.agi cal s in ; lected fr
Rs, R‘lfalgibgir?’ gt%oﬁ\'ﬁ’ % ’raI{rag%mca II ng}rl@}g%gﬁpol}eélﬂ‘g@@%d@e selecte 'om
hydro%@?l, zgldcﬁtrﬁight—thdfnwd}kl)dr,brwclhed, hngemgﬁy):liq; Wrﬁiﬂiﬂc, and mixed
~di phosphite may be enpl oyed as the second ar
aliphati¢, greyBpii. eadlr syeloptiphstis\orgeaicrpdicals daying bt i about 20

ol yner s NEReY | S Jat - I
cbo oA RO A BB ST oY bppived
the firSthigh ReGviePpRaphaital | y from Anfine Chemi cal Corporation
undéer the tradename PEP-36. I n anot her

aspect Iobne hepast of ée praserininiventioR,, R, RanB7. B0 i and Reo in the

o SRRt 5 PESPRLS“R TS AR e o .
R, R/, 31 Rlafe BRAYEDQiPEARID AROMomticOraRfl radiBals Qfabﬁil;g gbRMgbout 1 to

er radical. The 10 straight-charned and branched

about @(gaarbon ratoiine gies radichLideAs bsed ar ¢hisatisdlogure,edmixed aliphatic and

methyl, tert-butyl, and 1,1-dinmethylpropyl. Exepplar .
aromatic R gNip HlipHs 1 86 r@ﬂl&@ﬂd@{thl bath ap gﬂ@ﬁl%%ﬁ?&%&n{%}f arl aromatic

tris-(2,4-di-text-butyl phenyl phosphite;

tris-(2-tert-butyl phenyl) phosphite;

tris[2-(1, 1-di met hyl propyl) - phenyl] phosphite; and

tris-[2,4-di-(1,1-di et hyl propyl)-phenyl] phosphite.

In yet another aspect of the present invention, the
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18 Generally, the hydrolytically stable
phosphite can be present in the polyner in an anount
within a range of about 2% k% about 90% by wei ght of
the total amount of the high activity phosphite and
the hydrolytically stable phosphite added to the neat
pol yol efin. Concentrations bel ow about 2% by wei ght

compbasmed I Bndther dspeatl ofah® prdsent ineins i figs h%ﬂi@iﬂlv@t@rrptbephlte is
insufficient to inprove color and inprove stability of

bis(2,44décusaylpbensfipestacaitiritoho disphospbiiee smé utit qUoyises wtaheg hexcellent

sl SR R B B O PSR SPuBHE A lposmnc

can b%o beanféﬂd cSindRirbinlly £8HS Eshvey Cﬁ@nfo‘af Lorpb@fioAChndert Mle name
osphite. In one aspect of the present 1nvention, the

Doveﬂp}ads@l &GQE&I | Depindirige op Htbe plynthesis snpthede and jqontlitons employed,
bis(2 i Bb e RGO (RRBRE AETURETb Py RedaiiofsYs of the
cage fbk&lanﬁﬁ‘ a3 5Vdik o%'aoﬁlpﬁié epaBet \ie 532@@6\’ th'efe‘i‘ﬁelfl’er%h@@p%rated by

a to the neat poly I'n"anot he

refereﬂé‘epeCt Alterhlgvdly esenin i adetidd oo, bisiz, 4td1d[mylphel®3dbﬂejltaerythntol
abl e phosp hltels]gresent mtheg@/l ynmer in, an
dlSPhQSﬁb’Jﬁ»t S(%ﬂrdlttﬂéltyla géflbf peotaershemd, Hphowphitgt aicommercially

et A ek R bL 8l O AT AgBRAEEY b B o may

beem?my)églagglmghgétm@ piREpIEEe. have been shown to provide
hé excel | ent syner%| stic effects between the first

hi gh abtancither aspess o theeprasant imentigns By, Wi Ralangd _Pg;iameearylalkyl
cioho R St S TR S B LB Pl rrShET b B R

Rs, anlla:]R he Yy B! MEBSendb Al Léieeed 1Yéth Gira cﬁ%n@%h@%gn&{éd organic

resent” 1 nverntion. For exanple, hindered
radicapyieaving franeateogd 1 apedoun2@ barbpnlayeres pemydmat gr ssxed aliphatic and
primary polyner stabi]izers. There are_many hi ndered
aromaaﬁeqrgﬁ@cmﬂ@ﬁlsaw% dEqm 2bout dats) abqusr2(,saropp atgws per radical.

(] hS
80" bich O SOOI b BB B2LRIoNA By B Becond i
activitpgekgtitey, the primary pol ymer stabilizer may be
present in an anmount |ess than about 5000 ny/kg based

on t heWhessthef optinnah éa@oqﬁb high eetivity pBospjtecial 3 ypecqikarylakyl

diphofphfig BF“EBS‘E? Bo g 0 b hBasront o s oTihesytg oy be
hydro%éhe a3, X, RCae®, rﬁ@} xsel s%iécﬂed ﬁ’&% Btrﬁ%ﬁf gkkhiREERAN branched
s sel ected from nonophenol s, sphenol s,

organicitadicals flaging ompmboyphémebeyt Zﬂ/chr oty bi@msmber aadivalt dxr example,

i id f . . .
bis(2,4-d1-fest Butyinheay ) Rsataprvthriin) dfiBhomhish sy e GERIAYE gt fhe second
arylall§3§ c%él?qssﬁglte tsmc 1tb%rto§i[deirtll§/e d?%c)alllg terrﬁ:s tant 81 er stablhty OIand color.

Bis(2,Mdiheriungh) pentappitiiital amphaﬁp}aﬂemhdiesebtamed @oﬁnnmmﬂﬂg'sﬁrom GE
and m xtures thereof.

Spemakyn&rhwn@ag umrtqruﬂ@ names aUétrmX | i62n5x éfdnt:h; 5 in powder form,

Ultranfx&6 (%6;%3}5%}[:1?% g%g%%% gFJ}x% orm, and Ultranox® 627A, which is
in free“ﬂ&@ﬁfg fornEd¥ntaids 8n %orgﬁﬂiﬁ: déUirMhié}enm

I"ary bi sphenol s include, but are not limted to,

2 2 nAtiﬁIylloemléy,leﬁ( &etqptlonbhsepbndh@ astiviyephwisphite is a second

arylakigh hgog nﬁ%% ks 38 bt rer bl A MaR desfosbitg may be

hydlro%en1 afl SRI i/l aftg l%&t nay | be selected from straight-chained and
2, 2- bIS (5 tert-butyl - hydr oxy- 2- net hyl pheny1) -
but ane;

2,2-bis-(3,5-di-tert-butyl-4-hydroxyphenyl) - propane;
1,1,3-tris-(5-tert-butyl-4-

hydr oxy- 2- met hyl phenyl ) but ane;
2,2-bis-(5-tert-butyl-4-hydroxy-2-nethyl phenyl)-4-n-
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Exenpl ary t hi obi sphenol s include, but are not limted
to 4,4" -thiobis(6- 1lbtert- butyl m cresol); 1,
' -t hi obi s(2-napht hol ) ; 17

and2 2' -thi obis(4-nethyl-6-tert- butyl phenol).

Exenpl ary pol yphenol s include, but are not limted to,

tetraki s(nethyl ene3-(3,5-di-tert-butyl-4-hydroxyphenyl
branchéll Ofplagitahéjcal¥etaly oth, abolt 1 o ABbItY) CarBord afokrissied radical. For

di-tert-butyl-4-hy xybenzy1l) - benzene;
example3 bis t(.2;65(113teg_ bnty} e{l-tmqjhylyﬁenyl) ogentaerythritol diphosphite may be

emplo&%gtra%)r( %g%t%é]i& %FW nd}sﬁlﬁgéﬁg %ﬁnﬁ%{]ﬁxge%xc%ﬁem resultant

polynfer e§bifity dhad E@P&‘ bemgy ! (026-aBk€ButylC 4LAhyPHENY Sdhederythritol

limtedto, 1,3
dlphos;rhlte( @nhedobtaimed cbunlgeremllyfcbm Arbfing hengcal @rporatien pder the

2,2-bis-(3,5-di-tert-butyl-
traden@“}?%&ggf)benzyl) mal oni ¢ aci d-di oct adecyl ester;
1,3, 5-{ I ok égdec{ it “tllﬂé‘?{'ésef’ﬁ #vention, Ry, R,, and Rs in the

hydr oxy enzy ocyanur at

triary[phosphitet sret hjadfbgdn 4ing dR pXayilieRz )dre rmtwmdnfrOm stralght chained and
acid-dieth ary am des of

branchest qrza@cdac‘fml.sthamﬁomm biQ BRIy D)ABrAloms Pergidical. The

stralg}it— agrget% ﬁ&%ga%gﬁ%cp% Jnggcﬁgai j ‘f‘%u‘(j;ﬁ ot;&}p re r{lyt hﬁ?lg)%il gonymethyl
tert-bﬁtyl & 1,1- dlmethyl%)ﬁgﬁrtl]’m Ekémﬁl'aﬁd Qﬁ@%’ 3;51’(&13@1&@5 ittddedebut are not
0

but are not Iim esters of

hmltedgq 5ns|1(2,t4@d1tteigtubqtylphehx/lmh@gplptm s 2-parbputyiphengh) iphosphite; tris-

-1 ke ibrondl-aiget Bho: Pint%"z Aok it S L g el propyD-pheny!)

phospBItY. C‘?xll ﬂ{(ﬁﬂéreisﬁé(ét t g ?Yé%@ﬁt’ 1n'0@1‘i’tﬁ?r{“tﬂé t rgfgﬁb?phlte is tris(2,4-

pentae ritol hydr oxyet hyl -1 soc
d1—tertEb<LEtmlhamy/l) phosphitecsipeuiicsni providéeimprovediresuliant polpineedtability

and célgr f’BlflS(g,)%gqlil};)q%gsb%{llgh%Il g%%lal i@, spH;g) ?%Kf@tig(ln%mercmﬁy from

e e e O

di -t er ThéGikst high hatiligphphiyd in® hidd]vitatletstadlxplsguphite can be
[5, 5] -undecane and 3,9-bis-[1,1- dinethyl-2-

preser(t anz mt@]ephoqpmty pmpqipy dyl@ij@yrynéazggp) of @bqgt 14 mg/kg to about 20,000

i s L0 GRS TP HL PR i e VBRRE A i bl h g can be

msuffﬁ[&l’c %@hﬁ cBI&@nHQﬁxE?JﬂesstﬁﬁTﬁSth @@&olyolefins, and amounts above
(3,5-di-tert-but dr oxyhydr oci nnanat e) | net hane;

20 OO(lmg/lfg trxaye@@edii—U S Food and Drug Admmlstratlon 11m1tat10ns increase costs,

and pﬁ‘?’léérnt? gﬁ%l 18?"[‘ Bgﬂ rox%/? ﬁﬁyé%%' H’ény ’;‘I%E’rggggll 2 Rrhe present
1nventgd,ﬂ6 dtglé‘ f?gttr ?&Eﬂ%&)} \ﬁlir[ ﬁl“isc%srt])y te p?ﬁ(eintc})]]e; h}éd,rgl_ytii%ll% is’csaple[ El,l(isp_hlte are

presend i ttbigll pRospBit® amount within a range of about 1 mg/kg to about 2000 mg/kg

di -tert-butyl-4-hydroxy-phenyl)-ethyl]-2,4,8, 10-tetraqg
based f@&éb@ mﬁ[ss of the pepd dolredelimnin andther aspept el thefprespRb sention, the

first h&gx glgfty éﬁl@?ﬁl’g &e atd 81\” tgydrbl%ﬁgl EPE gttaﬁﬁ:l ﬁ{osgﬂg? 3 ea]plje#ntt Xn a total

phospRit&afduni WVBM laQﬁngé be 1 hhpaterted] Juneme)k L rasea WidthieSmass of neat
tetraki s [ nmethyl ene

polyolefin5-Thes¢ mnigep ateydptimimparinceythyy poevide amprayed pelyedefan color and
.rsiqce Lt 20 Eovides excel l ent color and stability

stabilify %’I%‘PPW“&B perties. Tetrakis [methylene
(3,5-ditert-butyl-4-hydroxyhydroci nnamat e) ] net hane can
be obtai ned comrercially from G ba Specialty Chenicals
as lrganox(r) 1010. General ly, the hindered
phenol is present in an anmobunt |ess than about 5000
ng/ kg based on the mass of neat polyolefin. Further,
t he hi ndered phenol may be present 25 in an anpunt
within the range of about 1 ng/kg to about 2000 ny/ kg
based on the mass of neat polyolefin. Yet, the
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Water Addition In accordance with this
invention, it has been found that the addition, or
presence, of water can iner%e the col or of the

pol yol efi n over pol yol efins w thout water. However,
the presence of water is not required. CGenerally,

wat er may be present 5 in an anount up to about 5000

g/ kg b%‘ﬁ@fiﬂl?nt}feh@'df@?ﬁcalfy gtk pRedphtehah be present in the polymer
Al'ternatively, water maé% present in an anount up t

in an gount Xithin argarkgy dfeahout tmzdoqmw@%aby ivecaght | the Fasdl amount of

e {8t A5 RSP B LS B0 o the e
polyoféﬂi‘lcg%%ﬁt%ﬁ)ﬁ%‘f@w SHRAt P9l ey %f%h‘% 344364 BHbiak ec%tdl imount of

|'yolefin neking it comefcially unacceptab
phosphitps added ,canhin 1ﬂ:ﬁ1fﬁ(:1eaemd> mtplnevemolmt amaf imptave stablﬂlh;e of the

p01y0%8{95g°§@<§ Lagrrl]%{a’z%' abete whanall By Veigh, ggseﬁgeatl Vi3 dpioh amount of

phosp}zr\g%se ﬁd@e?idﬁg oth)ﬁ)ré %e QH %ﬁ&% Bﬁc I%ur (f'tE %‘f%@ﬁ&é\/éé&l?dl@ﬁﬁ‘ color and

stablliﬂy’ﬂ\/&uﬁedo iHyWiteh ﬁﬁstahlrghnwlvﬁ)ﬂ‘y phoeyphit. t Gn adiubspct AfpfHe present
ower than 4 can cause ﬁroductlon equi pnent to
lnvenem,rubaehydaﬂlcrtm@lbe stakle ahosphife gl dresamiin 1the polymer ik aatamount

w1th1r%mgltr§r}lﬁt het; eﬂ)‘ ggs/eg%glg] ?St/ gd l%;\%lglgt ofh e 3 t%?'ﬁrlgllof,%t ?ﬁf tllreﬁgst high
act1v1®tIﬁﬁisbhﬂ’ee&’n@ﬂfeyrﬁjd%lyﬁcélg‘m&ﬁe &)'h@ﬁﬁnféfadd@d $o tHeRAL pYolefin. In

conprising the polyol efin, hi'gh activity

anothghapptti efetheaprdsanh énteption) ghm beﬂrolytlsalab kteblehptEyshhite js present in
resence

the ol e TR W Re GRE 0T 198 i fO0Get B é&ﬁbatap‘ir& of the firs
high ERE) USSR Rl e B AR cal Thigb S DhpSitie Bdgdd R0 the neat

polyoleﬁn These ranges b:ivelbee@d shovat ewlph)&dd@qlm Bmeé]:ent syrehngiatic effects

nP 6-di-t-butyl-4- mshox?
betwegn ghg, figs nglwa.cﬁygy d@hgsp@,’q@ .and the hydro ytlcally stable phosphite to

a one; and 2, 6-
1mpr0€egﬂ &)c[){): %}/éfj %H{yphenol ; 25(1.2) Hydroxyl ated

Prlmdﬂym%ﬂﬁermbbmbﬁr s, such as, for exanple, 2,2'-thio-
bis-(6-t-butyl-4 nethylphenol)
2 2 - t Bheye lpresmeany étffeperp pgn@r}) polymer stabilizers which may be employed

in the 4pr se Er}lngenglon (Eéli 'eQi F. gmrdrgnr?eﬁgﬁ%‘%gng%e) emglgged in the polymer

1ndustfy]as3ﬁr1rﬁi§r§? yrﬁérl'ﬁmb\llméﬁs Fhied arSmarfyoliin@eradphenols which are equally
3, b- trls-(3 5-di-t-butyl-

su1tab]4: fﬁygeeol%)}b@ mgt}orgelmes singlyhen inyeopyinatioa; with each other that are well

Lige:
L T T A AT —
in an &am@duﬁ leds tthd@uby&ﬁsdmdﬁrgmg Ba@d on the mass of the neat polyoleﬁn.

di met hyl benzyl ) di t hi ol t er epht hal at e;
Typically, when pesents thi amowni: gflwater irp phe compos1t10n is in a range of about

50 mg?lé/g\; {% a‘e{el?tﬁlo)ms SYEhsed %é;gps)&u,a% (g' the neat polyolefin. The hindered

phenoﬂ' et QME&@J‘ZHB&OQM h@d&s blsphenols tthblSthI‘lOlS polyphenols,
di oct adecy1-3,5-di -t- ydr oxybenzy] -phos? onate
-pr

hydroxybendyd i a,rmn@@ls,t apfidasped ét-é}ﬂ d1-tert-buty1 4- hydroxyphenyl opionic acid,

I os.phonat e;
esters 3B i B o R PR OB B8 e U PP g gty vaten
alcoho¥, Ep1rc56&nﬁdunﬂ§)é!nd@i‘uﬂﬁﬂéﬁﬁélje§f such as, for exanple,
4- hydroxy-lauric acid anilide; 4-hydroxy-stearic acid
ani |l i de;
2, 4- bi s-octyl mer capt o- 6- (3, 5- 1- but y1- 4- hydr oxyani | i no)
-s-triazine; and
octyl-n-(3,5-di-t-butyl -4-hydroxyphenyl) - car bamat e;
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(1.5) Esters of

0- (5-t-butyl -4-hydroxy- 3-nmet hyl - phenyppropi onic acid
wi th nonohydric or pol yhydri% al cohol s, such as, for
exanpl e, nmet hanol ; 10di et hyl enegl ycol ; octadecanol;
triethyleneglycol; 1, 6- hexanedi ol ; pentaerythritol;
neopent yl gl ycol ; tri s-hydroxyet hyl i socyanur at e;

t hi odi Ekbmbﬁwﬁ{mher%mnchmes btiyate ooy Birdiedtexabidi- tert- butyl-4-

aci d di am de; and di-hydroxyethyl oxalic acid diamd

methy(lzzl)anvl,absumbgty&ﬂdmlet@mplmr@bu | i sk s dghygroxymethyl)- 2 6-di-tert

Hydr oxyphenyl) - benzotri azol es, such as, for
b“tylpik‘?éﬁlm the 5' - 15 nethyl-, 3,5 -di-t-butyl-

0. C}’H 2E%¥Ig1plary5 blsfplieﬁ@@ 1§clh8é rlﬁﬂeirelﬂok’ WnYided to, 2 2'-methylene-bls-
(6- terﬁbmyl—érmetﬁy}pthemm,yl B 2’+ma¢thyllene-b1s (6- tert-buty14—ethylphenol) 2,2-
butyl -5 -t- ' - 0Ct OXY,

methylons- s[4yl @-&aanaqhmgghséﬂmyn%r vt bdspie Y tert-butyla-

hydro%y]g %} ﬁvg-%g aﬁﬁgtp Eg 13-95 Euegtxh?}%yl’-ﬁ S{R}ﬁ %e%hylphenyl)-
butané- dQ@eBM{j@)Sydlhtef‘t’ﬁlﬁ?IZéﬂ}?hox ypﬂer%/l)-ﬁrophﬁé hydn@mrs,(ssteﬂ-butyl 4-

roxy-4, 4' -d -deri'vati ves.
hydromlza)aetﬁylpbmyl&hutmbst i Rut-big- (éftd“ﬁbusdrblslaydmxya thethylphenyl)-4-n-

s TS ORSE 1 LR o B T S e
ethylegé benél%!)lbl%ﬁ ggﬂ? 3'—ts:rt-bu 14'- rloxy %“%}’3 lTutyrateJ _ 1 ,1-bis-(3,5-

orci resof ci nol
dlmetliyl@-ﬁydrbquﬂteyiyl-)mqen&ddecylthlo)-butane and 4 ,4'-thio-bis- (6-tert—buty1—3-
5-dj -t-butyl-4-hydroxybenzoate; and
methyhés@aalécyl 3, 5-di - t - but y1- 4- hydr oxybenzoat e; 25 (2. 4)
Acryl a - -
EQ?I&H%.F}% Qhﬁghsypgr{olg %ﬁ‘mhg l%}ltez%rﬁ ﬁlotelé ged to, 4,4'-thiobis(6

a- cyano- acrylie aci

tert-but§RRCEMbOIRSt €1;1'ahieBisPPARDIRAXY; Ci niddM C 2a33-ltl‘ihoﬁfs(4lhiethy1 6-tert-
ester; a-cyano-Pnethyl - p-net hoxy cinnanmi ¢ acid nethyl

butylphsnel). or butyl ester; a-carbomet hoxy- pnet hoxy- ci nnani c

(3 cate Pr‘é?it@@?&%“% inebadsy Ryt grenqrdimijed Hudtrafis(methylene-
3-G3, 53‘9(@“%@” ‘95?&0%919198&%?@15#&9) Afthdn@! 18XSUIRRthyNDKEhris(3,5-

| exes of
d1-tertt-‘tisut501—4)+hydfo4cyb&nzymb&zteae ranmet hyl butyl) - bBentrls] 3,5 slirdért-butyl-4-

1:1 or 1:2 conpl ex, i ona 3 wth . .
hydromylaﬁawmugaéﬁds 4Rdh aéefﬁa&ﬂm yl Bﬂ?thxl,%ne (3,5-di-tert-butyl-4-
251‘%]: r N- cycl ohexyl - di et hanol am ne,

hydro%ﬁﬂeﬁitr{;% ?(E}]Hgl Aocar bamat e, nickel salts of
4- hydrEanﬁlaEy diydioybandye razothahgﬁmlv@da mua@reinmnmabayb 1,3,5-
esters, such as of the nethyl, eth or

but
50, ke ot e s st cnsone: 2.20bis<(.5-di-tert-butyl-
4- hydlﬁ)xa{ﬁ%rfzyby% Og&ectégyl fgihc%oXtad qecylsteret O)ilﬁ ’tns—(??g %1 tert-butyl-4-
hydrodyRRAePyisdtyhAuary 1-aadhy 35 Qi teftdbuBa Ahy dfsK g.‘%ﬂhﬁ_o%&ﬁc acid-

addi t1 onal I i gands. (2.6) Sterically h| n am nes,
diethybester.as, for exanple bis- (2, 2 6 6-

t et ramet hyl pi per|, dyl) sebac
b| s- ( 1F3emplarsenidasfdt-hp ﬁ@tﬁb@ﬁ)‘t hydraexphenyl)-propionic acid

ntod B ot Bl 145 DU ARG TR B ropiony-

hexahg@odeffideon pagduct WIN'-di(3,5-di-tert-butyl-4- h droxyphenyl- proplonyl)
g&ﬁydroxyet hyl-2, 2,6, 6- tetgamst hyl - 4tyhydr}:)xy }g?perl di

hexamegthyilehediamingi ¢ aci d condensati on product of
N,N-(2,2,6, 6- tetramethyl pi peridyl) -
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hexanet hyl endi am ne and

4-t-octylam no-2, 6-dichloro-1, 3, 5-s-triazine;

tris-(2,2,6,6- 20

tetramet hyl pi peridyl)-nitrilotriacetate;

tetrakis-(2,2,6,6-tetramethyl-4-piperidyl)-1,2,3,5-

but ane-tetracarbonic acid; 1,11-(

1,2-et E%Bﬁxﬂla\‘})hlﬂ?de?e& %hénéis finaaaé apRt 41%| fit ABARE BYN&Rlers of B-

15 Such ami nes incl udé hydroxyl am nes deri ved from
(3,5-ditertdutyd-4ahydrezyplengh)-prepidniq deid with mono- or polyvalent alcohols,

such 33 ﬂégﬁ&éﬂ@ngf oatod ra”@ﬁmﬁﬁ@@%&{e'dggﬂ £iete @fvtan Biiqdiethylene
glycol, Iﬁ}ég}g&ﬁl éy %ﬁ% o g%(&p’gnfsl( (ﬁogyetf#gqg(gé%nﬂrate
N-(1- hege Var? spird, orhipburaizeinklude] peat Iaﬁh mét )h:h)ﬁ@i- tmpdlphenohc

~ lactam 20(2.7) Oxalic acid diam des, ch fo
spiro-diegatalse or 4spiro-gdiketals,y pagly -asoxan| q:x,ample 2 4 8, 10 tetraoxasplro -[5,5}-

undec%h% su%;tmggéélb& ogx)?hg %Ipo&tloﬁt%m ﬁff &%gfﬁ: rdxﬁ? gals such as 3,9-bis-(3,5-
di- tertzbtﬁclsrfmm&d?o)%%h 3{511)— xpQi1 hite@aoxaspiro-[5,5]- undecarzl? and 3,9-bis-[1,1-

bi S(3 am nopropyl) - oxal am de;
dimetbylh®Xy, 55ﬂltef‘bb'ﬂtylk4ﬂiyde@mﬂﬂvaﬁ%etmé] -248,1Q-tetraioxespizo-§. 3 h
2-ethoxy-2'-ethyl-5,4"-di-tbutyl oxanilide and m xtures
undecgpe.q- et hoxy and p- met hoxy as well as of o-ethoxy and

P- 25ephgxy ;i BE tid Hrtes&t%i@éﬂtidnd Bhdeked) prindls are selected from

deactivators, suc or exa

tetraklN, fhetyicpé QBI;SLletai'tletjalezﬂ-(’thydtomy’hyldi‘ocmnamate)]methane 1,3,5-tri-(3,5-
N-sal i cyl al - N-sal i cyI oyl hydr azi ne;
di- teﬂ\bwyl-érlyds@yb@yzsdir kﬂy@mmpﬂvé'lbqnzwebu s- (3, 5- B-(3,5-di-tert-butyl-4-

e RSB S S L 25
bis- [lalcﬂﬁnéihﬂy? lr53l cﬁﬁert%@ﬁ)f B?&%Q&Iﬁx%ny?‘l')@ﬂw}]ﬁﬂt&'Dd)-tté%?aoxasplro-

or exanple,” triphenyl” phosp
[5,5]-dnddvansy| aaidkghxtpfassthbnebﬁs Theke rhx;aidﬂ@d pl;xd:nq&sh psphde évproved color
tris(nonyl yl) 24 phosphite; trilauryl phosphite;
and stabsligy. fQf d%%%ﬂegﬁ%sphlte di stearyl pentaerythritol

di phosphi 'a{l&helt {1§ %E‘Z?ﬁ??"t %IIES%M H%Qedﬁ%ﬁ”we) Rheseighenol compound

di i sodecyl pen

is tetbdkod Jrdethylehe bgtyﬂpt&ﬂbhﬁypﬁﬂi}@@x&ﬂyﬂmdﬂﬂmgﬂmwﬁﬁmmahe since it
tristearyl sorbitol tri phos%fl te; and

providestexgrilent zolpraand stahility pol¥alpfin propertiss.p fetpkis {methylene (3,5-di-

o R BRSR B EAO TGP SRS fngd 5 gy o i

Spemﬁl(}a@ﬁlﬂ%icaw‘%llrgéﬂokp .103bearyl, nyristyl or trldecyl
esters, nercaptobenzi m dazole or the zinc salt of

2-nerc éimertaﬁyzihmlmmaneéphemqh @s plichent yi anamountigspaaabout 5000

oct adecyl di sul.fi
mg/kgaé v pmass OF p@%trpoﬂly@%fi% Htbesy Fhenl%‘Pg%Fﬁfl gjrenol may be present
e 4 $asdd%n th
man LGRS AORRAC T ol s 3000 gt the s
of ne@Apdl ywlefro¥ehahe hirlerquopheto] any teapresendfin dn waioemt within a range
manganese, .
of 50 mgﬂcg to 1000 mg/kg based on the mass of neat polyolefin. Hindered phenol
concentrations above 5000 mg/kg can exceed 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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(7) Basic co-stabilizers, such as, for exanple,

nmel am ne, pol yvi nyl pyrrol i done, d| cyandi am de,

triallyl cyanurate, urea detlivafives, hydrazine

derivatives, am nes, polyam des, polyurethanes, alkali

metal salts and alkaline earth metal 15 salts of

hi gher fatty acids for exanple cal cium stearate,
WatePAddifibit €ear ate, magnesi um stearate, sodi um

ricinol eate, potassiumpalmnmrate, antinony

pyr ocalreebairdareeanith zhmanpwtmn“ehmbmrefound that the addition, or

ucl eati ng agents,

preserg:et OE YT 581 ABIEO%R Itl&p C ]3>|r Fﬁafsthgzg{slygggigpovér polyolefins without
waterd?ﬁh%%lr %@hﬁé‘seﬁe gt wahd 99 Fbt! ﬂegﬁfre@n@}eh&‘a‘ﬂ Ofvated $hay be present

agents, suc or exanpl e cl um car bonat e,
in anSIaincmata:ap tol abeutf 5060 smgdgphewised, o ahe, niaamlofnnem palyolefin.
barium sul fate, netal oxides and hydr Xi d og
Alterngtiveky, veater 1@1@3{9@, Hr@sent in an amount upltg)a Eé%mg/kg ased on the

mass 85’ ?J%Mﬁﬁ@ty@eqﬁ{ ! %tt &fﬁlsej‘r Zﬁ'{asé‘n? nea)ﬁaﬁmt)&nt ﬁ'ﬁ'ﬁbﬁbOé mg/kg

enzyl am’nox

based€éhYhe BHYs NsfOhde ol BﬁﬁOXNaI@éIO@@{Uéﬁterloﬂs Bbow255000 mg/kg can
hexanet hyl ene- bi s t{B (N, N-di benzyl am noxy) pr opi onat e] ;

cause rb@lbblﬂS-mZhﬁé rebyiejd makmgmd icosmReICitiynmagentapleo Aatégally, when

preseqt %t?ea%g 3{%{\'\&%dl b nz‘%h am nox roga]%% ﬁ)@ |a%81|1td1 mg/kg to about

5000 b h] B&R4s of the neat 1 lﬁn
%Ilg%ecyl 34N, Ndi gtohylealrlr?anggy Op?opanoat e;

3 [ N, I\Whtbxeamieaiatm the pphobgfemcirc haa al pibbwailm amangel of about 4 to
6- hexamet hyl ene- bi

about 30 oA B ISR E1 B b G S GLARGY é&%ﬁb%%tfi A pH

lower tﬁ’a[n L3 é?l{"?&fse tp%(ﬁﬁtlg éﬁ{pzr}]eéllrt g@[z @&I ﬁnd Qpé?él el eﬁltggf:r than 10

can reaétt\ivﬁh e lﬁnd@%ﬂtpﬁenol%dlliﬂl@g\/tmgstﬂght}t @f taa@olyolefin.
t hi osynergi sts such as dilaurylthiodipropi onate or

PolyrmrsAddxtweshu odi pr opi onat e. (12) O her

58 U S by SRR 45 oo

oM R A 0 S5 e 40l
phosphite,| wﬁbmmﬂxﬂuaﬂwrweséﬂc?mf cither thepritharyfuolymewnstalgiliger or water,
may optlonalg/ zlt\f-so COI’(I%EII% Varlo%lg%orl;\?e%tlonal add_gves, such as the following:

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

(1.1) Alkylated hydroquinones, 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 thiodiphenyl ethers, such as, for example, 2,2'-thio-
bis-(6-t-butyl-4-methylphenol); 2,2'-thio-bis-(4-octylphenol); 4,4'-thio-bis-(6-t-butyl-3-
methylphenol); and 4,4'-thio-bis-(6-t-butyl-2-methylphenol);

(1.3) Benzyl compounds, such as, for example, 1,3,5-tris-(3,5-di-t-butyl-
4-hydroxybenzyl)-2,4,6-trimethylbenzene;  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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OH Triisopropanol am ne is avail able conmmercial ly under
the trademark nane of Trllsqfropanolanine 99 from Dow
Cheni cal Conpany in M dl and?Z M chigan. A blend 10 of
bis(2,4-d|cunylphenyl)pentaerythritol di phosphite and
triisopropanolamne is commercially avail abl e under
the trademark name of Dover phos S9228T from Dover

hydro&hiesizgBlisoCpamaig; i n Dover, Onio. 1,3,5-tris(4-t-butyl-3-hydroxy-2,6-
Ceneral ly, triisopropanol am ne, when present, is in an

dlmethyﬂbamyl)lmanmtﬁ,ab@getaeeew Wi gbuty&als@cﬁr@hyhméylrﬂmphonate

calc1u§{](§{a e?ip &%&iﬁxyﬂ)% SH@E &ug)geé}]ﬁ"y hou $ﬁolsphonate and5 1,3,5-tris-

1 {vERARKHPAR H{{\)%;B@n JRGakli ent |n an anmount within
35Hdg rang%1 of 9about Oﬁ%s /gby rﬁ%l ght to about 3 % by

wei ght (bds edcytantinepmmeds, ofuchhas, pfiry exafiple, delmplvoxyriauric acid
. W t ho addi ti.ves, et .appt her aspect of _t
anilidg SO ERiS é‘ﬁld eRiiE, Br‘gg‘érﬂﬂ remeReAnien- feil “pPeykfchydroxy-

s SLAPAL LD, 2 RG2St e 2

conmpongng) WEsteetof2 B-@debiitlyl-dshydfysi-8-ahétiyl-phiyl)propionic  acid
present, the anount of triisopr opanol amine in the
with c@ﬁp@@rc{n%nm s Pplyhadrignfdcadtolabseh 0,335 @7 kexaneplgpomethanol;

diethy}ipeoftd 3325808k "FidEadndals  1efhe RIS pantagrythritol;

neopeﬁ&ylg@c&an k?ﬁs-%%rdi@vﬁﬂﬁrﬁ' UGy afirate h)’cﬁfdéli(étﬁﬁenegl col; N,N-
nmpound. Cenerally, the hydrotal cite conponent 2 i's

bls(hyldy@r}@ﬂed)mkic acxdtchamgieaam st-hy drosyethyLonabigractd dinmidade
and a gne | t or exanpl e, magnesi um
sul f at W%ﬁl&oa‘?ﬁﬁ a&%@gh‘a%%%b %8 hydrotalcite

conpon c H%‘?{EH&% %Zg | 1 "

synt he I) p?géﬁ@?' t1 ?% 016 l[f%f Sﬁ)&pﬁ el r?:g(amp ¢, the 5

methyﬂ)Qs‘S,éSdl t-hetyi;{ rivttbutyd;, SHEGA, Ze%bréﬁémlbut&l@- Suhlto&bBb 5'-di-t-
rotalcite copponents can be 26 selected from

butyl-g rSOQJHOIe,Oo%’str@Whé “Bethyle . rAtolroly>tbeso fsoqogméeﬁ Gi-t-amyl-
' 5 22A1 3. 4H20, and

and 3 %ﬁ’%ﬁé& %é@%@yi er abl'y, twgéﬁ]%r ot al( 3_2 ecorrpongﬂt
i's W@ﬁ%ﬁmﬁaﬂ-b@rﬁo?héh&%s WhGR, foF exaipld, ¢hed-hydroxy-, 4-

avail abl e under the trademark 5 nanes of DHI-4A and

methoRKT - #toxlyat 4-deeoxky dhdodisainxyal 4ibeaegloky-, ChXhtsthydioxy-, and
. Osaha,,, Ja Iy, when present, the anpbunt of
2"-hy dﬁ’?@' 4 a@%ﬁ%ﬁhé‘g a{h %‘ne conposition is in a range of

about ("2 o E%l‘sgof SutRBaKEd 59@ dﬁ@ﬁﬁﬁlt@@a%n%lct N8dTBYSh as, for

of the neat polyolefin. The hydrotalcite component can
exampé,sghenpcsalicy]atey -z butyl-phemylrsahcylatds oxiylighenyl salicylate; dibenzoyl-

resorcinol; bis-(4-t-butylbenzoyl)-resorcinol; benzoylresorcinol; 2,4-di-t-butyl-phenyl-
3,5-di-t-butyl-4-hydroxybenzoate; and hexadecyl-3,5-di-t-butyl-4-hydroxybenzoate;

(2.4) Acrylates, such as, for example, a-cyano-p,B-diphenylacrylic acid
ethyl ester or isooctyl ester; a-carbomethoxy-cinnamic acid methyl ester; o-cyano-f-
methyl-p-methoxy-cinnamic acid methyl ester or butyl ester; a-carbomethoxy-p-
methoxy-cinnamic acid methyl ester; and N-(B-carbomethoxy-B-cyano-vinyl)-2-methyl-
indoline.

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

thio-bis-[4-(1,1,3,3-tetramethylbutyl)-phenol], such as the 1:1 or 1:2 complex, optionally
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10 conpound. For exanple, a zinc-alum num hydroxide is
commercially avail abl e under_the trademark name of
ZHT-4D from Kyowa Cheni cal 3hdust ry Conpany in Osaha,
Japan. CGenerally, the hydrotalcite
conmponent is present in an anmount |ess than about 500
ng/ kg based on the mass of the polyol efin conponent
with widifioHsl ddahds ¥ech adsnnauefiiinespiRbiyanblahtige IdTVBD&y'dDdShexyl di-
t he hydrotal cite conmponent is present in an anpu
ethanqlamine mclqehedﬂmﬁjgledlﬂfw%bma@, 2alck91/ kepltso odb dbhy@o@y-?’ 5-di-t-

butyll%%ﬂﬁl%}} g c? z?nc\}é gleon?% Syl %%telf;fg g? %’rlstglfg I&{x]etgglnt%ﬁg? or butyl ester,
nickePEGHESIBkes YRR LiRIes shbl af' ¥ Qﬁﬁy@'r&)bf-@ rﬁ&ﬂglolg@ﬁtyl 'uﬁdecyl ketoxime,

present in an amount within a range of
and ﬁitkﬁl ngépleles edf or -pheaylddsurofl- ﬁmydmﬂyypylamln optlonally with
onent wi t hout additives. These hydrotalcite

additigy ranges eff| ciently extend the life of the
bi 3(2 )20 SRERHTY! RiiABk) Bﬁﬁﬁ&efé(fcﬁfb%%ﬂ TxhRBle bis-(2,2,6,6-
pol yol ef'i’n conpos

tetranreﬂ{ylmeﬁﬂﬁl@-sblﬁadateendﬁﬁ(mQt6 6Jpen@ﬁieyhylp1fplendyl) sebacate n-butyl-

nposi tion. For exa antifo agent
3,5- dlérhutm -trheyEroxy besh t w: @&J@m% gbi 3&% 6 6ﬂpeevﬁft:_methylplperldyl)f-:ster

condehgaftg)r di)?&dzlgg o% en}?}%rg)%feegﬁaﬁl 05 82@%@3@%@1ﬂ lm&%@ &)f’pendlne and

succinié!PPhEIFS antsndenbatidieat pidadt | i gler sN I‘?Uqgti"@ 6- tetramethylplpendyl)
i nfornation on these conpounds can be found

hexanmtlsfdemdihméng candndyledsplatiing- 21@9@hlq5adeis51s4131a198, tris-(2,2,6,6-

teramigdhsfGpEr ) ARG Fed BT 2:26 %fﬁ%ﬂ?@ﬁ?}qﬁc‘ﬁpwffb 1235-

butané Eétl%'&%'&nf&f t ﬁ&dr ecypl (H@f,thﬁn&f V\flz § SEETth%Yrﬁ‘éhylplperazmone)
mprising bl endi ng nponents

Such pnhyeﬂ @ddlide :&@bl)oadyldmmss denivedi fyb\mahinderddy apimmssp h;utlae as di-(1-

al kyl hosph
hydrogs 3,46 oHERENATRIA DR sy DREBACRS, el DO -ttty -4

ethe same or dif f
benzogéggpgxgﬁeﬁn or straight- challnﬁefoi{r gg’ %i’ én’gﬁé@mﬁg hgfhgﬁs di-eButyl-4-
hydro@ydrbéinn@heyteky piuridihd; phed iN-(1-dydrokyxBd, %—t@fmﬁdth‘ylplpendm-

aromatic, 5and/or cycloaliphatic organic radicals
4-yl)-trgapralpcianom about 1 to about 20 carbon atoms per

radi Ca&Z 7) Oxalic acid diamides, such as, for example, 4,4'-di-octyloxy-

oxanilide; 2,2'-di-octyloxy-5,5-di-t-butyl-oxanilide; 2,2'-di-dodecyloxy-5,5'-di-t-butyl-
oxanilide, 2-ethoxy-2'-ethyl-oxanilide; N,N'-bis(3-dimethylaminopropyl)-oxalamide; 2-
ethoxy-5-t-butyl-2'-ethoxyanilide and its mixture with 2-ethoxy-2'-ethyl-5,4'-di-t-
butyloxanilide and mixtures of o-methoxy and p-methoxy as well as of o-ethoxy and p-
ethoxy disubstituted oxanilides.

(3)  Metal deactivators, such as, for example, N,N'-diphenyloxalic acid
diamide; N-salicylal-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)  Phosphites and phosphonites, such as, for example, triphenyl
phosphite; diphenylalkyl phosphites; phenyldialkyl phosphites; tris(nonyl-phenyl)
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c) at least one hydrolytically stable phosphite
conprising a triaryl phosphite having a formula: -3
10wherein Rl, R2, R3, R4, a#ftl R5, are selected from
hydr ogen or straight-chai ned or branched, cyclic or
acyclic, aromatic or aliphatic, and m xed aliphatic,
aromati c, and/or cycloaliphatic organic radicals

phosﬂhﬁg* nﬂ?I&ﬁ@m qhws hife; : Otr@blfa:dbcﬁo plassphite;at allrst‘ea@er pentaerythritol
radl C ; Ionally, Il mar
diphosphitss; Itris(@s4- dlisbl)tabpﬁ@né)phpsplatﬁ, ISGd im@n@érythntol dlphOSPhlte

o S RSBl By A, o

ka2 heasiy 4,8Chiphbh B agd the at |east
fetra gge hydrél@%;/1 ically s%igbbeylgﬁ%g%mb%%h%\?\nth t he

pol yol &) n Petoxddee sscavbmgerqV esucholagpl édri nexadpl@r oghtared of -
wi t hout vvater or a second phoss)hlte In one aspect of
thiodiprapigiiesedid ifay eemarrm%e the 1Ay oISWTYé’aImW%Y]amremdecyl esters,

merca%ﬂ.} h4 di ﬁ?zoff%pr °% % 21ig?t éal[]fa p(%o ?@?C%Bt%gf:%zgm?@aq%wu%w -dibutyl-
dlthlo%ﬁﬁlaf‘éu b Gfoc(eﬁ%cﬁ}h suffide, V abeftasiyBaitel-tetaR( ﬁidﬁd&@l#nercapto)

a conp05|t| on Tornmed by conmbi ning |i ke anounts of
pl‘OplQIia& pol on efin, the high activity phosphate, a

hi nd
ot b | [0y EoBamd cublilioerse 8 Be (0 @REPS Sopfer salts in
comb A5 Wﬁh‘l%ld@g aﬁéD’S éipﬁ@ﬁfs & oﬂh&?aﬁ&ﬁlﬁé‘&fﬂwalen’c manganese.

osphite, the at one ro ytically stabl
phosph(’/t)e aBds1theco<stajodﬁmfrs n. such as, for Fexdrhglepormelamine,

when the at | east one high activity phosphite and th X
polyvigylnyaraiidogge W@Félamlfi%agm«u)@t awélrﬁﬁo SRR t éerawa@vs%dgudrazme

derlvattleF y%%uﬁ ?8%\/(’1‘191%5%8@%?%@&#%1 ?r gf;}é@ssaﬁg and EAE&IHB&( 8hth metal

salts Whi%h@f att atid dfopasafiple Aglclahl sﬁﬁﬂaﬁeﬂ bhfiufn stearate, magnesium
di scl osure, "recycled polyol efins" or "reworked

steararmlspduemrnsnolaat@, potageiuat pakmirsig: aptimenpaproeasoehnlatg and zine
lﬁqﬁ etized after having been previously processed
pyroc%tf;c Pt ng, extrusion or other applications. "Regrind

passes(g f)' s NatleRffl 3pehfie sOMMR! 18 ckhMBR, & butyl-benzoic acid,
pol yol &fin is ground into pieces to be reused in new
adipicagepd, iand tdeplmenylddetic asidr engt h

(9)  Fillers and reinforcing agents, such as, for example, calcium
carbonate, silicates, glass fibers, asbestos, talc, kaolin, mica, 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-dibenzylaminoxy]propanoate; 1,6-
hexamethylene-bis[3-(N,N-dibenzylaminoxy)propionate];  methyl-[2-(methyl)-3-(N,N-
dibenzylaminoxy)propionate];  octadecyl-3-[N,N-dibenzyl-aminoxy]propanoic  acid;
tetrakis[N,N-dibenzylaminoxy)ethyl carbonyl oxymethyl]methane; octadecyl-3-[N,N-
diethylaminoxy]propanoate; 3-[N,N-dibenzylaminoxypropanoic acid potassium salt; and
1,6-hexamethylene-bis[3-(N-allyl-N-dodecyl aminoxy)propionate].

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

emulsifiers, pigments, optical brighteners, flame-proofing agents, antistatic agents,
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10 is a nmeasure of the strength of the plastic while

in the nolten state. Further discussion of the regrind

procedure is provided in th exanpl es bel ow.

Any of the additives herein discussed, excluding

wat er, can be conbined wth the pol on efins according

to any method known in the art and at any time after
blowih®' Magéms Ohnd he tespRi@btsn isGcRr odsict HlAupItBiAFHBpionate  or

of prror to, during, or after 15 fabrication into
dlsteaa_srlthlodlpmplcﬁ)eeerpl ary met hods of conbi ning the phosphite

addi ti Wi fin, .includ but e not. ..

i e, s HERY Pugh 2o S Agpzagheepholidines, may

YAy sphite addltlves can be

addltl%@”éﬁ%&%ﬂﬁgﬁ%ﬁ :i')‘?es% pt hen conbi ned with the

pol yol €f3)n, Aarinohganphbagehatleevaid diake mmalnpltaﬁccamihbnekﬂiphatic

individually with the polyol efin, Phos e addit
ammeéﬁnqlhd%@@ba@dm dingifadros SopreRanela mw&émz&h Wg%ﬂ Ee ?Wnula

solid form 20 solutiogn, amu a slurry. Further, the

pol yol efin can be inIany florm such as, for exarrpl e,

fluff, powder, glﬂé?n_IT_t" L pelfet, solution, slurry,

and/ or enul si on. CH, ¢y, Water can be conbined

with a pol yol efin prjcerctesn; during, and/or after

fabrication of the polybl efininto articles. Water can

be added by any method ®hown in the art including
Tmso}ﬁﬂkﬁhoﬁtﬁﬁﬁé’ & gsiALRBld Nt@fikefialby Sufde. the endemsfechame of

the present 25 invention, water at anbient
Tmsopmmaolanun@ 99 Srom lﬁ@u Gheanaalrﬁmph@' iy MidlendoMigligan. A blend

R TR ST e
comm%ﬁﬁé‘ll’y SvSilAR uhbes ﬁlé@ﬁ&@ﬁ’&kpﬁ&ﬂb tofUDb{/&RHbé’VS%-‘ZST from Dover

dithon to be obtained er aspect of
ChemtdaéQonqmamanvelmOlnm pr ovi des a conposition formed by
combi ni_ng cqnponents co

pol yol Seperally) Gusyops ” > S%}eyn@;%gergf iy Hp an amc?L?nt %ess than
about 39085 wed Iﬁfﬂa ec{] 'tl{égmgérsod?t 9 SHent YihdhPMYitives. In
20N ' p 5

e or copo east

anothéH efsEéétQiﬁthé‘@ft!@cﬂt-@b@ftidﬁ?: trh@oprﬁgarﬁﬂmutnehﬁjb balpessentlih an amount
carbon at ons per_ nol ecul

withiraibeirenge ofahezb 2S5 Acb)wﬂg%lt Fy2lont 3 ol by nghéllbﬁfr%‘éﬁhtménass of
the pégg?fwg %mgg&g“ W?&PB gﬂdléwgémeiﬁe 'I__\y%t Raébot %s%ggt JO%A't%e present

mvent'i%ri( QHisbBRipaRbRkiife W@@éﬂtqn%%ﬁb@ntr\ﬁx@hlﬁad fanl @\Uf g5 % by
fromabout 1 to abouf 20 carbon atons per radica c)

weight thy2r%| by i weilghty basaablos {hicosyabs tof thenpelysiefig eomponent without
triar hogphi te hayin ornul a, 5where . .

aditiygps” JHBRIE rVEFL BiEPEKy| BRoSHINLES O driparauaRamige in the

comp 1t181'i]gs féz% nge HFaB6LEE | caF rn?%?kgttB %b?ﬂtt I(?d‘@i ks tié)o{ed on the mass of

ranc nlc ra ing froma 0
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 salt, such as,
for example, magnesium sulfate or magnesium phosphate. The hydrotalcite component
can be obtained as a natural product or synthetic product. The natural product is held to

possess the structure, MggA1,(OH),4CO;+4H,0. Suitable hydrotalcite components can be
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about 20 carbon atons per radical, the high activity
phosphite and the 20 hydrohgéicglly st abl e phosphite
being present in a total p phite anobunt within a
range of about 50 ny/kg to about 20,000 ny/ kg based on
the mass of the neat polyol efin; d) optionally,
anot her aryl al kyl di phosphite of fornmula (1), wherein

] » m RotheR7, apendikfhg N dfhe Al GHy/s0.54H
5¢ ectélgi@phosphi tteear egrﬁg%r ogens%gngI R1, RBMQ% Eg(r%{)xgo Jé&ySls 0 0,

Mg4_5Aﬂ2§Q§B%3€ﬁ3éd_5H§(a,¥n str aibgMgC&héMg(g)fb)ﬂM(&}ﬂheﬂ{zQ,gani ¢ and
r S vin t 1t t,2 b .
oo 0 TR, 1 ol B
Mgc%%g(%%%% h g(r)]ﬁhr;gﬁ _ WhicRBHEmARr&EN lgviill%b]?@ﬁl%e&ﬁ)@gademark

ss of the neat polyolefin;

nameS @t DHTa4 A yandVIIET-4Vh) both affomnKyowat Chehmat [6d@&Bryntfokpany in
based on _t he nass of the nea% pol yol ef i.n; ) .
Osahaplapanal iTypicallyi nehepe aressitndhe napuRtngfidhe vacid ssavenger in the

comp{)ﬁggrﬁ}&ésj Isn %?é)r%tgeofigaggg{ E%P;Igg%%ﬁgtabgggg& H%/l%g b??eﬂﬁ(?x 8 mass of
the ndPpbBdflny, triisopropanol anmine in an amount within a

range of about 0.25 10 ng/kg to about 100 ny/ kg based i
on t he Thadydutalcite cormpongns Cgw Rispiincludnany zmc-alur;unum hydroxide

cons 5 gl 2R RS b e P S el por o
trader%lm p%foiH"Fnﬁ) RSH K@@W@}féfrﬁilf!al Industry Compa ifPOsaha, Japan.

riary osphites are’relatively hydrolytically .
r esi st Gehemtipp trechydrotadeitd edkponetit ghgeesent és anl@nount less than

t h t of th '
aboutMg%g ,pa,pqlgﬁ:mgsspgfetigg}o I(g%ﬁ?gt&bg;%pﬂgntpv%ﬁﬁgust%ddgives. In

s B4 gHATE A R Sl gl an o witin
the ralde oRab&® 1.25 .mE&gRY,abandSHLthgky based tie tikamasoof the polyolefin
component without additives. Yet, in another aspect of the present invention, the
hydrotalcite component is present in an amount within a range of 2.5 mg/kg to 37.5
mg/kg based on the mass of the polyolefin component without additives. These
hydrotalcite component ranges efficiently extend the life of the bis(2,4-
dicumylphenyl)pentaerythritol in the polyolefin composition.
Other components can be also be blended with the polyolefin composition.
For example, antifogging agents, antimicrobial agents, coupling agents, flame retardants,
forming agents, fragrances, lubricants, mold release agents, organic peroxides, smoke
suppressants, 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 comprising blending the following components:
a) a polyolefin;
b) at least one high activity phosphite comprising an arylalkyl diphosphite

having a formula,
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different and are selected from hydrogen or straight
chai ned or branched, cyclic_or acyclic, aromatic or

al i phatic, and m xed mi;ﬂuﬁzc, aromatic, or

cycl oal i phati c 250rgani ¢ radi cal s having from about 1
to about 20 carbon atons per radical; c)a

hydrol ytically stable phosphite conprising a

triaryl phosphi te having a fornula, 31 RewheRein R

R2, R3, R4, /and R5 are_§ l'ect ed from hydrogen or
strai ght i ned or/%ra %‘ng 2 cxclic or lic,
ar orpt+C i gc, and m xedrat-0phéd ar-oksat i(D,
or 5cycl phati c 5g_qrc1hc¥gd_ioc/al s hav f r om about

1 to abolit 20 carbon atons per radical; d)

optionalg,y, mnother aryl al kyl di phosphigge or, fornul a

(1), wherein R, R2, 1(3, R4, 1(5, R6, 1(7. RS, §9

and Ri Wheegin e, Ree RsaRe: Bs, it RerBntRamdRe s be i) same or

fromh ogen or _strai aj n . '

O RS B UL LR a8, PR b Branche

al i phatydlic 8f QRREIC; . arBRMier orC ¥ipiadicl RPAAT nfxedr giphatic, aromatic,

radi cal's having fromabout 1 to about 20 carbon atons

per radid/at cyolopkiphidtic oiganisr mdicaly bavingefroingabatt} o tapout 20

phosphite; e ptionally, a hindered phenol; and

Oopt i oﬁaargpﬂ%?t%%?’);ragif@pti onal |y, hindered ani ne;

120) ophi AR be hpdroltidaN!dtsbl@PhBsphiR Eebrhp@8his @darylphosphit

agﬁaci gﬂ %@avenege?&&yt 'stdb élriglSltig}? Ilt,%ni n 1?ﬂnot%g‘r alrylp OSPte
havingadommslaof the present invention, nelt stability of a

pol yol efin conposition is inproved the upon recycl e of

a polyolefin by bl endi ng R

R3 o1+—P

R
| Ry s 4

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,

d) optionally, a primary polymer stabilizer;

e) optionally, an acid scavenger;

1) optionally, an organic base, 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 phosphite. In one aspect of the present invention, 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

phosphate, a hindered phenol, and water. In addition, polyolefin stability is improved by
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a)a polyolefin; 20b)a high activity phosphite
conprising an aryl al kyl di phosphite having a fornul a,
32 wherein R, R2, R3, 124,2%5 'R6, R7, R3, R9, and
R10 can be the sane or different and are selected from
t he group consisting of hydrogen and strai ght-chai ned
or branched, cyclic or acyclic, aromatic or aliphatic,

the u@ndf fﬁdﬁﬁnﬁhhﬁ&ﬂbﬁhe at ot bfie hagtdactivigyphasphitohtei 4t least one
rgani ¢ radicals having fromabout 1 to about 20

hydrObémHyi sedleophosphite arauth@amolyqiyﬁn hydrol ytically stable

P gffrgrg{lrethcorg%r ' Igtﬁae at'l gsrtyoln% rh?gc'i? actgveltyhp Vésgﬁlte and the at least

one hydrolytically stable phosphite are added to the polyolefin, recycled polyolefins or
reworked polyolefins have improved melt strength through multiple regrind passes. As
defined in this disclosure, “recycled polyolefins” or “reworked polyolefins” are
polyolefins that have been reground or pelletized after having been previously processed
by molding, extrusion or other applications. “Regrind passes” is defined as the number of
times the polyolefin is ground into pieces to be reused in new applications. Melt strength
is a measure of the strength of the plastic while in the molten state. Further discussion of
the regrind procedure is provided in the examples below.

Any of the additives herein discussed, excluding water, can be combined
with the polyolefins according to any method known in the art and at any time after
formation of the polyolefin in production processes, or prior to, during, or after
fabrication into articles. Exemplary methods of combining the phosphite additives with
the polyolefin, include, but are not limited to, mixing, pelletizing, extruding, and mixtures
thereof. The phosphite additives can be preblended together and then combined with the
polyolefin, or the phosphite additives can be combined individually with the polyolefin.
Phosphite additives of in accordance with 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 with a polyolefin prior to, during, and/or after
fabrication of the polyolefin into articles. Water can be added by any method known in
the art including water spray or steam injection systems. In one aspect of the present
invention, water at ambient temperature 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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-opti onal

R3 - 3 wherein R, R2, R3, Rit, and R5 are selected
from hydrogen or straight-chained or 10 branched,
cyclic or acyclic, ar omat i c2%r al i phatic, and m xed
al i phatic, aromatic, or cycloaliphatic organic

radi cal s having fromabout 1 to about 20 carbon atons
per radical; d) optionally, another aryl al kyl

di phospghi teao% ollyelefinl gelédtrd fabiar ﬁbmoﬁolymeré‘%f &% nldnb-l-olefin
R5, 1161 R7 and R10 can be the sane or

havingliffcne abput 2 el ab@let Kerarbor atame pehipelasylmorogopolymers of at least 2

ittt gt ot PR ge A o 1Y Catpon RGP mBecule,

ar onat 0 | Hdzphfi ri Sr{@idyPddiphosphit
from aggut ? ?bog%a%g%*tn@}ggé cdgybéﬂagatngprrsﬁgge?ﬁr aé?l?aym 'PHOSPHILE

havinghiferinulas di fferent fromthe high activity phosphite;

e) optionally, a hindered anmine in an amount within a
range of about 50 ny/ kg to about 5,000 ng/ kg based on
the mas$2of fhe neat pol on efin;

opt i onal triisoprepasg agine in an a
range o t O. 25/20 mo¥ Kg to\about

to he \Qeat ﬁl\i/ol ef/ n:°6p
h) eptcenatiy-o wat er;

within a
/k19 based

Y,

hindere-
y, \an aci d scavenger.
Further Bin ®ccordance with the presentfit nv8ntion, a
process to inprove the 25 Phillips Col or Nunber or
whi t eness index of a polyolefin conprises blending:

3®herein Ry, Ry, R5, RY, By, podl Ro) erfei hydrogen and R;, R, By, andRghre mixed

hi h t | al
act A 1ﬁ¥ﬁnldeap orgg'@:nﬁg)rggqr{g {rlﬁ%pgl% havmg }(ro% la‘t():cyut 1 to about 20 carbon
atoms per radical;
) a hydrolytically stable phosphite comprising a triarylphosphite having a

formula,

R; o+—P

R
L R4 s,

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 radical, the high activity phosphite and the
hydrolytically stable phosphite being 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 arylalkyl diphosphite of formula (I), wherein R;, Ry,

Rs, Ry, R, and Ry, in the another arylalkyl diphosphite are hydrogen and R, R;, R¢, and
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wherein R, R2, R3, R4, R5, R6, R7, R8, R9, and R10
can be the sane or different and are selected from
hydr ogen or strai ght-chai net or “branched, cyclic or
acyclic, aromatic or aliphatic, and m xed aliphatic,
aromatic, or cycloaliphatic organic 10radi cal s having
fromabout 1 to about 20 carbon atons per radical;

R; aréCdel éctdty Hol stidigal dhviredad:| eanuhed pgdric ehld Bavigg from about 1 to
triaryl phosphite having a fornmula, 15 wherein

about 20 caron FRams Rer rasiehlR5 are sel ected from hydr ogen or

=Pt PRI e RHof i A ey PRI 2, g sof about 50

mg/kdlo £bbat 9604 Based %ﬁﬁh&nfa@éjbﬁﬁi'e%eﬁtaﬁdw&eﬁhom about 1
o about 20 on atons per radical d)

ofiti on apthqnal]arn mat&mn anydnduat Iupchorﬂ’wsp HO@@ nmgkgd based| en the mass
(I),mé\ﬁ,her in Rl, R2, 20 R3, R4, R5, R6, 127, R8, RO,
of thezy¢at polyole H§ be the sane or different and are sel ected

ggpm hxﬁﬁ&%&f %rh eI, rfehﬂ'lat fi darﬁéung@{iﬁﬂleg rafi$élofGbout 50

acyc C or a

mg/kgdol 4bdat 5000 aﬁgl:rgibasbd & th@)tﬁziss alf ithpdadait @obyodefin; and

radi cal s having from about 1 to about 20, carbon ataons
pB} r a@ptéenally léwrpﬁalm ek At pAvRhwithingh range; afiabput 0.25

me/ke TRt 40 e S gu 88 rials of RGP RS BRIt 5 000
/ kg Bﬁt%&&hll?n ah fh‘%ld‘@éai/eﬁéeﬂ fheam aatouRP witligfal fange of about 1.25

Ooptional Iy, "triisopr oganol amne in an amount within a
mg/kg mrapeubF0Gbplikg Based onyg. kgnatssaoﬁﬁmuteatlmiya@fMg based on

therrasofth nea ol yol fln onal | a
hi nder amﬁﬁglﬁaf hggi én%g l)wg\y@l;ol éqaily%/f)esmtant compared to

arylalf?ﬁ ﬁﬁ@p s.an acid scavenger Even further, in
er aspect of the present invention, an article of

In another aspect of the present invention, a process comprises blending:
a) a polyolefin;
b) a high activity phosphite comprising an arylalkyl diphosphite having a

O—CH2 CH2-—O
o—-CH2 CHZ-—-O

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

formula,

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;

) a hydrolytically stable phosphite comprising a triarylphosphite having a

formula,
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manufacture is prepared froma pol yner produced by a
process conprising blending; 10a)a polyolefin; b)a

hi gh activity phosphite combrising an aryl al kyl

di phosphite having a fornmul a, 15 wherein R, R2,

R3, RS, R5, R6, R7, Ft8, R9, and R10 can be the sane
or different and are selected from hydrogen or

strai ght-chai ned o~ branched, gyctjc or acyclic,
aromatic or aliphatlic, aRd m xéd a]iphatic, aromatic,
or cycloaliphatic organic)radi cal s| having from about 1

to about 20 carbon|at 8—§|—i’ 20c) a

hydrol ytical ly st abl S e conprising a
triaryl phosphite havi ng a mul a, 35 wherein RI,
R2, R3, R4, and lelare sg 8d frpm hydrogen or

strai ght -chai ned or br aﬁ{éhed Réycl_ £ or acyclic,
aromatic or aliphatic, and mxed aliphatic, aromatic,
g/ﬂé in RYCRY ﬁﬂatdh& l@srﬁé‘@b&cfe@q’r&rﬁllﬁfdh?gén"& JtFa@8Rt chained or
ut 1 to about 20 carbon at ons per radical
Stiaaphéd rgtliy or acgdmpacbmatyd at klyphatic,pindsphxied @hp]ﬁauc aromatic, or

forrrula(l) wherein R 1 R4, R5, R6,. R7
Royclolighaticnorgamic radicals Hing PmaRtovblcio: At 29 Gibon atoms per
S I .ed from hydrogen or straight-chained or

branchied, cyclic or acyclic, aromatic or aliphatic,

agd m éﬁ@br@ﬂlypﬁlﬂithén arﬂdlll(mtdlﬁhosphlt@ 732 fdiﬁiuld)(lal,twherem Ry, Ry, Ry,
dggm c radicals having fromabout 1 to about
Ry, RoRhdydiv, &soe, pad Radiasml be vihe samesondiffeerinand raEﬁnS@lﬁéted from

v e SRR R i O B, AR B, an
m1xeda£7lﬂiﬂat15 AOthatB! ked/BResd oMipHaAR d??&ﬁc @4ditfe Haelg from about 1 to

pol'yol efi n; opti onal
about fZO |caﬂmprabqnan pblamdmal iwhiah mdmﬁfﬁnnt \ﬂomm the Ligh aetgeityphosphite;
out ut 1 ng/ kg based on the mass
of) 1 heOPf‘é‘E’can’ 381‘181“? henol; nd
) optionally, water;

g) optionally, hindered amine;
h) optionally, an aliphatic amine; and
1) 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 phosphite comprising an arylalkyl diphosphite

having a formula,
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e)optionally, a hindered phenol; 1500ptionally, water;

and i)optionally, an acid scavenger. The
article of manufacture can % produced by any neans

known in the art, such as, but not l[imted to,

extrusi on, blow nolding, injection nolding, and
thernmof orm ng. Further information on processing the
pPoeRlie RN RONROSRYE, IR RNRY, Ry 2R, AWK, 3 a1 thesarhe or different
found in NDDERN PLASTI CS’ ENCYCLOPEDI A, 1992, pages

220d 268 selapted Hrom the @seyw carsisting pf hyidipgen emér %m&ht- ghgined or

h f th
oPeinifes SRRF sy it eRamane o aDBFelise ARy afiay o1k garomatic,
pﬁﬁcﬁ’gf‘tc bl@&ﬁﬁﬁdti‘%no é@ﬂﬁofa@idﬁgé YavihB St abREA t @Bout 20 carbon
a) at east one a

ctivity phosphite conprising an
aammslpeflracﬂczpihosphlte 25 havi ng a formula, OCH2 CH2-0

0O PN/Q/P-00 3 atlc and xed . .
af) phaﬁllbydr‘é]ﬁ’é‘%ﬁf éta h%ﬁp?’é‘ﬁ TSP, 4 E“%Ylghﬂﬂgme having a
radifgd s having from about to about 20 carbon atons

per radical; and b)at | east one hydrol ytically stable
phosphite conprising a thI arylfphoﬂohl te having a

fornul a:

R3 O1T—P

R
| R4 s,

wherein R;, Ry, R;, R4, 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 arylalkyl diphosphite of formula (I), wherein R;, R,,
R;, Ry, R5,‘R6, R;, 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 radicals having from about 1 to
about 20 carbon atoms per radical, which is different from the high activity phosphite;

€) 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 1000 mg/kg based on the mass of the neat polyolefin;

g) optionally, a hindered phenol;

h) optionally, water; and

1) optionally, an acid scavenger.

Further, in accordance with the present invention, a process to improve the

Phillips Color Number or whiteness index of a polyolefin comprises blending:
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5-3 wherein Ri R2, R3, R4, and 1(5, are

sel ected from hydrogen or straight-chained or

branched, cyclic or acycli@} aromatic or aliphatic,

and m xed aliphatic, aromatic, and/or cycloaliphatic

organi c radicals having fromabout 1 to about 20

carbon atons per radical. The at | east one high

activigy ph@ﬁ@ﬁbkﬂhgnd the at | east one hydrolytically

st abl e phosphite 10 may be mi xed w th one another and )

presenbed ag highi retivity iphosplaiteiqompaising reat iavdplkyl tdiphosphite

. at | east one high activity phosphite and the at | east

baving,g fO38Ne-01 yti cal |y stabl e phosphite may be present ed

in the kit as separate itens. For exanple, each high

activity phosphite and each hydrolytically stable

phosphi 82 ngf be presented in the kit fespeftively

separat e frpom one annth present ed i Xtures of

hi gh acyjvint phosgﬁ?té@%@%gbnf&tures

hy dRs @v )y —25sPabl e pyﬁosphi t s, 0 R béd)ng

separate~fromthe o abéXﬁgE%éS The
foll owi ng exanpl es are provided to assi gt a\ person
skilledrRin tle art with further understRandi Rg of this
i nvention. These exanples are intended to be
illustrative of the invention but are not neant to be

d I Mgt i hepr easagna 2 :

R Rond o S oRo s oot T Ra0 ool BREuGlant6r differen
exahmcasleated Sommtpidragen dredtavght-chained or branched, cyclic or acyclic,
bi s(2,.4-di cunyl phenyl ) . pent aer Ihritol,diphosqhit% ) )
(Tamakg . or) suEsic and) mixedshhatis) pyomatis, | Yoeyclgaliphatic organic

[ - 9 ' [ ' I - ademar k
R A R LN R T T et
w). % Dowgaripaddlly StabléSpirgBite @dehprisig %o thlafylgifosphite having a
ngerphgg(r)ﬂ%-9 28T i§p99gmﬁ.96tg€;ré%os(r) %?%828
formubaad 1 wt. % TIPA;, 37 B.
bi s(2,4-di-t-butyl phenyl) pentaerythritol diphosphite
(CAS No. 26741-53-7), commercially available as

U tranox(r) 626, i ch ks a r§§istered trademar k of
General Electric Cp.; 3% C.
bis(2,6-di-tert-butyl, retNyl phenyl ) pentaerythrito

di phosphite 5 ( CAS| No.

%}, comercially
avai | abl e as PEP-361

/a3 regi'stered tradenark

of Anfine Chem cal { Corpora D
bi s(2,4-di-t-butyl phenyl) pentaerythritol diphosphite,
commercially avail able & U tRanox(@r) 627A, which is a

regi stered trademark of General Electric Co.;
E. bis(2,4-di-t-butyl phenyl) pentaerythritol

di phosphi t.e, ,£0 rciaglly 1 vaid abke .as Al L)t

PBGRRER)of 16 v ] B¢ afe e (0 el S ot SR bhained or
brancHed® r@y@ﬁ‘é dePaoyclic, aromatic of -aliphatic, and mixed aliphatic, aromatic, or

tris=(2,4-di-tert-butyl phenyl) phosphite comercially

cycloatiphafineqganic radicels Pavingrfyors-abeot 1 whakdut 26 carbosgitems petiradical;
t radenmar k o{ D'ove.%ﬁzI

(Yol R gy VSR TRRGEDH o Somedidl by . R
Ro, RO 08 B Sy 4R ERa o R sale oy 8 aké SEMted from

hydrogén bettraikhischdiRédpt eranched, cyclic or acyclic, aromatic or aliphatic, and
~ (3,5-di-tert-butyl-4-hydroxy-hydroci nnamate)] ngthane,
mixedgaliphadier eEPpREh AT, CYdeHinhahsg) erganigaradigale hakingnomy gbout 1 to

, ich | regist g f T
about éfl pttiatoly L FHEH i LEHGHERY o iFHERY acfhnogphite
(3,5-di-tert-butyl-4-hydroxy-hydroci nnamate)] 20
nmet hane, a hi ndered phenol, commercially avail able as

I rganox(r) 1010, which is a registered trademark of
Ci ba Specialty Chem cal s Conpany;
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J. ZHT-4D, an acid scavenger, commercially avail able
from Kyowa Chem cal |ndustry Conpany;

K. DHT-4A and DHT-4V, acid avengers, commercially
avai |l abl e 25 from Kyowa Cheni cal Industry Conpany; and
L. UV concentrate is a LDPE carrier with a | oadi ng of
about 20 wt.% of the total concentrate of C ba

Co) gasts,@ﬁ&anM -a BIHdeRSIS A O #f ah SarhbentCRITABY 8idhge of about 50
produc of

mg/kg)tﬂ aljous 4.000 rag/B g thesadeentheynanstof pamens polyolefinazi ne- 2, 4-

h la]ng gcprbaﬁlé/ tnltsglgr%%anr?glh 1ne41nparfJ arrr1|091¥1p wmnn zl range of about 0.25

mg/kg {oatouf 160 h@ﬁ@ﬁ&%ﬁ% the BlaRE bF Eﬂéfﬂehﬂb&%ﬂeﬁn% The WV
concentrate may be present in the conpdsition of the
pg)asenbpmmm}yt adumdenediphamohunt up to about 2.5 wt. % of
e total nposi ti on 38 In the exanpl es
b ) ow, OP"ﬁ%n%?]é(b Patn#bhysi cal properties were

d ter th the respectively
di c%@@&ﬂ&hﬁﬁ% %2%2‘8% ow Rate (HLM) - ASTM
D1505 ECemdutther) ih9MatherSaspett @ that grebckd) invefiohlyl an article of
01505, Condition 190/5.0. ESCR A - ASTM D1693,
manufasae 15 rrepaveqd fomea pgbaenprofdsrd hysapropessemypragEpblending:
D1693, )Condl t %n 1%3&10% | gepal ), F50, 10 Tensile
| mpact ASTRPEC Type S bar. xidative |Induction
Tire (4 T) M hb3ghi I@ﬁg& ngerdrylalkyl diphosphite
di strlbutlo% 0 1-laagtgﬁ?/}srnepr-Baglhli@ rﬁn%?a%l&h E P
havinghdomnwlajh i s t he nunber average nol ecul ar wei ght
di stribution and Mv is the wei ght average nol ecul ar

wei ght distrjbution. Ml ecular weights Rand ol ecul ar
wei ght df stri'butions were obtained using a PL 220 SEC
O Ner
t he

hi gh tenperature chremat@grephy unit (P

Labor at 8 Wit h frl chlb/obeniene (T!' \
soI%Tt@ af"I_\Q/rate Qf abolit "4 “e’&t ey
t enper atywe( of abouto—145H2C clBHD (2, 6- di e butyl- 4-
20 net hyl phenol) at a concentration of 0.5 g/L was
used as®a stBbilizer in the TCB. An injfcti 6h vol une
of about 200 L was used with a nom nal pol ynmer

cwhemm Rat iBop ij‘, Rabh®ut R, B ¢, Ry, aidil R plcan berthosamder different
Ie| sta ized TCB was.carried ou ating at ;
arelsg cteds 9%3/&6?%@ Hotirade ochﬁm&é&.{shra@eg @éﬁlﬂgﬁg acyclic,

co U?T(IGW}S alw&é I(?gm angglv%l%g%cgap&g%gfé%e W %ﬁ?i‘a& organic

bfa@&ﬁhld havixgs frém gy ¢ tthybeutOsdasvstpatdnisier kddigs;

Mar |l ex(r) BHB 5003) for which the nol ecul ar wej ght had

beken detedmleenlly stable phosphitgromprising 9i triprylpbosphite having a
eterm ned as follows. Sanples were conpressi on nol ded

about 184 C for a total of three mnutes. The

sanples were allowed to nelt at a relatively | ow

pressure for about one mnute and then subjected to a

hi gh nol di ng 30 préssure,for about] an additional two

m nutes. The nol ded sanphes -re tlhen quenched in a

col d press at roomterrpe . om tenperature is
defined herein as ak @
di sks were stanped|out o

A Xp 25. 4 nm di anet er
ed sl abs for

r heol ogi cal characteri zat f sanples were

stabilized with 0.1 wt%

t hen vacuum dri ed fore nol di ng — 339

formu

BHT dRspersed in acetone and
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Smal | -strain oscillatory shear nmeasurenents were
performed on a Rheonetrics [nc. (now TA Instrunents)
ARES oscil | atory rheoneter ¥sing parallel-plate
geonetry. The test chanber of the rheoneter was

bl anketed in nitrogen in order to mnimze polyner
degradation. The rheoneter was preheated to the

| RHekdth R'ERPERBIRS @n@ R %ark Relesled dyom UR@Rogedn® fraight-chained or

| oadi ng and after oven thermal equilibration, the )
s peiched scywkic ©r saghieles edomatiouoe aliphatiqlaad evixed adiphatic, raypmatic,

P AR HRIoBl g R A DAVINBL BrIRL Tt 19EBFg20 carbon

sa%sepé@@%i'bﬂserted bet ween the plates and the tine
t he Trequency’ sweep was started. Strains were

gdher abptiomalyntacomd atyladkydidiphasphat of fornmmdaghowhemin R, R,,
frequenc:é 10 sweep but |arger strain \(/hgjfues wer e us
7

d
Rs, Ry oRs1 Bov i sRosReyindahpl e be thiatamerh %@rsaa}da%reéeﬁcted from
hydro%?ﬁ B stra -lch”%l estc{raﬁﬁn&?elgy gggl‘ﬁeg)g &Pi(%fé:f E‘g‘g‘%‘%‘!}% Eg aliphatic, and

scosity sanples to avol
mixed BEPBAHLS Aordatc,t 6r kpelpalipidicnotgagid ratkedls \Hasiigefroat about 1 to
limts of the sanple. The instrunment automatical]ly .
about28deareen atemsqnar aadical, whiethisfdi Hgrean &ioas therhigh aeldwisy phesphite;
keep from overl oadi,ng the.torgue transducer.
1801 s c 8803elYa e byidedd pping 120wt Wi g dange a6 Bbout 5O
mg/kd fefabok} 51000 A/RE BaGst bBeaRasdlof tikEndde hElyRIEHR:

viscosity, viscous relaxation time, and breadth
p8r anebptionallic triisypropamylamjresa. anl ymehetr withib7a range of about 0.25

it f th I ity = I f
ma/kegcabou L0Q Ridke Grs68 g8 by mass OF sclgP BT R f on ¢ e 3
:e)br eagwomgﬁgﬂﬁer&: Wer |aw parameter, fixed at
I SCO

0.71818 fies at 0. dnd 100 rad/s were obtained

f flom t bptiGeallypaateYpaudla fit 25 to the data. G
(storage nodulus) and G (Il oss nodulus) data were used
t9 det ePHONLYs Aoagid $68WHEET (G = G') nodul us and

angul a r en n y )
ool arbf pERIEREeROREhE RS hERSEThy B pfdanZnown ip the art
such @, Mt imoPagfitbds tto Wasku@eioaUChRY Uhbldidg,Ndnjebifon molding, and

foll ow ng procedure. Processing was conducted on a L
thermugomang. KB ztheb linformatidin mp peaskssieg dke pob®lefamsemposition into a

f about 42Q F wit .ne-gal r [ d.
a2 A2 Bt B F PEDSHICS! SRR BB g, b
222-298 Yghigh Wirdbfpordied heRSPHY releREGESI Ng procedure was 40

In another aspect of the present invention, a kit may be prepared employing
the above-described aspects of the present invention. Accordingly, the kit comprises:

a) at least one high activity phosphite comprising an arylalkyl diphosphite

having a formula,

Ry Ry Rg R7
O0—CH; CH;—O
/ \/ \
R3 0———P\ /c\ /P~—~0 Rg (D
O0—CH; CH,—O
Ry4 Rs Rio Ry

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

are selected from hydrogen or straight-chained or branched, cyclic or acyclic, aromatic or
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conducted for this evaluation. A die gap of
approxi mately 0.196 inch was used during the main
processi ng portion of the el uation. 1. Sanpl e virgin
pell ets and process through bl ow nol di ng machi ne. 2.
Extrude nine gallon container. 53. Sanple extruded
container (first pass wall section). 4. Chop
ahphzﬁféntaﬁd NAixeld Ndliphatiec eonatid, e/ opi gehRaliphgtic bigaaitghadicals having
bl ow- nol di ng machine to produce a nine gallon
from ghout ditn@bout 20 carben atgmsmes radiealuardl cont ai ner from

SBheai Ablea g Boam Sy STk dbselte pompring L opigRhosohite

havm%'a%ﬁﬁﬁ'lab' ow- 10 nol di ng machine to produce a nine

al I on cont ai ner. 7. Sanpl e extruded contai ner
fromstep 6 (third[pass pal | s;qct i pn). 8. Chop
container fromstep 6 into pigces and run pi eces back
t hrough bl ow nol di ng nac pduce a nine gallon
cont ai ner. 9.| |a g¢d _eont ai ner from
step 8 (forth pass |wall &8 . [1510. Chop contai ner
fromstep 8 into pijeces a i eces back through
bl ow- nol di ng machijne t prod ce al nine gallon
cont ai ner. 1. Saipl e extruted container from
step 10 flf I ec .

hg n’f / é%p Clga \z#édg aTré %f%c[ted froxal hafa}céen-[)?%ral t-chained

materlgl ¥ss. Wa

or brah@lliedl\/lcyclimbxoﬁcyciﬁ.c’ﬁroinﬁﬁa@)f aBpligiegtid niiged alighatic, aromatlc and/or
properties, etc. as indicated in the flgure 20Sanmp

cycloqéapéata'r atgepls micalshaviegfpmaabeut tocahowk op 2447 § @Pr radical.
he S GERBONEE g6 LERRARAIPUEL108: ) v BLA B o

may belreix@érwith one another antbyireseniedras lai méexturd iMéhe kit. adtbrnatively, the at
Pf 1 ei derer K-40 twin screw extru h a. gear

least qpedgh ag iy Ig&?ﬁli’li}%?eaﬂtdﬁée é&ﬁ?ﬁ?te@eflty% Qlﬁ%ca&%é(gﬁt"}b PhosBpite may be

presenjc_&?lrfjf gaur?{d%t §‘ep%15.1t§ tehoY 8y RdmpiRed B b1 6B ALPpIRIPhiNAEnd each

a stan 10-hol e voss die for the ZSK-40 extruder.
hydrolptiealtyobteblei phospletesmay de(présnedi inche kitpyssprctively ssepashtecirom one
Z€ Was 125. i nch aneter.x 0.125 inc I.enth. .
anothdly § EERTied BoRMAHED AL hieb ActivisS mBgfifngs HEL iSRS Ut puygrolytically
stable %ﬁ&gﬁu@ﬁ ch@PRALaRIg%e ga&bfetfﬁﬁ‘ﬁ tHeoth%¢! ude oxygen,
Process Rate - about 80 kg/h

EXAMPLES

The following examples are provided to assist a person skilled in the art

with further understanding of this invention. 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-dicumylphenyl) pentaerythritol diphosphite (CAS No.
154862-43-8), commercially available as Doverphos® S-9228, which is a registered
trademark of Dover Chemical Company. Doverphos® 9960C is 95 wt.% Doverphos® S-
9228T and 5 wt.% DHT-4A. Doverphos® S-9228T is 99 wt.% Doverphos® $-9228 and 1
wt. % TIPA;
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Extruder Screw Speed - about 290 rpm 41 Gear Punp
Speed - about 21 rpm Melt Di scharge Tenperature -
about 266 C Thedaddi ti ves were bl ended
into the polymer powder ("fluff') for each sanple
bei ng eval uated and then extruded to provide the
respective stabilized 5 pol yethyl ene conposition. The

st abi | Bzed piy(3,aidisttringpaaimp spéritgsrythisolt Ritphdasplitou(CAS No.

four times in accordance with the Regrind Test, i.e.
26741 ﬁ$17b,aqor@n@ncwélymvallﬁblmaémaan@x f@?ﬁr 9h W kegisigredytrademark of
regrind and extrusion as speC|f|ed above.

)
Generﬂ;* EgeiptrécaGR ’regrind pass, the nel t st rengt h of the
pol yet byl engjsyms- dl&éxtt%t}tlo PR Sf Bﬁl@iytl‘i&ﬁtol h@lphosphlte
phosphite additives. Mlt st rengt et erm ned
(CAS: rrNas B0683-Q0RE), t | crenmepzaallys (analllﬂhiggaso BEQ M, ewh®hb ésf @r eeglstered

| s off_the Longer tines indicate higher
tradena%ri(to ﬁmgﬁﬁg}‘mﬁ@gt{f‘ﬁ@or@?‘ ®hese final, multi- pgss
sanpl eg co
oD 2B OB AT b RPN el

avallabre&skUkDMnrm‘? d27A cwhichiinarrsgistéteziaradentarkl of Genetah Electnc Co.;
eval uati on was_processing the first pass regrind wt

the adbiti ohisth4-divitbuiyl rxyéhE@tﬁ@w@tebﬂ%w@h%ﬁwrcwﬂy
wvatafffly Rdeher238) i, £k 5Ll fShe nemical

Co.; 0.2 wt.% Each package was evaluated on resin

stability, processing stabilit resin color, and )
i nt er abt i ontrig-€2- dl-terabutylmeny hesphite | gaamgraiglly obtained as

| Li,cants bel that thi L]
DoverBhgRequA80. RPiatcs ArieiSred trdsmah of havet Cpediice! Gompany:
exposuge anﬁhs?fwdlgeﬁ%ttyli)ﬁ’én}ll%ﬁﬁogﬁhw5orﬁfne}<ﬁ§lly ayailable as

present invention. 20Color evaluation was conducted
Irgafok® i 68 hehish iph egigérediimdenafect Clha Syteataltyi Gleaanicals Company;

\a,glrge;?%: ;2&5& e Slt o %230 %ﬂ?el Theg}y%ngcmnamate)]
methaﬂgr€ﬂﬁftl%gecf % ctiol, d&qﬁ f%?aﬁf&%% feﬁrlgso%.ﬁgg@ &0 \xﬁl;‘lfch 5y Tegistered

s1's” pr

tradenvakwﬁr%@tm&a@h:h@ﬁﬂ@dle:odrjmmr "a" val ue indicates
coI or variation between red and green. Negative Hunter

a val-ues tqtr@k@at[@eﬁaflgxeeé%ﬁébstertﬂnéylt4~h§dmﬁtléﬁdmcannamate)]

i.ndi.cat e r,edness.

methally 87 Ripdpied: Pt rnparersrle. sebls FEvrEsga, Ol Swhich is o
reglstéf’b!@iﬁﬂembrk ot ebxﬁﬁ?@feﬁn@ilb’%ﬁﬁﬁnyfms' tive Hunter

" val ues indicate yell owness. Hunter "L" val ue
i nd| cal.es cBHIr4Darhacidscdenger commereialiydavaiilable. from Kyowa

Ne fnt jve nter "L" val ues indicate bl ackness;

Chem}:?ég "(‘i RYY | " val ues indi cate whiteness.
30Hunt r " \Y; e o] ;
PP BL ooPHT s THIY) bRl gh it

from I#yéWb.Oh@nﬁk?a‘Bthdust@ Cafipany; @nd§374b) A hi gher PE# is an
i ndi cator of whiter polyethyl ene o
corrposLt i onSVi eneentrateds sl DRMcaigp with; aqloaﬁ@g@&abaw Fywt.%

of the g@&ﬁ{/?oegﬁ%nw f:ﬁ)f ?‘%}e(ﬁ‘ gﬁés%é#hr%lf 5@9%%535@@49;13 X A Em 8k

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]].
The UV concentrate may be present in the composition of the present invention in an

amount up to about 2.5 wt.% of the total composition.
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measured by ASTM D1505. The wei ght percents (w.%

val ues of the various additjves_ are percent by weight
of the total weight of the %%rrpositi on. When TIPA is
present, the anmount present within the conposition is
in accordance with the detailed discussion above.
EXAMPLES 1-6 10 The foll ow ng conpositions were

pr epar ¢4l g exensies dkRel, abie dsikoringgthysical propeffies viNtatletermined
) Addi ti veAnmount in_Conposition (rwt.% 1 Irganox
in accpodayge with thegespeptively Sndigatgd ASTM standards:

Flow Rate (HLMI) - ASTM D1505, Condition 190/21.6.

Flow Rate (I5) - ASTM D1505, Condition 190/5.0.

ESCR A - ASTM D1693, Condition A (100% Igepal), F50.
ESCR B 10% - ASTM D1693, Condition B (10% Igepal), F50.
Tensile Impact - ASTM D1822, Type S bar.

Oxidative Induction Time (OIT) - ASTM D3895.

The molecular weight distribution of a polymer, HI, is defined as Mw/Mn,
wherein Mn is the number average molecular weight distribution and Mw is the weight
average molecular weight distribution. Molecular weights and molecular weight
distributions were obtained using a PL 220 SEC high temperature chromatography unit
(Polymer Laboratories) with trichlorobenzene (TCB) as the solvent, with a flow rate of
about 1 mL/minute at a temperature of about 145° C. BHT (2,6-di-tert-butyl-4-
methylphenol) at a concentration of 0.5 g/l was used as a stabilizer in the TCB. An
injection volume of about 200 L was used with a nominal polymer concentration of about
1.5 mg/mL. Dissolution of the sample 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 three 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
characterization. Fluff samples were stabilized with 0.1 wt% BHT dispersed in acetone

and then vacuum dried before molding.
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0.10 15 DHT-4A 0.01 2 Irganox 1010 0. 07 Dover phos
9960C 0. 05 I rgafos 168 O. 5)95 20

Small-strain oscillatory shear measurements were performed on a
Rheometrics Inc. (now TA Instruments) ARES oscillatory rheometer using parallel-plate
geometry. The test chamber of the rheometer was blanketed in nitrogen in order to
minimize polymer degradation. The rheometer was preheated to the initial temperature of
the study. Upon sample loading and after oven thermal equilibration, the specimens were
squeezed between the plates to a 1.6 mm thickness and the excess was trimmed. A total
time of approximately 8 minutes elapsed between the time the sample was inserted
between the plates and the time the frequency sweep was started.
Strains were generally maintained at a single value throughout a frequency
sweep but larger strain values were used for low viscosity samples to maintain a
measurable torque. Smaller strain values were used for high viscosity samples to avoid
overloading the torque transducer and to keep within the linear viscoelastic limits of the
sample. The instrument automatically reduces the strain at high frequencies if necessary
to keep from overloading the torque transducer. |
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.
|77%] = 7o/[1 + (07)] ¢, (Eq. 1)
where: |77*| = magnitude of the complex viscosity
o = angular frequency
1o = zero shear viscosity
7, = 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.
The Regrind or Multi-Pass Test was conducted utilizing the following
procedure. Processing was conducted on a Kautex KB-25 blow-molding machine at a
temperature of about 420° F with a nine-gallon drop impact mold. Tooling employed

during the evaluation was a 4.5 inch diverging die. A standard processing procedure was
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conducted for this evaluation. A die gap of approximately 0.196 inch was used during the
main processing portion of the evaluation.

1. Sample virgin pellets and process through blow-molding machine.

2. Extrude nine gallon container.

3. Sample extruded container (first pass wall section).

4. Chop container into pieces and run pieces back through blow-molding machine
to produce a nine gallon container.

5. Sample extruded container from step 4 (second pass wall section).

6. Chop container from step 4 into pieces and run pieces back through blow-
molding machine to produce a nine gallon container.

7. Sample extruded container from step 6 (third pass wall section).

8. Chop container from step 6 into pieces and run pieces back through blow-
molding machine to produce a nine gallon container.

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

10. Chop container from step 8 into pieces 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 MI, color, GPC,
Impact Strength, tensile properties, etc. as indicated in the figures.

Sample preparation for the Regrind Test: Commercial fluff of a copolymer
of hexene and ethylene was dry blended with 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 Regrind 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.

Processing Conditions for the Regrind Test:
Nitrogen purge on feed chute to extruder to exclude oxygen.
Process Rate — about 80 kg/hr
Extruder Screw Speed — about 290 rpm
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Gear Pump Speed — about 21 rpm
Melt Discharge Temperature — about 266° C

The additives were blended into the polymer powder (“fluff’) for each
sample being evaluated and then extruded to provide the respective stabilized
polyethylene composition. The stabilized polyethylene composition was then reground
four times in accordance with the Regrind Test, i.e. initial extrusion, followed by four (4)
more repeat steps of regrind and extrusion as specified above. After each regrind pass,
the melt strength of the polyethylene was tested to observe the effect of the phosphite
additives. Melt strength was determined by measuring the time a parison hangs on a die
before it falls off the die. Longer times indicate higher melt strength. Testing of these
final, multi-pass samples comprised (a) blow molding containers from each sample, and
(b) several tests then performed on the blow molded containers. Also included in the
evaluation was processing the first pass regrind with the addition of 1 wt.% UV
concentrate (Ciba Chimassorb 944) as in Examples 4-6 and 10-12. The final level 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 interaction 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
greenness; positive Hunter “a” values indicate redness. Hunter “b” value indicates color
variation between blue and yellow. Negative Hunter “b” numbers indicate blueness;
positive Hunter “b” values indicate yellowness. Hunter “L” value indicates color
variation between white and black. Negative Hunter “L” values indicate blackness;
positive Hunter “L” values indicate whiteness.

Hunter “a” , “b”, and “L” values were converted to a Phillips Color

Number (PE #) by the formula:
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The effects of regrind or rﬁﬁti-pass on various

physi cal properties were evaluated. The results of

t hese evaluations are reported in Figures 1-20. As
indicated in these figures, the conpositions nade in

accor dgmce=\ (0003828, P0LS6aL- (.387MY) i on showed i nproved
and/ or enhanced stability. The effects of the addition

A highér RE#)s anondisator f svhifer polyethylene.

The compositions identified by Run Number in the following examples
were made employing a copolymer of hexene and ethylene with a density of 0.955 g/cc
measured by ASTM D1505. The weight percents (wt.%) values of the various additives
are percent by weight of the total weight of the composition. When TIPA is present, the
amount present within the composition is in accordance with the detailed discussion
above.

EXAMPLES 1-6

The following compositions were prepared and evaluated as described

above.
Run Number Additive Amount in Composition (wt.%)
1 Irganox 1010 0.07
Doverphos S-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 Irganox 1010 0.07
Doverphos S-9228 0.10
DHT-4A 0.01
UV Concentrate 1.00
5 Irganox 1010 0.07
Doverphos 9960C 0.05
Irgafos 168 0.05
UV Concentrate 1.00
6 Irganox 1010 0.07
Ultranox 627A 0.05
Irgafos 168 0.05

UV Concentrate 1.00
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5 stabilizer on the PE # was eval uated and reported
in Figure 21. As indicated, conpositions nmade in
accordance with the present 43 nventi on showed i mproved
color stability. EXAMPLES 7-12 The
foll owi ng conpositions were prepared and eval uated as
descri bed 10 above. Run 1 was enployed as a contro

CO”DOS Th Qiffecty of esiidi 60 fnilg-pRsE6n Aabioudmhyslaal fropesiies were
npl oyed as a control conposition for conparison to

evaluagdms he resultspfrtheserdyeluations pxectspotied in Rigoeesplodlt iAsnindicated in

rganog 1010 Q7 Dav hos 2280,
these FEREeR, ) cofAPaT g DY O GOOH oLy B P06 ks on showed
1mprok7&&1 ah@kr Lakthdda - 4R Bifedh 0TFROXIAASR Bf Qi5U1VT 8@{ceftrate or
15 10I r ganox 10 00. 07 25Dover phos S-92280
stabﬂ@bfr o¢1A®hdi)]P]EU\# Guas evaluatedl 200 ﬁi(i)ﬂzﬂtbd gan E)glirell)b O?\s indicated,
hos, S 92280, 05 | r\cgﬁ\ftﬁs 1680

composmonJo made 1n accordance wi € present 1nvent10n 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
12 Irganox 1010 0.05
Irgafos 168 0.15
UV Concentrate 1.00
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The effects of regrind or nﬁ‘iti-pass on various

physi cal properties were evaluated. The results of

t hese evaluations are reported in Figures 22-29. As

indicated in these figures, the conpositions nade in

accor dameeeffdcts of h%—[ﬁdeﬁﬁ AiultiPass bh ovarione WwhsicaPprpetties were

and/ or enhanced stability. The effects of the addition i
evalugied.a Thy resis e these gvaluaBors apirepartad igFigires PE-29. wissindicated in

al uated and r.eported i.n Fi qure 30.. i ndi cat.ed, ..

these FHHeeSe 165 SROPRUTBST Fdedl ARSHERSE CYIt s HEeGE jfvention showed
improve @R/ nBBRRRICABIREO VEHe SEe8 of the addition of NIV oncentrate or

this invention has béen described in detail for the
stabiljzer pos ¢hefPE | # usts atviabrated tand srapotted oinb&igwas30.uedsagndicated,

li.mted thereby but is_ intended to cover, all .changes
compgsHORBRIRRF ELIGOFAANGE PHftrine RECSSR} Vet hONsdmPRRYRfolor.

45 " T : | : ht: C i 8i,.ng;
) o PONS I EOL bt SRl a”G0R, R puwose of
illustratiyh,at sytot @b pb esstivcd abdinitgl thefobl out &, intéAded (dRover all changes

Cl12-0 ..l 0_R/CQPO
and modifications within the spirit and scope thereof.



/| 0 -CH2 CH2-0 R4R5 wherein R, R2, R3, R4, R5, R6>
R7, RS, R9, and R10 can be jshe same or different and
are selected from hydrogen or strai ght-chai ned,
branched, cyclic, acyclic, aromatic, aliphatic, m xed
al i phatic, or cycloaliphatic organic radicals having
fromabout 1 to about 20 carbon atons per radical; and

THAThWRICH $3 L ARAER &8 ol ytical |y stabl e phosphite
conprising a triaryl phosphite having a fornmula: - R3
oP I A kit comprising:

a) at least one high activity phosphite comprising an arylalkyl diphosphite
having a formula,
Ry Ry R - Ry
0—CH, CH;—O

R; 0—F \c P—O Rg  (I)

\O——-CHz CH,—O
Ry Rs Rig R

wherein R;, Ry, Rs, R4, Rs, Rs, Ry, Rg, Ry, and Ry can be the same or
different and are selected from hydrogen or straight-chained, branched,
cyclic, acyclic, aromatic, aliphatic, mixed aliphatic, or cycloaliphatic
organic radicals 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:

R; O—P

R
B R4 s s

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

c) triisopropanol amine.

2. The kit according to Claim 1, wherein the at least one high activity
phosphite and the at least one hydrolytically stable phosphite are in a mixture with one
another.

3. The kit according to Claim 1, wherein the at least one high activity
phosphite and the at least one hydrolytically stable phosphite are separate from one

another.



R5 -- 3 wherein R, R2, R3, IL and R5, are sel ected
from hydrogen or straight-chgi ned, branched, cyclic,
acyclic, aromatic, aliphatic, mxed aliphatic, or

cycl oal i phatic organic radicals having fromabout 1 to
about 20 carbon atons per radical; and C)

triisopropanol am ne. The kit accor rh
to O afm 1, Thrdikageording 4 Olaips3. wh@reméﬁ 3t degsy ppg highactivity

ite and th e D I I
phospg]111 (%ml{rge%raepluﬁa gy r%fxl%lgﬁ gCP Vlff‘)ﬁ %géﬂgﬁ% taﬁlﬁ d¥n S8R phosphite is
separate froR€oké hn@te&Ording to Caim1l, wherein the at | east
one high activity phosphite and the at |east one

hydr ol tic amhy kit axbbaliph s Qlaime3, avhereia the aft least opmbydeolytically

stablecplispies comBrissse pheally pbinrofigaly siPECRhGRRfes fad cach such
phos 9?@%&?&59’8@1’6&9%1(5%&[ ural i ty of _h| gh activity
[ and eac

phosphrtes such phosphite is separate from
one anot her. 5. The kit according to O aim
3, wherein the at | east one hydrolytically stable
phosphite conprises a plurality of hydrolytically

st abl e phosphites and each such phosphite is separate
from one anot her.



