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ELASTOVER COVPGCSI TI ONS BACKGROUND OF THE | NVENTI ON- FI ELD OF THE ‘1 NVENTI ON
The present invention relates to silane coupling agents, nethods for their
preparation, and their use in rubber applications. Mre particularly,

these sil anesyghlageyia new concept whose focus is toptyadal kMt he
hydr ol ysabl e group, once released fromthe silane, froma waste product to

one that contributes to inprovenents in the processability and properties

of the final EOURUNG AGERESGRIIEVMDERAFFIREES HEASABVER deveesipmlys of art
exists relating to the conposition, preparation, and uses of polysulfide

sil anes and mer capt osi | an@AGKGRQIMNIR OFARE DVENTIGPP! | cati ons. There is
sufficient interest in this field that many of the original patents have
begun to expiFiELD @GETHBWNYEBIVEONs conti nue to appear. Mst of the interest
has centered around the sulfur functionality of these nol ecul es. For
exanpl e, t hefke preseat ingreation rduesiesilaps copplingrgeits, wethdds fig their pepariticnur es  of

pol ysul fi de silanes containing subtle variations in the sulfur rank

di st ri but i ongndtheipuss inrgbtiepapplisgtonsnMprepayigylerly. @lﬁseﬁﬂ%}ﬁﬁ“}bﬁdﬁwwdl stributions
of the corresponding nolecul ar species, in Fornulae 1 and 2, bel ow).
Fewer, but fensent phesedecys iy tadrapeons) the WGFPS@?“"' %ﬁ’“Pt ppse pefepsstl f18Mdbe| so focus on
varlatlonsmth I|nk|n roudpgg fur and silicon. On the other
hand, very | {Fi#p "H’t"t"éaﬁft fﬂq ! tn"oi“té‘ ﬁ%“&“‘é‘ﬁo"tewgmﬁvg}eol ysabl e portion

of the nmolecule b attenpts.a d.coverage of al koxy groups and in
sone cases SEOH%SF%ﬁ cﬁ’“olpmge 0% utrqnéa? oﬁatl ty, usually containing a single,

but broadly %@ kﬂﬁ?(?' (Ariugroup when, in fact, all that was of real
i nt erest has been et hoxy an in sone nore recent cases, siloxy. Moreover,

the hydrolys %ban%e B4y %Parh@,@stsqgﬁﬂxg to the composition, preparation, and uses of

polysulfide silanes and mercaptosilanes in rubber and other applica;tions. There is
sufficient interest in this field that many of the original patents have begun to expire
as new patents continue to appear. Most of the interest has centered around the sulfur
functionality of these molecules. For example, there is a great number of patents
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



inplicitly treated as an expendabl e portion and tolerated as an ultimte
wast e product of the nol ecule because it is |ost during the process of
using these silanes in their intended application. U S. Patent No.

5,116, 886 di scl oses a two-stage nethod for the suface nodification of
natural or synthetic, oxide or silicate fillers using certain organosilicon
conpounds of a given fornula, wherein the filler and conpound are
intensively mxed without the addition of further solvents and honpbgeni zed
m xture is subjected in a preheated m xer to the hydrophobing reaction. EP

0 631982 A2.di.scl S _agqregat es .comnpri,sed, of particles that contain
silicon HRlgHTy ,eﬁezdleaﬁg? %&ﬁ?‘gﬁf BPTHPRLH éoder?tﬁ%?s(?ﬁ“ﬁ’matea%teﬁ B¢ having treads
conposed of, such .reinfarced elastonmers. SUVMARY THE, . NVENTI ON The
present iRV W&S‘f’iﬂerbgfaé’fee%‘sﬁ?ftﬁgﬁnﬁ eﬁ?ﬁ?&?&?ﬁ%ﬁéﬁs@%’&?ﬁ?@ﬁﬂ h an ancilliary
use, so that when such groups are rel eased during rubber conpoundi ng, they
are neithgﬂteniﬁecﬁlsaf’ﬁwatho& do they end up as waste, but, instead, go on to

o1 Oper t1 B o En oo e VREREe BEPRY LLIPa Py REiPBSEnt i nvent i on
coupl | ng. SN PBFSRBARET ghiahe BIGR tRer i espopRrondP bR n sai o 1 | ane
<1 T hne wi ¢ ey HeTsil def oo i b BT GRPR o compound
the. pr operdiien OB s AR RaR o it BeHELRS PP of orrod

enbodi nent ., Th ilane,is selected fromthe group consisting of silanes
whose indm@?ﬁﬁgFigép BEL@UPe represented by at |east one of the

fol lown 9ePh g?lr% A?2 discloses aggregates comprised of particles that contain silicon

dioxide, elastomers reinforced therewith, and tires having treads composed of such
reinforced elastomers.

SUMMARY OF THE INVENTION

The present invention relates to using hydrolysable groups with an ancilliary use, so
that when such groups are released during rubber compounding, they are neither 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




WD 2004/ 093437 PCT/ US2004/ 008734 fornul ae: Fornul a 1:

[T-S G -(Si3eX)][-Y2-(X2Si-G-SJ& 'Formila—2:- 1X233 232 :322n2 3
rt-231, & Si-GS,,-GSi(»)][-Y-QK2Si)-G-Sx-G-(Si .n . )X Formla
3: FX1k2X3Si - G- Sx - G3- Si(X2n3)][ - 1'2 - (" ft3Sl) (Si. 2X3)], - X;

and Formul a 4; co¥2:) 12CX23_1,Si} - d - S - J].[(4 -)12(23 jSi) -
& - SX - CB%YO%O&/(B)({%? K)(- Y2- ).v2],r wherein, in.fPoCrTrrﬁﬁZ(g%AmI”%éhrough 4.
each occurrence of the subscript, h, is independently an integer froml to
3; each sepgyalgeoccurrence of the subscripts, j and k, is independently
an integer fromO to 3, with the proviso that j + k> 0; each occurrence of
t he subscri pteomiiiia 1:S | ndependently an integer froml to 1000; each
occurrence of the subscript, n, is independently an integer from1l to

1000;* each oqrim r@ngeixdtd) he? sgdsicG' ps - nY,-3's 1 ndependently an integer from
2 to 20; each occurrence of X1 is independently selected fromthe group of
hydr o] ysabl e pamutid:es consisting of -Yl, -OH -OR, and R C(=0 O, wherein
each occurrence of R is independently any hydrocarbon fragnent obtained
by rempval offx"38H®i hGHSegeh Sia(Kg'tﬁ)]tfiﬁzm(ﬁzﬂiwd}zeéa-r(ﬁfor(Siﬁé}ﬁ(ﬁ)@, fX¥'om 1 to 20
carbon atons, and R includes aryl groups and any branched or straight

chai n al kyl , Famidads| | arenyl, or

X381 - G- 8, - G- SiCER)[ - Y2 - XBCSH) - G2 - 8, - G - (SiXED) - 3,
and
Formula 4:
[(- Y22(8%348i) - G' - 8 - Il - Y2 o(X5,81) - G - 8, - G - (SiX*3.0)( - Y2 sl
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’ah integer
from 0 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 subscrii:ot, n, 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 R'C(=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



3 WD 2004/ 094437 PCT/ US200-1/008734 aral kyl groups; each occurrence of X2
and -X3—s—i ndependent | y-sel ected from-the group consisting of hydrogen,
R, and X ; each occurrence of G, &, and G3 is independently sel ected
fromthe group consisting of hydrocarbon fragnments obtained by renoval of

one hydrogen @ omyefiiz;any of the groups listed above fpuhuKnf@sH occurrence
of J is independently selected fromthe group consisting of R C(=0) -,

RC(=S)-, R2P(=0-, R 2P(=S)-, RCS(=0-, and R S(=0)2-, wherein each
separate ocmgéggpspf R is as defined above; each occurrence o f Y is

i ndependently - (OCG)pOR or -G (O G)pOH and each occurrence of Y2

i s independent|y edch Gechftnce yfF3and 6RCih indgrhdechBnNeReted frdnhthe gtobgcri pt, p, is

i ndependently an integer froml to 100; each occurrence of the subscript,
q, is i ndependasisibyofhydiopineReadX'om 1 to 100; each occurrence of Gis '

i ndependent|ly selected fromthe group consisting of hydrocarbon fragnents
obt ai ned by r enovedch ofcugenes i@ 6Gem Gtivimlarkndantly selbctediom heawps | i st ed above
for R; and each occurrence of R is independently selected fromthe group
consi st i ng - ofconisting pfdyepasbanifiggmentsdhinined prrempyal of gge hyfsegeaptomipbodi ment, t he
present invention is directed to g conposition conprising: A) at |east one
el astomer; By gfthe grags ligedabeyg oeR; and .

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

each occurrence o £ Y! is independently -O-G-(0O-G-),OR or -O-G-(0-G-),OH
and each occurrence of Y is independently -O-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 aton; 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

Q) at least one silane coupling agent for coupling the elastomer and the
4 .



C) at least one silane coupling agent for coupling the elastoner and the 4
WO 2004/ 091437 PCT/ U5200-t/1108734 +iHter—wherein the silane conprises at

| east one hydrol ysabl e group that, upon conpounding said silane with said
el astonmer and filler, is released to yield a conpound that inproves

downst r eam pr QeSasaRls ty of the conpounded conposi ti G @undeikssPr operties
of the final rubber product or both. In still another enbodi nent, the

present invention is directed to a method for coupling an elastonmer and a

filler, wher iR JiRgeiiBt BRde GRIPRSS 8Q8sEMB hpibIRablabrohfiB& upine sil ane
coupling agent wherein said silane conprises at |east one hydrol ysable

group that, ddRgAmEREBEdLIEhVGthSEH elagibhaned fille, s BiBased wlyrBtzomer and filler,
is released to yield a conpound that inproves downstream processability of
t he cédnpoundedmpainp @ft inipftes ddtvndtdaen procpabilityes thefcohjvended nempositiber pr oduct
or both. In still another enbodi nent, the present invention is directed to
a nethod for orgrepgeidiagpfshedinblaviderqoedoitionbethgent for coupling an el ast omer
and a filler wherein said silane conprises at |east one_ hydrol ysabl e group
that, upon cdnrpdlandiherembadiotens; themesentigventionds diregtpdis e 815pd RRePUPENg er | i s
rel eased to yield a conpound that inproves domnstrean1proces$abiIity of the
conmpounded cawshePmererd s fllepdhersindpethedeomprisehempleying 3t 1S3y MSSFa08  oduct or
bot h, wherein sajd nmethod conprises transesterifying, TESPT_ with a
pol yal kyl ene GPEIR8psentytisesis 18iF) sige CpmpFises %%EEE??F@%° %@bﬁf%ﬁﬁ‘f‘g The coupl i ng
agents useful herein conprise any indivjdual nponent jof . xture of
conponent s W%cq“?mf“%ﬂ‘%ﬁf‘ S‘E‘f‘? ﬁ%‘f (i3 ee%as{(?glﬁr 4 %&r-igplrs éegeésﬁfl gody 'By* one or nore of
the follow nc%m et{]n%‘iiih@aféxlt in];p?gvrersljciog‘v%éﬁeam processability of the compounded composition
or the properties of the final rubber product or both.
In still another embodiment, the present invention is directed to 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.
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'- G- Y- X%Si-G' - S - D]w-X';
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Formula 1: [J-S-G 1-(SIX2X3)'[-Y2-(Qi2S -G -Sj)]mX; 5 W

200- 4109--1:-137 PCT/ US2004/-008734 - Formula 2: -[ X X2X3Si - &- Sx - G3-
SI(X2X3)][ - Y2 - (X2Si) - & - S - B - (Six [)2X3)]nr - X1; Formula 3:
ri r32r -r2.r32r2;, r33,;,2..3S-G~a-G-ui(%Il"' )][-i -( ~Si) G-,S

-G (1= -)]rl ywe oygNd Formula 4: [(- Y2-)Y/2\!i 3_kSi) s = S - J],[(-
Y2 )17 20 ko1 SR it SO TS s ke ) (- v )1%)”8%42@"8%, in

formul ae 1 through 4: each occurrence of the subscript, h, is independently
an integer fregdabo 3; each separate occurrence of the subscripts, j and
k, is independently an integer fromO to 3, with the proviso that j + k>

0; each occurpexbgsialct fie Guheexkhpt v? nix*sis - Ghogpehd@nt'ikix’an - kht eger from |
to 1000; each occurrence of the subscript, n, is independently an integer
froml to 10&@muledch occurrence of the subscript, x, is independently @an
integer from2 to 20; each occurrence of X1 is independently selected from

” -

the group of EH¥HPel-Eabl-& nEC8ENHSs Ve oG8R ¥ -6f - G5, - X'OR1, and
R C(=0 O, wherein each occurrence of Rl is independently any hydrocarbon
fragnment obt aided by renoval of one hydrogen atom from a hydrocarbon

having from1l to 20 carbon atons, and Rl
Formula 4:

[(- Y?)y2(X5080) - G - 8 = Tl - Y2 -a(X%,80) - G - 8, - G - (SiX%3.)(- 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 thatj + k> 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 R'C(=0)O-, wherein each
occurrence of R! is independently any hydrocarbon fragment obtained by removal of
one hydrogen étom from a hydrocarbon having from 1 to 20 carbon atoms, and R
includes aryl groups and any branched or straight chain atkyl, alkenyl, arenyl, or
aralkyl groups;

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

consisting of hydrogen, R', and Xl;



i ncl udes aryl groups and any branched or straight chain al kyl, alkenyl,

ar enyt ;-g#= -ar-alip—gtr-oups;-—each—-eeetr-rence—of- X2 and ) 3-+s 4-ndependently
sel ected”fromthe group consisting of hydrogen, Rl, and X1; 6 WD

2004/ 094437 PCT/ US2004/ 008734 each occurrence of G, &, and &3 is

i ndepend,ejfnt I ym&,@iﬁmﬁ fromthe group consisting df hygaganbessf ragnents
obt ai ned. by renoval of one hydrogen atom of any of the groups |listed above
for R; éach occurrence of J is independently selected fromthe group

consisting of R ghrbdcusrerBe 6K FHH?, and G2 Phdndently sélBétedRom thBgrolp-O) -, and

R S(=0 2-, wherein each separate occurrence of R is as defined above;
each occur r enggsisting ofiydioSarbondRpRadesbidingd b defao(alDoflont hyddhge®itom©X G (O- G ) pOH
and each -occurrence of Y2 is independently -O-G (0O G)g0O, each occurrence
of th& subscrinpbfthpgrous listadldpentdeRt | y an integer from 1 to 100; each
occurrenceé of the subscript, g, is independently an integer from1 to 100;
each occurrence otdslsedeyrréned efflanudepetdgntlystledtddtbuf the gwobiherngstionpf consi sti ng of

hydrocarbon fragnments obtained by removal of one hydrogen atom of any of

the groups IR&EJ-above for R; and each occurrence of R is independently
sel ected fromthe or qu consi st i nlg, of the,nmenbers |ljsted above for R. As
used her&in, REENoREFTH: REGE:HRSSO)y iR 30y shereRgrd sgerfehe Y2 noi et y.
This notation is' ust%}j{,si n gq(%njcrgct ion with a silicon atomand is taken to
mean one- hal fo°G{regee AP 47T BAE: al koxi de, nanely, the half bound to the

particular silicon atom ILo%$" is independently -0-G-(0-G-),OR or -0-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;

e;c:lioccurtence of the subscﬁpt; 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 gréup consisting of
the members listed above for R.
As used-hx_arein, the notation, (-YZ-)o_s, refers to one half of the Y* moiety. This
notation i:s':us..ed in conjunction with a silicon atom and is taken to mean one-half of a
bis—ﬁmctiggal alkoxide, namely, the half bound to the particular silicon atom. It is
understooq:i‘jghat the other half of the bis-functional alkoxide moiety and its bond to
silicon occ&rs somewhere else in the overall structure of the molecule.
Representative examples of X! include methoxy, ethoxy, propoxy, iSOpropoxy,
butoxy, pzl;l__;e_xibxy, benzyloxy, hydroxy, chloro, and acetoxy. Methoxy, ethoxy, and

isopropoxy are preferred. Ethoxy is more preferred.
.. .



understood that the other half of the bis-functional alkoxide noiety and
its bond-to--silicen—oceurs sonmewhere else in the overall structure of the
nol ecul e. Representative exanples of X include nethoxy, ethoxy, propoxy,

i sopropoxy, butoxy, phenoxy, benzyl oxy, hydroxy, chloro, and acetoxy.

Met hoxy, etho | sopropoxy are preferred. Ethoxy,l eferred. 7
WO 20114/ 094432 T 004/ 008734 Represent ative exanp sl o

i nclude the representative exanples |isted above for X1 as well as

hydrogen, netgyplesentlitWdxamPELRNR? and FARGRR We repred&ftaib EbhnplePi@RAY | . Vinyl,
cycl ohexyl, and higher straight-chain alkyl, such as butyl, hexyl, octyl,

lauryl, and feiaseeydk welii on, LR, oB§1, ph EEHREDYY, sectBtyll phenyiet Nyl ,
phenyl, and the higher stﬁgﬁgﬁt-cﬁgﬁﬁﬂglE;?gp%re p%efer%ﬂg f%r X2 and 73 .
Et hoxy, net hydinylapelolakyd /iyl highe str4ight-Chap Ay suck ds buljicheRylpdesdt, ladhl,enbodi nent s
al so include those in which 3~, X2, and X3 are the sane al koxy group,

pref er abl y nedndostydecidt Motysy, ethexy Sisqprappaxmethi} dtigk phingl, amintbd higheef er r ed.
Representative exanples of G, &, and G3 include the term nal

st rai ght - chai swaightiopin alkflgiare prsferrsdifos Ki andie dEthesymingthyl) sndahenykree opposite end,
such as -CH2-, -CH2CH2-, - CH2CH2CH2-, and - CH2CH2CH2CH2CH2CH2CH2CH2-, and
thei r bet a- suB%e preferred Thy prefergd embogiments alse ipplpdethess iR X, anthere mi s
zero to 17, -CH2CH2C(CH3) 2CH2-; the structure de[ivableé%ﬁon1niethalIyI
chloride, -0 X 2tihg s pispi sroupnprefsrably Methary, e, EdSOBOPPY HEY ¥ r om

di vi nyl benzene, such as - CH2CH2( C6H4) CH2CH2- and - CH2CH2( C6H4) CH( CH3) -,
where the not%??ﬂﬁg denotes a disubstituted benzene ring; any of the

_S'g_é(a[_l? Eﬁé) ((j %%bﬁ&—%%%ﬂ?%fw&h@f%%{(ﬁ zr{lﬁﬁpge teﬁ}iligg s@aight-chain alkyls

further substituted terminally at the opposite end, such as -CH,-, -CH,CHy-, -
CHZCHZCHZ-, and -CH,CH,CH,CH,CH,CH>CH,CH>-, and their beta-substituted
analogs, such as

-CH,(CH2)nCH(CHj3)-, where m is zero to 17; -CH;CH,C(CHj3),CH;~; the structure
derivable from methallyl chloride, -CH,CH(CH3)CH,-; any of the structures derivable
from divinylbenzene, such as -CHyCH>(CgH4)CH,CHo- and -
CH,CH(C4H3)CH(CH3)-, where the

notation CgH, denotes a disubstituted benzene ring; any of the structures derivable
from dipropenylbenzene, such as -CH,CH(CH;)(C¢Hs)CH(CH;3)CHz-, where the
notation CgHL 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;CH,)-; any of the
structures derivable from piperylene, such as -CH,CH,CH>CH(CH3)-, -
CH,CH,CH(CH,CH3)-, and

-CH,CH(CH,CH;CH3)-; any of the structures derivable from isoprene, such as
8



notati on C6H4 denotes a disubstituted benzene ring; any of the structures
derivabl e frombufﬁdreﬁe —steh—as— CH2CH2CHZCH2-, - CH2EH2CH( CH3) -, and

- CH2CH( CH2CH3) -; any of the structures derivable from piperyl ene, such as
-CHZCHZCI—IZCH(CI—B)-, - CH2CH2CH( CH2CH3) -, and - CH2CH(CH2CH2CH3) -; any of the
structures de{lowaRbsisd,r oM i soprene, such as 8 WO 21104{&%&,&7008734

PCT/ US2004/ 008734 - CH2CH( CH3) CH2CH2-, - CH2CH( CH3) CH( CH3) -

- CH2C( CH3) ( CH2CHB) - - CH2CH2CH( CH3) CHZ- - CH2CH2C( CH) 2-, "and

- CH2CH[ CH( CH3r&]eH(c Hi.hen,amo caet Gdzl%t%mmﬂwﬂayl-

- CH2CH2- cycl oheiyl( @gﬁ?o% thze }gllrlg dl(ca?’?s obt ai nabl e from norbornane,
cycl ohexane, -CH{tHRECINEH,-,-EHIGHRTATNRY, aydCCHpEHCAICI®N-; aylof they Ccl ododecene
by | oss of two hydrogen atons; any of the structures derivable from

| i monéne, - Chidgldsdfnet hyl -1 - C6H9-) CH3, where the notati on C6H9 denotes
isoners of the trisubstituted cycl ohexane ri ng | acking substitution in the
2 posi,tion; aff@:-totemyhoRbCilylyclomylaiand ofghestirdiediabtrnablefbmabl e from

trivinyl cycl ohexane, such as - CH2( vi nyl C6H9) CH2CH2- and

_ CH2CH2( vi ny TCRPERE-ECidBy<ane, w@pem@ﬁée%r%@wﬁlomﬁéle%%t es any isoner of
the trisubstituted cyclohexane ring; any of_the rmn iu ated structures
derivabl e fr gaflodpdpcenity leséﬁftél‘ioﬁ‘f"ﬁlf@geaaiol“?’saﬂbgﬂqmt%‘i’gb‘e as -

CH2CH[ CH2CH2CH=C( CHB) 2] CHRCHR- , - CH2CH[ CH2 CHR CHEC( CH3) 2] CH( CHB) - |
- CH2 Q] CH2 CH2 GIRYB$REH3) 2] (CHRCHB) -, - CH2CH2CH] CHR CHR2 CHEC( CHB) 2] CH2- |

- CR2COR(C -CH,CH(4-methyl-1-CsHo-)CHs, where the notation C¢Hy denotes isomers of the
trisubstituted cyclohexane ring lacking substitution in the 2 position; any of the
monovinyl-containing structures derivable from trivinylcyclohexane, such as -
CH>CH(vinylC¢Ho)CH,CH>- and

-CH,CH2(vinylCsHg)CH(CHj3)-, where the notation CsHy denotes 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(CHj3);]CH,CH>-, .
-CH,CH[CH,CH,CH=C(CH:)2]CH(CH;)-, -CH2C[CHZCHzCH=C(CH3)2](CH;_CH3)-,
-CH,CH,CH{CH,CH,CH=C(CHj3):]CH,-, -CH,CHx(C-
)(CH3)[CH,CH,CH=C(CH3)2], and

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

CH,CH,C(=CH;)CH;CH,CH2C(CHs)z-, -CH2CH,C(=CH,) CH,CH,CH[CH(CHs)a}-,
9



) (CH3) [ CH2CH2CH=C( CH3) 2] , and - CH2CH{ CH( CH3) [ CH2CH2CH=C(CH3) 2] }-; and any
of the nonounsaturated structures derivable fromnyrcene |acking a
trisubstituted C=C, such as -CH2CH( CH=CH2) CH2CH2CH2C( CH3) 2-, -

CH2CH( CH=CH2) CH2CH2CH[ CH( CH3) 2] -, - CH2C(=CH- CH3) CH2CH2CH2C( CH3) 2-,

- CH2C( =CH CH3y,HRCRRCH CH(CHB) 2] -, CH2CHR2C( =CH2) CH2CHRGIR ek el ) 2-

- CH2CH2C( =CH2) CH2CH2CH CH(CH3) 2] -, 9 WD 21104/ 094437 PCT/ US2004/ 008733

- CH2CH=C( CH3) 2CH2CH2CH2C( CH3) 2-, and - CH2CH=C( CH3) 2CH2CH2CH[ CH(CH3) 21. The

preferred stropfc cﬁ9£C}§CH2(§EC(CIﬁBdan@3 are -CH2-, -CH2CH2-, -CH2CH2CH2-,
- CH2CH(CH3) CH2-, and any of the diradicals obtained by 2,4. or'-?,5

di substi t uti @H,ol=Clds),CadIDCRIEHAHE)L]Y THe Sitfetidd stitidred fosted? above.
-CH2CH2CH2- is nost preferred. Representative exanples of J include

car boxyl, sudd ass-ChigeiGH:CHpr OpLOENI,-, but anoyl  (butyryl), hexanoyl ’
(caproyl), octanoyl (capryloyl), decanoyl, dodecanoyl (lauroyl),

t et r adecanoy |-CHsGH(CE: )0 andrex offerctinadiydls t(bpal"r’rbr agp2 Dé)‘éltbét&%'aﬁf)yl
(stearoyl), and benzoyl; thionocarboxyl, such as thionoacetyl,

t hi onol oct andiyd norbemane-fryediasieslisted ghiys pfﬁI‘hFHzCPbu’é FRogfPredimTedt hyl phosphi ni ¢
and di et hyl phosphinic; and sul fonyl, such as { nethane ulfo nyI

benzenesul fOH’VP‘CS"&‘WH"Q?}Pﬂé‘ﬁ%‘géwwﬁwarmﬁépﬁ“‘é‘kaéﬁfe&t1%‘%‘% Y of G include
term nal strajght- chaln alk§§furt tltuf dte nal |y at the

opposi te end,! R ae"&‘Hd Sty P CH2CH?-
e Bk 0 0981 B G o 41 o0
-A(C3) 2 CH31)&::1203{1, thlon%c%lr_{?o%lg@ %%oace%Xh&Iol&BﬁoyﬁtaﬁdJﬁfo%b%&oﬁ,er ivable from
phosphinic, such as dimethyl phosphinic and diethyl phosphinic; a.ﬁd sulfonyl, such as
methanesulfonyl, benzenesuifonyl, and toluenesulfonyl.
Representative examples of G include terminal straight-chain alkyls further
substituted terminally at the opposite end, such as -CH,CHp-, -CH;CH,CH-, and
-CH,CH,CH,CH,CH,CH,-, their beta-substituted analogs, such as -CH,;CH(CHz3)-,
and analogs with more than one methyl substitution, such as -CH2C(CHs),CH,- and
-C(CH3)2C(CHj),-; -CH,CH,C(CH3),CHz-; any of the structures derivable from
divinylbenzene, such as -CH,CH»(CgHg)CH>CHo- and -CH,CH»(CsH4)CH(CH3)-,
where the notation C¢Hy denotes a disubstituted benzene ring; any of the structures
derivable from dipropenylbenzene, such as ~CH;CH(CH3)(CsHs)CH(CH3)CHy-,
where the notation CgHx denotes a disubstituted benzene ring; any of the structures
derivable from butadiene, such as
-CH,CH,CH,CHy-, -CH,CH,CH(CH3)-, and -CH,CH(CH,CH3)-; any of the
structures derivable from piperylene, such as -CHZCH2CH2CH(CH3)-, -

CHzCHzCH(CHp_CH;;)-, and
10



di vi nyl benzene, such as -CH2CH2( C6H4) CH2CH2- and - CH2CH2( C6H4) CH( CH3) -,
wher e- t Bgmnot-at | oRe-e6114 denotes—a~di substi-twted benzene rtng; any of -t he-
structures derivable from di propenyl benzene, such as

- CH2CH( CH3) (CoH4) CH(CH3) CH2-, ; where the notation C6H4 denotes a

di substi t ut edwBengsAS" i NO; any of the structures derlpyga,ggzg,,j‘,{m%p but adi ene,
such as :CH2CH2CGH2CH2-, - CH2CGH2CH(CH3) -, and - CH2CH( CH2CH3) - ; any of the

structures derivable from pi peryl ene, such as - CHZCHZCHZCH( CH3)-, -

CH2 CH2 CH( CH2 CEB)CH(CRECHE08:)Wany SR st és/deRbableiRAliNbrel) uch 4s
- CH2CH( CH2CH2CH3) -; -any of the structures derivable fromi sopr ene, such as

- CH2CH( CH3) leﬁtﬂﬂi(CHs)CHKHié CERABAC)BHECH;)- P CH UIGEROHS) -

- CH2CHzZC H( CH3) CH2-., " - CH2CH2C( CH3) 2-, and - CH2CH CH( CH3) 2] - any of the
nmonovi nyl - concatm{zﬁg(@ﬂsb%,ueﬁsllrﬂé@m&bm -CHeCH[CH(CH;0Y any of tbdnexane such as
CH2CH2( vi nyl C6H9) CH2CH2- and - CH2CH2(vi ny1C6H9) CH(CH3) -, where the notati on
C6HO denot es mmyviingdcomainipg struigrss diriye) Mt!i‘féﬁilcmﬁ}@kma)ﬁmheqri ng; any of the
m)nounsat urated structures deri vabI e from nyrcene cont aining a

tri subst it ut eGHERR(vinydQpHpCHoClbrprd-f EQIR-{ﬁ ,

- CH2CH[ CHR2 CH2CH=C( CHB) 2] CH( CHS) -CHZC[ CHZCHZCH:C( CHS) 2] (GH2CH3) -

- CH2 CH2 CHff CH2efabey $esblp Bensy Qmmmfﬂemf@d) Bpkeyxqne g ppyHithe CH3) 2], and

St ractur b, EMPRMBIESE] SHEHYE Fahae GTR FRGes PPETBE FRTTAR, (e, esuch as -

CH2 CH( CHECHR) CHRCHR CH2C( CHB) 2-, - CHRCH( CH:CHZ) CH2 CH2CH] CH( CHB) 2] -
- CH2C( =CH cHET BB cre cHR ¢ aHB) 2-

-CH,CH[CH,CH,CH=C(CH3),]CH,CH,-, -CH,CH|CH,CH,CH=C(CHs),}CH(CH3)-,
-CH,C[CH,CH,>CH=C(CH3):}(CH>CH3)-, -CHQCH2CH[CHZCHzCH=C(CH3)2]CH2-,
-CH,CH,(C-)(CH;3)[CH>CH,CH=C(CH3)2], and -
CH,CH{CH(CH3)[CH,CH,CH=C(CHs),]}-; and any of the monounsaturated
structures derivable from myrcene lacking a trisubstituted C=C, such as -
CH>CH(CH=CH,)CH;CH,CH,C(CH;),-,
-CH,CH(CH=CH,)CHCH,CH[CH(CH3),]-, -CH,C(=CH-CH;)CH,CH,CH,C(CHj3),-
-CH,C(=CH-CH;)CH,CH,CH[CH(CHs),]-, -CH>CHC(=CH,)CH,CH,CH,C(CHa)s-,
-CHzCHzC(#CHZ)CHZCH2CH[CH(CH3)2]-, -CH,CH=C(CH3),CH,CH,CH2C(CH3),-,
and

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

-CH,CH(CH;)-. Most preferred is -CH,CHy-.

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

addmon to ethylene oxide, such as CH;0CH:CH>0- (metho*cyethoay), which is the
11



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

- CH2CH2C( =CH2) CH2CH2CH[ CH( CH3) 2] -, - CH2CH=C( CH3) 2CH2CH2CH2C(CH3) 2-, and
-Cl -12CH=C( CH3) 2CH2CH2CH( CH(CH3) 2] . The preferred structures for G are -
Cl 2CH2- and -CH2CH(CH3)-. Most preferred is -CH2CH2-. Representative

exanpl es of Yo inelyde products derivable by methanol addi tion
to et hyl ene o&vloée),“s%ch as CH3OCH2CH2O (net hoxyet hoxf)e?m%ﬁn@ﬂ‘q%s the 11

WO ﬁ004/ 03443( PCT/ US2004/ 008734 al koxy group derivable from

met hoxyet hanqjy, %};@ o VEERDEND ' ' al koxy grou
derivabl e from ethoxyet an((nélld; q&%&%ﬁ%ﬁm?od%ﬁ%&?bng ﬁgﬁyﬁglgﬁyc))’xyet h)c/)xg) , P
whi ch is the aldnGx¥e leEd%%‘ Brotlf fidriatit Borh EQRyeiRIN eX; 0@ Py EliTanRO! ;

CH3CH2OCHZCH2OCH2CH2O- { et ho' yet hoxyet hoxy), which is the al koxy group

derivabl e fr qak@édarsgtdiay) ehitsiahe alorg sobp dansild forinal ogs of  these
structures containing |onger -CH2CH2O repeat units. Additional

repr esent at i usctiexgatplkesthandl; H;CHROCHABLOCBATLOS(cthderstheglsthexsyvbigbt hanol or
et hanol addition to propyl ene oxide, such as CH3OCH2CH(CH3)O- and '
CH3OCH( CH3) CH®= alkaxty groupderivalderfrom chbxyethertybtbanpl swinligprostiganalegickh are t he
al koxy groups derivable fromthe respective two isomers of

met hoxyi sopr dpeipsifuctueHIEEMOBHEE CH3) O and CH3CH2OCH( CH3) CH2O- (the two

i somers of ethoxyisopropoxy, which are the al koxy groups derivable from
tﬂe respect i vEHYAHO; & ?%ts-O‘f‘d‘B‘ﬂWW’%SS‘ﬁ?tBBS’WHFEeS%\% m%‘PdFB{?ﬁ’ﬁsi c anal ogs of
the g ]

se structures containi Pgrelth%rl\(ge mzm;ﬁy%ﬁé%:?&e,?u@ﬂas CH( CH3) CH20

derivable by methano a&dit_ion to pro

CH;0CH,>CH(CH;3)0O- and CH;0CH(CH;3)CH,O- (the two isomers of
methoxyisopropoxy), which are the alkoxy groups derivable from the respective two
isomers of methoxyisopropanol; CH;CH,OCH,CH(CH;3)O- and
CH;CH,OCH(CH3)CH,O- (the two isomers of ethoxyisopropoxy, which are the
alkoxy groups derivable from the respective two isomers of eﬂloxyfsopropanol; and
oligomeric analogs of these structures containing longer -CH,CH(CH3)O- and -
CH(CH;3)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 alkeny! 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, "alkyl" includes

strai ght+—branched, and cyclic alkyl groups; "al kenyl" incl-udes any
straight, branched, or cyclic al kenyl group containing one or nore

car bon-carbon doubl e bonds, where the point of substitution can be either
at a carbon- ?Qgggugpuble bond or el sewhere in the grapps,.akeqsal kynyl”

i ncl udes any strail ght branched, or cyclic al kynyl group contalning one or
nore carbon-carbon triple bonds and, optionally, one or nore carbon-carbon

doubl e bondsRﬁ?rl%hhsobdmegﬁecﬂexﬂﬁ'léghfﬂlenyl§iﬁpl§%é\Iqu lgf’d}e&@@llﬁe either at a

car bon-car bo I pl e bond,” a carbon-carbon or el sewhere in

the group. SpR@hily 1cethgrs&mqIneﬁoasneaétkyidsnelne@wﬂeetma&m norfiedd, andl 2 VO
2003/ 094437 PCT/ US2004/ 008734 propyl, and isobutyl. Specific exanples of

al kenyl s i nclughaiend foyorne OBRBIik exadpley bf alkyafé halhdedestyledyiypkdpateyty |

nor bor nane, ethylidene norbornyl, ethylidenyl norbonene, and ethylidene
nor bonenyl . Spbaéthilecekadpl es of al kynyls include acetyl enyl, propargyl,
and net hyl acetyl enyl. As used herein, "aryl" includes any aromatic

hydr ocar bon fAsasadhakioH'ayH eéndiydels any @rematie lgidroaabonfmerwiienae dyfirogear al kyl "

i ncludes any of the aforenentioned al kyl groups in which one or nore

hydr ogen aton@mﬁav@mms@nW§ubgdk'Uw@@kbywwg fepentignesealkybgrownsie  and/ or
different aryl (as defined herein) substituents; and "arenyl" includes any
of the af or ahishehemi@wredidloseranmsdiarebeahubiitisddy e saps Bmbsiatdben atons have
been substltuted by the same _nunber of |]ike a$d/or"d|1ferent ﬁlkyl (as

defi ned her ei?pd! fﬂldﬁrﬁﬁgned%’@'(?? ?“ibﬁmé’&té’r‘?ﬁ P& Hiiude pheny!
and napht hal Specific exanples of aralk s |n benzyl and

phenet hyl . ﬁg’éﬁr’?@ﬂg‘é‘iﬁ?‘ﬂﬁ"é‘gs r@#’é) RS Pdmors NSOEE: ‘{‘%ﬁ aYe é"ﬁ[ﬂ xylyl. As used
herein, CyClsubstltuleH ¥y thé same)ﬁ%ml)er o? flkl%e nM!) dxffe@&galkﬁYagldleﬁeghé&W I" al so include

substituents. Specific examples of aryls include phenyl and naphthalenyl. Specific

examples of aralkyls include benzyl and phenethyl. Specific examples of arenyls
include tolyl apd xylyl.

As used herein, "cyclic alkyl", "cyclic alkenyl", and "cyclic alkynyl" also include
bicyclic, tricyclic, and higher cyclic structures, as well as the aforementioned cyclic
structures further substitu.ted 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



bicyclic, tricyclic, and higher cyclic structures, as well as the

af orenenti oned cyclic structures further substituted with al kyl, alkenyl,
and/ or al kynyl groups. Representative exanples include norbornyl,

nor bomenyl , et hyl norbornyl, ethyl norbornenyl, ethylcyclohexyl,

ethylcyclohex&p¥&umﬁxglohexylcyclohexyl and cyclodoqﬁﬁﬁ%{h@nxh The
et her al koxy sulfur silanes described herein can be prepare d

transesterification of any single-conponent or conbination of

pol ysul fi de- fahw&-tcbfbMLt ’Iﬂ?feﬁ?%aﬂsestgﬁmgﬁdno N@lised Qéreil ko%&:‘ﬁge the

mer capt o- functi ona | ane('s) containing al koxy, acyloxy, etheral koxy,

and/ or hydr oXyephrdintor &8 dthbrhikeoxyWulkil sfiddes, AR @ RieirebiRemdntblaliiagy, et her al cohol
in the presence of a suitable catalyst, optionally in the presence of a

sui t abl e sol mBiaikd:dy, ¥Ma/at @8 s lonRiTéd 1526 @tht QM85 3doupawisiélds cosol vent . * The
term"transesterification", as used herein to describe the preparation of
t he et her al kapcpmplishEdiby sackinganstherakblaol svith ond dy@orsapdnane snitptile gdrting koxy,

et heral koxy, and/or acyl oxy groups on silicon by an etheral koxy group,
which is acciamp(s), sthreldasoyn sleshol ¢cakgpxiv acidrrad/at elsrdoholi vith thhe or nore than
one suitable starting silane(s), to release an al cohol, carboxylic acid,
and/ or et her oot of thgidesired etberslirarsulfiuppilaad. t he desired et heral kox_y sul fur

si | ane. SU|tabIe starting silanes are given b Fornulae 5,and_6 below, in
whi ch J, S@tabk@aﬂu@ﬂwﬁﬁﬂe N by s %E&andﬁ lo.dn WHOHE SR bd above f or
Fornulae 1 2 and 4. _Fornul a ornmul a 6:

X X2X3Si - @- &= (éSGS|a9@ %%scr‘%bﬁﬁﬁpﬁf%begf%ﬂvf Fﬁ&‘”@’t‘lh&l’;% é@ﬂ%{':s are given by
Fornul ae 7 aq%ng ?glom/ in which R,

J-§-G'-sixX'x*%’

Formula 6:

X'X2X38i - G* - S, - G - SiX'X%%°

Appropriate starting etheralcohols are given by Formulae 7 and 8 below, in which R,
G, and the subscripts, p and ¢, are as described above for Formulae 1, 2, 3, and 4.
Formula 7:

RO-G-(0-G-),OH

Formula 8:

HO-G-(0-G-),0H

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 Fornulae 1, 2,
3, and. 4. Fonnula 7: ROG(OG))H Formula 8 -HOG(OG)gOH Suitable
catal ysts for the transesterification described herein include acids,
bases, and netal or organonetal cations. Exanples of suitable acids
include sulfopic acids, such as pars- tol uenesulfoni i ,

met hanesul fon}v(?z?i’é/f”df”benzenesul fonic acid; mneral ;"g?@lgg(”é@%gﬁ;s

sul furic acid, HC, r, and phosphoric acid; carboxylic acids, such as

HB
formc acid, t&ﬁ%ggugﬂlgg E(gd ar@ feﬁ'l d. %@eﬁes@l@'&rﬁt acRAfd }-—ﬁ)ﬂel?esﬁﬁjnfi%@ids uch as

al um num chl ori de oron halirdes. HC, benzenesulfonic acid and p 14 WO
2004/ 094437 BETLMSEORALLD ARiBfes SrobitBI0 8t ihaite GILAE mbhalty Brofit Q] Atatied.
Benzenesul fonic, acid and p-tol uenesul fonic acid are nost preferred.
Exanpkes of suid altbBddIastses) M6 bielenial Ardli mew ibxideg diiduingb@imareal kal i net al
al koxi des, am nes, and amoni a. Al kali netal alkoxides and ammoni a are
preferred. Apgated. ARthdhRGR] NubiS vthels Ri istht keeneza e Rais the kiertike silant he starting
silane used, are nost preferred. Suitable solvents include, but are not
limted to, alsehhehmstpeiffreds, hydrocarbons, hal ocarbons, ketones,
aromatics, heteroaromatics, formam des, and sul foxides. Al cohols are
preferred. Al Sk slveROkcluiln bylareaiat limited tq, Rleoholsngthezss hydrpsartonisn t he  starting
silane used, are nost preferred. The el astonmers useful w th the etheral koxy
sul fur si | andnlogabymsi ketpnesgupmalicy) beterparprastics, famanides, apdspifrsidesy) £ ur

vul cani zabl e rubbers incl udi ng conjugat ed di ene honopolyners and
copol yners, aflgohelsses RisferFed- éfwﬁ‘tls’in P‘@ﬁ*@%‘é?ﬂeﬁa@%ﬁaéglehﬁy’gﬁ% and aromatic

Vi nyl

starting silane used, are most preferred.

The elastomers useful with the etheralkoxy sulfur silanes coupling agents described
herein include sulfur vulcanizable rubbers including conjugated diene homopolymers
and copolymers, and copolymers of at least 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




conpound. Suitable organic polymers for preparation of rubber conpositions
are well known in the art and are described in various textbooks including
The Vanderbilt Rubber Handbook, OCm R F., R T. Vanderbilt Conpany, Inc.,
1990 and in the Manual for the Rubber Industry, Kenperman, T and Koch, S.
Jr., Bayer AGy .. hS¥gIKusen, 1993. The rubber conp05|t5gaug ﬁoﬁﬁ%bly
conprlses at l'east one di ene-based el astoner, or rubber.

conj ugated dienes are isoprene and 1, 3- but adi ene and suitabl e Vi nyl

ar omati ¢ COMpolas aQEtfngeSI'y{oejﬂepr@é}golﬁbw %&%Mbt&; YRy ybut adi ene can

be <characterized as existing primaril i cally about” 90% by weight) in
the cis-1,4- julsasi@ReovkAQlei rbhe mrﬁa{u&l fibber (SRY;, {RYMe-pRGYIREEr for use
herein is solution-prepared styrene- butadi ene rubber (SSBR). This solutlon
prepar ed SBR chpointedd ahy teRdBymidrsigBRBIDM) ydcaiumitrile Duldfiend OdbbeIBRR 7

PCT/ US2004/ 008734 content in a range of 5 to 50, preferably 9 to 36,
percent. O heolybasfiat () anderedike. it mdbersompesition rebmphicsehef of lgisbene ( SBR) ,
nat ural rubber (NR), ethylene-propylene copolyners and terpolyners (EP,
EPDM), acryl alivné-bastdsldstotmar] oombber.  ditehlc ¢onBmyt=d dignes arbisersencenkl.I-BR), and t he

| i ke. The rubber conposition is conprised of at | east one diene-based

el ast omer, orbutadibisand sullable vinyl @aromotig CaREWEs HF shreae and é‘Ph%‘Bﬁé‘PYéne and 1, 3-

but adi ene and suitable vinyl aromati ¢ conpounds ar y ne and al pha

net hyl st yr etene.Fylxpuadises reayde ﬁ‘ﬁ?acﬁgﬁe@ﬁ‘é?“é%‘%?‘i“? C@E" ag?‘i ng primarily,

typical ly about 0% cis- 1,4- butadiene form Thus, the
rubber is a é@%ﬂuﬁweﬁ$éﬂﬁ%ﬂgﬂ%ﬁgwnmégﬁw di ene based el astoner, or rubber
may be sel ect for..exa § plylsoprene
rubber (nat Lﬁ‘}ﬁ the NP s 2 sylh °élf | f(%,mb%%re o aqltﬁn%%gf?%?%n?r’ Iorrﬁ preferably
natural ru bbenl;e)y’be ?ﬁ[ﬂ'&eﬁ,‘ fgxnexample, from at least one of cis-1,4-polyisoprene rubber

(natural and/or synthetic, preferably natural), and preferably natural rubber), emulsion
polymerization prepared styrene/butadiene copolymer rubber, organic solution
polymerization prepared styrene/butadiene rubber, 3,4-polyisoprene rubber,
isoprene/butadiene rubber, styrene/isoprene/butadiene terpolymer rubber, cis-1,4-
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) baving 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 ymer rubber, organic
sol.uti-on polynerization prepared styrene/-but-adi-ene rubber; ----

3, 4- pol yi soprene rubber, isoprene/butadi ene rubber,

styrene/i soprene/ but adi ene terpol yner rubber, cis-1,4 polybutadi ene,

medi um vi nyl ‘98%2’&1}‘&?' ene rubber (35-50 per cent Vi nyI %T/U@ugnos\;hnyl

pol ybut adi ene”"ru 50-75 percent vinyl), styrenellsoprene copol yners,
enul sion pol ynerization prepared styrene/butadi ene/acrylonitrile
ter pol yner T yhinernidids ol vadh SRBLAGH WaR dibleigopOl yrer T ubber. For sore
applications, an erru sion polynerization derived styrene/ butadi ene (E- SBR)
having a rel @Iﬂa&ﬁhl){te G0NV %mseeaadd&w HRRAsgRkbRRMastOherab@pdsitidfk dfo 28 per cent
bound styrene,” or an E-SBR having a nediumto relatively high bound styrene
content of akres@Pinvamidbinfleditgsiliceomyfillae, cababladknal ttedike. fBicyfitfer i zat i on
prepared styrene/butadi ene/ acrylonutrile terpolymer rubbers containing 2
to 40 wei ght npesiclenfubleinlinalods bamnienot lingited to, kel eglepakly sstlicare al so 16 WD
2003/ 094437 PCT/ US2004/ 008734 contenpl ated as di ene based rubbers for use
in this invergreganic Andpeacipitaed)atitenivn fipxide, plapinggikicatelsad dupias) ~leps afe
crosslinkabl e el astoner conpositions of the present invention including
siliceous fi ldecgbonddachondbFlikd, and the like. The filler materials useful
herei n include, but are not limted to, | oxjdes such as silica
(pyrogeni c arfartigylee prripiatelslica is afsq sorpimgs ‘(‘ﬁ‘i?{?és“c PURARSF é’%‘i“f“ﬁ Yte and

alum na, clays and _talc, carhon black, .and . the |iKke. corgbmaugu

precipitated V@FPWE%E“?%“%FF%’S%‘HW‘PW‘{@I&’&? FTH1m8 G3% B PP REE: Jﬁ)artl cularly
when th I

comnbi nafl gln Io‘f‘ca %Icf“g%{&e\?’fg g?lﬁonmbr lqggfmﬁ'?ﬁ’l%l zegga b‘]’eppel n orcglsﬁz f?l l ers
for various rubbar ing b u%acfggolfﬂé Alukr%lculgEm%JéitﬁQQQné &'in LdnftliRtioAViwim na can be

used either arone conb tron wt
silica. The term, alumina, can be described herein as aluminum ox1de, or Al;Os. The

fillers may be hydrated or in anhydrous form. Use of alumina in rubber compositions
can be shown, for example, in U.S. Patent No. 5,116,886 and. EP 631 982.

The etheralkoxy sulfur silanes release etheralcohols upon reacting with and coupling
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 nmay be hydrated or in anhydrous form Use of alumna in
rubber conpositions can be shown, for exanple, in U S. Patent No.
5,116,886 and EP 631 982. The etheral koxy sul fur silanes rel ease

et heral cohol s [eacting with and coupling to the ygineral fillers. The
rel eased et hewgozg’gﬁgg’ provi de advantages to the proper Tﬂ%%‘mm(‘)%n he rubber

obtained, as is shown in the exanples. Additional etheral cohols may be

used to maxi R SR e IRh ARGRe of LiReion A skl QttdesSWhibHih Rl | ane(s) may be
prem xed and/or pre-reacted with one or nore etheralcohols in a single step

or nore thanulaR adlygRalll domhin fied dARxREhds pailicsh. LTRE etherbiReMy stilfuf .
Alternatively, the etheral koxy sulfur silane(s), whether used al one or

prem xed and/silineph#t araebtle of thdletiskgliof bt allkoxy@irdup bbd wdiitd alcohaly be added, -
either wwth or without additional etheralcohols, to the rubber m x during
t he rubber aneplided tvith anptieedicasy pgup. Afhisnesitnig e rdgescf lAnahdelwithdbeant age of

t he use of etheral koxy sulfur silanes is that the hydrolysis of the al koxy
groups dur i ngst bfetenlkoki selfutsdarfes thhrwith e vsgobslahe ysed yothetunient agr gani ¢
conpounds 17 WO 2004/ 094437 PCT/ US2004/008734 (VOC) than is the case with
the use of cofheesieasantiddss dephelyithah usp ebcthegplliossuifpr silpnes isgp pdaRtagsr ¢ t ypical |y

contain three ethoxy groups per silicon. The etheral koxy sul fur silanes
have at | eastiesher qgrironpentalsiBdppingr ot her al koxy group of a volatile al cohol
replaced with_an. ether

et hanol i t h TREHBUBS SRS e G R P P LoHpis TR A SRRt e use of
S anee 4529 bRl SHGT B O ORI TR B 7
R e
the rubber arﬁgixfdimlilngﬁe rglg‘tfgpﬁﬁsﬁillgtgnixﬁﬁ, JTbrokddfing stage, it is considered that the

etheralkoxy sulfur silane(s) then combine(s) in an in-situ fashion with the filler.

The vulcanized rubber composition should contain a sufficient amount of filler to

contribute a reasonably high modulus and high resistance to tear. The combined

weight of the filler may be as low as about 5 to 100 phr, but is more preferably from

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

CTARB 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
18



stages. If the etheral koxy sulfur silanes and filler are added separately
to the rubber mx -during the rubber and fill er -mxnrg—6r—proecessthg— -
stage, it is considered that the etheral koxy sulfur silane(s) then
conbine(s) in an in-situ fashion with the filler. The vul cani zed rubber
conposition s contain a sufficient amount of fill tribute a
reasonabl y higﬁq%@&?ﬂus and high resistance to tear.. {%é/uézgq%nﬁxggd wei ght
of tthe filler nay be as | ow as about 5 to 100 phr, but is nore preferably

from -25 to -dedls : gl east one precipitated silicais
BB R o s

utilized as e silica my be characterized by having a BET

surface areamASuyRASH) SEfabkSddGs Bt {pe@beHirB@Srea dERARE BPMYcird t he range of
40 to 600, and nore usually in a range of 50 to 300 n2/9- The silica

typical |y mayorbiserpeUsipaniamt@sd, edulys feastiarg iko @t fustsyof phtdrglat e ( DBP)
absorption value in a range of 100 to 350, and nore usually 150 to 300.
Further, t he afiiathetial t@stmesthid remsvetvolatilaf. (eesmdodditbns miop be suteblal uni nosi | i cat e,
may be expected to have a CTAB surface area in a range of 100 to 220. The
CTAB sur f ace dascfibedias udifpe: 1R hersaaple; reunvingoelatleshirias? kongsl at HISEQ do¢ cet yl

trimet hyl anmoni um bromide with a pH of 9. The 18 WO 2004/ 094437

PCT/ US2004/ 0Q&B4t atm@spliid pressuttegthiinbo@000basSTavul B&Aging Moge (fugh por osi ty
surface area is the specific surface area deternined by nercury

por osi net ry. eydiatign Ay ke peefoinsd accanding it the metheskdeecribest ip &V iRslve ShaREC por es of t he
sanple after a thermal treatnent to renove volatiles. Sef-up conditions
may be sui t abih pSTHdyletingp @g59l|%r|aﬁﬁ"‘h“&‘ﬁ@%“@én’fﬂ’é‘,‘*ﬁ%%&‘? ‘Yol atiles
during 2 hours at 105E C and anbi ent. at heri c pressure. anbient to 2000
bars pressur &%ﬁ@ﬁ&°@%@?2@ﬁwht%%ﬁf?)‘i’?raﬁ% SI§&Y BUPPSr med accor di ng

o e e o e B A i SR s B | 11 P59 (195)
A suitable pore size distribution for the silica, alumina, and aluminosilicate according
to such mercury porosity evaluation is considered herein to be such that five percent
or less of its pores have a diameter of less than about 10 nm, 60 to 90 percent of its
pores have a diameter of 10 to 100 nm, 10 to 30 percent of its poreé have a diameter at
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 nercury porosity
specific surface area for the silica should be in a range of 100 to 300
n2/g. A suitable pore size distribution for the silica, alumna, and
alum nosilicate according to such nmercury porosity evaluation is

consi dered heygihhfdHe such that five percent or le i )or es have a
di anet er of Iessznfﬁa?] about 10 run, 60 to 90 percent ZP?T@EZS"IM%%’(;%eS have a

di aneter of 10 to 100 nm 10 to 30 percent of its pores have a dianeter at
100 to 1, 000 pirBeraich §7450 20 percent of its pores have a dianmeter of
greater than about 1,000 nm The silica-m ght be expected to have an

average ul ti mitdnpdsifiérs ErSvhivhZ8s deki®dbleq Bl Giliceods filleRSudhanghcapf 10 to 50 urn
as determ ned by the el ectron m croscope, although the silica particles

may be even silite@hd/oiluniis ickbyin baitgkion with Gibor bladkatinfortdngconmerci al |y -
avai l abl e silicas may be considered for use in this invention such as, from
PPG | ndust r ipigments by cotripesitidins f8hy compeiskenfilickmins of hbodelsitgatati Brvesight - SI L 210,
243, etc.; silicas available from Rhone-Poul enc, with, for exanple,

desi gnati on qkrc@ECRh¢ sillcco@Siler, andsibinit £ sasabawis aighipefcemnardlaska with, for
exanpl e, designations VN2 and VN3, etc. and silicas commercially avail able
from Huber haxtersis the esrbon Rlagkdiaga CRAB aalpgyin grangp i to BSOWMoppmpisaliyg 437

PCT/ US2004/ 008734, HUBERSI L7 8745. In conpositions for which it is

desi rabl e t o iLif fysirshle toupq avusaghgrape pf sihogous fillgys tgcarbon blgek of atleagtabyd, g/ or

alum nosilicates jn conbination wth_carbon black reinforci pi gnent s,

t he conposi ti3éh§“drfﬁﬁf°r8@bﬁﬁtg?a§teag%m%/ﬁ'l The gight o may apes fio a%mg[)hgluo 95 wei ght
percent of th L iceous filler nd ut 5 to about 85 wei ght percent

car bon bl ack,a%°%é¢g?rﬁiﬁﬁ%s%lgef%%ﬁa?%ngc ‘has a CTAB value in a range of 80

(0, 120, 100 AR b s BB AR s ki b ik © of 1 e
alumina and/or aluminosilicate and, correspondingly, 40 to 5 weight percent carbon
black. The siliceous filler and carboq black may be pre-blended or blended together
in the manufacture of the vulcanized rubber.

In preparing the rubber compositions of the present invention, one or more of the
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
20



3/1, and preferably at |east about 10/1. The weight ratio may range from
about 3/1 to abeut-30/1 for siliceous fillers to carbon black. - ——
Alternatively, the filler can be conprised of 60 to .95 wei ght percent of
said silica, alumna and/or alumnosilicate and, correspondingly, 40 to 5
wei ght perce bl ack. The siliceous filler an ack may be
pr e- bl ended gﬁogﬁgﬁggﬁ together in the manufacture O?C?ﬂggeﬂwggnlzed
rubber. In preparing the rubber conpositions of the present invention, one
or nore of t Hﬁme%h&»ealbg%u@%é HfrinS bk BRGRuRE@rubber &Foith & PuidaiBedor gani ¢

pol ymer before, during or after the conpounding of the filler into the
organi ¢ pol yaRkuct. Rirst, for RHefcRéshi@ chitifly cFdit ritiber an@ ViiRuSihgexishisul fur sil anes
before or during the conpounding of the filler into the organic polyner,
because t heseypshilypdxeisifeastishlivr atduiGulcaipatontcdelveatdds @plksctvelyncwibgt he  filler.
The total amount of etheral koxy sulfur silanes present in the resulting
combi nati on spmis), thelbbalid uid Qribs retberabopdundibe pgrdisntitypivallygist per hundred
parts by weight of organic polynmer (phr); nore preferably 1 to 10 phr.
Fillers can [bendedduketisast ongsamt ¢ftch €is the aavg pirsgfict filleshleworollingZesisgnegbout 100 phr,

nore preferably from25 to 80 phr. In practice, sulfur vulcanized rubber
product s t ypitiess} Fp, BFFEBI%?%MW%WW‘HB*‘W@HHF‘E‘&PIFWW&|SH?j‘ rubber and
various ingredients in a sequentially step-wi.se 20 WO, 2004/ 094437

PCT/ US2004/ 1 PEFBFESAry 1%&€Fef?f5qd|t%9§éﬁnns ugt &ﬁlhﬂ{jg %Ha“ POty PHEE conpounded
rubber to forma vul canjzed uct. First, m xi ng of
the rubber arf§PSRIPigssand lﬁﬁsr“él&i ‘E—?ﬁ ygted f"}}ﬂ‘ﬁ?ﬁ’f‘ﬁ? t[}?f)@%%fﬂ%gﬁd fur and
sul fur vul cani zation accelerators (collectiv é; urlqg ag Qts) t he
rubber (s) ancnd {PaFoms FemPITIBES 228hi ﬁd‘i’ Y |Q1§“ GEERYS SEY BRIy are

bl ended in at | east one,  and often n the illed | ow

rol |ing resi SHXFBEES: “H‘ﬁ‘%?é)‘”xt‘%tagfns F’ﬁfﬁﬂffe‘ftﬂé?mﬂé‘fgh‘gﬁ?%é?g % xi ng

stage(s) in s lﬁlxl-nsgaat;)gel:nts amf( possﬁaly one%p more additional ingredients, are mixed with the

rubber compound or composition, at lower temperatures of typically about 50E C to
130E C in order to prevent or retard premature curing of the sulfur curable rubber,
sometimes referred to as scorching. The rubber mixture, also referred to as a rubber
compound or composition, typically is allowed to cool, sometimes 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 xing or non-productive
m Xi ng--—-steps or stages and is usually conducted at tenperatures of about
140E C to 200E C, and for sone conpositions, about 150E C to 180E C.
Subsequent to such preparatory mx stages, in a final mxing stage,

sonetinmes refgrned,f,g,as a productive mx stage, curiggReMsss and
possi bly one or nore additional ingredients, are mxed wth the rubber

conpound or conposition, at |ower tenperatures of typically about 50E Cto

130E C in ordgpy Bﬂnﬂfng%%bbw ol Sr BRI BinH bEth6 Hbbed Gosfousdigeisul f ur curabl e
rubber, sonmetinmes rerterred to as scorching. The rubber m xture, also

referred to afd Aibbdl BRBSoundGAYREEMIChtsOh the QIFR Bkl rhiRéy, the ¥ppeaatdey i s al lowed to
cool, sonetines after or during a process internmediate m |l m xing,

bet ween the ahRE@SAisH iNAdabesUs. BFheatNE”s ROpM| chémical reacaonpiney otcar a t enper at ur e
of about 50E C or lower. Wen it is desired to nold and to cure the
rubber, the ruhfigktepssn fleaddog indlcarirghpercesppr opriate nold at a tenperature, of
at |least about 130E C and up to about 200E C which will cause the

vul cani zat i offhefirst tvection islbydatively fashesactigh dndis eopvidenidiierslp tg U of t he

et heral koxy sul fur silanes and any other free sulfur sources in the rubber
m xt ure. Therhmﬁaﬁl‘@avdth?&llwgaﬁ‘@ﬂ@r%“@@”‘ﬁé“‘ﬁh‘é%ﬁéﬁﬁﬁ’laﬂﬁereby under the

hi gh shear conditions in a rubber m xer, the shear fQ[ce% %\%du@ssoci ated
friction occufueh ractian may oosyr Ayl ORGP o BT BABGET 38 resul t of

m xi ng the rubber conpound, or sone_ blend. of the rubber. nd itself and
r ubber corrpoulr?ﬁﬁﬁ:gTP‘?lifF‘é’&!r ??‘?W“ﬁ‘%edﬁ?’ﬁwt%heetg?m %5?3?", cﬁﬁggg%rcﬁaerature

R R e e T
Pl ace et weohe GHGE TABREPIeTiet B abHeBare & PREvhT Aore ST o'her al koxy
sul fur sil aneg.

Another sulfur source may be used, for example, in the form of elemental sulfur, such

as, but not limited to, Ss. A sulfur donor is considered herein as a sulfur containing

compound that liberates free, or elemental sulfur, at a temperature m arange of 140E

Cto 190E C. Such sulfur donors may be, for example, although not limited to,

polysulfide valcanization 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
exanpl e, at about 120E C. The second reaction is considered herein to be
the reaction which takes place between the sulfur-containing portion of
t he hydrocarbon core polysulfide silane, and the sulfur vul cani zabl e

rubber at a hjghghedeaperature; for exanple, above abQil, ks Anot her
sul fur source may be used, for exanple, in the formof elenental sulfur,

such as, but not limted to, Ss. A sulfur donor is considered herein as a

sul fur cont aichijighted ARIPRIARPoLy S arldicBiyReRsS add'cBfblyrdrs dtladiBRdngl sul fur, at a
tenperature in a range of 140E C to 190E C. Such sul fur donors may be, for

exanpl e, al t konj@dated dlend indiatoitaid vinyl cqpipoyisd,) boutheto\100 paitsiprefidrabiyabaatc el er at or s
and organosi |l ane pol ysulfides with at |east two connecting sulfur atons in
t hei r - pol ysul2f it garts pka dendred partsbymneizht robbef sfmelesstibrfelpartiswate fker, vaddi tion to
the m xture can be controlled or mani pul ated as a matter of choice
relatively i ndgperient bywfight pertl h@pastd by weight ndtertdfie caing pgeoh bl abodier al koxy

sul fur silanes. Thus, for exanple, the independent addition of a sulfur
source may bé-Ordamibout 2trads Heyhundisdpastsefmrlymst okat st Peaetherpdosnfliand by t he
sequence of addition relative to the addition of other ingredients to the
rubber ni xt ursdaneas drsgibedbrdn.r ubber conposition may therefore conprise about

100 parts by weight of at |east one sul fur yul cani zable ru r selected
fromthe grouge g‘g?fﬂ%c?r %COB’P“%%T‘“ atRs' g@@ﬁ‘i‘ﬂ@iﬁ'@‘? tﬁ&fﬁ%@é@@%ﬁ@bw%

conj ugat ed di_.ene hqnopql rs.and co r and copol at | east
one conj ugatbéffgﬁf‘g’ﬁéﬁaﬁ%ggﬁ'ozﬁlﬁ?‘ﬂﬁmggﬁﬁﬂya %‘52%8?5%%? Wﬁ%gtu°¥am§£a?t§%%00 parts,
pref erably abqut .. 25 0 It s by wei ght rubber of at
| east one par ercaéh‘)?fse‘ﬁ%ﬁ% eeﬁ’,gseﬂ%n&gg)tagg%g&%gmggip%rs by wei ght per 100 parts

by weight ru bﬁ,%‘ Ii'ub%(t.r cgmﬁ&ftioﬂ # od %@})arecﬂ;}ﬁhrﬁl%féﬂaing rubber, filler and
etheralkoxy sulfur silane, or rubber, filler pretreated with all or a portion of the
etheralkoxy sulfur silane and any remaining etheralkoxy sulfur silane, in a first
thermomechanical mixing step to a temperature of ai)out 140E C to about 190-200E
C for about 2 to 20 minutes, preferably about 4 to 15 minutes. Optionally, the curing
agent is then added in another thermomechanical mixing step at a temperature 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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0.05 to about 25 parts per hundred parts of polyner of at |east one

et her al koxy sul fur silane as described herein. The filler preferably
conprises fromabout 1 to about L5 weight percent carbon bl ack based on
the total weight of the filler and O to about 20 parts by wei ght of at

| east one ethgnLal sul fur silane based on the totg| ' f the
filler. The rﬂgﬁg’#/wg}gyrrposi tion is then prepared by fi ﬁ)g'? %"%ﬂ'&ff’r{g r ubber,
filler and etheral koxy sul fur silane, or rubber, filler pretreated with

all or a por faﬁmcgérat&lla,epmeésﬂgE@Ai:%«feggsﬁtcﬁ&&t c{ilxe,rpxéﬁ&z%;@ﬁa&mngﬂmng,emi ni ng

et heral koxy sulfur silane, 1nh a ernonmechani cal "m xing step to a

tenperature gficalsm a4l bighmehts, RIS, 280 0a@) Faxe; aht@xidaktoald 2 to 20 minutes,
preferably about 4 to 15 mnutes. Optionally, the curing agent is then
added i n anoufiREodahie peRirRgRgdatsCRinfoitixg MgerRlsficiads, Br éxamplefcaibbw € of  about
50E C and m xed for about 1-30 mnutes. The tenperature is then heated
again to betbhelsandhelite. 3adiadditandreationrdd b2E0 kpda trristeiglad isagnd & acconpl i shed
in about 5 to about 60 mnutes. The process may al so conprise the

addi tional stlepsifuiulpmizeble matgrid neleptad doriviss; awgf such seleetion isovithénghé ur vul cani zabl e
rubber with a tread conprised of the rubber conposition prepared according
to this inve#tl‘i’"df»‘figanﬂh‘aﬁﬁIs’é&‘?ﬁliilzthﬂgﬁstah@e§§§M?WPm&°ftsé‘fWéglﬁY‘i§fe in a range
of 130E C to 200E C. Other optional ingredients, may be added.in the rubber
conposi ti ons The veleeizaionans be condurisdin B Prescase i pddipond] selfig Vaseing| e, | sul fur

conpounds, including activatqrs,. retarders, 23 2004/ 094437

PCT/ 1352004/ GEBba gl "58&‘6@%?“3%‘?‘@@‘“@%%%%‘% F‘ﬁ'g‘x‘\*gﬁ’a F“E“F\Pgs such as oils,

pl astici zers, , tacki f yi resins, ..si.licas, ot.her fill.er i nts, fatty
aci ds, zinc GEM§R Sﬂ%‘?@@?e Se‘ﬁﬂ"éf‘i‘l&‘gﬁ?’}saﬁn Yaer e e%érigcﬁtegémpgéé%?zi ng agents,

rei nforcing rramtln%r(f-isﬁiﬂ%e, pgﬂﬁlgric%lys&]ﬂ&e SSQARPbiBAin SRAR Nt are conventionally

added in the final, productive, rubber composition mixing step. The sulfur

vulcanizing agents (which are common in the art) are used, or addéd in the productive
mixing stage, in an amount ranging from 0.4 to 3 phr, or even, in some circumstances,
up to about 8 phr, with a range of from 1.5 to 2.5 phr, sometimes from 2 to 2.5 phr,
being preferred.

Optionally, vulcanization accelerators, i.e., additional sulfur donors, may be used
herein. Itis 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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bl ack, and the like. 'Such additives are sel ected based upon the intended
use and on the sul fur vul cani-zabl e material selected for use, and such
selection is within the know edge of those skilled in the art, as are the
required amounts of such additives. The vul canizati.on may be conducted in
t he presence Wozglqgjut_&onal ~sul fur vulcani zing agent S'Pm‘{" §mof sui tabl e
sul fur vul canizi'ng agents include, for exanple, elenental sulfur (free

sul fur) or sulfur-donating vul cani zi ng agents, for exanple, an am no

di sul fide, pql j 1y, j de . ; 2f that are

conventi onal Isil&f&g'éigg’&&?ﬁ' l;ﬁehl{;ea foﬂ)ﬁglﬁ{da%%%’g%bﬁt\yg%&%%ggﬁéo’mosi tion mxing
step. The SU'{itufobﬂ('fh'-&mya}oﬁ?etﬂﬁﬁrbkﬁzaﬁeﬁmmhﬁbﬁ(dﬁe&pmﬂaﬁ ofe art) are used,
or added in the producti've m Xi ng stage, in an anmount ranging fromO.4
to 3 phr, or Qy@hhal fulfuSii&s, Sy GblTSrcRBRAS thikkin b ndiaghdlineefiVitivesi t h a range
of from1l.5 to 2.5 phr, sonetines from2 to 2.5 phr,- being preferred.
Optional |y, vedpfaditafiad df@ichachis BeladeOhs are notdimitedddiinbphains diniifidesr  donors, may
be uséd herein. It is appreciated that they may be, for exanplie, of the
type such as, difhapholiex@mphifide, benmethyiithureh estrasulfidy. bendathiseelNt sul i de,

guani di ne derivatives, and thiocarbamates. Representative of such

accel erat or s dithivogpbolidoythioplpsts, dipentdnjethiytepgthivram hexgayifide 08 benzot hi azol e,
tetramet hyl thiuramdisulfide, benzothiazole disulfide, diphenylguanidine,
zi nc dit hi ocaditwfrdgeaprolagiatey| phenol di sul fide, zinc butyl xanthate,

N-di cycl ohexyl - 2- benzot hi azol esul fena?rp@g‘e N-cycl oh,e>§%/f| -2-
benzot hi azol edwrlrivarrcaued Reepiplihe iR dfos BRI EIRIEILD_ sul f enani de, N, N-

di phenyl t hi ourea, dithiocarbanyl sul fenanide,. N.N-dii sopr | zot hi ozol e- 2
24 VI 21144/ OOIRHTISETIARIOR PEREPSEES U iep Bz 1t 078 R AE1

zi nc- 2- mer capt.ot ol ui m dazol e, dithipbis( t [.p '

di t hi obi s( N b¥% e-%?f&‘?%??fysg?“h‘;}‘f‘y %ﬁ“ﬁ%‘?‘a‘%ﬂé%’@ﬁg&l f"’t?dﬁl gg’?’é’%‘%ﬁ%’é’nzw ani ne) .

O her

and preferably, a primary accelerator(s) is used in total amounts ranging from 0.5 to 4,
preferably 0.8 to 1.5, phr. Combinations of a primary and 2 secondary accelerator
might be used with the secondary accelerator being used in smallef amounts (0.05 to 3
phr) in order to activate and to improve the properties of the vulcanizate. Delayed
action accelerators may be used. Vulcanization retarders might also be used. Suitable
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 proceséing 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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addi tional sul fur donors, nmay be, for exanple, thiuram and norpholine
derivatives. Representative of such donors include, but are not limted
to, dinorpholine disulfide, dinorpholine tetrasulfide, tetranethyl thiuram
tetrasul fide, benz, othiazyl-2,N dithionorpholide, thioplasts,

di pent anet hyl @B%ﬂ%ﬂ%ﬁm hexasul fide, and disulfidecapelafol R8s

Accel erators are used to control the tinme and/or tenperature required for
vul cani zation and to i nprove the properties of the vul canizate. In one
enbodi ment, gy i3icAH e REREHEILEE HRNBLXTIIRY, phiRs WpeHle. TypRal, @ Prinary
accelerator. Conventionally and preferably, a primary accelerator(s) is
used in tot aluyghmedtasticzeasts Bemfris® oG phr. I Typital amptudd effalylayidgif@sddp 1.5, phr.
Conmbi nations of a primary and a secondary accelerator mnmight be used with

t he secondar ywhaheal iafladetteateiclligconpeisk (.50 S phi. ITepica mmountsof ¢idec @ddet 0 3 phr) in
order to activate and to inprove the properties of the vul canizate. Del ayed
action accel epapris g tBphrbEypisbanouts btwaev@mpass lrtef ghrd@ften ni ght  al so be |,
used. Suitable types of accelerators are am nes, disulfides, guanidines,

t hi our eas, t hhiereoyslineviakesnramsed. Typic#l emennisE Beptigrs omptsOddrh s, and
xanthates. Preferably, the primary accelerator is a sulfenamde. If a
second accel diypicdpentisersmayibe; for exampleoieaashjorothiceheasiandyy i s preferably a
guani di ne, dithiocarbamte, or thiuram conpound. Typical amounts of
tackifier reghiyazamidodighenyl disslfideri se 0.5 to 10 phr, usually 1 to 5 phr.

Typi cal anmount s processi ng. ai ds .co ise. Lto 50 phr. Sduch processin

aids can i néﬁhﬁ&gg’erf‘eﬂm‘)éwﬁ‘h%‘ﬂ ?“ﬁ?%‘ﬂﬁ%i’? U e‘ziilf)(’trﬁ%rfﬂu%? na’ g§r par af fi ni cg
processing oils. Typical unt s of [ QXI A is o 5 phr.

Repr esent at i VE 3% i¥t8 9 AR OO BT ?O%E Mngé asﬁp%r?s GRIPBR Shabed,

di phenyl - p- phepy! L. am ne. aif 8iXPdPPdr&ut tof NOSE 25 WO
2004/ 064437 Head %g‘g‘g’he?%g%’ﬁgg‘é‘?é%ﬁg‘gaéﬁ%ﬁmtﬁw\l}éﬁge&bi P o or Fandbook

(1978) . pagesyeid s S Ly Riieat.

The examples presented below demonstrate significant advantages of the silanes

described herein relative those of the currently practiced art, in their performance as
coupling agents in silica-filled rubber. Table 1, listed in Examples 8 and 9, below,
presents the performance parameters of etheralkoxy sulfur silanes of the present
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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anounts of antiozonants conprise 1 to 5 phr. Typical anobunts of fatty
acids, if used, which can-i-nclude stearic acid, conprise 0.5 to 3 phr.
Typi cal amounts of zinc oxide conprise 2 to 5 phr. Typical anounts of vi
xes conprise 1 to 5 phr. Oten mcrocrystalline waxes are used. Typi cal
anounts of pept. onprise 0.1 to 1 phr. { Typical | ., may be,
for exanple, %té’r% ‘g}éﬁl"‘gr ot hi ophenol and di benzam dodi phpg‘r@g"lc'fl%g’&%fi de. The
rubber conposition of this invention can be used for- various purposes. For
exanple, it . various tire conpounds. Such tires can .be
built, shape&,ﬁé}foﬁﬁﬁq’gﬁ%cur ed by various nethods that are known and wl |
be readily appa(@pigd 0 those having skill in such art. The exanples
presented bel ow denonstrate significant advantages of the silanes

descri bed herghéheiiRl RbrhM& ptdVie@bdMw brb Soverdl th® Qbhohsiii@méthadetbrart, in their
performance as coupling agents in silica-filled rubber. Table 1, listed in
Exanpl es 8 angepQsingifd wmkl copRioii e niatie opthe fresearineatina Mnpdithse of

et her al koxy sulfur silanes of the present invention and of TESPT, the

si | ane used iaxathpies epiploydiethylenandiycoh(DFSS, dbededfornh beirojahChsmiel astheandard. It is
clearly evident fromthe table that Silanes 1 and 2, containing the

di et hyl ene gl eficphlcghobstastinggiaiesiak JHSEs 2 diot 4nd sprjginsrive Bk greups. fptsyed abr asi on
resi stance, relative to rubber prepared with the control _silape, TESPT.

Li kewi se, Sidxamples, PEG e agiavenres b B r OGP SGlLueieri s ©f el ongat i on,
el er ance. herier FamFil e e ATIER EgReiing OF SPRUMHG: ROTERTLIERRg exanp os
htended o bRREAhLR R bop iR st eter et B o b The
apparent T r onragses o] 685 HAEE By BB ER b M Ehfbrithlde Be rore

near-equilibrium distribution of bis(3-triethoxysilyl-1-propyl) polysulfides averaging

about four sulfur atoms per molecule. Often, the product compositions were
measured by gas chromatography (GC). Some of the examples use a hydrous para-
toluenesulfonic acid (PTSA) as an-acid catalyst.

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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the foll ow ng exanpl es. EXAMPLES Anong the exanpl es provided bel ow are
several that denonstrate nethods for preparing the novel conpositions of
matter of the present invention. Many of these exanples enploy diethylene
gl ycol (DEGQ, obtained from Uniroyal Chemical, as the ether-alcohol

starting mat egihdhpyndz® i s @ diol and contains two OH gi-QiBRnsobddsd hE
exanpl es, DEGis used as a source of the -OCH2CH2OCH2CH2O- group. Many of

t he exanpl es al so use A-1289, obtained from OSi Specialties, as the TESPT

starting nmatpiidedlar cokdpoition cBrSForBPMWBWABESPT-tidlecuidd) dac hivirig dneberred to as
bi s(3-triethoxysilyl-I- propyl) tetrasulfide or

bi s(3-tri et haneyssi dthdxy EroppsaEidcpd With sR%hd SRAIDEG gréupan equi | i bri um or
near-equilibriumdistribution of bis(3-triethoxysilyl-I-propyl)

pol ysul fi des Bxwaplagi ng about four sulfur atonms per nolecule. Oten, the
product conpositions were neasured by gas chromatography (GC). Sone of the
exanpl es use REG@Agows, (masle)tand TREPIIRI mams 0.4t indle) WRrSafeddg adb) acid |
catal yst. Exanple |I DEG (25 grams, 0.24 nole) and TESPT (250 grans, O0.48

mol e) wer e adelerundbatomdBsk fifted with athemepmetemand gisikd fojobteid® with a t her nonet er,
and stirred to obtain a honpgeneous m xture. A quantity of 100 grans of
this mixture hRpgesnpos FEWE-of qpastity 9f R0 gEpmstof higamixmes s ot Ve b2W%am of a 21 %

ethanolic sol ution of sadium ethoxide was adde ith stirring. This
m xture was st/P RS tuseywas addst A ﬁéri’d’@z"ia‘ég’ﬁ%‘ﬂ%%mm% AR onal 3.0

SEEREIC IR SRR aME Rt RN e

stirring. TheVHikige culim to renove ethanol. GC

anal ysi s was consi stent .w.th conversi. f .nmor han. . f e TESPT and
DEG to nomtf'fﬁm"ﬁf‘“?/f’élo VB % g%sdésglﬂggie%h?ne%ﬁ%aﬁ% ?‘oﬁ%ccf) I(‘)Sfl)slte&l{FESPT and

DEG, whose avu%hac%gve%sZon of most of the TESPT and DEG. The flask and contents were cooled

and an additional 3 mL of the 2 molar ethanolic ammonia was added with stirring and
heated to remove ethanol. This nominally yielded a 2/1 transesterification product of
TESPT and DEG, whose average molecular composition correspoﬁded to two TESPT
molecules, each having one of 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 addedtoa
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 511bse§uently 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

28




WO 2004/ 094437 PCT/ US2004/ 00873-4 nol ecul ar conposition corresponded to
two TESPT nol ecul es, each havi ng..one of the six ethoxy groups replaced with
one end of a DEG group. Exanple 2 DEG (25 grans, 0.24 nole) and TESPT (250
grans, 0.4C nole) were added to a 500 nlL round-bottomflask fitted with a
thernoneter, and stirred to obtain a honogeneous m xture, uantity of
100 grams of YRP¥M4¥ure was renoved, |eaving 175 gr"&ﬁé’szf'?i’"&ﬁ?‘ch was
added 1.5 m, of a 2 m)lar et hanol i ¢ sol ution of anmonia, Wwth stirring.

The fl ask was a d| t [l ation head a until a pot

t enper at ur e 6?"‘%%3‘%% E ’IP‘B“‘H?{Q’?'FF‘FMSPPV g%ﬁgﬁ‘g{oﬂ&“@nal ys!os was
consi st ent vmt cony of..t he I k d
contents wer & %dBF8Y er'g ang%ls(ljsao { |e(§?183tm%w?%% ro‘fv'l}l %chgﬂ?en aﬁgl i 2n

anmmoni a was gﬁ%%gmy\f‘s%? f?ﬁnbs‘i bf (RITEHA andBRESH ndeflind JE%Y& pihanol . This

nom nal ly yi transesterification prodd of TESPT and DEG
whose aver agg. hiRkafithith ;RAMEPTEIPAME DEGEIRANAETyd Roltciar ESRTtionT! ecul es,
each having one of the six ethoxy groups replaced with one end of a DEG
group. Exanplegndpddala tb b TESBT 8lEculhabihe bR &lits R ethddsdlpd tPBegr ans, 0. 19
nol e) were added to a 250 nL round- bottom flask fitted with a thernoneter,
and stirred tvahQUIEG glog. honpbgeneous m xture. To this was added 4.5 grans
of a 21 %ethanolic solution of sodium ethoxide, with continued stirring.
After four hatampletthe fl ask was equi pped wth a short-path condenser. The
flask was then heated to a tenperature of 98E Cto distill off ethanol.
Partial vaculPEG@d.7tgieers, §.44 rholo)acd TBESRIH:20amseset 2emelvesgddedddat o strip of f
remai ni ng et hanol. Six grans of ethanol was collected. Six grans of

Amber | ite | R 2506l (rpinddpitegafask itted withrdlermemetereshprt-gath dléﬁhn?q%@a# »esul ting

m xt ure was

and stir bar, and stirred. To this was added 0.6 gram of PTSA. The resulting mixture
was stirred and heated to 80-85E C. The stirred mixture became clear at about S0E C.
The flask and contents were then cooled to 60E C and a partial vacuum was applied to
remove ethanol, which collected at a head temperature of 30E C. GC analysis of the
resulting liquid was consistent with conversion of essentially all of th¢ 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 hansesteriﬁclation product of TESPT and DEG, whose

average molecular composition corresponded to two TESPT molecules, each having
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28 WD 2004/094437 PCT/US2 0 0 4 /11118 7 3 4 stirred for 30 m nutes..
Solids in the mxture were then renoved by filtration through a 0.5 mcron
filter. GC analysis of the resulting viscous, brown |iquid was consi stent
wi th conversion of nost of the TESPT and DEG to nomnally yield a 1/1

transesterifi i oduct of TESPT and DEG , whose ecul ar
conposition %gtrz?og@ﬁgzded to the TESPT nol ecul e havi ng\éﬁ\%ﬂ@f"@&% Si X

et hoxy groups replaced wth a DEG group. Exanple 4 DEG (46.7 grans, 0.44

nol e) and TESET . .1 ound- bott om
flask fi tted§% Otf%h]egg(teﬁ‘g?ﬂ%ﬁ%‘tgé%’?ac%r t({n%gr%dﬁofgﬁg? %i"fugt ?%eng ﬁ%‘aﬁ?ﬂl and stir
bar, and sti ggffhed IRidhdliaRop¥es RYEGEEN.6 gram of PTSA. The resulting mxture
was stirred and heated to 80-85E C T?1e stirred m xture becane clear at
about SOE C. pxdbfleé | ask and contents were then cooled to 60E C and a
partial vacuum was applied to renove ethanol, which collected at a head

t enper at ur e MEGQE4 Grands(D.22vad1y)2é TBSPTL(MES.6 grass, 0.0 mole) wereladdedv@s consi st ent
with conversion of essentially all of the TESPT and DEG to nominally "’
yield a 2/1 2etnkeshebitfoncask HiedpribdulstmayfetetEBRTpaindistil@ion he@anpl e 5 DEG
(11.7 grans, 0.11 nole) and TESPT (118.6 grans, 0.23 nole) were added to a
200 mlL r oundaisistit bamand stisteds To thisdvagpdded &1 glemofBREA. cFhe reshitipg mppirg
distillation head, and stir bar, and stirred. To this was added 0.1 gram
of PTSA. The vweesiged viciing aclopds yellpysliqyid This javid vy v mitiglend  yel | ow
liquid. This liquid was then placed under a. vacuumand stirred to renove
et hanol i el &eﬂ&‘r&d%|2§h9/‘fr§é(5g’é“glaic§6‘i’&en\m"lhﬂ“‘g'oﬁlésm’@%’ﬂ‘?’??é}.‘e“& anal ysi s was

consistent with co vegsi on of no }o L t he TESP;I' a dwﬁ)';é% e nom nally yield
a2/l tr ansefia G4 upieE A ?cb‘l’lmﬁ?‘{ﬂ’fff&‘? 6? °f‘l‘:s§?>’ien}%%i ﬂﬂﬁa’ Whose
became very viscous and eventually gelled a little. GC analysis was consistent with
conversion of most of the TESPT and DEG to nominally yield a 1/1
transesterification product of TESPT and DEG, whose average molecular composition
corresponded to the TESPT molecule having two of its six ethoxy groups replaced
with a DEG group.
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 liciuid. This ﬁixture
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 meolecules, each having one of the six ethoxy groups replaced with one end of
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average nol ecul ar conposition corresponded to two TESPT nol ecul es, each
havi.ng.. .200: A37 PCT/.US2QQ4/.008734..one of t-he six ethoxy groups -
repl ace -'W|th one end of a DEG group. The product still contained residual
al cohol (4 % as et hanol) Exanple 6 DEG (23.4 grans, 0.22 nole) and TESPT
(118. 6 grans, Ie) were added to a 200 niL roun ask fitted
with a therno ?""?’"‘”?hort path distillation head, angcp@gzm 8%4 and
stirred...To this was added 0.1 gram of PTSA. The resulting mxture was
stirred, yiel cgéw a cloudy, yellow liquid. This liquid was warmed initially
and then sti rredgrf’c?r 24 hours, yielding a clear, yellow liquid. This
m xture Was then les[’ézﬂl‘&@d under a vacuum and sti rred for 2 hours to renove
et hanol , mhereup N1t became very viscous and eventually gelled a little.
GC anal ySI S VS QAR b:SLsBIRIr snkS prepaRB WA xaEIRs PihrdiBS T wat udees thESPT and DEG to
nominal I'y: yield a 171 transesterification product of TESPT and DEG whose
aver age nol e Cddhpling 6RAP @Sirépafd 1o Rlling SRRAMRIM ©:all Remllb& T Thoweet| e havi ng
two of |t‘s Si X etFnOxy groups replaced wth a DEG group. Exanple 7 DEG (98
grams, 0:92 reeme)sitishdscdRGPhe (ABWingy veiak: thelfigrentisteindeatiePHRdWating 0 a 2000 nl
round- boft om fl askifitted with a thernoneter, short-path distillation head,
and stir I-; barmdlaméi §ﬁmss rftble conalsponding ingyefiant uS%retathstomtoabdﬁdethr ans of

> g hazy mixture was stirred for 30 minutes, yielding a
el | ow»fipolqmevdm thik¢ase, SRR andepolyhptediensbwsedl aced under a vacuum and
stirred fior about "24 hours to renove ethanol. This yielded a yellow .
l'iquid. @(_: anal yS| s was consistent with conversion of nore than half of
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of TESPT and DEG whose average nol ecul ar conposition corresponded to two
TESPT nol ecul es, each having one of the six ethoxy groups replaced wth one
end of 30 WD 20031(Wi437 PCT/ US2004/ 008734 a DEG group. ~.... Exanples 8
and 9 The ether-al koxy sul fur silanes prepared in Exanples | through 7 were

used as the ﬁﬁlﬁgm,ﬂ ,agents to prepare a low rolling J-ggksbanes tire tread
formul ati on. rubber conposition used was the foll ow ng, where the

figures listed under the PHR heading :, .. indicate"the-:mss of the
correspondi ng i ngredient used relative to 100 total rrass units ~.' of
Pol ymer (in thi s case, SSBR and pol ybut adi ene) used. Kk, .. ., ~ ak -17
Y. .-Y.[TTy ‘;{R 3T Wo—720041 09443 /_PLIIHWHUB /:54 I-’HR [NGREDI ENT
75 SSBR (1R2% styrerJi) 46% Vi nyl Tg : 42E O Ci s-1, 4- pol ybut adi gne (98%
cis, Tg : Q4E (‘\ SO _Sii r*a_é :n 1ggﬁq2/ gm—ZECSH-—7—+165MP—RRrore-HRoul ‘enc)
32.5 Aromatic proce§é oi | (hi (JBSBRQG«&I&WI?HG e, Tg842|!32® Sun) 2.5 Zinc
oxi de (KADDX 7 720C, Zi nc Corp) .
25 cis-1,4-polybutadiene (98% cis, T : 104E C)
80 Silica (150-190 m*/gm, ZEOSIL 7 1165MP, Rhone-Poulenc)
325 Aromatic process oil (high viscosity, Sundex § 125, Sun)
2.5 Zinc oxide (KADOX 7 720C, Zinc Corp)
1 Stearic acid (INDUSTRENE 7, CK Witco Corp., Greenwich, CT)
2 6PPD antiozonant (SANTOFLEX7 6PPD, Flexsys)
1.5 Microcrystalline wax (M-4067, Schumann)
3 N330 carbon black (Engineered Carbons)
1.4 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
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1 Stearic acid (I NDUSTRENE 7, CK Wtco Corp., Geenwich, CI) 2 6PPD
anti ozonant (SANTOFLEX7 6PPD,.. FlLexsys) 1.5 Mcrocrystalline wax (M 4067,
Schumann) 3 N330 carbon bl ack (Engi neered Carbons) = 1.4 Sul fur (#104,
Sunbelt) 1.7 CBS accel erator (SANTOCURE 7, Flexsys) 2 DPG accel erator

(PERKACIT 7 DRPG.C Fl exsys) The etheral koxy sul fur si red by the
pr ocedur es deggﬁ/%)d”’?n Exanples 1 - 7 were used to %?@g%}"gﬁ)ﬁ?g r ubber

conpositions described in Exanples 8 and 9. Exanples 8 and 9 and a control

i de...h i i . i . j i f h
were run si %ﬂwé’-ﬁﬁédcé% %e‘r%%é?ﬁl % ﬂ%m@ﬁﬁ%%&%ﬂﬁ%ﬁﬁh)&u fide PfBRpMY, son for the

performance as a cou agent 1n er of the

"epr eSent at | Y, EXARRL B idto 6l ok SN hunloh o LA AL aiibih! Ur i | anes.

The silane wused 1n the control was the current i1ndustry standard coupling
agent-for r UQ'?%Gft@étho?{?sﬂm—ﬁé(};gn?&lg?&%ﬂé;avegﬁl QG- QRBF Sdms parl i ca-fill ed
tire treads, the nom nal bis(3-triethoxysilyl-I-propyl)tetrasulfide
(TESPT), Whiggdlechis. TR BubeOiTRipGindinY faa6EHdnb &dl pedifes @gpdiin Edamplans or
near-équilibriumdistribution of bis(3-triethoxysilyl-I-propyl)

pol ysul fi des aa¥ e amigh thg catrolserd deticsl wlithtire cateptiom of ée silanphsed edthe The rubber
conpoundi ng fornul ati ons and procedures used in. Exanples i and 9 and in
the control weuming ggent Toadilans loddingtievele xeed pieieatso dfentichlevidi resperétotied as t he
coupling agent. The silane |oading |evels used were also identical with
respect to t Headingpefdilisgpsdebferastyithegtange Thiy ascessitaind therhige islighlE. Thi s
necessitated the use of slightly different |oading |levels on an actual
mass (i.e., wiifent loadinglpeslsonian actyabmass (e (feight) Patisioy e IYPPE M & nces anong t he
sil anes eval uated. The sanples were prepared us'in a "B BdANBURY" (Farrell
Cor por at i on) Weighdiffgiergs amopg e silaney ‘i’f?l‘“(t%g © P %ﬁrﬁﬁﬁ’m usihg e |

"B BANBURY" (Farrell Corporation) mixer with a 103 cu. in. (1690 cc) chamber
volume. A rubber masterbatch was prepared in a two step procedure. The mixer was
set at 120 rpm with the cooling water on full. The rubber polymers were added to the
mixer while running and ram down mixed for 30 seconds. For each rubber
composition prepared, approximately half of the silica (about 35 - 40 g), and all of the
silane (in an ethylvinyl acetate "EVA" bag) were added and ram down mixed for 30
seconds. The remaining silica and the oil (in an EVA bag) were thf:n added and ram
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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vol ume. A rubber masterbatch was prepared in a two step procedure. The

m xer was set at 120 rpmw th the cooling water on full. The rubber

pol ymers were added to the mxer while running and ram down m xed for 30
seconds. For each rubber conposi tion prepared, approxinmately half of the

5| lica (aboutwg%%‘d,g?i and all of the silane (in g T/%g{% Wovfly! acetate

"EVA" bag) were a and ram down m xed for 30 secon e remaini ng
silica and the oil (in an EVA bag) were then added and ram down m xed for

30 seconds.  TguTXRL bl 0P YR USHE RN 36 NEGR, U IlTInARE: drhe 1 xture

ram down m xe seconds each time m X1 ng .speed was increased to

bet ween aboutmellﬁgemen?s%&rétﬂén AAfed £l ®nhBxdd#r30 sdebfis! BiIREKAL ure of the
rubber masterbatch to between about 160 and 165E C i n approxi mately one

mnute. The yBstas Aaled Bowd Snd BORKEkpEdd AL fnbBastd tQboud b -230 figh ihhi s
conposition, a sheet was then forned on a roll mll set at about 50 to 60E

C, and then akdepiartrda HO@Mpérfuredrbt 8 to LIBIPENAL (B inHpprofimatzZbat ch was
then again added to the mxer, with the mxer at 120 rpmand 33 WD

209- 4/ 094337 difakédIFRORBHL G&Zﬁ;émoxmﬁl iRl fvelt iminuttsvithedjustefitsitol thand ram down
m xed for 30 seconds. The remai nder of the ingredients were then added and
ram down mi X aflxdr@pecdh ciRE ANAtAntail the teipeaturd Harvead abostsl 60lu BESEC. dben, and t he
m xer speed was increased to about 160 - 240 rpmin order to increase the
t enper at ur e Qbmpéi@ioRiwas femoadddisin thbhixer ahd5Ehe about 3 pohe tiickawadl y 2 mi nut es.
The rubber conposition was mxed for 1. mnutes with adjustnents to the
m xer speed ifomRddes 602 Mah rillahil sdt heabtne 1P @X6AE Ox dhisehesereas tigpout 160 - 165E
C. The conposition was renoved fromthe m xer and a sheet about 3 inches
t hick was f cillowel t0 Bochtoambieh@empudture.oTHe resiltihg sibber edmmbiiot w&0 t o 60E C. Thi s
sheet was then allowed to cool to anbient tenperature. The resulting
rubber conposubsequntiyagixed with the curatives on a2 6 in. x 13in. (15cmx 33 cm) two roll

mill that was heated to between 50 and 60E C. The sulfur and accelerators were then

added to the composition and thoroughly mixed on the roll mill and allowed to form a

sheet. The sheet was cooled to ambient conditions for 24 hours before it was cured.

The rheological properties of the rubber compound so prepared were measured on a

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-l-propyl)tetrasulfide (TESPT), an industry standard
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subsequently m xed with the curatives on a 6 in. x 13 in. (15 cmx 33 cn
two roll mll that was.heated to .between 50 and 60E-C.- The-sul fur -and--
accelerators were then added to the conposition and thoroughly m xed on
the roll mll and allowed to forma sheet. The sheet was cool ed to anbient
conditions for 24 hours before it was cured. The rheq| 3& %94/0&9 opert| es of
the rubber coWB3MH®*E3 prepared were measured on a At

Gscillating D sk Rheoneter and a Monsanto ML400 l\/boney Vi scorreter The

f th h | 6
o aques. cur odRIRE snitn ot SR RpE oB P b SIRUEMUHEELET § (O o
mnutes at 16Q6bu ns%n?indlt@@ﬁa a%&fescoﬁamgmq,fﬁmta PGl &isind, r ead

formul ation “Gccord ove procedure. In both Exanples 8 and 9,

the etheral koppy MB sééré@éi’e%.@ih Rﬁrdﬁxqtésﬂn fRk&. ThovesulitismEe Exanpl e 8
d|fferedfromEx 1bonyln hat Exanmpl e 9 included the addition of

1.3 phr di et hyligs ﬁegﬂﬁﬂ:emtrgblé peast.her al koxy sul fur silane, whereas
Exanpre S did no The sanples of the present invention were tested agai nst
a control samg@ﬁmg is nomnally

bis-(3-triethoxysilyl-I-propyl)tetrasul fide (TESPT), an industry standard
34 WO 2904/ 1119443 ¥ob%el/sciwe{ 104/ 00873-4 coupling agent. Its actual
conposition is a mxture of polysulfides, with significant contributions
fromindivi dual speci esSB@RPiI@6Ni ng chains of from2 to 8 sulfur atons. The
conpositions were tested using standard testing procedures. The results of
the testing Zare MoomarViscedtyi n Table 1 bel ow. Test Methods 1. Mooney Scorch

ASTM D1646 2. Mboney Viscosity
ASTM D1646

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
8. Shore A Hardness
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ASTM D1646 3. GOscillating D sc Rheoneter (CDR)

Properties;

St or age Modul us,—Loss Mdul us,

and D224. 5. DI N Abrasion D N Procedure 53516.

|l oad and a 2
pl aced in an

RN

oven

he sa

ASTM D2084 4. Physi cal
Tensi |l e & El ongati on

ASTM D412

_ 6. Heat Buil d-up ASTM D623
Heat buil d-up was neasured at 100E C using an 18.5 % conpression,

143 psi

A sampl e, which was at anbi |ons was
t had been preheated to 100E C. ?Q&SQ&%Q?L

conditioned at 100E C for 20 minutes and then given a 5 mnute test run.
7. % Permanent Set ASTM D623 8. Shore A Hardness 35 WD 2004/ 094437
PCT/ US20( 14/ 008734 Table 1 Properties and Processing Par anet er s of
Conmpounded Rgybbets—Sanpte—+txatpte——- pte—SControl—Srtane1T—Srthane 2
LESPT SiTang o Type qnd AN bedtdn -?a%i/tlerszgf%oyzosuggéd Rupbars  DFC DEP BX. 5
Silane Ex. 5|Silane P cGesting P P
Sample Example 8 Exampls 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) 74 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
My 359 335 36.9
MS1 + 13 15.0 18.5 6.2
MS1 + 33 184 222 9.5
ODR @ 149E C, 1E Arc; 30 minutes _
M;, 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
teg, minutes 21.0 211 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
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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 @10013 C (M.l + 4) 67 63 67 Mooney Scorch @135E C, mnutes W
35.9 33.5 36 9 MSI+t3 15.0 18.5 6.2 M5 1l +t | 8 18.4 22.2 9.5 ODR @ 149E

C |IE Arc; glng,;,yq&NL, lb-in 9.4 8.7 8.7 IVH, Ib-| 31.0 is
1, mnutes 7 é ' 4.6 t90, mnutes 21.0 21.1 16.4 C:ilgjlszg‘z'jZ’iﬁ%opert|es
90 m nute cure @149E C Shore A Hardness 60 61 59 %EI ongatlon 476 473 434
25 % Modul us, pbi 133—138—125—166 (;r uwm pol 336—354-302—S366—%
Modul us, psi |1916 1933, 1859 Tensile ¢ bgith 35 553 3316 Nbdul us
Ratio (300 %|/ 25 9y 1ACRETHEsand Popesging fARBTCIS © §F 100 % §.70
5.50 6.20 DIEN—_Abr asi on,—-mm 109 105 126. 37 \\D 9ﬂﬂALﬂQAA’-27
PCT/ US20( 14/ ®08734 Sample Example 8§ | Example 9 Control -
Silane 1 Silane 2 TESPT .

Heat Build-up @ 100E C, 17.5 % compression, 143 psi static load, 25 minute run

Delta T, EC 14 13 18

% Permanent Set 53 54 8.2

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

Force

G0 sesins MP2"~ 3.54 3.49 3.12

)G' = G'0% styain - 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

* G4 strain taken to mean the limiting value of G' as the strain apprqaches Zero.

Kk . .
Unit conversions: -

1 MPa (megapascal) = 108 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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Table 1, cont. Properties and Processing Paraneters of Conpounded Rubbers
Sanmpl e Exanpl-e 8-Exanpl e 9 Contrel—SiHane-1 Sil ane -2-TESPT—Heat—But+-d-up
@ 100E C, 17.5 % conpression, 143 psi static load, 25 mnute run Delta T,
EC 14 13 18 % Permanent Set 5.3 5.4 8.2 Low Strain Dynam c Properties:

Si mpl e Shear c.and 5.0 N Conpressive Normal For 0 strain,
MPa** 3. 54 3.%%"5&%‘%(3 = GoY%train - Gto%train, @Z’”?"&i)‘ﬁ’?’.‘m 1.52
G'ma." MPa 0.417 0.396 0.328 Maximumtan * value 0.182 0.171 0. 168

Hi gh-Strain 1 g . 5 U i I i (DSA) tan *
@O0 C ( Hys(ePabhlp MGk Heifon kRIGRGFh AU RIS | 20 the
limting val ldﬁmgffmfa‘nuﬂ&er%ﬁingbﬁﬂegao&rb@ae@fo?e%ﬁoﬂseé)affowautheconyer sions: | MPa
(ni egapascal) = 106 NnR2 =107 dynes/cn2 = 145.0377 psi | psi = 68947.6
dynestcn? || Bykiiod. 13dN-m I n view of the many changes and nodifications
that can be nmade wi thout departing 38 WO 2004/094437 PCT/ US2004/ 008734
from principles underlying the invention, reference should be made to the

appended clains for an understanding of the scope of the protection to be
af forded the
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invention. 39 WHAT IS CLAIMED I S: 1. A conposition of matter conprising at
| east one silane coupling agent for coupling an elastoner and a filler
wherein said silane conprises at | east one hydrolysable group that, upon
conpoundi ng said silane with said elastoner and filler, is released to
yield a conpound that inproves downstream processability of the conpounded
conposition or the properties of the final rubber product or both; wherein
said silane coupling agent is selected fromthe group consisting of

si l anes whose individual structures are represented by at | east one of the
followng general fornulae: Fornula 1:

[J-S A -(SiX2)3)][-Y2-(X2Si-A-SJ)JmXl; Formula 2: [X X2X3Si - &- SXx -
G3- Si(XM}[{SCLXMDQQ(ZS) - & - X - KB- (siX X2X3)]m- X ; Formula
3: [XIX2X3Si - &R- Sx - G3- Si(X2X3)][ - Y2 (X2X3Si) - & - Sx - KB -

Si X2X - Xh; J11[(
g)l, 2(X)2]3rl'8i) ._Awélﬂﬁloﬁgfm&&ccﬂn(pn}/ LMé%{&ﬁ%Sﬂdﬂ@ Y?\]ﬁnﬁgﬁg?el n, iL(forrmI ae 1

t hr ough %\éﬁﬁ &&M&mwﬁé}ﬁn%@ﬁﬁﬁé&h nébsailéastéﬂéependen“y an integer
from1l to 3; “each separate occurrence of the subscripts, j and 4 is
i ndependaR ol s drétpTRHE fupor SorPoshding s@id sitdnb Rith S8 Qi endfIRE, | + k> 0; 40

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 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:
[7-8-G'- (SXE[- Y2- (X°Si-G' -S-D]p-X
Formula 2:
X'X2X%Si - G% 8, - G- Si*XY)][ - Y2 - (X8i) - G*- 8, - G° - (SIXX2XH)) - X
Formula 3:
X'X2X38i - G- S, - G- SiXEXA[ - Y2 - (X2X%8i) - G- 8, - G - (S, - XY
and
Formula 4:
[ Y)2(5481) - G' - § - Thul( - Y2 )a(X581) - G - 8- G - (SX54)( - Y™ Yl
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 k, is independently an integer

from 0 to 3, with the proviso thatj + k> 0;
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WO 2004/ 094437 PCT/ US2004/ 008734 each occurrence of the subscript, m is

i ndependently an integer from1l to 1000; each occurrence of the subscript,
n, is independently an integer from1l to 1000; each occurrence of the
subscript, x, is independently an integer from2 to 20; each occurrence of
Xl is independently selected fromthe group of hydrolysable noieties

consi sti Nguddoogoddysy -OH -OR, and R (=00, V\/nerell;& m&m&,ﬁ‘purrence of R
i s i ndepende nt y any hydrocarbon fragnent obtai ned by renova one
hydrogen atom from a hydrocar bon haV|ng from1l to 20 carbon atons, and Rl

i ncl udes aryl HP@,, i gk ' kyl, al kenyl,
arenyl, or eQ% ge?%gogg@é‘élgc oécurr F\n?tgﬁ fag%eggﬂ%&’%ﬂ% S i ndependent |y

sel ect ed fl(gdamthe group consisting of hydrogen, R, and X each occurrence
of A, &, ahd R is i ndependent|y selected fromthe group consisting of
hydr ocar bon frgggﬁ%& atom of any of
the groups |isted above ﬁle@ clﬂ)\" "ﬁh\é l??%fél %2%5 é(1'315‘(0?{§;’1‘3‘:3ndependentIy

sel ected flédrg’ m t he group conS| st ng of R' C(=0-, RC(==9)-, R 2P(==0) -

R 2P(=S) - S( O) and R §( -O) 2-, wherein each separate occurrence of RI

[ def d -G (O0G)pOR
(3 2 Get e NG Sa SRR il Ty EREACEERDY O © (O )

-0G(OG) qOea% e&%g_begge (}f&uﬁ%gc%ggenh gel&%gﬁt%ﬁlléﬁ)ets%%@cr! s independently an

integer from1 urre ipt, q, is

I ndepende %&Myﬁﬂle kﬂlﬁeﬁ%%n!xéhﬂﬂéﬂ,%ﬂl?%}{‘, and R'C(=0)0-, 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;

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,P(=0)-, R%P(=S)-, R'S(=0)-, and R'S(=0),-, wherein each separate
occurrence of R’ is as defined above;

each occurrence o f'Y' is independently -O-G-(0-G- ,OR or -0-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, ¢, is independently an integer from 1 to 100;
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41 each occurrence of Gis independently selected fromthe group consisting
of hydrocarbon fragnments obtained by renoval of one hydrogen atom of any
of the groups listed above for R ; and each occurrence of Ris

i ndependently selected fromthe group consisting of the nmenbers listed
above for R. 2. The conposition of claiml1l, wherein G, &, and G3 are

I ndependently selected fromthe group consisting of term nal straight
chain alkyls further substituted termnally at the opposite end and their
beta substituted anal ogs; a structure derivable fromnethallyl chloride;

gg?l \C/n;iblt Qefﬂ) &% openg{%léﬁgdgﬁenﬁén ﬁgg%{edtnfﬁ b@?ég uregéégé’gl v;BFe:} iclé%t e
str uct ur 42 gﬁ%eoﬁiﬂﬁ%l?&ts?%eﬁﬁ%%?ﬂgﬁéﬁéﬁe& Semtb RIS oY o e

- CH2CH2- I@]—!% 2- cycl ohexyl -; any of the d| radi cals
obt ai nabl%%“grom nor‘%or naheg_icycl ohexane, cycl opent ane,

atomeany of SEhEAapeREe(RR malienfiiy BASTRR R b BBidig 067 1" Porou i nyi -

cont ai ni t able fromtrivinylcycl ohexane any of the
e AR xﬂ{eﬁﬁboqgforx

nonounsat ur a uctures ‘derivable from rryrcene cont al n| ng a

trisubstpt q ¥ §f r.es derivable
from rryr%elrjl!lseHac OQB %‘3aﬂg r| sugé‘?’ﬁe?q?g% ef?%l n of claim2,
wher ei n tﬁ% mg%@ Ln ?s e fro the gr oup

consi st ng o CH2-, and any of
the dira |tut on of. n bornane-derived
structur g"lé t%ﬁe% r‘cr’g%ésjl tag%ﬁle%?etg@wa%(’éf @lskucﬂ”ed? g@f’ ected fromthe
gr oup Co'ﬁhﬂﬁ%}ﬂﬁlﬁcﬁmﬁgw}p@fhs%hggtegdergaﬁgﬁéxmmy nze&%%’ofbm oxy, phenoxy,

benzyl oxy,
the structures 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 isomers of -CH,CH,-norbornyl- or -CH,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.

3. The composition of claim 2, wherein G*, G% and G® are independently selected
from the group consisting of -CHj-, -<CH2CHj-~, -CH;CH;CHj-, -CH,CH(CH3)CHa-,
and any of the diradicals obtained by 2,4 or 2,5 disubstitution of norbornane-derived
structures.

4. The composition of claim 1, wherein X' is selected from the group consisting
of methoxy, ethoxy, propoxy, isopropoxy, butoxy, phenoxy, benzyloxy, hydroxy,
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42 chl oro, and acetoxy. 5. The conposition of claim1l, wherein X2 and X3
are independently selected fromthe group consisting of nethoxy, ethoxy,

i sopropoxy, nethyl, ethyl, phenyl, and the higher straight-chain al kyls.

6. The conposition of claim1, wherein X, X2, and X3 are all the same

al koxy group. 7. The conposition of claim1l1l, wherein Gis selected from
the group consisting of termnal straight-chain alkyls further substituted
terminally at the opposite end, their beta-substituted anal ogs, and

anal ogs with nore than one nethyl substitution; any of the structures

deri vabl ecHloroyandmsetoxyl benzene; any of the structures derivable from

di propenyl benzene; any of the structures derivable from butadi ene; any of

the strict ThesompositiondfeldimomvitieRa ¥ M0 K> aRMiephdddl§ sdldddCt ur es derivabl e
fromisoprene; any of the nonovinyl-containing structures derivable: from

trivinyl cfrohadivgsaneonsitiyg eimetoky, ¥Ry i wﬁhﬁ&hﬁ}eﬁg@}puén@ﬁ aflfr i vable from

nmyrcene containing a trisubstituted C=C, and any of the nonounsaturated

st ruct ur ethetighérsakifie-chdoakyl,r cene | acking a trisubstitu ted C=C. 8. A
conposition conprising: A) at |least one elastoner; B) at |east one

filler; #NATEY carhpdsitiumtofeismsi, wheRinOOURE, aiIXBEERT thé %&%R*i ng the
el astoner and the filler wherein the silane conprises at 1east one

hydr ol ysapdogp.gr oup that, upon conpounding said silane with said el astomner
and filler, is released to yield a conpound that inproves downstream

pr ocessalil | They/comhpdsitioncsoldii] Shee R PRSI TroR thé BouPémRGidglofS of the final
rubber product or both;
terminal straight-chain alkyls further substituted terminally at the opposite end, their
beta-substituted analogs, and analogs with more than one methyl substitution; any of
the structures derivable from divinylbenzene; any of the structures 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.
8. A composition comprising:
A)  atleast one elastomer;
B)  atleast one filler; and
C)  atleast 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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43 wherein said silane coupling agent is selected fromthe group consisting
of silanes whose individual structures are represented by at |east one of
the following general fornmulae: Formula 1. [J-S GL-(Si X2X3)][-Y2-(X2Si -G
-S-1)Im X ; Formula 2: [X1X2X3Si - & Sx - &B- Si(X2X3)][ - Y2 - (X2Si) -
&R - SX - &B - (SiX)2X3)]m- X1; Fornmula 3: [X X2X3Si - &- Sx - G3-
SI(X2X3)][ - Y2 - (X2X3Si) - & - SXx - &B - (Si)2X3)]n - X ; and Formula
4: [I- Y2)4(X 3.hSi) - GL - S - IInm( - Y2 -)JI2(X23jSi) - & - Sx - B -
(Si)23.k)( - Y2- )Yka]l]n wherein, in fornulae 1 through 4: each occurrence
of the subscript, h, is independently an integer from1l to 3; each

separ at e occur r¥hFeinseid silane coppling ggent i selertediromghe groupspasistingyofan i nt eger

fromO to Jandddithsk BSaitiaay Lok b k> 0 ceur C .t he
subscri pt, %]n isﬁt?sngllgdﬁgir? enstal%gﬁg% alr!ra]{e 6%%@@98&%&{%?%0%%833@ @ggﬁm ccurrence
of the sulgeneiapformmlact s i ndependently an integer from1l to 1000; each
occurrence of the subscript, x, is independently an integer from2 to 20;

each occuFemmger:of X1 is independently selected fromthe group of
hydr ol ysabl e noieties consisting of -Y1l, -OH -ORl, and R C(=0 O, wherein

each occgrrerge (Sl ¥2L (}Qgp.e@d%ntmx_gqy hydr ocar bon fragnent obtai ned
by renoval of
Formula 2:
X'X*X’8i - G 8, - G- SiCPKA)][ - Y2 - (X78i) - G - §, - G° - (SR, - X
Formula 3:
X'X*X’8i - G- 8, - G*- SiCCXO)[ - Y2 - (R2X%Si) - G2 - 8, - G° - (SiX2K)], - XL
and
Formula 4:
[ Y?)2(X%3481) - G' - 8 - TJu[( - Y2 2,81 - G - 8, - G° - (SiX%5.0( - Y2 Yl
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, / 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?, -OH, -OR!, and RlC(=O)O-, wherein each
occurrence of R! is independently any hydrocarbon fragment obtained by removal of
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44 one hydrogen atom from a hydrocarbon having from1l to 20 carbon atons,
and R1L includes aryl groups and any branched or strai ght chain al kyl,

al kenyl, arenyl, or aral kyl groups; each occurrence of X2 and X3 is

i ndependently selected fromthe group consisting of hydrogen, R, and X ;
each occurrence of G, &, and G is independently selected fromthe group
consi sting of hydrocarbon fragnents obtained by renoval of one hydrogen
atom of any of the groups |listed above for Ri; each occurrence of J is

i ndependent|ly selected fromthe group consisting of RIC(=0-, R C(==9)-,

Ri 2P( =O) - oneydbes Slom frdth Shydedcarbor Bisting FoarD020 carbifsidths) afFiCh Separ at e

occurrence of R is as defined above; each occurrence o f Y is

i ndependeintiudes ar} grovpOakd gn GRnched of tiaight2hiin Mk bik@nT aRBAorocCUr rence of Y2
i s independently -O-G (0O G)90, each occurrence of the subscript, p, is

I ndependemtlkyl giops; nt eger from 1l to 100; each occurrence of the subscript,
g, is independently an integer from1l to 100; each occurrence of Gis

i ndependent | y eschloeuuirente bf Bharld&® gvindeperidanlyisalédidddiont thbg@apcar bon fragnents
obt ai ned by renoval of one hydrogen atom of any of the groups |isted above

for R ; awndsisigbflodmoger Rheaddf; R i s i ndependently sel ected fromthe group
consisting of the nenbers listed above for RI. 9. The conposition of claim

8, wherein G eacGdccufratte GBGHIGE, and G2 oitidpenitntly s€&hedTtontthé gomp t he group
consisting of term nal straight-chain alkyls further substituted

ter ni nal | gongisting bfhydippabor faghiesits obtaindd 15iremdial of ofis Bylkdgenitie ofNal 0gs; a
structure derivable
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';P(=0)-, R*;P(=S)-, R'S(=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 -O-G~(0-G-),OH
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'.
9. The composition of claim 8, 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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45 fromnethal lyl chloride; any of the structures derivable from

di vi nyl benzene; any of the structures derivable from di propenyl benzene;
any of the structures derivable from butadiene; any of the structures
derivabl e from pi peryl ene; any of the structures derivable fromisoprene;
any of the isomers of -CH2CH2-norbornyl or -CH2CH2- cycl ohexyl-; any of the
di radi cal s obtai nabl e from nor bornane, cycl openane, cycl opentane,

t et rahydr odi cycl opent adi ene, or cycl ododecene by | oss of two hydrogen
atons; any of the structures derivable fromlinonene; any of the nonovinyl -
cont ai ni ndrogt mefheiyk chloride; ahy offthestiubtares Hdrivibleibh MrigiberRRE anysty Of the
nonounsat urated structures derivable fromnyrcene containing a

trisubsti tthetsguct@ederivabit feony dipfopérythendehs) any Fdic stradnres ®hivabid s derivabl e
fromnyrcene lacking a trisubstituted C=C. 10. The conposition of claim?9,

wher ei n Gbptadigne; anyof (88 starcaresidtblRdR piverylaR) 8¢ bee thidfirdshe 9r oup
consisting of -CH2-, -CH2CH2-, -CH2CH2CH2-, - CH2CH(CH3) CH2-, and any of

t he di r adidertable Glotdsoprede; ayy &f the iSdmezs &f -GHsCHSHofYoktyl- @ -caf,cpplor bor nane- deri ved
structures. 11. The conposition of claim8, wherein X is selected fromthe

group consydéhiexy-; amyfof thetdiradiyals cbitdimakle frofy dFdMne, byelibeREXY, but oxy, phenoxy,
benzyl oxy, hydroxy, chloro, and acetoxy. 12. The conposition of claimS8,

wher ei n X2ydepenti®, etahydrodieyrtopdstadiens, ¢y @edodstens by dks bi o By@bgnCONSI St i ng of
nmet hoxy, ethoxy, isopropoxy, nethyl, ethyl, phenyl, and "the higher

strai ght etesisyenp bfist sructhids derivable @6 iEdohénef bng bf 6t AbMBvihyl-Wherein Xi, X2, and
X3 are all the sane al koxy group. 14. The conposition of claim@8, wherein

G i s sel ecomainifg gnictiies dgivablp ot s idydighexie; nflofithe Moninsathaibd - chai n al kyl's
further substituted termnally at the opposite end,
structures derivable from myrcene containing a trisubstituted C=C; and any of the
monounsaturated structures derivable from myrcene lacking a trisubstituted C=C.
10. The composition of claim 9, 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.
11. The composition of claim 8, wherein X' is selected from the group consisting
of methoxy, ethoxy, propoxy, isopropoxy, butoxy, phenoxy, benzyloxy, hydroxy,
chloro, and acetoxy.
12. The composition of claim 8, wherein X and X> are independently selected
from the group consisting of methoxy, ethoxy, isopropoxy, methyl, ethyl, phenyl, and
the higher straight-chain alkyls.
13. The composition of claim 8, wherein X', X% and X° are all the same alkoxy
group. v
14. The composition of claim 8, wherein G is selected from the group consisting
of terminal straight-chain alkyls further substituted terminally at the opposite end,
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46 their beta substituted anal ogs, and anal ogs with nore than one nethyl
substitution; any of the structures derivable fromdivinyl benzene; any of
the structures derivable fromdipropenyl benzene; any of the structures
derivabl e from butadi ene; any of the structures derivable from piperyl ene;
any of the structures derivable fromisoprene; any of the
nonovi nyl - cont ai ni ng structures derivable fromtrivinylcycl ohexane; any of
t he nonounsaturated structures derivable from nyrcene containing a
trisubstituted C=C, and any of the nonounsaturated structures derivable
from nyr ¢ dieir beaitbstitnted andlogsS4h Sidldgy witll oriharidhe mbtELBGHERT Ccoupl i ng an

el astoner and a filler conprising enploying at | eaSt one silane coupling
agent vxhe:anwfmmcmiekmam@ﬁmhﬁﬁmbaﬁzeﬁ@wof%%umé&émeﬁﬂy e group that,
upon conpounding said silane with said elastonmer and filler, is released to

yield a cdéomalipropenyibénzeneping\oethe SE1ORSds dOMEbRITOEFSRARM,; biyordle t he conmpounded

conposition or the properties of the final rubber product or both ; wherein

sai d si | asteuctnesileriviblediaiifipdrflerCing of @6 sthichiRsdegvable Hofh isog&ﬁ{aﬁt ing of

sil anes whose individual structures are represented by at ['east one of the
f ol | owi ng anygsfiermdnobinyFaohaiing SRucHkksAertvablefronr Byinf iy hbahd: ki 2- ( X2Si - G

S J)ImX: Fornula 2: [X X2X3Si - &@- S, r - G3- S (X2X3) 1 - Y2 - (X2Si)
- & - S. of théFhonoupiAinatdPtratds derable frérd hieteRe cAntainthe S4daititied2- S - B-
S (X VI[ - Y2 R axas ) ST o e (‘éix2§3ﬁgé§%“t‘%d, and For mul a
4. C=C; and any of the monounsaturated structures derivable from myrcene lacking a

trisubstituted C=C.

15. A method for coupling an elastomer and a filler comprising employing at least
one silane coupling agent 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 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:

[-8-G'- SiXXH)[- Y- (X*Si-G' - S - D] - X4

Formula 2:

X'X2X%Si - G* 8, - G*- SiZXO)][ - Y2 - (X%8i) - G*- 8, - G° - (SX'XEO)]), - X
Formula 3:

X'X2X%8i - G 8, - G*- SiZ)][ - Y2 - COXC8i) - G- 8, - G - (S, - XY

and

Formula 4:
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47 WD 2004/ 094437 PCT/ US2004/ 008734 [(- Y2-)yt (X23-hSi) - d - S - JInf(
- Y2 )Ji (X3y*Si) - & - Sx - &B (SiX23 kK)( - Y2- )YW]s wherein, in
formul ae 1 through 4: each occurrence of the subscript, h, is independently
an integer froml to 3; each separate occurrence of the subscripts, j and
lc, is independently an integer fromO to 3, with the proviso that j + k >

0; each oowoifooses7 of the subscript, m is independgiidsioddisst eger from1l
to 1000; each occurrence of the subscript, n, is independently an integer

from1l to 1000; each occurrence of the subscript, x, is independently an

i nteger frf(ﬂY:'Z)y/i(K 138i) - GRag hyjecvt heneesnt oXl g3l m%;g%@dg_'t)m% sel ected from

the group of hydrolysable noieties consisting of and

R1C(=0) O, wisein,én formaladl thvaghid:r ence of Rl is independently any hydrocarbon
fragnent obtained by renoval of one hydrogen atom from a hydrocarbon

having from 1 lemhzecm‘aﬁde@ﬂthahmw,ﬁrlgmﬁ’épendeﬂﬁ}Mﬁﬁégé‘“frﬂn lg‘g?ups and any
branched or straight chain al kyl, al kenyl, arenyl aralkyl groups; each

occurrence of X&hafpdrﬁé&ccﬁrehémw@ﬂﬁmﬂt aiﬁl"%qgm%’eg‘i&@%%ﬁ“%ouand R is

consi sting of hydrogen, R, and X ; eac occurrerice 0

i ndependenfrény 0 e, whéﬂpfmalﬁatyea—m@,up consi sting of hydrocarbon fragnents
obt ai ned by renoval of one hydrogen atom of any of the groups |listed above

for Rl; each oeachbccanexﬁeOfmdsdb&nbﬂﬁeﬁmgl%ﬂ&énﬂy%ﬂnég&‘iﬂmlrt8mthe group
consisting of R C(=0) -
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 R'C(=0)0-, 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;

each occurrence of G', G2, 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(=8)-, R,P(=0)-, R4,P(=S)-, R'S(=0)-, and R'S(=0),-, wherein each separate
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R C(==5)-, R12P(=0 -, R12P(=S)-, R S(=0 -, and R S(=0)2-, wherein each
separate 48 occurrence of R is as defined above; each occurrence o f Y

i s independently -OG(OG)pORor -OG(OG)pOH and each occurrence of
Y2 is independently -0-G (O G )gO, each occurrence of the subscript, p, is
i ndependently an integer from1l to 100; each occurrence of the subscript,
g, is independently an integer from1l to 100; each occurrence of Gis

i ndependently selected fromthe group consisting of hydrocarbon fragnments
obt ai ned by renoval of one hydrogen atom of any of the groups |isted above

for R ; anewrRAGDfREREWE idReRatsle; R IS i ndependently sel ected fromthe group
consisting of the nenbers listed above for R. 16. A nethod for preparing

a silane coupkdchgcouientk of 9" isEtipinieily 30-RIABLIR br -BIEL (01,01 er wherein
said silane conprises at |east one hydrolysabfe group that, upon

conpoundiJag efehobbufrencd 6EY Vi tdepeRdelltiplrBt@0En cRNd filler, is released to
yield a conpound that inproves domstreamqprocessabi lity of the conpounded

conposi ti on  gich bERrrecd BA fuBScrist, p,tibﬁdéﬂeﬁ@htyrmﬁe er BbAdY&i0Rr both, wherein
sai d nmethod conprises transesterifying TESPT wth a pol yal kyl ene gl ycol .

17. The net hogacﬁf)cdﬁh@dcgbﬂtﬁesﬂbﬁbék,gsinh&:eﬂﬂhﬁﬂnlﬂdef&ﬁoﬂ'u&mo;i s diethylene

glycol. 18. The nethod of claim 16, further conprising carrying out the
transesterifi gahb@itrredc8 e isthichdhdbdlly sBERSERALHE brofp &abigtlydf- 19 The nethod

of claim 18, wherein the catalyst isSpara-toluenéesulfonic acid. 49
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, .
16. 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.
17. The method of claim 16, wherein the polyalkylene glycol is diethylene glycol.
18. The method of claim 16, further comprising carrying out the transesterification

reaction in the presence of a catalyst.

19. The method of claim 18, wherein the catalyst is para-toluenesulfonic acid.
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