WD 2007/ 107485PCT/ EP20071052385 PROCESS FOR PREPARI NG

A RUBBER COMPCSI TI ON, RUBBER COWVPOSI TI ON OBTAI NED
THEREFROM AND USE THERECF The invention relates to a
process for preparing rubber conpositions conprising
WDRF/1EMI | nor gani ¢ oxygen- cont ai ni ng parti ®Gr/&PW07/052385
material nodified with a codipling agent. Such

processes are known from US 6,509,423, in which the
preparation of a silicone rubber conposition

conpri sing an organopol ysi | oxane, an organo- 10

hydrogen silane. an inorganic filler, and a
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treat ed wth an organosilicon conpound. I n US
6, 8RO irvkitien @iaicesa baceps m@rremlnbydbmmrmbtpmsmons compnsrng

5 par%bﬁé%waﬁﬁr@ﬂﬁ %g\fqle%eéqgtltargllngaga@%aca I ?qnlaF ,Crlrltpdrfred with a

aqg@mﬁag@gmﬂwl c solvent nediumof a colloidal silica
nodi fied with an organosilane. After nodification of
the silica, water is renoved, and fromthe subsequent

SUSDEM BrRIBsELLE afce R \'erSQ'SV@BOQ MESWH“WH@H’ tRY preparation of a
evaﬁor ati on or spray-drying. The thus obtained

aggreye W%rﬂﬂbp@m@ﬂﬁﬂgl a| OrgaANqROyYsh@rANgo e organo-
10 Usﬁ)ddrb %y%hérf‘eo ‘ﬁsmorﬁgng e é@a%yﬁ%sﬂﬁ&ﬁo@cﬁfﬁ&@ﬂ@ di®iosed.

maki ng drophobi ¢ rfon-aggr'egat ed col | ol dal
suThabtoegarm lilles generafly haerns awaragrelparmhesrrze@beom o 1 to 500 um.

il t hi
vREsh By BrL iR BB REIERAN THRREMRAR Safbouna
reacted Wi th at | east one organosrllcon conmpound to
bi f th |1 oid i Th
iyt SRR BoPharSs 19F e5ehasigy DI RRSHT pabily smseated
151 n|cd>|totdaﬂ rslmcta 0% drmeb@rtbw$ r?thlﬁndcﬂ )wlmotthisiproaéss ?idedsp@wstd?ein an
silicone |iquids e.di sadvant a e ses
of 2AYROUS(IGR qh'%tr§°|Y%ntt Fragdi lé{@gpgn%r%ﬁ %@agf S'&‘tﬂrd'gt)g? with an
Coblt?%hgﬁané' lakte & niyofficasle @f e GG, Whieetis Pérﬂ@\kéros%d from the
rendering, upon curing of the resin precursor,

r u@%@eqegmrpwmneﬁnvtherrem@mm setyenbisd sameyed b,ra ejvgporation or
spray-drying. The thus obtained aggregates of hydrophobic colloidal silica can

20 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

25 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
30 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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di stributed. This inhonbgeneous distribution causes

t he rubber conposition to have non-optinal physica
PHvoRBsthREs It is an object of the present pdivigbor323ss
to provide an inproved process for 5preparing rubber
conpositions. A further object is to provide a rubber
conmposition with inproved physical properties. Thi s
obj ect is achieved with a procgss for preparing a

rubber precursor or a rubber cbnp05|t|on conprising a

nodi fi ed | nor ani c ont nin i.cul ate
et OB RRA G i e s FR i aOdhregBe iyl causes te
M xtibie d@fndobmomvcsihévee@bn optrmrphysnomm@psemmt ai ni ng
particul ate material and a first solvent; and bl)
contacting the mxture with a rubber precursor

conpid ahnébj@dt dre@st prebentPialamdh RNEroaRid aRambyovadd process for
second sol vent; or 15b2) contacting the mxture with a

fmrnﬁﬁ@arm@omrt FOMPRBIRAS: P niyrBer | dRieEt éndo nBiyider @ rubber

and RBAMi |ﬁp§ﬁ/‘é8"b¢|y§@él\f%ﬁemé’s"d pol ymeri zing the
nmononer (s) to formthe rubber precursor; c) optionally

cross-linking the rubber precursor in t he presence of

a cf@%gg, JebDIs Ahi %nJv.tﬁ Q hRERLidr L&Qﬁénr@ogneﬁbér BBeursor or a

Optl ona renovi ng the first /or second

solrvlelmrs d@emmsélondmompgsmg & t @pdiing  dforgaric s PrygeNhIoNtaining

b2) re of the nodified
parqa‘rﬁ}’rﬂj ! }nate[é &%r% Y tpﬁ nghétro;lt sol vent
a) preparing a m|xture of the modified inorganic oxygen-containing particulate
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material and a first solvent; and

b1) contacting the mixture with a rubber precursor comprising at least one
polymer and optionally a second solvent; or

b2) contacting the mixture with a monomer composition comprising at least one
monomer and optionally a second 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.g. as described in

EP 0 982 268, use hydrophobic silica in the solid form, which generally causes

agglomerates of the maodified 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.



(step a)) allows the particulate material to be

al ready wel | dispersed before the mxture is conbi ned
with the rubber precursor or its nononers. In this

way, the 25 particulate material can be well
Q7485 n t he rubber precursor with no or PRCHPFPAT/S238S
aggl oneration. In contrast, the prior art processes,

e.g. as described in EP 0 982 268, use hydrophobic
silicain the solid form which generally causes

aggl onerates of the nodified glica to be present in

the final silicone conposition. This aggl oneration may
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2007/ 107485PCT/ EP20077 052385 Mor eover, the m xture
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during rocéss I'Avention I'rSt~sol'vent
Wi Wutfeﬂmoprc&tees tod taelmewtenv«anmnoa reizber ccmnpd)s;mce'l gomprising

W thout. @ separale SxaRonallon Sl e e B ngedEtn@hds wir

10 colrmmvédi afechamicpgirbpetibasushas dubemetebbardniess,aensile strength,
Si one rubbe Wth the process of t resen
 nGERORGAT Tcbiseoat SHEREN A Gh e GG MRTRPec
i norgani c oxygen-containing parti cuI at e material is

obt ai ned with 10i nproved nechani cal r@[)ertl es such da%
dur BREresess A dhe daventigRGomprises dwgraiernatiya gieRsoR!) and b2). In

nogshus1) tRafirsbsbRBAYShti@Nte! MBIPMEhidBEd fRbdded to the rubber
propertles The process of the invention conprises two

13al P@Qﬂﬂiqrv\é'tfﬁuépﬁs r ﬁaqtloant@km) plagcy @Qtélseﬁlwet medified articulate
soI quﬁ 'iHePM'b%re @&ggf al mxture is added to the
recursor e\n out a reaction taking place
beﬁn/\gtap b&)etheom)qtulredofpstep|ac)u|saad@;ied to at least one monomer of the

rubber precursor, which monomer(s) is/are subsequently polymerized.
In one embodiment of this process, the inorganic oxygen-containing particulate
20 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.
25 Alternatively, the second functional group may react with the rubber precursor
upon curing of the precursor in step c), 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
30 solvent suitable for use in this process and known to the man skiiled in the art.
Such a first and/or second solvent may be the same or different and preferably



material and the rubber precursor. In step b2) the

m xture of step a) is added to at | east one nononer of

t he rubber precursor, which nononer(s) is/are

SWosesMenks Yy pol ynerized. In one enbodi ment ofcridbh§ros2sss

process, the inorganic oxygen-containing particul ate

20 material is nodified with a coupling agent

conprising a first functional group reactive with the

particul ate material and a second functional group

reactive with the nnnoner(s) ahd/ or the rubber

precursor. In such a ca Q? second functi onal %e
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chemcally |linked to the rubber precursor.
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as well as with t r ubb curso S_non

andl Gt AP bR b BT RERtionsd BeSFRESY fiesfret andior
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nmet hanol , et hanol, isopropanol, and n-butanol;

ket ones, such as nethyl anyl ketone, nethyl ethyl

ket one, nethyl isobutyl [ketone, and cycl ohexanone;

esters, such as ethyl agetate butyl acetate;

unsaturated acrylic est r@, sugh|as butyl acryl ate,

met hyl nethacryl ate, b% pr opane

triacrylate; aromatic hydro- 10c ons, such as
15toluene and xyl ene; and ethers, sfich as di butyl ether,

tetrahydrofuran (THF), and nethyl tert-butyl ether
( MPBEyein By igagy: ealk)édRewU@qumordmethy]lean n is an integer from 1
af gy gnenti oned process, the first and/or second

solvents are an al koxyl ated al cohol according to the
f orGramples of such alkoxylated alcohols are ethylene glycol monomethyl ether,

ethylene glycol monoethyl ether, ethylene glycol mono n-propyl ether, ethylene
20 glycol monoisopropyl ether, ethylene glycol monobutyl ether, ethylene glycol
mono f-butyl ether, ethylene glycol monohexy! ether, ethylene glycol mono-
phenyl ether, diethylene glycol monomethyl ether, diethylene glycol monoethyl
ether, diethylene glycol mono n-propyl ether, diethylene glycol monoisopropy!
ether, diethylene glycol monobutyl ether, propylene glycol monomethyl ether,
25 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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15 wherein Rl is a C-C4 alkyl, R2 is hydrogen or

methyl, and nis an integer from1l to 5. Exanpl es of

such al koxyl ated al cohol s are ethyl ene gl ycol

nononet hyl et her, ethylene glycol nonoethyl ether,

Y0 0amE483l ycol nono n-propyl ether, ethyl en@CZEP2007/052385

gl ycol nonoi sopropyl ether, ethylene glycol nonobutyl

et her, ethylene glycol nono t-butyl ether, ethylene

gl ycol nonohexyl ether, ethylene glycol nono-phenyl

et her, diethylene glycol nonongethyl ether, diethylene

gl ycol nnnoethyl et her, diethylene glycol nono
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200mé hﬁb‘é«ﬂﬁfﬂ?@i’écEElRGﬂﬁdt@ﬁﬁBﬁﬁoE ale pragyyerengyall yruxmbmethyl ether

ther . di
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t erriiggditios. and may cause health probl ens. The nost
preferred al koxyl at ed al cohol s are propyl ene gl ycol
nononet hyl ether and propyl ene gl ycol nonoethyl ether.

Soly et SorféR AVAL |p"f‘$’ée‘ﬁt aSpI%aﬂoﬁ Rk SRRE Fhodified inorganic oxygen-
(Oxitol /Proxitol) w (Dowanol ) and Uni on Car bi de

( CaPBRINGIY slicualel m@t)erlali refees tal pstienatesnaaEdl hayingsen average
twg @meliBbR & M}ééﬁﬁegné"ﬁéﬁwlnﬁw rPa“b%sPrrP%ﬁésleéfcnon which

10t he i nvention he cont ext o e present
apmathaitl isonodified wish i cowpling agenti nor gani ¢ oxygen-

ﬁ‘g&bé‘qw&ae\‘jﬂé Idafidl 8% \ygeﬂ%ﬁ{a{uﬁﬁg ohfichfate MRl bEMbntion

rra on a
have a number average partlcle diameter, as determined using a dynamic light

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



5

15

20

25

a di nmension of between 1 and 1,000 nmin at least in
one direction, which 15material is nodified with a
coupling agent. Typically, the inorganic
%%(?ngﬂgt aining particulate materials of tRg 07052385
i nvent on have a number average particle dianeter, as
determ ned using a dynamc light scattering net hod of
between 1 and 1,000 nm a solids content of 10 to 50
wt % Preferably, the nunber average particle dianeter
is between 1 and 150 20 nm ar® nost preferably the
nunber average particle dianeter is between 1 and 100
nmExaMAles ehypaye Pxidest arhydiidganae silica (i.e. silicon dioxide),
OX Y ERnG ORb A AYri Métbcﬁ{hﬁhﬁl dTBil&é | Ahc 8668, rn%'nrlﬁudeo zirconium
the invention may conprise bi nodal
paquld@l, @eswm@mq;tantlmnv @wisle, RBTHEN |QX(§£3ge§ﬁb%|t oxide, dysprosium
c n p at t
o PR St Do LB BidEE Fcih BRRpGnd,  hyaroxice
ar tmagrtesuum @wdesunen@mmrrapxme nickelr geide c spraariung uixides terbium
B R Idelin 8Liok BB ER SRbel I ATMBY. 21 ready be
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be Eeaaqule @ft edcium acempomds neregaalciurmatcerioabte Eefdoraalcium
nﬁ q%glfl ed according to the processes of the
Q e The 30i nor gani ¢ oxygen-cont ai ni ng
parﬂref@tﬂeatlﬁorganierdxagergedmialalHgypérﬁcwabernatedarbranmthe oxides and

oxi dr oxi des ounds, zeolites

10 a1 ABY 2605 o paREmer HeB0 T8 REn %ﬁiﬁhy@éaa%f tanium
SUIcﬁcﬁ&Heeaﬁdlz[ﬂ@Soxﬁj’ed hydr oxi des are silica (|

silicon dioxid alumna, alumniumitrih
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OXigfiRa a@@Nya&@ék ARzo RBbEIMPNY Showilex® & NiEBARM CA¥ARIS Ltd., and
cobal t ox] ysprosi um oxi de, erbi um oxi de, europium

om*ﬁ%bosiohcﬁxﬁrﬁaﬂ%mde i ndi um hydr oxi de, nagnesi um
OX 14, Lm}@%i?ﬁyme?\ﬂbﬁ’élsgeencﬂh?E%esotﬁbqﬁodlﬁc?diBﬁ I PRI eR%f two or

terbi de, tin oxid ungsten oxide, and yttrium
oxm@i@'e OEﬂmﬁp@gnemoe%ql tf\pcgﬂnmﬁ:rb@ﬁ@tg raaterialal ci um
carbonat e and cal ci um phosphat e. Preferred
I nor gani ¢ oxygen-contai ning particulate materials are
t hé\rtyxctawﬁn@ragennh@m&txte(bﬁe@a,ctiagdwitmthﬁa'rrtoirgﬂnicapxmeln'r@@taining

| ynd piu nih t. [ iaxi d
%C@rt%glla Héﬁ'ﬁgél m%rﬁ H& )(Qgée‘?r'g dthIa él%%égno? etﬂéra ﬂ@ent%ﬂ suntable

Si IcnooplngagBmtd e Iobmquemlmamcdldlkeddalthesanl Genexaly, the couplmg

ch @b fayeHTc SBRPLAG 8 st I Eeiioh b8 1B ne 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:



15The present invention al so enconpasses the

nodi fication of mxtures of two or nore of the

af orenenti oned i norganic particulate materials. Any
coupl i ng agent capable of reacting with the inorganic
WY YWHIGHIt ai ni ng particul ate materi al can b@CTHEBYWOT/4H2385
the process of the invention; suitable 20 coupling
agents are known to the man skilled in the art.

CGeneral ly, the coupling agent of the invention

conprises at | east one el enent; sel ected fromthe group
consisting of Si, A, Ti, Zr, B, Zn, Sn, and V.
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anBPIHEY EAEPHsGRA ﬁaaﬁﬁ@ns?@qﬂﬂa%&émm gpetxy diayigg between 1
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opthishalkgxvcertanalie somprisasaat legpleOne fctianal 9guRupioxane and
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skifled 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
25 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.

30 If the inorganic oxygen-containing particulate material is silica, the preferred
coupling agent is a silicon-based compound. The silicon-based compound is



20 0 to 50, provided that if M is Al or B, R3is

absent and/or if M2 is Al or B, R5 is absent. The
functional group can be any functional group known to

t e Fmesks! 1 ed in the art. Exanples of such peorep2007/052385
functional groups are hydroxyl, epoxy, isocyanate,

thiol, oligosul phides am ne, and hal ogen. A

conmbi nation of two or nore of coupling agents can be
used in the process of 25 the_ invention. The coupling
agents may be contacted with t fe i norgani c
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silane-nodified resins, and sil sesqui oxanes. Pr eferred
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silanes sfistable for use in the process of the
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10wher ei nY%each one of R, R2M R4 is indep@ndestly
sel ect ed frg&r\‘hidr ogen or hydro [
n

[@)]

ﬁan havi ng bet nl

and 20 g afons, whi chrhydpocarfpon opti onal A Q

conprises at |east one functional oup. If a si’l an

according to any one of the formulaé 1V to VI is used

in the process of the |nvent|oq the ions, and |m”

particular CI", are preferably reaned fromthe

m xture, for exanple by 15using ion-exchange

techniques. In order to avoid an additional ion

r emoval steg, the sil anes accordlng to any one of mhe
11

formul gg |- are preferrgd I;ﬁan‘ples of sH%m-e\s
accordi ngrsf 0 the inventi on r| butyl net hoxy/ Sy

silane, / g
Cl Cl

IV \ VI

10  wherein each one of Ry, Rz, Rs, R4 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
15 using ion-exchange technigues. 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

20 dichlorosilane, methyl trichlorosilane, butyl trichlorosilane, octyl trichlorosilane,

dodecyl trichlorosilane, methyl trimethoxy silane (Dynasylan® MTMS), methyl



di butyl dinmethoxy silane, butyl trinethoxy silane,
dodecyl trinethoxy silane, trinmethyl chlorosilane,
tributyl chlorosilane, dinethyl dichlorosilane,

di butyl 20di chlorosilane, nmethyl trichlorosilane,

YR J107447#8Sh| or osi | ane, octyl trichl orosil ane PCHEEWET/052385
trichlorosilane, nethyl trinethoxy silane

(Dynasyl an(r) M MsS), nmethyl WO

2007/ 107485PCT/ EP2007/ 052385 9 tri et hoxy sil ane
(Dynasyl ae MIES), propyl trinmgthoxy silane

(Dynasylan(r) PTMJ), propyl triethoxy silane
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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 1-VI.



Exanpl es of suitable disilanes are

bi s(2- hydr oxyet hyl ) - 3- am nopropyl -tri et hoxy sil ane,

1, 2-bis(trinmethoxysilyl)ethane, bis(trimethoxyl silyl

QkB%h%ﬂ@ﬂ% ne, and 1, 6-bis(trimethoxyl S'|y|)ﬂﬁ%ﬁ§9&WMaxma
Exanpl es of suitable oligoners of silane are vinyl

trimethoxy silane oligoner o(Dynasylae 6490), vinyl

triethoxy silane oligoner (Dynasylae 6498). Exanples

of suitable silazanes are hexanethyl disilazane
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11 products like acids and chlorides. Examples of such silane-modified resins are
trimethoxysilyl-modified  polyethylenimine (PS 076 ex  Fluorochem),
25  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),

30 and OH-functional polyphenyl propy! silsesquioxane (PR 6163 ex Fluorochem).



O her coupling agents preferred in the process of the

i nvention are organonetal lates of titanium alum nium
boron, and zirconium Exanples of titanium containing
coupling agents are isopropyl isostearoyl titanate,

iVEQ RHAIR7H8Sdi met hacryl triisostearoyl titanat@CT/EP2007/052385
i sopropyl dinethacryl 5 isostearoyl titanate,

tetrai sopropyl di((dioctyl) phosphito) titanate,
tetra(2,2- diallyloxynethyl)butyl di((ditridecyl)
phosphito) titanate, isopropyhkitri((dioctyl)
pyrophosphate) titanate, isopropoxy triisostearoyl
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tltanate d| (di octyl) phosphate) ethylene titanate,

di ("(eéﬁ‘ Sﬂ )t Wrﬁpﬁégﬁh%e?oréﬂ*@ﬂdeﬁ@oﬂi%nat e,

teE&&l‘ﬁB%' of 'tﬁé’rﬂ@h%oﬂtérﬂh&ré&%ﬁb@ )aée(?l@“‘?f@hl%ﬁropyl |sostearoy|

titaniu r openol at omret h but anol

tr I@@éi%c@?ﬂﬂppwy ﬂﬁbﬁtbﬁwf dE"@DStaﬁ@yHﬂ@ﬂ@é&,y isopropyl dlmethacryl
5 DI %Q)Elre!a AN AT] 'ﬂé’t)ralé%ﬁ @;F\ﬁt 8|( MPLRSs lito) it tltanate tetra(2,2-

alum nium contarnin s ar opyl

ac dlabﬂbmgthyﬂbbmylndlt( @Jtrld@zybr pbqsphdo §I¢f9"taéeir tsploropyl tri((dioctyt)

15 a%ﬁsﬁj ageﬁdb@ggfegg% ao‘?hﬁ&gy' fi %?@% ﬁ’t'éaHLE'Pg”ato? ((dioctyl)

t I pyephysphate) adx@e(hyMB ectita et dt@(zdn:)qtylﬁ plnmpi’rmte bdinydérme titanate,

o1 PSTHCO QuiaeTome el st ics Hapelat < Blfoctyl AFPa aticeey)
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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

25 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.

30



WO 20071107485PCT/ EP20071052385 12 The rubber
precursor prepared with the process of the invention
is a precursor of rubber which upon curing or

v%%{p,l“%%g on can be converted into the rubbefrCT,Eg;igﬂh,O32383
rubber precursors as well as the rubbers forned

thereof are known to the man skilled in the art.

5Exanpl es of rubbers include natural rubber (NR),

styrene- but adi ene rubber (SBR) polyisoprene (IR),

pol ybut adi ene (BR), polyi sobul‘;?l ene (11 R), hal ogenated
i sobutylene, nitrile but

pol i ene rubber (NBA), .
P 5. OREB el hiiePT PSR TS PUUBBES O ARERENIN is a precursor

St Yot @MSodr SAREE DBorS b @1& Glﬁéaci)lsa%laﬁ o‘ahrﬂel @dnverted into the rubber.
(hydrogenated) styrenic yners
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polrﬁéﬁeg&l ,grtﬁﬁgmln) rubbers (CO ECO GPO, silicon
ers |'oroprene rubber (CR), ethylene
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e STtk e L N00)  cps 07

(A@ngqnetejdnleytsphety@nerylle polagienet m;;ﬂp@s (N&M, hydrogenated
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ano[hyedrbgemnted )r ubtyeanic | rblctcke crmul}emrsof (SB%e pirydmanated SIS,

105y Bfbl Shs) BRI RE i BITE e 2 G TRGO® ArOF: sitcon
i nQUG@eTlslc @))X%/@ﬁdsropr(?gnbtalrubtmg (St |emylgmee pmp)eeneilrubbmd(EPM)
ti ona 0 | u er ecu I
RS br Sy, A0, WRERT (PPN e BRER P, hnyiene-
of whwaciéweIru%ijern(@\ﬁagepblya@rymf@btekse mmpqunorbomene (PNR),
CO OosSI Tl on rrn focesses o u recur
rashanis, SR IROBERIRR I her2e ioplbls Flae e S yuter el bbers

15be RONafr AFEoBNEBRY antpowétmey aua%q.cwrubbér ng of
the rubber precursors. Such cross-Iink mgea gents are

knding ﬁOfﬂtﬁét cdrtee grrsenhaprigation Gedapn VupPemgampostione fefers to
2585 obth MG Bibbef afd PROFoBH i MHgatt bky dBH. @dntaining

cataf ? a su p ur--containing curing agent, a

permﬁmﬂzﬁte oratertatanskentonslit ereeeadditives. one enbodi ment

of the invention the rubber is a silicone rubber. The

production of silicone rubbers is generally known to a
20perBenrubket preduisar phtheainvgnt®oamay petidnatly draupeckin the presence

Ceied SRRy e cof. bRl 95 pbEles o

& Sabiser dracursorsrare keown$d thegskilled 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

25 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,
30 andis for example described in Chapters 3, 4, and 5 in “Silicones”, Kirk Othmer
Encyclopedia of Chemical Technology, John Wiley & Sons, Inc., online posting



WD 21107/ 107485PCT/ EP2007/ 052385 13 date: Decenber 20,
2002. I n essence, the production of silicones proceeds
via the polynerisation of nononers to forma silicone
precursor, after which the silicone precursors are
YOIV ¥Red to formthe silicone. The sili cBREEP2007/052385
precursors used in the process of the invention are
known to the man skilled in the art. It is 5 noted

that the silicone precursor preferably is liquid, so
that the mxture of the nodifuhed particulate materia

and the first solvent can be easily mxed with the
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free radi ca rocesses rosi |yl at
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Pt and Ru) conplex or a supported Goup VII netal

catal yst, or via condensation reactions. Exanples of

10 eatrh ocaé ¢rmbsdiment iohghpr proesseof dbe ibeertionnitiei silicﬁdmppmcursor
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group reactive wt 25 silicone precursor during
t hwiacgnpensadips peagticnerExamples Al gachgf these qusiag prerpgees can be
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st Epcmqged/a of ChemioahyechnodogyedamiWilepé SomalIngr onlipe posting
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erial "y also reac con precursor
asot nubber imaas| dankbehatitamed. t wo or rmre silicone

P AR e FRro T S e BB PP g i

chemmodifiey witmkiesbubliey elgent 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.



WO 2007/ 107485PCT/ EP2007/ 052385 14 Suitabl e exanpl es

of the above-nentioned second functional groups are
hydroxyl, vinyl, chloride, hydride, thiol, acrylate,
"Rio@eHh@t e, or acetoxy. The invention furthgirepros2iss
pertains to a process for preparing a rubber precursor

or a rubber conposition conprising the steps of: a)
preparing a m xture of an aqueous suspension of

I norgani ¢ oxygen-contai ning particul ate material and

an al koxyl ated al cohol accordi¥fg to the fornula 10

wherein R is Cl - al kyl , R2.is hydrogen or t hyl,
anoélﬂtaB? @ﬁaﬁnﬁﬁég@ Ct:g‘? o%q%/etrge@!oned dgg0n qu”GH%ﬂrg?yg%uPS e
C OMHyRedxy N FirlyNehidviné UiyRirive t tRioRtach@RE ! memaciRie B acetosly.

optionally polynerising the nononer(s) to formthe
rubber precursor, 15and/or with at |east one rubber

PT e iR ritioR iuBiRsH %I nd Go Al prb &St PR p&MPA killbeRBRIUrsor or a

with the mxture and nodifying the inorganic

Sox yHePErCOMPPiSHiPA gopRFieing iestersateri al at | east
parti allyy, ; ' I cd,| I .
onomer vy PR LR BB A aGRRACS RNy o ARkpRE oxygen
t he nmononeantaning waftmurate Mmaigis andreecalkeglatedalcohol according to
20cont actghggomuléeast one rubber precursor with the
resulting mXxture, e) optionally curing the rubber
precursor(s); and wherein optionally water and/or the
al koxyl ated al cohol-are remgved at |east partially
fromthe mxture bgfore, deg]ing or after any of the
precedi ng steps. I a part|dular enbodi nent water is
renoved prior to stlep /or step d). 25 The
process of the i nti ol prgWhles a nodified i norganic
oxygen- cont ai ni ng rticul at'e material which has a

10good conpatibility with resins. Due to the good
conpat i biWwhéngiroR, tiher SeloyedikyIWRE hs Wadiegen tdhemethyl, and n is an
particul ate material,_ and the rubber precursor and/or
i ts nononBleYer YOy LI ¥ di spersion of the nodified

par ti cu)adgiondy 20RtALHRY 4RSRakIPE0RIM CR2B8S one monomer and

optionally polymerising the monomer(s) to form the rubber precursor,

15 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

20 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).

25 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



15 material in the rubber precursor can be achieved. A

further advantage of the process of the invention is

that the process generally requires fewer steps and

| ess solvent, enabling a higher yield of inorganic

PEQ 2W0TUITE5e material per unit vol unme, render PAHEPNET/052385

process nore efficient than conventional processes for

5 maki ng nodi fied particulate material. The

utilisation of the al koxyl ated al cohol causes a nore

efficient renoval of water fresnthe m xture conprising

i norgani ¢ oxygen-contai ning particulate materi al,

al K\‘él‘éﬁaﬁh?%eahﬁb%ﬁ’brec%%r%heée adheved. ko Xk %@vantage of the

al cohol further has the advantage that it is

coﬁ@ﬁ?ﬁopfethﬁnlﬂ‘fﬁfwégﬂs fhabibee Piaceenpaerrally rashires feyer steps and

un t O

r e%s%esl%gé I'SSO gﬁgﬁ(%?%ﬁslﬁ o m%%s%%ﬂé@?%ymgtéﬁal ﬁQr it

predexs, efndetieg ithe eradess rg@;ﬁeefmlem then ionpeionanpiogesses for
5 ¢ at Haﬂ(ﬁb M?ﬁj}lﬁ&? @gmcﬁgté ¥at Wé %tl Iﬁs@\’lbﬁ %@Wtaﬁlok%ated alcohol

end ah conventional processes. In the
of callsesmmera eiticienategrqvai of \paIIet irool the miatuee comprlsmg inorganic

1 p S By g iR, BB ARSRARR HRandly Sad B The
t i akodudited Galddhe| urteedms the advangeotianirig campatlblet\mm most

fir and/ or _the second solvent are re

t hBRBEF PIRGUSPED eGP a L CEr 0B o ae &f S SBodnet wnich the
10 beidath 1y diep&Ided Nioes @m%r Wohesquehle, renprebssan the invention

perforned b nmet hod known in the art, such as

evaRIAENOIS, g‘fﬂ "} IMO4E | AHACTYE s§GANPRYGaYK, AR Mge environmentally
COffRnBRithaNcoMVERtiGYABHRIE88s. and using a nmenbrane,
e.g. an ultrafiltration nmenbrane, which is capabl e of
sel ectively renovi ng water fromthe m xture. In
Celf Hep@BBsd EAIHLMYehtith Ra sar% 4R WekerCaHY g Srom the
undesirabl e deterioration he rub Pr ecursor or

15 i t squanvSrBIERe)Siorn, ng(ee Itheaﬁr|§t am!a(@i sfmondh;@ vgaisraantbe removed at

r

andTh i B BrGeSs, B ERe Smiodihel RefBR HENHIE anor the
s esgdondvad et weet eamoveot predr tgdhe caling siep in eddereld avoid water or

.5 g [ t 9
¢ ney R P s BY N b e lenmival BT Re BB HisPBy any
Ior rrre)hodon(egwnab) y?é ear?, tshaim V\%S we\Acuatiah, moistillgtioef elisitihtjon in
e ar M % O er. . I
20 a7 by BT Bs298519 4nmERRENE 8% gy uirafivatio
V\hmelmbraneq avhncmss;aplabls ofisedctiveRerantuvirkpslatentramshé hakture.
free ions such as anions |i ke, or and cati ons

AT PRBATChse e BUBE RS off | WElChqGEDLGASe UndEsirable

SUgeRNSIa8oN bPtHd reber @\bb@s@pﬁﬁiwﬁbﬁbm@ﬂs}i% BiGch apphcatlons the
techni ques known to the man skilled in the art, suc

asAvHeRbwalRg & thedRixiuge 86 Stepr) edf thermgoneraeks) ’ld@rltﬁ?lé‘#bber
25t hBFec@Fs%r glbé@ﬂ‘l é’t@ﬁ d)hrk '%%n§|EN/é/ E‘NVQE%} ke Cg%hefdll?% Yeduced to
rate throug e mxture. anmount o free’ions
t yl§ise dh¢W5|p§f¢Eé%§YtW\%19htl(®'t%O@f mﬁqr pregckpriNg, tqtalsreight of the
th pref p
Traatre SRR I Ao 87 P EE SisBadly 855 shafs a2 DAHB mos
foprqmrepbmessghanﬁuﬂﬁfeof\&aprecursor or a rubber
conposition conprising the steps of: a) preparing a
m xture of an aqueous suspension of inorganic
30 oxyg@mmwapmfergaqoammmuhante ofrether przeberatnmvanﬁcbrr,san aqueous
sol vent ; at |east  aone mon I ubber .
o LR i r e Byae i aR o RaGHERe Mlondid R pgricular

agent ;



15c) polynerising the nononer(s) to forma rubber

precursor; d) optionally curing the rubber precursor;

and wherein optionally water and/or the first sol vent

%F’ 25@7'199&@”' at least partially fromthe m Xt Y& rp2007/052385
or uring or after any of the precedi ng steps.

The first solvent can be any solvent conpatible with

wat er and the nodified 20 particulate material, i.e.

in which the particulate material remains well

di spersed into discrete and ndf-aggregat ed partl cl es,

as well as with the rubber precursor, its npn

andiNGrAUeREs pleaIWhiolyisleBRisee snissh iDesionpAameAss it any free
t om0k yhhs 'aﬁloﬁQ liRe M@k §é{fdhsas‘ixcﬁﬁéshﬁl@@* ancﬁbﬁaﬂé’ﬁe’ removed

I sopropanol, and n-butanol, or an al koxyl ated al cohol
as a7 ithe @AHBRMBE SUSHESIPSIO @@Sé@?'@opoﬁéﬁﬂﬁé&i@nl wsingh gechniques

ZEQ{HEWK%%S%Q{ %Qih%ls @e?ﬂdgﬁdﬂ Qggc%noéxéh'&h e REQnftRI®s. “Free

ows t ication the 1 norgani
Soxy@rexirefers i ionadhaaarei disdodited lnﬁherspbzlen&wdartdwean freely migrate

noﬁ"i@[@ﬁ pﬁ!tur%h?hélé%%lh Bf ﬁ&éjl;o%?rtéblé‘alﬁqg ué&%ﬁan h$,0b8 ppm,

ol yner| sa on
gerp:eefardb}y Ieesqthandsoompp)maandampsteprgfe,ratbjyIetss |tmag1 0 ppm.
initiator such as a peroxide, or by 30using a
catalyst. This allows for nodification of the
parTthec pteatet matetidrafurthel queetaindOt? @0@rot83 3&PRreparing a rubber
TTEP2007/ 05238 i.sation |s s£ arted.

h ]
105 RS P Ay BbgT o PR BT RS B e dadl b+ on can

pr me@@pém@ld ammu@l M ahnaQquﬁsf sussshsmbodli imemnjaniefl oxygen-
I0OCeESS, 0O acts as a

coupl $W'5‘Q%H?“@HWH? F@B’s”aéa'?q’ ?EfStisBW@? %onal group

tédd:mg?'\faf feabhen®andriomdradrea MRdLRY ippécLrsst, ahermoad least one
funct i ona roup reactive with the nononer(s) and/or

the rf@BB%'F%IP@CQQUQMQ ag¥tng such a nonomer causes the
15par ﬁﬁé@slﬁ‘@ifh%rm@ﬁorﬁ& 80 &dif, Flﬂibleyﬁliécm‘%@g’ to the

er precursor. Iin the context of the present
i n\ﬂémnt@naldm@rwgrta@ ﬁ@beéa[ﬁ@é@ﬂsﬂj@pen& on of 10

| NQEARH G %Hél@r\ué‘t%%ﬂblmmﬁe et ‘sbR/Hhtaén% W&bbaét Ieast partially

refers to a su pensi on erein at | east part of
solfioth frermixiire befofe, hisng no elerrany axigeiecedng stepsng

SIS 8 A SISl 8Pt

nmin at t one | oOn are I spers
20i n particatpie owderratdieum wmﬁrihlee panhemiateomafemiat fearainseweladispersed

to nﬁtgqp ret& %HE%%' t 'g%nesga?é)dTB£ &bEgasr\HQng wﬁﬁ'%e 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

25 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
30 using a catalyst. This allows for modification of the particulate material before
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I nor gani ¢ oxygen-contai ning particul ate materia

nodi fied wwth a coupling agent wherein the inorganic
oxygen-contai ning particulate material has a di nension
of between 1 and 1,000 nmin at |east one direction.

e 28dEMage of the rubber conpositions acc8FHERYIT/EH238S
the invention is that 20 they exhibit inproved

duronmeter hardness and tensile strength, an enhanced

el ongati on and nodul us, and an inproved tear strength
conpared to conventional siligpnes conprising nodified
particul ate nmaterial. These properties are even

f Uﬂieh@dIYmQMdﬁbﬁﬁqls sfarfielie ApEAEEVEIE ANE ahddifehtiDA aint ol drisation
mat er i is nodified wwth a coupling agent conpri sing

a FaN BIOCEEGEHMUIARPOY U 25reactive with the

Pafd h Qrbfdkred FiRGiéntatdnia p‘i@é?é?s@dtrfeumﬁhbt%labvh&hoé!éb acts as a
reactive with the rubber or with the rubber precursor,

Ge ARURINDYAgeNh E0ERTSRR AdTrStnivarianad gﬁmpt feaglive withdbe oagiculate
5 P 8588Hal hAd taré%céh’cppﬁﬁftl&rﬁf@?&lﬁ r‘e‘ée @h%eprﬁ &&Hér(s and/or the
to 60 % ase

|nvent|on|sfrom0 on t eto
30wdibghprastiraohelsinpIseeh @onpasnei eausepried prdiuiate m@terlal to be

nd nost preferably the
am)ué]-[.ucmsﬁy Hkgmt tl‘% J’@Bér\?& glﬁ%?'al s noted that conpared
WO 2007/ 107485PCT/ EP2007/ 052385 18 to conventi onal
ru sid,on I co Lt f t ,
or B0 ESTRRSb b BrenkPCrRRE, 1T TBRAAA -8l dffpension o
pahtoirganiicazbwgafa{oeniakiing paticdlate matenial/ eefersntiol saguspension wherein
rrecglanl cal { erjﬁ.i es... f\egh Lnvention further ge.rt ai n[s
oatlepatpact aﬁgﬁo A Patie étb@ |%9ar3@ oxygen-containing particulate
material having a dimension of between 1 and 1,000 nm in at least one direction
are dispersed in an aqueous medium.

The invention further pertains to rubber compaositions comprising rubber and
inorganic oxygen-containing particulate material modified with a coupling agent
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



af orenenti oned processes conprising a rubber precursor
and an i norgani c oxygen-containing particul ate
mat eri al having a di nension of between 1 and 1, 000 nm

I Wodbo8Ags one direction, which particul ate g@t@hbRlossss
is nodified with a coupling agent, wherein the anmount

of particulate material is between 5 and 80 10wt %
based on the total weight of the nasterbatch, and the
anmount of rubber precursor is between 20 and 95 wm %
Preferably, the anount of part'Pculate material is

bet 15, 75 W % based t he t ot al i.ght
o ERY R ISR AL ObEh RS SUBm MeoVCPED SBPAF AR L ghe; resen

beti%ﬂoﬂ@eﬁé@llf%dﬁi%’s 185VRbRie 8 3 pihRtaté meatsNg ViR drder to have
the art as highly concentrated additive prem xes which

carfiipiareananicat prerpgiiepar ati on of rubber conpositi ons.
Such masterbatches are contacted with at | east one

rubber precursor which does not contain the nodified
Sparthec invanéomdyréiarapertding He a rasieiogich ebtaipable byoppy of the

th : kel ke i nv {0 a ;
o PR SOTBASSLN BhphBfl G100k OprecTtey fundh Tagoanic
| ocxygemcontaiaimgppatiedatcomatesiah&aving cadinegnsiamdf’ begeno! and

o oRIFEAHIR 0L of RSE,GOTRRS 00108 AESIATE fiiod win &
mateeupldg agedit,fwieetein the aasmaotpl particdgtermaiedalgs ibsiweenad and 80

f [ I ' it h | Cul

0@ A B JP EEEIoHS LY el IR AR oums st puboer
or pretursdriie betwaeareOparera6 wise. The rubber conpositions
o AR B B0 TR R AR o4 BEeaRRBLARY o, ase
W rgrethet tgiae :eightt WE khé yseRerbaiti, - drivethecartodtof rreisbergirdcursor is

aircraft tyre in |atex products including gloves,
cormFoHgen F‘P%gﬁg",t%cat heters, latex thread, foam

15Ccaragdte Dafhibs Ge XRBwhURNRS iafesh BRNIy edtdehBated ddditive premixes
which can be used in the 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

20 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
25 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
30 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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WD 2007/ 107485PCT/ EP2007/ 052385 19 footwear, in civil
engi neering products such as bridge beari ngs,
rubber-netal | am nated bearings, in belting and hoses,
in non-tyre autonotive applications including engine
R R 107483bber beari ngs, seals, grommets, waPBEEB2007H$A38S
boots, in wires and cables, and in pipe seals, nedical
closures, rollers, small 5 solid tyres, nmountings for
donmestic and commerci al appliances, rubber balls and
tubing, mlking inflations, agg other
agricul tural -based applications. In one enbodi nent of
thyohp¥ st enil feh@m@@ﬁhé bﬁﬁ'ju'cfé%t%né§ bﬁdd@%@ar%{.{ét AlHeRGhetal-
particulate matefial is used in a rubbef composition
of lanyipaied b%”ﬁ%t'ﬂcﬁﬂ“&ﬂg and hapes ontRanelyre FHEMOtkd @pplications
th 0 er
contCenpRIPORLA,TubR? et HIR" romne. washers, and
ar 8oofat Ur wires ab@@ablee.nan@srs pidenkesds, sngdicalecpeiirasli roliers, small
ru t adi

?@I? é’rﬁ‘gg % tfn@gq’gr %Fx{gﬁpg &Rgncgo%rﬁ |e{l gﬁécpces rubber balls
syandh&thmg mulkb‘@nnﬂaﬂoss, anc»@tbe:eagrtu:bltd;rlaébasedﬂﬂpa&caloase
commonly used. 15The rubber conposition according to
the invention can be used in any part of the tyre
wher enarnboadingaiaf the lihesntisnlahe asodifgdomprdnie kxyafen-containing
prec t ed SI jca i,s conyentional Ly used. In .
DL Ba B el tsdmeein Sonpae: tarbmathn S esel pariqu of car
ungesd. rerdrudbet ined ABES: cdigodiicagan bbeaingi Bv&! d:onvbhlﬁ)nally

rimcushion, the innerlayer, the carcass, the be

andS¢hén hEpe. Fxgaples|qf sucha[ubbersnare agital Bibhge Wr%?s “linked

coBRidrLhRadiBhe tAIBLED drbs£fnRAr LiyFeHabGanRhe! iudbeOf butadiene
the invention and a conventional 'inorganic filler such

as "uRehovinyitutadiene pier pRicts¥ainelic irglberTidsau guxtarest giethese
”Dﬂ]tfde?sd r%etro?ﬁrﬁéﬂlﬁ‘?@ odraterial enabl es a reduction of

he total anmount of 1 norganic filler in the rubber
coﬂ'rbesubbayrcommusltlenre@pnndalgwtm@egnmnt@n @n berpees ddany part of

”e%aﬁ d&?)hegé’ QH?J&ggriﬁc fuﬁér éthaasPE rbehrb?QckeS?O@%buﬁﬁé‘t‘ed silica is

I'nor en- con arnin
nat:@mveanltlomadlymmdf |Ire@amcular,atheoupbemgorag@snﬁomoaupbesuseg in the

o] Such n .

SI P #gr?rgéi (? r&gé ggée ﬁ% Ijir%gg ERJ% %ge\ﬁgl? %sﬁlon, the
tr |rmbhayarslhleydama$|syth)e tezidy aad ItmrhdeIaQISr 619$ra)soee<nwsaged to use
De ussa)., bis riet ropyl
20 gamio ARPads 55 thhy Fobfieranis el el & BépRaBieand o
PC@nveﬁhﬂdna?rlmg@ﬂ@ﬁllérTHu@hJasnfabt@c)’d blatk 6t p @cmate@nﬂlca The use
( NXTI m (f3E2j WO 2007/ 10748SECT/ E22007/ 052385

of the mod| partlculate material enables a reduction of the total amount of
inorganic filler in the rubber compaosition, 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-triethoxysilylpropyl)
disulphide, gamma-mercaptopropy! trimethoxysilane (SiSiB® PC2300 ex PCC),
and 3-octanoylthio-1-propyl triethoxysilane (NXT™ ex GE).



20 The advantage of these nodified particul ate

materials is that the tinme needed to produce a green
tyre can be reduced. Moreover, the dinensional
Sév%bz'o&/'b?&s?f the uncured tyre as well as the gdmahoor0s2385
tyre WI]] I mprove. In conventional processes the
precipitated silica is added to the rubber together 5
with a coupling agent |ike bis(3-triethoxysilylpropyl)

t et rasul phi de, the rubber conposn tionis allowed to
react at el evated ten‘peratures2 t he et hanol produced

| haeciaaiage o tgHBR SR Gl dnaianiaa jugat e e héeded o
VU'(fﬁ@(HUc%ad heRnap@ dop Bt Motesver Tihe dihenSbndl Beability of the
fied particulate naterials of the inventi on, in

par%ﬁcﬁiﬂddvfetaﬁewﬁlhaﬁ theufingt &re Wil IMREQYei al s nodi fied with

t th%@H\F’édnBH I%S&ss@ﬁ‘(ﬂé‘&e&pﬁé&b& aflc8 dh&ded t‘ébtﬁe ribel BRyether
production o res advant age t hat

coupth Agcaupéng aggnhnlkea@tﬁﬁ értett%@qysa'lm@pwhéetﬁ%utnhaﬂ e rubber
(f%wpfblsmﬁﬂ% Ao @nehet & efl&f\ﬁq'f@plﬁn{ﬁ%ff sn91eaethﬁnol produced

I'on In processing time y enhance
pr dsluempoad, radearningured riyreyis ebtaingd, avhigints igni aedat a higher
r d.c e [ A
15‘4%6}?%&@3 {roeggl"% ggﬁ@&:d?” aﬂa tougde}}clp [fﬁaé g%\% Tfh h?e( of the
agenodified/ piaetmtkliedﬂatepalsaofeth;e Urtyenh@n mnxpartle:u@o thaapartlculate

10} F8RuhRGaitl el e BaiGlyBIAsBhE aiihe flicdiuRBeeb. in the

usqﬁoduntlonnarfemre@rrmls meoad\mﬁage Tt tmedcbumidg agent is already

arti cul ter nma to.the rubber in_the.
P ordeehed s 1BE) S g ataliDal iR nd, iy elipBied ltohdifing =
(ccre@@ctn@hng pm@ce@e.nbarrﬁé WhicROmapenhahe jhe produdtiomenatdef green
added ﬂ an extender  oi ol i ds

2 Tese i CoBpinagp g Moot e gien kel egd tronvortional filer

15 €A G Jr&Asitaet Sifcisiudbd NBEoUHRAY bbb r:aaaaﬁgemately to
time and to inproved process safety. If the rub

corpesiush 505 that i |caedﬁéctcwﬁbd§?tWrSﬁPE%iﬁﬂr%qandhe amount of
Si |do€1?ﬂ?g rég;ghﬁr gendrlidnd Toer Mgk f ingd aRRUKE Gigkat B conventional

mat er accordance wth the present invention,

sudioeessapbete meriied ipertishlatamatniint By Penrddesip it ybiper in the
coghiNg B &grl' %l s[]ﬁgéﬁglo'ﬁgmpé CSRAHi& sBRBR! g:'o}ﬁ?ammg no or hardly
adhesi ves, coats paper r

o

| ease
20coaanyrvg$er); or if maw efadsleg tim ag eai@pdet@tt, iopas solds. lrithegcase of an
text i ar c
nany el B E UG b, 380G R be, B TRE Beading,to & further
200é41AQin4A8H EﬁﬁéEﬁQ@ﬂWe&ﬁlﬁE@!E’nQ@vé’@prqcnseaafetyn further
pertains to the use of the rubber conposition in
accordance with the invention in solar cell units. In
a pf ea‘eerwoedr eoippdsiti@nts atsiieonelsbepositio lwempubingrsilicone rubber
co i tion arent rubber, The ar ent ,
25 i e ik Ba b ARE R Rt iigataaant b OPEPRIE! invention.
|'i gdiich SE2wabpl @ﬁn@sntmmntguﬁﬁﬁp@é%ﬂphéw bb@:ramgrpeoducts including

pol yur et hane, eth ne vin tate a]
D | e PRBHAE adreerercbFste TS TS ApLr T PRBtF03EgS I

a sfdré ’ﬁﬁl@ﬁlnb%ﬁéatloﬁﬁ%c‘ﬁfdlrﬁj tekflelandmdir 68 PlicMvns, sealants,
solar cell unit known in the art. Exanples of such

sol aghesiups, ancapsulants, andsolalicel Haltssi sol ar cel I s,
g@hor phous silicon solar cells, crystalline silicon
thin filmsolar cells, and conpound sem conduct or
solar cells based on, 10 e.g., CdTe, CulnSe2, Cu(ln,
&) (Se, (so-called AGS), and G atzel cells. Further
details can be gl eaned fromF. Pfisterer
("Photovoltaic Cells", Chapter 4: "Types of
Photovoltaic Cells,” Ul mnn's Encycl opedi a of
I ndustrial Technol ogy, online posting date: June 15,
2000). The rubber conposition used in solar cell units
may serve to connect two 15 juxtaposed | ayers in the
unit. The advantage of the rubber conposition of the



20 substrate, e.g. a plate or a roof tile. In such

cases the rubber conposition does not have to be
transparent. Generally, the rubber conposition

exhi bits i nproved nechani cal properties over

O YVATd8al rubber conpositions. One enbodi MEREPO7/052385
the present invention pertains to a solar cell unit
conprising 25 a back el ectrode, a photovoltaic |ayer,

a front electrode, and a transparent top |ayer wherein

a layer of the rubber conposition of the invention is
present in between the front el ectrode and the

t ][anﬁpmwegﬁbort dprthary pertains ﬂondt}x@aﬁ%d ohbiee rutide® Eerbp&dition in

of the rubber osition preferahly is a_transparent

r uBBRIIadGeERBE BYartian dbpYIaF fell inilsh kT 3 PETaTed pREBRent, the

fuhhﬁer o'th‘ﬁef I%B@F c@ ?Sagﬁbrﬁhgfh $@n§§§re39@§b@? ﬁﬂbe@éﬁé‘éarent
bi ndi ng | ayer he transparent | ayer and

the
0T Gitiosel bk o whiEh b rNSPATTY ChoviEPEnEa rﬁjﬁaﬂ'% of such

5 MechamiLaht RIS LA8S o Og!]?ethé@ eth Iene vinyl-acetate rubtbﬁg and

2007/ 107485PCT/ EP2007/ 052385 22 ad esi ve power and
t edificene whgen Pogfetably, thﬁa%@rsp@fﬁnﬁmttardﬁ]a aw@onehr@bbgrs dfe solar
or oL 15916 650 B Ryl e 05 e e biar o
f ouoits are owstalling Si isslar oceatle, emm@md:s sItncrcmeqqlentcbus, tripgtalline
I b ' :

| Eﬂ 6A fHn ﬂ{m tsglgr ?(QIL n8 % m?%gb{j sgii dé)?\%lpﬁtglsgglare ﬁ?lgsobnased on,

l\/bre ver, NV

101 setg:. aﬁdﬁa,r €ninSkg, Qu&tm bGa (BegBY, (sehiatlbd HEIIGR)s aad diréitzah cells.
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conpAr i e e ﬁqm?%a%%‘férﬁymgo?°° Bldts", Chapter 4
¢ Ol‘fpfb‘és tof Gmowvbhaip @ells C |Lemanas Bicysiopedial of IhtestiiaTeehnology,

0 exceedln the vis I'i ght wavel engths, i.e.
bef’ %69 Qﬁ  geoe %%ﬁqéo%@gol ar cell units conprising

a hrﬁskruab@rcwmﬁ@sm@ RB&d QY Al ell aMed .may te@Bdlto connect two
el ectrode, and a transparent top layer are known to

t h&XEAReSaRlayesw in Het wail. dihe. atuan |q>fythetrH§bQ{aqqgnp03|tlon of the
eI SFés%ﬁfjlﬁver?ﬂom@?té)Yrﬁh§p§§r§néyﬁ)ﬁ“mbl@ |I§ﬁ10WhI(fPI| &fbladBplication at

a transEarent op ﬁ%er ar e rOVI I n Iayers one
natmlttw whereoidhe travels brasolehal rub@erdmmqﬂtqrbhef@fe the light

%‘L, %e B%@ é)f W%Eél %@rf—plﬁ} Ig:h’\gqjs tOnfehed |ﬁt%7?l§(?cﬁce§}%ergy.

spec escriptions o
ba&'hee’ubbenr oampositien prayt elsol seave tb agoenect He seolantcell unit to a

neararGiod HRblrof AP It B R B gpmposiion does
il huSha\@ttedJekI;artsbermUIGmraig theanrpbersconfo SEXNAMXDERS 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



Exanple 1 Into a 3-litre three-necked round-bottoned
flask equi pped with a nmechanical 25 stirrer, a
thernoneter, and a distillation unit 647.0 grans of
Nk@e@hy@RR¢Dl (ex Akzo Nobel), containing 222Eferdi@isuss
of silica, and 970.5 granms of Ethyl Proxitol (ex

Shell) were wei ghed. The tenperature was raised to 38C
and the pressure was reduced to 60 nmbar in order to
distill a water/solvent m xture. During a period of 3

h the pressure was slowy redffed to 40 nbar. Next ,

t he 30reaction S ped I n_an or.ganos

i CNES VB EENE G an ' oty tae Heheks afhedien Gy (iseeases
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WO 10071107485PCT/ P2007/ 052385 23 nan Eﬁl lLica

( deP4ERCAR 0T rPtARr JVeshaRical Aeteegnd? | WASN| dsdS ofo be  exposed.
sol yszequesiyoRseliethe dEXAEEoRr ZellPhi aﬁhc?e%@e& Moreover, the

four-necked round- bot t omed flask equi ppe
nedHaPRrcaMrasitionef the, inyespen H;gtrqlrtﬁméqnt te, visityle Jight, which brings

COngRNEah 'lm?ﬂﬁeérrgh?%%'@{oeéoléﬁéﬂe% Qé&ﬁﬁryoés E:B'r%pared to solar

or ganoso , contalnin . gr ans of
modiefli wits neameprising arubberr @ommsgtmuw'tfrmrmcé@mémﬂ@rsezes in the

f;
(0728 B P pRogethiy BRYIK ot Wadobhing! o beffedt! 205 and s00
g.ofmn.grarrs 10(0 46 nole) of water, 0.1 gram of Nyacol
, Xi,t 0
120MRL (B8 AR Cha BBl o BBty rom
r aiededrode, 480G transﬂa&lnlt kdp Iajlér artel lataWrem thesaén iskiled frote art.
f%?sr%eléﬂvycéﬁ? gaar%oe rof th&no% oYtg Iayg E: '%r‘SHPen‘% Hgde and a

transparent top layer are prowded in layers one on top of the other. A more

o

detailed description of such solar cell units can be found in EP 1 397 837 and
15 EP 1290736, which specific descriptions of the back electrode, the photo-
voltaic layer, the front electrode, and the transparent top layer are incorporated

herein by reference.

The invention is illustrated by the following examples.
20
EXAMPLES

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

25  stirrer, a thermometer, and a distillation unit 647.0 grams of Nyacol 2034D1 (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

30 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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wt % of nodified nano-silica (determned in an oven at
140C until no loss of 15sol vent was observed). Exanple
3 The silicone resin used in this Exanpl e was Wacker
SLM61211#268, a two- conponent Pt cured silicone resin
(VEX2003¢07¢85) consi sting of a conponent A, 20 PHRIEEIN07/052385
does not contain the Pt catal yst, and a conponent B
containing the Pt catalyst. To conponent A the

organosol of Exanple 1 was added in varying anmounts,
viz. 1 wmw%, 2 ww% and 5 wt %dased on the total

wei ght of conponents A and B. Subsequently, conponent

A WRSo-Bideda¥ekRinE@TRORE HveR: aff @hbwt.bmod%séedfagémt was

in a vacuum oven at roomtenperature. 25Two foils made
of olesdtyé®ne-t et r af | uor oet hyl ene copol yner (ETFE;
surface nodi fied ETFE ex Asahi) were adhered to each
ot her using the nodified silicone resin. The nodified
si Eksmple 2 esi n vvas then cured in a BOkle press for 20

t C
" 15 55285 ah 300k i BB PLT TR Bovipg e pecnanical
gistﬂrerbagr@im\g%funagl sxemm cdr‘ldehfemand %hesmbm@tbr 131.51 grams
ampl e 2 was adde 0 nen . - .
0B MechraaBEe DB RO Lo S0 il @RS ob maskiedt panc-sitca,
St wergWeigHed! e Stemperfigrer waa%@emw 1@ecesdid Aedk @Mmixture of
10x1 cn® sanples using a CECO Copper C ad Pee!tester

1A6808 gramsn(0a139 mﬁsofan%ﬁ@@em@%rsé@%@@ frichk 8.35 grams
Si {d. Eé"?ﬁ’ol?)eﬁf WafeETg gPam %ftglggeol %6;44% aH@SszaO#@gFﬁf@é’ of Ethyl

at the silicone nt er . resul ting pée
st Peaiphaaflosatieoved iafffesipd of 160 NMinde® r ubber sanpl es

arendh gr‘?ﬁsgrtaﬁﬂe'wast H&t‘?&%& t(k)) %8% to %Eltlﬁ oJrf volatiles resulting from
the silane and a part of the solvent. The remaining solution contained 36.35
wt% of modified nano-silica (determined in an oven at 140°C until no loss of

solvent was observed).

Example 3
The silicone resin used in this Example 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 wit%, and 5 wit% 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.



Amount of nodified colloidal silicaiPeel strength
(M99 I (Ncm 0 131 1 191 2 211 5 181 From t he
above results it can be concluded that the addition of

the Aangsol of 10Exanple 2 results in an i naM8BRksss
in strength. 25 CLAIMS 1.Process for preparing a

rubber precursor or a rubber conposition conprising a

24

The adhesion and the strength of the silicone rubbers were determined on 10x1

cm? samples using a CECO, Copper Clad Peeltester TA630.

In all cases a cohesive breakage in the silicone resin resulted, but no failure

was observed at the silicone ETFE interface. The resulting peel strengths of the
5 different silicone rubber samples are presented in the Table below.

Table 1
Amount of modified colloidal silica | Peel strength
(Wi%) (N/cm)
0 131
1 19+1
2 2141
5 18+1

From the above results it can be concluded that the addition of the organosol of
10  Example 2 results in an improvement in strength.



nodi fi ed i norgani c oxygen-contai ning particul ate
material conprising the steps of: a)preparing a
m xture of the nodified inorganic oxygen-contai ning
particul ate material and a first solvent; and bl)
contacting the mxture with a rubber precursor
conprising at |east one gglyner and optionally a
second solvent; or b2) cehtacting the mxture with a
nonomer conposition conprising at | east one nonomer
CLAIMS 5ng optionally a second sol vent, and pol ynerising the
nmononer (s) to formthe rubber precursor; c) optionally
cross-linking the rubber precursor in the presence of
Pr@ce%E %ﬁlp‘réﬂéhﬁ'@ Lber tReduMoM & 4 UDBSYr E&ﬁ'ﬂ;&ﬁl’oﬁ' Qpridng a
d) optionally renoving the first and/or second
magiifledemrganitieryggn-oentaining madisylatefmathdal soepdsind the skepp of:
glndi&ggaa’n V\'herr;lxI Eeoc&[_t;e RN %I?%d ﬁn /alc‘l)I%: 8?(%%9\-%% f% %;%rF o HtE
V\heﬁaema&d a:ﬁrsasmer(ﬁ%rwl kyl, R2 i s hydrogen or nethyl,
and nis an integer froml to 5. 2.Process for

b r SPARFHRG the FIAHE IR AP ProqYFSO5 COTBRAY Adeashens paiymer
COMH StiBkkIly R8PS Ehi: of) Preparing a mixture of an

agueous suspensi on of I norgani ¢ oxygencontai ni ng
b2parcontaglirgt themenixéure adntrandnmonmrk@xrmoamerd cafnposiog at least one

ac qugr(\%nqg ang oppgne}cllera second soqvent and polymerising the monomer(s) to
form the rubber precursor;
c) optionally cross-linking the rubber precursor in the presence of a crosslinking
agent to form a rubber composition; and
d) optionally removing the first and/or second solvents during or after any of the
steps b1), b2), and ¢),
wherein the first and/or second solvents are alkoxylated alcohols according to the

formula

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

2. Process for preparing a rubber precursor or a rubber composition comprising the steps
of:
a) preparing a mixture of an aqueous suspension of inorganic oxygencontaining

particulate material and an alkoxylated alcohol according to the formula



wherein R1 is a Cl-al alkyl, R2 is hydrogen or nethyl,
and nis an integer froml to 5; b) contacting the

m xture with at | east one nonomer and optionally

pol yneri sing the nmononer(s) to formthe rubber
precursor, and/or with at |east one rubber precursor;
c) contacting at |east ong,coupling agent with the

m xture and nodi fyi ng the i norgani c oxygen-cont ai ni ng
particul ate material at |east partially; d) optionally
contacting at |east one nononmer with the resulting

m xture and pol yneri sing|the nononer(s) to forma
rubber precursof, or c acting at |east one rubber
precursor wth W? resuj tjing m xture; e) optionally
curing the ruFb e ; and wherein optionally
wat er and/ or the¢ al koxyl ﬁgi al cohol are renoved at

| east partially fromthe M xture during or after any
of the steps c) to e). 3.A process for preparing a
rubber precursor or a rubber conposition conprising

t REhePdiBRS 1S €,-8) alRYIERAS hitoGerBrtethyt. £d A8 aR S From 1 to
suspensi on of inorgani c oxygen-containing particul ate
n&terial and an al koxyl ated al cohol according to the

b)f oc%ﬁ}élcﬁ‘ng tgél r};ilxture w%h7 at least one monomer and optionally polymerising the
monomer(s) to form the rubber precursor, 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 during or after any of the steps ¢) to e).

A 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 an alkoxylated alcohol according to the formula

Ra

()
Ri OH
-n
wherein R, is a C4-C, alkyl, R is hydrogen or methyl, and n is an integer from 1 to

5;



b) optionally contacting the m xture with at |east one
mononer and optionally pol ynerising 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 nodifying the inorganic
oxygen-containing particyyate material at | east
partially; d) contacting at |east one nononer with the
resulting m xture and polynerising t he nononer(s) to
orleBr'1gII$/l Bc?ngc mgg e\c/:wun}rl ure évC{LegﬁQ%qasﬁt Ir?ﬁgﬁ%}olgqeeari%ndono%tionally
popimaiBial|tie eidhbmgr(s)e fﬁrubberrubusaqduéamscﬁ ardinét Witre4taledst one
onal | y water and/or the al koxyl ated al cohol are
rP&ﬁﬁ@&E”ﬁPrleast partially fromthe mixture during or
c) d'éma%ﬁnQ%Weé%f otd G uplirfPsged wiiPthe mixtire ﬁd%@&lfyﬁﬁ'mé)ﬁlbrtgbﬁi@
obt ai nabl e by a process according to claim1l
szq;rmmtmrgng pdrbieiate mibtériabatgeast paiayyen- cont ai m ng
erjal 9,846
o) PR SF sl RS Bl W o BTG R B o e
metotdr@) tdfsem a dbb@Engeans@f obednteting ht Bast dneDBbePrédursor
east one direction. 5. Rubber conposition

"‘é{&‘ct P ESHY"Y 848 m 4 wherein the coupling agent

e) dpREMIL S8 AhE HibBE &@&rs&&% reactive with the
particul ate material and an organic group reactive

whierein pptionalliprier and/agithdalisoxylatdsedicahobarerempvedmat least partially

f%ﬁ?@sfn#iﬁhéé‘huﬂﬁ%%m?e?' Q?/thé‘s LEEFR g.accor ding claim1

or conprising a rub precur sor and an inorganic

oxygen- cont ai ni ng partl cuI ate material having a

di mensi on of between 1 and 1,000 nmin at |east one
Rubjjermohiposmombbtarmaplar by eupratessnedcerdirg) td slamodi bf @dcomprising

coupli ng agent wherein the appunt  of r e ,
ruofigs SHF oo B RoE G ARG, MiecetMBA TER vt £puping
ageneivittieifthe |h@rgﬁﬁ§toﬁid&\tdéhtalrﬁr@pérh&léiména@ﬁaé HRfRENsion of

precursor i s between 20 and 95 wt% 28 7. Masterbatch
bet‘d@%’b? anh 0P8 nelimphiesstne die#iophe coupl i ng agent
conprises a functional group reactive with the
particul ate material and an organic group reactive
thuith (Ye]g 0
R o o b P 00 BEMIB Rk comfhEls =
fun@mkl gfblazznteagtd/e with tidh partoudate aiateriahged an arghnigrgroup reactive with
n Lransparent top | ayer wherein a |ayer
the?‘fbebeﬁ ﬁb “rbg%%ﬁ%‘é"??ﬁ on according to either of
clains 4-5 is present in between the front el ectrode
and the transparent top |l ayer, wherein the rubber is a
Mastedagpasistaihatielyes mrodgsesddcb@ithg i@ ar abRycdinsrisiigc@nabber

rubber. 9. Use of the rubher conposition according to
PregiTseNdotn IPHRARIS AYAFCAAIRng FREiculals matgral Ravingjya dimension

of betRBET 1PARS €108B! i BeiaRTeftt Dhki GRBEN, WHXST 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 wt%.
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Masterbatch according to claim 6 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.

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 4-5 is present in between the front
electrode and the transparent top layer, wherein the rubber is a transparent rubber

composition, preferably a silicone rubber.

Use of the rubber composition according to either of claims 4 and 5 in solar cell units,

the rubber preferably being a silicone rubber.



