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dealing with mixtures of polysulfide silanes containing subtle variations in the sulfur
rank distributions (i.e., variations in the value of x and in the distributions of the
corresponding molecular species, in Formulae 1 and 2, below). Fewer, but
nevertheless a sizeable number, of the citations also focus on variations in the linking
group between sulfur and silicon.
On the other hand, very little attention has been focused on the hydrolysable portion
of the molecule beyond attempts at broad coverage of alkoxy groups and in some
cases other hydrolysable functionality, usually containing a single, but broadly
defined, hydrocarbon group when, in fact, all that was of real interest has been ethoxy

and, in some more recent cases, siloxy. Moreover, the hydrolysable group has been
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whose individual structures are represented by a
thaf when sushgropsiae ralessed dirHg [ebg cempounding, they are nelther lost,

nor do they end up as waste, but, instead, go on to improve another aspect of the
rubber compounding process and/or the properties of the final product.

More particularly, the present invention is directed to a composition of matter
comprising at least one silane coupling agent for coupling an elastomer and a filler
wherein said silane comprises at least one hydrolysable group that, upon
compounding said silane with said elastomer and filler, is released to yield a
compound that improves downstream processability of the compounded composition
or the properties of the final rubber product or both.

In a preferred embodiment, The silane is selected from the group consisting of silanes

whose individual structures are represented by at least one of the following general
2



2 WD 2004/ 094437 PCT/ US2004/ 008734 fornul ae: Fornul a
1. [J-SSA-(Si)2X3)][-Y2-(X2Si-G-S-J)],,-X1;
wao-0ada32: [ XIX2X3S1 - &- S, - G3- Si(X2X3) | PCFUYD04/008734

(X2Si) - & - Sx - &3 - (SiX1)exX3)],,, - X1; Fornula
3: [X' X2X3Si - &- Sx - G3- SIi(X2X3)][ - y2 - (X2X3S1)
formu S - &8 - (S1)2X3)],, - X; and Formula 4:

/2(X23 hSi) - G - S - JInm( - Y2 -)j/2()23iSi) -
&3 - (SiX23-k) (' Y2' )k12]n wherein, in
Fo%‘?lﬁjl ae 1 through 4: each occurrence of the
S qu I S,1ndependent |y an_jnteger from1l to 3;
J eﬁc %?E[béfcu@ﬁeﬁc@o ]I"L" g%bscrl pts, j and Kk,
IS mdependently an integer fromO to 3, W|th t he
Fopnge2so that j + k> 0; each occurrence of the
subscript, m is independently an integer from1l to
[XO00S 0abIs, 0 Si@EAES)]pf Yt hexSijosat  §i- Ghs (IIE'X33), - X
i ndependent |y an I nteger from 1 to 1000; each

FoRf@Hnrence of the subscript, x, is independently an
int eger from2 to 20; each occurrence of Xl is

R o0 CrdT SRl R ol - Yo, U s 5 G TR

erein each occurrence of Rl is |ndependently any
afydr ocarbon fragnment obtained by renoval of one
hydrogen atom from a hydrocarbon having from1l to 20
Fogawladh atoms, and R1

[(- Y2)a(X25.480) - G - 8 - Tl - Y2 )o(XP380) - G - 8, - G - (SiX%3.0( - Y- D)
wherein, in formulae 1 through 4:

each occurrence of the subscript, 4, is independently an integer from 1 to 3;

each separate occurrence of the subscripts, j and £, is independently an integer
from 0 to 3, with the proviso that j + £> 0;

each occurrence of the subscript, m, is independently an integer from 1 to
1000;

each occurrence of the subscript, 7, is independently an integer from 1 to
1000;

each occurrence of the subscript, x, is independently an integer from 2 to 20;

each occurrence of X! is independently selected from the group of
hydrolysable moieties consisting of -Y!, -OH, -OR!, and RIC(=O)O—, wherein each
occurrence of R! is independently any hydrocarbon fragment obtained by removal of
one hydrogen atom from a hydrocarbon having from 1 to 20 carbon atoms, and R!

includes aryl groups and any branched or straight chain alkyl, alkenyl, arenyl, or
3



i ncludes aryl groups and any branched or straight

chai n al kyl, al kenyl, arenyl, or 3 WO 2004/094437
weFanASEa004/ 008734 aral kyl groups; each occurPE@nUs2004/008734

X2 and X3 is independently selected fromthe group

consi sting of hydrogen, RLl, and X ; each occurrence of
arafiy] ofdpsand G3 is independently sel ected fromthe

group conS|st|ng of hydrocarbon fragnments obtai ned by

el oSS IPXATREOP AL B Ol Y BB RY B up

liste ove each” OCCUr T en

i ndependent | gl ectgd fromthe group consisting of
COTA: @}191 é(i?s andtglzp( 0) R12P( =S)-, R S(=0) -

and R S(=0) 2-, wherejn each arate occurrence of R1
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i ndependently -OG(OG))ORor -OG(OG)pOH and
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each occurrence of the subscript, p, is independently

mﬁafﬂhetgmglﬁste@gbgvg@rkﬁ)o each occurrence of the
subscript, q, is |ndependently an integer froml to
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group consi st
Rl E | ned by renmoval of one hydrogen atom of any of the
g listed above for R; and each occurrence of R
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the present invention is directed to a conposition

ocaxwrepeé of Ryis asylefined abave; one el ast omer

each occurrence o £ Y! is independently -0-G-(0-G-),OR or -O-G-(0-G-),0H
and each occurrence of Y? is independently -0-G-(0-G-),0-,

each occurrence of the subscript, p, is independently an integer from 1 to 100;

each occurrence of the subscript, g, is independently an integer from 1 to 100;

each occurrence of G is independently selected from the group consisting of
hydrocarbon fragments obtained by removal of one hydrogen atom of any of the
groups listed above for R*; and

each occurrence of R is independently selected from the group consisting of
the members listed above for R'.

In another embodiment, the present invention is directed to a composition
comprising:

A) at least one elastomer;

B) at least one filler; and

8 at least one silane coupling agent for coupling the elastomer and the
4



B) at least one filler; and C) at |east one sil ane
coupling agent for coupling the elastonmer and the 4
wOD020045094437 PCT/ US2004/ 008734 fill er wherBCTUs1ve4/008734
silane conprises at | east one hydrol ysable group that,
upon conpounding said silane with said el astoner and
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present i nventi iIs directed.to a thod fo oupl i
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conprises enploying at |east one silane coupling
or thgpropextise péths fual tbben pradud orpeibses at | east one
hydr ol ysabl e group that, upon conpoundi ng said silane
In stilltdnohat emboddistentydic pmszbnf invemtion isslircetcé asathetlmdyfortaipding
conmpound that inproves downstream processability of

an d1A8oMONRRAUNGIRS, GREERShE hihodVonpiRePERpRFinges leabt dldasilane

final rubber product or both. In still another
couﬁeﬂ‘ﬁg g%éﬁ? Q}heretnb @aucﬁ) Elfeﬁlg r&g)nig?ll¥§s{1‘&et'1§%a %I?e élrrg Eéa%@e #&uﬁ that,

upcoieh %n%%ﬁ%'é% T Biomnsy o FERE BGRulls sislde:

upon conpoundi ng said silane wth said el ast oprer and,
conpqung that jrgprovF e devsestieamyprascssability of e rempoynds gion
downst ream processability of the conpounded
or the pyupsitics ofi therfitahmbbeopreduétes both.t he fi nal rubber
product or both, wherein said method conprises

In stiliamo Rt embbdiniegt, TeSHEsentirivientiorpisl dnetisyt ke enetodcfot: .
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The coupl i ng

pre ﬁ{r%tassﬂﬁefc pISTRER BPERIJIDE aﬁréyastdasier\amiuaiuepm%n%d

xture o component s 'whose 1 ndi vi dual structures

silafig gox?qemgees% Fe%gtnotn%%ya%l)pﬁﬁleoéroﬁﬁ){hgt %I)oﬁ Q&npéﬁdk%a@sﬂane

with said elastomer and filler, is released to yield a compound that improves
downstream processability of the compounded composition or the properties of the
final rubber product or both, wherein said method comprises transesterifying TESPT
with a polyalkylene glycol.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The coupling agents useful herein comprise any individual component or mixture of
components whose individual structures can be represented by one or more of the
following

general formulae:

Formula 1:

[7-8-G!- SiXZO[-Y?-XPSi-G -S-D]w-X
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general formulae: Formula 1:
[J-S-A-(Si X2X3)][-Y2-(X2Si-Gl-S-J)]. - X; 5 W
wQo0084737 PCT/ US2004/ 008734 Fornul a 2: [ X1M2MBSI004/008734
&- Sx - G- Si(X2X3)][ - Y2 - (X2Si) - & - SX - B -
(SiX)2X3)]m- X; Formula 3: [ OX2X3SI - &X- S, -
Fm§§ﬂ1§|p2x3)][ - y2 - (X2X3Si) - G2 - X - B -
SIX2X3)]11, - X; and Fornula 4: - Y2-) Y/ 2(X23-hSi)

i T IR &ngrﬁi‘r&e{ AL @W‘?@% 1X1

t hrough 4: each occurrence of the subscrl pt, h,
° :Sendently an integer froml to 3; each separate

currence of _the ts
D R iorto e 5 n R Sllor Y 1 GO BT 673 Sk (BN - X'

proviso that j + k > 0; each occurrence of the
andubscript, in, is independently an integer from1l to

1000; each occurrence of the subscript, n, is
Fornigependently an integer from1l to 1000; each

occurrence of the subscript, x, is independently an

36%26&% ?ﬂ%ﬁs%?éﬁﬂédy 3%§$Pﬁeygpﬁﬂgﬁogﬁ ﬁ% rop(sabRMﬂ"
Wh%glgft I ﬁ%@;‘g‘}% %E‘B{g g g]rrceYof RlO_II s %enggeﬁgﬂl 313(/}
hydr ocar bon fragnent obtained hy renoval of
hy deasescarenceiof 8in sHbsrft.de & BepPandenthygar isgenitem 179 3;
carbon atoms, and Rl
each separate occurrence of the subscripts, j and £, is independently an integer
from 0 to 3, with the proviso thatj + k> 0;
each occurrence of the subscript, m, is independently an integer from 1 to
1000;
each occurrence of the subscript, #, is independently an integer from 1 to
1000;
each occurrence of the subscript, x, is independently an integer from 2 to 20;
each occurrence of X' is independently selected from the group of
hydrolysable moieties consisting of -Y!, -0H, -OR!}, and RIC(=O)O-, wherein each
occurrence of R! is independently any hydrocarbon fragment obtained by removal of
one hydrogen atom from a hydrocarbon having from 1 to 20 carbon atoms, and R
includes aryl groups and any branched or straight chain alkyl, alkenyl, arenyl, or
aralkyl groups;

each occurrence of X> and X° is independently selected from the group

consisting of hydrogen, R?, and X!



i ncludes aryl groups and any branched or straight

chai n al kyl, al kenyl, arenyl, or aral kyl groups; each
wo@ewynyhsrte of X2 and X3 is independently sel er€BUSIDOMS734

the group consisting of hydrogen, Rl, and X ; 6 WO

2004/ 094437 PCT/ US2004/ 008734 each occurrence of G,

&, o2 gcgﬁrén?e hg gle,p@n qg@bp ?s iﬁﬁ{:%geﬁl?g&l §e?é@tég;§%1§l Rgoup

consisting o r'ocdrbon frag bt al n

repoval, of o hydr ogen at.o f..any.of th rou
conkSRE At lpdibes eSS oRhaER i raflt 8 obd Fudb8Piom of

i ndependent |y sel ected, fromthe group consisting of
anyrof the-gipups Rgted abgyve forRsp(=0)- | RI2P(=S)-, R1S(=0) -,

and R1S(=0) 2-, wherein each separate occurrence of Rl

i s emhaefirmade abbisndesofentlycalecsddom tie group sonsisting of

i ndependently -OG(OG)FOR or -OG (O G)SOH and

Rl(e(acj)-,occurrence of Y2 is independently -OG (0O G)q0O,
each occurrence of the subscript, p, is independently

R! Cz%gb-[‘ Rezg?Lqu-[ R:tﬁg—‘%ﬁ)g, I@]@@—%O)-,eﬁﬁrR]%‘@@?gt,%H&eiﬁfeaélb &parate

script, Qq, i ndependently an integer froml to

occilll?r%met gl §§%%%§%%§Y@f G is independently sel ected

i’ng of hydrocarbon fragnents

or o8 QP Ao s RBIEPR=R R (OB G DL a2 - GehsOH

is i ndependentg_xf/. sel ected fromthe group consisting of
and ¢ash peeryeenge pf wndméerﬂldr-Q%Gr(%%ngd herein, the
notation, (-Y2-)0.5, refers to one half of the Y2
noi edch.ocdinirence o that subscrips, a1y ssdiddépendent]yumciniegar fsbmH ta 100;
silicon atomand is taken to mean one-half of a

bi sedcunfetindéirk of theXabsteipt, 12 iEihilepehbénttied: inkspenBoind oh®0;
particular silicon atom It is

each occurrence of G is independently selected from the group consisting of
hydrocarbon fragments obtained by removal of one hydrogen atom of any of the
groups listed above for RY; and

each occurrence of R is independently selected from the group consisting of
the members listed above for R'.
As used herein, the notation, (-Yz-)o.s, refers to one half of the Y? moiety. This
notation is used in conjunction with a silicon atom and is taken to mean one-half of a
bis-functional alkoxide, namely, the half bound to the particular silicon atom. Itis
understood that the other half of the bis-functional alkoxide moiety and its bond to
silicon occurs somewhere else in the overall structure of the molecule.
Representative examples of X! include methoxy, ethoxy, propoxy, isopropoxy,

butoxy, phenoxy, benzyloxy, hydroxy, chloro, and acetoxy. Methoxy, ethoxy, and

isopropoxy are preferred. Ethoxy is more preferred.
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understood that the other half of the bis-functiona

al koxide noiety and its bond to silicon occurs
wGeomenaBE el se in the overall structure of theCT/US2004/008734

nol ecul e. Representative exanples of X include

nmet hoxy, ethoxy, propoxy, isopropoxy, but oxy,

Rep?gst%%ﬁ% DA PG a2t Ahide Bl 1BP &selﬁﬁijveaé%ﬁfr%l@é listed

hoxy, et hoxy, and |sopropoxy are preferre Et hoxy

kPSP S35y, DDA SRR R0,
vm)rz]l}e/mgt atﬁg{%ﬁéﬂ% -ck%ﬁsgg&l as?vagi)é b%ex@egc\:?e Lka%rysl

phenyl, vinyl, cyclohexyl, and higher strajght-chain
andaficmﬂb«;yls bstthawy, iy, 1s¢re§u§nxy . ethyl, ethydphenyl, andthe higher
oct adecyl . Methoxy, ethoxy, isopropoxy, nethyl, ethyl,
strafiih@Rbhin atkyth drberdfergitbfor 3Stand DG h iy, mesyitydne phesyl are
preferred for X2 and X3. Ethoxy, nethyl, and phenyl

mol%r efeﬂ:ea eTRE ﬁxfe%rfe@l%m%ﬁném@ e irethdthesd inBiHish &, 90, and

clude those in which , X2, and X3 are the sane
3 08V
x ?%E%%%%%L@? A e gy i
exqgg of Gl, &, and G3 include the term na
Mo -chain alkyls further subst i t ut ed termnally
at the opp05|te en uch as -
Repeegeaiapivsoxamplagol ¥ & @@@e@meqksﬁaleww@lkyls

bet a- substituted anal ogs, such as -CHQ(CHQ nCH(CHG)
furthisesubstitutes terarinaliyoatifie opﬁdﬂ@bmt@mszﬁ% eHo-, -
- structure derivable fromnethallyl chl ori de,
CH> CHAGH- Gzl -OHR, CH, a3 Cof, CHR€HsCH CHIp ARl wheir iberkdubstitiitedm
di vi nyl benzene, such as -CH2CH2( C6H4) CH2CH2- and -
anafa% gg@l—%) CH(CH3) -, where the notation C6H4 denotes
i'substituted benzene ring; any of the structures

C @E&%}%&%? ofh %‘2%?%?)’ 2ERCenSUH IR, -; the structure

derivable from methallyl chloride, -CH,CH(CH3)CH,-; any of the structures derivable
from divinylbenzene, such as -CH,CH(C¢H4)CH,CH»- and -
CH,CH,(CsH4)CH(CH3s)-, where the

notation C¢Hy denotes a disubstituted benzene ring; any of the structures derivable
from dipropenylbenzene, such as -CH,CH(CH3)(CsH4)CH(CH;3)CHy-, where the
notation C¢Hy denotes a disubstituted benzene ring; any of the structures derivable
from butadiene, such as

-CH,CH,CH,CH,-, -CH,CH,CH(CH3)-, and -CH,CH(CH,CHz)-; any of the
structures derivable from piperylene, such as -CH,CH,CH,CH(CHz)-, -
CH,CH,CH(CH,CH3)-, and

-CH,CH(CH,CH,CHs)-; any of the structures derivable from isoprene, such as
8



not ati on C6H4 denotes a di substituted benzene ring;

any of the structures derivable from butadiene, such
W@004QREH2CH2CH2- , - CH2CH2CH( CH3) -, and PCT/US2004/008734

-CH2CH( CH2CH3) -; any of the structures derivable from

pi peryl ene, such as - CH2CH2CH2CH( CH3) -, -

}E@Qﬂ%@g& O, CMTEH; @Hg@{@ coupt, the
Struct ures derivabl e fro%?%?gﬁe such3)( %

cﬁ@é@ﬁ%ﬁ%@? @&Q@%(Z ?éégsl (%W%Y of the

CH( CH3) CH2 - CH2CH2C( CH3) 2-, and
1S°m [ CH( CH3) 2] any of the isoners of
- CH2CH2- nor born - CH2CH2- cycl ohexxyl ; any .of the
-CHiGHhdiabdsylb zﬁ&ht@c@@mlumf"@é theadiedicelpabipiaadlp fom
cycl opent ane, tetrahydrodi cycl opent adi ene, or
norbyihhng egdelokaand\cytlopentatie, tmhygirmbdmyehpaﬁ@disne, any of
the structures derivable from |inonene,
cyciﬂd@%@ HIRER YK tho Wgé@ﬁmsmﬁ thgrdrirad d@vabiHlom
denotes isomers of the trisubstituted cycl ohexane
hm%éh% | acking substitution in the 2 position; any of
nonovi nyl -cont ai ni ng structures deri vabl e from

%M{%ﬁ%\ﬂ%ﬁgﬁ@ﬁ? C h acpotatlon CsHo denotes isomers of the

- CH2CH2(vi_ ny1C6H9) CH( CH3 where t he notation %@n
trisplostigated CEHQRexaR AL @Pkmséuf’fttwtsqmﬂhft 2PeHtesany
ring; any of the nonounsaturated structures derivable
mohodnyl-coptaieing scacttzs derivpbie fromgubmv layclobekageGuchagh as
- CH2CH CH2CH2CH=C( CH3) 2] CH2CH2-
CHxCHZGH -Gnd) 2] CH( CH3) -
- CH2C CH2CH=C( CH3) 2] ( CH2CHB) -

-CHz%%%WE%E@t% %tior; cOR s any isomer of the

trisubstituted cyclohexane ring; any of the monounsaturated structures derivable from

myrcene containing a trisubstituted C=C, such as -
CH,CH[CH,CH,CH=C(CH3),]CH,CH>-,

-CH,CH[CH,CH,CH=C(CHj3),]CH(CHs)-, -CH,C[CH,CH,CH=C(CH3),](CH,CHz)-,
-CH,CH,CH[CH,CH,CH=C(CH3),]CH,-, -CH,CH,(C-
)(CH5)[CH,CH,CH=C(CHj3)2], and

-CH,CH{CH(CH;)[CH,CH,CH=C(CH3),]}-; and any of the monounsaturated
structures derivable from myrcene lacking a trisubstituted C=C, such as
-CH,CH(CH=CH;)CH,CH,CH,C(CHz3),-, -
CH,CH(CH=CH,)CH,CH,CH[CH(CHj3),]-,
-CH,C(=CH-CH;)CH,CH,CH,C(CH3),-, -CH,C(=CH-CH3)CH,CH,CH[CH(CH3),]-,

CH,CH,C(=CH,)CH,CH,CH,C(CH3),-, -CH,CH,C(=CH,) CH,CH,CH[CH(CHs),)-,
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) (CH3) [ CH2CH2CH=C( CH3) 2], and

- CH2CH{ CH( CH3) [ CH2CH2CH=C( CH3) 2] } -; and any of the
wOorRwemaat ur at ed structures derivabl e from nyPCENS2004/008734

l acking a trisubstituted C=C, such as

- CH2CH( CH=CH2) CH2CH2CH2C( CH3) 2-, -

G GRS B o) 2
CH@%C%@(%W%O@ ﬁlefened structures for G', G? , and
G* e thaoS RGBT MR OGPER-C( 1) 202 GHRGR0( OB) 2-

and - CH2CH=C(CH3) ZC}QC}ECtgé}KC}B)Zl The preferred
CHAHETH oGt ond ) of e, dAs e GFE.A of TR gapbstrtion of
- CH2CH2CH2-, - CH2CH( CH3) CH2-, and any of t he
the dbflaghmederiobd strundtedlisted dhare. 2CH,dHsUHsis matst prefeofed.
t he norbornane-derived structures |isted above.

RepréddéfdidCidiampRs BPPincRide taibogl. suoﬁ%@rae@@nwdplml butanoyl
exanpl es of i ncl ude carboxyf such as acetyl,

L e
RSOy S bR R

such as thlonoacetyl thionoloctanoyl, an
bengpylp Hoeraraeipryl, syhicsshioneacetyd thipngloctmna F\‘}d thionobenzoyl;
phosphi ni ¢ and di et hyl phosphinic; and sul fonyl, such

phcmphlnneBlhxdrﬁsslmm&thyyphospbnmwﬁﬂhyﬂmhosp}am, and sulfonyl, such as
t ol uenesul fonyl. Representative exanples of G include

meth@héBulfohyls bérdeadsulfomd] ahdaboli¢hasulfonylher  substituted
termnally at the opposite end, such as - CH2CH2-

Re%%mam pRREF G 1%&?&%9&3%@%9&@@11 JI@B further and

et a-substituted anal ogs, such as -

sub SRRt Aloblly BARE oA SAE IR &%Q% -Bﬁzbﬁ}cﬁé- G
-th%g%%g g}?@ %%I_Z theu%e¥a—subs%1tute ana (g:gts usru%ﬁ at(sj ?éhi’é’ﬁk

and analogs with more than one methyl substitution, such as -CH,C(CH3),CH»- and

-C(CH;3),C(CHs),-; -CH>CH,C(CH3),CHy-; any of the structures derivable from
divinylbenzene, such as -CH,CHy(C¢Hs)CH,CHa- and -CH,CH,(CsHy)CH(CH;)-,
where the notation C4H; denotes a disubstituted benzene ring; any of the structures
derivable from dipropenylbenzene, such as -CH,CH(CH3)(CsH4)CH(CH3)CHy-,
where the notation C¢H, denotes a disubstituted benzene ring; any of the structures
derivable from butadiene, such as

-CH,CH,CH,CH,-, -CH,CH,CH(CH3)~, and -CH,CH(CH,CH3)-; any of the
structures derivable from piperylene, such as -CH,CH,CH,CH(CH3)-, -

CH,CH,CH(CH,CHj)-, and
10



di vi nyl benzene, such as -CH2CH2( C6H4) CH2CH2- and

-CH2CH2( C6H4) CH(CH3) -, where the notation C6H4
waletwener3a di substituted benzene ring; any of PEEUS2004/008734

structures derivable from di propenyl benzene, such as

- CH2CH( CH3) (C6H4) CH(CH3) CH2-, where the notati on CoH4

-C}ﬂ@mb?ﬁcﬁzéhg)él?iﬁi\yéﬁf{h@&r&ﬁﬁéﬂ@hfabw&mﬁ R¥opRdnel 4R as

structures | e from but adi ene, such as

CHETRERR GO CRCHCHIGR G, PIEcrEiielidie®) -
R R i et SR Ry gy D iR,

of the structures derivable fromjsoprene, such as
monghEdeatadyiagsioeetures deiybly @qg)tm%@@quylo,hexanej such as

- CH2C( CH3) (CH2CH3) -, - CH2CH2CH( CH3) CH2-,
-CHCHBCHR ACCHS)CHCHyR and -CEECHLCHOAM3HZ)ICH(CAhY-, ohetettbe

nonovi nyl -contai ning structures derivable from

othtid VT [1YJ deh6icQ BAY Modther SEHRB t@Substituted cyclohexane ring; any of the
B -CI—QCﬁ?éJ(Vi nyl I&%{B) CH2CH2- and Y S any

mor %%yﬂmg %?Kv%ﬂié)ffom \L}‘Eﬁé clcBita %Q% g;lx%ﬂla d C=C,

eno any 1soner o he tri'substitute exane
i ng; any of the nonounsaturated structures derivable
SUCRA3m myrcene containing a trisubstituted C=C, such as

CH GGG GHGC B bIoN 1S HICH;CH,CH=C(CH2|CH(CHy -
- CH2(] CH2CH2CH=C( CH3) 2] ( CH2CHB) -,

-CHOHC LR BLE BRECEPE L CHEER) 2] -OHRCH, CH[CH,CH,CH=C(CH3),]CHa-,
- CH2CH2( C-) (CH3) [ CH2CH2CH=C( CH3) 2] , and  CH2CH{

-CIDAIG8) [ CHD A HCIGHE)CH)2], amhd any of the

nonounsat urated structur esgder i vabl e from nyrcene
1 ' -
Cd&%&%@ﬁg%@g C%%H%ag)’ éa.na Ya{ offhe-monounsaturated
s@c@é@%%%%%ﬁtéﬁmwd C=C, such as -

CH,CH(CH=CH,)CH,CH,CH,C(CHs),-,
-CH,CH(CH=CH;)CH,CH,CH[CH(CH3),]-, -CH,C(=CH-CH3)CH,CH,CH,C(CHz),-
-CH,C(=CH-CH3)CH,CH,CH[CH(CHj3),]-, -CH>CH,C(=CH,)CH,CH,CH,C(CHj3)-,
-CH,CH,C(=CH,)CH,CH,CH[CH(CHj3),]-, -CH,CH=C(CHj3),CH,CH,CH,C(CH3),-,
and

-CH,CH=C(CH3),CH,CH,CH[CH(CHj3);]. The preferred structures for G are -
CH,CH,- and

-CH,CH(CH3)-. Most preferred is -CH,CHs-.

Representative examples of Y! include products derivable by methanol or ethanol

addition to ethylene oxide, such as CH;0CH,CH,0- (methoxyethoxy), which is the
11



- CH2C( =CH- CH3) CH2CH2CH[ CH( CH3) 2] -
- CH2CH2C( =CH2) CH2CH2CH2C( CH3) 2-,

WO B2 =CH2) CH2CH2CH[ CH( CH3) 2] -, PCT/US2004/008734
- CH2CH=C( CH3) 2CH2CH2CH2C( CH3) 2-, and
-CHQCH:C(CHG)2CHQCHQCH[CH(CHB)2] The preferred

alké:llj déjagal[ : fzﬁ??&ghox:gepr edent gﬁ ve e?ginpgl_gésthgx: 9
t
whigh 3 16 Bl B abi It R a0 @%&?@%@%@@ﬁm@
th t whi ch h 11. WD 2004/
mq(ﬂg}sfys%%&ﬁ%éém@chéf @s@o&vf&m}mﬁrw oy o
met hoxyet hanol ; CH3CH2OCH2CH2O- hox et hoxy), ch
methoxyitboriibonyl; GEbGELOCHRCELDETE éawmm@hoxy) which

CH3OCH2CH2OCH2CH2O- (et hoxyet hoxyet hoxy) which is

is thdﬁﬁkakykgmup derdugbleomvain g cthorysthared;mdydichmeyie thaogd of
CH3CHZ OCH2CH2OCH2CHR2O- (et hoxyet hoxyet hoxy), which is

thegerggr@{dfép%n%ﬁﬁ 16kt vabl e from et hoxyet hoxyet hanol ;
and ol igoneric analogs of these structures contalnlng

O 1
RIS s e ALSERRL e tonif ?*a%ﬁeﬁ%?%fd% clpghude products
de abl e. by et han r. et hanol . addi tj o ropyl ene
derfighlady TaeibalEF e@m%aé%@qp&zﬁswl%ﬁ 2 %15) A0
(the two isonmers of methoxyi sopropoxy) V\,hl ch are the
CHaDKBRGHGE Bl e GRAAKPR(GH 1Qe(thesprisemgs afno
i soners of nethoxyi sopropanol ; CH3CH2OCH2CH( CH3) O and
mefBaRCsREPCHiEGHi3yhich @re the Ia&oixyvgrdups derigabdé from the respective two
et hoxyi sopropoxy, which are the al koxy groups

isofiefs ofadiRoxyispdpagol €3RETLOVEL CHICHEYORg of

et hoxyi sopropanol; and oligoneric anal ogs of these

Cﬁ%&@@@'(ﬂe%o QRS of SRS IPIdRY, @Afkh-are the

alkoxy groups derivable from the respective two isomers of ethoxyisopropanol; and
oligomeric analogs of these structures containing longer -CH,CH(CH3)O- and -
CH(CH3)CH,0-

repeat units in varied sequences.

As used herein, "alkyl" includes straight, branched, and cyclic alkyl groups; "alkenyl"
includes any straight, branched, or cyclic alkenyl group containing one or more
carbon-carbon double bonds, where the point of substitution can be either at a carbon-
carbon double bond or elsewhere in the group; and "alkynyl" includes any straight,
branched, or cyclic alkynyl group containing one or more carbon-carbon triple bonds
and, optionally, one or more carbon-carbon double bonds as well, where the point of
substitution can be either at a carbon-carbon triple bond, a carbon-carbon double

bond, or elsewhere in the group. Specific examples of alkyls include methyl, ethyl,
12



repeat units in varied sequences. As used herein,

"al kyl"™ includes straight, branched, and cyclic alkyl
w@e@apst437 al kenyl " i ncl udes any strai ght, braPChes0040008734

cyclic al kenyl group containing one or nore

car bon- carbon doubl e bonds, where the point of

progﬁb%{d lfsw QiR ex&hbREbf ﬁke@y&ﬁfcﬁﬁi@m&@ﬁ%}@ 0l e

or e ere in the group; and "al kynyl " i ncl udes

metgg%(lal h ﬁ&lﬁgl norgr a9 h%ﬂl 119 %eﬁlbfoggéx%%ﬁl mﬁ%:rgqggﬂgymene and
ctgise ngé'o%%}f Sove Ee%h@ 506 BSOS ety °fc}”cs% | Gugpapey

either at a carbon carbon triple bond, a carbon-carbon
anddoethylecetidend; or el sewhere in the group. Specific
exanpl es of al kyls include nethyl, ethyl, 12 WO
As BEH341e094. 43y PRENIER A4r008718 hydlpca:rbyﬂl froan@hich@lna thydlrogen
Speci fic exanpl es of al kenyls include vinyl, propenyl,

atof Ha¥ bheen 1ERioREd; "Hlalkyat Michidde Ay ofBE BRraRBRionel Ayl g‘ﬁ’ﬁps in

nor bor nyl , ethyl|denyl nor bomrene, and ethylldene

PRSI P
S Ao B FHTE 45  RARLPER P

[ ncI udes any of the aforenentioned al kyl gr oups in
aforgmentionsrearsh StRBPEinWhicl gosomeredydERgensiams Rarsdert ut ed
by the sane nunber of |ike and/or different ar
substifiedéry the senausbirsifilike end/sr didferertt alkeyrh (ds defined ﬁ@é
any of the aforenmentioned aryl groups in which one or
subdBfuentby Sp@ifde:aidIes dtairds hedidesiheayl dandtraghthylehyle Spedific
nunber of |ike and/or different alkyl (as defined

%udg)aral Eﬁ‘fcﬂd&é%ﬁﬁyl anl Phbddiey1  SpERLiE sxfhples ¥f ﬁenyls

and napht hal enyl”. Specific ‘exanples of

. al in Iude benzyl and phenethyl. Specific
“wgg'ﬁgye d@g@ renyls i nclude tolyl and xylyl. As used

As gg% Cycl Izﬁlﬁgl &gchc atll%é/nyl't %nél b cyc?x lalllk’yn?fﬂdalsl,loci}/lcclluhg

bicyclic, tricyclic, and higher cyclic structures, as well as the aforementioned cyclic
structures further substituted with alkyl, alkenyl, and/or alkynyl groups.
Representative examples include norbornyl, norbornenyl, ethyInorbornyl,
ethylnorbornenyl, ethylcyclohexyl, ethylcyclohexenyl, cyclohexylcyclohexyl, and
cyclododecatrienyl.

The etheralkoxy sulfur silanes described herein can be prepared by transesterification
of any single-component or combination of polysulfide-functional, mercapto-
functional, or blocked mercapto-functional silane(s) containing alkoxy, acyloxy,
etheralkoxy, and/or hydroxy functionality, with the appropriate starting etheralcohol

in the presence of a suitable catalyst, optionally in the presence of a suitable solvent
13



bi cyclic, tricyclic, and higher cyclic structures, as

well as the aforenentioned cyclic structures further
waagoiuet ed wi th al kyl, al kenyl, and/ or al kynpeT/US2004/008734

groups. Representative exanples include norbornyl,

nor bor nenyl , et hyl norbonyl, ethyl norbornenyl,

and®rapb QY& 0 e lYél‘ﬁl '@l AYdsEYHo e Y dised herein to describlghtge

cycl ohexyl cycl ohexyl, and cycl ododecatrienyl .

et her al kox fur si [ '
prefrafOrPiRE Y By Pt e FEEH G BB CL e P s,
si ngl e-cqomponent or conbinati pn of ..
ethegalielay; anlisg AFYIRCY PROHRS On SRSk BY B eHhgrlkap fapup. gybich is
bl ocked mercapto-functional silane(s) containLn% )
accanpbished baayadting an eteraleciiok B, ong i e Hipgodk yuitable starting
functionality, with the appropriate starting
silaaé(RE t@tdde@hebn alcohdlhearboadiencel, afid/ar sthébkbhe, edthdhy st |
optionally in the presence of a suitable solvent 13 WO

forRARGH O4 AdsiRE EiHRAROA/ ROV Sfaneand/ or cosol vent. The

term"transesterification", as used herein to describe
. . i i nes <2 3
Suilfe AR YAl B Rled P GAREET KXY bEH, W wlcp 30807, 2
1 Lar acylo roups on.silic by .an. et her gl koxy
G 3ol arite bbb B o1 S rtrpoPY A oRiyu T, 575 kma 4.
et heral cohol with one or npre than one suitable
Forgywt #i ng silane(s), to rel ease an al cohol, carboxylic
acid, and/or etheralcohol, with the formation of the
J—SesG}edﬁXEﬁﬁ?alkoxy sul fur silane. Suitable starting
silanes are given by Forrmulae 5 and 6 bel ow, in which

Fordula2@; X2, X3, G, @, G3, and the subscript, x, are
as descri bed above for Fornulae 1, 2, 3, and 4.

XIXorRyL 250 g J- & GhigI&R2X3  Formul a 6:
XIX2X3Si - G2- Sx- G3-'Si ' X1X2X3 Appropriate starting

ApGlBeh® fif 104 SnhRALY R BYerB) FhlARad 7 3043 BRE, Awhldh R,

G, and the subscripts, p and g, are as described above for Formulae 1, 2, 3, and 4.

Formula 7:

RO-G-(0-G-),0H

Formula 8:

HO-G-(0-G-),O0H

Suitable catalysts for the transesterification described herein include acids, bases, and

metal or organometal cations. Examples of suitable acids include sulfonic acids, such

as para- toluenesulfonic acid (PTSA), methanesulfonic acid, benzenesulfonic acid;

mineral acids, such as sulfuric acid, HCI, HBr, and phosphoric acid; carboxylic acids,

such as formic acid, acetic acid, and octanoic acid; and Lewis acids, such as

aluminum chloride and boron halides. HCI, benzenesulfonic acid and p-
14



G and the subscripts, p and q, are as described above
for Formulae 1, 2, 3, and 4. Fornula 7:

WORNBIYBG ) pOH Forrmula 8 HO G (O G)qOH hT/EHKI004/008734
catal ysts for the transesterification described herein
i nclude acids, bases, and netal or organonetal

toluRtduPBaic deiParB pRterPdd. St Bmdsalfafic 48idi @ |pUdichbdul RRictcid
acids, such as para- toluenesulfonic acid (PTSA),

o TR, gy T 0By ORI s
mefiEafoxidRR maiesnordnontia. MEAL Sl Mg fimAgEh'afe

al um num chl ori de and boron halides. HCQ , L.
prefssicd e darmphigand NaOFy védieee B 13 thewspms @ fre0d sy the starting silane

PCT/ US2004/ 008734 tol uenesul fonic acid are preferred.
useBenrz amaspiefaaredc aci d and p-tol uenesul fonic acid are

nost preferred. Exanples of suitable bases include
Suifibleadolveild iabluby, i@ ¥ied®s linidel 8, alcolBlsaéthals Kigpdrétesbons,

am nes, and ammoni a. Al kali netal al koxi des and
i : Red S
hel GRRFERRL e e, RO B TR, BRI a0 BB,
st preferred.,,Syitable solvents.include, hut,arg not
Alhahs algelired Alrtiold Nefe o § it B s oo R B e
hal ocar bons, ketones, aromatics, heteroaronatics,
startige gilaneessd, apmostpeliriedes. Al cohol s are preferred.
Al cohols, ROH, in which Ris the sane as the Rin the
Thes¢lastoinary wefudméthitbe etheratloxprsakfunyilanes qonglingragents described
el astomers useful with the etheral koxy sul fur silanes
heréiauptludgsidfie Fukadiestsle nitddrs inelnding conjuigatdé dimk homopolymers
vul cani zabl e rubbers incl udi ng conjugated di ene

ancﬁfbggﬂ%éﬁ[%a copOIYmeRARST aY TR EtOne ¥BHjugfee (N8 hid Bfonddtic vinyl
| east” one conjugated diene and aromatic vinyl

compound. Suitable organic polymers for preparation of rubber compositions are

well known in the art and are described in various textbooks including The Vanderbilt

Rubber Handbook, Ohm, R.F., R.T. Vanderbilt Company, Inc., 1990 and in the

Manual for the Rubber Industry, Kemperman, T and Koch, S. Jr., Bayer AG,

LeverKusen, 1993.

The rubber composition preferably comprises at least one diene-based elastomer, or
rubber. Suitable conjugated dienes are isoprene and 1,3-butadiene and suitable vinyl
aromatic compounds are styrene and alpha methyl styrene. Polybutadiene can be
characterized as existing primarily (typically about 90% by weight) in the cis-1,4-
butadiene form.

One example of a suitable polymer for use herein is solution-prepared styrene-

butadiene rubber (SSBR). This solution prepared SBR typically has a bound styrene
15



conmpound. Suitable organic polynmers for preparation of

rubber conpositions are well known in the art and are
walemannd43gt i n various textbooks including The PCT/US2004/008734

Vanderbilt Rubber Handbook, Gm RF., RT.

Vander bi It Conpany, Inc. 1990 and in the Mnual for

coniéﬁ?uﬁijA§E of g \‘5’6{;?% Jﬁfefeﬁ% erbeN OHKECHsefibpolymers

Bayer sen 3 Tﬁe rubber conposi ti on

o SR 5 S Sl 08 OO5 PR i
con s s B0 O 05, 20 AR e o

styrene. Pol ybutadiene can be characterized as
polghvitadienvy B anad theikes Jhe vebibeycompnsiti@osropriigsdiaf lgapt one
the cis-1,4- butadiene form One exanple of a suitable
diepebysed elafiomense rhbee) Buitsbls conjugadedt dicnare toptepe end1,3-
but adi ene rubber (SSBR). This sol ution prepared SBR

buthHBheCAldl MithFle vanyD aroshtitosfpotndsldre WpreoQAd ARhA Iethyl
PCT/ US2004/ 008734 content 'in a range of 5 to 50,

P T o B R B
o tgeasﬁu%ﬁ%{aﬁepgf%ﬁfghiygﬁésrE‘BSJGE‘N"é'R)y””S

pol ybut adi ene glg and_t he Ilke The rubber
Th‘@@?h@dgbbqféﬁa sulfur shpblesa@ber Sych disas bassdelasiamaste oyabber:

el astomer, or rubber. Suitable conjugated dienes are
may bepelected, fovexendle, froina di least oandf eis It4apolyrisoprene rubber
aromati ¢ conmpounds are styrene and al pha net hyl

(nafilr)@0Rr syighatiy) pedéably naaital)endpasfacbbr haadl abber), emulsion
existing primarily, typicall y about 90% by weight, in

polgﬂﬁ@?ﬁtﬁn&réﬁpé& lB8Buiadicht cdp et 78bérIBRBhicisBlifion

e rubber. Such di ene based el ast orrer or
e AP P A B
isoprgg &t%éh%gw Iexg rﬁ%?ét%é/i?()al}rgr{e?bL?tad1gr?edtepp }tnelerrar%yerngg [43-‘ |
polybutadiene, medium vinyl polybutadiene rubber (35-50 percent vinyl), high vinyl
polybutadiene rubber (50-75 percent vinyl), styrene/isoprene copolymers, emulsion
polymerization prepared styrene/butadiene/acrylonitrile terpolymer rubber and
butadiene/acrylonitrile copolymer rubber.
For some applications, an emulsion polymerization derived styrene/butadiene (E-
SBR) having a relatively conventional styrene content of about 20 to 28 percent
bound styrene, or an E-SBR having a medium to relatively high bound styrene content
of about 30 to 45 percent may be used.
Emulsion polymerization prepared styrene/butadiene/acrylonitrile terpolymer rubbers

containing 2 to 40 weight percent bound acrylonitrile in the terpolymer are also
16



pol ynmeri zati on prepared styrene/butadi ene copol yner
rubber, organic solution polynerization prepared

wa@rooremasbut adi ene rubber, 3, 4-pol yi soprene rubOEDS2004/008734
i soprene/ but adi ene rubber, styrene/isoprene/ butadi ene
terpol ymer rubber, cis- 1,4- polybutadiene, medium

conYe! %ted?gé B Qéjig& %He%?ﬁséﬁﬁhﬁ@n&%ﬁ(%ﬁm vinyl), high
pol ybut adi ene rubber (50-75 percent vinyl),

ARSI %"?@%ﬁﬁ%&gﬂﬁon.b?é“elr‘m{ﬂ“‘%dlé&‘ﬁ&@ o
e 2 Ao P SR SEH IR LB RRoE oA

derived styrene/ butadi ene (E- SBR) having a rel atiyvely
materialy asefildieatindesindam butaanehimied ihsrstal peides spdh asasilicant
bound styrene, or an E-SBR having a nediumto
(pytkaiciané pyecipigtedhditmiust dioxeide, aboninesilicat andelmmifg clays and
45 percent may be used. Enul sion polynerization

mk@&ﬁg@ﬁggdggﬁag&gmgptadlene/acrylonltrlIe t er pol yner
bers containing 2 to 40 wei ght percent bound

ngg‘ﬂidfo@ﬁéf@fétpﬁ‘%% iR ué%é%%?‘ﬂ’?&ﬁ apticularly

ased..rubbers.for hi s, i ntion, parti e

whet iF Gt oty O SFiRngVitt? SRR Fi SRR RS
el ast omer conposi tions of t he resent i nvent.i on

siligaandiraroy bakis aglizeds for reéla@rm%f 1Hers Ton vreleus shiper products,
like. The filler nmaterials useful herein include, but

inchdigrteetads foritiresd Alominecanl beoysed eihes abime s i pombigation with
(pyrogeni ¢ and precipitated), titanium dioxide,

siliéd. Urigvem,| dheaing, emthealeyeribed hetdimysalantnurh akidle, crohAbOn The
bl ack, and the like. Particulate, precipitated silica

ﬁlléaﬁ n?alyslf% 1S8Rl S8R aHBRTohLforB U e REERASRA iPAbbECdbnRokitions

en“thesilica is used in conjunction with a silane.

can{)lfea%gvnv?ls oF ?)?qmpl@ %'Jg pgtgﬁt%o %f 1 16Si$§6' #er 4 ?3 £ggpon

o for T ernf orcr or vari ous
| ud
The B kol Su it e 4 ea%eétﬂq‘?ra%ﬁ@%ﬁgérﬁ%e%%#eﬁm fnd o

to the mineral fillers. The released etheralcohols provide advantages to the properties

of the rubber obtained, as is shown in the examples. Additional etheralcohols may be
used to maximize these advantages. The etheralkoxy sulfur silane(s) may be
premixed and/or pre-reacted with one or more etheralcohols in a single step or more
than one step prior to the addition to the rubber mix. Alternatively, the etheralkoxy
sulfur silane(s), whether used alone or premixed and/or prereacted with additional
etheralcohol, may be added, either with or without additional etheralcohols, to the
rubber mix during the rubber and filler processing, or mixing stages.

Another advantage of the use of etheralkoxy sulfur silanes is that the hydrolysis of the

alkoxy groups during the coupling to filler releases less volatile organic compounds
17



silica. The term alum na, can be described herein as

al um num oxi de, or A1203. The fillers may be hydrated
w@eoodmoghydrous form Use of alum na in rubbePCT/US2004/008734

conpositions can be shown, for exanple, in U S

Patent No. 5,116,886 and EP 631 982. The et heral koxy

{f]eﬁ isthé é&e%wﬁethe A3€ oﬁéd?ﬁéﬁt&ﬁhﬁilﬁu AL f\%ﬁi‘éh liMhe
and coupling to the mneral fillers.

il i A b e i
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silane(s) may be prentxed and/ or pre-reacted with onge
replogedhiith abetheradreormpep.i hhig resuliginsths relpaseof fass sthapplgith the
one step prior to the addition to the rubber m x.
useAlf thermlitdxyedulfir sitmeethian mvathktbx yse sfidilhoes 1wed anthesyrrent art.
whet her used al one or prem xed and/or prereacted with

Th@:‘é{@aﬁé SMNads al@hbe ith @R Rde, of BBErdlR0:30edfkr siineh & anMdviantage
wi t hout additional etheral cohols, to the rubber mx

[ filler processing, or mxing

ﬁo@%&ge@?g&ﬁﬁeﬂtﬁ%ﬂdgvaﬂt age of the use of et heral koxy
sulfu SI| I s that he IS

hilyricogy ARG e RhY PhEBy e brgreatib oy 68 Bher
vol ati |l e organic corrpounds 17 WO 20%6[ %34437

parficiy, gsadied/to derryhber mypsguring Ahe rubbetanddiles pipaepsing Or fu¥ing
of conventional sulfur silanes, which in the current
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eral koxy sulfur silanes than with the use of
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re-reacted with the filler_ particl es or added to
weightofrthp Bllpr max belay lavgas #heut 3b 0 plHebytiis mope preferably from
processi ng, or mxing
25 to 85 phr.

Preferably, at least one precipitated silica is utilized as a filler. The silica may be
characterized by having a BET surface area, as measured using nitrogen gas,
preferably in the range of 40 to 600, and more usually in a range of 50 to 300 m?/g.
The silica typically may also be characterized by having a dibutylphthalate (DBP)
absorption value in a range of 100 to 350, and more usually 150 to 300. Further, the
silica, as well as the aforesaid alumina and aluminosilicate, may be expected to have a
CTAB surface area in a range of 100 to 220. The CTAB surface area is the external

surface area as evaluated by cetyl trimethylammonium bromide with a pH of 9. The
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stages. If the etheral koxy sul fur silanes and filler
are added separately to the rubber mx during the

WO aivbe944and filler m xing, or processing stagepPCT/US1084/008734
consi dered that the etheral koxy sulfur silane(s) then
conbine(s) in an in-situ fashion with the filler. The
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is described in ASTM D 3849. Mercury porosity surface

speéifie duifacd di€a fop €igd dilica shouldieeinarargedsfl OO0 G640 nBig.
mercury porosinmetry. Using this nethod, mercury is
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porgy haveavdiaspignef B to I0agrMOga30@eresnt of itsoporasgnyy agliameter at
according to DIN 66133. For such an evaluation, a

100 to 1,000 nm, and 5 to 20 percent of its pores have a diameter of greater than about

1,000 nm.

The silica might be expected to have an average ultimate particle size, for example, in
the range of 10 to 50 nm as determined by the electron microscope, although the silica
particles may be even smaller, or possibly larger, in size. Various commercially
available silicas may be considered for use in this invention such as, from PPG
Industries under the HI-SIL trademark with designations HI-SIL 210, 243, etc.; silicas
available from Rhone-Poulenc, with, for example, designation of ZEOSIL 1165MP;
silicas available from Degussa with, for example, designations VN2 and VN3, etc.

and silicas commercially available from Huber having, for example, a designation of
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CARLO- ERBA Por osi neter 2000 m ght be used. The average
mercury porosity specific surface area for the silica
WG bogloght4be i n a range of 100 to 300 n2/g. A SuPCHDE®04/008734
pore size distribution for the silica, alum na, and
alum nosilicate according to such nmercury porosity
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AlttdBERSY | e Sildbcanl e coonpised of @hty Foweight prrcént of said silica,
desirable to utilize siliceous fillers such as silica,
aluAlinH AndPoralgh o sific AT andotreshaingly) 40 aorbivweglit @aroeht darbon
carbon black reinforcing pignments, the conpositions
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o SR BB 2o 120k, el L
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etheralkoxy sulfur silanes are mixed with the organic polymer before, during or after
the compounding of the filler into the organic polymer. It is preferred to add the
etheralkoxy sulfur silanes before or during the compounding of the filler into the
organic polymer, because these silanes facilitate and improve the dispersion of the
filler. The total amount of etheralkoxy sulfur silanes p.resent in the resulting
combination should be about 0.05 to about 25 parts by weight per hundred parts by
weight of organic polymer (phr); more preferably 1 to 10 phr. Fillers can be used in
quantities ranging from about 5 to about 100 phr, more preferably from 25 to 80 phr.
In practice, sulfur vulcanized rubber products typically are prepared by

thermomechanically mixing rubber and various ingredients in a sequentially step-wise
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3/1, and preferably at |east about 10/1. The wei ght

rati o may range fromabout 3/1 to about 30/1 for
waedosoeass fillers to carbon bl ack. Alternati veCTUS100€008734

filler can be conprised of 60 to 95 wei ght percent of

said silica, alumna and/or alum nosilicate and,
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5 to about 100 phr, nore preferably from25 to 80 phr.
and!for nacdnesositionisf abouy U5 0EaGita é80F (b Habs@quediuotssch preparatory
typically are prepared by thernonechanically m xing
mix SR8 in@haY AikiAY StaloB HoRRHBRE Sefbieditos R Hhdve Ynix stage,
step-w se 20 WO 2004/094437 PCT/ US2004/ 008734 rmanner

fol | owed i i

curtn ap G PR B 5P MG P A ERBRE AR Rl PR e
aforesaid m xi ng of the rubber and vari ous

rubargomoBR ST CPREIAT 9 IeRET FERFERtES SLIPHAKARYAOR S to
vul cani zation accel erators (collectively, curing

13080@ it 63der tohrevand bereta)l paerdhaturduoing of thetaifuc onrpble mabhey,
ingredients typically are blended in at |east one,

sontthRirERRed tdad R8rBATEe Ve robbdr Gfixhure, |8 reR¥tel @b hi Dfbber

resistance tires) two, preparatory thernonechanica

comr'f;o)l(lirla Ur %6%88&&%, itﬂ)iééﬂyt @Rh&wH th&dodl, sothEfimes after or during a

process intermediate mill mixing, between the aforesaid various mixing steps, for
example, to a temperature of about 50E C or lower. When it is desired to mold and to
cure the rubber, the rubber is placed into the appropriate mold at a temperature of at
least about 130E C and up to about 200E C which will cause the vulcanization of the
rubber by the sulfur-containing groups of the etheralkoxy sulfur silanes and any other
free sulfur sources in the rubber mixture.

Thermomechanical mixing refers to the phenomenon whereby under the high shear

conditions in a rubber mixer, the shear forces and associated friction occurring as a
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preparatory mxing is referred to as nonproductive
m xi ng or non-productive mxing steps or stages and

w0 2004muBT y conducted at tenperatures of aboutPAHOR0GH008734
to 200E C, and for sone conpositions, about 150E Cto
180E C. Subsequent to such preparatory mx stages, in
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about 200E whi.ch wi || the vul cani zat i n of t
O b dhe pseopd geagtipn mw&éﬂfﬂg ’F‘an Y RUBE FECtph Bich takes P?&lce
etheralkoxy sul fur silanes and any other free sulfur
betweeir the sulifir-¢amtnining ipertiom oftthe bydrdmbormmc halyswéide silagenand
refers to the phenonenon whereby under the high shear

the GQIFSH il @REzable rabbar AbS hightX@mpetdideSfoe 8kathleCadvaaBout 140E
associated friction occurring as a 21 2004/ 094437

C PCT/ US2004/ 008734 result of mxing the rubber
‘conpound or sonme blend of the rubber conpound itself

ber c %?)ndl for;%%glai? |n taﬁ?l glgtglsshq?ﬁlr& such

|t heats u . Several chemnm cal reactlons may. occur, at
as, utrnad uga@dé@sssl d\ swhir dpnorig conridesed hagings goulupeontaiping

first reaction is arelatively fast reaction and is
contpoimid diet dilefatss diee, drcelémbetalsuifos at b edmyseeatutehia afrahgeeosf 140E

and the silicon al koxide group of the etheral koxy
C 3 lfb(BE’ C. SSIJCR B&iFur donors may be, for example, although not limited to,
polysulfide vulcanization accelerators and organosilane polysulfides with at least two
connecting sulfur atoms in their polysulfide bridges. The amount of free sulfur source
addition to the mixture can be controlled or manipulated as a matter of choice
relatively independently from the addition of the aforesaid etheralkoxy sulfur silanes.
Thus, for example, the independent addition of a sulfur source may be manipulated by
the amount of addition thereof and by the sequence of addition relative to the addition
of other ingredients to the rubber mixture.

A desirable rubber composition may therefore comprise about 100 parts by weight of

at least one sulfur vulcanizable rubber selected from the group consisting of
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Such reaction may occur at a relatively | ow

tenperature such as, for exanple, at about 120E C
wab@4merend reaction i s considered herein to bRCT/82004/008734

reacti on which takes place between the
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be mani pul ated by . t he_anpunt qf ition thereof
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addition of other ingredients to the rubber m xture.

Theruibbei compositiontisthen poapatssli i fonst blayding ewbdfenrfdlec endr i se
about 100 parts by weight of at |east one sul fur

ethardlkoan isaidid siafie) lob eubbes [fidlet prbtieatetvitheal Dorauporton st thiei ng
of 22 WD 2004/ 094437 PCT/ US2004/ 008734 conj ugat ed

ethé’x‘aﬁd%?( RATRRILY ORI S EmE AR HHBEBeox G BEIFGPahY, TR b Firetf
east one conjugated diene and aromatic vinyl

nd bout 1 arts, r
thefri e n R Rbe e LGP gy B PR RO 902-?0013
| east one 6)art|cul ate filler, up . to about 5. pa{ts
C fopabemt 2 e 20 mimtps prefershlyaboptd tor Lpminutess Qptiggallpghe Curing
agent, and about 0.05 to about 25 parts per hundred
ageparstthemzﬁdcbd liy ansathey fthexmolmegBanical enisingestep dt exgmperrfuge of

about 50E C and mixed for about 1-30 minutes. The temperature is then heated again
to between about 130E C and about 200E C and curing is accomplished in about 5 to
about 60 minutes.

The process may also comprise the additional steps of preparing an assembly of a tire
or sulfur vulcanizable rubber with a tread comprised of the rubber composition
prepared according to this invention and vulcanizing the assembly at a temperature in
a range of 130E C to 200E C.

Other optional ingredients may be added in the rubber compositions of the present

invention including curing aids, i.e., sulfur compounds, including activators, retarders,
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silane as described herein. The filler preferably

conprises fromabout 1 to about 95 wei ght percent
w@200bom4bt ack based on the total wei ght of theCT/Uk1004/008734
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being preferred.

Optionally, vulcanization accelerators, i.e., additional sulfur donors, may be used
herein. It is appreciated that they may be, for example, of the type such as, for
example, benzothiazole, alkyl thiuram disulfide, guanidine derivatives, and
thiocarbamates. Representative of such accelerators include, but are not limited to,
mercapto benzothiazole, tetramethyl thiuram disulfide, benzothiazole disulfide,
diphenylguanidine, zinc dithiocarbamate, alkylphenoldisulfide, zinc butyl xanthate,
N-dicyclohexyl-2-benzothiazolesulfenamide, N-cyclohexyl-2-
benzothiazolesulfenamide, N-oxydiethylenebenzothiazole-2-sulfenamide, N,N-

diphenylthiourea, dithiocarbamylsulfenamide, N,N-diisopropylbenzothiozole-2-
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t he sul fur vul cani zable material selected for use, and

such selection is within the know edge of those
w@Riokbed3Tn the art, as are the required anpunPGI/U§2004/008734

such additives. The vul canization nmay be conducted in

t he presence of additional sulfur vulcanizing agents.
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types of accelerators are amines, disulfides, guanidines, thioureas, thiazoles, thiurams,
sulfenamides, dithiocarbamates, and xanthates. Preferably, the primary accelerator is
a sulfenamide. If a second accelerator is used, the secondary accelerator is preferably
a guanidine, dithiocarbamate, or thiuram compound.

Typical amounts of tackifier resins, if used, comprise 0.5 to 10 phr, usually 1 to 5 phr.
Typical amounts of processing aids comprise 1 to 50 phr. Such processing aids can
include, for example, aromatic, napthenic, and/or paraffinic processing oils. Typical
amounts of antioxidants comprise 1 to 5 phr. Representative antioxidants may be, for

example, diphenyl-p-phenylenediamine and others, such as, for example, those
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Representative of such donors include, but are not
l[imted to, dinorpholine disulfide, dinorpholine
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primary accelerator is,  a sulfepanide. If a_second
examie [tegantbsused fayyarious tire compamrisy yWush HEts<rB b8 %mlg shaped,
preferably a guanidine, dithiocarbamate, or thiuram
mokiethpod ouked By piatiahs methods thatdre kaowinfand will bsireaslilyiapparent to
used, conprise 0.5 to 10 phr, usually 1 to 5 phr.
thodyRivarad skalmgfiich agf processing aids conprise 1 to 50
phr. Such processing aids can include, for exanple,

Th%%)%@lﬁs&gf%gﬁh%mv‘? derdBilfe R@MiAtdt QGRS 88 fleRflanes

] anounts of antioxidants conprise 1 to 5

. 1R at ag i i.OX] .

e R SR P LR TR i BRI o
ample, th WO, 200 4437 PCT/[US2004/ 008734

AR g R A =

pages 344-346. Typical anounts of antiozonants
presantpihic perfarnance pptametery pf etherabieisy seldurgilapes affhepregant
i f used,
invention and of TESPT, the silane used in the prior art which has become the

industry standard. It is clearly evident from the table that Silanes 1 and 2, containing
the diethylene glycol group, give rubber with significantly improved abrasion
resistance, relative to rubber prepared with the control silane, TESPT. Likewise,
Silanes 1 and 2 give rubber with improved modulus, elongation, and tensile strength.
All references cited herein are incorporated by reference herein in their entirety. The
following non-limiting examples are further illustrative of the present invention, but
are in no way intended to be construed as limiting the invention in any way. The

advantages and important features of the present invention will be more apparent from
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whi ch can include stearic acid, conprise 0.5 to 3 phr.
Typi cal anmounts of zinc oxide conprise 2 to 5 phr
waypiosd43anount s of waxes conprise 1 to 5 phr.PC/U82004/008734
m crocrystalline waxes are used. Typical anounts of
peptizers conprise 0.1 to 1 phr. Typical peptizers

th gxanpl e, pentachl or ot hi ophenol and
eg&genz {(%ﬁo%}l phenyl disulfide. The rubber conposition

i nvention can be used for various purposes.

Ebégwﬁfiianple it can be used for various tire

conpounds. . Such ti can be built, shaped, |, ded
Amgpg the sraginlsy Poaies Gl R e etoh hat dPrBoRiate mathads,or

be readily apparent to those having skill in such
preparing tlihaoet anppesitippseefanatied ob Bleawessahivrentian: dviany of these

signi ficant advantages of the silanes described
exahfle dinpley dicthydenchdre] ADEGhebtainediidihyUniraat Chedical, ks the

in their performance as coupling agents in

ethéﬂ-élb&ﬁﬂ Etlahir@qniwﬁae DEF A 8ioland éctliffs tvb BrEgBLES 18 the

bel ow, presents the performance paraneters of

o PRl s P gl IR o

e eSS e RSO B AR el TSP saring
cont ai ni n the dieth col _graqup, gi ve rubber

matroh B esodmory: H SOy oanas g i s st aisthorysilyL1-

relative to rubber prepared with the control silane,
propESRrastlifide i bis(3-tristhaysityll -progyl) tefiasalfaneb isen aguiltprium or
i mproved nodul us, el ongation, and tensile strength.

neﬁehuﬂ@ﬁﬁih&ﬁﬁﬁ’éuﬁdﬂ Efbik(BrtEbthorysilyl-1gespd)y péleshiiyes averaging
reference herein i n their entirety. The follow ng

abd¥® Ror IsHied efﬁ&n? éul@r OfeH! th8 gfoduH Sohp ARt o8 wke t he
present I nvent are in no way intended to be
rued n1t shye
meg LR ﬁaor?aa’w%'g RRGHET AT f Byl
[ nventl on t f 26 V\D 2004/ 094437
tolysnesuljonisme V&)@)g arsmta;?glc %?aggﬁnng (reg?rrpl es.

Example 1

DEG (25 grams, 0.24 mole) and TESPT (250 grams, 0.48 mole) were added to a 500
mL round-bottom flask fitted with a thermometer, and stirred to obtain a
homogeneous mixture. A quantity of 100 grams of this mixture was transferred to
another flask whereupon 0.5 gram of a 21 % ethanolic solution of sodium ethoxide
was added with stirring. This mixture was stirred under vacuum to remove ethanol.
An additional 3.0 grams of the ethanolic solution of sodium ethoxide was then added
with stirring. The mixture was then stirred under vacuum to remove ethanol. GC
analysis was consistent with conversion of more than half of the TESPT and DEG, to

nominally yield a 2/1 transesterification product of TESPT and DEG, whose average
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EXAMPLES Anong the exanpl es provi ded bel ow are
several that denonstrate nethods for preparing the
woewelomenposi ti ons of matter of the present |iPWBENS10041008734
Many of these exanples enploy diethylene glycol
(DEG, obtained from Uniroyal Chem cal, as the
moRLHRE cAhFONRIn ShREbIHIEd IHRS TREPT RidedulesdedbhlavdRbne of

contains two OH groups. In the exanples, DEG is used

the e A bR e S R R el o o1

S Iggi alties, as the TESPT starting material. TESPT,
Ex Zknown as Si -69, and often referred to as
bis(3-triethoxysilyl-1- propyl) tetrasulfide or
DEE} @5 zrams. A Howgis) p3d TESBT 6330 57ame §.48 meiesre pddeskfo a 500
equilibriumor near-equilibriumdistribution of bis(3
mL-onhdbbivomy Slakly fitted withradhgtin)onpeséry sud ftirckdsto abtaimgi ng
about four sulfur atons per nolecule. Oten, the

hoRbR5hees BBHIRES Al RRSLET 0 dIRAS Uf Bk Bikt@RdSvas removed, leaving
chromat ography (GC). Sone of the exanples use a

R A TS 8 B I g
.JESPT . . 3
w5 R e PR AR RENER PGy

stirred to obtain a_ honmogeneous m xture. A quantity
temyferabe ofjrl @98 Cowas tepehedite distill afbeshanod (3¢ apalysis fs consistent
anot her flask whereupon 0.5 gramof a 21 %ethanolic
with @btitersion of mosidifithe TERPYiadé DEG s Thelflegk andtdontehisrwéragooled
This m xture was stirred under vacuumto renove

andi @& Wional AIAGEHhE PARGhr SthEhdHcHBmOtia WAS a8ddioRTh krring and

sol ution of sodium et hoxi de was then added wth

hea?éed nt%rréxﬂgv%gtﬂg?@ &ﬁrrg)%@gl?{ gi@faea LI ﬁ%&%&%ﬁcﬁ%&%&&& of

ve et was consistent w

TERB R st aicade iRt etpo oo R e o FESPT

TESPT and DEG whose average 27 WO 2004/ 094437
mopecylesisagh haying enerof the six ethoxy groups replaced with one end of a DEG

group.

Example 3

DEG (19.5 grams, 0.18 mole) and TESPT (100 grams, 0.19 mole) were added to a
250 mL round-bottom flask fitted with a thermometer, and stirred to obtain a
homogeneous mixture. To this was added 4.5 grams of a 21 % ethanolic solution of
sodium ethoxide, with continued stirring. After four hours, the flask was equipped
with a short-path condenser. The flask was then heated to a temperature of 98E C to
distill off ethanol. Partial vacuum and then full vacuum was subsequently applied to
strip off remaining ethanol. Six grams of ethanol was collected. Six grams of
Amberlite IR 120 (plus) was then added to the flask and the resulting mixture was
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nol ecul ar conposition corresponded to two TESPT
nol ecul es, each having one of the six ethoxy groups
wo ephaeas’ wit h one end of a DEG group. Exanpl BCRUSEGH 008734
(25 grains, 0.24 nole) and TESPT (250 grans, O0.48
nole) were added to a 500 nl round-bottom fl ask

stirfell b5 Wil SolQE {Pﬁﬁgﬁﬁ&m@%réth?ﬂ fe%’ov‘é& b9m1ﬁatabrﬂhmugh

onbgeneous m Xt ure quantity o 0 grais of this

0 T (TR of D o B R0 Rt

monia, Wth stirrin ask was_equi with a
Wlﬂél Fegversien P%‘ﬁoﬁéiah%]%@sﬁgé?‘g@%t“? pogmally yi 1‘253 ature
of 105E C was reached to distill off ethanol.
transeséryfSiationgeoduohef BESHE andDER, cdoserisiags roplosdan cogiposition
the TESPT and DEG The fl ask and contents were cool ed

corBgbriiad aslthet TRSPA! m3legbledivinawad offith aix eshidxrgrbiss replaced
ammoni a was added with stirring and heated to renove

witBL i lorouphi s nomnally yielded a 2/1
transeSterification product of TESPT and DEG whose

ExdY, r%ge nol ecul ar conposition corresponded to two
af@ﬁ nol ecul es, each havi ng one of the six ethoxy

el G RLF R el e SRSB4 e AP

0.19 nole) were added to a 250 mL round-bottom flask
250 tredndwbettora fleslefivieshwith e thermemetery shogt-pash distillationghead,

honbgeneous m xture. To this was added 4.5 grans of a
andtir Yae tahdstiiréd Bothig wenadued OgoghiamnefdR T The regiilting mixture

continued stirring. After four hours, the flask was

waSHdaPRd hewiell o 80-85R1C. - PRI RirfANARAFE becahiteclédras KbWASOE C.
then heated to a tenperature of 98E Cto di stlll of f

hano i al acuu uI I acuum
o findendsnnitsie 185 Hleadd she Cakt panf Aot S apptied to
Si x granms of ethanol was coll ect ed S| x granms of
remfryb @thanole whithicedle¢tod oty hegdsempemtuaelab0R b- (e analugixof the
and the resulting m xture was 28
resulting liquid was consistent with conversion of essentially all of the TESPT and
DEG, to nominally yield a 2/1 transesterification product of TESPT and DEG.
Example 5
DEG (11.7 grams, 0.11 mole) and TESPT (118.6 grams, 0.23 mole) were added to a
200 mL round-bottom flask fitted with a thermometer, short-path distillation head,
and stir bar, and stirred. To this was added 0.1 gram of PTSA. The resulting mixture
was stirred, yielding a clear, yellow liquid. This liquid was then placed under a
vacuum and stirred to remove ethanol yielding a very viscous liquid with some
gelling. GC analysis was consistent with conversion of most of the TESPT and DEG

to nominally yield a 2/1 transesterification product of TESPT and DEG, whose

average molecular composition corresponded to two TESPT molecules, each having
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WD 2004/ 094437 PCT/ US2004/ 008734 stirred for 30
m nutes. Solids in the m xture were then renoved by
wo pdotogt4Bon through a 0.5 mcron filter. GC anedER®04608734
the resulting viscous, brown liquid was consi stent
wi th conversion of nost of the TESPT and DEG to

one %EM%%O&%}O%\RE c;s'tflél:ed %ﬁrb?ﬁ%hﬁ ro'fﬁ']fﬁti gﬁfh pPrIRdYRsdRE still

e average nol ecul ar OITpOSItI on

conGREaTERE Sfpb4"F PRI\ U & DEG aroup. Bxanpi e

4 DEG (46.7 grans, 0.44 rml e) and TESPT (120 grans,
Examp}e6 np| e) were added to a 250 nmL round-bottom fl ask

fitted with a thernonmeter, short-path distillation
DEGe@3,4 gramd, 22 mdbarand APt (18 6czrame 27 mole sveasietisigd to 2
0.6 gramof PTSA. The resulting mxture was stirred

200880 rérgaitieston® f18€k Bbdd With 3 Hersibinetee shottxiati distibatamehead,
clear at about 50E C. The flask and contents were

andtsBFBaIC o &frd0 'ﬁpt'ﬁlsQVMd@d pardrhalof rasuy nTH@&sﬁﬁﬁé irfgture

rénove et hanol whi ch col lected at a head

was ﬁ%g%ﬁr at Er%:agf:loﬁggf é/%lov%tqﬁfhal "Mﬁé fi ﬁti VHQ QvarmEd %ﬁél?&ge;/nd

conver ion of essentla

all of the TESPT t.o nom. d a
ther irrselet of BpFRatie B & SaeveLbrY FEdeT 1k et hefid) o
5 DEG (11.7 granms, 0.11 nole) and TESPT (118.6 grars,
plag@da@deind ecunpr andztisred fore bours troreprove 6thaaoly BbewsHPOn Hsk
fitted with a thernonmeter, short-path distillation
bechadery dswus tnd emmallargélled a hittked . GT @naliisis waa somsiderd with
0.1 gram of PTSA. The resulting m xture was stirred,

con¥bi@lofli gTencit 6F BAITESPA! A@DEGAY ndmidkilyyidligui/t was t hen
pl aced under a vacuum and stirred to renove et hanol

trar?éés‘%%rﬁii&go R p¥Sfutt Y BEGMB akd ﬁgtﬂ whobdlavepiBe mae&almmp%m

S consistent wt conversion of nost of

TESPT e
comesped e erL ASH | BB B aeihe S SR B cpysuoungeglgeed
aver age nol ecul ar conposition corresponded to two
withrg BAWeul es, each havi ng

Example 7

DEG (98 grams, 0.92 mole) and TESPT (997 grams, 1.9 moles) were added to a 2000
mL round-bottom flask fitted with a thermometer, short-path distillation head, and stir
bar, and stirred under nitrogen. To this was added 2 grams of PTSA. The resulting
hazy mixture was stirred for 30 minutes, yielding a clear, yellow liquid. This fnixture
was then placed under a vacuum and stirred for about 24 hours to remove ethanol.
This yielded a yellow liquid. GC analysis was consistent with conversion of more
than half of the TESPT and DEG to nominally yield a 2/1 transesterification product
of TESPT and DEG, whose average molecular composition corresponded to two

TESPT molecules, each having one of the six ethoxy groups replaced with one end of
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29 WD 2004/ 094437 PCT/ US2004/ 008734 one of the six

et hoxy groups replaced with one end of a DEG group.
wab@4poqauct still contained residual al cohol PCHUS2084008734

et hanol ). Exanple 6 DEG (23.4 grans, 0.22 nole) and

TESPT (118.6 grams, 0.23 nole) were added to a 200 niL

[ﬁ$?1 -hottomflask fitted with a thernoneter,

2% ogﬁpgath distillation head, and stir bar, and

stirred. .o this was added 0.1 gram of PTSA. The
EX?%@%T?FWﬁgnixture was stirred, yielding a cloudy,

yellow liquid. This liquid was waryred initiall nd
The ¢iberaliioxy paldurrshlanesprapaied in @?faétilr&%ggﬁo‘ésq’eiw,ereﬁﬁa ghthe
liquid. This mxture was then placed under a vacuum
couphitg sgénts wdprépare 2 lors uolding eesistanse dretrérhiormulatien.e iporbber
it becanme very viscous and eventually gelled a
corhpdsition. us&Cwan deydllswivs whershs figates Wistcd undartie PRRAwading
nost of the TESPT and DEGto nomnally yield a 1/1
indicaRNAE &8¢ off the 8bEPoRAIRE Widredbnt MERETel ARK tHPEGD tOMIORSSs units

average nol ecul ar conposSition corresponded to the

T ] j i LX ethoxy groups

of pgra IR SR As bR Rhaich e RkE “a2 Y o8 o .
0.92 nole) and TESPT (997 grans, 1.9 noles) were added
to a 2000 nL round-bottomflask fitted with a
thernoneter, short-path distillation head, and stir
bar, and stirred under nitrogen. To this was added 2
grans of PTSA. The resulting hazy m xture was stirred
for 30 mnutes, yielding a clear, yellow liquid. This
m xture was then placed under a vacuum and stirred
for about 24 hours to renove ethanol. This yielded a
yellow liquid. GC analysis was consistent wth
conversion of nore than half of the TESPT and DEG to
nomnally yield a 2/1 transesterification product of
TESPT and DEG whose average nol ecul ar conposition
corresponded to two
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TESPT nol ecul es, each having one of the six ethoxy

groups replaced with one end of 30 WD 2004/ 094437
weOMeSsR804/ 008734 a DEG group. Exanpl es 8 anpiCBUI10e4/008734

et heral koxy sul fur silanes prepared in Exanples 1

through 7 were used as the coupling agents to prepare

alowrolling resistance tire tread fornul ation. The

rubber conposition used was the follow ng, where the
£i |J1:Tur es|isted underthe PHR headit nLL adi-cate—the

T C™ CTric

mass BHRt he correspondi ng i ngredi eﬂiNGEﬁHEI\EII ative to
100 total mass units of polynmer (in this case, SSBR

and poj ybutadiene WO 20047/ 0944
PCT/ USH004/ 008734 Sgﬁ&@&éﬁ%ﬁwf?%v@ﬁ’s 2 135:)

styrene, 46% vi nyl . 42E ) 25

(150- 180 n2l gm ¥ %@e’f‘ PRl BT 0 5y &7

Ar oAt | Cprocess EI | Jhlﬂh Vi Scosi f\/ Sundex-—8 1’)R

Sun) 206 Zi nc oxi Psn(cw{\mxmﬁﬁ@m ZRORILCbE 195MP, Rhone-Poulenc)
Stearic acid (I NDUSTRENE 7, CK Wtco Corp G eenwi ch,

—CT)—26PPDantTozgmant {SANTOF_EX7 _6PPD;
M croé#ystal | i ne WEFOMRHAPEFESSS JCOSHY, @ag}%é#gﬁyrﬁu@
bl ack (Engi neered|Carbons) 1.4 Sulfur (#104, Sunbelt)

1.7 I t G
acc elccle%r'ssaf1 8? e( E{E?{K:\% rgf@%%%o_k Zezg%’?zﬁz C%qu

1 Stearic acid (INDUSTRENE 7, CK Witco Corp., Greenwich, CT)
2 6PPD antiozonant (SANTOFLEX?7 6PPD, Flexsys)
1.5 Microcrystalline wax (M-4067, Schumann)
3 N330 carbon black (Engineered Carbons)
14 Sulfur (#104, Sunbelt)
1.7 CBS accelerator (SANTOCURE 7, Flexsys)
2 DPG accelerator (PERKACIT 7 DPG-C, Flexsys)

The etheralkoxy sulfur sitanes prepared by the procedures described in Examples 1 - 7
were used to prepare the rubber compositions described in Examples 8 and 9.
Examples 8 and 9 and a control were run side by side to provide a meaningful basis of
comparison for the performance as a coupling agent in silica-filled rubber of the
representative examples presented herein of the etheralkoxy sulfur silanes. The silane

used in the control was the current industry standard coupling agent for rubber for

32




The et heral koxy sul fur sitanes prepared by the

procedures described in Exanples 1 - 7 were used to
w@e@pase3t he rubber conpositions described i n BEXHDIR1008008734

8 and 9. Exanples 8 and 9 and a control were run side

by side to provide a neaningful basis of conparison

silidef 0{111(15 fth'%F %Eﬂ@sgg@%ﬁ%@@%%&&@lﬁ gﬂi pyDetrasulfide (TESPT),

I Ca- g h : . represe tatlve exanp es
t i
o S e S AT S My BB
et e

treads, the nom nal
molsiule 3 The rdtbvosympoupding. fprropiptiynseandasoeripes veaEpRyamples 8

which is nore conpletely described as an equilibrium
andd¥ artEiartheeptitiol bictalideticat withuhe enceptddn of the silane vsed as the

bi s(3-triethoxysilyl-I-propyl) polysulfides averagi ng
coupRY hedn®UThé sl dnld 'loﬂi@l’évél@ GsedWé8 GllbQdentiel Wik B&pect to the

conpoundi ng formul ations and procedures used in

loa@ﬁg{l&t ﬁﬁco% deﬁggreg b9Ql?e E hT SORELS s J@@{h% dﬁg Bf El%%ﬂl:y -

e excep ane use

| ane | in Ieve S d.were
aifEfap e Tordt o Gupsder n%a% s (i wetgh Pt Sfoedpitolgpplar
del i vered by the silane. This necessi t ated the use of
weight differepcescimang thp ﬁﬂmasvai@atp%v@hessw %Wﬁr@my%nar%%%ng a
(i.e., weight) basis owng to nol ecular weight
"B BIANBURN¢ QEarmib@gtproa) ngucee svithvaal Qiate do. (THRD e whinaber
were prepared using a "B BANBURY" (Farrell
volfeP A @bb&hasikerkgth Wab Preparftd3n @dwoistep prdd@8rec CDhe mixer was
chanmber volune. A rubber masterbatch was prepared in

set 8t f%']("Prlp t with e%%ﬁ%%vate-f%ﬁ it)J] X?ﬁe Wibber ﬁﬁgm%?s W8 all i to the

|ng ter on full. The rubber pol yrrers
added 19 ] nm xer
mighe wie o fad et et fo SeRfus g%%%%%%ﬁ[ﬁb
corbi o s ah oo Eaes L s BOSBlt ARG s Fof e

acetate "EVA' bag) were added and ran1domn m xed for
silae (m@e@dndzmyhaﬁ:étar@"r’fa% heg)svare eddegrrmdiram down 1pjxgd for 30
EVA bag) were then added and ram down m xed for 30
secoed0 Ml rethhiminy siki¢a dnkdribadil {@msandiéA ddgiwaere thén addet iangd sam
and the

down mixed for 30 seconds. The mixer throat was dusted down three times and the

mixture ram down mixed for 15 seconds each time. The mixing speed was increased
to between about 160 - 240 rpm as required to raise the temperature of the rubber
masterbatch to between about 160 and 165E C in approximately one minute. The
masterbatch was removed from the mixer and using this composition, a sheet was
then formed on a roll mill set at about 50 to 60E C, and then allowed to cool to
ambient temperature.

The masterbatch was then again added to the mixer, with the mixer at 120 rpm and
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m xture ram down m xed for 15 seconds each tinme. The

m xi ng speed was i ncreased to between about 160 - 240
WO pooast4sequi red to rai se the tenperature of tPET/Dsi0DE008734

mast erbatch to between about 160 and 165E C in

approximately one minute. The nasterbatch was renoved

coJliglg %%Mg& oh & gn ﬁvﬂ mix&PIR 9 isEéo‘ﬁga Phe nd’@%f

ornmed on a FO set at about

and t.hen all gwed C oI er The

e e PRl e T8 Sehe SR Tam Sonfeior 1€ r%os@sr %ﬂlﬁef
the m xer at 120 rﬁm and 33 WO 2004/ 094437

threat-yagdosiod Aown.2nd the BRXST SRestvay ineigassddo ghoyt Jop - 244 rpm in
ram down m xed for 30 seconds. The remmi nder of the

ordengriecicest the waperdthervfdociad: wradbonahd(dolad En€ xeapfroxinBely 2
seconds. The mi xer throat was dusted down, and the

mlﬁﬂtése ITHASEBEr W8 A1pb SEHE HB6 thiked RP QUhinhRA vntl?xﬂ@uéhﬁ@ihtis o the
order to increaSe the tenperature of the mX to about

160 165E a t e
miged il B e s e iR PEtalng peicfBine 1§Buslt6§§n The
to the mxer speed in orderto mai ntain_ t .
COIPE@?&@?%W@&@WF&@@W thpgureriagd ashegzpoyt 3 ing cs thick was
conposition was renoved fromthe m xer and a sheet
formlad oh a3 x 12 reh rohindK sete abbutradetd 60 (3 Thix shét was themol |
mll set at about 50 to 60E C. This sheet was then
au&bécpm%or ® a%ﬂﬁénttt&nﬁém&@é“TE&'éﬂﬁﬁﬁ% HitBer ddMEpdshfosl wasg

ber conp03|t| on was subsequentTy m xed with the

sub%g{%htlﬁ %’t?ixé)cpwﬁ eat &%at‘vg%%rel ta\r,%élg}}ga‘fﬁ}gﬁ g%ég? ﬁmﬁmf ol
NN LR DAL T NTNL —

aI lowed to forma sheet. The sheet vvas cooled to
addediso ghet conpoditionend thayeughly hoxedsorbide oelemill andsllewedis. form a
The rheol ogi cal properties of the rubber conpound so
shelt, €Pigd et ®isscodhad aafbia candilibimrsfon4 hérs ®6fore it was cured.
Gscillating D sk Rheoneter and a Monsanto ML400 Mooney

Th/MROIFeLE bropdfies SPafR! IBRE cf)ﬁﬁooﬁﬁii%%ﬂeﬁé}e& QRrdREAICA a

properties were cut from®6
Monsanto R-100 Oscillating Disk Rheometer and a Monsanto M1400 Mooney

Viscometer. The specimens for measuring the mechanical properties were cut from 6
mm plaques cured for 35 minutes at 160E C or from 2 mm plaques cured for 25
minutes at 160E C. The silanes were compounded into the tire tread formulation
according to the above procedure. In both Examples 8 and 9, the etheralkoxy sulfur
silane prepared in Example 5 was used. Example 8 differed from Example 9 only in
that Example 9 included the addition of 1.3 phr diethylene glycol with the etheralkoxy
sulfur silane, whereas Example 8 did not.

The samples of the present invention were tested against a control sample that is

nominally bis-(3-triethoxysilyl-l1-propyl)tetrasulfide (TESPT), an industry standard
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nmm pl agues cured for 35 mnutes at 160E C or from2 mm

pl aques cured for 25 mnutes at 160E C. The sil anes
wowere/ogaapounded into the tire tread fornul atiPET/US2004/008734

according to the above procedure. In both Exanples 8

and 9, the etheralkoxy sul fur silane prepared in

Eﬁﬁ%& 5 808k Enfoxttlie d ER%M? higicSat
é&t it at é}%mc?loe gﬁlﬁ)éncl ude(j:f fﬁ% t| on o%@l 3
e ther X
confihusou® E PR al §Ried oba iy el ﬁkOE%%ﬁ? 3 Jul tprms.
present  invention were te eld agai nst rﬁlr ol ﬁ rq)tlhe
Thq GPRRPQsiiong a\zﬁre]@pqu using standard testing procedures e results of the
bis-(3-triethoxysilyl-I-propyl)tetrasul fide (TESPT),
testing dre dusmayized kel bdawwD 2004/ 094437
PCT/ USZOO4/ 008734 coupling agent. Its actual
Test Aglgdst i on is a m xture of polysulfides, with
significant contributions fromindividual species

1. CON{RoRLENScshipi ns of from2 to 8 sulfur atoms. The
conpositions were tested using standard testing

procedur sults of the testing are sunmarized
in Tableg%T%I?%gﬁgTest Met hods 1. Mboney Scorch ASTM

D16 on V'SCOSIty ASTM D1646 3. Gscillating
2. pi %‘queﬁ@b?g?%&my ASTM D2084 4. Physi cal

Propertl es; Stora e Modul us, Loss Modul us, Tensile &
El ongat i SSTMBA®412 and D224. 5. DI N Abrasion DI N
Procedure 53516.

3. Oscillating Disc Rheometer (ODR)

ASTM D2084
4. Physical Properties; Storage Modulus, Loss Modulus, Tensile & Elongation
ASTM D412 and D224.
5. DIN Abrasion
DIN Procedure 53516.
6. Heat Build-up
ASTM D623
Heat build-up was measured at 100E C using an 18.5 % compression, 143 psi load
and a 25 minute run. A sample, which was at ambient conditions, was placed in an
oven that had been preheated to 100E C. The sample was conditioned at 100E C for
20 minutes and then given a 5 minute test run.
7. % Permanent Set
ASTM D623
3. Shore A Hardness
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6. Heat Buil d-up ASTM D623 Heat buil d-up was neasured
at 100E C using an 18.5 % conpression, 143 psi | oad
wW@ee4@945%7 m nute run. A sanple, which was at aP@i/E81004/008734
conditions, was placed in an oven that had been
preheated to 100E C. The sanple was conditioned at
100E C f ggTpnePophgut es and then given a S minute test
run. 7. % Permanent Set ASTM D623 8. Shore A
Har dness 35 WD 2004/ 094437 PCT/ US2004/ 008734 ASTM
D2240 36 WD 2004/ 094437 PCT/ US2004/ 008734 Table 1
Properties and Processing Paraneters of Conpounded
Rubbers Sanpl e Exanple 8 Exanple 9 Control Silane 1
Silane 2 TESPT Silane : Type and Amount 2/1 TESPT/
2/'1 TESPT/ TESPT DEG DEG Ex. 5 Silane Ex. 5 Silane
Silane Loading (PHR) 7.4 7.4 7.0 Additional DEG
Loading (PHR) 0 1.3 0 Silane Si Loading, noles Si/100
g. rubber 0.027 0.027 0.027 Mooney Viscosity @100E C
(M1 + 4) 67 63 67
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Mooney Scorch @135E C, minutes My 35.9 33.5 36.9 M5l
+3 15.0 18.5 6.2 MS1 +t18 18.4 22.2 9.5 ODR @ 149E

w@004m48T; 30 m nutes M.,
32.6 34.2 31.0 t,,,
21.0 21.1 16.4 Physi cal
149E C Shore A Hardness 60 61

- 434 25 % Modul us, psi
_ 336 354 302 300 % Modulus-

Properties;

r\ol

59

[b-in 9.4 8.7 8.7 RMA/URI04/008734
mnutes 7.1 6.2 4.0

t 90, m nutes

90 mnute cure @
% El ongation 476 473
133 138 125 100 % Modul us,

101R 1_0’2’2 1QRCL

pSi

Tensile Strength, psi

3516 "%Eal 3316 Modulus Ratio
(300 % / PRipefties hd BrobdssihglParsmetbtsch] (]LmnIRamded R8BIgers6 /

1009570550620 DHN7Ab TOTT, 1T

37 WO 2004/ §94RI37 PCT/ US2004/ poB¥aap! eFal]l Ai% t ’ Control

Froperties ant Erocersr o Porl of Coagedmart
Silghé¢ aMEpe?anBESHbunt 2/1 TESPT/ | 2/1 TESPT/ TESPT

DEG DEG
Ex. 5 Silane | Ex. 5 Silane

Silane Loading (PHR) 7.4 7.4 7.0
Additional DEG Loading (PHR) 0 1.3 0
Silane Si Loading, moles Si/100 g. rubber 0.027 0.027 0.027
Mooney Viscosity @ 100E C (ML1 + 4) 67 63 67
Mooney Scorch @ 135E C, minutes
M, 35.9 33.5 36.9
MS1 + 13 15.0 18.5 6.2
MSI1 + 5 18.4 222 9.5
ODR @ 149E C, 1E Arc; 30 minutes
My, Ib-in 9.4 8.7 8.7
My, Ib-in 32.6 34.2 31.0
t51, minutes 7.1 6.2 4.0
tog, minutes 21.0 21.1 16.4
Physical Properties; 90 minute cure @ 149E C
Shore A Hardness 60 61 59
% Elongation 476 473 434
25 % Modulus, psi 133 138 125
100 % Modulus, psi 336 354 302
300 % Modulus, psi 1916 1933 1859
Tensile Strength, psi 3516 3553 3316
Modulus Ratio (300 % /25 %) 14.4 14.0 14.9
Modulus Ratio (300 % / 100 %) 5.70 5.50 6.20
DIN Abrasion, mm 109 105 126

37




Heat Build-up @100E C, 17.5 % conpressi on,
static load, 25 mnute run Delta T,

EC 14 13 18

143 psi
%

woeomamast Set 5.3 5.4 8.2 Low Strain Dynam cPCT/US2004/008734

Properties: Sinple Shear
Nor mal Force G o% strain,

) G

@60E C and 5.0 N Conpressive
MPa** 3.54 3.49 3.12

—GoYo——strarnm—6G— u%SfTail,
G'mom MPa 0.417 0.396 0.3

MPa— 178174152

mumtan * val ue
0. 182 0. Prapentiese®d Pepaghsing P%ﬁaﬁleb}?ﬁﬁfﬁ@mpﬁ‘é%@ﬁﬁub@er@ 35
% Dynamic Strain Anplitude (DSA) tan * @G60E C

(Hysteresis 25 0.115 0. 12% * 0/ 5t kén
to mean the)sﬁrfnl#etl ng val ue of GEXglgp Dt@%nﬁbl&@ Control
approaches zero. **Unit convelsions: 1 |\/ 71
(megapascal ) = 106 N n2 = 107 |dyRdasdec? 14610327 gsi TESPT
IpS|:689476dynes/cmZII -in:1. 13dN-mIn

1S I.Ildl. cal bU

V1 TV Ul LS AL = bIIaIIgCD d.IIU IIUU_I_I I ml I U
Hm@eulwlm@mo&eé,am HocongBespon b6 PYSHRE

Zoad, 25 minute run

PCT/ US2004/ 008734 from princi pl es under| yi ng the
reference should be rmd tot ended
D@Faaf:gséfor an under st andi ng off the %cope of Itolﬁ’ 18
protection to be afforded thejinvention.| 39 WO
0, 3AR4 437 PCT/ US2004/ 008734 | WHAF 31 S Cr_AI MBDy | S: 8.2

Low-Strain Dynamic Properties: Simple Shear @ 60E C and 5.0 N Compressive Normal

Force

G'o% steains MPa 3.54 3.49 3.12
)G' = G'0% strain - G'10% strain, MPa 1.78 1.74 1.52
G"max, MPa 0.417 0.396 0.328
Maximum tan * value 0.182 0.171 0.168
High-Strain Dynamic Properties @ 35 % Dynamic Strain Amplitude (DSA)

tan * @ 60E C (Hysteresis) 0.125 0.115 0.125

* G'g% strain taken to mean the limiting value of G' as the strain approaches zero.

* ¥, . .
Unit conversions:

1 MPa (megapascal) = 10¢ N/m? = 107 dynes/cm® = 145.0377 psi

1 psi = 68947.6 dynes/cm®

1lb-in=1.13dN-m

In view of the many changes and modifications that can be made without departing
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1. A conposition of matter conprising at |east one
sil ane coupling agent for coupling an el astoner and a

w0 dosev44dher ei n said sil ane conprises at | eastPONES2004/008734
hydr ol ysabl e group that, upon conpoundi ng said sil ane
with said elastonmer and filler, 1is released to yield

ﬁoxgﬁgﬁ&g% ndady {h'éﬁﬁ&hﬁén,%m&kt%ﬁﬁmlﬁ HRGERE APt a{p?%lgfed

onpounded” conposi tion or e properties of

it TR ireslihe SopS At te et SRR O o

. fromthe group consisting of silanes whose individua
mveyltipict ures are represented by at |east one of the
foll ow ng general formulae: Fornmula 1:
[J-S-G-(SIX2X3)][-Y2-()2Si-G1-S-J)],n-X1; Formula 2:
[ XIX2X3Si - &- Sx - G3- Si(X2X3)][ - Y2 - (X2Si) - &
- §Xx - &B - (SiX1X2)e)]m- Xl1; Fornula 3. [X X2X3S
- &- Sz - G- SI(X2X3)][ - Y2 - (X2X3Si) - & - Sx -
& - (SiX2)e)], - X1; and Formula 4: [(-
Y2-)y/2()23-hSi) - d - S - J],,,[( - Y2 -)1/2(X23
jSi) - & - Sx - & - (SIiX23-k)( - Y2- )k12]n
wherein, in fornulae 1 through 4. each occurrence of
t he subscript, h, is independently an integer from1l
to 3; each separate occurrence of the subscripts, |
and k, is independently an integer fromO to 3, with
the proviso that j + k > 0; 40 WD 2004/ 094437
PCT/ US2004/ 008734 each occurrence of the subscript,
in, is independently an integer from1 to 1000;
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each occurrence of the subscript, n, is independently
an integer froml to 1000; each occurrence of the
wGaemgo944pt , X, i s independently an integer froPCRUSZH04/008734
20; each occurrence of X is independently selected
fromthe group of hydrol ysable noieties consisting of
-Y', -OH -OR, and R1IC(=0 O, wherein each
occurrence of Rl is independently any hydrocarbon
“H;&iﬂggﬂ%§@$%§ised by renoval of one hydrogen atom
g bon having from1l to 20 carbon atons,
and R |ncludes aryl oups qnd an ranch d or
L. st r Aiqgmrosition ot Magigt COI%P‘&%‘E%/Ft eagt gngfi anSFou g aggnt for
groups; each occurrence of X2 and X3 is independently
compding et ethstommsmand e figlepwherebinid silang GooPripgEcht bgehoner,,
and X ; each occurrence of Gl, &, and G3 is

hydrﬁ@@ﬂﬁél deiipl thiatsepacdoatholnding tshid sjeotiwith said slastonmy aod filler,
hydr ocar bon fragnents obtai ned by renoval of one

is rQDé_%eQQS ﬁ’le@& 2D Rboufatdinprdies HoAmBPednt ?fo@gssﬁlﬁﬁ ¥eoffthé

each occurrence of J'is |ndependen ly selected

COI%%%%W%%@%? S BRI o oF ] iy Byt

each separate occurrence of R is as defined above;
each occurrence o f Y1 is independently -O G (O G)POR
or -OG (O G)pOHd. and each occurrence of Y2 is

2. i nd@perempesitjon Qﬁ@lpol whyrein said sdanesouplingrent srclepted

subscript, p, is independently an integer from1l to
froftOibe grm@odmnsisﬁmg ofsilanesofheseendivideelr styucturep arg sepresented by at

i ndependently an integer from1l to 100; 41 WO
leasiQi/ B UAMBTIoRiN s6n2RDAdrEE34 each occurrence of Gis

i ndependent|y selected fromthe group consisting of
Formula 1:

[J-S-G' - (SN[ - Y2 - (X%Si-G' - S-D]-X;
Formula 2:
X'X2X3Si - G* 8, - G- SiCXA[ - Y2 - (X78i) - G*- 8, - G - (SiX'XX)w - X
Formula 3:
XIX2X3Si - G*- S, - G- SiCXO)][ - Y2 - (X8i) - G- 8, - G - (S, - X
and
Formula 4:
[(- Y2),20C5.480) - G = 8 - TTl(- Y2 a(X5,80) - G - 85 - G - (SiX3.0( - Y- Dzl
wherein, in formulae 1 through 4:
each occurrence of the subscript, 7, is independently an integer from 1 to 3;
each separate occurrence of the subscripts, j and £, is independently an integer

from 0 to 3, with the proviso thatj + k> 0;
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hydr ocar bon fragnents obtai ned by renoval of one
hydr ogen atom of any of the groups |isted above for
woRgo4amd3rach occurrence of R is independent| yPGEUSIDES734
fromthe group consisting of the nenbers |isted above
for R. 3. The conposition of claim2 wherein Gl, @&,
and aRde I
conSy o B e O, S o tedly ey Lo
10@Jbstltuted termnally at the opposite end and their
et a- substituted anal ogs; a structure derivable from
nmet hal | yl chl ori de; any of the str res, deriyabl e
f r o R QPCHRFENSE 95 BiFesubsiriptgp 1s indep T lé%egafet\{fr)%lbto
from di propenyl benzene; any of the structures
10Mkri vabl e from butadiene; any of the structures
derivabl e from pi peryl ene; any of the structures
der exchidcguireimof sleprudseipt,anys ntlepehdentloareinsgef from 2 to 20;
- CH2CH2- nor bonyl - or -CH2CH2- cycl ohexyl -; any of the
di r glipCalcarraRie ¥ NAR iBdddedlR BT RACRATROM %ér@ﬁ*ﬁ sgne,

cycl opent ane, tetrahydrodicycl opent adi ene,

hyc?réfé’ Qtﬂ qg{ﬂ-‘% 018 1§t81 f°‘§r” oy h o&(arkl = ?/6-6 ]yﬁ'{%ﬁelﬂfeach

ruc ures Ie fr'orh Il honene;

nonNovi n ta| tur riv

ocqupiepr gl Ry isiotroRy éﬂ9 y hyfrogss Ot’rg‘ﬁ %%&h?%t *ar removal of
structures derivabl e from nyrcene cont ai ni ng 1

ong hydyogen atewfeam ebydrogarbon hgvipe frome1 ot e%rhgla@t@m eyl R
structures derivable fromnyrcene | acking a

includes ab&g'r(tupts end @nradchedhve straighioatiain dkyloblkehydj areyl, or
wherein , &, and &3 are independently sel ected

araflf gr oup consi sting of -CH2-, -CH2CH2-,
5&%&&?@ , -CH2CH(CH3)CH2-, and any of the

dir @Q&h‘:@cﬁg&%@f REAnRYx2 i m‘&[&:pegmck"étlt‘j#t Siiedd ﬁ&h't&@%&%P

nor bonane- derived structures he conposi ti o
ere 1.selected fromthe group
co%%ﬁ@ﬁ§%hﬁ$0ggtq%e?ho y, ethoxy, propoxy, iSopropoxy,

gggg;%gnggggr%x@-ypf é‘zélg A 8)3%?71321)/ elr)gnc?énﬂy se%ected from the group

consisting of hydrocarbon fragments obtained by removal of one hydrogen atom of
any of the groups listed above for R}

each occurrence of J is independently selected from the group consisting of
R'C(=0)-,
R!C(=S)-, R1,P(=0)-, RLP(=S)-, RIS(=0)-, and R'S(=0),-, wherein each separate
occurrence of R! is as defined above;

each occurrence o £ Y! is independently -0-G-(0-G-),0R or -0-G-(0-G-),0H
and each occurrence of Y2 is independently -0-G-(0-G-),0-,

each occurrence of the subscript, p, is independently an integer from 1 to 100;

each occurrence of the subscript, ¢, is independently an integer from 1 to 100;
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chloro, and acetoxy. 6. The conposition of claim2

wherein X2 and X3 are independently selected fromthe
wW@er@4poasdnsi sti ng of nethoxy, ethoxy, i sopropoRgT/US2004/008734

nmet hyl , ethyl, phenyl, and the higher straight-chain

al kyls. 7. The conposition of claim2 wherein Xi, X2,

andq X3 O%E&rréﬂc% of Pﬁs ﬁﬁ%ﬁ V\Iﬁ{ehﬂ? )éel&&[e@ %n} 1gg COHSIStlIF]gGOf

conp03|t|on 0 ere 'S se from
nsi st i tern1n ai n cal k

byttt Baemets PlaBad by R og Sa Ardigkarifuibi g fihe

their beta-substituted anal ogs, and analogs with nore
groupy Hsted abawstipr R rs"l}ést itution; any of the structures

derivabl e fron1d|V|nbeenzene any of the structures

der eachliiceurgremof Biip iwlopendehdn zeaeed fmn the gtdwp consisting of

structures derivable from butadi ene; any of the

the Shertlsdrytisted diesiefabRE from pi peryl ene; any of the
structures derivable fromisoprene; any of the

3. MONQYKE PYhy &@ﬁ&p@fm& @%&%weewd Shd wéla}eemaé;seﬁaenuy selected
cyci

tr|V|ny cl ohexane; ‘any of the Apnounsat urat ed
uct ures Y r
frofy b BT oT St @3B SFAF SO Atk Sieurs
structures derjva fro ck n .
terpally 5 theroppesite .an@?heﬁr%@%ﬁlmt AnelipESy § Sryggire dggivable
at |east one elastoner; B) at |east one filler; and
from) meghall deplorigiapanyi dfdhesteustiprs Aeriwlarfromsliviaphensene anbedf
el astomer and the filler wherein the silane conprises

theatruttaastdecingblé fromodipspbhybeizeng danpaf theytmotures derivable from
conmpoundi ng said silane with said el astoner and

butﬁéhleh@ lany o8 tHe@BBHRA defvible idntpipeRIRRUAL, 61Bé sttty es

omnstrean1processablllty of the conpounded

dergxfrégga Jtnh %Bé}{ &Eﬁ%@ﬁé’%f&ekseéf 1,05 -dorttithy 1 YPREM,CH,-
cyclohexyl-; any of the diradicals obtainable from norbornane, cyclohexane,
cyclopentane, tetrahydrodicyclopentadiene, or cyclododecene by loss of two hydrogen
atoms; any of the structures derivable from limonene; any of the monovinyl-
containing structures derivable from trivinylcyclohexane; any of the monounsaturated
structures derivable from myrcene containing a trisubstituted C=C; and any of the
monounsaturated structures derivable from myrcene lacking a trisubstituted C=C.

4. The composition of claim 3 wherein G', G, and G’ are independently selected
from the group consisting of -CH,-, -CH,CH,-, -CH,CH,;CH,~, -CH,CH(CH3)CH>-,
and any of the diradicals obtained by 2,4 or 2,5 disubstitution of norbornane-derived
structures.

5. The composition of claim 2 wherein X' is selected from the group consisting

of methoxy, ethoxy, propoxy, isopropoxy, butoxy, phenoxy, benzyloxy, hydroxy,
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WO 2004/ 094437 PCT/ US2004/ 008734 10. The conposition

of claim9 wherein said silane coupling agent is
w@edogo9Ea’ from t he group consisting of sil anesp@iToSm®04/008734

i ndi vidual structures are represented by at |east one

of the follow ng general fornulae: Forrrul a 1:

ch[o}o%n@ja-cétgkﬁx)][ Y2-(X2Si -Gl-S-J)]":-X Formul a 2:
X X2X3Si &- Sx - G3- Si(X2X3)][ - Y2 - (X2s) - @&

S 1€ c%p&é(u%g)&(f i%%{ii%z]wher?)ﬁ]xz %ﬁe%c%pé% %i%f)és ectei
Y 2( X23- hSi)
from %f grovgg l;onj; SUP% of m?gxox;?gg )5&§ij§{p)oxy, r@t 1&3}(7%, p@nyld and
(S|X23 k)(h )1/ 2] n  wherein, |nfornulae1
t@b@ﬁali@’é%rrence of the subscript, h, is
|ndependently an integer from 1 to 3; each separate
7. oc c UFtreamompositioh Iné claith Qowheptin X XArmhdiee® ars all the same alkoxy
i ndependently an integer fromO to 3, with the

grvi so that j + k > 0; each occurrence of the
subscript, m is independently an integer froml to

100@[he§u§ﬁﬁt E/IBH oFERRE 29 e#rgiﬁ @%%fe%{eggfbo&q thei ﬁup consisting of

"i ndepe an 1nteger from

BB S SHRSE Bl BB ASEAE e B0 e

i ndependently selected fromthe group of hydrol ysabl e

bem@ﬁm@ge dapaloesiand gnglpss with marejthangre methyl spbtiteiynpany of
wherein each occurrence of Rl is independently any

thstrircores dasivablediome divinlbetizane aby of thepimbtueds derivable from

dipropenylbenzene; any of the structures derivable from butadiene; any of the
structures derivable from piperylene; any of the structures derivable from isoprene;
any of the monovinyl-containing structures derivable from trivinylcyclohexane; any
of the monounsaturated structures derivable from myrcene containing a trisubstituted
C=C; and any of the monounsaturated structures derivable from myrcene lacking a
trisubstituted C=C.
9. A composition comprising:

A) at least one elastomer;

B) at least one filler; and

)] at least one silane coupling agent for coupling the elastomer and the
filler wherein the silane comprises at least one hydrolysable group that, upon
compounding said silane with said elastomer and filler, is released to yield a
compound that improves downstream processability of the compounded composition

or the properties of the final rubber product or both.
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44 \WO 2004/ 094437 PCT/ US2004/ 008734 one hydrogen at om
froma hydrocarbon having from1 to 20 carbon at ons,
w@eah4B44437 ncl udes aryl groups and any branchedP@F/US2004/008734
strai ght chain alkyl, alkenyl, arenyl, or aral kyl
groups; each occurrence of X2 and X3 is independently
el g LSt L
B A
hdependent | v..sel ected fromihe.grou consi stin f
tr AR DB SR LR e f B R B T ot by
hydr og tom.of any of the groups |isted above for R
leaég(%ﬂe %@gﬁ?(?l geneyalifermyagipendent |y sel ected from
the group consisting of RLC(=0-, R C(=S)-,
Fopmpl(BEO) -, R12P(=S)-, R S(=0)-, and R S(=0)2-, wherein
each separate occurrence of Rl is as defined above;
[J e8ciGloa@ixENfe Y5 (X3 G 1 hd@pertiéntly -O G (O G )pOR
or -OG(OG)pOH and each occurrence of Y2 is
Fordgependently -O- G (O G )90, each occurrence of the
subscript, p, is independently an integer from1l to

S e e A S U T e M

rlccpryence of Gis independently selected fromthe

Q ‘consi sting of hydrocarbon fragnents obtai ned by
removal qgf one, hydrpogen atom of, any of the ro

X RECd - GBoSe GorSRER I BBadk 6 San Gonse GF - BIRAC), - X'
i ndependently selected fromthe group consisting of

antthe nenbers |isted above for RL. 11. The conposition

of claim 10 wherein GL, &, and G3 are independently

Fos@ukct:ed fromthe group consisting of term nal
straight-chain alkyls further substituted

[(- Y2)25481) - G' = S - Tl ( - Y2 -)a(X%3,80) - G* - S - G - (Si3X%5.0)( - Y- szl
wherein, in formulae 1 through 4:

each occurrence of the subscript, 7, is independently an integer from 1 to 3;

each separate occurrence of the subscripts, j and £, is independentily an integer
from O to 3, with the proviso thatj + £> 0;

each occurrence of the subscript, m, is independently an integer from 1 to
1000;

each occurrence of the subscript, #, is independently an integer from 1 to
1000;

each occurrence of the subscript, x, is independently an integer from 2 to 20;

each occurrence of X' is independently selected from the group of
hydrolysable moieties consisting of Y, -OH, -OR!, and RIC(=O)O-, wherein each

occurrence of R! is independently any hydrocarbon fragment obtained by removal of
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termnally at the opposite end and their

bet a- substituted anal ogs; a structure derivable 45 WO
wWQOm409837A437 PCT/ US2004/ 008734 from net hal | yl PCT/US2004/008734

chloride; any of the structures derivable from

di vi nyl benzene; any of the structures derivable from

onfg h?&l%@%&tbﬁ%ﬁ Ry dBArEn Hallfig St G 1t 2O SaidBh laYdd, Gnd R

rom tadi ene; any of the sfructures derivable from

B e R

- CH2CH2- cycl ohexyl -; any of the diradicals obtainable
arlo @oShor nane, cycl ohexane, cycl opent ane,
tetrahydrodicyclogpntadgqne, or cycl ododecene by | oss
of toath eeearrerpsPl Jatands X dajndspendeatly seleried frem the group
derivable fromlinonene; any of the nonovinyl -
congistirg ofihgdrogem, (Rt andX';der i vabl e from
trivinylcycl ohexane; any of the nonounsaturated

St r WaHERareRde of !, &2f 4G agh Ende@dfly aklebted fidm the group
trisubstituted C=C;, and any of the nbnounsat urat eé

ruct . .
oo B Bl s U ol B W by rogen pipm of
wherein Gl,.. &2, ,and jare independently selected
any P R st BRI E R ng of - o COCHD- .

- CH2CH2CH2-, - CH2CH(CH3) CH2-, and any of the L

di r &acheegeyrremepfddyinsdppendenily selectedyiraimdhe praypiconsighing of
jnor bor nane-derived structures. 13. The conposition of
R'€(=0m 10 wherein X1 is selected fromthe group

consi sting of methoxy, ethoxy, propoxy, isopropoxy,

R'OESXR L PEO)QR/P(BERZRISP)-, td ROS(-0), Whefoin ethdeparate
acetoxy. 14. The conposition of claim1l0 wherein X2

OcaﬁﬁnggOPReisia@(%ﬁﬁ&ﬂmy selected fromthe group

consi sting of nethoxy, ethoxy, isopropoxy, methyl,
ey AL 09 M LA el pb e o
ang E:z?chaolclcurtrfr:]nece %?[@ isa }nléigf)(é/ndegtli}(f) 9(9_'(}_2'&.(}_)(10_’
each occurrence of the subscript, p, is independently an integer from 1 to 100;
each occurrence of the subscript, ¢, is independently an integer from 1 to 100;
each occurrence of G is independently selected from the group consisting of
hydrocarbon fragments obtained by removal of one hydrogen atom of any of the
groups listed above for R'; and
each occurrence of R is independently selected from the group consisting of
the members listed above for R'.
11.  The composition of claim 10 wherein G', G?, and G® are independently
selected from the group consisting of terminal straight-chain alkyls further substituted

terminally at the opposite end and their beta-substituted analogs; a structure derivable
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16. The conposition of claim10 wherein Gis selected

fromthe group consisting of termnal straight-chain
wa@bkdoglost4Burt her substituted termnally at the PEPUS100€008734

end, 46 WO 2004/094437 PCT/ US2004/ 008734 their

bet a- substi tuted anal ogs, and analogs with nore than

fronematitliyll chiothie! diybf B8 struckiiés BérivdbR ol Benzene; any of
deri vabl e from di vi nyl benzene; any of the structures

tHéashvRRsRleril 48187 Iggp&ﬁgﬁﬁini*l@%g@emg%?%eogﬁ#gﬁﬁs derivable from

structures deriva I’en

b@%@%ﬁ% g% g%rl vgﬁ‘llrees %Flgﬁ]?lgi% ?éngn?%’o‘?if tpﬁ étmcmres
I-contalnlng tructures derlvable fro
e P BHEKBHCST (BJRomrs @ire BRI bary I pbcCHCHy-

structures derivable fromnyrcene containing a

cyalehsiik: anyafdbe dicadizalsabtaimale dfom herboomroeyatohesined
structures derivable fromnyrcene | acking a

cydérutant, teudlydrddicycldpéntadicne} drag clodbdezendby s 8fitwo hydrogen
el astonmer and a filler conprising enploying at | east

atone; &iyl GMB: GAKBIEOGrRISR M SinfIndnS 3hd of 'tﬂeE}ﬁ ovinyl-
conprises at |east one hydrolysable roup at upon

astone
‘%Rﬁ“?ﬁ#@”ﬂhé‘fﬂff% ke B9 IS8 BuY | 156 Hopppespluated
cessabl ity of the. conpou
st ARSI VBFOLE R s soltefing O FisoRB NP A-G: apdany of the
product or_ both. 18. The nethod of claim 17 wherein
mga?lam%‘iuraé%st%t}m degivablerfrom myseane dacking a Bisubstivated Coth

conS|st|ng of silanes whose |nd|V|duaI structures are
12 e pr Baeennenbstiionaif claimst] whereind®', (Hearfdot sreiindepeedeatis!
formul ae: Fornmul a 1:

seletted-fiom (i Q@?ﬁsﬂ\«(}rr{ms‘ﬁﬁg(ol’e@b G:ICI%G]H% -GH}@ cHzor.ml a
2. [XLX2X3S1 - @- SX - @3- 8 (23] [ THC (X2Si) -

C@CH((%L)C@ : and %ﬂi}%}: Hrhdicals %btalneﬁ%ryrﬂgul Br §,5 disubstitution of

norbornane-derived structures.

13.  The composition of claim 10 wherein X' is selected from the group consisting
of methoxy, ethoxy, propoxy, isopropoxy, butoxy, phenoxy, benzyloxy, hydroxy,
chloro, and acetoxy.

14.  The composition of claim 10 wherein X? and X are independently selected
from the group consisting of methoxy, ethoxy, isopropoxy, methyl, ethyl, phenyl, and
the higher straight-chain alkyls.

15. The composition of claim 10 wherein X', X2, and X? are all the same alkoxy
group.

16.  The composition of claim 10 wherein G is selected from the group consisting

of terminal straight-chain alkyls further substituted terminally at the opposite end,
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[ XIX2X3Si - &- S, x - G- Si(X2X3)][ - Y2 - (X2X3Si) -

&R - S -G3 - (SIX2X3)]" - X1; 9 and Fornula 4: 47
wOD020045094437 PCT/ US2004/ 008734 [ (- Y2-) Y/ 2#C28BS1v84#/)08734

-4d - S-JInf( - Y2 -)1i2(X23:jSi) - & - Sx - B -

(Si X23-k) (- Y2- )k12]n wherein, in fornmulae 1 through
théir b@ﬁ@ﬁb@t@tﬁt&ﬂraﬁﬁfbgs,%dtaﬁﬁ?gm it %halﬂ onke ?ﬁethyl subst%tlétion;

i ndependently an i'nteger omlto each separa
ubscr pt [ and |l c. S .
i GRS SRS ol RRRE Rl Gy St s derivable
royvi so that | + do > 0; each ocqgurrence of the
ff@*&t&%f&fPPiftY?&?“.%n% a0y RHbE sHEeHIes ek kehle fregebutadiens; any of the

1000; each occurrence of the subscript, n, is
stiustepredraivableyfrom pinsrdens: afiy ofithe strocturk derivatde from isoprene;
occurrence of the subscript, x, is independently an
anynifelyemohodny RedmaiRifly stregtafes dedwiblefom wivinflcyiclbohexane; any
i ndependent|y selected fromthe group of hydrolysable
offthé Bloh6ensafRsks birfdurel der¥vhble ¥ mBene &ﬁ%ﬁag@%@@sﬁmed
wherein each occurrence of Rl is independentlTy any
chy L R - f _one .
R B R PR B Rl o B ke o
.car ops, and R1 includes aryl groups and any
tr%\?bgﬁg'ﬁfé(gbag‘?st rai ght chain al kyl, al kenyl, arenyl, or
7ar al kyl g(;ffups; each occurrence of X2 and X3 is
1% ndep &rdiastt oy cewnlingiaaplastamsriand adlisn sompupiss smphaying at least
hydrogen, Rl, and X' ; each occurrence of Gl, &, and
ong3ilase ¢avplipg agent twherede baid sidahefoomprisbeatdeastipne hydrolysable

group that, upon compounding said silane with said elastomer and filler, is released to
yield a compound that improves downstream processability of the compounded
composition or the properties of the final rubber product or both.

18.  The method of claim 17 wherein said silane coupling agent is selected from
the group consisting of silanes whose individual structures are represented by at least
one of the following general formulae:

Formula 1:

[J-8-G'- (SiXZX)[- Y2 - (X%Si-G' -8 - D] - X1

Formula 2:

[X'X*XSi - G*- S - G- SiCXI)][ - Y2 - (X28i) - G - S - G - (SiXXE)], - XL
Formula 3:

X'X*X’Si - G- S, - G- SiXZ)[ - Y2 - (X2XSi) - G - 8, - G - (SixE)], - XL
and

Formula 4;
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consi sting of hydrocarbon fragnents obtai ned by
renoval of one hydrogen atom of any of the groups

wo p@uegi4above for R ; each occurrence of J i s PCT/US2004/008734
i ndependently selected fromthe group consisting of
R1C(=0) -, R1C(=S)-, R12P(=0 -, R12P(=S)-, R S(=0) -

we- 2-Gl [ 8GO
(goo)/o 34? IQCTA//@UE%B %%g’?%%ggﬁfr esﬁce of(SIEe(f’f)g Y Dzl

“ﬂa£hpﬁgﬁﬁ%% ccurrence of Ylis |ndependently
-OG(O0G 9}{1%& or - G(OG)p(}I and each occurrence

of Y2 }S |nd each occurrence

of 1 1ih S BRFRERE T subsciiph dofsantRkionts i Hicg geromdn

lto 1ﬁ each occurrence of the subscript, q,

i ndefeRdeRAly ospnTsice gEthemaeripts; banthl is indepsn ently an integer

occurrence of Gis independently selected fromthe
fregmdltp 3¢ vitkithe prayiofthitydr/oe fr bon fragnents obtai ned by

renmoval of one hydrogen atom of any of the groups

|'i st exdh abewrtenke of RE:subdteipt 3 fis RIAepurdeRtEaPintddet fom 1 to
i ndependently selected fromthe group consisting of

1dope menbers |isted above for RlL. 19. A method for
preparing a silane coupling agent for coupling an

el as erei.n, sai i | ane co es

ot a8 Bea s B b bl SifdRadertlysfrined o
1()?)girrpoundl ng said silane with said el astoner and

tler, is released to yield a conpound that inproves

downst ream processability of the conpounded

conpResh ppayrenee of the splbssript, v ie sndependeatly ian ahtegertiven 2 to 20;

product or both, wherein said method conprises

tr ar@e]sbecrurfeylcmgf XESHidepbridently pelbytad ksheihe gedupcs! . 20.

The nmethod of claim 19 wherein the polyal kyl ene gl ycol

hyidgolgiabldnibRies &nkkehe of A2 -Ghe. (ﬁ@’t BH&' ROEH-iiein each
further conprising carrylng out

ockBARE D R i fnﬁ@;génﬂgntly any hydrocarbon fragment obtained by removal of
one hydrogen atom from a hydrocarbon having from 1 to 20 carbon atoms, and R
includes aryl groups and any branched or straight chain alkyl, alkenyl, arenyl, or
aralkyl groups;

each occurrence of X* and X is independently selected from the group
consisting of hydrogen, R!, and X!,

each occurrence of G!, G? and G° is independently selected from the group
consisting of hydrocarbon fragments obtained by removal of one hydrogen atom of
any of the groups listed above for R

each occurrence of J is independently selected from the group consisting of
R'C(=0)-,
R'C(=S)-, R'2P(=0)-, R%2P(=S)-, R'S(=0)-, and R'S(=0),-, wherein each separate
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reaction in the presence of a catalyst. 22. The net hod
of claim2l1 wherein the catalyst is
w@ara/nvaBuenesul fonic acid. 49 PCT/US2004/008734
occurrence of R! is as defined above;
each occurrence o £ Y is independently -O-G-(0-G-),OR or -O-G-(0-G-),OH
and each occurrence of Y2 is independently -O-G-(0-G-),0-,
each oceurrence of the subscript, p, is independently an integer from 1 to 100;
each occurrence of the subscript, ¢, is independently an integer from 1 to 100;
each occurrence of G is independently selected from the group consisting of
hydrocarbon fragments obtained by removal of one hydrogen atom of any of the
groups listed above for R'; and
each occurrence of R is independently selected from the group consisting of
the members listed above for R
19. A method for preparing a silane coupling agent for coupling an elastomer and
a filler wherein said silane comprises at least one hydrolysable group that, upon
compounding said silane with said elastomer and filler, is released to yield a
compound that improves downstream processability of the compounded composition
or the properties of the final rubber product or both, wherein said method comprises -
transesterifying TESPT with a polyalkylene glycol.
20.  The method of claim 19 wherein the polyalkylene glycol is diethylene glycol.
21.  The method of claim 19 further comprising carrying out the transesterification
reaction in the presence of a catalyst.

22.  The method of claim 21 wherein the catalyst is para-toluenesulfonic acid.
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