10

15

20

25

30

PROCESS FOR PREPARI NG A RUBBER COVPGOSI Tl ON, RUBBER
COVPOSI TI ON OBTAI NED THEREFROM AND USE THERECF The

WO nooenoi48h rel ates to a process for prepari ng PCDBR2007/052385

conposi tions conprising rubber and inorganic

oxygen-contai ning particulate material nodified with a

coupling agent. Such processes are known from US

6, 509,423, in which the preparation of a silicone

rubber conposition conprising an organopol ysil oxane,

an or ganohydrogen silane, an inorganic filler, and a

RO GESBy | BOFon PERRARKNGI sA diRldBBEED. COMPOMINaNi c RUBBER

COMBOSIEIRN B YAMNED ditd EEREFRGM paND 0B& BHEREGF f r om

0.1 to 500 mim These inorganic fillers nay also be

treated with an organosilicon conpound. In US 6,830, 81

The inesdieadetades iy @ PERGaSS HS/EFQP@HB&erB%erQrHP@?f'C’nS comprising
[ d [

Wﬁﬂﬂ%t e‘?gﬁfda(i’n %h@sgﬁge? g%@%&dﬁs g‘ﬁaﬁ’ﬁéulgfe matBliA RRfified with a

awmmgﬂgnrganl c solvent nediumof a colloidal silica

nodi fied with an organosil ane. After nodification of

the silica, water is renoved, and fromthe subsequent

SUSRNEEATSsNErer AT irRn 198 VLS, 83T AITRIRS fNé preparation of a

evaporation or spray-drying. The thus obtaine

ai@gmrmgavbbebfcohmaﬂmmmommtﬂlmgnamlorgam¢mdy$1@nabe, @edrgano-

hirRaghrTafE aBtndraihe £, apdra B athyrRar Sk s disclosed

$Hétir%}b§nﬂccqﬂlek1$§néﬁall§'Ha'seé[rﬁa\l'éfagé'da‘?ﬁlﬂ%‘ slZeli¥4fom 0.1 to 500 um.
CONMpOSitions hi$ end, an agueous suspension of

hhdsepiorganic fidersaygy adst leel treatddowvidiansirpansesilicon ezropednd.
with at | east one organosilicon conmpound to effect
hydr ophobi ng of the colloidal silica. The hydrophobic

rolUDi 6l8B0 1M BapidtesybrRe gpvephtivg Omcﬁbﬁﬁ@blb Npartigllfraggregated
formbeforethedysollds are added the silicone

colipigaissilicents deserthashtQlgiaingd witb tblﬁo@@@é% ipfa pugpension in an
[ s t g at gs _of '

B ey R e RO MATRIELET Dol SRl pfifig) witn an

vamosilane. After modification of the SI|iC8., water is removed, and from the

subsequent suspension the remaining solvent is removed by evaporation or

spray-drying. The thus obtained aggregates of hydrophobic colloidal silica can

be used in silicones.

EP 0 982 268 discloses a method for making hydrophobic non-aggregated
colloidal silica suitable for use as fillers in silicone rubber compositions. To this
end, an aqueous suspension of hydrophilic non-aggregated colloidal silica is
reacted with at least one organosilicon compound to effect hydrophobing of the
colloidal silica. The hydrophobic colloidal silica is subsequently obtained in its
dry form before the dry solids are added to the silicone liquids.

The disadvantage of the processes of the prior art is that agglomerates of
modified colloidal silica are added to the rubber precursor, rendering, upon
curing of the resin precursor, a rubber composition wherein the colloidal silica is
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curing of the resin precursor, a rubber conposition
wherein the colloidal silica isnot honogeneously

wale@rnotes ed. Thi s i nhonobgeneous di stributi on PEIYERR07/052385

t he rubber composition to have non-optimal physica
properties. It is an object of the present invention
to provide an inproved process for preparing rubber
conpositions. A further object is to provide a rubber
conp05|t|on with inproved phyglcal properties. This
%ect is achieved with a grocess for preparing. a

B@m%e@@sawglasr@éwbyt%bﬁ £ EhRALIeNeBHS CBRpPHEPMFarses the
ARl cSﬁdo%ﬂfo%atB'rfav% cﬁwgé‘pt?rﬂﬁiﬂ‘u | a)ochcEérhéé‘.! ate

material, conmprising t st eps : eparing a
m xture of the rmdl fl ed I nor gani ¢ oxygen-cont ai ni ng
Ealrtl cul ate teri a first sol vent

an
St ggtqm%cttﬂ the )grﬁ@tv\hnyﬁntépr} lg%bcgpwgpeg@rlgkprrovea process for
E Iringi RAbSEr 'c%ﬁ%oéﬁﬂﬁlsPOAy‘F@r'th&n%b%' anapl ré\/lde 2 rubber

ond~sol vent ; b2) contacting the n1xture W t
n@mpneutlonammmpromd pbygicalgrapedies! east one rmnomer
and optionally a second sol vent, and polynerizing the
nononer (s) to formthe rubber precursor; c) optionally

Thizssbjetnld Ashibhed fvwﬂbéfpr@)b@w'f@pgréﬁhrin@ea ruBBENBERRirsor or a
a crosslinking agent to forma ru conposi tion; and

eyobest icomnasitianeneempgsinge @ i maditigd/ Blorgariendxygen-containing

er..any of the steps b 1)
58 t')é?%&é’"%%‘;?él %HB%.% tﬁé Sﬁéeés‘rﬁ!;fxture of the nodified
apr tpr@pdtr&tgea maikere af tiee ehddified Irfo%arﬂ@b»(?gén bshl%ihlag Yarticulate
allows the particulate material to be already well

d| speatedal Wérf'és’[t%verﬁ 3t e is conmbined with the
B?f?ﬁ@bﬁﬁgulrhéohlﬁh d thﬁnﬂfﬂ?{e? %ﬂeﬁu?"s%'r (?WPISIH@%’[ least one

a mat er | a can I'sperse
rublmiyrmrea:rm sptionallyra secamd solventpbr aggl onerati on. In

b eentrcng e Bixiie Milhd biname: comidiidihoda §gg ay east one
for modtheh gsdeplib¥alf@UseSecond solvent, and polymerizing the
monomer(s) to form the rubber precursor;
c) optionally cross-linking the rubber precursor in the presence of a cross-
linking agent to form a rubber composition; and
d) optionally removing the first and/or second solvents before, during or after
any of the steps b1), b2), and c).
The use of the mixture of the modified particulate material and the first solvent
(step a)) allows the particulate material to be already well dispersed before the
mixture is combined with the rubber precursor or its monomers. In this way, the
particulate material can be well dispersed in the rubber precursor with no or
minimal agglomeration. In contrast, the prior art processes, e.9. as described in
EP 0 982 268, use hydrophobic silica in the solid form, which generally causes
agglomerates of the modified silica to be present in the final silicone
composition. This agglomeration may necessitate a grinding or milling step in
conventional processes, rendering them more complex and economically less

attractive compared to the process of the invention.
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aggl onerates of the nodified silica to be present in
the final silicone conposition. This aggl oneration may

woe@edeidsate a grinding or mlling step i n CONRENEPINAHS2385

processes, rendering them nore conplex and
economically less attractive conpared to the process
of the invention. Moreover, the m xture of the nodified
particul ate material and the first solvent in step a)
can be easily handled, as it 8eneral|y has a
relatively | ow viscosity, and al so enabl es eaSé]nixin

Mereovaietheumbdvrepfdha maenified patticylate materighandhine first solvent in
g@g%‘;@é@%e te'&%ﬂ;‘?ﬂén&l%d?h@%@@dqrg@ﬂﬁé 3 r'eYativ%H{ 10Q9vit5883ity, and

the 1 nvention solvent w
alsapenablest eaay | mibgeg et rthe orutibeznpramupdart ef ystept boyt or the

e T N T

B fiist WoRentaN vBBoFIBRETa Idga SltbhcenevekRBAipletdly Without a
the process of the present invention a rubber

seppals evaporatiomsien bginguiededd and ayithanit goid formation in the final
0 en-contai ni n rticulate material is.obtai ned

(BT CREROsde i ERaTE LY WhEsdnP Fuikeds aStiong HBRE o
armdfes prodess bf Qhétpﬁréﬁgrﬁthjnv@ht?@@aé irQBbeﬂ@@Mﬁ@%itioﬁe@émprising
strength, and inproved oEél cal properties. The process

podifies! iingreaNiCo Xy BaMmCPsERNINGo PalticEidiat Materialejss abtained with
_ _ _ ¢ .

A SPRAm T otdihRsbh i e5rlniae) haRLidhetiishe stongin

glohbatibn,anoeaat) lear sakhgiy, phddephetedessticahpropedids. ed

particul ate material and the rubber precursor. In step
b2) the m xture of step a) is added to at | east one

}?’E?g{@&%ﬁ& e SHRAGbN R RS twé{‘%ﬂt@%dﬁ%oﬁéﬁe 59&1) and b2). In

sequently pol yneri zed. one enbod
stepsbpy toedisst sdleentmarjeniate matgeal- oxities S mglded to the rubber

et RPallt o Sedighe RO IAI g% s Wedh PR ACTIE Rarticulate

Rt dnaltBe TAbISS srecaf@dra second functional group
reactive with the nononer(s) and/or the rubber

v star B8} the mixtwre of $iapea) tshadded dadcatf least poaanogemep of the
(b 782t AP BPBRIE )1/ L B RRRTRl PAr 20

In one embodiment of this process, the inorganic oxygen-containing particulate
material is modified with a coupling agent comprising a first functional group
reactive with the particulate material and a second functional group reactive
with the monomer(s) and/or the rubber precursor. In such a case, the second
functional group may react with the monomer(s) during polymerisation thereof,
causing the particulate material to be chemically linked to the rubber precursor.
Alternatively, the second functional group may react with the rubber precursor
upon curing of the precursor in step ¢), causing the modified particulate material
to be chemically linked to the rubber composition.

The first and second solvents used in the process of the invention can be any
solvent suitable for use in this process and known to the man skilled in the art.
Such a first and/or second solvent may be the same or different and preferably
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causing the particulate material to be chemcally
linked to the rubber precursor. Alternatively, the

w@ewonaer4saunct i onal group may react with the rub@EEP2007/052385

precursor upon curing of the precursor in step c),
causing the nodified particulate material to be
chemcally linked to the rubber conposition. The first
and second sol vents used in the process of the

i nventi on can be any sol vent §U|table for use in this

process and known to the man skilled in the art. Such
b% fisodtend cernatiole wilg s Vedtfiegepaeulair: maigualgj.e. a solvent in

fd’heﬂ?‘P |eﬁé%§f Rl ¥emathsS W Yleﬁ‘lgpéfé'éaaﬂk%’lo‘?sd%ttehand non-
partlcu ate materia .e. a solvent In
aggmlgatdmpamctescalsax/ell aatvath Hle ruioer psecwbsor, disspenser and/or

mto dhscre e and nonﬁé;rgregat ed particles, as well as
& fesHIigg'HBBRY CYUPRRs its monomer and/or the

TRE Ukl A8/bHRBEHNE QBRRHIS irfiludel AR ohblsS tsuBAHL MetR&®INdethanol,
solvents include al cohols, such as nefhanol, ethanol,
issppnsyehcind arfutandLkeioops, mmasgneti;ubamabkatenaymethyl ethyl

Rb0Ro M IS Elobie, HEL FEPorBER o 3R such as ety

acsthed gné%tFUhMéta{?@ el P Rur s alchyliat 8sters rs(Jctha§ PYudylSacrylate,
such as butyl acrylate, nethyl methacryl ate, and

metht mﬂtbacryla@qg,ara@dt rtn@@;rwlqt @rogar@Tdfla@rylate aromatic hydro-
BABEASRRS as S aH UFRACENAI IS, AR BLGRSY! ether,

tmﬂdhytjrdfalratn (Eruﬂﬁol aa@l Imeéthyll\fEBEButyllenher (MEBE).r ed
enbodi rrent of the aforepenti oned process, the f

Ehd@ Brefeeednamosrifeeits Ohtlae Ao W%Hr%e@éhéme f'VSt and/or
f Whgs I

R 3 a1 B A AR Lo ecohE oy Ry

to 5. Exanpl es of such al koxyl ated al cohols are

et hyl ene gl ycol nononethyl ether, ethylene glycol

monoet hyl ether, ethyl gne glycml| nono n-propyl ether,

et hyl ene gl ycol nonoi sppropyl pgtlher, ethyl ene gl ycol

nonobutyl ether, ethylgme gly nono t-butyl ether,

et hyl ene gl ycol nonoRekyl et hyl ene gl ycol

nmonophenyl n

wherein Ry is a C1-C4 alkyl, R» is hydrogen or methyl, and n is an integer from 1
to 5.

Examples of such alkoxylated alcohols are ethylene glycol monomethyl ether,
ethylene glycol monoethyl ether, ethylene glycol mono n-propyl ether, ethylene
glycol monoisopropyl ether, ethylene glycol monobutyl ether, ethylene glycol
mono t-butyl ether, ethylene glycol monohexyl ether, ethylene glycol mono-
phenyl ether, diethylene glycol monomethyl ether, diethylene glycol monoethyl
ether, diethylene glycol mono n-propyl ether, diethylene glycol monoisopropy!l
ether, diethylene glycol monobutyl ether, propylene glycol monomethyl ether,
propylene glycol monoethyl ether, propylene glycol monopropyl ether,
propylene glycol monoisopropyl ether, propylene glycol monobutyl ether,
propylene glycol mono t-butyl ether, propylene glycol monohexyl ether,
propylene glycol monophenyl ether, dipropylene glycol monomethyl ether,
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et her, diethylene glycol nononethyl ether, diethylene
gl ycol nonoet hyl ether, diethylene glycol nono

wWo2@ropwss et her, di et hyl ene gl ycol nonoi sopr opRdT/BP196T1/052385

di et hyl ene gl ycol nonobutyl ether, propylene glycol
nononet hyl ether, propyl ene glycol nonoethyl ether,
propyl ene gl ycol nonopropyl ether, propyl ene glycol
nonoi sopropyl ether, propyl eng gl ycol nonobutyl ether,
propyl ene gl ycol nono t- butyl et her, propyl ene gl ycol

nonohex et her yl ene g col nonophenyl ether,
eiPpoRp %rgéycgq'yaeﬁowgwbﬁm%y cIREpRYENG: YR meRe Bipjeml ether,

I
SRRGPHOH 08! mARaRIR Sy ol BoRERE By monotuy
diher.opy trerse glcgbols etbylebatghycattrhemomehyt bbee aaidceﬂfng:lwe glycol

Fomaeling cthéiare TP PEeHisrk micruls ek e bRk, and may

EQUSH REAH Srod¥hmemy cause heal th probl ens. The nost
%bef erred al koxyl ated al cohol s are propyl ene gl ycol

a@mtrwefeéneldealk@xwatsd@mmis agg poaglylensnglgcolynoeemethyl ether
Sol vent are avai I r.om.Shel |

A0 Or et G isten i fen AIEP G ayaiaRlecs & dom Shel

(GatdirrekitdPehhd®BRMW @owadriol) andlUrtore CelsideNedriivl/CeRosolve).
two or nore al koxyl ated al cohol s in the process of the

Itns/@ﬂﬁq @ﬁVlSlloﬁeth@ UEEn VX Or moreraék@fyé%t@ﬁtalgmﬂlss txtheRrocess of
t?B ‘nodified i norganl C oxygencont ai ni ng

par 'EUiate material" refers to particul ate materi al

haV|ng on average a di mension of between 1 and 1, OOO

nmin at |east in one dlrectlon which material i

other FeRfent Ohthe PERRAN mPPAGRIRN they farewi modi |[e1;|e|norgan|c oxygen-
?ﬁgéﬁmﬁ?ﬁ@]ﬁ%@ hABha nlgfégs RSk ‘rt?dt'JIéEEemH@rl%T glélgﬁgﬁenr average

ave a nu rae particle
addidetnsian nkdetwéery laadgnt Do rhmgllmt aisdm:slt éniorg aEebiah, which

of between 000 n a spolids content of 10 to

E{GICVEAE mﬁé#lf@ﬁg\mt@a Q%’Ql'ﬁhﬁ@QPt average particle

Wﬁiﬁﬁﬂ)ﬁﬁhé $néraaMReSkyheAh n’&éiﬂld%arﬁﬁgla@ﬁ{atéf 85 fo aRé Ynvention
e number avérage particle dianeter i s between

have a number average particle diameter, as determined using a dynamic light

scattering method, of between 1 and 1,000 nm, a solids content of 10 to 50

wit%. Preferably, the number average particle diameter is between 1 and 150

nm, and most preferably the number average particle diameter is between 1

and 100 nm. It is envisaged that the inorganic oxygen-containing particulate

material according to the invention may comprise bimodal or polymodal particle

size distributions.

The inorganic oxygen-containing particulate material can be any particulate
material known to the man skilled in the art. It is envisioned that the inorganic
particulate material of the present invention may already be modified, e.g. it
may contain organic constituents or be encapsulated in a second inorganic
material, before being modified according to the processes of the invention. The
inorganic oxygen-containing particulate material generally is selected from

oxides, hydroxides, calcium compounds, zeolites, and talc.
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and 100 nm It is envisaged that the inorganic
oxygen-containing particulate material according to

W@ b@7i10M480t i on may conpri se bi nodal or pol ynode¢T/EP2007/052385

particle size distributions. The inorganic
oxygen-contai ning particul ate material can be any
particulate material known to the man skilled in the
art. It is envisioned that thg i norganic particul ate
material of the present invention may already be

nodi fi ed, i contai n organic constltuents or

. g. t m
géa@ﬁt%?pgfjlsé‘ﬂg@allei ﬁ)r(r'gj)é§e@%chydﬁ%¥' ahiFensilied i(bf. siepprdoxide),
Bein8a MdHihiEFh RRGAFHL NGahRint B%xﬁ@%ﬁﬁ?@ﬁdé’fwdrh@md[eazwconlum

I'nventi on. rllllﬁe [ ngr gani ¢ oxygen-contal ning particu
oxter caﬂlurgembede,l agtimeny elxel, exsrhutmoxikledesbalt oxide, dysprosium

r oxi i um conpounds, zeol,ites nd ., . .
DY F BN o o ¢ BLECTE o BRIy B, qlagiug ¢ hydroxide,
fidgneaiuim o€<1de9'r|1éc§d%ﬁ?m9hp>éb<%%) nigkdidxide, 84MATDMUIBKide, terbium
trrhydrate, titani um dioxide, zinc oxide, iron oxide,

gxigde ot axidexfungstereexiden and m@nurarwadmny oxi de, bisnuth
xide cob It oxide sprosi um oxide, erbium XI de
EXRBBIam oi ASSThcrPERndR | 48, cralitm raithe®s 8 calcium
itelm oxi de, neodym um oxi de, nickel oxide,
samari um oxi de, terbium oxide, tin oxide, tungsten
BﬁfGEfedaﬁ@rgﬁﬂtCr ome@w@r&alnmgaﬁart@glaée realiegpigngre the oxides and

W&@%&@S M iy é’rubh%FasﬁlFb%”aélﬁrrﬁWéj 8ﬁln‘?htdmé Etl'i%g?cg&’{‘é,etutamum

erréd T rnorgant ¢ oxydgen-contal ni’ng par

dekield, ahd zat@omlje OXI des and hydroxi des, and in
Eartlcular sili m na, alumnlumtrlh

he 4RPSirR'E ecssadd@art'sH@tez MALCER; 'aé'“cahgxml ﬁapgagu’ae%ﬁ colloidal
e hi Cc
B8 SRAREC RS NRERALY o AN Rl A L. and

RrebaselX éx Clastanhi ssan Chenmicals Ltd., and Kl ebosol (r)
e Aeba bl BhE S bALSE LB0 P BRs BRRRERs of o o
AToRE BFEHY APRGH e it &tfinbfgdtié bhRituRie mMabRAlsal S.

Any coupling agent capable of reacting with the inorganic oxygen-containing
particulate material can be used in the process of the invention; suitable
coupling agents are known to the man skilled in the art. Generally, the coupling
agent of the invention comprises at least one element selected from the group
consisting of Si, Al, Ti, Zr, B, Zn, Sn, and V. Preferably, the coupling agent
comprises at least one element selected from the group consisting of Si, Al, Ti,
Zr, and B.

The coupling agent of the invention generally is a coupling agent according to
the formula:

R Rs

I:{3 I:{4 p
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Any coupling agent capable of reacting with the
I norgani ¢ oxygen-containing particulate material can

wheooagedsi n t he process of the invention; suitB@I/8P2007/052385

coupling agents are known to the man skilled in the
art. Generally, the coupling agent of the invention
conprises at |east one element selected fromthe group
consisting of Si, A, Ti, Zr,_B, Zn, Sn, and V.
Preferably, the coupl i ng agenl7 conprises at |east one

eI errent selected fromthe conS| sting of Si, Al
wherer Mygagd iyl &fr%'ngégﬁ'i‘(ﬂ |Y ﬁ@tGGf rqrﬂéh Q\/@Hﬁ! cepsisting of Si,

aegngr % ﬁquBa aﬁauaﬂ II '{/gﬂw%nhf AL 4 nﬁdépﬁe gcsel%cted from

formil al wherein are i ndependent
hydanoxy lhechdprong) a:mrme&txyngamﬁngetvmen Ti ancir10 a:aoch1 atoms, an
| east one of endently sel ected

d at d
ARGT AV bRy I0PRERRD nanda 2, cBATBR) REUNSY Ft Qkaemophosphate
e Bﬁ@neqmoﬁy&b@%onaﬁro@bg@@mwh@g feduR@mh at20and an

on atons, an organophosphate conprising two
hsgam@@wctpdms'h@ﬁ@p@ompﬁ@ngsIW@ghsldrpcalzxonchObI@ﬁ mrommg 11to 20

an or hosphat e copmpri si ng two ragcar bon
ShoRe ABRAE T DHRER] RENEHT . cABR o Bt PRBERRAES! 80y organo-
pyrl@%wspﬁét@aagmlph@ém AseHrAgaraspwnepPamEbake group, and the
opt i onal I% conpri ses at Ieast one functional group

EEaINHEg r ﬂaﬁnl%@ RARPeNgeBtly nﬁ@ﬁ@ﬁ%ﬂerffqr? @é{ﬂ@qybd chlorine, a
&y%gﬁbgf o vm Ct;\&[agﬁgl ngﬂd&#@@&%ﬁgér)d&c ngnﬁh‘”ﬁfd?ocarbon

opﬁaMl&ldoynmwmratsz@@stainel faaetﬁonahgrcﬁum@tn anmbxygh@wpg batween 1
acet ox havi n%bgetvveen 1 and 5 carbon atons,

an (5(9 P20 AgMsetanckan 2lkowy Q@V'Bgrweﬁﬂowndﬁﬂ @ﬁrbon atoms,
grhﬁcﬁ’&ﬂkeﬁ %ﬂ@hélﬁ/ﬁQ%Flbé@%t %a te@rf]é |OFHP§FdL@J@|onane and

oxane azane, oxane~an
siilazazlan avhagdt isdovedriey aad/@rrsnagase: ramlbualdgs are addestructures, ladder

Pl cieTRRTO b B 5 o By i s
VTR e LB g FEAFE ST R g on 11
podiAps MplereeSi, Ry - rgprmnts O S, disulphide, polysulphide R7-S4-Rs
and/or R;-S»-Rs, where R; and Rs are independently selected from a
hydrocarbon having from 1 to 6 carbon atoms, and p represents an integer from
0 to 50, provided that if My is Al or B, Rs is absent and/or if Mz is Al or B, Rs is
absent. The functional group can be any functional group known to the man
skilled in the art. Examples of such functional groups are hydroxyl, epoxy,
isocyanate, thiol, oligosulphides amine, and halogen.

A combination of two or more of coupling agents can be used in the process of
the invention. The coupling agents may be contacted with the inorganic oxygen-
containing particulate material as a mixture or separately. The ratio of the
coupling agents may vary as desired. It is also envisaged to change the ratio of

the coupling agents in time as they are added to the particulate material.

If the inorganic oxygen-containing particulate material is silica, the preferred
coupling agent is a silicon-based compound. The silicon-based compound is
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and/ or R7-S2-R8, where R7 and R8 are independently
sel ected froma hydrocarbon having from1l to 6 carbon

w@e@ngo748hd p represents an integer from O to BOI/EP2007/052385

provided that if M is Al or B, R3 is absent and/or if
M is Al or B R5 is absent. The functional group can
be any functional group known to the man skilled in
the art. Exanpl es of such fungtional groups are
hydroxyl, epoxy, isocyanate, thiol, oligosul phides

am ne, and hal ogen. A conbi nati on of two or_ nore of

B’@!ﬁﬂ”b’rﬁg?'%@@ﬂtféoredhe HOUR &@NSisting of p?'@@§§sdt§f|afﬂ% oligomers of
él ifBzadde GEUBLIAGIHE N SHicBRYs PesitRRL ABHFRgW Fegrns and
t I'norgani ¢ oxygencontal ning particulate material as
ailsesxwmxanes Rreybered erllrgzon-'ﬁlaeed abmpooinds laee sdaames agd silazanes.

ents may vary as desired. i S aIs nvi
P nyeriee il "B ‘the Bout | riboaSeritls Hen ipvaiiogs are silanes
hb@rdmigRodsfRGlabg-yihe particulate material. If the
I norgani c oxygen-containing particulate material is
silica, the preferred coupling agent is a
silicon based compound. The silicon-based conpound
|styp|cT Iy selected fromthe group consi sting of
si |l anes R4 anes, olrgone /ﬁ% | ane, sil agane,
si | ane- Dﬂg i onal S|I|cones ane- nodi fied réesi
and si | sesguipxanes. Preferred SMkj,con- based codp
are siL+aes and sil azanesr,Fhe sil anes surtabIeRforl
use in the pr%cess of the inventiof are sil anes
according to ormulae 1-VI: IV V V1 wherein each ong
of R, ﬁg, R3, R4 is indepenjently sel ect ed froI
hydr ogen 'or hydrocar bon havi ng'between 1 and 20 cilbon
atons, which hydrocarbon optionally conprises at | east
one functional group. If a silane according to any one
of the formulae IVto MVl is used in the process of
i nventionR,the ions, and in pa&grcular a , ?
prefgkqbyy removed from the mixt'ure, for examo\\g(
usi ng hiexchange technlqﬁ\e& In order to av0|d/an C
addi tignal & on renoval step, /thecisi | anes accordRang to
any one of the formul ae 1-16) are preferred.

vV Vv VI

wherein each one of R4, Ry, Rs, Ry is independently selected from hydrogen or
hydrocarbon having between 1 and 20 carbon atoms, which hydrocarbon
optionally comprises at least one functional group. If a silane according to any
one of the formulae IV to VI is used in the process of the invention, the ions,
and in particular CI', are preferably removed from the mixture, for example by
using ion-exchange techniques. In order to avoid an additional ion removal step,
the silanes according to any one of the formulae I-1ll are preferred.

Examples of silanes according to the invention are tributyl methoxy silane,
dibutyl dimethoxy silane, butyl trimethoxy silane, dodecyl trimethoxy silane,
trimethyl chlorosilane, tributyl chlorosilane, dimethyl dichlorosilane, dibutyl
dichlorosilane, methyl trichlorosilane, butyl trichlorosilane, octyl trichlorosilane,

dodecy! trichlorosilane, methyl trimethoxy silane (Dynasylan® MTMS), methyl
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Exanpl es of silanes according to the invention are
tributyl nethoxy silane, dibutyl dinethoxy silane,

whehioghoubsret hoxy sil ane, dodecyl trimethoxy siPEHEP2007/052385

t hmet hyl chl orosilane, tributyl chlorosilane, dinethyl

di chl orosi |l ane, di butyl dichlorosilane, nethyl
trichlorosilane, butyl trichlorosilane, octyl

trichl orosil ane, dodecyl trichlorosilane, nethyl
trimethoxy sil ane (Dynasyl an ?r) MIVS) ,

met hyl tri et hox Ian% nasylan r), MITES), propyl
trteith@tyhéi@n%m SQ’Wnagﬂ/ B9, (PoPY ijnetfhWpﬂlane (Dynasylan®

{Dﬁ_ hox%ﬁ'ﬂﬂgﬂw&%@ {;fymg(eayB \ |3058{¥Y11r>;nethoxy silane

| |
irl nes?%@ %B*rm@) ('%ngfgyﬁgﬁﬁd%’ Siehy Dﬁgécstv/lan® IBTEO), octyl

hoxy sil ane

trrrmethbmy(ysumnba(feyr(&yt&rﬁ/I%TMO @&T)E[O)rlethmgadaﬂayé (Dynasylan®
trlnethoxy si |l ane nasyl an 9 116), hen
héﬂm%ﬁ y

T,JEECP})OWEJQQ% ,Qégysllgﬁe(g rgasy@g) h@n)phenyl trimethoxy

Sl aTheSuplny et S¥ aRRAY, Wit dRE Yigie. (pyarsyiRy” 268) o

g‘y?ﬁ XE%"dffy“ QYh@EH&@D Ryhné' gtﬁ}rﬁ@ﬂén@' lanavORy |@)fl’gfds(djy?lé‘xypropyl

3-nercapto trimethoxy silane (Dynasy

(rrethi;/I\/O)sllarse meDyapswpnBpyGLYEQ)Y | 33|meecdmmy gimethexy silane

Dynas 3403), 3-nethacryl prop tri met hoxy
W&@b@ﬂ?rcﬂ@iﬁg}om@lrﬁ?ﬂ‘%ﬂl”@? y Sg,liangn@ynasylan

%%%Zzélniﬁth%%%v%%w bR TSR s TeRhey MR, v
RSy | SHAneT 1D YTT RN ‘@‘FED‘?XMWIOIE’MheWo'XVE%ﬂ‘Q%@/ (Dynasylan®

S|Iane nmet hyl acetoxy sil ane, 3-acryl oxy propyl
virMe@}, humyl strlBé&ametfﬁawethdwmhanepwydasmm | VIRIORY, acetoxy

i lane, allyl trinmet trieth
Btarh G maiaky e ilyar ki STandeR A TELaRY rimethoxy
§|'Idr@183 agl*y'f@@yBYé ﬁtd?ﬁ’\)éYhﬁ'rJnéﬂ%x %lﬁﬁéa%ﬂﬂ’ nrﬁét‘h%kiﬁ@ﬂéne allyl

| ane, rrercaptopropy triethoxy silane, methyl
U@@*@@SM sitAnes:, tetisopthyl | dietboxyrsilage - dmﬁihald@@wthdxxetsnm dimethy!

| anﬁ%@gs Hyi%%%%ﬁ%&%@é(@%}% '&aﬁ%@{@wéﬁgw f¥dxy silane,

ArcBief ad6dddy| t dicfRixpoxYard, | ARy PheaHHe 6y NBicthdxyekhand, methyl
silane, trinethyl ethoxy silane, trinmethyl nethoxy

@h(ﬁ@ﬂéﬂlet\h@%ylSl'ﬁﬁﬁhmeth)/'eplﬁﬁfw dimesinxy %ilﬁf‘@nél-ﬁq:t@ﬂécw triethoxy

3. ’fﬂé%ﬁbg 1oy ‘%hb)\é} )S||§ﬁé),p[¥|116rﬁﬁto?fnethyl ethoxy silane, trimethyl

OXysi |
ethoxy silane, trlmethyl methoxy silane, vinyl methyl diethoxy silane,

octanethioic acid, S-(triethoxysilyl) propyl ester, bis(3-triethoxysilylpropyl)
tetrasulphide (Si69° ex Degussa), bis(3-triethoxysilylpropyl) disulphide, gamma-
mercaptopropy! trimethoxysilane (SiSiB® PC2300 ex PCC), and 3-octanoylthio-
1-propy! triethoxysilane (NXT™ ex GE). Further examples of silane coupling
agents can be gleaned from WO 99/09036, which silane coupling agents are
incorporated herein by reference.

It is further envisaged that the silane used in the process of the invention is a

mixture of two or more silanes according to any one of the formulae I-VI.
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tetrasul phide (Si69(r) ex Degussa),
bi s( 3-t het hoxysi |l yl propyl) disul phi de,

WQ@209maemsT apt opr opyl trimet hoxysil ane (Si Si B(rRCPERBODV052385

ex PCC), and 3-octanoylthio- 1-propyl thethoxysilane
(NXT(tm ex GE). Further exanples of silane coupling
agents can be gl eaned from WD 99/09036, which silane
coupling agents are incorporated herein by reference.
It is further envisaged that }Ohe silane used in the

rocess of the invention is m xture of two or
EK%‘E’&S QEéHF%P'ﬁgj'?'@%yar&wE'%? hvﬂ@xf’éﬁ*})f{)r%@m'nopfopw triethoxy

%ﬂa\ﬁ' ZE’EQ(‘;B? ﬁ'm@h é farfl Shisa Pﬁ%tﬁé@ sﬂglll ethyl benzene and

yet -am nopropyl -trie
1 62b|b ts(rtemonyﬂ bldywmxeye) et hane bis(trinet hoxyl SI I yl

%’Bi benégﬂ&ﬁ’l? 'Igé’”befr? Pgneér%g?%ghiﬁ Og)?),%apne oligomer

I sTONG yl
(PR IR BRER) s HIBTIARE (Vg 6406)
ExanplwofOéunewle e:hizeneslaaeaueaarrmtleylI@ﬁedalzahbeynasylan HMDS),
di sil azane (Dynasylan (r) tetrameth

Fﬁt@nﬂ%IBWn@'S'Jﬂ%@@ﬁhyﬂ'”&}ll@yh cCY§|"F a%ﬁ*?@nel 1 1y1 ,213,3,3-heptamethyl
il

RSN ARt AT ] o | e

Exboptasest switable slloxshed et 1 An®BHygtrametldyldi,@dhetkgxy disiloxane,

S5 58007 b0 ) U CELEL DA LSS o, s
8% 5| YRRHOFH®L M43 dbacalgoehk Ctdlﬁ@@tbk?@@n&@n)éﬁéé@tMi/dlmethyl

sil'oxane (PS 363.5 ex Fluorochenm,
sitdayledi 4E6t 0X363 incek onEIIucgemqm) y dinmthpigiacsitoxyxianetionalised

holieiicind: SB%ehe, B abEs a0 AT A28l Fluoragham. disaetiylethoxy-

@mﬁhat@aoEa?mmetﬁpﬁ stlox@iY(PBRtIuBXYex tFlidYobRERY, and dimethyl-
pol ydi et | oxane t%PS 397 ex Fl uorochen).

meltfam@' li%rdlif’fat@@ pelysimethyksitoxaney P&r O hex Jﬂwgchem)-
{ ﬁg.tﬁlaﬁgegﬁgg?sgﬂl r s,gﬁsaggbem@! 59(%%%“))&{%3”86% rﬁﬁg ono-, di- or

eir oxy [For 05|

maumwsmartmouewbscfbrcarhdne hy@r@ayem byacetbkpsilytl g chlorosilyl
silicon-containing nononmers during pol ynmerisation or
BUHBERA (R nyVi¢le FaBi e aRrepared b Yarifbté‘P@#ﬁ'ng silicon-containing

monomers during polymerisation or by modifying the resin, as will be apparent
to a man skilled in the art. Preferred silane-modified resins are polymers
containing mono-, di- or trialkoxysilyl moieties, because they are more stable
and do not require any further processing steps to remove undesirable by-
products like acids and chlorides. Examples of such silane-modified resins are
trimethoxysilyl-modified  polyethylenimine (PSS 076 ex  Fluorochem),
methyldimethoxysilyl-modified polyethylenimine (PS 076.5 ex Fluorochem), N-
triethoxysilylpropyl-o-polyethylene-oxideurethane (PS 077 ex Fluorochem), and
methyldiethoxysilyl-modified 1,2-polybutadiene (PS 078.8 ex Fluorochem).
Examples of suitable silsesquioxanes are polymethyl silsesquioxane (PR 6155
ex Fluorochem), polyphenyl propyl silsequioxane (PR 6160 ex Fluorochem),
and OH-functional polyphenyl propyl silsesquioxane (PR 6163 ex Fluorochem).
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to a man skilled in the art. Preferred silane-nodified
resins are polyners containing nono-, di- or

W@ b@kongsi | yl noi eties, because they are nor ePGI/ER1087/052385

and do not require any further processing steps to
remove undesirable by products |ike acids and

chl orides. Exanples of such silane-nodified resins are
t hmet hoxysi |l yl - nodi fi ed polyethylen|n1ne (PS 076 ex

FI uor ochem, nethyldlnethoxys1lyl nodi fi ed

&(ﬁh%’et hyl eni m ne (PS,076.5 ex Fl uorochzn'%‘ ,
t FRMREI) ?%fﬂtép‘}/rleferbeq)dﬁ JBE rPesss kit @uméqr]{%a(q:grgano-

t | - modi fi ed
Efaites B T B, o R Eepl o
Bkaswpidsaldf etitwinilseogutaniage soaplengoagemet hgrie isopropy! isostearoyl
RSB0 SOPEGR HiERBachR §1SPBPERY I hdryProRRY dimethacry
stféé"r‘@;ﬂ' ﬁféﬁllaté)mté/tpeh%b’rbpﬁ?lr QJP(!(leoéﬂyl S%ﬁ@&brﬂ@nﬁta{rﬁ% 6 tetra(2,2-

ex Fl uorochem . O her cCoupling agents preferred in
dlﬁ@Y'pKﬂ@éﬁ’Bﬂ)bﬂtw h@((dﬁv@myl)orpfmsehrb@)galmﬁéeallas@presyloﬁn (dioctyl)
bor on and n| um

broRAPEBhe AR coapOrg oo oSBT o iR Mloioetyy

bp@phespieate) bkbé!h@rtéi‘be fit2@Bted R {( dﬁ)lcfyg)t bﬁ@épﬁate ) ethylene titanate,
triisostearoyl titanate, isopro met hacry

didsianish arophesanale). alialpes SBBRasy| okPpE| d&@rwt? di(diridecy)
I
Bea! Aahb G, 2.0 2foendlbathGIMRL M ikl ciocty)

p7ﬂ0©hdspa1b>®) amxy dmm@ar@thamlanﬂmg tithSaiRr OpPOXy

trusostefa titanate, é} (di octé %1 r ophosphat e

EX3EPIRA @ @'um'rﬂ'aﬁa%ntam”aq& BeiRE 708 tés%ﬁ @PPEQHYyIaéﬁ@aWOXY
e, | r t

PR Gt PP B P ARAARRRS N Gy iocty! phosphate

pliospatet e, titani um( V) 2,2-(bis 2-pr openol at onet hyl)

E%tg%g | at g;%qr algt)oa(l:r{l%{lg lﬁg%@r?& héogﬁ%ngs t@ge otf' c[ih)ﬂ b(ljrlé?é( yTMB ex
Sb%ﬁérﬁﬁ&ﬁ&ﬂ?ﬂbd‘rhf& TCEB'BB('S&m@ESW) Sarid] ﬁlp%ﬂ))ﬂ PR SBY |

acet oal kox um nate, isoprop di | sost ear oyl
Examprest ef ZHQWW%@@@QW”@BQUP%Q esishate isgpiopyl drisostearoyl

FRaThEs hyoePaagnLY’ DIBsh4| bR ABRY Szifichate, isopropy!
trilinoleyl zirconate, di(cumyl)phenyl oxoethylene zirconate, di(cumyl)phenyl

dibutyl zirconate, and tri(cumyl)phenyl propyl zirconate.

In one embodiment of the process of the invention, the inorganic oxygen-
containing particulate material which has been modified with at least one of the
above coupling agents is subsequently modified with a further coupling agent or
with a compound capable of reacting with the coupling agent attached to the
particulate material. For example, the modified particulate material is treated
with hexamethyl disilazane (HMDS), which renders a modified oxygen-
containing particulate material that is more hydrophobic and consequently more
compatible with hydrophobic matrices.
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Sem chen), triethyl borate (TEB ex Sem chen), and
tripropyl borate. Exanples of zirconium containing

W@ompiidags agents are isopropyl triisostearoyl PCT/EP2007/052385

zirconate, butyl triisostearoyl zirconate, butyl
trioleyl zirconate, isopropyl thlinoleyl zirconate,

di (cunyl ) phenyl oxoethyl ene zirconate, di(cunyl)phenyl
di butyl zirconate, and th(cun%#)phenyl propyl
zirconate. In one embodi nment the process of the

i nvention, the i nor%%rnl C OX gencont ai ni ng articul ate
Wﬁﬁé\"b%@r RISCH S OR e WQ BEPGRSE P 4he ilavanttioprig aprecursor

BP b%%?‘(:ﬂu&%?bh%rlﬁge&tméémééﬂb?ﬁ%‘r‘?%'ébdi‘/%%fj dﬁt% the rubber.

a further coupli"ng agent or wth
Saplablulebe)‘fpreemsbrmgs widlhag tree adniners fu;rrmgiehfmer@aftaae he@dwn to the

to the rt'culate materi al. For exanple, the nodified

msg%llﬁpcg éNf&flerial is treated with hexanet hyl

Qké#n'p?e?sa'aﬁ fUEHER) incMt e hatfareliSoer (T‘J’Flz f &§fbne-butadiene rubber
éﬁencont aining particulate material that is nore

bpHastyisopiesec ofifequeelibutatiene cofBR) i bhalyispbutylene  (IIR),
AR ol 7o i RE5esEE e8RS Fycrogenated

hitilBepuiablictid UlmérCH-HNBEE )Olst éhé@bpﬁéﬁé-@fyréﬁé‘ (@S and similar
converted into the rubber. uch rubber Erecursors as

(ayorogenate@ r sbiseris f bloglsd €oRAIWBErsr 45 ﬁowhxctsogmated SIS,
TRRoPhAoE0SES | R CLEyPEATRUTD BbuRH PEER £ CEiipO). sior
p,chjbjem o(mz enawléﬂo%)ren@ommbet a@rnecthBiRne podpyisod umudben e(EPM),
HUbbine BRTETS dethisa e ORD: SuBbbaBhers JEKED- etyene
f @atatétrMBS?fegE\?gg rﬁél§%cffgﬁ'cf<‘?ur@oér 'ﬁ)cl\ﬁﬂ?pso@gfarbérnene (PNR),

rogenat ed copol yners
pgldumglearaﬂmcanﬁl 1) lystdr/ethen dbherdn RBBtic elastomers. Preferred rubbers

D B 08 O Bl PRl Reth S Siifora sber. °"

Pfﬂi%yécﬁﬂéxtréft%ﬁérprégé’rﬁ\@a gheByé e hRe erﬁP%hSlS‘@r SbrRPSsition” refers to
rubber ( EPDM), quorlne rubbers (F

atqwmmﬁdwmwrapeslagdumebend (E@/A)qdlfpeﬂ EEggmic ©xygebeogtaining
E)g‘r% lat® ﬂls}fgﬁarll,bgﬁ& %Bﬁorqgiwy%ther additives.

The rubber precursor of the invention may optionally be cured in the presence
of a cross-linking agent to form the rubber composition. Curing processes of
rubber precursors are known to the skilled man. The cross-linking agent can be
any cross-linking agent suitably used for curing of the rubber precursors. Such
cross-linking agents are known in the art and include a Group VIII metal (such
as Pt and Ru) complex, a supported Group VIII metal catalyst, a sulphur-
containing curing agent, a peroxide, or combinations thereof.

In one embodiment of the invention the rubber is a silicone rubber. The
production of silicone rubbers is generally known to a person skilled in the art,
and is for example described in Chapters 3, 4, and 5 in “Silicones”, Kirk Othmer
Encyclopedia of Chemical Technology, John Wiley & Sons, Inc., online posting
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pol yur et hanes, and pol yester/ether thernoplastic
el astoners. Preferred rubbers are natural rubber, SBR

WERDNM107383 yur et hane, and silicone rubber. |n tPEI/EP2007/052385

context of the present application the term "rubber
conposition” refers to a conposition conprising rubber
and the nodified inorgani c oxygen-contai ning
particul ate material, and opttsnally ot her additives.
The rubber precursor of the inhvention may optionally
be cured in thezﬁfesence of a cross-linking agent to

faiemiaremassdl 200rpdY PEsRIe. iR PFRIYSTIGRES SHCOpPS proceeds via
{r1eP BSHy R REHBA Ut MBAEMIEROYS 16:0n 'CiliEshe |FEcurRDr, i which the

cro I'ng agent can be any cross-| I ng agen
silicorab precussats fane coass-livdkealf totfhem ity sdicope.ethe siticsne precursors

Eﬁ%qihuﬁ %Zgrékigg%g{}ﬁﬁﬁﬂﬁg%tzqna%al@%v\g@ti %Eﬁn?@[@lle@iﬂ the art. It is

REMERI Bt tife SHBERE tRECUPEOUBreYbidbly R duigasakyattthe@nixture of the

sul phurcontai ning curing agent, "a peroxide, or .
cwodlifiathpadiaslate sraiefial and dreefitisotient sandie ehsily mixed with the
invention the rubber.is silicone rubper. The, . .
RS 0 bfer B PEb % BellockhRats ater Bhirghiisibution, of the
panisats kidieegl thivugheubtte sikdtthd Sretafsogxanpl e _
described in Chapters 3, 4, and 5 in "Silicones", Kirk

O hner Encycl opedi a of Chem cal Technol ogy, John WI ey

ﬁﬁn%ggz gmcﬁé‘aimﬁ@fﬂ ifr}ﬁep?ﬁntcieggdgft o DREGTRG! 117l H%%% precursor
, pr odtiction of 'silicones proceeds vra

bbainel inreitheadi te efepzonbnans H2) i @uned teifbinsahe silicone, e.g.
recursor, after which the silicone precursors are
Siligane rilatiercor gligestanaane dpbere SHEN GHInGs IMPIGaTINgs about the
| ; . . .
PEAERER S5 RURAC by AR R MARIRR B Brossine
pblgdmirgamasiexane chasws: Qurefoe gabésally sproceedsl viss petdwadie-induced

be-rRpical PosRos vihnviestdafen biioR wipdesehating'aBroup il
RIGERLSEN aSTPIOIRE ) CoRlpic B 2 SIPEBABASONEpAM ri EAtElst, or

distribution of the particulate material througho
vinecosidensatien faasians.drxamplesad eagh@ditimese cwing pwcesses can be

BURECTE laphd o EEph bk, FhF AL 85308 . s ormer
Eacieibpedibeorihémreae Te€hfblogy, John Wiley & Sons, Inc., online posting
date: December 20, 2002. Upon curing of the silicone precursor, silicone rubber
or rubber foams can be obtained.

It is envisaged to use the inorganic oxygen-containing particulate material which
is modified with a coupling agent comprising a first functional group reactive
with the particulate material and a second functional group reactive with the
silicone precursor during the curing step either as such (e.g., as the product of
step b1)) or as a particulate material already linked to the silicone precursor
(e.g., as products of step b2)). In this way, the second functional groups of the
coupling agents attached to the particulate material may also react with the
silicone precursor so as to form a link between two or more silicone precursor
chains. The resulting silicone rubber or foam comprises modified particulate
material which is chemically linked thereto.
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silicone rubber or silicone foamrubber. Such curing
typically brings about the formation of a

W@ booggodsirensi onal network structure consi sti NnBCDEP2007/052385

cross-1inked pol ydi organosi | oxane chains. Curing
general |y proceeds via peroxide-induced free-radica
processes, via hydrosilylation addition processes
using a Goup VIII netal (sucr as Pt and Ru) conpl ex
or a supported Goup VII netal” catalyst, or via

éondensati on reactions. Exangl es of each of these
Hitaklg 6?‘%@@%@&}? FOOVEUR nﬁ'%%aﬁ%@ﬂ%fqnm'gﬂ@h Soplges are

k H n n H i n H r
DRI TSl B, 3R G el Sk iRDp o gty
Sons, Inc., online posting date: Decenber 20, 2002.

on curin f the silicone precursor, silicone rubber
She T nuher eSibe S BuspResr 1o Preariisa édgery RigeUTsor o a
Hithek BSMd@)@[t%%d?n;S’r@(ﬂ?fhé@t@b@'dﬁ:‘ ng particulate
material ‘which is nodified wth a coupling agent .
conpa) Pragaang ia sixtis of iashabuepussuspeio of vinetganite oxygen-

particul ate materi.al and second_functiona rou :
Fanct | VN PG, s iGotae Byl 0 ARGV BRG! affoRtCasspgein to
step eithBgsrmagiasuch (e.g., as the product of step b

1)) or as a particulate material already linked to the
silicone precursor (e.g., as products of step b2)). In
this way, the secpnd functtjonal groups of the coupling
agents attached tp the paRificulate material may al so
react with the si|icone pfgcursor so as to forma link
bet ween two or no il e precursor chains. The
resulting silicBifg ru Ofloam conpri ses nodi fi ed
particul ate materlal whichdis chemcally |inked

t hereto. Sui tabl e exanpl es of the above-nenti oned

seeond HBEl) Pk S1GUE kg, WYL hoqdh M eyt gpo i an

acet oxyintefee fronvend is5on further pertains to a process
for grepa,rin a rubber precursor or._a rubber
conpBkiqRtenaliyreantactiily the Bpdee with 2 Ispshanengrepomer and

m xt ur eodﬂgfon%ﬂ i‘%\%ﬁé‘ﬁsl C%ﬁ@(?'?ﬁé%@ﬂc(sj ﬂ)gﬁcgﬁg'{nt% rubber precursor,

oxygencontai n parti e materi‘a
al koxy|atcéor witlc ahtdashonerdbey grecursor;

c) contacting at least one coupling agent with the mixture and modifying
the inorganic oxygen-containing particulate material at least partially;
d) optionally contacting at least one monomer with the resulting mixture
and polymerising the monomer(s) to form a rubber precursor, or
contacting at least one rubber precursor with the resulting mixture;
e) optionally curing the rubber precursor(s); and
wherein optionally water and/or the alkoxylated alcohol are removed at least
partially from the mixture before, during or after any of the preceding steps. In a
particular embodiment water is removed prior to step b) and/or step d).
The process of the invention provides a modified inorganic oxygen-containing
particulate material which has a good compatibility with resins. Due to the good
compatibility of the solvent with water, the particulate material, and the rubber
precursor and/or its monomers, a stable dispersion of the modified particulate
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the formula wherein R is a O C4 alkyl, R2is
hydrogen or nethyl, and nis an integer froml to 5;

whoospeidehal | y contacting the m xture with at PEHBP200TI@52385

nmonomer and optionally polynerising the nononer(s) to
formthe rubber precursor, and/or with at | east one
rubber precursor; c) contacting at |east one coupling
agent with the m xture and nodi fying the inorganic
oxygen- containing particulate1 terial at |east
parti al optional | contactln at | east one

a8

|
Rt e DR PasoledmgAmbe: 58Okl Adrghar Advagjage of the
@Fb%e@fb@ffﬁé rﬁ)ﬁn%n |Qrtﬁ%tathébtgreﬁés§ éﬁé‘rraﬂ?rrsmql%est Leé/ver steps and

ontacting at 1east one ru curso
less uddliverd, enablinge a Ie);heptylewajflmortganimgatth:elatelbbanerial per unit

G RETe,ranaig 3o aYocse Mo pLiPa helictoyantas) procssses for
hRMd Rddmed Héﬁlcﬁgté’rnﬁ’ateﬂéf ITHe OfilisthibRrofa¥ Akokyieted alcohol
precedi ng ste In a particul ar enbodi mrent water iIs

caussed nrymrearf}O icient o)l o mdter freltnetﬂjed)‘llxtl]rﬁecqjhmt%@@ inorganic
of the i ventlon V|desta rrlodl%i t(r:] &Hﬁ ter. Th
8&%&% A HThi R %@?ﬁe QG ik RMlPAACOACh A", Water. The
amedylaraicobbl furhem hds fRsbasantade that ithie e@BPatible with most
conpatibility of the solvent with water, the

mhhelr @L@%uréorﬁaf@ldeéung ecersary ibp eise otherswivanisiowhich the

!ﬁ% '21%%%' ESS'E}he I C@%nﬂ{/eéﬁl}? ggg)cdécs];s,'ns the invention

gerlmerast s@mblyr; hﬁfreaeivraoﬁmecohomiwllw andssord etnlvﬁfonmentally
&nventl on is that the grocess generally requires fewer

leoY AR qoBY8NERIa) PRRCESSREDLI i ng a hi gher yield of
inorganic particulate material per unit vol une,

rendering the process nore efficient than conventi onal

pr tee psaestoof thekinvgntiodiwated ipamarticuulhat\mataabdginalting from the
The utilisation of al.koxyl ted al coh uses a

Toresls sURRN aalatiinS e Tsesana RO NaTS Gag be removed at

& e{rni'dﬂﬁlnpﬂoxﬁgdggggl}’rg%@Hgo%)'gﬂnmg?te?@'téﬂhg% dlr8t and/or the
second solvent are removed prior to the curing step in order to avoid water or
solvent being trapped inside the rubber. The removal can be performed by any
method known in the art, such as evacuation, distillation, distillation in
combination with evacuation, and using a membrane, e.g. an ultrafiltration
membrane, which is capable of selectively removing water from the mixture.

In certain applications the presence of water can cause undesirable
deterioration of the rubber precursor or its monomer(s); in such applications the
quantity of water in the mixture of step a) — if the monomer(s) and/or the rubber
precursor used in step b) are sensitive to water — or ¢) generally is reduced to
less than 5 percent by weight (wt%) of water, based on the total weight of the
mixture resulting in step a) or c), preferably less than 2 wt%, and most

preferably less than 1 wt% of water.

In a further preferred embodiment of the present invention, an aqueous

suspension of inorganic oxygen-containing particulate material, and in particular
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al koxyl ated al cohol further has the advantage that it

is conpatible with nost rubber precursors, rendering
wapnesess8ary the use of other solvents in whi cPCT/ER2007/052385

resin is dissolved (nore) easily. Consequently, the

process of the invention generally is sinpler, nore

attractive economcally, and nore environnental ly

friendly than conventional processes. In the process

of the invention water, in payilcular wat er

| inating fromthe aqueous susgensn on, and/or the
CaHel F Pas‘é‘B@HdSQGT'QB'ﬁﬁg i Hedhe Desiopiaed " gieaqygythat any free

Hnges&%r %nﬁ m{é)@? dl:tlé’rf’sesﬁm%g' Vegﬁ\@@é"z ér@eremoved

rst an e seco vent are re prior
from thH iaqgeeusrsuspem;ldartota Gesiiathlevabacemiratsl welm’g technlques

K500 BB oa IR o e vt Ao Ton dgerieabiaues. “Free
%Yl@ch“éﬂe'ré”fb icHsStHah |28 IcfEsolvlP Irl tHeAkbIOBNI() éﬁ’cﬁ"@aﬂ%éeﬂiﬂ migrate

wi th evacuation, and using a nmenbrane, e.g.
irowet ihe mixtuen Thenamaust of/vffeehomtmcpmlmls |Qﬁ3 than 10,000 ppm,

B EaEN Bb ERT VR in eBTbtetertblesk Tha Bog pomn
undesi rabl e deterloratlon of the rubber precursor or

i ts nmononmer(s); in such applications the ggantlty of

e epresant fravemtion ufuether @qrg’aﬁbn%\)to ajProeass neheiepqrgg a rubber
t S are

grg%@? or d?% @%BBFEoJﬁjoS&?ﬁBﬁ%ror#@%%aq {he §t88§ k‘e%uce 1 to

hpqﬁepm 5a pmﬁxmm diy aneiagbeo(sv %spefnsmt &f, ifvaga&dcooxygen-

t he t ot al ght of t emxture resulting in step a)

or Q?Pta'B'PQfQ?rr BHIgte rpaterighand 2 \isbgoluenf: nost preferably
b rrbo gﬁﬂgﬁt ]reé#to/n%f miRoRier ¢Madubbét B?écmﬂéc?rf Wﬁe‘?gln at least one

present invention, an aq
suspemsineniscd comrdrr@aagentpxygen cont ai ni ng part| cul ate
nat eri al art letaran a us silica, which is

O HobiRetsing the B B.{0 0 A1URBSRISCHE Tany f r e

HPBhtidHaNy é@nr@tﬁé‘“@b’obkﬁré@ur%daﬁét' ons such as My2+
and Ca2+ are renoved fromthe agqueous suspension to a

wbergialsiptiooalyc sateraandior dise rﬁlgstt sventeresreamavad abledse partially

F@@Hﬁ%djﬂ xEfte!Heidrae difihg of YRbr ARy bP e i8ABAAT steps.

The first solvent can be any solvent compatible with water and the modified
particulate material, i.e. in which the particulate material remains well dispersed
into discrete and non-aggregated particles, as well as with the rubber precursor,
its monomer and/or the resulting rubber composition. Preferably, the solvent is
an alcohol such as methanol, ethanol, isopropanol, and n-butanol, or an
alkoxylated alcohol as defined above. The most preferred solvent is the
alkoxylated alcohol.

The advantage of this process is that it allows the modification of the inorganic
oxygen-containing particulate material and the preparation of the rubber
precursor in one step. It is noted that the polymerisation of the monomers
generally requires initiation, e.g., by using an initiator such as a peroxide, or by
using a catalyst. This allows for modification of the particulate material before
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ions" refers to ions that are dissolved in the
sol vent(s) and can freely mgrate through the m xture.

wab@7aemseht of free ions typically is | ess thaPC/OPROTV052385

ppm preferably less than 1,000 ppm and nost
preferably | ess than 500 ppm The present invention
further pertains to a process for preparing a rubber
precursor or a rubber corrposH% on conprising the steps
of: a) preparing a mxture of an aqueous suspension of

I nor gani c_oxygencont aj ni n articulate material and a
?her @‘?'Yglﬂ”\?@w%/n 'ﬁbftaét?@u ﬁ@teﬁtﬁnvea/stth%ﬁ@o%%mam pglymerisation

fgce%esqmjﬁgﬁe rein at |east one nononer is a
COU I ng agent poI yneri sing the nmononer(s) to form

n aybbirrgar ecbodonentd)f thjst pmwbs,ytheumongmdnevhluhmo acts as a
and wherein. opti er and/ or

al | t
BOaioS 0o EoaPESe<S Aolyeh Tuieiaal orhiar factve Hithise perticulate

Fiaxé it @ined @é@ondjtﬂdcﬂgnétrgréﬁb%a&ﬂllé With tﬁ@rrﬁfn%ﬁféi@gand/or the
steps. The first solvent Ttan be any sol vent conpa

whbler\mee:rsahdJSIn@ swolisr medopartdasiseattiee partigulalie, matesial to be
whi the particulate material remains well
ah%falﬁﬁ@ an‘?ﬁq go {ﬁ\e rgk')ber PLE&Y $n- aggregat ed particles,

as well as with the rubber precursor, its nononer
and/ or the resulting rubber conposition. Preferably,
tméhe epntaxt afsthenprgiSephavesitien he wefmagoaque@wﬁﬁespenswn of

|n%?@érﬁ@ %gg&;en 88Htaﬂ1l|.ﬁ@b§ﬂ@u1at8 ABrial ko f ? @u@ﬂ)?ﬁﬁ&’ﬂt wherein

above erred sol'ven

al leasy patted the csoh@lpart‘m& aﬂmm@m okipgen pbntaeﬂag iparticulate
that it allows the nodification of the |Inorga

heding:A Fimenian of Belaes hangr 40 RUN#ideast one direction
BFEApSsEeNn o Aol degu R ecursor in one step. It is

note that nmeri sation of the nononers
general ly reqU|res initiation, e. g , by using an

initiator s as_ a Xi d a catal

he ooty Hithe? e 46 i oRbsf combasTioncdhribasing Hober and
ﬁ%?@émé"oxpﬁérﬁlbﬁhﬁa‘?mﬁ@'dé'f‘tﬁi‘dlét@trhﬁferia$ niddfidcedith a coupling agent
Al ternatively, the nodification and pol ymerisation

wherein the inorganic oxygen-containing particulate material has a dimension of
between 1 and 1,000 nm in at least one direction.

The advantage of the rubber compositions according to the invention is that
they exhibit improved durometer hardness and tensile strength, an enhanced
elongation and modulus, and an improved tear strength compared to
conventional silicones comprising modified particulate material.

These properties are even further improved if the oxygen-containing particulate
material is modified with a coupling agent comprising a first functional group
reactive with the particulate material and a second functional group reactive

with the rubber or with the rubber precursor.

Generally, the amount of modified particulate material present in the rubber
composition of the present invention is from 0.1 to 60 wt%, based on the total
weight of the rubber composition, preferably the amount is from 0.5 to 50 wt%,
and most preferably the amount is from 1 to 30 wt%. It is noted that compared
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can proceed sinultaneously. In a preferred enbodi nent
of this process, the nononer which also acts as a

w@owplo1ags agent conprises a first functional gPOUPP2007/052385

reactive with the particulate material and a second
functional group reactive with the nononer(s) and/or

t he rubber precursor. Using such a nononer causes the
particulate material to be chemcally linked to the

rubber precursor. In the cont ¥kt of the pr esent

i nvention the wordi ng "agueous suspensi on of |nor?anic
&(V@@\ﬁef&ﬂﬂabuer%r Sg! Oélli'loﬁﬁet%trhl bl comppsition: g the present
e REOY g% }’5’? RDir8s 18L& /odRRld RQrftchB?e $ibAal in order to have
particl es he I'nor gani ¢ oxygen-contal ni ng

pianilar cngchiamicahpespertiehavi ng a di nensi on of betvveen 1

and 1,000 nmin at |east one direction are dispersed

i n an aqueous nedium The invention further pertains

TRe " iaBRlior GIRASH (JePPn < QP4 | ﬁb@&rb%ﬁebb@%bl@%ﬁadﬁyc of the
oxygen-containing particulate material nodified wt

givupMentonek mroegssesi aomnésnnuoagamb@rqmg@fsocmcwam mprganlc
gartl cul te nmat er.i al _.has gq nS| onTﬁf betvveeg 1.and

Ryt cotpinind rRdiyarg e LR ChFENgPen 1 and

1 e 0r kATt (OARASd Hitdtions @ich Particaldid enatevianisi @Bdified with a
t hat t hey exhibit |rrproved dur oneter hardness and

@@#@inlgeagﬁfﬁewbﬂﬁm HE aRPAnE @fj partw@é@mﬁeaﬁblsmﬁiweag S and 80
%f*f %Qsé&%fn%“édto‘ta%eu%f ‘Bf é&f@%‘? thf ngo:uﬂf'% rubber
si 1% ar ate nater

cones conprising

iﬁmesqwr@bermeaszalaed%an%urther lrrproved |f the
en contalnlqgégartlculate mat er |

ratarabl e ey AHRIB GG Bb SIGG8PoR BT W%, based
8h e éé%u Wélgﬂﬁn%?‘l fhB hBStePBAtEh Clélh&ttﬁe 'B?ﬁﬁj Atads @BBeF" P precursor is

secon nct group reactive rubbe
betweearh2b audl@érwq%ecursor General ly, the am)unt of

VBRisbRterBR e Wi it Bt vo Hidh fonsoriaicadeife pgemixes
Whith basedo®nutbg WPt@e preparation of rubber compositions. Such
masterbatches are contacted with at least one rubber precursor which does not
contain the modified particulate material of the invention, so as to form the
rubber composition of the invention. The advantage of the masterbatch is that it
can be prepared in one location, transported to another location, and used to
prepare the final rubber composition.

A preferred embodiment of the masterbatch comprises particulate material
modified with a coupling agent comprising a functional group reactive with the
particulate material and an organic group reactive with the rubber or with the

rubber precursor.

The rubber compositions of the present invention can be suitably applied in tyre
manufacture, such as in car tyres including winter tyres, truck tyres, off-the-road
tyres, and aircraft tyres, in latex products including gloves, condoms, balloons,
catheters, latex thread, foam, carpet backings and rubberised coir and hair, in
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wei ght of the rubber conposition, preferably the
anount is fromO0.5 to 50 wt% and nost preferably the

W rwane748s froml to 30 ww% It is noted that PCTI/EP2007/052385

conpar edt o conventi onal rubber conpositions, the
rubber conposition of the present invention generally
requires |ess nodified particulate material in order
to have simlar mechanical prgperties. The invention
further pertains to a nasterb ch obt ai nabl e by any of

he af orenenti oned 8rocesses conpri sing a rubber
WERG AR CAHHCRINPRBNG APRUIR YER-FDRE %rbﬁ‘@”ngs rubber-metal-

ano,héfegjogénm f?ﬁltﬁillté \élnaghc?sdél rﬁ‘?r?ﬁinoﬁré’ Pcﬁﬁéﬁf?\%‘ applications

N at t one direction,
metuding | ertginererheuntsl rUbbaDdﬁefarregsvmselalsa grormhdahsg washers, and

BOE S i s s At e 2ha-adinR Sarts peakal Bleshict rofisys. small

58S @frBat ﬁﬂ)unﬁﬂ s (B cRrRiLiE &id rc%ﬁhﬁérd?él%ﬂh%%eé Srubber balls
bet ween 20 and 5 w % Preferably, the anount of

pad tukjog.anikingtrfiatians; andethes agricsltuatibasedvappliasiiond.
on the total weight of the nasterbatch, and the anount
of rubber precursor is between 25 and 85 wt %

Mesherdrabsdiafendic? tkeamentiont tHe AddifR®l Modddnic oxygen-containing
concentrated additive prem xes which can be used in

ﬁ@lcyb&m%en@lﬁsweduataerub,bﬂryy@gmqsa@ ofdiyees, in particular of car

gﬁé@ eﬁkr)@trﬁ%esr |ﬂ tﬁocﬁr%@ Iﬁ)}@'glﬁllan aA ga Oér}y?gg)brer'%%(/entronally

recursor es no

pged iic uyrtse Eedneples of0§u¢meubbmenareonatwal asolden, futnbmss linked
t he rubber conmposition of the invention. The advant a

s artebwkRsiane KpBReT, SCroRaTINKed calirane-Bhiagianed rbbesndUtadiene
h ARt 9??1%5[1%@!%9]@ h?cg% 0 4ABOLHihet |c999{5bé’rn’AI$(5;?mH§?r@st6r these

prepar e conposi tion
erdbeds HmWCOmfndrﬂBeUMt erbatch conprises particul ate

ter nodi fied with coupling agent copprising a
ThincbbBrrogpasgon dcordad fp he tETIER s, Parised 1 dhy part o
R §fé SheAB hrRhPGAABIfRe BEQLR dse@TbbN HINEK Br bR&ipitREE silica is
or Wth the rubber precursor.
conventionally used. In particular, the rubber composition can be used in the
undertread or tread base, the tread, the sidewall, the rim cushion, the
innerlayer, the carcass, the bead, and the belt layer. It is also envisaged to use
a combination of the modified particulate material of the invention and a
conventional inorganic filler such as carbon black or precipitated silica. The use
of the modified particulate material enables a reduction of the total amount of
inorganic filler in the rubber composition, while maintaining similar or improved

mechanical properties.

In a preferred embodiment, the modified inorganic oxygen-containing particulate
material is modified with a coupling agent comprising a vulcanisable group.
Such a coupling agent can be a silane coupling agent, such as bis(3-
triethoxysilylpropyl) tetrasulphide (Si69° ex Degussa), bis(3-triethoxysilylpropy!)
disulphide, gamma-mercaptopropy! trimethoxysilane (SiSiB® PC2300 ex PCC),
and 3-octanoylthio-1-propyl triethoxysilane (NXT™ ex GE).
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The rubber conpositions of the present invention can
be suitably applied in tyre manufacture, such as in

WwW@20071191483% i ncl udi ng winter tyres, truck tyrespPCI/EP2007/052385

off-the-road tyres, and aircraft tyres, in |atex
products including gloves, condons, ball oons,
catheters, latex thread, foam carpet backings and
rubberised coir and halr i nfootwear, in civil

engi neering products such as %&ldge bearlngs
rubber-netal | am nated bearings, in belting and hgse

e ﬁ@’HaﬂW@ qdh%mwlmrtlgabar%ﬂ@t¢r@$ (RS e imeeieeded to
BRlce 2 GHieAy ER bBIBAUCER WoredBTTRE HimASBRACSaBNf of the

and ca and 1 n pipe se
chogeddgre aoielas,theffrabl tysolbimproes, nountings for
onest in(t: and commer cj al

ERNE Hp@lkprﬁnﬁeﬁﬁq the; Q{%Ei%%té%@cgﬁ%{suggfgd t%atlhlesrugggr together
ﬁ/ﬁh'&tﬁdu%hﬁ@ @gq@plﬁis'(ﬁﬂiétﬁé‘ﬁysnylﬁr&@@) eSTRadipRaé, Me rubber

the inventi© I norgani ¢ oxygen- cont al ni ng

pamppsitipatie alewed italreact ajﬁ@vatad dempblaturaso thmgthan@h produced
Rl A Bl s iyt Bt HR"Slrole a righer
ROMYSAatUreng) lcauss eelibanitytics .andk aPoed tfe speh ThLRSS of the

are natural rubber, uncross-linked styrene-butadi ene

msr@ 8d, parlssKate; maé@@$y¢ fete Hovertiognenr QBH@H|ar the particulate

n r
@ﬂé??@oc@ﬁ% Wlth e é‘é ré?alaéiegﬁo V gevurlu sable group, in the
pmnmctid)ry cofsqdesﬂlm rthbbadvma@@sumat ahe acouplitigngge ot ﬁehealready
I nventjon can be used in an part of the |tb'%/re wher e

altathpghile thel patticdlats, rﬁ§teé'§ pPagthapp! ef@%@‘i'saf%ﬂﬂje”ng a
Féc{%:ﬁ@n in %86@’5@“%9 |dhsﬁl%ll a‘?ﬁ%tﬂhéggr‘%ﬁucﬁ rate of green

er conpositi can be use e undertrea
tynrmdlf kaasembnr‘railotnr efachodiffes padmmﬁte matesiat |andca:mmemmonal filler
i nnerl a he .carc ead,. and, t he

P‘é RS P[ ?C'P'Za%‘éﬁ” shicars Heg e%ic‘f"dr&l@ea%?'ﬁé%\( H%ﬁdgﬁgosﬁparate'y to
fee niReivd | 1 R fri A %Qctnﬁv‘itﬁrtﬁé' pPdcipiffted NMREY; | l‘Pl% ﬁﬂﬂ)unt of

a conventional inorganic filler such as carbon bl ack
eouingciagenhtaanesally da. Ioweé thee dife t doppidiUsieddin  conventional

Bisse T By b TP Ral et i a8 ackioi8biTbber in te
i 6f EB(colGibal) HispeRtibArinog sulfableveslvent (containing no or hardly
any water), or it may be added in an extender oil, or as solids. In the case of an
extender oil or solids, no solvent has to be removed, leading to a further
reduction in processing time and to improved process safety.

If the rubber composition is a silicone composition comprising silicone rubber
and the modified particulate material in accordance with the present invention,
such a rubber composition can suitably be applied in coating products including
pressure-sensitive adhesives, plastic hardcoats, and paper release coatings, in
fibre finishing applications including textile and hair care applications, sealants,
adhesives, encapsulants, and solar cell units.
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mechani cal properties. In a preferred enbodi nent, the
nmodi fi ed i norgani c oxygen-containing particul ate

woreioend=Bs i s nodified with a coupling agent coPgI/EBI0NY052385

a vul cani sabl e group. Such a coupling agent can be a

sil ane coupling agent, such as bis(3-

t het hoxysil yl propyl) tetrasul phide (Si69(r) ex

Degussa), bis(3-triethoxysilylpropyl) disulphide,

gamma- nmer capt opr opyl thnmet hoxysilane (Si SiB(r) PC2300

ex PCC), .and, 3-octanoyl thio propyl thethoxysilane . ,
TRt f}VﬁPt'%& E@l‘:‘BheTh@eﬁa‘\fﬂémt%g@eoﬂJS@h@éeth?odpbpéfd composition in

Q@t’fédrbﬁh'&@mhrfﬁé‘?ﬁ\}éﬂtl%n iR sbthel‘tc e[g TFE)% reteft dté?ﬂbodlment the

produce a green tyre can be re uc
dibibensofotted rebladyi compositionhis lantraneplare;nt gublemel he asansparent

kDot Beh p-ERBE VD] R AESHRIRBL T2 0VoRIE JERbcEXamBIes of suoh

erS@éeﬂ@ht WubBess Cé?épbb%rétﬁﬁﬁé ldtk@lene vmyl -acetate rubber and
bis(3-triethoxysilylpropyl) tetrasul phide; the rubbe

siopus fubiben. Preferabbywée transearent mbb@w@vatsdl@one rubber. The solar
er at yres, t he et hanol, produc r

FIERE Aot et 3G sPRLR PR lerdti SRR o of Lotar cen

bm@ﬁqret@mgnmbuse sofarCeslRe arHbpmousadiiedh aaehrt eelfsQrdiystalline

thet>[/ The use of the nodified particul ate

AHERN | st"rBfSCtWeCEP'kwéiﬁﬂlQﬂﬁnpcPdeéemiMIdHf?tqrﬁ@ar cells based on,

B, G SEer Gl TR o6, DA 9 980 cos

Fyrtker details ban ddvgied@erbfrd e Pmaemtthmgvcamt:ells”, Chapter 4:
al ready attached to the %rtl culate materi

d
ehipes fP@OtP\SQ'F?é%l Cellgnddimary a Geyaepedia @&”HEQ%’@Z%P(%’@{’OIOQM
bhirk &6%*[?4@ T‘H@ﬁl egéd’tg_ production rate of green
0

tyres |nat|on nodi fied particul ate
ﬂfheenubbbrammmemnwsedalh solar eellsucits asayprsecieitd atavhect two

et oV es ipnBeri b i al¥ae8ia BE OPEE corppition of the

bna%eﬁf ﬁ“ﬁlbﬁtlé@%el‘f’s ﬁhhéﬁ&en&@&a AT ligied Wéhé&e@%ﬁﬁcatlon at
general l'y | ower than the anount use

8 qrnsdit m@re pobt ayels. thTog b frumerp@amp@@tlam defore the light

Emga(ﬁ éﬁhgﬁygﬁﬁgﬁ%gﬁg#n‘%ﬁé éﬁ%dﬁﬁg géng(ﬁr@an% Wehrich energy.

TreNUBbBI R M sAforh @il ¥iso serve to connect the solar cell unit to a
substrate, e.g. a plate or a roof tile. In such cases the rubber composition does
not have to be transparent. Generally, the rubber composition exhibits improved

mechanical properties over conventional rubber compositions.

One embodiment of the present invention pertains to a solar cell unit comprising
a back electrode, a photovoltaic layer, a front electrode, and a transparent top
layer wherein a layer of the rubber composition of the invention is present in
between the front electrode and the transparent top layer. As indicated above,
the rubber of the rubber composition preferably is a transparent rubber, and
most preferably the rubber is a silicone rubber. The rubber composition serves
as an adhesive or binding layer for the transparent top layer and the front
electrode. Due to the aforementioned improved mechanical properties, the
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any water), or it may be added in an extender oil, or
as solids. In the case of an extender oil or solids,

Wa00300Ment has to be renoved, |eading to a fupPCHEP2007/052385

reduction in processing tinme and to inproved process
safety. If the rubber conposition is a silicone
conposition conprising silicone rubber and the

nodi fied particulate material_in accordance with the
present invention, such a ru r conposition can

suitably be applled in coatin roducts i ncl udi ng
adkasive powen Fnd e teahsir)al Ofpihgsiloen paOStioN %{ﬁd'aneased

Bﬁ@etrher @b%?S&IF%f\U d{hgsusé ni f'ch&bl% El‘ Hutig (Wwithstanding weather

applications 1 nc ng t l'e"an air ca
ppenced i omsotheeahwa:hamcadhbssmeaesto elmlmapsutl asnt %0 bedexposed.

G8eScalihly. e EfmabdRe st relludlr sReistiattn Netgover, the

deb%'Ftdo%ds"ho?PbﬁfheCi%k/anéH ﬁsstrahé‘péreﬁf & QrsiRE light, which brings
enbodi nent, the rubber of the rubber conpositionis a

abwtsmnréntowedum Yyielgleanor acmlapanergy ragonery s camnaseeto solar
é\@LHh iLs transparent, to visi bI

Vb SrpERERG < Dl APy Bt Pl MR ERSirBrgizes in the

My ofGebrRESeding Bes visisd Ii@lht weRee g ale. Jatwéer aldloyand 800
the transparent rubber is silicone rubber. The sol ar

B&L1 unit can be any sol ar ceII unit known in the art.

%’FP&QF H‘ﬁltsSH&rﬂPﬁ%hgr Cﬁ%ék l@éétﬁcioaer €a EFF%S[B\%I di®8aydr, a front

cel I con SO

ekaxats'baé,l ane asuhmspmehhtdp kiyemasokaowaeblthe rdad skilled in the art.
seni conduct or solar cells based on,

é@%%]'&uItfﬂl@sé’éiCkCﬁFPHOd%a?(@@to‘S?@'% J3V¥ala 38”@9?%)’“[“@ and a
FRARIATE R W re el D AREbISoRAT L MERILOR more
détaﬂhdtde\sohpimrcobemrs sbladdetramitsscainbg dbamuadh &Pot1 397 837 and

Technol o nI| post June 15
5Bob 300 76, MibeR-erecisoSheeriionsen Mb &k oBERPaGing, photo-
V@{Yaléﬁé_lyé@ e FOMNAEErdN® dridkindPesRsh dré‘r)(tetb? laje rté‘r% mcorporated
uni t he advantage of the rubber conposition of
pewdehy réfievemas.on is its transparency to visible
[ight, which enables application at a position where
light travels through the rubber conposition before

The ihvedfibn is illustrated by the following examples.

EXAMPLES

Example 1
Into a 3-litre three-necked round-bottomed flask equipped with a mechanical

stirrer, a thermometer, and a distillation unit 647.0 grams of Nyacol 2034DI (ex
Akzo Nobel), containing 222.56 grams of silica, and 970.5 grams of Ethyl
Proxitol (ex Shell) were weighed. The temperature was raised to 38°C and the
pressure was reduced to 60 mbar in order to distill a water/solvent mixture.
During a period of 3 h the pressure was slowly reduced to 40 mbar. Next, the
reaction was stopped, resulting in an organosol with a water content of 2.4 wt%
as determined with the Karl Fisher method. The solid content was 30.7 wt% of
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reaches the part of the cell where the light is
converted into electrical energy. The rubber

W@ 9paeidss on nmay al so serve to connect the sol BET/ERL007/052385

unit to a substrate, e.g. a plate or a roof tile. In
such cases the rubber conposition does not have to be
transparent. Cenerally, the rubber conposition
exhi bits inproved nechani cal properties over
conventional rubber conpositions. One enbodi ment of
the present invention pertains to a solar cell unit
Bangrsilisangedeniord eneadr o) & pHO ot 1 195 &f | sqlvent was
Fé e@*ectrode and a transparent top |layer wherein a
yer t he rubber conposition of the invention is
present in between the front el ectrode and the
transgarent top layer. As indicated above, the rubber
ubber conposition preferably is a transparent
H’t'@bae@‘soza[[ﬂfjfdmsrt eREST BLARAHAGd HREE e dsu?p o |thCQrPﬁechamca|
r ubber-. e rubber conposition serves a n adhesrv
stirrdx, adiroppingyfennélor reflex toadepsereand tmt;tnerraymetemtB‘t b& grams
Due t t he afore tioned,i

ok . afaaoshP B Erates 9, Gy J0h Sias Gy BABEHhano-siica,

FRESTaIned, e (EHRFRUROTR I4Led 1010 TP eERRd M cure o

W0 10B8sgreanas Q) 1@9ambta) ofndihylemioesthoxy ailhes (erdkidricial8.35 grams
r { to he e e nse

(46 Tokl Qaie Bl Brad e AR FB4T]c ABetg 16 drarts of Ety

MYGRY s do'%@drd“él@%k?é?@)@pcﬁﬁ'do' rﬂfhu@%] sthe invention is

transparent to visi ['ight, which brings about an
Thpﬂenmér&tugﬁwWa;sl red>d ramdzdstol 8B0%€héo gistitl elfbvelapileasresulting from

onpared tq sol ar I onpri si
(B o aured ghii epbenhatigeuAsAD BeulRE Fonigived 36.35
0,0 t
Bl SR, Mend S ci LB fute T AR E a0 11870 il ng toss of
bele&ntelvas bbselwedp phot ovol tai c Iayer a front
el ectrode, and a transparent top |ayer are known to
the man skilled in the art. Generally, the back

kgﬁ%&pge a photovoltaic layer, a front el ectrode,
ansparent top |ayer are provided in |ayers one
bhetsiliconk tdsen osbdrin thisnbrkample was Wacker SLM61211#268, a two-
component Pt cured silicone resin (ex Wacker) consisting of a component A,
which does not contain the Pt catalyst, and a component B containing the Pt
catalyst. To component A the organosol of Example 1 was added in varying
amounts, viz. 1 wt% , 2 wt%, and 5 wt% based on the total weight of
components A and B. Subsequently, component A was mixed with component
B, followed by de-aeration in a vacuum oven at room temperature.
Two foils made of ethylene-tetrafluoroethylene copolymer (ETFE; surface
modified ETFE ex Asahi) were adhered to each other using the modified
silicone resin. The modified silicone resin was then cured in a Blrkle press for
20 minutes at 120°C using 2.5 bar pressure.
As reference served an unmodified silicone produced as described above,

except that no organosol of Example 2 was added to component A.



detail ed description of such solar cell units can be

found in EP 1 397 837 and EP 1 290 736, which specific
waele®endpPss ons of the back el ectrode, the phot oPUDEPWNT052385

| ayer, the front electrode, and the transparent top

| ayer are incorporated herein by reference. The

invention is illustrated by the foll ow ng exanpl es.

EXAMPLES Exanple 1 Into a 3-Ijtre three-necked

round- bottoned fl ask equi ppe ith a mechanica

stirrer, a thernoneter, gnd a distillation unit

0
bhamghspionanchinesmnath ok thearilieoneBibers weke QPFﬁrﬁbned on 10x1

ér Oxgﬁgﬂés‘?@n% e?lz)b%ﬁ\/\% géed%#%§@%Gg§;PﬁLe was

lrabl edises @B8Cheside thneakagess suthe sdisonedasiadresaltéd, bdiano failure

in or der (ﬁatﬂlhsu | S%Aﬁ£'§“ sql ven.t\h] m'r Xt gtrgg%g?hs of the

Wwesiobgente ErRdigone
aRfentMAikonelilIBhécakhpRS d’r‘@fﬁ)rééé?ﬁ@@ﬂw tHeeﬁé’élé'b@%w n an
organosol wth a water content of 2.4 wm % as
determined with the Karl Fisher nethod. The solid
:J:)O@tept was 30.7 wt % of nano-silica (determined in an
98f at 1400C until no | oss of sol vent was observed) .

hd- bot t omed

Ex@aBRheombafied&ollelralsilicau
flask equi PRE a necha

[ Feet Kgangau

hi ca(IN/é‘,tn rrer,

a droppi ng

Ld/o)W' th
fommet—a Tef

UXx Lunuenber
grans of the organosol of E

dllU _qner T
xanpl €

bmeter 13 1.51
nt ai ni ng 40. 4

grans of nodified nano-sili
tpnnprnturp was raised to 1

ca, Wore wel
100C _and nex

phed. The
a m xture of

19. 08 grams. (.1 29 mole) o

fvi ATt hiref

hoxy sil ane

(ex—Ardrith);z8-35grams (0O

46T t.—r') of

Lgram of Nyacol 2034Dl, and

water, 0.1

i
38. 1 1gigr ans

of Et hyl

Pr oxi t ol

nmper at ure was next rai sed

was dosed over a period of 100 m nutes.

to 1300C to

The

distill off

Emrgtthqe aboye sesulisifcan mconcluded that the addition of the organosol of

Example 2 results in an improvement in strength.
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the silane and a part of the solvent. The renaining
solution contained 36.35 wt % of nodi fied nano-silica

W@ dwraemshed i n an oven at 1400C until no | osSPGE/EP2007/052385

sol vent was observed). Exanple 3 The silicone resin
used in this Exanpl e was Wacker SLMb61 2 11#268, a
twoconponent Pt cured silicone resin (ex Wicker)
consi sting of a conponent A, i ch does not contain
the Pt catal yst, and a conpo t B containing the Pt
&it al ést. To conponent A the organosol of Exanple 1

IM&ded in varying anounts, viz. 1 w%, 2 w% and
5 w % based on the total weight of conponents A and B.
Subsequent |y, conponent A was m xed with conponent B,
1f ol | &weckdsy fole-aepatingna i rubdpev apracorsorenr af ruddiar composition
tenperature. Two foils.nmade of - , :
et hy CREIEES: & m%%t%f HIATEARICC BT REP NRIETHE Paglifyialee material
modi theerisiNgEheXt -) were adhered to each other
using the nodified silicone resin. The nodified
si | i @pne prearinanas mikieme cefr #e imodifigd kinerganis Lxygenontaining

m nutes at 12 usi.n .5 bar _pressure.  /As reference
Cerveq: amarieialfar s Ao L de" descr T bog
abovgq) exeatdctih &heﬁﬂi%ﬁﬁr@aWQﬁCé r@éb&xmb%o? d@ﬁpr@éﬂﬁ’@@t least
to conponent A The adhesion and the strength of the

si | i cone oNgRNdYHenand ogberlly; meacaid 3@kenicAL sanpl es

22,0828 SRR R g FIRA el peg bomorono

resul t edledsit ome fmbhomerwamdobsstfonedly ata t Secahd | selnent, and
ETFE interface, The resultin pegcl) st rerrbgt hs of the
differentpogﬁmrb%%t%mép%eé%dlt% "t BEUDOERPERFUI$PT he

Tabl g\ bel . Sinl

conclded L RAT T RS, RS /AR BIESRACHY by Postfice of
Exanpl e 2Zrossslinking agemsirtoifopn avelvbat compssitiengamd CLAI V5

Egg.; ilst {o%ﬁoRarlIF)PFaerrﬁg\ﬁngtr{euHr%?gngfoer}%léggr% sglrve%tsrgggﬁer, during or
after any of the steps b1), b2), and c).

2. Process according to claim 1 wherein the first and/or second solvents are

alkoxylated alcohols according to the formula

Ro
0
R OH
n

wherein Ry is a C4-C4 alkyl, Rz is hydrogen or methyl, and n is an integer
from 1 to 5.

3. Process for preparing a rubber precursor or a rubber composition
comprising the steps of:
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conprising a nodified inorgani c oxygen-cont ai ni ng
particul ate material conprising the steps of: a)

w@e@pasidey a m xture of the nodified i norgani CPCT/EP2007/052385

oxygen-contai ning particulate material and a first
solvent; and b 1) contacting the mxture with a rubber
precursor conprising at |east one pol yner and
optionally a second solvent; or b2) contacting the

m xture with a nonomer conpos%eti on conprising at |east

one npnoner .and optionally a second sol vent,  and ,

pol yARerRTEPAGNY [fe Bref (&) a64ePhy SHERRNSIYM IR Inorganic oxygen-
Pr €CUT SQirtaifiing WA ENAId incféiSirld A Bk Bfed UBRAI according to
precursor in the presence of a cross-linking agent to

f or m a thaldbenulaonposi ti on; and d) optionally renoving

the first and/or second sol vents before, during or

after any of the steps b 1) , b2), and c). 2. Process
according to claim 1 whereiln the first and/or second

sol vents are al kokyl at ed cohol s according to the

formul a wherein is a 4 al kyl, R2 is hydrogen or
nmethyl, and nis ' from1l to 5. 3. Process

for preparing aRfjbber UPdor or a rubber

conposition conprising the—sSteps of:a) preparing a

m xture of an aqueous suspensi on of inorganic
oxygencoRéimid)gisPard{-cyl Akn, matigridrogdsl @Mmethyl, and n is an
al koxyl ated al cohol accordi'ng to the fornmula whéerein

R is dntegerfrom kyo 5;R2 is hydrogen or methyl, and n

e B ARIPRElY 1§ Ractrel age bl WS =8 B8 oG, itthomer and
pol yneradgsionally helymeairg t5¢ riendraens) teefarpbbey rubber precursor,

precur sor _
and/or with at least one rubber precursor;

c) contacting at least one coupling agent with the mixture and modifying
the inorganic oxygen-containing particulate material at least partially;

d) optionally contacting at least one monomer with the resulting mixture
and polymerising the monomer(s) to form a rubber precursor, or
contacting at least one rubber precursor with the resulting mixture;

e) optionally curing the rubber precursors; and

wherein optionally water and/or the alkoxylated alcohol are removed at

least partially from the mixture before, during or after any of the preceding

steps.

4. Process for preparing a rubber precursor or a rubber composition

comprising the steps of:

a) preparing a mixture of an aqueous suspension of inorganic oxygen-
containing particulate material and a first solvent;

b) contacting the mixture with at least one monomer, wherein at least one
monomer is a coupling agent;

c) polymerising the monomer to form a rubber precursor;

d) optionally curing the rubber precursor; and
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and/or with at |east one rubber precursor; c)
contacting at |east one coupling agent with the

worRooraemsand nodi fyi ng the i norgani c oxygen- coOPCEHEPIONTY052385

particul ate material at |east partially; d) optionally
contacting at |east one nononmer with the resulting

m xture and pol ynerising the nononer(s) to forma
rubber precursor, or contacti at | east one rubber
precursor with the resulting ZIr?igxture; e) optionally

curi n%gt he rubber precursors; and wherein optionally
wat eWNERRIN PPHoR@Iy WaRy 1ty Hiecalierylaies alcphobdrgrémoved at

! easﬁea%?&bt}?illwrdcnﬁ fhe Eﬂ)@[um KEtSrE, &zrfrfq;& affyr érﬂg?f)fhe preceding

after an he precedi ng steps. rocess
prepatapsg a rubber precursor or a rubber conposition
conprising the steps of: a) preparing a m xture of an
aqueous suspensi on of inorgani c oxygencontai ni ng

par t Repbat 8oMpositiofl oltahadld b¥ ¥ pRRb¥&RkcoRing to any one of the
contacting the mxture with at |east one nononer,

wher greceging exdimsoreonmisingerrubben ansliphoiggnityexygescontaining
pol yner,i si ng the .npnoner to.faorma rubber precursor; . .
Gy 5 BersHiaRe sherpb Goled fish & Syfhulodr2dint WREHIE Mg jnorganic
opt i eR@YEN-cORRTInG PEHIIUI4tE enalekiak hates rRIneftobf B&tveen 1 and
renoved at | east partially fromthe m xture before,

duri AP nAfin &t leasy ope dingstipR.ecedi ng steps. 5. Rubber
conposi tion obtainable by a process according to any

one of the preceding clains conprising rubber and

Bnor Gabber @oygsositemtaacoidity rar tliatal Bitvehergtirerthal coupling agent
nodi fied with a coupling agent, wherein the inorganic
oxygEATPHRERRNLAGT 'tgrglarp A8RCTYRLWith Hhe padicylaie ﬁ%ﬁ@f'@'nand an
of - bEINRRE glodNEatiPORithThb Rubiber! Gamith 8760k SebliRBr.

7.  Masterbatch obtainable by a process according to any one of claims 1-4
comprising a rubber precursor and an inorganic oxygen-containing
particulate material having a dimension of between 1 and 1,000 nm in at
least one direction, which particulate material is modified with a coupling
agent wherein the amount of particulate material is between 5 and 80
wt%, based on the total weight of the masterbatch, and the amount of
rubber precursor is between 20 and 95 wit%.

8.  Masterbatch according to claim 7 wherein the coupling agent comprises a
functional group reactive with the particulate material and an organic
group reactive with the rubber or with the rubber precursor.

9.  Solar cell unit comprising a layered structure comprising a back electrode,
a photovoltaic layer, a front electrode, and a transparent top layer wherein
a layer of the rubber composition according to either of claims 5-6 is
present in between the front electrode and the transparent top layer,



6. Rubber conposition according to claim5 wherein the
coupling agent conprises a functional group reactive
W@Raor/10185 parti cul ate material and an organi c BCDEP2007/052385
reactive with the rubber or with a rubber precursor
7. Masterbatch obtainable by a process according to
any one of clains 1-4 conprising a rubber precursor
and an i norganic oxygen-contdkplng particul ate
mat eri al having a di nensi on between 1 and 1, 000 nm
in at |east one direction, which particul ate mteria
i s nyef¢IBdthg fwPRercsu Frﬁgs%@ﬁf r%@?%rcﬁrﬁﬁ%'t%ﬂﬁferab'y a
of Pﬁmkbﬁ@# germaterial is between 5 and 80 wt % based
on the total weight of the nmsterbatch, and the anount
rubber precursor is between 20 and 95 wm % 8.
to.claim?7 mherel t he
h@ e R ndifint agraicla b atnet of %@%ﬁehﬁgand 6 in
part 'sé!é'r @bﬁe URRE 3 FibBEhra TG Ay EIAkeNEaasheN S
with the rubber or wth the rubber precursor. 9. Sol ar
cell unit conprising a |layered structure conprising a
back el ectrode, a photovoltaic |ayer, a front
el ectrode, and a transparent top |ayer wherein a | ayer
of the rubber conposition according to either of
clains 5-6 is present in between the front el ectrode
and the transparent top |ayer,wherein the rubber is a
transparent rubber conposition, preferably a silicone
rubber. 10. Use of the rubber conposition according to
either of clains 5 and 6 in solar cell units, the
rubber preferably being a silicone rubber.



