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SULFIDE ANTTOXIDANTS FOR STABILIZING
CROSSLINKED POLYOLEFINS

FIELD OF 'THE TNVENTION

The pregent invention relates to stabilized

crossglinked polyolefin reasin compositions.

BACKGROUND OF THE INVENTION

The use of sulfide-type antioxidants as
gtabilizers in polyolefin resin compositions ie

known in the art,

For example, the use of diesters of
thiodipropienic acid, such as the dilauryl,
dimyristyl and distearvl esters  of the
thlodiproplonic acid, af well aa
thiodipropionic acid iteself, as antioxidants
in crogslinked polyvolefine is known in the art.
For example, U,3, Pat., Nos. 3,876,613 and
4,028,332 disclose the use of such diesters of
thicdipropionic acid in producing useful molded
articles from peroxide-induced crossglinked

polyethylene homopolymers and copolymers. The
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regnltant  croselinked copolymeres have high
impact strength and a high resistance to stress

aracking.

Likewige, U.8. Pat. No, 4,514,838 teaches
the e of thiodipropionic egters ae
antioxidants in resin systems which comprise A
combination of ethylene-vinyl acetate

acopolymere and perlyethylene.  The resin systems

are croselinked with peroxides. U.3. Pat No.
4,026,016 discloeee the use of

= ag antioxidants in

[a]

thiodiproprionate egter
peroxide-induced crosalinked polyethylene
compositione, which are capable of being used

in rotational molding procesesss.

U.3. Pat., He 4,221,699 teaches the use of
thio-bisphenaols Aas anticoxidants in  polyolefin
comporitions  which are alea  crosslinked  with

peroxides.

The crosslinking of -polymer compositions

hag the effect of'changing a plastic from a
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thermoplastic material 1o thermoeetting
material. Thie 'chanae has the effect of
increseging  the etrength, heat and  electrical
resletance of the plasstlc, 1in addition to
increamlng P he resistance to solvents,
chemicale creep and shLrese cracking.

(See, e.g., The Condensed Chemical Dictionary,
19th Ed., p. 287 (1881)). Furthermore, the
croselinking of polymer compositions extends
the ueeful upper bemperature  limit of  the
polymer aeg well as jmproves the heat-ehrinking
propertice of the polyner discneesed in  The
Encyclopedia of Polymer Science and Englneering
ond Ed., Vol. 4, p. 385 (1986). The bypes of
polymers which can be cerosslinked in order ‘%o
cange an inerease in their mechanical
propertles are Enown to those sgkilled in the

art Arel are discuseed in nAMe Y ous

references,esuch aes e.g., The Enncyelopedia of

Polymer Science and Engineering 2nd Ed. Vol. 4,

éP- 418-449 (1986),

Crogelinked polyolefin resin compositions

i
o
t
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are ugeful in a wide variety of applications.
For = examnple, nross linked palyolefin
compogitions are useful as wire and cableae
coatings, inﬁuiation, pipe and molded fittinge,
and rotational molded articles, such as
gasoline btanke, barrele, contsinere, etorage

tanke, eto.

As  indicated above, the use of organic
eulfides a= antioxidantes in polyolefin regin
compoeitions ise known in the art.
Farticularly, the =sulfide antioxidante are
conventionally used in combination with various
rhenolic and arylamine auxiliary antioxidante
to etabilise polyclefin resin compositions
againet the damaging =ffects of "thermal and
oxidative degradation both during processing
and aging For example, the use of organic
eulfidese as stabiliszers in polylefin resin
compesitions ie  taught in U.S. Pat, Nos.
3,180,850, 3,268,493, 3,293,209, 3,574,165,
3,652,632 and 3,772,246. However, conventional

antioxidants have demonestrated certain
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drawbacke when need in polyvolefin reeine which

are crosslinked.

Polyolefin resin compositions may generally
be crosslinked through the use of (1) peroxide
crosslinking agents or (2) high energy
radiation, For polyolefin reein compeositions
croeslinked with peroxide, the range of useful
antioxidante is limited, since the antioxidant
itself must - be compatible with the peroxide
crosslinking agent, as disccused in U.5. Pat.
No. 4,028,332, As further discuseged 1in this
patent, the thiodiproplonate ester
antioxidanta, such as dilauryl thiodiproéionate
(DLTDF), are percxide—oompatible and provide a
good low temperature impact strength, at least
in prolyolefin regins. However, theee
thiodipropionate ester antioxidante suffer
several drawbacks. Namely, the antioxidant

cauges the resultant pelymer compositions to

discolor and to dieplay an unpleasgant odor.

Likewige, when high energy radiation 1ie

S U
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.

enployed to indurce oroselinking

polyolefin resin  compositions, the

in the

same

oriteria eet forth above for the peroxlde-

induced croeslinked polymer compositions

holds

true. Similarly, conventional antioxidants

.

uged with polymer composlbtion croeelinked with

high energy radlation may cauge the

polymer

compoeitione to discolor and have an nnplesant

odor. The anbiloxidante ueed in these types of

crosslinked polyolefin resine must be stable in

the preeence of the high energy radiation while

providing ite stabilizing aeffects.

Accordingly, one of the objects

present invention is to provide cros

polymer compoelitions stablilized with
gulfide antloxidante which are shtable

effects of heat =nd oxygen, and

of the
slinked
organic
to  the

provide

spabilized regin compositions which mre

hydrolytically stable, odor-free and

stable.

color



SUMMARY OF THE INVENTION

The present invention ie a composition
comprising croeslinked polyolefin resins and an
amount, of organio enlfide sntioxidants
sufficient +to estabilize the resin againet
thermal or oxidative degradation, wherein the
organlc esnlfide antioxidant le represented by

Formula I, II or IT1I

R(CCH CHCH >R3)n (1)
|1‘2
o(cq CHCH3R” )? (11)
}
sn°
' '.‘,5(“\7
[t
(117)
6
(S)mL
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wherein:

m is @& or 1;

n is an integer of 2 to 156;

B is a subgtituted or unsubstituted alkyl
group of 2 to 3 carbong, a eaubstituted or
ungubetituted coyeloalkyl aroup of 5 to 20
carbong, a subsktituted or unsubstituted alkyl
groupr of 2 to 3@ carbons where any of up to 6
carbon atoms are  replaced with an O or 8
hetercatom, a gubgtituted or ungubsatitued
cycleoalkyl group of H to 280 carbon where any of
up ‘to 6 carbon atome are replaced with an Q0 or
) heteroatom, with the proviesc that the

hetercatoms must be separated from each other

and  from the portion of the compound to which

the R group ls bonded by at least one c¢arbon
atom, the subetituente for R being -OH, ~SR4 or
—OR4, wherelin R4 is an alkyl group of 1 to 31

carbong or coycloalkyl group of b to 288 carbons.

R'1 and RE are independently H or an alkyl
group of 1 tn 4 carbons;
R3 in an alkvl group of 1 to 24 carbons or

a cycloalkyl group of § to 200 carbong;

- 18 -
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R5 is an alkyl group of 1 to 24 carbones;

R6 is H or an alkyl group of 1 to 24
ecarbone, with the provieo that when m = 0, Re
i H or an alkyl group of 1 to 7 ecarbone and
whem m = 1, Rs j@ an alkyl group of 1 to 24
carbong;

R7 ig a direct bond or an alkylene group
of 1 to 4 carbons; and

e

R" is a menocycelie, bLicyelic or tricyclic

oycloalkyl group of B to 16 carbons.

DETAILED DESCRIPTION OF THE

PREFERRED EMBODIMENTS

The present compnsitions comprise a
oroselinked pelyolefin resin and an organie
gulfide antioxidant in an amount sufficient to
provide antioxidant and thermal etabilizing
effecta; The present organic sulfidé
qntioxidants gtabilize the resins to the
effects of oxvgen and high temperature, while
not interfering with the croeslinking process.

The present organic gulfide antioxidants are

EPES ¥ E



represented by Formala 1, IT or IIT set

below:

n(ocuﬁdvcgnua)

[ n
1,

o(er oomT ),
(_| l ~
n%?
y
SR
RIsR!

) 0
$) R

wherein:
. m is O or 1;
n 1ie an integer of 2 to 15;

R ig a subetituted or ungubstituted

<

group

(1)

(11)

(117)

alkyl

f 2 to 38 carbong, a gubstituted or
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uneubesbitnted ovelosalkyl group of & to 20
oarbong, = esubshbituted or unsubstitnted alkyl
gronp of 2 to 39 carbons vhere any of ap to 6
carbon atoms are replaced with »&Aan O or 6
heterontom. =a  evbghitnted  or nneubstituted
cycloalkyl group of & to 2¢ carbons where any
of up Lo B carbon abome are replsced with an O
or S heteroatom, with the provieo that the
heteroatoms met be-geparated from each other
and from the portion of the compound to which
the R group 1is bonded by at least one carbon
atom, the eubetitnente for R being -0OH, ~SR4
or —0R4, wherein r? ie an alkyl group of 1 to
3@ carbong or coycloalkyl group of 5 to 2P

carbons,

Rl and R? are independently H or an alkyl
group of 1 to 4 carbong; .

R3 je an alkyl group of 1 to 24 carbons or
a4 cycloalkyl group of § to 2@ carbons;

R5 ig an alkyl group of 1 to 24 carbons;

RE i@ H or an alkyl groupo of 1 to 24

carbone, with the provieos that when m = O, R6



is H or an alkyl gronp of 1 to 7 carbong  and
whem m = 1, R® is an alkyl group of 1 to 24
carbons;
R7 ig a direct bond or an alkvlene group
5 - of 1 to 4 carbons; and
R® 1@ a monoeyelic, bicyelic or tricyelie

aycloalkyl group of 5 to 16 carbons.

Freferably, the organic sulfides of the
present invention are those repregented by
19 Formulas I cor 1I, wherein R is gelected from

the group coneleting of

- -— O © P § R -
CH, = CH = O,y ~ T, = =l

14 -




(11.1.2" . '_7” - CH _

Gy = 6= Oly=s _ e i -0~ W

U1
‘CHZ-QI_%"-T—C—CHZ— Hzc—f—C—T I-CHZ,
l‘{ H lll H { H
H l il Ell l I I'{ H
HQL - % -¢-C-0C=-CH, HL-C-Cr¢ é - L - LH2,'and
|1 L l
H H H
0
H
CHZ-
0
i H\
H
P=. 4
\
H L -~CH H
H CHZ_
{
-15 -



wherein of and.ﬁ are the types of linkages;
wherein

Rl is H or ~CHg;

RZ is H; and

5 R3 ig an alkvl group of 18 to 18 carbons.

More preferably, the organic aulfide
antioxidants useful in the present composition
are repredented by Formula I or 1I, wherein R

ig represented by

THQ- 2

CH, - CH - CH,, = ClH,-C - Ciy=y gty = O = CHy=

LHQ- CH2-

CH,.-
| 2 H

L]
Gty - 0 - CHy-y and = CH, = C - [ - T - ? - Ci,, and
‘ CH,- l{ 1 H

1 2
R* and R“ are H, and

10 wherelin



o

R3 isg an alkyl group of 12 to 18 ecarbons.

In the above-identified preferred and
more preferred compounds, n is determined by
the number of unattached bondes present in  each

R group.
The preferred organic sulfide antioxidants

represented by Formula 111 are represented by

one of the following structure:

CH

3
Al oy 5 L 5
CH, 011, 3R HCH,,SR
ol
5 3
SR 5
SR
4 sr’
RoS —1
1

17



Non-limiting exsmples of representative
organic esulfide antioxidante which are neseful

in the present compoeition are set forth helow:

SCH,CM,,C11,0(CHL,CH,0) (CH,CL,0CH ,ClL,CH,SC  ofE

18 37T 27718737

5CH 207[201 I 2O (cu 2CH ScH

; "0, SCH,
HT,0) JOTL, I, SCH,CH,0CH ,CHCH 5 3C 4 5

C16H33

ECH

e, 0(CH, O CH,_CH,,0CH,,CH0H, S0
Go H?S e r‘zo((u2r120)4 H,CH, 0L, CHOH S 12H25

2772

O—-Q

H5 H3

Al (‘ll ‘1)‘ \(“ (l, 3 3 (‘1
14 29 (}{ (;H G I?'V !2(‘H?( I?C‘HQO {?( H2 30 T{ 1 OCFIZLHZCHZ)C11329

Cull, 30 C 1C11,,0CH,,CH ”UI O"‘I CH u(‘H

oll17 HOCH 00 0 HCH 00T, CHICH,SCeH

CH3 ‘113

ot v
C g gl SCHCH,CH o0 (CHCIL,CHA0 0) CH?CHQCHQLH OCH ,CH,CH,EC sy

18
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HoC

HopO

=
3
Q2

H'ID -

OCH,CH,CHpSCgH 7
OCHpCHoCH,ECgH 7

OCH ZCHZCHZSCBH 17

0CH,CH,CHRSC 4Hog

O(?HZCHQCHZSC 13H27
DCHZCHECHZSC 1 aHo7

OCH,CH,CHR 50y 3Ha7

OCH,CH,CHoSCq 7H3g

OCH,CH,CH,SC 7H3g



CH
HC - O-CH,CHCHRSC pHny

CHg

CHg

C - OCH,CH,CHRSC Hg

HC - OCHZCHRCHRSC4Hg
|
HoC - OCH,CHpCHpSCHg
HoC - OCH,CHCH,SCgH 7
\ Clig
HC - OCHRGHCHRSCgHyq
L

HQC - (—‘CHZCHCH25C8H 17

CHg
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CH
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SHq

- OCH,CHCHESEC o gy
CHq

- OCH,CHCHBC  gHan
CHg

- OCHZCHCH25315H33
CHq

- OCH,CHCH,BC gHag

CHg

- QCHGCHCH,SCgHy7
CHg

~ OCH,CHCHRSC ) gHg7
CH

- OUHgCHCHZSC a7

CHg
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H?C - OCHZCHCH28016H33
bony

H

O

- OCH7CHCH25016H33
7

CaHy

HpC - OCH,CHCH,5C) gHag

2afly

Ho€ - OCHRCHoCHRSC oHog
H& ~ OCH,CHCH,SC ) oHop
i

CHgH

- OCHoCH,CH,SCoH g

C
H2£ - OCH,CH,CHRBCH | g

C
L b
H

!

|
sz
C

(CHROCHRCHCHRSC ypHn g ) 3

(CH,0CH,CHoCHECEH 1) 3
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C(CH,OCHCHCHZSCgH 7) 3

CHg

CHq

$(CHpOCH,CHCHRSCgH Y 7) g

CHy

CHp

0

CHg
C(CH,OCH,CHCH,SCgH 1 7) 3

CHjy

HoC - OCHpCHpCHpS-

|

HC - OCHpCHpCHpS-

|

DO
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H_C -0OCH 2S

o _CHQ(/E{

2

HC —OCH?CH

‘CHQS

2

20 —OCHchgCﬂzS—

CA CHZOCHZCHZCHZSC 18“37 ) g

OCH,CH,CHo8C g 410

C(CHoOCH,CHpCHRSC pHag) g

C(CH,0CH,CHaCHSC 327 ) g
C(CHoOCH,CHLCH,5C 1gHo1) 4

C(CH,OCH,CH,CHpSCaH 7) 4

C6H15

-C6H,15
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C(CHo00H,CHoCHgEC ) 4Hog) 4

C(CHROCH,CHCHLSC gHa3) 4

CHgq

C(CHoOCH,CHCHRSCH 7) 4

CHg

“Hag

CHq
G (CH,OCH,CHCHSC oHog) 3
CH,

0
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C( (.‘-HZOCHZCHCHBSC18}137 )4

Mg

C(CH,OCH,CHCHRSC y oHor ) 4

JHa

C(CHROCHCHCH8C  glig7)y

CHg

C(CHQUCH70H20H5C12H25)4

C(CHZQCHZCHZCHSC16H33)4

CHa

C(CH,0CH,CHyCHSC gl ) g

CHn

C(CHBUCHZCHCH28012H25)4
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C(CHoOCH,CHCHSC ) gHag)y

“qHg
C - (CHpUCHCH,CH,EC pHpr) 7

(CHoOCH,CHCH,SC  gHa7) 2

/

C CHq

(CH,OCH,CHCH,SCgH  g) 2

CHj

(C"BOCHZCHCﬂzsclBHss)Z

/

C

o —
w

H

CH,0CH,CUCH,SC pHpg) 2
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( CH JOCH ,CH,CHL,3C 4 51 27)2

C(CHZOCH

ZCHCHZSC16H53)3

i3

CH2

L(CHQOCHQCHCHQSCmHB)3

CH
3
C(CH200H20H0H20018H37)5

‘ H
3
CH,,

Y

1H2
(CI1,0CH ,CHCH,,SC 4 of 37)3

CH
3

¢ - (CiL,0CH,Cit LH23016H35)2

\CH OCH

H

2CII cH 5012}125

2

QO

H

LQ
(CH0CH,CHL, CH,SC 4 of 25)3




- CIH_0CT 3
C ct 20(‘I (‘H? 0131-127

(cn onu2cnzcn?ac1eua7)2

Tnz
1
- cn?ocnzcu Cit,3C 5127
(cngocn20u20n2901sﬁ57)2
T (o]
f(cﬂgocuzcnzcnzu )3
%HQ
'a)
C(CIL,0CH ,CHCH,S )3
cH
3

C(CH2OCH2?HCH 5, H 33)3

CH

u(CH200H21H0H23016H53)2

s

cn °

H2 b

C(CHéOCHZEHCHZSC16H§3)3

H3 ,

- 36 -



L((H OCTCH Ol >c1§1?7 3

(CH,0CH ,C1,CH 2543t 27)

H,
cH,

C(CH,0CH,,CH,S(C 13 27)3

C(CH,08H ,CHCH,SC 4 o 31)3

|

: 5
CH,

Hz

(CHQOCH IHCH 2SC 45t 51)2

O—— —

H

c(cn OCH,, iECH 55045t 31)3

p)
c(CH OCH CH Iﬁs )5
1
H, 3
Hy

(CH,OCH,CH,CH,SC 1 55)

2
é(cn oct ?HCH 504 4 29)3

CH
3

- 37 -
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In the following non-limiting examples of representa-

tive structures for the organic sulfide antioxidants of

the present invention, the sorbitan backbone shown is a
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1,4~-sorbitan, whoch comprises approximately 8%% of the
sorbitan conventionally used Sorbitan also contains
approximately 134 of 3,6-sornitan and about 2% of 2,5~
anhydro-L-iditdd (both isomers of 1,4—sorbitan). Ac~
cordingly it will be understood by one skilled in the
art tha. the organic sulfide antioxidants set forth
below, which are derived from 1,4~sorbitan, also include

those derived from 3,6-sorbitan and 2,5—anhydro!L—iditol.
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In the following non-limiting examples of repeesenta-~
tive organic sulfide antioxidants useful in the present
invention which are derived from sucrose,

2 is CH,CH,CH,SR,: Z1 is

27272t
CH,,CHCH SR5
2 2
CH
3
Z2 is
CH, Cil, CHSR®
272
CH
3
and R3 is as defined above,
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RS in the formulas set forth above represents an alkyl
group of 8 to 24 carbon atoms and. R6 represents an alkyl

group of 1 to 7 carbon atoms,

Non-limiting examples of preferred organic sulfide

antioxidants useful in the present invention include, €.8e,
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wherein R9 represents an alkyl group of 10-18 carbons;

R6 is -H, —CH3 or —02H5 and 23 and 2' are as defined above.

Non-limiting examples of the most preferred organic
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sulfide antioxidants useful in the compositions of the

present invention include, €.8«y
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wherein R10 representé an alkyl group of 12-18 carbons.

Compounds of Formula T may be prepared , €+8e,y by

first reacting a polypl (with two or more hydroxyl groups

- 70 =
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10

2

per omolecules) with an allvlic or  esubstbibtuated
allylic halide (chloride, bromide, or indide)
in  the presence of a hase, sueh as  esodioam or
potassium hvdeodide, for example., The  amount
of base wsmed showld bhe an amount sufficient ko
rramenve by peactue b hydrogen baldcde and Lo fenm
the corregponding polyallylic ether Water or an
inert eclvent may be used if necessary to
facilitate the rseparation of the by-product

metal halide from the polyallytic ether.

Next, a mercaptan ies added to the resultant
polyallylic ether of the above reaction, under
free radical conditions (i.e., in the presence
of percoxides, aszso compounds, ultra-violet
light, etc.), in order to form the antioxidanf'
compoundas of this invention. The number of
mbles of mercaprtan employed in this reaction is
an amount at leagt equal to the number of

double bonds in the polyallylic ether.

Compounds of Formula II and I1II may be
prepared by adding a mercaptan to either a

diallyl ether or an clefin, respectively, by

—— P .

!BAD ORIGINAL g)) |
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15

the method described above  for compounde
represented by Formaila I. Other sppropriate
methods for preparing compounds represented by
Formale I1 or III of the present invention and
will be apparent to one skilled 1in the art

baged upon Lthe present disclosure.

Non-limiting examples of preferred organic
gulfide antioxidants ueefnl in the presént
compositions include 2,9-bis(octadecylthio)-p-
menthane; beta(alkylthio)ethyl-3-
(alkylthio)cyclohexane; beta(alkyithio)ethyl?4—
(alkylthio)cyclohexane; ‘ beta(n-
octadecylthio)ethyl-3-(n-
octadecylthio)cyclohexane, beta(n-
agtadecylthio)ethyl—4—(nm
octadécylthio)eyeclohexane, which are all
usually prepared as a mixture of leomere and
referred to herelinafter a6
"beta(alkylthio)ethyl-3 and 4-
(alkylthio)cyclohexsne”, and equivalent terme;
1,5,9~tr16(hexadeoylthio)cyclododecane. 1,5,8-

tris(hexadecylthio)cyclododecane, 1,4,8-
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tria(hexadecylthio)cyclododeoane, which are
usnally prepared as a mixture of isomers and
referred to hereinafter as “1.4(or 5), B(or 9)-
tris(hexadecylthim)cyclmdodecana“. and
equivalent Lerme; 2.,9-bie(slkylthio)-p-

menthane; 3,3"-bis (alkylthiopropyl) ether;

1,4,8~tr18(a1ky1thio)cyclododecane; 1,5,8-
trie(alkylthio)cyclododeoane and 1,5,9-

tries(alkylthio)cyclododecane, which =are all
nenally prepared as a mixture of 1eomers and
referred to herelnafber a6 “1,4(or 5), B(or 9)-
tris(alkylthio)cyclodedecane" and equivalent
terms; pentaerybhritol tetrakis(n-
octadecylthiopropyl) ether; pentaerythritol
tris(n«ootareoylthiopropyl) : ether;
pentaerythritol tetrakis(n~dodeoylthiopropyl)
ether; pentaerythritol tris(n-
dodecylthiopropyl) ether; trimethylolpropane
tris(n—octadecylthiopropyl) ether;

trimethylolpropane tria(n—hexyldecylthiopropyl)

ether; dipentaerythritol hexakie(n-
dodecylthiopropyl) ether dipentaerythriﬁol
hexakis(n—hexadecylthiopropyl) ether. The

- 73 -
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slkylthio group in ezach of the above clapses of
compounds containe about 2 to about 38 carbons

and preferably, abont 8 to about 20 carbons.

Polyolefin resins which may be croeslinked
with peroxide croselinked inducing agente or

high energy radiation snd stabilized with the

organic sulfide antioxidants of the present

invention include, e.g., linear low density
polyethylenes, low density polyethylenes, high
aénsity polyethylenes, ethylene-propylene
copolymers, ethylene-vinyl acetate copolymers,
ethyleneacrylate ester copolymera,
chlorosnlfonated polyethylenes, polypropylenes,
polybutene-1, rolyieobutylenes, - poly-4-
methylpentene-1, poly-methylbutene-1, poly-4,4-
dimethylpentene—i, polydecene-1, polydodecene-

1, ethylenepropylene-butadiens terpolymers,

ethylene-propylenedicyclopentadiene

o

terpolymners, rolybutadiene, ethylene-

fw

propylenenorbornadiene terpolymers, cis-1,4-
polyisoprenes, styrene-butadiene copolymers,

gilicone rubbers, and mixtures thereof.
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Preferred polyolefine reeins weeful in the
present. invention are those which contain
ethylenss, esuch as low denglty polyethylenes,
linear low density polyethylene and high
density pelvethylenes, ethylene-propylene
copolymers, -ethylene-vinyl acebabe, ethylene-
acrylate ester copolyners, ethylerie-propylene-
butadiene terpolymers, .ethylene-propylene-
dicylopentadiene terpolymere,
ethylene,propylene“norbornadiene terpolymers,
chloroeulfonated opolyethylene and blends

thereof.

The polyclefin resins useful in the present
invention may be oroeslinked through the

addition of peroxlde crosslinking agente or by

high doseg of high energy radiation.

The appropriate peroxide croeslinking
agents which may be uged in the compositions of
the present invention are any of those peroxide
crogslinking agente which are compatible with

the organic gulfide antioxidants used 1in a

.
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particular compoeition nocording to the present

invention.

Exemplary of the peroxide crosslinking
agents useful in the present composition are
di-t-butyl peroxide, dicumyl pefoxide, benzoyl
peroxide, t-butyl cumyl peroxidé, Zlﬁ—dimethyl—

1,2,5—d1(t—butylperoxv)hexvne—S, 2-5-dimethyl-

2,5-di(t-butylperoxy)hexane, a , &= bis(t-
butylperoxy)diisopropylbenzehe, n-butyl-4,4-
bis(t-butylperoxy) valerate, 1,1-di(t-butyl-

peroxy)—ﬂ,3,5—trimethylcyclohexane, 1,1-di(t-
butylperoxy)cyclohexane, ethyl-3,3-di(t-butyl-
peroxy)butyrate.' 2. 2-di(t-amylperoxy)propane,
'ethyl—3,3—di(t~amylperoxy)buxyrate,‘as weli as
t-alkyl;, alkylcarbonate and benzoate diperoxy
derivatives of 3-hexyne, 4-occtyne, and 3,5-
octadiyne. The use of additional peroxide
crosslinking agents will be evident to one
skilled in the art based on the present

disclosure.

Moreover, - the,polyolefin regine useful 1in

the present compositions may be crosslinked Dby
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-Eubjeating the composition to the appropriate
dose of high energy radiation, such as electron
beam radiation, gamma radiation, ultraviolet
radiation, microwave radiation, etc. Other
W e Wirah sttesegy selivdiiom Wikl sy Trie
useful to croselink the polyolefin regin
compositions of the present invention will Dbe

evident to one of ordinary gkill in the art

based upon the present disclosure.

The compositions of the present invention

may further comprise auxillary antioxidants in
synergistic combination with the organic
sulfide antioxidants. For example, phosphite,
phenolic and arylamine antioxidants may Dbe
added to the present compositions in order to

provide enhanced antioxidant and stabilizing

effects.
]
Moreover, additives, such as talc, metal
deactivators, calcium carbonate, calcium

sterate, UV stabilizere (e.g., benzophenes,

salicylic acid esters, hindered amines and
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benzotrinzoles), eto., may aleo optionallly be
included in  the compositions of the present
invention, Other additiveé which may be
inclnded in the pregant composltions will be
evident‘ to  one of ordinary skill in the art

baged upon the present disclosure.

In the compoeltions sccording %o the
present, invention, the organic sulfide
antioxidante are contained in a weight ratio of
about _1:1@,@@@ to abont 1:20, =nd preferably
abont 1:2,000 to about 7:1,000 (organic sulfide
antioxidant to polyolefin reein). If used, the
auxiliary antioxidant may be contained in  the
present compositions in a weight ratio of about
12:1 to 1:14 snd preferably, about 1:2 to about
1:4 (anxilizary antioxidant to organic sulfide
antioxidant). The weight ratio of the peroxide
droselinking agent to the organic sulfide
antioxidant ieg from about 198:1 to about 1:100

and preferably, about 5@:1 to about bH:1.

The present compositione may be prepared in

any manner generslly known to those skilled in
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the art. For examnple, the polyolefin resins
may be orogslinked with elther peroxide  Crogs
inking mgents or high energy radiatlon. The
organic eunlfide antioxidante may be added to
the polvolefin resine prior Lo croeslinking in
any conventional meoner, guch #8 by  blending,
extruding, kneading etc., knoun in the art in
order to produce compositlons which are uniform

in their constitution.

If an auwxilisry antloxidant, euach a8 A
known vhenolic antioxidant or arylamine
antioxidant, 16 Lo be added to the polyolefin
resin, it will be added at the same tme as the
organic snlfide sntioxidant . Other =sdditives,
guch ae +halc, metsl deactivatofs, calciuq
carbonate, <caleinm gterate, etc., may aleo he

added to the composltion at this point.

Although the method for the preparations
ofthe present composibions 1is  nob limited,
generslly, the peroxide orogelinking agent, if

nged, is added Lo the polymeric resin after the
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addition of the other ingredients. Likewise,
1f the resin ie to be crosslinked with = hight
energy radiation, the resin will be eubjected
to the high energy radiation after the addition
of the ingrediente. Other appropriate methods
for preparing the present compositions will be
evident to one ekilled in the art bessed upon

the present disclosure,

The present invention will now be
11lustrated in more detail by reference to the

following examples,
EXAMFLES 1-6

In the feollowing examples, £he improvement
in the oxidative anf thermal estability of
crosglinked low density polythylene due to
pregence of the organic sulfide antioxidants of

thie invention are demonstrated.

The compoeitions were prepared in the

following manner. The bowl of a Brabender
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Torgue Rheometer was prehested Lo 125°C, and

the mixing blades were set to rotate at 523 to

6@ rem. The resin was sadded firet and
maintained  at 125°¢, unitl it f luxed
(approximately five minutes). The organic

sulfide snbtioxidant and the auxiliary phenollic
antioxidant, &s well ss the calcium sterate
additive, were then added Yo the resin
simaltaneously and mixed for an adidtional five
minutes. The diecumyl peroxide croselinking
agent wae then added to the mixture. Thie
reeulting mixture was further mixed for an
additionsl five minutes for a total mixing time
of 15 minutes. During this period, the bowl
temperature was maintained at a temperature of
no higher than 145°C.

The resultant polymer blends were then
preseed into plagues in a cold press for three
minutes at 30,000 pel. These plaques were then
crosslinked by placing them into a heated
Carver Preee for five minmates at 120°C, and 158

peil. The preesure was then ralsed to 20,000
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pei  for two mimmtes mnd the tempersature was
raised to 175°C. This temperature and pressure
were maintained for 15 minutes. The plagues
were then cut into Tenslle Barg in accordance

with ASTM Procedure No. 4. The tensile Dbars

were suepended in-a foroed mir oven at 150°C.

Every seven daye, the gamples were removed
from +the oven for =a determination of the
tensile strength g percent, elongation
according to the ASTM D638 test procedure. The
tests were contbinued for 21 days or until
either. .. the  tensile strength or percent,
elongation of the specimens reached 5@% of its
original value, at which time the samples were

congldered to have "failed"” . In the Tables

below +the "% Teneslle Strength” 16 defined as’

follows:

t

(Tensile Strength)x
X 109

(Teneile Strength)
o

e
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wherein (Tenelle Strength), is the tensile
etrength of the sample aafter "x" days in the
150°C, oven and (Tensile Strength), is the

initial tensile estrength before the sanples

were oven-aged (1.e., day zero).
In a similar manner, the "% (% Elongation)”

is defined ms followe:

(% Elongation)x
x 193

(%Elongation)

wherein (% Elongation), is the % elongation of
the eawmple after "x” daye in the 150°C. oven
and (% Elongatlon), 1s the initlal % elongatioﬁ
before the samplers were oven-aged (i.e., day

+
zZero).

In Examples 1 to 6, the following materials
were used:
LDPE - Low Density Polyetyhlene
CaSt - Calcium Stearate

PAO-1 - Fhenolic Antioxidant
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PAO-2 - Phenolic Antioxidant

OTEQTC - heta-(ochadecykt

ootadecylthiooycl

hio)ethyl-3(4)-

ohexane

DSTDP - Distearyl Thiodipropionate

DICUFP - Dicumyl Feroxide

MD - Mexnl Deactivator

The regulte get
demongtrate the improved
stability of the oOCrog
polyethylena compoaitio
organic sulfide antioxd
invention as compared to
conventional gulfide
regardlees of which

antioxidant wasg used.

A comparison of Examp
Example 3 vs. Example 4
comppalitions containing
jnetant invention, QTEOT
21 dayvs of oven-agl

corresponding compositl

forth in Table 1
oxtidative and thermal
glinked 10w density
ne containing the
dants of the present
thoge containing the
antioxidant, DSTDP,

primary phenolic

le 1 ve. Example 1 and
demonstrate that the
the compounds of the
¢, did not fail until
ng. In contrast,

ONne containing the



conventional sulfide antioxidant failed after
14 days. In addition, in a comparison of
Example 5 ve. Example 6, wherein both the
compositions montaining DSTDP and OTEdTC failed
after 21 days, the composition containing the
present antioxidant (Example 6) failed only the
% (% Elongation), whereas the corregponding
DSTDP composition (Example ©) failed both thr %

Tensile Strength and the % (%Elongation) tests.
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Example No !

tope3!
pap-11%) 8.2
pa0-2!¢)
CaSt
DSTDP
0TE0TC
Dicup!?) 2.75

B Days

Tensile Strength (psi)(®) 2740
% Elongation 194

7 Days

Tensile Strength (psi)'® 1748

iTensile Strength 78

1

FRLY

876

2 3 A 5 b
s 97,8 37.8 98,53 98,53
2.2 f.z 8.2 2.2
2.1 8.1 2.1 2.1 8.1
2.4 8.4
2.4 8.4 8.4
1.5 1.8 2.7% 8,75
1463 1358 2569 1980
492 428 1164 784
2348 2e82 273 2870
169 154 1¢b 218



TABLE | -contlnued

(¢) At break

g7 -

Exaaple No 1 ] 3 5 ]
X Elongation 614 1019 12 684 1110 1152
X (X% Elongation) 58 113 148 . 160 97 11
14 Days

Tensile Strength (ps1)(¢) 686 1830 846 1250 1588 2250

X Tensile Strength Failed 78 58 93 61 14
Y Elongation 31 629 11 2 612 920
X (% Blongation) . Failed 9 Failed 5% 53 17
21 Days ,

Tensile Strength (pal)(e) - §5¢ - 870 520 999

¥ Tensile Strength - Failed - 65 Falled 61

¥ Blongation - ] - 61 {8 50

% (¥ Elongation) - Failed - Failed Failed  Failed
(a) Onion Carblde Corp's DTN (B)- 1
(b)) Civa-Gelgy's Irgmox () 1010

(¢) Ciba-Getgy's Trgmox () 1038

(d) Luciddl Division of Pennvalt Corp’s Lupersol (ji) 5008
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EXAMFLES 7-18

In Examples T-18, the improvement in  the
oxidative and thermal stability of croseslinked,
low density polyethylene containing & metal
deactivator through the incorporation of the
componnds of the present invention are

demonstrated.

The prearation of Examples 7-18 is the same
ag that described for Examples 1-6 above. In
addition, a metal deactivator was added to the
mixture eimultanecusly with the antioxidants

and calcium stearate.

The resulte set forth in Table II further
demonstrate the improved oxidative and thermal
stability of the crosslinked low density
polyethylene compositions containing the
organic sulfide antioxidants of the present
invention as compared to those containing
conventional sulfide antioxidants, 1.e., DSTDP.

.

A comparison of Example 7 vs. Example 8 and
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Example 9 ve. Example 10, demonetrates that the
compositione according to the ineteant-invention
containing the present organic gnlfide
antioxidante did not fail wntil 21 days of
overn-aging, while those containing the
conventional eulfide antioxidant falled after

14 dnays.

Moreover, the 14-day sample containing the
DSTDE (i.e., Example 9) was diecolored., Such
discoloration 1is a drawback 1in commercial
gituation wherein color retention ie an

important coneideration.

Although both Examples 11 and 12
(containing D3TDF and OTEOTC, respectively)
failed after 21 days, the gsamples containing
the DSTDF were disenlored while those
containing the antioxidante of the present
invention were not. Alsc, the gamples
containing the sulfide antioxidant of the
instant invention had agenerally higher %

Tensile Strength and %(% Elongation) values.



Examples 14 did not fail even after 21
days, in contrast to Example 13 which failed ar

21 days.

In Examples 15 through 18, none of the
compogitionas failed at 21 days. However, those
containing the compound of this invention
(i.e., Examples 16 and 18) had significantly
higher % TensileStrength and % (% Elongation)

values.

- 9 -
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EXAMPLES 19-28

In Examples 19-28, improvements are
demonetrated 1in  the oxidative and thermal
stabllity of crosslinked ethylene-vinyl acetate
(82:18) copolymere (EVA) due to the
incorporation therein of the organic sulfide
antioxidant compounde of the present invention.
The preparation of these compositions 1ie the
same &6 bthat described for Examples 1-6. The
results get forth in Table 111 clenrly
demonstrate the improved oxidative and thermal
stability of croselinked ethylene-vinyl acetate
copolymers containing the organic enlfide
antioxidant compounds of the present invention
in comparieon to thoee containing a

conventional antioxidant (DSTDP) . .

In Exsmple 19 ves, Example 20, Examples 21
ve. Exanple 22, Example 23 ve. Example 24 and
Example 25 ve. Example 26, the compositions
containing the organic eulfide antioxidant
compounds of the instant invention (OTEQOTC)

(1.e., Examples 20, 22, 24 and 26) outperform

Al



<

those containing a conventionsl antioxidant
(DSTDF) (1i.e., Examples 19, 21, 23 and 25).
Spegifically‘ the Lime reauired for the samples
containing the present antloxidante to fruil was
at least 7 dayes longer than those containing

the DSTDP antioxidant.

Only for Examples 27 and 28 did the
composition containing the conventional
antioxidant fail at the same time as that
containing the preeent antloxidant (21 days).
However, even thie case, the Example contalning
the organic sulfide antloxidante according to
the pregent invention (1l.e., Example 28) had
higher % Tensile Strength and % % Elongation)

valueg than the composition comprising _the

conventional antioxidant.
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EXAMPLES 29-32

The compositions were prepared by the
following procedure. The resin waes first added
to A two-roll mill at 120°C. and milled for ©.
minutes nuntil it fluxed. The additlives -vwere
then Aadded to the resin and milling was
cohtinued for san additonal 8 minutes, in order
to uniformly mix the additives into the resin.
The sheet of material was then placed in &
Carver FPress at a temperature of 185%C. for
8 1/2 minutes at & pressure of 20,P23 pei. The
resulting plaques were then cut inte Tensile
Bare in accordance wibh ASTM Procedure No. 4
and suspended in'a foreced air oven at 150°C.
Samples were then removed at 6 and 8 week
intervals snd the tensile etrength neasured
according to ASTM Test Procedure DBBB; The %
Tenaile Strenghth was caleulated by the method

degcribed above.

The following materials were uged in
Examples 28-32:

THDTCD - 1,5 (or 6}, 9(or 1@) -
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29

Trie(hexadecylthio)cyclododecane.
BOTM - 2,9-Bis(0Octadecylthlo)-p-methane

TBCP - %-butyl Cumyl Peroxide

The data eset forth in Table IV clearly
demonetrates the improved oxidative and thermal
stability of the crosslinked low density
polyethylene' compositions containing organic
sulfide antioxidant the compounds of the
present lnvention compared to those containing
a conventbional anbioxidant.

~
After six weeke, the ¥ retention of tensile

gtrength wae mach greater for the compositions
according to the present invention compared to
the sanple containing the conventional
antioxidant. This improvement ranged from 11%
t.o 34%. Furthermore, the composition
contbaining the present compounds retained 98%
of 1ite original teneile strength, while that
Ioontaining the conventional antioxidant
compound dropped below 3%, the point at which

a gample is normally considered to have falled.



TABLE 1V

Example No.

29 30 3 32

Lopg ®)

pao-2 "

macelc)

BOTH

TEDTCD

0TE0TC

D5TDP

Tenalle Strengﬁh
(pei) (initial)

X Tensile Strength
Retention (6 wks)
X Tensile Strength

Retention ( 8 wks)

1ea.@ iea.p 100.9 1ga.0
8.2 8.2 g.2 8.2
1.5 1.5 1.5 1.5
8.3
8.3
9.3
8.3

2150 2520 2579 2560

81 119 98 82

% 56

(a) Union Carbide’s DTRR ) -1

{b) Ciba-Geigy's Irganox 1035
(e) bucidol division of Pennwalt Corporation Lupersol (::)801.

- 49 -
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EXAMPLES 33-41

Examples 33-41 further 1illustrate the
greater stabilizing and antioxidizing effect of

the organic snlfide antioxidants of the preéent

5 invention.

Bmall samples (i.e., 10-25 mg) were heated

in platinum boate at A rate 19°C. per minute.

The temperature for a welght lose of 5% wWas
then determined. The gae flow (nitrogen OT

12 ailr) wase 200 cc per winute into a DuFont Model

9999 Thermogravimetric Annalyzer.

The antioxidants neged in Examples 33-37 and
get forth below, are conventionsal anhioxidants

used in the plastics industry.

15 DLTDP - Dilauryl Thiodipropionate
, DSPDFH - Distearyl Pentaerythritol
. Diphosphite
TBPBPH -~ Tetrakia(z,4—di~t—butylphenyl)—

4,4'—bipheny1ened1phosphonite

20 TBPP - Tris(z,5—d1—tbutylphenyl)Phosphite

- 198 -
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PETAE - A 49:60 mixture of—Pentaerythritol
Tetrakie(3—hexadecylthiopropyl)
Ether and Pentaerythritol Tris (3~

hexadecylthiopropyl) Ether

The resalte get forth in Table v

demonstrate the temperature at which & 5%

weight loes OCCNYs for a series of
antioxidante. Examples 38-41 are the eulfide
antioxidante according to the present

invention. A can be seen from this data, the
temperature ab which a 5% weight log& occurs 1ie
considerably greater for the compounde of the
present invention ae compared Lo conventional
antioxlidante. These results Bmre sgimilar

whether condncted in alr no nitrogen. .

- 181 -



TARLE V

Thermogravimetric Analysis

3 % Yeight

Loss (%)
Example No. Cempound Mitrogen Air
33 DSTOF 1 266
14 pLIDF Je8 FhL
13 DSPOFH 252 259
3 TEFRFH 171 140
17 TRFFP 271 268
8 greEaTL 354 s
39 BOTH 240 loe
19 THDTCD 142 312
41 FETAE 159 314

—toz -
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The present invention may be embodied in
other specific forme without departing from the
spirit or essential attributes thereof and,

accordingly, reference should be made Lo the

appended  clalws, rather than o the foregoing

specification as indicating the scope of the

invention.

- 193 -
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We: Claim:

1. A compeosition comprising a crosslinked
polyolefin resin and an amount of organic
pulfide antioxidant sufficlient to gtabilize the
resgin againest thermal or oxidative degradation,
wherein the organic sulfide antioxidant 1is

represgented by Formula I, II or III;

3
R(OCH20HIHSR )n (1)
7! 2
o(CH20H0H5R3)2 (11)
R4.2

ROSR"
(8) R

wherein:
m is @ or 1;
n ie an integer of Z to 156;

R 1i=s a substituted or unesubsgtituted

- 124 -

(iII)
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R3

maltivalent alkyl group of 2 +to 30
carbones, or a enbetituted or
nnsubstituted maltivalent cycloalkyl
group of 5 Lo 200 carbone, a eubstituted
or unenbstituted maltivalent alkyl group
of 2 to 3% carbone where any of up to 6
carbon atome are replaced with an O or §
heteroatom, a substituted or
unesubstituted maltivalent cycloalkyl

grovp of 5 to 20 carbone where any of up

to 6 carbon atome are replaced with an @

heteroatom, with the provieso that the
heterontoms maset be separated from each
other and from the portion of the
compound Lo which the R group 1l bonded

hy at lezet one carbon atom, the

substituente for B being -OH, -SR? or -
~OR4, wherelin RY is an alkyl group of 1
to 3@ carbon or cycleoalkyl group of 5 to
200 carbons;

and RZ are independently H or an alkyl

group of 1 to 4 carbons;

ig an alkyl group of 1 to 24 carbons or

- 1@5 -

i

a



organic

cyeloalkyl gronp of 5 to .20 carbong;

is an alkyl group of 1 to 24 carbons;

jg H or an alkyl group of 1 to 24
carbon, with.the provisos that when m =
a, rR® is H or an alkyl group of 1 to T
carbones and whem m = 1, gb 1s an alkyl
group of 1 %o 24 carbons;

ig a direct bond or an alkylene group
of 1 to 4 carbons; and

jg a monocyclic, bicyeclic or tricyclic

cycloalkyl group of 5 to 16 carbons.

A compoelition as in claim 1 wherein the

sulfide antioxidant 1s represented by

Formula I or 11, wherein R is:

' CH,,-
CH, - b CH,, - CH, - & - CHp =
Hyy
[
OHq - | - oHy -
CH2;—

- 196 -



CH2-

CH,~-C=CH
H..~

CH,~

o™ -CH2— —CHE—O—CHQ—C-Cﬂg-

Hz-” H2—

CH2 H2— CH2-

~CH -

HA~

- CH —O—Cﬂg—j—CHS—O—CHg— -CHQ—,

2
2 HZ— H2-

o, b

— o
i
m—Q —
|
e (T —
|
Q
N

_O_.-—m

—L—?—C—Cllz, H,C -
H

- 10 7 -



H
)
HzC -C-C¢t+ C- \ - CH2, or

H

wherein <C andﬁ are the types of linkages;

and wherein

R' is H or -CHy;

R® is H; and
R3 s an alkyl group of 10 to 18 carbons,

3. A compositicn as in claim 2, wherein R

is:

- 108 -



CH,- OH2~

2
11 L
CH2-CH—CH2, —CHg—L—CHE-, 02H5—C~CH2-,
H2— CH2—
CH,-
2
| Ny
CH5_ —CH2—, and —CH2-C—O—C—C—CH2 or
l | 1] |
H2— H HH
wherein
2

r' end R® are H; ahd
R5 ig an akkyl group of 12 to 18 carbons.

4. A composition as in claim 1, wherein

the organic sulfide antioxidant is represented
by Formula III and has one of the following

gtructures:

- 109 -



5 CH

CH,CH SR
202 5
CHCH,SR

R7S ——

D O composi Lion as in olaim L,oow et e iy
the croses-linked polyolefin resin is at  least
0 one af limear low density polyethylenes, low
density polyethy lenes, high density
polyethylenes, ethy lene-propy lene copalymears,
ethylene-vinyl Aarmtate  copolymer s, ethylene-
acrylate ester coper by mer s, chlorosul fonated

10 polyethylenes, polypropy 1Lenes, polyhutene-—1,

B
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polyisobutylene, poly—4—methylpenetene—1, poly-

methylbutene-1, poly~4,4—dimethy1~pentene~1—
polydecene-1, vrolydodecens-1, ethylene-
propylene-butadiene terpolymers,

ethylenepropy1ene~dicyclopentadiene

terpolymers, polybutadiene, ethylene-propylene-
norbornadiene snd  copolymere, eis-1,4-
polyisoprene, shyrene-butadlene copolymere,

gilicone rubbere, and mixtares thereof.

6. A compoeltion according 1o claim 1,
fuarther comprieing =2 percoxide croselinking

agent, .

7. A compoeition as in claim 6, wherein
the peroxide crmeslinking agent 1ie di-t-butyl
peroxlide, di-cumyl percoxide, benzoyl peroxide,

t-butyl cumyl peroxide, 2,5—dimethyl—2,5‘di(t—

butylperoxy)hexyne-3, 2,5—dimethy1—2,5—di(t—
butylperoxy)hexyne, e &L ,-bie(t-
butylperoxy)diisopropylbenzene, n-butyl-4,4-

bie(t-butylperoxy) valerate, 1,1-di(t-butyl-

peroxy)—s,3,5~trimethylcyelohexane, 1,1-di(t-
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batylperoxyl)eyelohexane, ethyl-3,3-di(thutyl-
peroxy)-butyrate, 2,2-di(t-amylperoxy) propane,
ethyl-3,3-di(t-amylperoxy)butyrate or t-alkyl,
alkylearbonate or benzoate diperoxy derivatives

of 3-hexyne, 4-octyne, or 3,5-octadiyne.

8. A composition as in claim 1, wherein
the composition ie orogslinked with high energy

radiation.

9. A composition as in claim 1, further

comprising an auxiliary antioxidant.

1. A composition as in claim 9, wherein
the auxiliary anticxidant ie at least one

phosphite, rhenolic or arylamine antioxidant.

, 11, A compesition as in claim 1, further

comprising at least one additive to facilitate

processing.

12. A composition as in claim 11, wherein

said additive is a metal deactivator, talec,

- 11z -
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caloiam marbonaks,  ocaloiam ate{ate ar uy
rd

shtabllizer.

13. A composition as in claim 1, wherein
the weight ratio of the organic sulfide
antioxidant to the crose-1linked polyvolefin

regin is about 12,230 to about 1:210.

14. A composition as in claim 13, wherein
the weight ratlo of the enlfide antioxidant to
the croeslinked polyolefin resin 1s about

1:2009 to about 7:1000.

16. A composition as in claim 6, wherein
the weight ratio of the peroxide croseslinking
agent to the organic gulfide antioxidant is

anout 1973:1 to about 1:104.

16. A composeition as in claim 15, wherein
the weight ratio of the peroxide croselinking
agent to the organic sulfide anticxidant 1is

about 5@:1 to about 5:1.

- 113 -
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17. A compoeition as In claim 9. wherein
the weight ratio of the anxiliary antioxidant
te  the orgsnic gulfide anbtioxidant is abont

19:1 to about 1:10.

18. A composltion ae in olaim 17, wherein
the welght ratio of the suxillary antioxidant
to the organic suslfide antioxidant 1e abont

1:2 to mbout 1:4.

19. A composition as in ~laim 1, wherein
the organie sulfide antioxidant 1is beta(n-
octadecylthio)ethyl—a(4)~n—

octadecylthioeyelohexane.

20, A compeosition as in claim 1, wherein
the organic sulfide antioxidant 1is 1,4(5), 8(9)

tris(hexadecylthio)eyelododecane.

21, A compogition as in claim 1, wherein
the organic sulfide anticoxidant is
pentaerythritol tetrakis(3-

hexadecylthiopropyl)ether.
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22, A composition e In colnim 1, wherein
the organic sulfide sntioxidant ie
rentaerythritol tris(3-

hexadecylthiopraopy)ether,

23. A compeeltion se in clsim 1, wherein
the organico salfide snhioxidant is
prentaerythritol, tetrakis(n-

octadecylthiopropyl)ester.

24 . A composition as in colaim 1, wherein
the organic sulfide sntioxidant ie
r
pentaeryth}ﬁol trie(n-octadecylthiopropyl)
ether.
25, a composition as in <laim 1, wherein

the organie sulfide antioxidant is
prentaerythritol tetrakis(n-dodecylthiopropyl)

ether,

26. A composition as in claim 1, wherein
the organic sulfide antioxidant is

rentaerythritol tris(n-dedecylthiopropyl)ether.
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27. A composition as in claim 1, wherein
the organic snlfide antioxidant is
trimethylolpropsne tris(n-

ootadecylthiopropyl)ether.

28. A compoeition as in <laim 1, wherein
the organic s1ulfide sntioxidant ie
trimethylolpropane trie(n-

hexyldecylthiopropyl)ether,

29. A compogition me in colaim 1, wherein
the organic egulfide antioxidant ie
dipentaerythritol ,hexakis(n~octﬁylthiopropyl)

ether.

39. A compeosition as in claim 1, wherein
the organic pulfide antioxidant is

dipentaerythritol hegﬁis(n~dodecy]thiopropyl)

ether.

' 31. A comporition as in claim 1, wherein
the organic pulfide antioxidant ie
dipentaerythritol hexakis(n-

hexyldecylthiopropyl)ether.

Joseph M. Bohen
James L. Reilly

Inventors
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