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reasonsy | ?"g@o %ﬁgﬁ'@%‘ﬁ’m B sil ane as possi bl e because the
carrier usuaMBﬁs-Bmet.rml-mwme(CHunct I on tha to carry the silane, and then

rel ease h nt| into the conmpound during
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is available as a coupling and reinforcing agent for the rubber formulation. Over 80 % and even over 90 % of the silica can be extracted
or desorbed from the blend even 4 months after formation of the blend, and rubber formulation properties indicate high avaflability of the
silane for coupling and reinforcement.
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,sone carriers, including silicas, react with silanes; the
reaction c of a hydronS|s due to unavoi dabl e moi § E@%ﬁ

on the carﬁ?@?ﬁéﬁ?face and subsequent condensation Iead|%3 /! arge
proportion of pol ysi | oxane and/or silane bound irreversibly to
the carrier surface. The condensation reaction is particularly
detrinmental to the silane coupling efficiency, 5 because it

strongly inmobilizes tStablé Sikame Compeositigis aw Siliea Carfetvents its

ultimate rél ease, dispersion and usefulness in the filled or reinforced

conpounds. Mm@lmmmﬂﬁatlon on the carrier due to carrier

surface reactivity d presence, of Lsture sults in
poor physi cal perfo?ﬁﬁ%g"é’?’%’f"@ﬁ?w’@gﬁlbﬁ?ﬁﬁ °E8% .'°”"EL‘S""?J°‘“¥°

i mportant, some6@002178, died AvpuskiB;n89sve sil ane is wasted, that ls, lt
cannot 5 di sperse during conpounding and transfer to other filler

particles as i nBgikgRMnd dtfie Invention amount of polynerized silane varies
wi th noi sture content o e carrier before silane loading, with
time and tenperature, an@m@p’@mc@m}smmm h elags dfidpal-fosctioanl @hiemicals that

activity. These r / B i ff t.to Lntain
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i s usual Iy due walﬁ ?'H?t%‘{”fr{g 29543“%?@?%?‘%+?’|‘§¥ ’E‘Eﬂ”fd&E

whi ch gener al | yfogifd 8tidne} Save been used for man&@rh’zﬁfﬁz applicatiodVeleye J@iiiﬁéxﬁﬁfi wat er.
The physisorbed water on the silica can el i m nat ed dy heat i ng

the silica to srdddbgsilang asasolid. WTQ@E@F aresuaily bespd gy pogous sofi

absor bed &y ex 3 ry strongly
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formed by condensati on of nei.ghbori ng roups,

especi al igp t hos@Mep dlagkyind &?edll‘ﬁs T%F‘EH"’&E’@"\'/BY S?'eg P?%‘ﬁélsi,z"#}‘a?‘ﬁﬁéwﬁ bonded
composition, and therefore by their adsorption ability. The finest grades of carriers,
. i.e., with a particle size of less than | micron, may also participate in the cémposite
material properties as fillers or reinforcing components. However, it has been
35 recognized that not all fillers are equivalent, nol only in terms of reinforcing and

adsorption power, but also in their ineriness towards silanes. An attempt to use

silica as the carrier produced a product with very restricted shelf life and poor
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‘'silanols, to liberate water at tenperatures between 250 and 800[err]C.

Therefore, to _ totally elimnate all reactive groups fromthe
carrier surface, it is necessary to cal cine 5 the mneral at el evated
‘tenperatures. Unfortunately, nost carriers will not retai their
structure atWQYMMenperatures and therefore, this I|evel E?"H?gf/ilﬁaois not
practical . The availability of carried silane for

partici pation andamesFabiijtynitirps been demonstratedthe) Somg cargesincinging siticaserpad e

measured by a solwi@iVilafes! RGLdcREh RnGGS Bt Bydrdlysis difd 1o unavoidafik ¥oRIurdRadeh
easily dISSO#VES unreacted silane is used.” If"the silane can not be

extracted, it is oftieramiensurfacgand spbsequentqondengatioy leadingde afargapgoportion of
For many filledr | r OBeidl ich | l\ane is
used to create a‘%%gtfxeaﬁ?g%(gﬁcfx g%tbﬁg%ﬁﬁ%%%s‘%lgﬁg/%rc_gg‘% ﬁgé'fl | er surface,
it is.also condenshtion redotian is particwarly ddrimentalitt theasilaresbapling efficiehey, pr oduce
white or lightly,colored 15 Lconpounds. Ile,carriers, include
silicas, sil®cat &R gfg?ﬂfgé’ﬂﬂ’éobé]_m FS‘éﬂ"ﬁﬁP?ﬁgﬁ °m'ers"rﬁ’_°°‘"51rfﬁevﬁ5ﬁséts _
general | y non- netutmdi rdlase, dpEdiod ind WefitheSAihthefilfeddr iafdR eAERbuRRNEl i t S
because they can al so hehaye as fillers in the_conpound. However, their
surface Si ermlfxruwapgn o B FaFrierslus fo camdiersurtace reagtivity and presence of
significant amDubidistre udldilyesuls thboor physicdt PedbraRitlcd GHuReE resuliig OMp OIS
surface netal ions that generally are rgr esent on such ) carriers
can cat al yzg, t he More importapt] seshg of all ofithe expensive slarieds waster thabis,gt caBie s e

reacti ons proceec.w I n eds LOom & e rature. and are.t he
cause o SisBleid ol FRER R Phodi I DASTRR B a0 i The
shel f-1ife has t ambentiofpolyadrigaitsitaimiatiesAbith moisturéeshtent bahedtrier bdtory ef or e

t he rubber industry, .and note particularly the tire industry, has
| argel y sel ected s%%‘ﬁ& g ?i'b‘ﬁ “85[“?’?’ EPeRAES éﬁ?sﬁ?‘ﬂ&wﬂb\i‘ﬁgﬁﬂcﬂ’%r e
produced. activity. These parameters arbioéty Qiffiéulio €asitFdl @hBmaiBi Willith Adrtaw car bon

bl ack or parpus pol yners, are | ess reactive and contain low |l evels

of weakly adsor béRrcifigadons. Lagopigr coyld be ingst govepad prematurg dessuqtipn pbihe silapensi ve

t han m neral s. - ; : ' mﬁ ane it i
conmpounds, t houﬁ%?‘ﬂ’gﬁ "? ﬁ‘%&gi‘“"gﬁ“ﬁﬁg@ﬁ \(E)hr(lls, ipﬁde&éag{j’ggﬁ%qtﬁlm\%’ l% xlané‘é, it
i s possible serve the dualdunctiondefiindst cavder and rzactive réinforcing filler.| Bhesstwouch as
pol ysul fi de sil anReSs are in conflict Now it has been found
surprisingly that 4 speC|(f| Cc class of silica fillers are inert
during nmon®® of shel f st oTagdveshese pepblenspirhascneer supipeste tb preadrg the carrier
destructive sil ane.cond nstat i on r.gaclt i ons, which {)r evlent :rhe s(il.l anes from
bei ng o SUBFR ARV SO Aoyl loxrest ar ApnTietiye PIaNReferF IR ey s
gegar dis ev% BGM&E?/ e fié%t&ﬂo avoid any water-induced reaction. However, these processes are not
PCT/ US96/ 13250 ~ cconomicaily frasiblsand gregiok fagorpd-; Rprtherars itis AHBESH 9 climingige
rubber indgstry. all Reeefrdil th€ @tri@t'strface without impaifiag aﬁcﬁbipzs_eudrd@yerﬁesh (TO is
adsorption ability, a low mcroporosity, a |owdifferential 1n 1 t he
i nfrared absor baH@allydueigdbe srcwreqf miperalsarrier pyrfages, whigh geneeally censisisofyef i ned

herein l o?%@gﬁﬁ@&ﬁéﬁ%t@rﬁb?ﬂé @@koﬁe@%t&?&ﬁh@ 586 @Rbe St ructure

that is nodified by th resence of an oxide with acidic

character. As anelimigetdd by hedting thetsilies do ptemperotwrsief aboub105°C. Hichn bexe- may

actually have th | SLI A aul el g i  than a
nmere inert30arri g?s.gﬁ%ggg’?éogﬁ%gg%f’g&'?ng{e?&%'s ‘%F‘P %?)tteﬂ 55',\1r?§{ls_trro ?’\c}l ty"
during shel f through hydrogemispndaand ieeliminaied atraboutf200.2150%. CHybsdeatér is glosehr ough
reactivity in the .rubber . onpoyndi n nd curi St can be et
in the sa?/re non- C4PHE AR e ‘E?&?‘-?’F‘é'?“ﬁﬁ s propertics aré highl} tependen of

surface impurities of the carrier surface itself. For instance, it is well known that

aclivating a mineral at temperatures of about 250°C can make it more reactive

35

towards organic reactions like condensation and radical polymerization. This

property has been widely used in catalytic processes. Therefore, dehydrating a
2
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mineral at such temperatures often does not reduce iis reactivily towards silanes.
Constitution water is formed by condensation of pairs of neighboring hydroxyl
groaps, especially those hydroxyl groups which are very strongty hydrogen-bonded
silanols, to liberale water at temperatures between 250 and 800°C. Therefore, to
totally eliminate all reactive groups from the carrier surface, it is necessary to calcine
the mineral at elevated temperatures. Unfortunately, most carriers will not retain
their structure al such temperatures and (herefore, this level of drying is not practical.

The availability of carried silane for participation and dispersion in
compounding and mixing may be measured by 2 solvent extraction procedure. A
solvent which easily dissolves unreacted silane is used. If the silane can not be
extracted, it is also unavailable for compounding and coupling.

For many filled rubber and polymer systems, in which the silane is
used to create a covalent bond between the polymer and the filler surface, it is also
desirable to usc a white silane masterbatch to produce white or lightly colored
compounds. While carriers include silicas, silicates, diatomaceous earth, alumina
and more generally non-metal oxides. Some of these carriers provide added benefits
because they can also behave as fillers in the compound. However, their surface
structure is highly polar and tends (o contain significant amounts of strongly
adsorbed water. Furthermore, surface metal ions that generally are present on such
carriers can calalyze the silane hydrolysis and condensation reactions. These
reactions proceed with varying speeds at room temperature, and are the cause of
aging of silica-carried silanes, so that a limited shelf-life has to be imposed onto such
masterbatches. Therefore the rubber industry, and more particularly the tire industry,
has largely selected carbon black carriers wherever black compounds were produced.

Non-silica carriers, particularly carbon black or porous polymers, are
less reaclive and contain low levels of weakly adsorbed water. However, they are
usually more expensive than minerals, Carbon black cannot be used in most colored
compounds, though for black rubber applications, like automotive tires, it is possible
to use carbon black as a carrier for silanes such as polysulfide silanes.

Now it has been found surprisingly that a specific class of silica
fitlers are inert during months of shelf storage at e.g. room temperature towards
destructive silane condensation reactions, which prevent the silanes from being

desorbed when needed, and that their reactivity in this regard is even lower than
3
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v One aspect of the present invention is blends of a m ninumof one
silane and specific silicas as described herein that permt a high | evel of

desorption of the silane and high availability for coupling and
“reinforcing in a rubber conposition. The high J iLity for
coupl i ng aRP¥®WPorcing is evidenced by the 5 factﬁﬁﬁkggf er

conpounded with a blend according to the present invention, which

shows hi gh ext r &arbopiblack sardets ysed Gurrengly dm the rabber igdustry o These siliggsarei n t he

bl end has been characterized by & hihQdscdpticd HBILRY) la 16+ HMGbEOrobilg, o lowliffetitial fnl C. )

for 4, 7.5 9or 11 npnths followng_ its . reparation xhibits a
:300% nodul ujs? mi%*nffgwaﬂkwmgﬂ?? %:a“BW/FrrﬂH{)ﬂ' é@“" Ggs defined bergifi bit ed by
o par e o BATPEHSRAA bt S ch ot el kAR

mast er bat ches c@gsenasiofign exidt witblacidic character. As i pdded enefit, hesepartioular si | i ca
o et oncs. Relohfnl By b A RERR T B, e apet L2
12 15 MO N inftere inkit earripr, cPhas dicicontlicting goalslol Bath “moav-readtikiay? Rvite sitf
preferably nore {han 9896 . , of tg, sslanf mouLd,qgt have reacted and
thus can be ext S988sAY Ysafupliginforeing eapa @tya‘ irough reactivity in 8"‘5’§ffvent for the

silane. Final fQompbiHdfg abl BRIy stepSBMHBelrhél S the SathPhddldaebohlMack carrier
silane are al so taught herein.. 20 Det ai | ed Description of the

| nventi on o material. The present invention provides solid
sil ane naé*erbatches that can be used in plastics or rubber
conmpounds of all colors ranging fromlight to dark wi t hout the

drawback of having a limted shelf-life. The blends exhibit the property 25
that a substantial proportion, e.g. at |east 80% and preferably greater

than 90% of the silane in the blend can participate as desired in
reaction or otherw se exhibit its desired activity when the bl end
is conpourmed into other products such as in tire manuf act uri ng.
30 At anmbient conditions, the silane carried on the
silica undergoes only very slow conversion, or no conversion at
all, to a formwhich can not subsequent|ly be desorbed fromthe .
silica, thus ensuring long shelf-life, and thus avoi ding the

formati on of siloxane oligonmers and polynmers that are detrinental to
rubber properties. Mreover, the present invention provides solid silane 35
mast er bat @es where the carrier material participates in the reinforcenent

process of the plastic or rubber material. The solid sil ane
mast er bat ches, advantageously, are
5 WO 97/ 07165 -
PCT/ US96/ 13250 dust-free and free-fl owi-ng and appear dry. The
mast er bat ches are an easy way to add liquid or viscous silanes
to a carrbﬁr material w thout any special mxers. The solid
mast er bat ches are an efficient and consi stent nethod of delivering of
si | anes. These nasterbatches can be while or very light in color
and are useful in any color system 5 Mast er bat ch
Conposi tion

30

35
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The silane masterbatch is made up of: (1) a silica carrier; (I1) an

organofunctional silane; and optionally (Il11) additives. (n
Silica 10 The silicas used herein are fine-particle
silicas, associated to one- anot her in the form of a at es.
These aggre‘&gﬂ@”gﬁ'e aggl onerated into | oose ﬁ??g?g'?hat are

easi |y broken down in the conpoundi ng process. They are nalnly

characteri zed byﬁﬂmthﬁdﬂwﬁeﬂ and their surface properties.

Surprisingly, these silicasnedgp ée%nrﬁe.e;enfmvaﬁmawawmhﬁxﬁm%J?'oﬂ&i the
15 S|htane Thus they release the silane I (r.e., reater than
80% by wei gfit angilane and spectﬂcprlwalswpbgﬂ berein that permitgdvgiblevelef desoiption
especially as co r ﬁfﬁ The
adsogrption behavzl;lir(;ra’%gﬂ(‘iI r{e%n(ﬂ] gsa\erzﬁlabﬂ ngsuphngang nﬂng%nD ruRber

structure (i.e.,comgmsitibn. c’majngmmxlhbiﬁq farcbuplinp ant! reihfording i evidarted by the
macro-capillarie t re abl retain mall aor. large ..

mol ecul es), Sand é’ﬁ'r"r E\éb%’ﬁfwg Wi glg qegerding to the prcsenté:mgms%\, Wjich
surface tension gigts ﬁiﬂ)feﬁﬁﬁztﬁﬂﬁ%m’et‘hﬁ@dorfe%ﬁﬁd?'sto?d}%%ﬁgré:ﬁ) the DR RYs baRd
hence under a given condition the anbunt of adsorbed material per unit
area). staqed atrambiient tepipesatirk (i.e135°6€Ubed 715 ¢rd hwpenths fallewigaées occurs
on the whole sil]j i t ere they
can penetrate ed r(e?ar&gn, exlubtls%%b&?%duh@%lﬂ‘c% IQQIJILLQL 9% (?Fg‘rnlr 36028)Q dXY'gss usef Ul
in this i nggnt [ ocxhdmed by reaame rubberctompoanded with the bler&l iatmedinkely fodimmg its
differenti betvvgen tI he infrared absorbance (ir) at 3502 cnferr] of the
silica when takdl B2" 85 C and when taken at 500[err] C. Preferably, that

differential is 30 ﬂuemcedamxﬁak%:gadmi:wmés@eﬂxafeeeabﬂmdg@sﬁmwﬁﬂ 1.2
W t hout i nt endi n&ﬁto be bound particul ar theory of the

signi fi cance of YRAP&absprbpden ysmcafﬁ@e%filwma@yvslasmevﬂr?f flesogptionof the

i nvention, this giahd ehcEaiioRhl ﬁ&ﬂ:vé@&%ﬁ&'tﬁ: BiAherdin 6 féedoffe ﬁﬁﬂé $1inct
fromnere 3y measur enent of the wat er content of the Silica,

particul arl ?/ i n months after n@p@amamf\ﬂbe blend more than 89%; andprefernblyimare thar 80%s t o
dehydrate it es ﬁ?ﬁé ditahe’ WS@HBhFﬁa% abigd Qxﬁﬁﬁﬁé &hed eWchB:d fx‘%?nS thE Qartier by a

satisfactory pertformance ca I'n e uses nm e pre ent

i nventi on. good solvent for the silane. Final formulated rubber compositions cont@ining the WO
97/ 07165 i |

PCT/ US96/ 13250 aneareasotauglﬂdlgren},he af or ement ioned differential is

pr ef er abl y2Qr eat PétaildddPesefiiion ofhedniaipoical |y’ at least 0.90 or
even at | east 1.00. ei.r absorB e differential
as that termis defined hdhgprssndinvention va‘deﬂé‘?l@r%}ﬁ‘ﬂ%’&a%%r ‘H&E‘érﬁiab‘é‘ﬁ‘ bep,

Exanpl e 9 her ei njag4 fVplastics or rubber compounds of all colors mﬁ'@ﬁxﬁﬂfoﬁﬂl@h iddaeel silica of
the present invention can be prepared with ow surface reactivity

and BET surface without be dwm%%ftlnamm*mmdﬁ’@el&hf@ dheblendsexbibitdhy property
300 nferr ]éﬂ anolhara%txﬁsmhwpmﬂ&ﬁm{ R ol &Geddl 1% mebeémvopﬁ,,;&&mﬁmo@eapﬂ sing

the fol | ow ormng an agueous
sol ution of aI k ahe silage in thsblenféaqr@aelmaéﬁ asidegjredan x;eagtfontqqgthervg_xge exhibit itst ot al
silicate; e of
about 70[err] C dtcg“eélSB[g ‘é‘f‘%’j w‘&;(“q}le %R& is@gm};&ﬁndé'& ﬁd(ylé:tﬁerkgoﬁ ﬁ& §&H’1‘1§{ ?’E)g{:; acid
until a gel appewamifacturing.

At ambient conditions, the silane carried on the silica undergoes

3 only very slow conversion, or no conversion at all, to a form which can not
subsequently be desorbed from the silica, thus ensuring long shelf-life, and thus
avoiding the formation of siloxane oligomers and polymers that are detrimental to

* 35 rubber properties. Moreover, the present invention provides solid silane

masterbatches where the carrier material participates in the reinforcement process of

the plastic or rubber material. The solid silane masierbatches, advantiageously, are
' 5

SUBSTITUTE SHEET (RULE 26)



{(d) stopping the addition of the acid and agi ng the gel;

(e) adding a strong acid; 15 (f) adding an el ectrolyte;

(g) simultaneously adding a solution of strong acid and al kali netal
‘silicate; (h) adjusting the thoIess'Jtﬂ with a
strong aci dWO97/07165 (1) fi ltering and washi ng ‘the priécipitated
silica; 20 and, optionally nA redi spersing the silica and, in a
preferred enmbodi ﬁéﬂtﬁ’eetﬂﬁfé&W'%mﬂN appear dry cTheumastechatolpsiahe 2 BRSIONEY 01 ToT €
hydroxi des or al K@d(lugﬂéom:s 3¢ $iRHSs 15% b&HiSr material without ﬁﬁk&f.ﬁ%ﬁ :I'
alum num fiJdterin e foregoing -
process st eﬂs tpﬁélm@tﬂbﬂm@hmge efficiesbatid consigtent m@d nﬁdelﬂerm;_, s of silaesp (a)

T ong aci d adai TR e RAREAR cftbe WO v oy g i it nsipm e

gel ation systepet ween 10 and 50 m nutes. The aging of the gel in step
(d) is for aboutMS to, 30 m nutes. The sinultaneous addition and
concentrati &s o qsrrsb%‘sl'&?g'méﬁlensm ution 30 - and alkali silicate

solution in step (g) is reﬁwsﬁﬁrﬁqna%&rﬁamttshg&‘gﬂéﬁﬂgﬁsﬂﬁa&%r‘t(man

entering the vessel have a pHin the range o

The el ectrol yt e ergapfirational silatet andeoptionallyl (D) edditives. gr oup consi si sting of
al kali metal and ﬁk}b@},l ne earth netal salts, preferably alkali netal

sul fate salts. T(] strong acid is a concentrated acid, and
preferably C_@ul furic acid. Tie silicas used herein are fine-particle sﬂndas,@&oaxtbﬂtuéneng the

| ow ir absot’bance |ffere | al, as defiped herei can be prepared
for carrying silZfepinthg "F‘d?f%%feﬁé"ét Hﬁﬁ%&@“ﬁs(‘,‘?%w{“@ﬁﬁgt"&

7 WO 9&:‘\@3:1:&511& are easily broken down in the compounding process. They are mainly

PCT/ US96/ 13250 conditions (at .ambient pressure or preferably
under reduced pr@¥EaAseEizedpy el sruciupsand their surface properties: t o about 250[err] C.
The particular conditions §x%n§£’ély%H%£xﬁé&é'd5%oi’\‘e£dtsoas to pol menim%fn?ltlﬂé"dabl y
vary with ygrying silica starting materials but can reagor

ascertai ned”for silaye.dihuethey rdi¢ase: myﬂaaememea at greaterstharf SW/ebxwelgmwdt abl i sh

t he treat nent | t hat vide the desire erty 5
The adsorption e efntb}y g‘ﬂgri(us’ L@%by "He'g’l'ﬁlg %E'f' ﬁ’é?%co&’pf’ ¢ toﬂ?$§§§
nmeasurenent, as a neans ofThemadsomstion heliavivr bbtha presan eifisdslis elatedné bstk.  The BET
for the a of the ent nvent| n,should be at..least 100
nferr]/g and preﬁ‘%’f’@ﬁq - IR 'Fé“'%%’ﬁ ype an amountﬂfngcﬂ -ARd megra-capillasies fhab o

| arger nol 28Ul esuré able e Velair &l dﬂlﬁ@ﬁn@lﬂctﬁtﬁﬂ,faaﬁeurfd@abrop&tyf(% Fsurfabl

readily accessible. This surfage cal |l ed the rnal] surface, can be
measur ed by chemistry; gyzfapeigpsi wﬁw 3°F PREEEH P ﬁ\ﬁéﬁﬁiﬂﬁﬂ"m&?ﬁ’%)ﬂ“

adsor ption. The HehéFurfer 4 fRen coudmon the aaiduhaﬂambédmz&raﬁﬁ& Bhithrgyyent i on
shoul d be at |east 100 errl/g and preferabl , 140 160

nerr]/g. Adsor ph4sgmptign moisenles 1kg wafer gng EPs?ﬁQS’F'('fEB’Pg@WhP@sd@FH ment al
to the suﬁhécaﬂz%luﬂ'ﬁx?txﬁt@&ﬁambox%&ﬁ%l m}/canTmé:%@éa@a It is preferable

to use forethe invention | I cas Very | ow m croporosity.
Such silicas are charact eflhe pefassed siligspseful in this lﬂvelﬁmfamﬁmmed@b'faace
ratio of 1.0 to f1 .COUS
materials and of g:lﬁlgvel low ﬁnffereptlal thween the rn[frared aﬁb@bﬂgéﬂlﬁgﬂﬁﬂ 1% c\ﬂl’g  acLi ce
by the oil adsorsiicaovhen taken at IH5° CBﬁPwahstak:ptatGw°C Preferably, that differential is

less than 1.3 and more preferably less than 1.2. Without intending to be bound by

% any particular theory of the significance of this property of the silicas useful in this
invention, this differential may resemble but is believed to be distinct from mere
measurement of the water content of the silica, particularly in that as noted above

35 treatment of silica so as to dehydrate it essentially completely is associated with less

satisfactory performance of the silica in the uses made of the present invention.
6
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20 For silicas of the present invention, an oil
adsorption index of at |east 100m /100g is necessary, and
breferbly shoul d be about 150 to 400m /1 00g. The
silica surface chemstry plays an inportant role inits aﬁ!

towards si | X988 the purpose of the invention, |ow su ﬁ%“ﬁ%ﬁ"ctlwty
is required. 25 Particu] arl&# si | ane condensat I on catalysts, e.qg.

transition netal Ihus theaforementioped differential is preferably easater ghap|zgro) Hore tuveally
i".e., less than 30 4 000br Senlf REQTER].Y. absent

The surface .chem cal conposition can contain small anmounts of a

nmet al oxi de ot her than Si (Jheirabsorbance differaptial as thatiterm és defipedbieerein ésd and
shoul d be 30 ight of the silica, and
preferably 0.5 toelsm} @ Ehe&hb&&%&gﬁﬁp{&?&!’ V)gey l'ica. For further

gui dance on cont rolling sdﬂiemlmtamdlsﬂicmnsmegmentmventxon cab/bgpreparedwitiand E.

Sum, K., "Charagterization of t base ure t

oxi des by adsor ptd |oﬂ“§ ‘E@EE B‘éf?PWP@P@@W’&‘?&“‘ﬁ@‘h@ﬂ%@%ﬂ@,
which is 300 mé/g am:eteamy)ewtmt S0\ EBEME Pofess Smprising the following

As a whole, the silica has a very low mcroporosity, as well as the’|l ow
absorbance di ffefffial at 3502 cnferr] as defined herein, a BET surface
\6/‘\;) 987?37?65' east . fa) forming an aqueous solution of alkali metal siticate containing part 8f the

PCT/ US96/ 1:‘?@5 total silicate; 100 n{err]/g and preferably 160 to 180 n2/g and
optionally surface sﬂl MP'I QHFF v5) ied factors
are believed to cont r@Eugigingf‘he xxtur g)eantce 0 ab&n% C%)H? dncondensatlon
in the masterbatch. So) h&hﬁ@aszrdngmammﬂtagdieppempntlon are silicas that
provi de a conbinatio abpye f.actors. )

Exenpl ary silicas fo&dgﬁ@ﬁp‘ﬂhﬁﬁc?é’gmﬁ? QP %ég‘é‘af’ﬂg@’?ﬁq‘hE&?’opean Patent 5
Publ i cation Nos. O 53@) &a&R&h@u&@eﬂcﬂane of Rhone-Poul enc Chime), 0 157 703
(in t he narr% of one Poul enc Chime) and 0 468 140 (in the nane
of DeGussa AG) ‘:B‘P@“’-I-ncorporat ed herein by reference. One

|1 | abl VP
71T ca T om Rhone: Pou eﬁ*é‘““éﬁ“‘ siding  spluen TR BT UGl Rl e o

and Utrasil VN3 SP &R pdiostin@dbr i to less than 4.5 with @ strgngSicidanes

Any or ganof uncti onal | £ 6 L] 1.0, at | east one

al koxy group per sil |®on a%"gl#ﬁ%ﬁ) ’3 %‘ﬂ%?’l‘aﬁggﬁ% ‘9’3 al koxy groups per
silicon at %@nh and, opuonflal?r, G]!Jte'd&béremé e siike aﬁtﬁﬁxea preferiad embgﬁjitenfxtuﬁﬁalxh@n?| g
groups are those a ound i em_str nd i ncl ude
groups such as g‘ﬁ'k’ﬁ) ‘%W?W”’Eﬂ’%ﬂ?"?ﬁ”ﬁ@s gﬁ"x‘ges"r}"ﬁ%‘f‘ﬁéﬁ/ﬁ;}'de, vinyl ,
acetyl ene, urei q;}efeﬁarytummh“mﬁﬁrmgﬁﬁ%amﬁ[ﬁ,ﬂg epoxy, halide and

the |ike. organ of functional_ silanes of the

present invention can be &biheARrgEdng process s‘E@F » the @rainnd rhaseg ofispqinmsilicate in
YRSI (R) [ &g ] ( Oli’tapiai%ralns from 60 to 90 ﬁ@?&ﬁ@dyr\vé?gﬁt%fﬁne deviatiRat TR xk epe,

aryl ene or aral e‘# ene group of | to 20 carbon atons, a vinyl
group or acetyl SHoPE agk *‘4‘%“91‘%W@W‘%F‘Rgl(b)a‘&r"%“l%‘?d‘al“a‘FSR}!Flab‘?‘bup of 25

1 to 10 carbon Q)te%n 16and 50 R0 VRleHRing ¥ ! gel lﬁrsbéb (ﬁrls frabdux ks 1959uUp of |

to 12 carbon atons, wherein one or nore of e carbon atons can be
replaced with a minutes. The simultaneous addition and concentrations of the strong acid solution

and alkali silicaie solution in step (g) is regulated so that the mixture of the two

30 entering the vessel have a pH in the range of 7t0 9.
. . The electrolyte comprises a salt selected from the group consisting of
alkali metal and alkaline earth metal salts, preferably alkali metal sulfate salts. The
. X strong acid is a concentrated acid, and prefetably sulfuric acid.
5

Silica exhibiting the low ir absorbance differential as defined herein

can be prepared for carrying silane by controlled heating of silica to temperature
7
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sheteroatom such as oxygen, nitrogen or sulfur; Y is an organofuncti onal

group sel ected fromthe group consisting of mercapto; sul fi des and
pol ysul fides of the 30 structure R''-S[err]- where R'' is a

‘monoval ent al kyl, aryl or aral kyl group of 1 to 20 n atoms or
the radi calVORYE err] (OR")[err] , and x is | to 9, whi Sﬁ’"ﬁ’g’iﬂg

nol ecul e nust cintain at |east one al koxysilane bond; other bis, i r| s and
hi gher eonditinas(at#rabicns pressuce o prefetably undsr svdypedpresswrakefgbeanti H5P he
groups betveen g, fHokibxste ¢ Thepamc%ial-@d?xﬁntﬂﬁpﬁpﬁpuﬂ{ éﬁyésuusamty' enyl ;
carbonyl ; am no;

g\ al kyl, ara , or ar substi
urei do; thi cyaﬂaﬂetstaadﬁbbumwebmmghims&y&ngmn@nalnbuthnk@adw ais an

9 9321(:%3:1@5 for anx anen silica tav a sszle sTxes of ?sts ro estabhsh the treatm?né

PCT/ US96/ 13250
mol ecul ar wei ghtcmmndmlmmtdﬁthedesiredpmpeny si | anes may be used,

Exanpl es of such sil anes ner ca rop ltr] ysi | , 3-
mer capt opr opyl tri et hoxysi | s"iﬂ“@“(‘@”l’&’@t‘ &F‘%Bﬁ @fereﬁurfaw fide

(TESPT), measideRéht, &d d Mbdhe lSVﬁ\bAs@ﬂﬁg the fofl hcéegsuﬁé SRS TRHEET m# !
tris-(2-nmethoxyet hoxy) si | ane, all commercjally available from GSi
Special ties, a \Wlica@ tk?rl’ﬁ%ﬁﬁ&‘ lmrenmw be afrieast 100 m /g am{me@rab%éﬁo to 180

st gnatons: | SHBERH R ot il e R B0 o

such as 3 readdyrace:psxupr ®hig Isuuﬁch,;allsdicaﬂddﬂkqentérml eurface can be measured by
mer capt opr Byl di !beeitg%%és 1ggammomum %romxde) adsolple: T HEH?'XE e ed

di met hoxysi | ane,

or ganof unct i onalsiliths GBS preseht invaRN\Shduld bW icaodo méﬁgtdna Preferably, 14010 I at es,
particularly sulf on ning silanes substituted wth one, two or three
el cheep

et hoxy raien abwaten Paricuiatly in migepores iulsumasatabiodhe si | i con

atom such as f QfiaftAdiRirBatch stability. me?efﬁerﬁ&qﬁaeraaeyé hdei 6 ROV StoRNE:
bis-(3-trigghoxysilylpropyl)tetrasul fide, bis-(3-
net hyl di et hoxy s,splypﬁ)wglpyqzyjq%wqgmr@qﬁuemch silicas are charactenzed bya BET
bi s-(3-tri et hox}éﬁ:‘f&éég(?l"mﬂr%#kgﬂﬂofdfq%to?'2.5 (3-
triethoxysilyl propyl)nonosu
bi s-(2-trietiioxysilyl ethfhesispipioepf vscousuatéiadeqndior farge molecules is usually

2 3 B0y gy 5L Nl Sl & 58 sborn

bi s- (3- met3®| di et hoxysi | yIFor ﬂﬂgﬁs)ofdieiwdsémdﬁnenm an oil adsorption index of at least

t hi ocyanat opr opy, haoxysi | ane,

t hi our ei dopr opyI O{MPPE& 318, ?fﬂ’é’xm’?fﬁrﬁgy should be about 150 to 400ml/100g. Epoxy

and ami nosi | anes are al sorﬁymﬁ@%ﬁa&%muﬁ@ybﬁyseannmpadzdnhwmusacuvuy t hey
are inherently | ess stable. For exanple gamma-am nopropyl triet hoxy5| | ane

(SI LQUEST A- 11006%y silangsq Far the pHioss ofsrﬁéew&#?m&w syrfage fepcliyity s requisd. 25

(111) Addigd ves Pamcularly, sitane condensation cataly§ed.d.| tfé’ﬁﬁuox?hﬁ@@lsas?wﬁ‘lﬁtbh?&é?ﬁmt S,
cat al ysts,"per oxi des astici zers, sol vents, accelerators,

retarders, vul cahffmemgﬁ'dgb'd@‘els pe-Jewdhan §0Qppm, or Gteﬁé?blblabﬁﬁés
whi ch may not be organof ungid apale c%&ﬁﬂa?c%m?ﬁ#ﬂ%&h@&fméﬁxhﬁ t‘?llo

oct adecyl tri al koxysi | anes, waxes or anot ack may
al so be meal exidn bthepigm §ihh Faddmmphealwama by be esmiand slmukrbcam) unt
used to inpart

on the adgor | ve PEREH P10 sk F Py elglor dika, 0 srrilo A BEA7 oy, “MoF oL
or less, up to RighD8Hine silicay For fhstherguidhice oh commlling surface conditidmayaat ch.
Meguro, K. and E. Sumi, K., "Characterization of the acid-base nature of metal
oxides by adsorption of TCNQ", Acid-Base Interactions, 1.17-134 (1991}, which is
35 incorporated ilerein by reference.

As a whole, the silica has a very low microporosity, as well as the low

absorbance differential at 3502 cm™ as defined herein, a BET surface area of at least
8
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{1V) Masterbatch 10
WO 97/ 07165

PCT/ US96/ 13250 Al though it is usually desirable
to carry as nuch silane as possible with fillers tgs?}xsz%) not
parti ci pat YAH® S nf orcement, in this case it is possibl &K 1

silane levels a 3 %.0f, , t bl.epd 2and as .hi gh as .80% or hi gher of the
bl end can '%6&/5%%% 'é%ﬁbtlx i@o‘? lrgrgfﬂ/%a qugﬁgié;ﬁ&rﬁtcﬁgx@f’gﬁd can

gont ai nhlo ]Eo gﬂlumil:nﬁﬁ; these eemigiéd fabtors are believed tbBentsibutd ©ahedbente bPsifile pPar t s

y wei ght the sjlane copponent. 5 .Processing ., .

Because si Pi ca, Peafipp i E’Pﬁ?’i’ﬁtﬁlbeS‘HPE’&IsB’acéﬂt%ﬁé’Fé}Vﬁ?m&éf?ﬂk‘f?ﬁFl}ai/

obt ai ned al ways prRRfedl ddfbhafibilét alll o A abBVOMBbrsOf Physi sorbed water, it nust
be dried of physisorbed water before the addition of the silane.

The drying operation can Bempleay silicas forsyeleperpessare despribedbinEsmopsanasst (e. g. ,
oven, agl t%’:)ed, PRGN NOS. 8836 36Y (i e%ﬁm@%ﬁﬁb&ie.—l’oulenc Chimie)gg }[f?é ?Orﬁ'in In a

conti nuous “process (e. ? rotating furnace, drying tower,
pneunati ¢ convehsmameof RhenecRonledc Bhityie) 2idi68J40 fin thermame lof BeGhssaiaG); y

meaoaonrytor « Rl art edrmid oy rdrchid S Ml St Slalss 1 °
A suitabl e dryi og HeRPRIZBOSIE 1165 MP silica ot REond-FolRhd. IGtherkinghae Hi-ISfil

t enper at ures ma¥ be used, but do not_provide better performance. a

dryi ng 33TekRrirase BPG epbYitkasih GRdromsDegyess. or i f tenperature

out si de 168 119hWilahés | S Used, the wat er content of the silica
before sil ane add’ition shoul d be the sanme as that when 20 obt ai ned at

equi | i bri um under 100- 1104mtrargapofimntional groupbubstituted sibane with.at least one

The dry silica jg .1 L e owder

bl ender, tunbl e!"5?’5’@%‘%?9‘%531@%'{;4‘&?%%8‘%?%‘?"%%§F{f g@?ﬁpﬁ%‘%ﬁ B&'\rAFg'é‘P)‘ 3 hi gh
speed " isishieablief I of usefﬁiel'aﬁnéﬂm)‘gdaﬁfmdﬁkﬁﬂl lgrlau;%lai‘e tﬁ&s;wl Mi&li9found in
continuousky onto siljca. A 25 articularly suitable process consists
of using silica®$thf F'I“WHF‘FX a’éd’l’@'ﬂﬂeﬁ"@r s‘é‘?ht%m‘ﬁ“ia_?mv s"“%de’ disulfide, peen
produced and dr péigkulifiediyl, fetyhdie, dreito, CArtdkAMSBInIN G Bo%y, RERRHAA 1 he
absorption of silane by si fica is faster at el evafed t enper-at ures of

bet ween 80 and thelike. 100[err]C. At lower tenperatures the tinme required

for addition is nuch I Ongﬁfe[og%%ﬁ?ﬂ%@ionmilanes of tHePsent HvediRABah ggﬁé}fngfiur €

versus a few mnutes at 100 ever

m nutes af@ necledic chemioaidoramiaze t he ni xture, which, preferably,
shoul d be free of |arge aggl onerat edyﬁgggi. where the particle dianeter
is greater than 1 nm At this time any HEITORS addi ti ves may al so be
added as whereig Ruis melivalehhalkylene, anylene hoarhlitylese gbdpoofd do 2 carbot  down and

shoul 58 B3 KR i o e B 0 rALDERT, Sl oY ©°
25 I to 10 carbon atoms; R” is a monovalent alkyl, aryl or aralkyl group of | to 12
carbon atoms, wherein one or more of the carbon atoms can be replaced with a
heteroatom, such as oxygen, nitrogen or sulfur; Y is an organofunctional group
selected from the group consisting of mercapto; sulfides and polysulfides of the

structure R***-S,- where R**’ is a monovalent alkyl, aryl or aralkyl group of 10 20

30 carbon atoms or the radical -RSiR",(OR™)3., , and x is 1 to 9, which resulting
. molecule must cintain at least one alkoxysilane bond; other bis, tris and higher
silanes with sulfur or other heteroatom linkages in the groups between the alkoxy
. - silane groups; vinyl; acetylenyl; carbonyl; amino; alkyl, aralkyl, or aryl substituted

amino; ureido; thiocyanate; thiourea;epoxy; hydrogen and the like; and a is an
g
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i WO 97/ 07165

PCT/ US96/ 13250 preparation wthout detrinent, but the use of
watertight containers is preferred, in order to mnimze this
° phenonenon. 1 Appl i cati ons The

present i nROETHMGS Ry be used to deliver silanes that ar ECTUSYAR2N0 | ) |y
by thenselves liquid but in accordance with this invention are carried on a
dry carrier intdnegsrand istly | of 2.f Inl some cprss lomomoleculariweight condensaies of suelt ches
~according to slanes tbggs@resent i nvention are suitable for use in white,
col ored and. bl ack T ubbe astic and other reinforced or filled
conpounds ahd nec hanl cal B&amlzles oﬁsm@mmreg‘i-mamtopmpylmmethoxmmp,&s tires,

"shoe soles, butt f

The term *r ubberSesp by bl bif FErkBRiy bR o fun s,

toit inthis fi@ﬁyﬁr:mﬂaxysﬂmmsinyl mazhom{lm‘emmg tﬁs—(mmlahommpxy)édalﬁq alif one
or nore el ast n | Qna Ltigna i ona

addi tives. Bui tﬁ@@'ﬂ@tﬂ@@%’%%& &t}és, &FF" &WBW{?Y |°26f“l'h“§yﬂqrel d;
exanpl es i ncl ud S ! e[l yk ne,
natural rubber, q‘r?g%%’ri%?\%ghﬁo?}yl eng-propy Iedr?éﬁrﬁ)g ’erﬁﬁgp&)méﬁ g@ﬁ‘gm

l i ke. 172 silanes, respectivelyThédunctionsd shbﬁaﬂmxo&melicmﬁl silpxes) sth asnt er est
in lowrolling resjstanc ut onot A sanple tire
tread fornmul a? i oW E?pmr?g‘medlg "15‘8‘/”9@?‘[’\? ?BAPY pmpy @mféﬁaﬁlgﬁgéﬂ‘egwy l'ica,
BUDENE 122{ ci s-virpfl Mwmﬁﬁxww hissbé used. VN- 3, SUNDEX 790
pl asticiz (Sun Co.), c .oxi . de, eayr | I d U

anti oxi dant (distributed Es?f%e'fgévgfh“féﬂgﬁf%s 68%1033 N—“’F’I"c@dﬁﬁ‘?ﬁ’tﬂhyl

butyl)-N - tes, parfiAa suiiﬁr-ml\flh@ Qﬂﬂic@&ﬂb@ﬁwtaﬁlﬂxm&le two or three ethoxy
N-tert-butyl-2- benzoth| azol esul f enam de (TBBS), diph eny guam di ne

(DPG), and N343 og higherrmalequdar weight alkoxy groups on each silicon atomy; spchanipr example

applications | | gg ﬁ parts,
t he master tches pr w@‘glyglﬁe@ y wa 5%?3 &%@B%sﬁgipmp “r?gas\?ﬁ i _Pe;r
affecting (e.g. mhﬂtylhheﬂmg)sﬂ;ﬂimpyibte@nsuﬁﬁdct h&(s-tnedioxymlglpropyf)dwudﬁdq) béxx(3- shoe

Syrene but adi ofE TR ImcBRI A G ek RIS i né?ﬁi{ene

bi s- (4- et hyl - -2t(3hﬁéwéxyamrsqhémyigmybuhﬁra@sulﬁde, bis-(trib@beRyimen@Nht heni ¢

oil, sulfur, t- but?/ benég fenam de, TBBS, . and 10% sil ane
mast er bat ch ( c aldisylfedus mﬁ@)’@@ﬂ?"&%‘ﬁ’fwygldfs&ﬁ@%n silica.) 35
12 20/0 9y %%pmpyimethoxysﬁane, and thioureidopropyl-tris-(isopropoxy)silane,

PCT/ US96/ 13250
Epoxy and aminosilanes are also suitable for use herein, although

they are inherently less stable. For example ganmima-aminopropyl triethoxysilane
(SILQUEST® A-1100™ silane from OSi Specialties) may also be used.

25 (i) Additives

Additives, such as antioxidants, catalysts, peroxides, plaslicizers,

solvents, accelerators, retarders, vulcanizing agents, processing aids, other silanes
which may not be organofunctional such as octyltriethoxysilane or

30 octadecyltrialkoxysilanes, waxes or another filler, like carbon black, may also be
present. Any such additive may be present in an amount used to impart the
particufar function of that additive. Depending on the additive and its function, the
amount can be 1% by weight or less, up to 20-50% or higher by weight of the
masterbatch.

35 (1V) Masterbaich

10
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Exanpl es The foll ow ng exanpl es are descriptive

of the present invention and are not intended to be limting.
Conpar ative exanples are included to highlight the benefits
provi ded herein. 5

Exanpl e | WO970716s Into a 20 liter stai MEeSNBH

reaction vessel equi pped turbi ne agitator having

ith a, Li.ghtnin, .
6 bl ades and 4 counter- bl %é‘?‘*&!‘ ﬁ%%ﬁlyaﬂeswle'&ﬁa"&ascmmselaneamossmJ acket

Heating system wafl fitida iR doabt z;aﬁtvqﬁwmtramaﬁreaiew ﬁltﬁﬁ@aéé"utl??@sgibfﬁhéton 11.7
liters of dl]'il;IHEd wat er and liters of agueous sodiumsilicate with a )

Sigerr] to Naf efifapelevelsaslow as % of the bkﬂ@awsﬂléghlaaﬁﬁ%m highentif ity tdetdl ogn ans
silica per liter ?e Cﬂ?%?eni %?ﬁ@gﬁ?ghc%on% flﬁwlleixd can con m 1’6%'5@{:%@%%7 Wb e@ﬁ’gft 0

90[err] + 1 [err I n abou nut es e narn ai ni ng
of agitation at @sGilicpandihto &0parts byrpeight ofithe silan®Ginponint-+ 1 [err]C an

aqueous sol uti ONnp. p‘I& ?n sul furic acid containg 366 grans sulfuric acid
8

per.liter was add rate of 12 nm per mnute to the m xture
by nmeans of a metering puriBecausesilica, eventhe ¥ftbiahtypé disclosed herein, AAdhalRn
started was calleéj Li zero. After 37.5 mnutes, the addition ofthe

sul furic obt ARALS "é’t“@ﬂﬁéé‘gmﬁ?émﬁm%‘r of plysisotred Svatsa ‘E’@“ﬁé&éﬂﬂbr 15 -

m nutes and thengg gétbed wat ﬁél’dﬁ%@ad'aﬁiowor% {
agai n added to the‘mr%s'xt uer ew%fr a flowrate of sfnc! hﬁeﬁiﬁﬁ%hﬁu@:%ﬂ nut e

for a perigg of Wadawitheriag bajch prmssxsghovﬁnmmretedammm,rfmdrmﬂ ogfumble-
aqueous solution f [ was
Rdded. After | orse bk Airia BloBE (e, athy Mchidt, Fuifl Bfr ot (O

si mul t aneously qusmmt:wwegbrmr flili28 bed). Al&nuglﬂmtmild&hummtylauho@neﬁf 366
granms of sulfuri | ter at fl ow,rat

mnute and a fr @ﬁ'ﬁ%?'gﬁgf’g‘a’8§'8|"(‘]§‘?tg’ﬁ“ . U %Wfﬁawcfa%em“?ﬂseé’f ﬁ?eq err]
to Na[err] O inventionati o of 3.25 to | and a SI I i ca concentration of 55
grams per ister at a flow rate 0 er mnute. The pH of

f
the mixture was 7.5 + 0.24A b@&m‘lﬁ‘f’@?%‘i"!ﬁ?’swﬂ“ tod 406+ i Highstas added t o

the mxture at ae&bwure%tnay% léetﬁbmdo%f laybazeypérrdmhﬁb%. Ifadrying M Xxture
pH was 3.5, or for approximtely m nu he slurry was thenfiltered

and washed with !vﬁmleto&weﬂmm\#&m mrsed erd&remm&m gtaide HOH1 mace m;ecam ng
precipi tation. Thge O Al ¥The afnfaf%ef r&ﬁl&%ﬁé}&%@ﬂ%ﬁﬁ% shrﬂé 0.129

liter of the sodium su e SO and of t he
slurry wase@dj ustbtinedmt aquitibriien under 100-1 103€, Gid%tmesphericquiéssure. hydr OXI de

the silica

j\glr gt ton. The silica was qrhle?lxdy snl};:r%?s ﬁa@eﬁ?ﬁ:g Elrem%[r' &E a lfow sgecd powder WO
97/ 07165 blender, tumble blender, helical ribbon blender, plough blender, or high speed

PCT/ US96/ 13250 blender). Silane may be added in all at once or continuously onto silica. A

25 particularly suitable process consists of using silica still warm, immediately afler it
has been produced and dried as part of the silica production process because the
absorption of silanie by silica is faster at elevated temperatures of between 80 and
100°C. At lower temperatures the time required for addition is much longer (several

hours at room temperature versus a few minutes at 100°C).

% Several minutes are needed to homogenize the mixture, which,

. preferably, should be free of large agplomerated particles where the particle diameler
is greater than I mm. At this time any additional additives may aiso be added as
required. The mixture should be allowed to cool down and should be packaged in

35

water-tight containers. Some water may be re-adsorbed from the environment afier

Aa3
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s Characteristic Val ue BET surface area

91 merr]/g Water loss at 115 [err]C 20. _7% 5
_Surface charge 0.137 Cnferr]

95.0 % Na[err] SO err]

6.5 WO 97707165 Into a w de-nout hed jar ié@sﬁﬁf#sé’d 35
grans of the silica. The o jar and silica were placed in a

ventil ated oven §@Pa'3¥°“1‘1'§‘°[“bﬁ"?"]"€°¥to‘?“tMﬁu?fswa‘%@“f’@?‘“‘aﬁa is preferred, in - 5 | j ca
were renoved frogidel® mikfizeWi phehdhddn, An anount of bis-

triethoxysil yI propyl tetrasulfide (TESPT, SILQUEST[err] A-1289 silane, CSi-
Special ties A Wtco Corrpany) exactly equal to the weight of dry silica was
added g Ot silica in one portion. The jar was closed and

t he contents shak R rranually 20 for 1/2 m nutes. The resulting
conpound was a bei ge, dry, Thepeaseritlimuention may bedised togleliver silanes that neom

aggl orrerates W t S er..than 1 amneter. that di.d not
Serek Doy HaTB} Gt e ol A roriet i BT lin e et On
anbient te rrper at teyeanieflinto a variely of filied peigmbrsid mﬁﬁﬁﬂﬁdﬂ@dmbat&hes accBfding to
extractability vv;?s determ ned for t e mast er bat ch aﬂi It was
stored for 3 andMEBrege}invention gre gutable foruse in wiils; colpr Mﬂ?ﬁb@”lﬂ“ﬁ‘%om
ot her exitl Gthed SeinfBrckd o filldd doiﬁp»sumdn&ﬂmwm ;p@ﬂs RESrhSHARY Gme VT €
determ ned after four to el even nonths of stora

The ext racapon t Bich aptivgs, shocrsojoshmttons, &nMDs,mnresa&mb&m@;htwacm on 30
apparatus. “I'nto the cartr OE f and
180 grans of dry@g yt|cb%’&%qd%q’g%{etong]gv%%gﬁbﬁ&ﬁhy%%hﬁq

fl ask. The acet otwdl inthis field ax s campasition containing aumajoripeayoaiibntaf onedd mareusi ng an

hours- The.cart r aEsanen araponalf atat etpelFRyFL SFeBh sommarn osi on-

35 proof owelhkadin inthid fidesahiplds Qmaxdeeny&haaﬁmmmghbbertmN\BI ght | oss
was cal cul aged as  a percent of extractable silane. Using the above
procedure, the e&qu%qdygp,@aml gﬁtg:e&flpgqrene ethylene-propyiene rubber (EPR), and the

14 WD 97j;a7165

PCT/ US96/ 13250
These masterbatches are of special interest in low rolling resistance

automotive tire treads. A sample tire tread formulation may include 10% active
20 silane based on silica, BUDENE 1207 cis-polybutadiene, ULTRASIL silica VN-3,
SUNDEX 790 plasticizer (Sun Co.), zinc oxide, stearic acid, SUNOLITE 240
antioxidant (distributed by Sovereign Chemical Co.), N- (1, 3-dimethyl butyl)-N'—_
phenyl- p-phenylenediamine, sulfur, N-tert-butyl-2-benzothiazolesulfenamide
o5 {TBBS), diphenylguanidine {(DPG), and N343 carbon black.
In many other applications like shoe soles and colored technical -
rubber parts, the masterbatches provide an easy way of adding a silane without
affecting (e.g. darkening) the color of the final item. An exemplary shoe sole

formulation may contain cis-polybutadiene, natural rubber, styrene butadiene rubber,

30
zinc oxide, stearic acid, 2-2 methylene- bis-(4-methyl-6-t-butyl phenol), diethylene
glycol, naphthenic oil, sulfur, butyl benzy! sulfenamide, TBBS, and 10% silane
masterbatch {calculated as percent active silane on silica.)

35
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i3 and 15 days of storage were 49.6 and 42.8 percent of total conposition

wei ght , respectively, or 99.2 and 85.6 percent of the |oaded
si | ane. 1 ' Exanpl e 2
"The masterbatch was prepared according to the procedure given in
Exanpl e 1, W&IOH65t hat t he 907 grans of redispersed sili gﬁ"%’ﬁ’@’ﬁ?xed with
25.9 nml of a solution of 350 gram sodium sul fate per liter and
the pH of the 's|kExamplesas adjusted to 9. The characteristics of
the silica were: Characteristic Val ue 10
BET sur.fac elar ea The following exdniflesigre degetiptive of the presentiditention migls at

0,
(1)12 3E)e E/r ]r'r{Cer r] apgnot intenlt%fi& lé/e(; llinfxiting. Compasriljtgnfeaegigmglgsa ard included to highlighbthe
Na[err] SO err] benefits provided herein. 0.01% pH
9.0 20 The extractabl e silane values fromthe
mast erbatch after 3 and 15 days of storage were 48.3 and 41.5,
respectivel$ or 96.6 and 83.0 percent of the | oaded si |l ane. 25
Exanpl e 3 The Emampledat ch was prepared according
to the procedure given in Exanpl e 1, except that the 907 grans of

redi spersed silica were ninted20MitenstdinieSs sidel reaction vessebéquippedivith a Lighndin 350
Phe pH vas. ac; udti@tpeior e SHlReg o4 SpleE oBien podiast 1 fpdagtouble- 55"
15 1o  Jacket heating sysiem were charged at ambient temperature and with agitation 11.7
liters of distilled water and 2 liters of aqueous sodiumm silicate with a SiO; to Na,O
ratio of 3.25 to land containing 370 grams silica per liter. The temperature of the
mixture was raised to 90 ° + [ °C in about 30 minutes. While maintaining the speed
of agitation at 350 rpm and the temperature at 90° + | °C, an aqueous solution of
15 sulfuric acid containg 366 grams sulfuric acid per liter was added at a rate of 12 mi
per minute to the mixture by means of a metering pump. The time at which the
addition started was calied time zero. Afiler 37.5 minutes, the addition of the sulfuric
acid was stopped. The mixture was allowed 10 seed for |5 minutes and then the
20 aqueous solution of the sulfuric acid was again added to the mixture at a flow rate of
12 mi per minute for a period of 37 minutes. In the 75th minute, 1.34 liters of an
agueous solution containing 350 grams of sodium suifate per liter was added. Afler
89.5 minutes, the reaction vessel was charged simultaneously over a period of 40
25 minutes with a solution of 366 grams of sulfuric acid per liter at a flow rate of 5.9 ml
per minute and a freshly prepared solution of sodium silicate with a SiO; to Na,;O
ratio of 3.25 to 1 and a silica concentration of 55 grams per liter at a flow rate of
76.1 m) per minute. The pH of the mixture was 7.5 + 0.2. The sulfuric acid
30 solution was added to the mixture at a flow rate of 5.9 ml per minute until the
mixture pH was 3.5, or for approximately 10 minntes. The slurry was then filtered
. and washed with water to eliminate. the sodium sulfate that formed during
precipitation, The 907 grams of silica were redispersed into water, 0.129 liter of the
' sodium sulfate solution was added and the pH of the slurry was adjusted to a value
35 of 6.5 with sodium hydroxide solution. The silica was dried. The characteristics of

the silica were
13
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PCT/ US96/ 13250 Characteristic Val ue

BET surface area 114 nferr]l/g 1 Wat er | oss
at 115 C 0.8% Surface charge

0. 164 C/ ni eVPPTOTI6S 5 Sigerr] PCTAUSY32H0/,

Al 0.1% Na[ err] SO err]

0.0 1% 10 " pH 7.0

The extractable silane fromthe nmasterbatch after 3 and 15 days of
storage werg 47. ChamaelenisticA percent, resp¥alévely or 94.2 and 92.8 percent

of the | oaded silane. 15 _ _
Exanpl e 4 BET surface area The mesitm¥pat ch was prepared according to
the procedure given in ) Exanpl e 3 except that the pH of the
redi spersed sil i oadasssadigeped to 9. Thgy 7920 characteristics of the -
silica were: 25 30 35
5 Surface charge 0.137 C/m®
- SiO, 95.0%
Na;SO, 5.0%
10 pH 6.5

Into a wide-mouthed jar was poured 35 grams of the silica. The open
15 jar and silica were placed in a ventilaied oven set at 115 °C for 4 hours. The jar and
silica were removed from the oven and weighed. An amount of bis-
triethoxysilylpropyl tetrasulfide (TESPT, SILQUEST® A-1289 silane, OSi
Specialties A Witco Company) exactly equal to the weight of dry silica was added
20 to the hot silica in one portion. The jar was closed and the contents shaken manually
for 1/2 minutes. The resulting compound was a beige, dry, free-flowing solid, free
from agglomerates with diameters greater than | mm in diameter, that did not stick
to the container wails. The masterbaich was cooled to ambient temperature and
tested for exiractability. The extractability was determined for the masterbatch afler
25 it was stored for 3 and 15 days in a closed jar at ambient temperature. In some other
examples, extractibility and compounding performance were determined after four to

eleven months of storage.
The extraction test was performed in a 100 ml Soxhlet extraction

30 apparatus. Into the cartridge was placed 30 grams of the masterbatch and 180 grams
of dry analytical grade acetone were placed in the flask. The acetone in the extractor
was heated to reflux using an oil bath set at B8 °C and the masterbatch was extracted
for 2 hours. The cartridge and the extracted material were dried in an explosion-
35 proof oven set at 110 °C to a constant weight. The weight loss was calculated as a

percent of extractable silane. Using the above procedure, the extractable silane after

" 14
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PCT/ US96/ 13250 Characteristic Val ue

BET surface area 72 mMerr]/g 1 Water | oss at
115 C 1.5 % Surface charge :

0. 115 ¢/ n{¥PPe7IEs o Sigerr] PCTIUSS328 994

Al 0. 099% Na[err] SO err]

0.01% 10 : bppd 15 days of storage were 49.6 and 42.8 percent of tota) composition weight,

The extractabl e migedipfely, 0P99.2 Afd 896 betdrbelle Rhi&l siBn@nd 15 days of
st orage vvasl49. 3 and 48.2 percent, respectively, or 98.6 and 96.4 percent ..

af the | oaded sil ane. 15

Exanpl e 5 The nE'Exg?g'llst%atch was prepared according

to the procedure given in_ anple 1. excgpt. that the 907 grans of
the redispersed silica mﬁgemaﬁtgﬁ’afﬁﬁi“ﬁggﬁpﬂed“mﬁﬁ%ﬁtnﬁ%? TBEVE Yo ut i on
of 350 grans of mm,wéég@nﬁtmesowtaﬁ&oﬁﬂdis €a stifca Werédhixed with 25.9 m30di UM
al uni nate afd the pH was ust ed ‘Eio 9. The ?iteeggacteri stics of the silica

wer e 25 of a‘«)sgkullon o 3&0 gram sodium sulfate per nd the pH of the slurry was

adjusted to 9. The characteristics of the silica were:
Characteristic Value

10 BET surface area 170 m/g
Water loss at 115 °C 13.7%
Surface charge 0.230 C/m?

15 SiO, 99.99%
Na;S0,4 0.01%
pH 9.0

20 The extractable silane values from the masterbatch after 3 and IS
days of storage were 48.3 and 41.5, respectively or 96.6 and 83.0 percent of the
loaded silane.

25 Example 3

The masterbatch was prepared according to the procedure given in

Example 1, except that the 907 grams of redispersed silica were mixed with 25.9 mi

30 of a solution of 350 grams sodium sulfate per liter and 2.76 grams sodium aluminate
and the pH was adjusted to 7. The characteristics of the silica were:

35
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PCT/ US96/ 13250 Characteristic Val ue

BET surface area 94 nferr]/g 1. Wat er | oss
at 115 [err] ’ 1.4 % Surface charge

0.141 O er&?smlmsss Sigerr] m’"ﬁ%"%ﬁé’

Al . 0. 094 Na[err] SO err]

5 0% 10 'pHharacteristic Yalue 9.0

The extractable silane fromthe nmasterbatch gfter 3 and 15 days of
storage was ¢9.2 BRHsurfrcoassar cent, or 98.144®¥Y8 98. 4 percent of the | oaded
si | ane. 15 ‘ Exanpl e 6

The nast er bat ch Wateplospeatrldd®ac€or di ng t o &8% precedure given in
Exanpl e 5 except that 13.8.granms of sodium alunm nate was mxed with the

redi spersed sili cSurfadd\¢haggear acteristics ofp.teacymt | i ca were: 20 25
5 sio, ~ 99.89%
Al 0.1%
Na,S04 0.01%
10 pH 7.0

The extractable silane from the masterbaich afler 3 and 15 days of
storage were 47.1 and 46.4 percent, respectively or 94.2 and 92.8 percent of the

loaded silane.

15
Example 4
The masterbatch was prepared according to the procedure given in

Example 3 except that the pH of the redispersed silica was adjusted 109. The
20 characteristics of the silica were:
25
30
35

16
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WO 97/ 07165

. PCT/ US96/ 13250 Characteristic Val ue

BET surfa 105 nferr]l/g 1 er | oss at
1 15 [err]c"i"%;’sll’{%‘is 1. 4% Surface charge PCMJS%'}Q%B

0.153 O nferr] 5 . SiJerr] 93. 5%

Al - Characteristic 0. A¥alue Na[err] SO err]

4.9% 10 9.0

H :
The extrac4 abl eggTFme#%mthe mast er J2me¥e after 3 and 15 days of
storage was 48.5 and 48.3 percent, respectively, or 97.0 and 96. 6 percent
of the Whsalbsglatdils e, 15 1.5%
Conpar ati ve Exanple 7 _ The mast erbatch was prepared

accordi ng to tisurfeodReidre given in 0.115 C/pPxanpl e 2, except that the pH
of the redispersed silica was adjusted to 7. The '

. 5 sio 99.69%
Al 0.099%
Na;SO4 0.01%
10 uH 9.0

The extractable silane from the masterbatch after 3 and 15 days of

storage was 49.3 and 48.2 percent, respectively, or 98.6 and 96.4 percent of the .

loaded silane.
15
Example 5
The masterbatch was prepared according to the procedure given in
Example 1, except that the 907 grams of the redispersed silica were mixed with
20 (1.129 liters of a solution of 350 grams of sodium sulfate per liter and 2.76 grams of
sodium aluminate and the pH was adjusted to 9. The characteristics of the silica
were:
25
30
35

- 17
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=20 characteristics of the silica were: 25 30 35
19 WD 97/ 07165

PCT/ US96/ 13250 Characteristic Val ue
"BET surface area 104 merr]/g 1 ter |oss
at 115 [errWO9707165 17. 4% Surface char gepcrmsm\{?zs
0.153 G/ nferr] Si o 99. 99%
Na2So4 * Characteristic 0. 0 Malue pH
7.0 10 The extractabl e 2si | anes fromthe nmasterbatch
after 3 and {5 daET edrface area 94 m'/g

Water loss at 115°C 1.4 %

Surface charge 0.141 C/m?

2 si0, 94.7%
Al 0.094
Na,S0, 5.0%
10 pH 9.0

The extractable silane from the masterbatch after 3 and 15 days of
storage was 49.2 and 49.2 percent, or 98.4 and 98.4 percent of (he Joaded silane.

The masterbatch was prepared according to the precedure given in
Example 5 except that 13.8 grams of sodium aluminate was mixed with the

redispersed silica. The characteristics of the silica were:

20

25

30

35
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-storage were 39.5 and 33.8 percent , respectively or 79.0 and 67.6 percent
of the | oaded sil ane.

Conparative Exanple 8 15 The mast erbat ch was

pr epar ed accordln to the procedure given in 2 xcept
that the p g redi spersed silica was adjusted to 4. ggpzlmg/ns(?
characterlstlcs of the silica were: 20 Characteristic

Val ue Ghamcterigticace ar ea Valye 110 n{err]/g

Water |loss at 115 [err]C 30.1 % 25 Surface charge

0. 159 C/n{gr] BET surface argi (2 105 m%g 99.99 %

Na[ err] SO 0. 01% pH :

4.5 30 Water lossat 115°C The extractig®e silanes fromthe masterbatch
after 3 and 15 days of storage were 26.6 and 25.5 percent,
respectively, OKyFReek aigg 51.0 percent 0f jsBeym? | oaded silane. 35
20 WO 97/ 0716

PCT/[ US96/ 1350 Exanple 9
1 $i0, Commerci al |y avai |9§t§|/§ silicas were prepared as a

sel f - supported pellet. The si |IS% was ground in air with agate
nortar and pestl"‘el for two m nutes. % Sj xt een mlligranms of the
ground silica vvas | aced in a standard IR eIIet maki ng di e

assenbly (PMA) sting of a cylinder,4.8 netal die pellet and a

| onger rod 5 (plunger) which rests above the metal die pellet inside
t he cyllndg} of pHhe di e assent®.9. The silica, sandw ched between
the netal die pellet and the rod (plunger), was pressed using a

Carver, Inc. Mdel C presphddxidétle ARHEHEmAROMaREbAEh 402 3 And PDdays of

di arreter rod (plunger)in the die assenbly.
slorage was 48.5 and 48.3 percent, respectively, or 97.0 and 96.6 percent of the

loaded silane.

15
Comparative Example 7
The masterbatch was prepared according to the procedure given in
Example 2, except that the pH of the redispersed silica was adjusted to 7. The
20 characteristics of the silica were:
25
30
35
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10 The 0.5" dianeter self-supported silica sanple pellet was
renoved fromthe PMA and transferred to a magnetic stainless
steel hol der consisting of two 0.906" di aneter nmetal washers held
toget her by awgiodghgs 2-56 x 3/ 16" stainless steel Unified

Nati onal Course Thread screw with its center |ocated 0.352"PCrusea32se cent er
of the 15 waégg{cle%%aenbl y. Both washers when assenbl ed have a 0. 375"
di anet er openi ng. € One washer was¥algechined to a dept h of 0.045"
and to a dianeter @é_{.gu 20" to provide a recessed area for the
sanpl e pelletl The ot he B Sher was pl aced0#wdig t he , washer hol di ng
the silica pellet @gnd the screw |lightened. 20 The
silica pellet in i g“"”Bf%ﬁer% pl aced i nt b74%e activati on chanber

of a pyrex IR cell. The use.of an IR cell and the self-supported pellet

t echni que was Surface changet descri bed by @15k cnpmoel | . The IR cell

consi sts of $pyrex tube 7.5" long sea(ed and flattened at the
bottom (acti vati o8i@hanber), an 8" |ong PY%5 3o "arml or 25 flat tube
of rectangul ar cross-section having di msnsfon'é° 10 mm OD x 28 nm OD

whi ch is seal ed aNasgg,i ght angle to the uDBﬁ" (open) portion of the
activation tube : with the tube hav‘[;’ﬁflat sides parallel to the
pl ane cont ai ni ng f,ﬁe axis of the pyrex : tube (vertical plane) used
to activate the silica pellet. The other eh® of the flat armis 30

seal ed and Dgs two 0.5" bore holes, one on each side which are covered by
t wo ' cal ci um f | uor il0€ exirasteblesilanes fron thmh&t&bi&l?&ﬂeﬂhﬂﬁ@l&s&&% es
using Pliobond cesmsge.wm39.5311d3T§|serg$gn end.oi the IR cell consi of a
29/ 42 female taperjoint. After thetsiTl cxpectively or 790qnd 67 Gipercpitat e i nt o
the activation cH QF“”Q‘Bottom of the tube), the connection is

made at the taperjoint by sealing with Apiezon "N' grease to its mating

mal e j oi nt which is part ofCéefnadase R ntaining a V-4 stopcock
and 18/9 ma¥® ball joint. afpiE

21 WO 97/ 07165 The mast . i

PCT/ US96/ | 3250 masterbatch was prepared agqording,to fs pregedure given itol der

resting at the bGrRBRESsexcont t%theu&wfabredispersedsnicswmﬁ.rs;aafma?eﬂ,ﬁ cel |
] T 23

was activated i neharitdriéticdbrthe 1Al (el &ONt | NUOUS) punpi ng” at
[err]C for 15 mnutes using a vacuum mani fold with diffusion punp and

evacuat ed . ressure of 10Q[err] Torr. The sanple pellet was
20 Charactér p nple p
0o ¢ hSAqeiiae

t hen noved earm Yalue)ot ween the cal ci um fluoride
wi ndows using a ﬁg‘ﬁ%ﬁh oul;si de the cell. Twg FTIR 5 spectra for the -
silica were obtalned altardinserting thdl@ rmof the IR cell into the

| R beamin the Wllg chanper of a BIO-RAD FTS-65 FTIR spectroneter, and
after AESEPS A A& sane pel | et 36.6%.05[ err] C and 500 [err]C. The
first FTIR spectyum was taken after heating the silica pellet
for | hourdbat 1 P?ejchff’ESFr and 105[err] @.1s9kpm3econd FTIR 10

spectrum was taken after further heating the sanple for 1 hour at 200[err]

C, for I hour SiO: at 300[err] C, fogrgg9k, hour at 400[err]C and finally
for 1 hour at 500[err]C at 10[err] Torr. There :
Na,S0, 0.01%
30 PH 45

The extractable silanes from the masterbatch aafler 3 and |5 days of
storage were 26.6 and 25.5 percent, respectively,

or 53.2 and 51.0 percent of the
loaded silane,

35
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were no air exposures between treatnents. Sanple pellets were then wei ghed
I mredi ately upon exposure to anbient air. 15 The
ETIR spectra were recorded and the absorbance data conputed in

the foll ow ner: The FTIR spectrumin

absor bance \r}gg%égsr ded for the silica after 10 @fs?ﬁ't%%d again
after 500 [err]C referenced against the spectrumfor the enpty IR cell 20
wi th calciumfluoride wi ndows and enpty ;&m&&ﬂﬁol der.

The absorbance spectrumfor the silica after heating at 500 "C was
subtracted fgom the absor b&ievenesgigiiyt availabiieosilicals avers preparedat u self-hupportedy at 105
[err]C. A N traction specttund, wa ener at ed i t he, Bl O RAD
software at the g]le{.%s@%@grﬁ 6%‘?@?.3"' wrﬁh agaengo an pestleuf%r&%mmyﬁé.
absotbance di f f erSinteemnilfigiamt bEh6 glouad sitits wagsisded ifla &endalddR pellet making die

di fference between t k. absorbance at ,3502 cnferr nd the zero
absor bance asseming fiheonsigtin a?&%‘a@?d&‘%‘ﬂgﬁeﬂwa 98 mal i zed
absorbance dFff er@higarh whichdestQbove the Imalalide el ikl 8 L1RBa A MY G5 vier @

e we

corrected (normalized to a 14.5 m]igram pe i i g usi ng
the equation: assembly. The silica, sandwicheshetwaen theapeipldie pelieteng the rod (plunger),

m | ligrans/ wei ght | e dYirde | 8 '
absorgance di f?er%ﬁq%agla&%@éﬁb%gubﬁse@g I%aa%sgo%‘éaﬂﬁm ‘ht"ﬁ'srz

t echni que. diameter rod (plunger).in the die assembly. 22 : VO
97/ 07165

PCT/ US96/ 13550 The 0.5” diameter self-suppdhéd dildal savpRPelled Maremoved frohQhd h t he
absor bance par arrﬁgﬁr f&r ZEOSIL 1165 MP silica and for several
other silicas. THeAZBf tansfertpddet magnstic stanigss steal holder cpagistng of SWQRO06” t he

silane, bis-(3-t rdifhdiermighll wisherORoid ?o?@tilé@lﬁlﬂ it #8256 4137k 6B Siafitelss ﬁﬁé} ¢hhified
froma silane masterbatch thereof with each indicated silica. These dat a
show that a Nationgldsoursk Thresd sayem svithdisicerterdpedted 0.331 fromdbeeenigriofithiei gh
extractabiligy. » g E1l
AbSOr bance wasfer assemb%. Ig?tﬂ? \évg%hgrgiwhlefx f}ssembled have 20375 glzrnllectear op-gf?lﬁ .
Differenti al One washer was nakchieed tha dépthof 0LM45” and tadadiandter bf GES20P to

1.12 provide a rectzsst:d9 a%ea for the sample pellet. The other washer was placed over the
washer holding the silica pellet and the screw tightened.

=20 The silica pellet in its holder was placed into the activation chamber

of a pyrex IR cell. Theuse of an IR cell and the self-supported pellet technique was
first described by C. L. Angell. The IR cell consists of a pyrex tube 7.5 long
sealed and flattened at the bottom (activation chamber), an 8” long pyrex “arm” or

25 flat tube of rectangular cross-section having dimensions 10 mm OD x 28 mm OD
which is sealed at a right angie to the upper (open) portion of the activation tube
with the tube having flat sides parallel to the plane containing the axis of the pyrex
tube (vertical plane) used to activate the silica peliet. The other end of the flat arm is

30 sealed and has two 0.5” bore holes, one on each side which are covered by two
calcium fluoride windows sealed to the flat glass surfaces using Pliobond cement.

: The open end of the IR cell consists of a 29/42 female taper joint. Afier the silica

pellet is placed into the activation chamber (bottom of the tube), the connection is

35 made at the taper joint by sealing with Apiezon *“N” grease to its'mating male joint

which is part of an assembly containing a V-4 stopcock and 18/9 male ball joint.
21
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{ Rhone- Poul enc) H -S| 233T-LD 1.21

100 15 (PPG Utrasil VN3 SP GR 1.22

96 (Degussa) 20 ' Silica prepared

1.08 99 (after 3 days) in rns)l e 4 25
Hi-Sil 233 (‘WR&joTIes 1 43 periisin

H -Sil 233 (repeat) . o0 36

Dur osi | ( Degussa) The silica pblkt m)ﬂé hﬁlder resting at the bottom ot the act§@t0:180

Conpar ati ve ExanDbgantber of the IR cell was activated initiall tipu t
*-The fi nal getivation at 500C. for this san‘i{ g namwc()?\og wus)’opuﬁg’%a
35 23 °C for 15 minutes vsing a vacuum mantfold with diffusion pump and evega®d107165

5 o ol 11 oa( ze A T=YEE I Tor, The wmpe gl wes thenmovsd oy SRR 1©
France) with the betbvbmﬂmgttmumnkwhdmmdows usings magneﬁt&idulhﬂdlls mwb FTIR
Val ue 5 spectra for the silica were obtained afier inserting the sidearm of the IR cell into the
IR beam in the sample chamber of a BIO-RAD FTS-65 FTIR spectrometer, and after
heating the same pellet to 105° C and 500 °C. The first FTIR spectrum was taken
after heating the silica pellet for 1 hour at 10° Torr and 105° C. The second FTIR
spectrum was taken afier further heating the sample for 1 hour at 200° C, for 1 hour
"at 300° C, for | hour at 400°C and finally for 1 hour at 500°C at 10° Torr. There

were no air exposures between (reatments. Sample pellets were then weighed

10

immedialely upon exposure to ambient air.

15 The FTIR spectra were recorded and the absorbance data computed in

the following manner:

The FTIR spectrum in absorbance was recorded for the silica after
105 °C and again after 500 °C referenced against the spectrum for the empty IR celi
20 with calcium fluoride windows and empty pellet holder..

The absorbance spectrum for the silica after heating at 500 °C was
subtracted from the absorbance spectrum for the silica after heating at 105 °C. A
“subtraction spectrum” was generated using the BIO-RAD software at the
25 spectrometer.

The absorbance differential for the silica was measured as the
difference between the peak absorbance at 3502 cm™ and the zero absorbance
baseline in the “subtraction spectrum”. The normalized absorbance differential ( A¢

30 ) data for all silica samples were corrected (normalized (o a 14.5 milligram pellet

weight) using the equation:
= Aq° (14.5 milligrams/weight of sample in milligrams)

35 where A,” is the absorbance differential that was measured using the FTIR
technique.

22

SUBSTITUTE SHEET (RULE 26)



BET surface area 180 nferr] / g CTAB

surface: 160 nferr] / g 10 BET/ CTAB:
1.125 DOP adsor pti on: 270 m / 100g
Water | oss at 1051 err]C 6 % 15 Loss on ignition
at 1000[ er r Q9707165 10. 5% Si oe: PCT/USH6/13250

98. 5% Al[err]Jerr] L 0.4% 20

pH: ' ' The following T4BIE I kelé forthdh&absorbance parametenfare pour ed

oven at 105 o 1] APy Mg 0 B TR eh eyl TS pile i SRR o
of bis- 25 1 degreetdwhigis itieysilmepbiyd3-tristioapsilyiprelsyl)(chasiffide Suki QleBTacted

the ) ar as ol oodmR Biaes esepih iveay o esck indiSff icad hpeit Bl Sndgiat 1 °°

resul ting conpouné R sbsariaatadiffefthial chredaed Willnhigh esiticiabitity.r ee from
aggl onerates, that did not stick to the container walls. The nasterbatch
was 30 |®ft to cool down and tested forpgiigactability.
The .extraction test was perforned in a Imr;_%iﬁl et extraction
apparatus. 30g of the masterbatch were,pl ac in the cargrd .and 180 g
of dry anal yti cal grade acet Oﬁgso%e?\ge pl aced in é‘r#é‘gr?‘%%bé ¥ 35
24 WO 97/ Q7165 . .
PCT/ US96/ 13250 —=ilica_ Diffesential ¢ [ acti on wABSHS98% ned in 2
hours fromyeflux start. The flask was heated with an oil bath to
88[err] C. T carepsithéSMR ultimately ddildd in an 1 B pl osi on- pr oof
oven at 110[err]C to constant weight. The
wei ght -1 oss i s cé&Rboreelloslenals a percent of extractable silane. Using
Hi-Sil 233T-LD 1.2] 100
15 (PPG)
Ultrasil VN3 SP GR 1.22 96
(Degussa)
20
Silica prepared 1.08 99 (after 3 days)
in Example 4
25 Hi-Sil 233 (PPG) 1.43 36
Hi-Sil 233 (repeat) 1.50 36
Durosit (Degussa) 1.40 30
30 Comparative Example 8 1.3 s
*.The final activation at 500°C. for this sample was done for 3 hours.
35
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.t he above procedure, the extractable silane content was 64.7 % of total

conposition 5 wei ght, or 99.5% of | oaded silane. The sane sanpl e was
tested after storage in cl osed containers at anbient tenperature
“for 3 and 15 days and the extraction test was repeated. The

extracted sWPAHETIGRmS respectively 64. 1% and 64. 2% of t ot RCTAISIEN3250
conposi tion weight or 98.6% and 98. 7% of |oaded silane. Thus, there was no
10 significant change in ext r act ditple 10ne under these conditi ons.

Exanple | | . 35 g of the silica used in Exanple 10
were pr ocesied as i n Exanpfgofsilica (ZEOSIL11] 65 MPcsilina frompRhanePouleng 9fd-yorage was

performed at an gkgmﬁrﬂqdwig%%p%ﬁ%[err]c 15 The extracted

silane after 3 and 1 ays was _ 62.4 percent, respectively, of
total conposition weight, or 98.0 and 96.0 percent. of | oaded sil ane.

Exanmple 12 20 35 g of the silica used in Exanple 10
were processed as in Exanple 10, except that the drying stage was
performed ab an Chametetisiier at ure of 200[ er r | ¥alue Theext r act ed

silane after 3 and 15 days was 63.6 and 62.0 percent, respectively, of

the total conposBET safeeesreht, or 97.9 and 9580 nmfdcent of the | oaded
silane. 25 - Conparative Exanple 13

50g of the siliagraBegtfdcs;: Exanpl e 10 was progesseg as in Exanple 10,

except that it was used as received, w thout drying, with 50g of TESPT
added to tﬂ BET/cTAgat silica. The extracfeg silane after 7 and 30 days
was 43.0 a 41.0 percent, 30 respectively, of the total conposition

wei ght, or 66.2 3. ercent of the |oa silane. - The results
above indicate t@gﬁafﬁquiigng a significant %gggli]?\%ext racti bl e
silane due to rsﬁg‘t?i on Wil})5h°Ct he silica and thgwhysi sorbed water. 35

(]

25 VO 97V Eenlgss at
PCT/ US96/ 13250 o Conpar ative Exanple 14
1 15 Loss orpiggition 2510003t 2 (S| PERNAT03% si | i ca from Degussa AG of
Frankfurt, Germany) with the foll ow ng properties:
SiOx: 98.5%
Al O, 0.4%
20 pH: . 6.5

were poured in a 1 liter witde-mouthed jar. The open jar was placed in a ventilated
oven al 105°C and left for drying for 4 hours, Té the hot silica, 65g of bis-

25 triethoxysilylpropyl tetrasulfide (TESPT, SILQUEST ®A-1289 silane, OSi
Specialties) were added in one portion and the jar was closed and shaken manually
for 1/2 minute. The resulting compound was a beige, dry, free-flowing solid, free
from agglomerates, that did not stick to the container walls. The masterbatch was

30 left to cool down and tested for extractability.

) The extraction test was performed in a 100mi Soxhlet extraction
apparatus. 30g of the masterbatch were placed in the cartridge, and 180 g of dry
analytical grade acetone were placed in the flask.

35
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5 Characteristic Val ue BET surface

ar ea 180 nmferr] / g CTAB surface

160 nferr] / g 10 BET/ CTAB 1.125
DOP adsor pti on: 300 nm/ 1009 Wat er | oss
at 105[ er r | 09707165 . 6 % 15 L O 1 at | oBEFUseIE250

11% Sierr] . . 98%

Al[err]derr] - The extraction was perfoguegbin 2 hours from rgfipx start. The flask

620 | : AP of TESPT
wer e added. The s el %ngg’%gégépgﬁéﬁgg@%f %@é@é%ﬁiﬁﬁé@?ﬁq nW'gfter

bl endi ng andtt he explosiohproofi ovencht 4 B0°€ 12 Sonstant weight. 41. 6 per cent

respectively, of the total conposition weight, or 91.2 and 83.2

percent of the |oaded sil aflﬂe weight-loss is calculated asaperoent of extractable silane. Usin
Corrpar ative Exanpl e 15 of Silica 3 (TI XOSI%_
38A, Rnhone- Poul erfbgab %P@ﬁeq‘\'% the efragiable silane °°W3§W é'l‘!fr‘r?‘ﬁ'a‘%ﬁ’é‘ém and

high pH with5the &égﬁgh%ﬁg“ﬁm&(feﬁﬁﬂﬁ@o?ﬁé bdnfeSample was tested af} r{?g,“etlﬁ“ stic

Val ue 35 surface area err]/ g
26 WO Slused e@gainers at ambient temperature for 3 and 15 days and lhe extracnon test
PCT/US96/ 13250 yag repeated. YHE cirabtld Silalb whi Regechively 64.1% and 64.2% of total 0
composition weight or 98.6% and 98.7% of loaded silane. Thus, there was no
10 significant change in extraciable silane under these conditions.
Example 11

35 g of the silica used in Example 10 were processed as in Example
1 10, except that the drying stage was performed at an oven temperature of 150°C.
2 The extracted silane after 3 and 15 days was 63.7 and 62.4 percent, respectively, of

total composition weight, or 98.0 and 96.0 percent of loaded silane.

Example- 12

20 35 g of the silica used in Example 10 were processed as in Example
10, except that the drying stage was performed at an oven temperature of 200°C.
Theextracted silane after 3 and 15 days was 63.6 and 62.0 percent, respectively, of
the total composition weight, or 97.9 and 95.4 percent of the loaded silane.

25 Comparative Example 13

50g of the sitica used in Example 10 was processed as in Example 10,
except that it was used as received, without drying, with 50g of TESPT added to the
neat silica. The extracted silane after 7 and 30 days was 43.0 and 41.0 percent,

30 respectively, of the total composition weight, or 66.2 and 63.1 percent of the loaded
silane. The results above indicate that there was a significant loss in extractible

silane due to reaction with the silica and the physisorbed water.

35
25

SUBSTITUTE SHEET (RULE 26)



-L O1 at 1000[err]C 11. 5% 1 Siqerr]

96. 8% Al[err]Jerr] 0. 05% 5
. pH 7.1 ~ were dried
in an oven Q5[ err]C as in Exanple 10, and m xed with SPT 10
si | ane. ‘%97%7?‘15 The extracted silane after 7 and 15 dgégl%ﬁé .8 and
39.7 percent, respectively, of the total conposition weight, or
61.1 and 56.7 percent of the | oadedCempaseiive Examplei4 -

Conpar ati ve Exanples 16 and 17 15 The sane test

as in Exanple 15 was repea0gef Gdicng (SIPRREAL 223jiica from Degussa NG offaankiurty -
drying tenpérat ufi@r?naﬂ&ﬁvﬁl?{h@%llo%@%@h& 16) and 200[err] C (Exanple 17).
S It possi 0

obtain a stable nmasterbatch, as

I n no case
defined by the masterbatch being free-flowi ng and apparently dry.
20 : ' Exanpl es 18-24

The test as in Exanple 10 was repeated with different anounts and
varieties of5 si|ghasagirisiy used. Exanpl es 18 Xale24 include the use of a 25
commercially avail abl e carbon bl ack blended with the silica. The results
are set BEDstrfacketesw Wi t h t he sil anet8tathg desi gnated by their
tradenanmes as commercially avail able from OSi Specialties. Al
mast er bat ches shoysH sapfscg! | ent extraction 160m?/ g rel ease performance,
except Exanple 22 denonstrates that an am nosil ane presents 30 sone

difficultieg, bu h rf ormance was better expected given the am ne’
S ggasi c??@le'gg‘?f -catal yzing potenti a?' and hydrophilic nature. The

extraction of Ex I _ 22 was perforped w di ethyl ether to avoid
any reaction bet’@é@ﬁ&sﬂ’ﬂgm&m nosi | ane %afﬁ'\c? @B%t one. 35
27 ~ WO 97/ 07165

PCT/ US96/ 13250 Water loss at 105°C 6% Conpar ati ve Exanple 25
Si0, 98%
ALO; 0.0%
20 pH 6.0

were dried at 105 °C as in Example 10, and 50g of TESPT were added. The
masterbatch was extracted 3 and 15 days after blending and the results showed 45.6
25 and 41.6 percent, respectively, of the total composition weight, or 91.2 and 83.2

percent of the loaded silane.

Comparative Example 15
30 g of Silica 3 (’!'IXOSIL_38A, Rhéne-Poulenc), which has a high

30
BET, low alumina content and high pH with the following specific properties :
Characteristic Value
35 | ,
BET surface area 225m/g
26
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-Twenty-five granms of high surface carbon bl ack, (PRI NTEX Xe2
comercially avail able from Degussa AG Frankfurt, Germany) used neat

W t hout drying, was mxed with 75g of TESPT. The resulting sil ane
‘mast er batch d| d not yield good results as indi cat %}bel ow in Table
1. 9707165 Conpar ati ve Exal

Exarrple 10 was rgpeated wi th another high surface area silica, Hl -
SIL ABS, avail ablater lassatd®&8¢ ndustries, Inc. d%Pittsburgh, PA that does

mot contain 10 al umi na and has a soI ution pH of 7.0. The results bel ow
in Table I1,i ndi kb & JatdBRA°Ct hi s silicH.3% not a good carrier for

si | anes. TABLE |1

Exanple Silica 8i0,Carbon Si | ane % Ex- 96.8% of % EXx- % of 15
(9 . Bl ack (% tracted Loaded tracted Loaded

(% ALO; After 3 Si | ane After glgsy, Si | ane

Days 8 Days 20 18 1165 MP N330 A- 1289
48. 3 7.0 48.9 98. (40) (10)

(50) R 1165 MP e 2 46. 2 92

44.7 89 25 (50) (50) 20
1165MP A- 189 49. 6 99 47. 8 96

(50) (50) 21 1165 MP A- 1891
49.9 100 Wwere driedjig ag oven atd@5°¢has in Example 10, and mixed with XOQ@X'TESPT

(50) 2 1165 MP A-1100 36. 72

(50) 10 “Silane. (50) 35 23 1165 MP A- 187
49. 3 99

28 The eﬁ%;c?ed silane 3%7« 7 and 15 days was 42.8 and 39.7 percent, respectively, of

the total composition weight, or 61.1 and 56.7 percent of the loaded sitane.

Comparative Examples 16 and 17

The same test as in Example 15 was repeated using TIXOSIL 38A
silica with drying temperatures of 150°C (Example 16) and 200°C (Example 17). In
no case was it possible to obtain a stable masterbaich, as defined by the masterbatch

15

o0 being free-flowing and apparently dry.

Examples 18-24

The test as in Example 10 was repeated with different amounts and
varieties of silane being nsed. Examples 18 and 24 include the use of a
25 commercially available carbon black blended with the silica. The results are set
forth below with the silanes being designated by their tradenames as commercially
available from OSi Specialties. All masterbatches showed excellent extraction
release performance, except Example 22 demonstrates that an aminosilane presenis
30 some difficulties, but the performance was better than expected given the amine’s
basicity, self-catalyzing potentiai and hydrophilic nature. The extraction of Example
22 was performed with diethyl ether to avoid any reaction between the aminosilane

and acetone,

35
27

SUBSTITUTE SHEET (RULE 26)



-WO 97/ 07165

PCT/ US96/ 13250 Exanpl e Silica Car bon Si | ane % Ex- %
of % Ex- % of (9 Bl ack (9
“tracted Loaded traded Loaded (%

After 3 SiVAREON6S After 15 Sil ane PCT/US96/13250

Days - Days 5 (50) (50)

24 1165 'MP St at ex A- 12€omparative Example 2594 98.0 96
¢50) N330 (3) (50) 25 Pri nt ex A- 1289
20.1 2(1_ 8 10 Twenty-five grams pEligh susface carbon black, (PRINGIEX Xe2 26
2:32' | ' comme{?géfﬁ‘%gabie%nbegussa AG,%B{M, Gen&%ggused neat withiout

Conpar ati ve Exangiying?vwas mixed with 75g of TESPT. The restitinglsiliie nimseitarchaidiot Was
prepared as in Exanple 10, except for the use of calciumsilicate
res

with a solution piek wi{ss inidieated helayy ip Table flar o d mast er bat ch

showed a vemy poor extraction rel ease performance. The extractable 25
silane of the freshly prepared nastEomparativeizample 26er cent of the total
conposition wei ght or 29 percent of the | oaded sil ane. 30
35 Example 10 was repeated with anotler high surface area silica, HI-

SIL ABS, available from PPG Industries, Inc. of Piitsburgh, PA that does not contain
alumina and has a solution pH of 7.0. The results below in Table I indicate that this

10
silica is not a good carrier for silanes.
TABLEII
Example Silica Carbon  Silane % Ex- % of % Ex- % of
15 . Black (%) tracted  Loaded tracted  Loaded
(J N .
(%) Afier3  Silane  After 15  Silane
Days Days
20 I8 1165 MP N330 A-1289 483 97.0 48.9 08,
(40) (10) (50)
19 1165 MP RC-2 462 92 447 89
o5 (50) (50)
20 1165MP A-189 49.6 99 478 96
(50) - (50)
20 21 1165 MP A-1891 499 100 488 98
(50) (50)
2 1165 MP A-1100  36.1 72
(50) (50)
35
23 1165 MP A-187 49.3 99 48.5 97.
28
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WO 97/ 07165
PCT/ US96/ 13250 Exanpl e 28
.The silane masterbatch of Exanple 10 was used in the follow ng rubber

fornmul ati on; | ngr edi ent phr

SBR 1502 WQY¥¥ie- but adi ene rubber) 100 PCEPFISAS0 YL TRASI L
VN3, Degussa . 50 . PI;RMANAX OCD ant i oxi dant

(Fl exsys) Example Sijica  Cartbon pfiilangooo "oEryet WIoEne Yool % of

g 10 Zno Black (% tracted  Loaded trabted L
Stearic aci,d (%) 06) 3 Si T ane ?%dcegi ve)
5 15 2l fur (%) After3  Silane  Afl@dl5 Silane
MBTS (2-2'di benzot hi azol e disul fide) 0.75 DOTG

(di s o-tolyl guanidi ne) _ 1.5 20 Days Days The
compound was made in an internal m xer. The sul fur and coupl ing

agent masterbatch were ggged in a secopgbhystage on a roll-mll.
The-rheol o cal properties were neasured at 150[err] C according to the 25

French standar dpf\FT 43Q1g5Mp sSwatdf  A-1289 471 94 98.0 96
(50) NIOG) o0
o 25 Printex A-1289  20.1 26.8
Xe2 (25) a5
26 Hisil A-1289 247 49 23.8 48
ABS (50)
15 (50)
20 Camparative Example 27

A silane masterbatch was prepared as in Example 10, except for the
use of calcium silicate with a solution pH of 9. Even the freshly prepared
masterbatch showed a very poor exiraction release performance. The extractable

25 silane of the freshly prepared masterbatch was 20 percent of the total composition
weight or 29 percent of the loaded silane.

30

35
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-35 30 WD 97/ 07165

PCT/ US96/ 13250 Rheol ogi cal Property Val ue
M ni mum Tor que: 15.80 in.lb 1 60 m n torque
(no maxi mum : 124.90 in.Ib Scorch t[err] 2;
3.65'nmin  WOIAMES  [err]: 7. 5ECHPPe/1s250
tlerr]: _ 20.25 mn tlerr]:
40.08 mn 10 The nechani cal propertExampled8e neasured according to NFT
46002: Mechani cal Property Val ue Shore A
Har dness: The silane masteft@tch bf Example 108488 ted inl the following rubber formulation:
3.8 MPa 1 300% Mbdul us: 13.8 MPa
Tensi | e Strengt h:Ingredient 19.6 MPa 20 phr El ongation:
399% Trouser Tear .Strength: 6.5 dN cm Rel ative
Abrasi on Loss (NSBRHXUA2) © (siypéhe-blitadiene rubber
Conpar ati ve Exanple 29 ( ) 100
5 Silica, ULTRASIL VN3, Degussa 50
PERMANAX OD antioxidant (Flexsys) 2
PEG 4000 Polyethylene giycol 3
10 zno 3
Stearic acid 3
Silane (active) 5
15 Sulfur 2.25
MBTS (2-2"dibenzothiazole disulfide) 0.75
DOTG (di-o-tolylguanidine) 1.5
20

The compound was made in an intemal mixer. The suifur and

coupling agent masterbatch were added in a second stage on a roli-mill.

The rheological properties were measured at 150°C according to the

25
French standard NFT 43015:

30

35
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-Exanpl e 28 was repeated, replacing the silica in the masterbatch by
N330 carbon bl ack. The silane nasterbatch was prepared as in Exanple 10. 30

.35 31 WD 97/ 07165
PCT/ US96/ 13250 Rheol ogi cal Property
M ni mum Torﬁ' Q707165 15.41 in.lb mgﬁér’nﬂgs%orque:
122.70 in.lb . corch t[err] 2: 3.70 mn 5
tlerr]: - Rheological Propert 7.61 min Yalue tlerr]:
20.64 mn . . 43.31 mn 10
Mechani cal  Rr opeMisjmum Torque: Val ue 13.80inib  shore A Hardness: -
7 100% Modul us: 3.9 MPa 15 300%
Modul us: 60 min torque (no maximuf}: 6 MAR4.90 in.lb Tensil e Strength:
19.1 MPa El ongat.i on: 376 % 20
Trouser Tear StrSeogght2: 5. 8 dN3@&S'min
5 s 7.58 min
too: 20.25 min
tos: 40.08 min
10

15

20

25

30

35

The mechanical properties were measured according to NFT 46002:

Mechanical Property Value

Shore A Hardness: 78

100% Modulus: 3.8 MPa
300% Modulus: 13.8 MPa
Tensile Strength: 19.6 MPa
Elongation: 399%
Trouser Tear Strength: 6.5 dN/em

Relative Abrasion Loss (NFT 46012): 158

Comparative Example 2

Example 28 was repeated, replacing the silica in the masterbatch by
N330 carbon black. The silane masterbatch was prepared as in Example 10.

31

SUBSTITUTE SHEET (RULE 26)



-Rel ative Abrasion Loss (NFT 46012) : 155 Surprisingly, the

properties are substantially the sanme as in Exanple 28 with 25 t he
_Silica masterbatch, thus indicating the use of silica according to the
pr esent i nvention is better in achieving the sarre ’gual '253/ as the
prior art, WA expensively and with no col B
Cormpar atlve Exanple 30 30 Exanpl e 28 vvas r epeat ed,
usi ng the nast Rheological Bfopesanpl e 13 (t¥alue silica was not dried at
105[err] C before adding the silane). 35
32 - Min®ua7Taqes5 1541 inlb
PCT/ US96/ 13250 Rheol ogi cal Property ~Val ue
M ni mum Tor ques0 min Torque: 1822Q0imibl b 1 Maxi mum
Tor que: 0 122.70 in.Ib Scorch t[err]2:
3.44 mn SScorch (,2: tlerrl: 3,70 min 6.92 mn
tlerr]: 17.24 mn tlerr]:
36.32 mn5 10 tM‘echanl cal Property 761 min Val ue
Shore A Hardness: 76 100% Mbdul us:
3.5 MPa 15 300% Modul us: ) 11.8 MPa
ton: 20.64 min
top: 43.31 min
10 Mechanical Property Value
Shore A Hardness: 77
100% Modulus: 39MPa
15 300% Modulus: 14.6 MPa
Tensile Strength: 19.1 MPa
Elongation: 376 %
20 Trouser Tear Strength: 5.8 dN/em

Relative Abrasion Loss (NFT 46012) :155

Surprisingly, the properties are substantiaily the same as in Example 28 with

the silica masterbatch, thus indicating the use of silica according to the present

25 . .
invention is better in achieving the same quality as the prior art, but less expensively
and with no color.

Comparative Example 30

30 Example 28 was repeated, using the masterbatch of Example 13 (the
silica was not dried at 105°C before adding the silane).

35
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Tensile Strength: 17.9 MPa El ongati on:

414 % 20 Trouser Tear Strength: 7.3 dNVcm

Rel ative Abrasion Loss (NFT 46012): 172 Al t hough
there is a slight inprovenent in elongation and tear 25 strength, it
i s outwei gh®@BP?6He reduction in scorch tine, nodulus a 28

resi stance. This reduction in 300% nmodulus is a particularly clear
i ndi cati on t hatRheological Propsrtyane was not¥alueai | abl e for coupling and

reinforcenent. This confirnms that the amount of extractable silane
is related to rMinimamToeperties, and ded®d8inlbt es the i mpr ovenent
i.n final rdbber properties brought by the treatnment under the invention. 30
Exanpl es 31- 34 Maximum Torque: ixa0mlies 31 through 34 show t hat
reduced extractibility of silane correlates with reduced coupling
and reinfor cerreg%.gc Lt or mance of the ble R a 35 rubber conpound.
33 8?‘/207165 3444 b

PCT/,US96/ 18250 ) 6 . Exanpl e 31

1 Sanpl e&"ere prepared of 50 oF Pt s-(3-triethoxysilyl propyl)
tetrasul fide (TESPT) (SILQUEST A-1289, OSi Specialties) on
precipitated silicaECSIL 1165 17.24min  om Rhone- Poul enc’ as
described in Exanple 10. This silica has an IR absor bance

differential of 1.1Bs(Table 1). The sil 3®32 mitst er bat ch was aged for 4 5
nont hs under anbient conditions in a sealed container. Extraction tests
wer e 10 edharicat Prapenty he silica nadeer batches in order to eval uate

t he amount of free extractabl e silane not bound to the silica
surface. EXxtracihhf WasingRde in a 500 niyg Soxhl et apparatus, using
50 g of masterbatch and 180 m of acetone, and boiling at 10 refl ux
for 120 m nut egy, hlane masterbatch tability was 48 percent, or
96 pergoéwo‘gws?he | oaded si l angéstwla?’t?er 4 nmont hs of storage.
15 300% Modulus: 11.8 MPa
Tensile Strength: 17.9 MPa
Elongation: 414 %
20 Trouser Tear Strength: 7.3 dN/em

Relative Abrasion Loss (NFT 46012): 172

Although there is a slight improvement in elongation and tear

strength, it is outweighed by the reduction in scorch time, modulus and abrasion

25 resistance. This reduction in 300% modulus is a particularly clear indication that
silane was not avaiiable for coupling and reinforcement. This confirms that the
amount of extractable silane is related to rubber properties, and demonstrates the
improvement in final rubber properties brought by the treatment under the invention.

30

Examples 31-34

Examples 31 through 34 show that reduced extractibility of silane

correlates with reduced coupling and reinforcement performance of the blend in a
35 rubber compound.
33
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The sil ane masterbatch was conpounded into a typical rubber tire
tread fornmul ation, and was tested for the rheol ogical properties before

curing and for 15 t he nechani cal properties of the resulting rubber.
The rubber fornulation contained the follow ng: | ngr edi ent

phr 20 VEBR/O1165 2 PCTAIS94/87350

VN3 Silica (DeGussa) 50 Di i ssopropyl
par aphenyl ene di‘am ne 1.5 25 Exampleldihexyl paraphenyl ene di am ne
1-5 Zn0O 4

Steari (t:) ACihdl Samples were prepared of 50 wt.% bis-(3-lrietho“xy5]yl;ﬁ&byll) tetrasififil@ne
mast er bat ¢ . C e - Ul fur

o5 OFEESHD,THAHBST Ark28%4 QN Soreitisn g precipitated sica ZBISIL 4165

34 Wi B6mORHARe Poulenc as described in Example 10. This silica has an IR

PCT/ US96/ 13250 Rheol ogy curves were recorded on a

Monsant o Rheol i nlabsuneappedidicrentiat of 1.12 (TabRddIhe silansnanstedwtchavasegedifelidig t o

French Standard NE .t he r.heol oai cal 1 roperties, and
recordi g Lo e et e sHinidnl Sorallfe B3 s8feq comainer. EnBk AR We
properties. The yppdemreon theyilicagnistetbaaivesin ordeptoceyninsteche antbuiniof i m nut es
at 160 C. asj on s measured acgording t.o NF 46012 t hree
speci mens whi ch exsacf‘a%k W@?"e"%vg?"'?ir% °€§§Wﬁf'ﬂfa§ﬁug§‘%€ﬂ?‘éﬂuf’l}?‘g3§a %‘UP es at
_160TCbl Th|e| Ir heol ggksial appaidius, using 50 g of FRSEBACK #d FYOGRIGTabddnepdrd bailivgar bel ow
in Tabl e )

10 reflux for 120 minutes. The silane masterbatch extractability was 48 percent, or 96

percent of the loaded silane, after 4 months of storage.

The silane masterbatch was compounded into a typical rubber tire
tread formulation, and was tested for the rheological properties before curing and for

15 the mechanical properties of the resulting rubber.

The rubber formulation contained the following:

Ingredient phr
20 SBR 1502 100,
VN3 Silica (DeGussa) 50.
Diissopropyl paraphenylenc diamine 1.5
25 Dihexyl! paraphenylene diamine 1.5.
ZnO 4.
Stearic Acid 1.5
30 Silane masterbatch 8.
Sulfur 1.75
Cyclohexylbenzothiazolesulfenamide 2.5
35
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Conpar ati ve Exanple 32 The sil ane masterbatch was
prepared as described in Exanple 31, except that the silica was
not dried prior to treatnent with the silane and the mast er bat ch
was aged for 2 weeks under anbient conditions. The sil ane_nasterbatch
extract abi | YW1 percent or 82 percent of the | oaded *STHUAHE e

r heol ogi cal and mechani cal properties are given below in Table
I11. The nmasterbatch prodbeaidgecuttes were recariigion’d Maimsahty Rhevliik Hesnseds] t y

conmpound with s| ower cure.and signifigantl o) 300% nodul us
and hi gher_per ?@mpqeél%%%ﬁe%ﬂcc teg'nﬁ%'ﬁi? gf?‘“ﬁ‘ﬁx Ef;é‘%{sef"éﬁ‘ed'l‘”@.‘“?

These results ipropersidspariduetorliiag fo NFUBH02 ubRS SRR spadinens/fBF the iéBkdnital and

rei nforcenent, consjstent with the fact that |ess sjlane was

accessi bl e by dXPReESS; Jie FRSFIMPng erest irof 2 ma plaques cupedifon 35 minpiena hi s
silica wth a i CallntasicisThealied R2oRmglb NF6OIS dthre SoRifenthaidh ©

poor performance when it was not dried before treatnent ane.
Exanpl e 335 were cut from 6 mm plaques cured for 3§iminwtes atd 60°C.b The thenkogicprandar ed as

described in . The mastenbat ch was aged 7 days at 50 C
, S Rlfoatbropbfcs are gyl BFgHER T

and then 7 days un The sil ane masterbatch

extractability was 45 percent or 9 ercent. of the | oaded si | ane.
The rheol ogi cal and nmechani cal pr £ efan n belowin Table II1.
There may be a slight reduction in 300% nodul us, close to experinental

error, 30 conpar ed Thesilapemgsterbateh was prepared as described in Example 31,
Exanpl e 30 t that the silic t dried B¥or$d { Dafafid ,*Qﬁﬁ prepared as
describe in Exgxn%elpe § f?SI'I!ﬁaewasm " il;l’errgws!{ster at‘gﬁﬁg\ﬁé %gda or 7 days under

anbi ent condi t imasterbaxhevasiagedfor Ravetksrunderambimt conditions. The silane masterbatch

35 A . ,

SoT/ Usoe/ 13250 “Hractabiily 882 41 percent pr 82 Rereent.of theloaded silane. The thsglogicpland, ¢
the | oaded si | aweehanitadpropadibode given below in TableNl Thechsreitaeh ppsdapetd | es are

-?-Xéﬁg Ple :IQJM\I 'n s&%mcgﬁygbw%yiicéphqu with a slower cure and a significantly lowgy |,
Tor que 308% nlcublisQnd higher percentelchpMtich when comphréd tdExample 31 or 34.
(in.1b.) tferr] 2 t50 thCS’e t98 b g

These results indicate that less silane was available for coupling and reinforcement,
consistent with the fact that less silane was accessible by extraction (only 82% of the
20 total). Even this silica with a desirably low IR absorbance differential (Table I) gave

poor performance when it was not dried before treatment with the silane.

Example 33

The silane masterbatch was prepared as described in Example 31.
25 The masterbatch was aged 7 days at 50° C and then 7 days under ambient conditions.
The silane masterbatch extractability was 45 percent or 90 percent of the loaded
silane. The rheological and mechanical properties are given below in Table Iil.
There may be a slight reduction in 300% modulus, close to experimental error,

30 compared to Example 3I.
Example 34

The silane masterbatch was prepared as describe in Example 31. The

masterbatch was aged for 7 days under ambient conditions. The silane masterbatch

35

35
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31 19. 2 108. 85 5. 47 10.55 19.73 40.7

10 32 19 61 100. 68 5.61 10. 69

18.04 31.62 : 19.3 107. 83 5. 65
10.82 21.0 34 19. 24 16

5.62  10. GJWO%MS& 42.16 15 Mechani cal Pr opEFF’P%’s?;'QI%"

100%vbd 300%vbd. Tensil e, El on9 Tr ouser . Abrasion 20

Exanpl e Shor ee;qractab(lmbws 50 percen on(wpgfrcentofthe(lq\;qdaq silaney The rhgologicat oss (%)
31 76 and meclmnﬁnl?ropeﬂiesaregt@e%-b%low inTable$uu> 393 11.9 135
32 73 2. 8.7 19.7 521 10.5 140
25 33 76 ' 3.1 TaABLEm 12 : 18.9 415

10. 7 140 34 76 -—'—E% 13.6 17.8

363 9.6 . L, Exanpl e 35
Si | ane msterbapﬁ%ﬁgﬁ%ﬁar ed as described in Exanple 31 and

allowed to shelf-age in closed bottles at anmbient |aboratory condi tions for
approxi mat 'y 2.5, 5, 7.5Mihdompenpnt hsMaxdpsparticular silica was used in
Exanpl e 31 and showed an IR absorbance differential of 1. 17. The

mast er bat ches Example  (inib) (in.ib.) 2 50 300 198

WO 97/ 07165 :

PCT/ US96/ 13250 31 18bowed 90% extomes abi | i tyg7af tyxs52 womt hapef agi ng
and after 4 nonths of aging and after 6 nonths of aging, and

showed 86.,3% extgpact abi | ifggafter 12 monpphigg of adiggt 106b 18.04" BEgSNlY
prepared nasterbatch was one control. The I|qU| d brs-(3- ’ ’

triethoxysilyl p\%?pyl ) tetgasul fide (Silquegilerr] fxl28g Hor, 0N 42.82

Speci alties, |l co
34 19.24 109.16 562 106 208 42.16
15
Mechanical Properties
100%Mod. 300%Mod. Tensile Elong. Trouser
Abrasion
20
Example Shore A {MPa) (MPa) {(MPa) (%) tear loss(%)
31 76 3.2 12.8 18.5 393 1.9 135
32 73 23 8.7 19.7 521 105 140
25
33 76 3.1 12. 189 415 10.7 140
34 76 33 13.6 17.8 363 96 135
30
Example 35
Silane masterbatches were prepared as described in Example 31 and
allowed to shelf-age in closed bottles at ambient laboratory conditions for
35 approximately 2.5, 5, 7.5 and 11 months. This particular silica was used in

Exampie 31 and showed an IR absorbance differential of 1.17. The masterbatches

36
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€onpany) was used as an additional control. The silane masterbatches and

liquid 5 silane were conpounded into the nodel low rolling
[esistance tire tread fornul ation set forth as foll ow ng:
Rubber WMas h | ngr edi ent
phr 10 W&Q%,ﬁgol ution SBR (Sol fl ex 1216, Goodyear) PCT/US96/13250
75 1207, 25
Silica, preci pﬁ’é\’%ﬁﬁ@%‘f‘? ‘ﬁ%@%ﬁ&"ﬂ%\'&ﬁ@fﬁ‘?ﬂ 3uf @ffer 4 monthgpfgging and 5
St | ane ( S' | queifteﬂ%ﬂ;&ﬁﬂé ofQEinERmi ShGdédd6.8% extractability after 12 months 0%5911(,4
Aromati c (Su dex 8125 Sun )
Zj nc Oxi de ( Ka eshiygeepa ﬁ@steghagh)was one control. The liquid bis-(3- 2.5 20
Stearic Acid (} . 6PPD
Anti ozonant ( San K fjrfbgﬂgg tt\ﬁf_ﬁgﬁ@de g%:lquest A-1289 for OSi Speclnit}es, A Witco
M crocryst al | i Bempamafwismsafitas ag hﬁﬁﬁ&iﬁ) c@ttolininrsilane masterbatchis dndlfquid
g-ugggr CaCL I%g'?l 5%1 %k %En&lin%ﬁ%%? @ glﬁtnéoc)cl low rolling resistance tire tread forr?mlguon
phr 30 but ifrenasasiboveingsul f ur (#104, Sunbel t)
2.8 CBS Accel erator (Santocure, Flexsys)
3.4 DREbe MalsRimaich! (Perkacit DPG C, Fl exsys)
35 37 WD 97/ 07165
PCT/ US96/ 13250!ngredient phr
10
Solution SBR (Solflex 1216, Goodyear) 75
BR (Budene 1207, Goodyear) 25
Silica, precipitated (Zeosil 1165MP, Rhone-Poulenc) 80or73
15 .
Silane (Silquest® A-1289) or masterbaich 7 or 14
Aromatic Oil (Sundex 8125, Sun) 32.5
Zinc Oxide (Kadox 720C, Zinc Corp.) : 2.5
20
Stearic Acid {Industrene R, Witco) {
6PPD Antiozonant (Santoflex 6PPD, Flexsys) 2
Microcrystalline Paraffin Wax (M-4067, Schumann) 1.5
2
5 N-330 Carbon Black (Engineered Carbons) 3.0
Rubber Curative
Ingredients phr
39 Rubbermakers Sulfur (#104, Sunbelt) 2.8
CBS Accelerator (Santocure, Flexsys) 3.4
DPG Accelerator (Perkacit DPG-C, Flexsys) 4,
35
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—— T

-Rubber masterbatch was m xed in a Mddel "B" "Banbury" (Farrell

Corp., Ansonia, CI) mxer with a 103 cu.in. (1690cc) chanber volune. | 191
grams - 1 rubber nasterbatch gives approx. 60%fill factor. The m xing
of the rubber mast er bat ch was done in two steps ury

mi xer was tJYREUHE with the m xer at 120 rpm aﬁﬁ;'p%éﬁ%ggl i ng
water on full. The rubber polyners were added to t he Banbury m xer
and ram down ni Xed for SOR‘S@GY)‘H&"’"%Vﬁ%“&ﬁ”lﬁ’ﬂ%n@"@qn"'&f@amﬂ t he

silane nixed wiidy Mﬁh@fﬁhi&eﬁéﬁlﬂ?l@r&ﬁﬁ (@égobévcﬁa.aeértvbma.eofrm'éra @ in an

EVA bag or silane masterbatch in an bag wer e added "and ram
down i xed % or mepber masterbatch giessiprex. We“&‘?ﬂnﬁ@'“@‘?ﬂﬁ@&‘%@ef he oil in an

EVA bag were nexlasaiaRfl walBofeifiiwo #bbs. The ﬁwwmﬂwﬁﬁm@oﬁmﬁw The

Banbury m xer throat was thrice dusted m Xture ram
down m xed for nﬁxqettﬁ(’d'pnwdﬂletmnhmwme‘mé\ﬂbuﬂ;embbeepbbrmers wereaddedm Xi ng

e e il Hinhdy 1A% A T 10 Ao i Sl ah BT
mnute. The the silane rfiled mtbaﬁ;ﬁbxnmeiwbsﬁﬁﬁm{r;n; S8R 9Brtibh amxn&qn BaRiury

m xer), a sheet was forned on II set at about.50 to 60 C

and then al | owe 38 oF silans masterbately in an EVéyhog ed and ram down mixed for 30

The rubber mast é"{%ﬁmﬁﬂﬁeﬂ @,pgug

m xer at 120 rpgfcgﬁ%l '21(130 i ng wat g?‘i{u?}rlﬁogn ;Gﬁ %gmeﬁom mxecinfor 30
seconds. The reda\mumddbrlwsscondgr'ﬂlhﬂanbwymxe;tmmdﬂweldmdﬁumamixed for
3020 he Ba Xer d ed down, the m xer
speed mcreasedﬁ}%wgg&ra&aeowfégbg&%f% '?f#s ?heeﬁﬁg’ﬂfyéﬂ?‘grsreached a

t enper at ure bet wixing Speed aaslindehded to ]16@0:'240 pm, 8s reqmue@mam (e tedbpératurd NUt es.

The rubber nmaterpatch was m r ug t he speed of the
Banbury mi xer mﬁgﬁﬁﬁjbﬂgﬁ%‘ﬂ‘@t‘%ﬂ’g‘? W%‘@eﬁﬂ’é?@(’%’é‘“‘ﬁ@tl\/@@ﬂ‘ez 160

and 165 C. The m&&atb@m@dmddmddmﬁm\m%&gm&m shrD v Sormidd s ) -
a sheet was formed on a ro mll set at about 50 to _60[err] C, and then

al | owed t o cool aroll mill set attagmgﬁgit%ﬁﬂ G, @%@prhglmu@d to cool to ambierit temperature,

The rubber masterbatch and curatives were mxed on 6in. x 13 in. 30
(15cm x 33cm) two roll m'l'liew&t&tnmgbttdawmddeﬂtbehﬂ/%bu@mﬁaﬂdh/iﬂﬂ[lerr] C.

The sul fur I oLk a sterbatch
and t horoughly “n%meéﬁﬁr?'ﬁé’g “8“2‘&?@ %@“ﬁ%&""f’?“é‘ﬁ%’d‘g’?%’ glram a sheet.
The sheet was csmbwid. The aaﬁﬂmmhtoﬁlmdgtedmms were added andfram davn hixedSodB9f ore it

d20The rheo t Monsant
TSI T W RN TN -

Vv\DS g g;fgt? 3[35 160 or 240 rpm so that the contents reached a temperature between 1603fid 165° C
PCT/ US96/ 13250 in approximatghy 2 &lwpsc She p,lqyﬁgpqtprggtch was mixed for 8 mmutes and
Liquid the spA28 oPfhe HahiiHE miiEes Was Bisted to maintain the temperature between

25 160 and 165° C, The masterbatch was dumped (removed from the Banbury mixer),
a sheet was formed on a roll mill sct at about 50 to 60° C, and then allowed to cool
to ambient temperature. '

The rubber masterbatch and curatives were mixed on 6in. x 13in.

30 {15cm x 33cm) two roll mill that was heated to between 50 and 60° C. The sulfur

and accelerators were added to the rubber masterbatch and thoroughly mixed on the

roll mix and allowed to form a sheet. The sheet was cooled to ambient conditions

for 24 hours before it was cured. The rheological properties were measured on a

35 Monsanto R-100 Oscillating Disk Rheometer and a Monsanto M 1400 Mooney
Viscometer.
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) 7.5 no. 11 no. 5
Property A-1289 Unaged

6 9.9 9.7
Merr], dN-m 3%0.71 3196 31 9 . 319
Merr], dN-m 18 3 18 3 18. 1 18.2 10
190, m nut eswo 9707165 4' 4 4' 7 4. 6GPCTIUS96N3250 4. 5
M ni num Mooney \&ﬁ%‘?@iéa}'r’ws‘liﬁ% scosi t 43.9 42.5
(at 100[err]C.) m N?g?ei/?,gl[ err] Cgl Mooney Scorch at
43.1 43.7 7 4 7 Liquid 7 Ae oPilane masterbarcy, (VB
135[err] C 619 - 35[err] C 9.5 -0
| + tlerr], nin) Mboney Qure at 135[er 30 35
9.9 - o.o——Property 7 (MEIS®Ir], Umkgd 2%5gme 30y
39 - '
‘ 5 My dN-m 0.1 9.6 9.9 9.7
My, dN-m 32.7 31.6 319 31.9
190, minutes 18.3 18.3 18.1 - 18.2
10y 44 47 46 4.5
Minimum Mooney Viscosity 84. 83. 84. 84.
(at 100°C.)
15 Minimum Mooney Viscosity 43.9 425 43.1 43.7
(at 135°C)
Mooney Scorch at 135° C 6.9 74 7.4 74
20 (MS1+t5, min)
Mooney Cure at 135° C 9.5 10.0 9.9 9.9
(MS1+t35, min.)
25
30
35
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-WD 97/ 07165

PCT/ US96/ 13250 Mechani cal properties Tensil e, MPa
19.7 . 19.8 18.5 19.3 El ongation, %

457 462 444 461 5 100% a

1.82 o pgaT16s 1.79 1.75 200%&5‘?{?&%}{%%
4.75 4.56 . 4.56 4. 37 300% nodul us, MPa

10. 16 9. AMechanical propegies 5 9.31 10 Har dness, Shore A

58 59 58 58 Tan delta at 0. 15%
strain TengijeoMBacand 1 Hz 197 19.8. 15 1851636 193  0.1640
0.1699 1% 0 C and 10 Hz 0.2241 0.2183 0. 2239

0. 2258 60[err] Cand 1 Hz 0. 0959 0. 0930 0. 0981

0. 1002 Bl 60[ier r,,/] C and 10 1 0,1078 114 0.1154
0.1150 20 ongation, % The st’ane mast® bat ches™hat wer¥laged 7.5 and
11 nont hs gave rheol ogi cal and nechani cal properties very close to
liquid bis®(3-thoP&m » MPapr opy| )I-82 19&t r asul fi-®e and difdged sil ane
masterbatch in all the properties tested. Qther tests 25 per f or med

earlier (after 200% modihis, MPat hs of 43§i ng) aldsé showed 456 sane4Bddsults
wthin +/-10% The differences in the nmechanical property values and in the

tan [err] 300% niedul@sMPar e W t jp.y6 t he +0;780% consighs ed i notshe rubber
i ndustry as nor nal experinmental variation. The processing

properti s SUQhrdifesdVRAGE Vi SCOSi &g/, wer e 530 virggual l'y idgntical.
S

There wa o significant deterioration of silane nmasterbatch

activity after i rs<h nths of roomtenperature storage. Extraction
remai ned ﬂgﬁ?&]&?ﬁ%é%ﬂfer 12 nont hs. 35

40
0°Cand 1 Hz 0.15 0.1636 0.1640 0.1699

15 0°Cand 10 Hz 0.224] 02183 0.2239 0.2258

60°Cand 1 Hz 0.0959 0.0930 0.0981 0.1002

60° C and 10 Hz 0.1078 0.1114 0.1154 0.1150

20
The silane masterbatches that were aged 7.5 and 11 months gave rheolbgical

and mechanical properties very close to liquid bis-(3-triethoxysilylpropy!)
tetrasulfide and unaged silane masterbaich in all the properties tested. Other tests

25 ~ performed earlier (after 2.5 and 5 months of aging) also showed the same results
within +/-10%. The differences in the mechanical property values and in the tan
values were within the +/-10% considered in the rubber industry as normal
experimental variation. The processing properties, such as Mooney viscosity, were

30 virtually identical. There was no significant deterioration of silane masterbatch
aclivity after aging for 1| months of room temperature storage. Extraction rémained
high (87%) after 12 months.

35
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WO 97/ 07165
PCT/ US96/ 13250 What |s Cdained ls: . 1. A bl end
conprising at | east one silane and silica, which bIend S '

characteriz t hat the 300% nod npoun | d bl end
after % }3? 12 bl end has beennmﬂ l@luﬂﬁumlmt terrpdlg‘?rﬁtﬁn or

nmont hs after it ratiQon is within 10% of the 300%m)dul us of
t he rubber conpmmﬂﬂl%al d bl end 5 i Mmedi ately after its
preparation. 2. A blend conprising at | east one sil ane
and si'lica,, whi ch bl &n4 bilend comprising at ledstiormcsilane and silica; whichtblendds 80% of sai d

o e, B SRR 500 Bodlldotuter crmppu R

claim| or 2 whéteblenddas beesisiobetiat Bmbichivempératiitedfat 4 months after i ns ﬁilzlhéh is
YRS (R )[err] (CR I S di val en salg épene aryl ene

or aral kyl ene g™ b‘lWgft{lqp%ggpmﬁoﬁ%gmbbemompoundg@y dyl group or

acetyl enyl 5 R izﬁm@dxﬂ@%\!‘@hﬁ};reﬂrmbh; aryl or aral kyl group of I
to 10 carbon atonms; R' is a nonoval ent al kyl, aryl or aralkyl group of I to

12 (% 0ON 2 RBieng BT A1 Snd AR ol HEE ViR O CaN D

replaced with rogen or su
or ganof unct i onakhayaaterjzed inl that ioger Wmoithﬂgﬁe:m&eﬂ&anbeextmtedﬁoﬁismg of

t [ fi d | lfid f t t R''-S - wh R'" i
ge;rgﬁgvgl ?L%? a: g%“?ﬂg}‘g‘q‘%ag’j’ﬂwﬁ&?ﬁ‘°6F”6§B[s°5 U(i ;J{)ezo car Lg:\rgtorrse{)re t he >

radi cal RSlF\’[err](CJ:\’zo and x is | to 9; other bis, tris,
and hi gher si | anes w4 bland pegording C‘a!mTOTZ‘HIWS%!@%hQsdh‘Whemges in
the groups bet wggRpuishe al koxy silane groups; vinyl; 25 acetyl enyl ;

car bonyl ; am no; I yl, aralkyl or aryl substitut ed am no; ureido;

t hi ocyanate; thiourea; epoxy; and hy¥RS§R(OQRV%-.a is an integer and is 0, 1
or 2. I | id silane
is selecte from frﬁmR'S% d“é!éﬂ %ﬂglc&cg‘g{l)eg’s s@ﬁﬁﬁkfb&ﬁ?wgggn ?ﬁl ng

sil anes wi t h onatpnisyaovinyl grdnp@ea@t)klmw B! samsondealent alkyl, artyt acalrﬁlkiyltgmupa:d:‘ h

silicon atom ccordin cl ai

conprising 10 t 'Y Frhonatqms: xgmnogpva?en%&yl aryg%agailéﬁp O?IH&’ H to 80
parts by wei ght catborbaténls, Whefifone or more of the carbon atomstoan Be Bdpfided ﬁftﬁor ding to
claiml or 2 wherein said sil ane |s selected fromthe 35

group
consi sting of 30¥EEBHAMALER BrSER Ynit sfarganofunsiionabyroup selected from the group

merc apt opROPY | t EdnistispVShdréipho; siide bt foiysainae sWdE bnlcRrORY -5, LWiferdR Yl i de,
a monovaient alkyl, aryl or aralky! group of 1 to 20 carbon atoms or the radical -

RSiR’{OR™).; , and x is 1 t0 9; other bis, iris, and higher silanes with sulfur or
other heteroatom linkages in the groups between the alkoxy silane groups; vinyl;
25 acetylenyl; carbonyl; amino; alkyl, aralkyl or aryl substituted amino; ureido;
thiocyanate; thiourea; epoxy; and hydrogen; and a is an integer and is 0, | or 2,
4. A blend according to claim 3 wherein said silane is selected from the
group consisting of sulfur-containing silanes with one, two or three alkoxy groups

30 attached to each silicon atom.

5. A blend according to claim 1 or 2 comprising 10 to 99 parts by weight of

"said silica and 1 to 80 parts by weight of said silane,

6. A blend according to claim 1 or 2 wherein said silane is selected from the
35 group consisting of 3-mercaptopropylirimethoxysilane, 3-

mercaptopropyltriethoxysilane, bis-(3-triethoxysilylpropyl) letrasulfide,
41
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WO 97/ 07165

PCT/ US96/ 13250 Vi ny vi nyl triethoxysil ane,

vinyl tris-2-(methoxyethoxy)sil "m, ﬂli @ﬂ

mar captopro di et hoxysi i are, yl di met hyI&Fgwa' ane,
I nyl IO%bI;‘;'I’-}P’gmet hyl di et hoxy5| | ane, bis-(3-triethoxysily pr%gﬁyl )

dISU|fIde bi s- ( 3- nmet hy| di et hoxysj |yl propyl) tetrasul fide,

bis-(3-triet hoxygﬁwyFﬁF@m%ﬂﬂﬁéem%ﬁﬂanﬁ vinyl tris-2-(miethoxyethoxy)silane,

bi s-(2-tri et hoxymekcybebh:wm{emymat)ox@atahamréapd@mpwﬁnauﬂahéxsrs@hb,@mI Iyl -5-

5 met hylyphenyl tri qu|d pbis-trli uto | met hyl disulfide,
i s- (o P elhghdhcmer sl & HpeUP IR bl e, o

t hi ocyanat opr OPthﬂiyﬂiélWﬁl)hgﬁ'Bﬂm ®Bidbulfide, bns—(3-tnethoxystlylpropyi) monosulé'ld
t hi our ei dopropyl -tri nmet hoxysi’'l accordi ng

to claiml or 2 M@l’ﬂh@‘a{’v’!&@h}ﬂk’bdpﬂemraﬂltfsieﬁbls-2-1blfleﬂl°XYS!M-$-er enti al
between its élf nf rQ\EﬁuglpﬁQMegxggﬁ@ggﬁg%é%_gbxﬁ@)%ﬁ{rﬁnemyﬁmﬁﬁ@, bis ¥ -_C and at

500[err] C A bl end
according to cl ainath?ldmm:gkﬂylm'qiyﬂ) disullfide; thicyaratapeopghsiaihaxysilahgand). 9.

9. A blend accor Ll"l]ge& (l-l whe.iel n said silane has the chem cal 15
formul a: iourej opropy tnmelhoxysl ane.

YRS (R )[err](OR")[err] rein R.is a_divalent aI kyI ene, aryl ene
or aral kyl ene group of- 'ﬁb!%dﬂmt‘ﬁi‘%ﬁla‘mlmzwmf%ﬂ%‘ i eyhihif 2 gr oup or

acetyl enyl 3R '&ﬁarema%a&e@mtsﬁm Y lat ﬂfﬁ?{}yﬁ&ts&@c of, 1

to 10 car bon at ons; nonova ent al ky ar or ara group of to
12 cah&ihatai éms, wherein one or nore of t he carbon atons can be
replaced with oxygen, nitrogen or sulfur; Y is an

organof uncti onal grouf A éleadaadrdigionciain 70vierin said differential (5Qipcnled thaR @.90f ,
mer capt o; sul fide and pol ysul fide of the structure R''-S[err]- where R'' is

25 a monoval entg, aA blénd adoiing o ciim 7Katlerelt @iPsilhe Hasi® chémiedlr bon at oms
or the radilgal |, - RSSR [err](OR")[err], and x is | to 9; other

bis, tris and hi¥gmawiasi|anes with sulfur or ot her het er oat om

Ilnkages I n the groups between the al Re groups; vinyl;
acetyl enyl; carbonyl; amino; alkyl, a{régfb;?gyﬁ’“(grﬁ g’r’yl substituted ani no;

ureido; 30 Whérelodymaah\elent ﬂkximeeuylea@mlkﬂm grguprad d dm20 canbbna i s an

7 wherei n sai o SR g e sy R o mBovafeab iRy A B Bphef T

sul f ur - con®%i ni ngtcsli()l carben awintsh R¥rieg mbnevalent atlhylearyladrlaohwi gmopug&l to 12
attached to each Sb ccording to

con. a bl end .
claim7 comprisif berﬁgqung Op{Potst Jifcaten &t 0“8 ol bé mpﬂacer& ﬁl ca and 1
to 80 parts by vmyght, nﬂfogaﬁo:ckufﬂxd aNis.an organofunctional group selected from the group

42 consisting of mercapto; sulfide and polysulfide of the structure R**’-S,- where R>* is

25 a monovalent atkyl, aryl or aralkyl group of 1 to 20 carbon atoms or the radical ,-
RSiR’;(OR™)3. , and x is 1 to 9; other bis, tris and higher silanes with sulfur or other
heteroatom linkages in the groups between the alkoxy silane groups; vinyl;
acetylenyl; carbonyl; amino; alkyl, aralky! or aryl substituted amino; ureido;

30 thiocyanate; thiourea; epoxy; and hydrogen; and a is an integerand is 0, 1 or 2,

10. A blend according to claim 7 wherein said silane is selected from the

group consisting of sulfur-containing silanes with one, two or three alkoxy groups

attached to each silicon atom.

35 11. A blend according to claim 7 comprising 10 to 99 parts by weight of said
silica and 1 to 80 parts by weight of said silane.
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WD 97/ 07165

PCT/ US96/ 13250 , accordl ng to claim7 wherein
gaid silane is selected fromthe l” ,r con3|st| ng of
3- mer capt Op%ﬁ%ﬂ trimet hoxysil ane, 3-

mer capt opro (il éﬁshoxym | ane, bis- (3 tr| et hoxy5| I yl propyl Frfug?‘(l&?tﬂl fide,
vi nyl tri met.hoxysil ane, vinyltriethoxysilane, vinyl

tris-2-(nethoxyet hoxy3 sAlblend accordmgtoclmm?wherem said silane is selected from the

mer capt opr opyl rret | di et.hox?igl | ane BFE‘t r I dj met hyl et hoxysi | ane,

vi nyl 5 FORSnEL @?FWM"P ‘& foxysi | yl propyl )
disul fide, Ibis- h&rcaptopropylmethoxyﬁlahé’,|ﬁ3—@vtthah8ﬂsilwb&bﬂ?ﬂ&sﬂﬁ§er asul fi de,

bis-(3-triethoxysi|yl propyl) monosul f
bis-(2-tri et hoxyevltyms&hﬁthwweﬂe)eﬂmmh% vinybiisis-2-(methoxyethoxy)silane,

bi s-2-(3-triethgeys p%ﬁ@x f

bi s-tri buroxysilyl rrgt()#olﬁr 31 ethg f(?etlécg:ys%anﬁ%ﬁ k&inﬁ&tﬂ}‘l Eth&ﬂsﬁme, %gﬁ

met hyl di et lgoxys meﬂiybhmpb}lb))ysdammli-(limetlmhyxﬂwmpyl)ahnutfp!pl ms-{33t hoxysi | ane, and
t hi our ei dopr opy accor di ng
toclaim?7 Wner(l;ﬂ ?\l’r}%‘ﬁ&&]%@%@@f fetr%a sﬁﬂff#’ blg'( llngglgﬁgsﬂy lpmp yi) monoﬂ'ﬁpq

surface of sai dbisiRitdethoxysilyiethyltolylene) tetrasulfi Mls—&(h-ltﬁm:bx&ﬁmdl ng to C| aim
13 wherein sai d 0 wei ght of said

silica. ﬁ‘y Fp%e"y?my &%’s‘slﬂgﬁgé‘ﬁﬂg'éfeﬁﬁpm’yf 6'*‘8(&?' Wslé wher ei n sai d

sil ane has the metiyididhoxysilyl 1) disuMid8y thfocyardtbpropyliriethoxysilane, and
YRS (R ) [ &Pr] (CR ??1 ysilylpropy) dEFlel nyR | sp pydl val gnt g’l liyl ene,

aryl ene or aral Hj¢ %9Wmth%ysléﬁnzo car bon atonms, a vinyl
group or acetylenyl; R is a nonovalent alkyl, aryl or aral kyI group of

| to 10 carbon atoms}3 R’&bleadwcntnﬁngﬁalclahh7a*lieydiz;azamgidiequimiamhy'dpr§ﬂeoup of |
to 12 25 Sr?{hggﬂrf&e%ﬁmds éaarel n one or nore of the carbon atons can be
replaced with n, ntrogen or sulfur; Yis an

et oapt o L?’f”?heg;ﬁféfpiﬁifgfi%ﬁgw&ré%”c e 1§ i e cnicecoppirs 0T f 0k

a nonoval ent aI %xﬂywéigwof%dﬁﬁéﬂ kyl group of | to 20 carbon atons or the
radi cal - iR [err](OR")[err], and x is | to 9; other bis, tris

or higher si l anes wi ﬁ" A@Uieﬁﬂ‘f dilrgﬁtg?:falm 13 wheﬁem sa{aesﬁlﬁ{e(}i%gﬂ{gch%nﬂ#ﬁges in the

groups between the alkoxy silane oups; Vi
car bonyl ; ami noformiikey| , aral kyl or aryl subst I tuted am no; ureido;
t hi ocyanag®@; thiourea; epoxy; and hy X ais an integer and is 0, 1
or 2. 35 PRSRR, 0% 43
wherein R is a divalent alkylene, arylene or aralkylene group of | 10 20 carbon

atoms, a vinyl group or acetylenyl; R’ is a monovalent alkyl, aryl or aralkyl group of
! to 10 carbon atoms; R” is a monovalent alkyl, ary! or aralkyl group of 1 to 12

25 carbon atoms, wherein one or more of the carbon atoms can be replaced with
oxygen, nitrogen or sulfur; Y is an organofunctional groulﬁ selected from the group
consisting of mercapto; sulfide and polysulfide of the structure R***-S,- where R’ is
a monovalent alkyl, aryl or aralkyl group of 1 to 20 carbon atoms or the radical ,-

30 RSiR’,(OR™);.,, and x is | to 9; other bis, tris or higher silanes with sulfur or other
heteroatom linkages in the groups between the alkoxy silane groups; vinyl;
acétylenyl; carbonyl; amino; alkyl, aralkyl or aryl substituted amino; ureido;

thiocyanate; thiourea; epoxy; and hydrogen; and a is an integer and is 0, 1 or 2.
35
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WO 97/ 07165

PCT/ US96/ 13250 ing to claim 13 wherein
said silane is selected fromthe Il | n ma nsisting of

sul f ur - cont a| n| ng silanes with one, 4+ws or three al koxy gr gﬁg’
attached to ¥ 465 i con atom 17. A bFENYS%E#P ding to-
claim 13 corrprlsmg 10 to 99 parts by weight of said silica and 1

to 80 parts by wei ghtlo Wendpceorningde claim B wherein said silanc is selected §om fhep| end
according to cl i fpl&ang%f@uawn@nh@%ﬁm&wﬁsbﬁ&&\e&mfmwkafy groups

group consigting o mer capt opr opyl tri et hoxysi | ane, 3-

ner capt opro%yl t ratiaehed 38 each siigon ¥pm. (3-t i et hoxysi | yl propyl) tetrasul fide,

vi nyl tri nmet hoxysil ane, vinyltriethoxysilane, vinyl

tris-2-(met hoxyet hoxyYsiAl blers accarding to claimksrcomprisipg bt W9gintty bylweightaxfy si | ane,

e et oP 0P O A AT By R g, 1110 OIS

met hyl di et hBxysi | yl propyl) tetrasul fide, bis-(3-triethoxysilylpropyl )
monosul fi de, 18.” 3 blendaceqrdiag f,slgim llW‘Pl“’rWﬁ”@%ﬂ&?F%ﬁéﬁe%dg@@mef i de,

bis-2-(3-trict hlc%f?( tﬁ’;?‘ﬁ'§.°f]35¥'”ﬁepm%@'?§4°%wﬁee§hy' trisulfide,

bi s-tri but oxysi
met hyl di et hoxys|mgrtqpmm)mdh@udsﬂarddm-ﬁﬁﬁl@ﬂ)msﬂylpppmlb;dtrasu!ﬁtehoxys| | ane, and

t hi our ei dopr opyl ane cess for
o1 g anyg oy PR sisbmsorn. g et
absorbi ng & si | almapfdpmp&lrﬁdﬂ\yldlathui}@ﬂﬁiemémuﬁ*dpykﬁmbtﬁylsmb;eﬁilﬁfé ﬁﬁ'ylt hat the
blend is har acteri zed n t hat .t he y%O% g‘pdul us. of rubber
I

conpounded vvith'geé#yé‘? ipethayysiipae, pis-( ""‘eﬂm")'s"y dislfidesbis-blsen stored at

ambi ent t enper atmeigyidisthodys 1) Bk Qilfide! SisPI-RRAH0RYiI9Prdpy] onosulfid wi t hi n
10% of the 300% m)lg'ul us ’%’"ﬁﬁgﬂ?& ber corrpo% ded wzmsé’? i osu 1575

i medi ately aft é’l's'ﬁzt‘ge‘fi?’@ﬁﬁ)"a@‘lﬂéﬂiyicﬂe) tetrasulfide, 5'5‘2‘(3"“"'“2‘!3‘35%(“57 oc ess for
form ng ams npr gy ol;rye gelﬂs'}fl irisulfl %x@ﬂﬁuﬁk@?@eﬂﬁ@ﬁﬂﬁl?aé B-(3-

absorbing a silane |ca ereint I'ca IS selected so that the
blend is ineﬂl)dxhethméylpweﬂ) dnulﬁdanhrwmwmhnethmy@lm ande present

can be extracte g SI| 4 months after formation of said
bl end. QhILurg'ﬁ]opr%b 't"m 1‘”‘3(')’7'c‘é’?§’s according to claim19 or 20 wherein
said silica exhibits rar

absor bance at 3502 c #?e‘? (PFocsts rfbg’f'f@{"g]r“ﬁ grpr gwglggﬁ"\aggﬂ[' é$?l g;neocfompnsmg
| ess than2P. 3. 3bsorbing a silane onto a silica wherein the silica is selected so that the blend is 44
\IQKC)T/Q 6/58 2/1?22 5o Characterized in that the 300% modulus of rubber compounded with said blend afier
the blend has been stored at ambient temperature for 4 months after its preparation is
within 10% of the 300% modulus of the rubber compounded with said blend

25 immediately after its preparation.

20. A process for forming an improved blend of silica and silane, comprising
absorbing a silane onto a silica wherein the silica is selected so that the blend is
characterized in that over 80% of said silane present can be extracted from said silica

‘30 4 months after formation of said blend.

21, A process according to claim 19 or 20 wherein said silica exhibits a
differential between its infrared absorbance at 3502 cm™ at 105° C. and at 500° C. of

less than 1.3,
35
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22. A process according to claim21 wherein said differential is greater

agagr 20 vvherelg 2al d i-l I ane has t”m"”"l"ﬂm"mﬁm‘cgzs ?g?ﬁ{‘?!"ng tocam

YRS (R )[ert i% treintR ms rval ent Ien aryl ene
or aral kyl eﬁ%‘ (“3 of 1 to 20 carbon at ons, M S%fﬂp or

acetylenyl; R is a npnovalent alkyl, aryl or aralKk o]

to 10 carbon atoms; P& Agr%emm@mémclaw% Whﬁ?‘?ﬁaléﬁ“‘gfe&ﬁ#yﬁ grgptenthanf 1 to
12 cargtgon atons, wherein one or nore of the carbon atoms can be
repl aced W|:li 10 oxygen, nitrogen or sulfur; Y is an

or ganof unctional gro ng of

mer capt o; sul fide an ﬁ%‘%&%ﬁgﬁj ?loiyﬂ?ng dr)‘t{‘c()lW’e %”‘%Tlg?enlfas%ere R'' is
a nonoval ent al kip¢micalfgrinuda: ar al kyl group of | to 20 carbon atons or the
radi cal |, - RSIR [err] (OR") 'JK’ &ﬁg,xis | to 9; bis, tris or

hi gher silanes with sul fur or other iR, Hb‘t eroatom | i nkages in the

groups bet een wihereii Ik ivaydigilént BiRylghe) Hﬂﬁene\l* aidlkylene group of 1 to20BIoRNY | ;

carbonyl; am no; al kyl, aral kyl or aryl substituted am no; ureido;

t hi ocyanat e; thF‘Gmseaa‘"“ﬂm °"3?R!Vlﬁ9'8rgg!§ri‘ mofioyalgntialiyh aryl ﬂ't"é‘g‘l&)’lmqfs 0, 1
or 2. 1t b&'Aﬁ I sai d
silane is select e?jlg‘r:aé torﬁs m’%%‘c"ﬁg@%{dg' éﬁgﬁrﬂgmﬁ&g\qﬁﬁhgont ai ni ng

silanes with onearbwlvmomsWhmmldtmoyegﬁbgwbmtomscanbcremmhd to each
silicon a am 2 9 or
wherein Sg'l d bl ery(fe?: it r%e“ orsuifgr, ?15&&&8@%@8&%?&6%%% el ﬁ%ﬁ'ﬁheﬁgélg d
silica and | toc@{s:spago@nd:ryapmlsg}ﬁﬂe mfd;miysxufmeloﬁﬂe struﬂt’ﬁ'e R’”-Sx where R** is26. A
process accordin 0 sai d el ected frqmthe
group consi sti nﬁg’gf‘ ‘??ﬁ?i?‘g]&p?’éi%&&j*ﬁﬁr%t 2‘? F%@a%“sm‘he radical

ner capt opr opy! t REIR’[{ORYR, |, @itex ishits 9f Bis,ltFik &maaevsmdnxé Wiwsifurt of ghérasul i de,
vinyl trinmethoxysil ane, vinyltriethoxysilane, vinyl

tris-2- (mashoxybeiereatpdinkages in the groups be‘WE‘?“c‘ﬁM’lS%Y&HﬂWPWl in¥t hoxysi | ane,
mer capt opr opyl d W%}?ﬂ %%foglsdéﬂxgﬁﬁ kyY'aPaM lor?rgl substittitBd fhiing) JFBLGOXYS1 | ane,

bi s-(3-triethoxysi
met hyl di et hoxystltqdymwu)ureaewwmﬁlhjrdrOgm,an Saaanllmbgmm)dsnsloyl prapyl)

nonosul fi de, bj s [ietho ItoI rasul fide,
bi s-2-(3-triethoxysi %4 A m(:ess accor&mg ?r;%c?%m% '3%%54%/? 'Zsfés'“%‘?‘f mthe
bi s-tri but oxysi kmhmdﬂ:;h::glo&nlfﬁn—dmmuﬁng;s:(aﬁes wxlh one, two or three alkoxy groups

nethyldle?ﬂoxy5|l op dlsulflde t hi ocyanat opropyl tri et hoxysi | ane, and
t hi our ei dopr opyf ‘%*’%’r@%é"f’f’a

45 A process_accor di n% to claim 21 wherein
an oxi de of al umi num3- <A process accordmgtocalm 19 or 20 wherein said blend comprises 10

to 99 parts by weight of said silica and ! to 80 parts by weight of said silane.

25 26. A process according 1o claim 23 wherein said silane is selected from the
group consisting of 3-mercaptopropyltrimethoxysilane, 3-
mercaptopropyitriethoxysilane, bis-(3-triethoxysilylpropyl) tetrasulfide,
vinyltrimethoxysilane, vinyltriethoxysilane, viny! tris-2-(methoxyethoxy)silane,

30 mercaptopropylmethyldiethoxysilane, mercaptopropyldimethylethoxysilane, vinyl

methyldimethoxysilane, bis-(3-triethoxysilylpropyl) disulfide, bis-(3-

méthyldiethoxysilylpropyl) tetrasulfide, bis-(3-triethoxysilylpropyl) monosulfide,
bis-(2-triethoxysilylethyltolylene) tetrasulfide, bis-2-(3-triethoxysilyl-5-

: methylphenyl)ethy! trisulfide, bis-tributoxysilylmethy! disulfide, bis-(3-

3 methyldiethoxysilylpropyl) disulfide, thiocyanatopropyitriethoxysilane, and

thioureidopropyl-trimethoxysilane.
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present on the surface of said sili ca 28. A process

according to claim27 wherein sal 0.02 to . 1.0 %
by weight of said silica. ﬂl"nmw lm process according to -
claim 27 wh |d$|lanehast an @a

YRS (R )| erﬁ‘ﬁﬂ’?%err] V\,herel n Ris a d| val ent %M%zgo aryI ene
or aral kyl ene group of to 20 carb ns, a V|nyI group

acetylenyl; R is a %M&F@ﬁ?"caﬁdﬂﬁmd&m?l 8‘“”5‘?‘&? R’)‘/’F’e gf dupingm is 1 o I

to 10 carbon at sredent &R 'thé Surfacddn@idRdiRal al kyl, aryl or-aral kyl group of | to
12 . car bon atoms wherein one or nore of the carbon atons can be

replaced with £ ULy Yl
or ganof unct i onal grou st | emébgo@in?ﬁ}@?lﬁﬂn?{xgﬁ%&ﬁ%ndo%déﬁo xsesgglzhog of
mer capt o; sul f i d@Yabyweightyof sdid sitles.of the structure R''-S[err]- where R'' is

15 a nonoval ent al kyl, aryl or aral kyl group of I to 20 carbon atons
or the radical ,- 29, Aproces&%b&d r:éhﬁﬁRZ’){vﬁéréahsmdailuil»ehastﬁehhénﬁca? ot her
bis,tris of higher silanes with sul fur or other het er oat om

| i nkages in th °§F'Hﬁrps bet ween the al koxy si l ane groups; vinyl;

acetyl enyl; carbonyl; am no; alkyl, l%’ g th aryl substitut ed am no;

urei do; 20 thlocyanate thlourea z “and hydrogen; and a is an

i nteger and i s “eherdin Bris @divalent alkylene, arylene or mﬂ@&n& gropp of bex20xmadhondi ng t o

cl ai m 29 wher ei

consi st n:goof aq]‘f'?% ngrngrgy%?r éetiﬂ@ Zgg ﬁ,{ggﬁgﬁ a{% aG’l’ of W@gp ﬂ&%@fy

gr oups 1 todOlcadbrstoing; RAMN L Modovaient afiyl Gyl oPdralkyl groupofito 2 3 1. A
process according to claim 27 wherein said blend conprises 10 ,to 99

parts by wei ghttathonatoms, thr?‘EQ“%Wd“?mPS’hSG“B%‘!‘gmb?“\b&’%ceéf""@al d sil ane.
32. A process aﬁygtrndm&sgénq,r@mﬁim%za Eﬁdf&hcﬁé‘daﬁgz%h}: éa&teﬁr&ﬁhﬁ%}&;g from

the 30 group consristing of "3-ner capt ‘Eropy rimet hoxysi | ane,

mer capt opr opy| tcensisting ef metcapte; sulfide and polysubfidees theistrydtyre &3 11~ whare RS0 isf i de,

vinyltri hox I ,
tris-2- (g hoxy%‘&?@fm\épﬁy aM b?é:ﬂﬂ@’g%&r@ﬁ ® %%%’y tomsf?{q]%lmd% ﬁldxym | ane,
mer capt opr opyl dle.Bu@R”éi,h@wgud htod); othenbyis,tris orh:ghersxlm;s MMhdulﬁEtmmhylsl | ane,

bis-(3-triethoxysilylpy. 1), disulfide Dbis-(3- 3 s ot

et nyl i et hoxy SRR iRFes i hetor et B b Slons arasmsi gl or oy )
monosul fi de, acetylenyl &&i‘lﬁnﬁzl?mhfnbﬁlmxatﬂkﬁ)& afyhsubiiithigd Sap; wreidoasul i de,

ZIGS 2- (3 t et hlqgéa ;,dl:ﬁg@ga; epoxy; and hydrogen; and a is an integer and is 0, 1 or 2.

PCT/ U896/ 13250 | phenyl hyl | fid

bi s-tri but oxysi |yl nd® hAWOO@ﬁ@gq: nggtoen%/tgz 5 l¥ uE sralnds stllamlz lseselected from the

methyl ) et hoxys Hu‘;‘)'ﬁlﬁ&%k&ﬂilﬁl"E&dﬁﬁing%ﬁﬂn@&%ﬁl@@ﬁ@m@&%&é LRbRPrYGls! ane, and

1 - t hi our ei dopro I met hoxysi |
attached to each silicon atom.

25 31. A process according to claim 27 wherein said blend comprises 10 to 99
parts by weight of said silica and | to 80 parts by weight of said silane.
32. A process according to claim 27 wherein said silane is selected from the
30 group consisting of 3-mercaptopropyltrimethoxysilane, 3-

mercapiopropyltriethoxysilane, bis-(3-triethoxysilylpropyl) tetrasulfide,
vinyltrimethoxysilane, vinyltriethoxysilane, vinyl tris-2-(methoxyethoxy)silane,
mercaptopropyimethyldiethoxysilane, mercaptopropyldimethylethoxysilane, vinyl
methyldimethoxysilane, bis-(3-triethoxysilylpropyl) disuifide, bis-(3-

35 methyldiethoxysilylpropyi} tetrasulfide, bis-(3-triethoxysilyipropy!) monosuifide,

bis-(2-triethoxysilylethyltolylene) tetrasulfide, bis-2-(3-triethoxysilyl-5-
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33. An inproved process for the fornulation of a rubber-based conposition,
wherein a masterbatch conprising a sil ““)n silicais added to the
5 conposition during said for ‘“\ﬂﬁ a the i nprovement

at

conprises addin 93 SI| eh thich conprises a bl end
accordi ng t oV EOMF or claim 2. ' 34. A W28 cor di ng
to claim 33 wherein said silane has the chem cal formul a: 10

YRS (R ) [ er r] ( ORmethylphpnylethyl trisulfide, bjgteibutpyysitylmethy! disyifife bis-(3 kyI ene,

aryl ene or aral kweﬁﬂfdxéiﬁ Bil 1 éhﬁﬁdec Htrieth da vi nyl

group or ac§0yl en &g ﬁéro%%@arent g?‘%%hn mpy g? %x group of
.to 10 carbon aﬂmﬂdmﬂﬁ‘mﬁ&mw@m al kyI aryl or aral kyI group of |

to 12 15 carbon atonms, wherein one or nore of the carbon atons can

be replaced with 33. An nm@wrprouekstfboge formulativh bfia tubberibased @omposition,
organof unctional aroup selected from the, nsi sting of

mer capto, sul fi dgﬂ%"ﬁ’&aﬂﬂ?sﬂ'ﬁq‘? Y?@’HB’F*“GH@“%FPG@FQP@S‘I!%“ 1sgfi§q% theytere R is
a nonoval ents al k¥dmpaaitidh d@ﬁn@&ﬁd fb\‘lhulﬂﬁ&#ﬁ/h&fem' thé ﬁnﬁgv&%p&ﬂup%é&'ﬁdxﬁéat he

radi cal , - RSIR [err O?)[err and x I's 9; "'other brs, tris
or higher sil aneslammstsdmchrw i comipises a lendmd*h&mmtlcﬂﬁclaimﬂages in the
groups between the al koxy silane groups; vinyl; acetyl enyl ;

carbonyl ; am no; al ky34. A&pmckssl acoordingye clsinh33 whertiadaid silang hasthe clebatical

t hi ocyanat e; thlpure'a and hydrogen; and a is an integer and is 0, 1 or 2.
25 3 process according to claim 33 wherein said bl end
conpri ses 18 to 99 parts byymugm(m{”),gal d SI lica and | to 80

parts by weight of said silane. tprocess accordi ng
to claim 34 wher ¥herenR i asdw%al#xl%wwﬁer m’@smepmroup of 1 to 20 carben

consi Sting of - subybis LA SRR Vs b indhFalerh WRyR byl B o g o1

groups 30 atta con atom
process accor di nbtq 10 eakbonrat3es; VIR tis aimpnevalent skl aeyl oraralkyl@ooupef  tokd t he

group cons tlng 3rrerc Qpr o Itr| I ). ane - .
mer capt opr %gyl trie o%&'gf‘ I 3‘%@‘ rp%nep& %5%’3’5*% ‘f)af‘?)’ﬁﬁp}“fde‘f"rﬂésul fide,
35 Vi nyl t r oxyged dityspeh ansulfuyi Yf)?d Mdrﬁx\bﬂmyﬁodahg‘lﬁup seileeied from the group

tris-2-(nmethoxyet hox si ane, rc to I v, di e ho S)-l ane,
mer capt opr opy!| dl??é‘f"ﬁé‘; t‘?é\‘}gde%‘}ﬁy"“ SPie Birudtine RV 8, SN is

a7 Wﬂoﬁ&/a@%ﬂ-ﬁﬁyl aryl or aralkyl group of 1 to 20 carbon atoms or the radical ,-
PCT/ US96/ 13250 r%» di met hoxysi | ane

bi s- (3-t ri g0 hoxyBPIR/(BRO)y) ’mm §d| tp Pd@hergapss trisgr higher silanes with sulfur or other
met hyl di et hoxysi ﬁeférestemka(aéﬁg £ hdubéiBetwinnd el bR ikt 0P| )

nonosul fi de, rlet oxysi |yl ethylt ol yl'ene) tetrasul fide,
bi s- 2- (3-tri et hosepylanyl; carbonyl; amino; alkyl, pealiy} pmlrgubstémnﬁy#mmm useiflesi de,

bi s- trlbutoxy5|l d
net hyl di et hoxysi ﬁé@y"y lﬁl&‘%wé Hjﬁyc?é ’halg%g)}%annaltn%)e ?rggyllstorl ct %oxy3| | ane, and
5 t hi our ei dopr OWI.-Apmmhcnoyckng wrstaim 33 wherein said blend comprises 1040;9900ess

according %0 cl 4,33 ASE SF i fidh bl o8 Bo SRty vhetgif of said silane.

36. A process according to claim 34 wherein said silane is selected from the
group consisting of sulfur-containing silanes with one, two or three alkoxy groups

attached to each silicon alom.

30
37. A process according to claim 33 wherein said silane is selected from the
. group consisting of 3-mercaptopropyltrimethoxysilane, 3-
' mercaptopropyltriethoxysilane, bis-(3-triethoxysilylpropyl) tetrasulfide,
35 vinyltrimethoxysilane, vinyltriethoxysilane, viny! tris-2-(methoxyethoxy)silane,

mercaptopropylmethyldiethoxysilane, mercaptopropyldimethylethoxysilane, vinyl
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differential between its infrared absorbance at 3502 cnferr] at 105[err] C.
and at 500 C. of | ess than ﬂ “ﬁl“l‘lsl”w 39. A process
accordl ng to claim38 wherein said dH Hu“ eater than

0.9. 40. A process*actor'difg o &l ai m 38 wherein said
sil ane has tWEZPHS cal for rrul a 15 PCT/US96/13250
YRSl(R[err])[err](OR’)[ rein Ris a dival ent alkylene,

aryl ene or aral R‘}?'éﬁﬂ@"&?@wﬂ@}?e’ P'SI(%"'M’Q’,‘WMRWOPYU dxsulﬁde, bl%rfibms a vinyl
group or acetyl Qﬁuﬁyldnahoiy%ﬂﬁpt@BﬁS’i@ﬁkﬁﬁﬁdeaﬁlk-?-‘fneﬁ{oﬂsﬂ propyt lgﬁébs\@ﬁ&Up of

1 to 10 car:pon at R' “i s a nonoval ent a group of |

to 12 20 bis-@driethowmilylethyitaldene) Gﬂ‘feﬂ!&ﬁdg@,ﬁﬁ'@'ﬂﬂm}mhﬂ’ﬁon atoms can be
| d th
D oranet | onaMetyipheny i) SRl i ORGxlly Ribol iiutiad B3

mer capto, sulfi dmtlwﬂietpotyyﬂylpmpﬂtdlsdlﬁdhd‘ienynnmlmwllmum@&m;l andwhere R'' is
a nonoval ent aI kl}lxoﬂrei?l é c!{"gla{3 I’léﬁk"%roup of I to 20 carbon atons girst he

radi cal err], and x is 1 to 9; other tris
or hlgher S|Ianes with sulfur or aqthe het eroatom | i nkages in the

groups between the aBkoRprosessapeording Eﬂﬁa‘“‘\ﬂ3rw*!m*“ said silica exhibitae y| e nyl ;
carbonyl ; am no gk bd?&&h‘ftg linfﬁrre(ﬁ{b%rgﬁﬂpﬁttjiﬁ'kﬁd 21058 aﬂgfal?g 'C. P,

t hi ocyanate; thiourea: and rogen; a I's an I nteger an

30 lessthanA.3pr ocess according to claim 38 wherein sai d bl end
conprises_ 10 to 99 parts by weight of said silica and I to 80
parts by Wel ght of s39.dAprdcadd@ccording to claim 38 wherein saefdPdifféreRtid) ¢ datdddtear di Ng
to claim40 wherein said silane is selected fromthe group
consi sting of s ur - cont ai ni ng silanes with one, two or three al koxy
groups 35 attached to each silicon atom

48 40. A process ag@rding (orodaimS8 vdseain stidwilanohas|ts ehedBalvher ei n
said silane is’ ted fromthe group consi sting of

3-mer capt @gr opyl tri net hoxysil ane, 3- 1
ner capt opr opyl tri et hoxysil ane, bis- (B'IﬁSl(Ré)t.(lﬁlm‘)ssi | yl propyl) tetrasulfide,

I h
{12 21 (ot hoxy BB ia et sk ¥Stenk B a3 wpum oA RFPEPEOMoxysi 1 ane,

ner capt opr opy! daiwhis/wviayipeipor bédidenyt! m/is amcﬁwvalent ARy Do aRdlaA B¥chp b ne,
bi s- (3tr|ethox m%lpropyl) di sul fide, bis-(

met hyl di et hoxysi % F%‘Eﬁﬂ%‘°‘f'%tlf"b!§ﬂl"iq“ﬁi@le%i"§yl( S‘y{?‘ia&‘%ﬁ%’PWF # Boyl )

monosul i 88, carbon atomb)ivirefelt bric) it Sthé driRindrhsOlal be RplackEwiigs Ul f 1 de,
bi s-2-(3-triethoxysilyl - B- met hyl phenyl )ethyl trisulfide,

bi s-tri but oxysi PSYESBIPeESH PESE ¥ is 35 tyga(ngﬁmcttonal group setected from the group -
' consisting of mercapto, sulfide and polysulfide of the structure R***-S,- where R*"’ is

a monovalent alkyl, ary! or aralkyl group of | o 20 carbon atoms or the radical ,-
25 RSiR’(OR”)3., , and x is 1 to 9; other bis, tris or higher silanes with sulfur or other
heteroatom linkages in the groups between the alkoxy silane groups; vinyl;
acetylenyl; cafbonyl; amino; alkyl, aralkyl ot ary! substituted amino; ureido;
thiocyanate; thiourea; and hydrogen; and a is an integer and is 0, 1 or 2.
30 41. A process according to claim 38 wherein said blend comprises 10 to 99
patts by weight of said silica and 1 to 80 parts by weight of said silane.

42. A process according to ctaim 40 wherein said silane is selected from the
group consisting of sulfur-containing silanes with one, two or three alkoxy groups
35 attached to each silicon atom.
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10 met hyl di et hoxysi |l yl propyl) disulfide,
hi ocyanat opropyl tri et hoxysi | ane,

hi our ei dopropyl -tri met hoxysi | aneiui(i@ ll "IH"!’JJ”!!L 44. A process
according to claim 38 wherein an S resent on

the surface %9 @ silica. 45. A proced€T Wng to
cl aim44 wherein said oxide corrprl ses 0.2 to 1.0 % by wei ght of
sai d silica. ' 43. A process accwlngqoshm%yha@wpﬂlsd@qlesmdlﬁommaher ein

sdi d silane has ?

YRSI (R )[e r] ((ﬁ %errf‘ﬁﬂm 3-mercapmﬂropgxr1 Q&ngmaﬁgl val ent al kyl ene, aryl ene
or aral kyI ne gnmqpmpi'opylmhﬁiysdmebbls-(3-tnethoxysxlyt;mpy$) teteasulfidg;] gr oup or
acetylenyl; R mgpnnovagtelnt abg qQr ar%lé% & }'f % I
to 10 carbon atvdWém oSt ISEFthpEy 5 y‘f‘“ylé‘i’ pthoxys ‘B’@f sifrgup of 1 to
12 25 Carmmimmﬂﬁtmxm@hef&ﬁ@?@ﬁylaﬁﬁﬂﬁﬁd’tﬂ&@slﬁhé’ ms;fvp an be

replaced with I's,an organofuncti onal

group sel eBt ed ‘?’?’W‘F‘WQ"’@}V%& bls'(3‘m°‘h°’6'6%§i’f§t’i’lhé'S‘Hﬁd‘?@lﬂcﬁpt o, sulfide and
kT aryl or LeByfhiel rouﬁ”@?"‘éf"g‘r"zo"’?a fetBtysipropyl) monosyfhafn 0! 2, Ot
RSiR [err] (OR" bt{&hpthomdy thylolylene) tétrasulfiti biskd-63-triethoxysdyl-fi gher silanes -
Bl koxy st | ane. (haRABhenybety wisltide bRV BERER Al IbFLELT 00 Ayl
aral kyl or ar y|mﬁmﬂblhbXb!Sﬂﬂprl)disulﬁdeJ tHiotyanatopropyitriethok pilime) akde; t hi oz rea;

and hydr er .and is 0, 1 or 2. 7. A
process accordi H’Q"rﬂS’l"E'i"H?r}ln‘f' 3\%?5%5"@1“?1 sai d bl end conprises 10 to 99
parts by weight of said silica and 1 to 80 parts by weight of said silane.

49 WO 9%/ & preesss according to claim 38 wherein an oxide of aluminum is
PCT/ US96/ 13250 present on the surfaceofgald‘kﬁncaA process according to claim46
wherein said silane 1s selected fromthe group consi sting of

sul fur- C oy ai ni ng S'4kaﬂﬁﬁ‘%ﬁ\%én%&c&gﬁfgt&‘é‘&x‘{?&&mr%ﬁsﬁg%gﬁgp &%gogé%tpdl ng to

attached to each silico
cl ai m 44 wher ei% by sieightsofisaidailica. sel ected fromthe - group
consi sting of 3-nercaptopropyltrinethoxysilane, 3- 5

mer capt opropyl tri et BeXXrbcRE accoidbigtsclain £ WherYi ishidl kildne M4 the ERInfigstul f 1 de,
vinyl tri met hoxysil ane, vinyltriethoxysilane, vinyl

tris-2-(net hox;f@!"m%( ) si | ane, mer capt opr opyl net hyI di et hoxysi | ane,

mer capt o@0opy! di met hyl et hoxysi | ane, Y’dk (lt OR” met hyl di met hoxysi | ane,
bis-(3-triet hoxysi | yl propyl) disulfide, "gIH 10
met hyl di et hoxy svhereimpR dgnydiyalem alkylent farglene dyiamikyBent group lobk 1520 qalr!pnopyl )

onoSu L1 . o vyl &R R MBS RTS) AR o °
bi s-tri but oxysillty Ilﬁredrhgd atdnsuR’F isdenoﬂnvsle)jt&{kyl aryl or aralkyl group of 1 t0 12
met hyl di gEhoxy gl byl Rb28 W Herdh S5 & sS5re of e SHANALOP LR ibh hagys! | ane, and
oxygen, nitrogen or sulfur; Y is an organofunctional group selected from the group
consisting of mercapto, sulfide and polysulfide of the structure R***-S,- where R’’’ is
a monovalent alkyl, aryl or aralkyl group of 1 to 20 carbon atoms or the radical ,-
30 RSIR’s{(OR™;.. , and x is 1 to 9; other bis, tris or higher silanes with sulfur or toher
heteroatom linkages in the groups between the alkoxy silane groups; vinyl;
aéelylenyl; carbonyl; amino; alkyl, aralkyl or aryl substituted amino; ureido;
thiocyanate; thiourea; and hydrogen; and a is an integer and is 0, 1 or 2.
47. A process according to claim 44 wherein said blend comprises 10 to 99

35 parts by weight of said silica and 1 to 80 paris by welght of said silane.
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15 t hi our ei dopropyl -tri net hoxysilane. 50. A
rubber - based conposition produced-by—the process: ofi clai m 33.

%1. A rubber-based conposition pr cess of clai m 34. 20

52. A rubber-based conposition pr@Mﬁ@“ﬂ“\Nﬂ“ﬁ‘ﬁcess of claim 35.

53. A rubbe™®HLEH¥Sconposition pr ed by "t hé pfocess of PET/H$I613280

54. A rubber-based conposition produced by the process of claim37.

gg. 2 rugger-gaéeg 4&@9@%@&0&i@%ﬁ&@ﬂmﬁ&w{rﬂ&&i@%ﬁﬁﬁeﬁ?ﬂﬁﬁt&iﬁ&rggme 25
: rubber - based copposi f.i rodyce e process, of claim 39.

37" A 1 ubber - b AR GRS P HU-FARIGE Y PHlEol Bt drgs alked dirure

58. A rubBer-bamemrmasgiﬁdogram{,oduced by the process of claim4l. 30

59. A rubber-based conposition produced by the process of claim42.

60. A rubber-based Iobd : qfagm ; i

61. A rubber-based i%%ggc%%sgﬁbog{t%ce %ﬁ’ﬁ%‘ﬁﬁ%@%% lg‘lit?l f?na'ﬁﬁl.e 35

62. A rubber - bgroup censisiog of 3-arerqaptogropyiiritethoxysilmeptess of cl ai m 45.

50 5 A . . . .
PCT/ US96/ 13250,,.&@9,,;%;{08,,1&%&0“3,&%% bis (3 urigthoxysilyloropy L \SRSEIde: o1 br oduced by
t he process of vinyhdimeiiéxysilane lvinyliriethoxysilaned dinylAris-2i{hrethoyetioty)sdigOsi t i on
produced by the process .of c|]aimA47. . 65. A rubber-based
conposi tion pr B‘Gﬁ%@ﬂp opy imgthyldietioxysilapg, mercapioprpgyldimethy. leﬂ_"”‘y""}a"e’ vinylgg A
rubber -based cogihgRiirhétRckyBilde His3-HEnbRRIPHRFS Aisaltide, vk @ 49 5
10 methyldiethoxysilylpropyl) tetrasulfide, bis-(3-triethoxysilylpropyl) monosulfide,
bis-(2-triethoxysilylethyltolylene) tetrasulfide, bis-2-(3-triethoxysilyl-5-
methylphenyl)ethyl trisuifide. bis-tributoxysilylmethyl disulfide, bis-(3-
methyldiethoxysilyipropyl) disulfide, thiocyanatopropyltriethoxysilane, and
15 thioureidopropyl-trimethoxysilane. )
50. A rubber-based composition produced by the process of claim 33.
_ 51. A rubber-based composition produced by the process of claim 34.
20 52, A rubber-based composition produced by the process of claim 35.
53. A rubber-based composition produced by the process of claim 36.
54. A rubber-based composition produced by the process of claim 37.
25 55. A rubber-based composition produced by the process of claim 38.
56. A rubber-based composition produced by the process of claim 39.
57. A rubber-based composition produced by the process of claim 40.
58. A rubber-based composition produced by the process of claim 41.
30
59. A rubber-based composition produced by the process of claim 42.
60. A rubber-based composition produced by the process of claim 43.
61. A rubber-based composition produced by the process of claim 44.

35
62. A rubber-based composition produced by the process of claim 45.
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10 15 20 25 .._35
51

. //ll/l///I//III//l/l/l///ll N

63. A rubber-based composition produced by the process of claim 46.
64. A rubber-based composition produced by the process of claim 47.

65. A rubber-based composition produced by the process of claim 48.

66. A rubber-based composition produced by the process of claim 49.
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