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The invention relates to a process for preparing

nodi fi ed i norgani c oxygen- containing particul ate

material. Such processes are known from US 4330446,

whi ch descri bes water-dispersible silica-organic
PROGREPnerFQB| MORIGMINS t | INGRGAMMCst | O YGEN-CONTAINING
PARNGUAATE 8HETERMAL PRODUCTADBTAINED, THERERRONBIQIANID dJSE
THEREORat er - di spersi bl e organi c polyner resin, and a di-

or trial koxy (or al koxyal koxy) silane conpound. In a

first step the resinis prepared in isopropyl alcohol
The ipyention sglaias tthiachrageserfor prepriéng maodifieciiimorganic oxygen-

el ' of acrylic polynmer resin. To the

conta@%@%@cgeaﬁ)gﬁa}@%_ an aqueous dispersion of coll oidal

silica is added, after which y-nethacryl oxypropyl

trimethoxy silane is added, while stirring and heating

Such pppgesses ere knewadromn 451 63304463 which deseribasowater-dispersible
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. ous silica sol-containing silica, a.vinyl silane, .
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resin, after whicrl e'mxture I's disti 0 renove
aqueonst dispearsion d atrylich glolynksr 1866.1 T2 tres @gukess adispersion an

aquechs) s e @R ecdlbinahanien ot FodRer et dr Seias areeseoy!
trimetSSFPSilahb 18 adIBY, R ISstirfrld A He&‘r@éﬂrgfo gdg an exanpl e,

a mxture of silica sol,” silane, | sopropanol is
prepared and stirred at 40 C and 85 nbar.
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descri bes an aqueous coating conposition conprising
prepaieg By MKINGF 8n radidl eigueeus silica, sel-contdinindadilias; |4 wiay! aitahe,

- rj r, .. Lrial koxyal koxy-silane in
oo DS RS b Gt U
is polyvatrsedris ¢orbd ghe resin, after which the mixture is distiled to remove
water and the alcohol.

EP 1366112 describes a dispersion of silicon dioxide comprising a polymer or
polymerisable monomers/oligomers and a disperse phase comprising amorphous
silicon dioxide. As an example, a mixture of silica sol, silane, and isopropanol is
prepared and stirred at 40°C and 85 mbar. Subsequently, a hydroxyl-containing
polyacrylate is added to the mixture. The resulting mixture is then distilled at 40°C
under reduced pressure.

GB 2047721 describes an aqueous coating composition comprising melamine-
formaldehyde resin, a colloidal silica, and a mono-organo trialkoxy or
trialkoxyalkoxy-silane in a solvent system consisting of water and a water-miscible
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This reference describes the preparation of two

woheabefessons: the first conprising colloi dal piTVERP2606/063284
and silane, the second conprising a nelamne resin

whi ch is dissolved in an isopropanol/n-butanol sol vent

m xture. In a subsequent step the two dispersions are

m xed. US 2003/ 0035888 di scl oses a process for

preparing hydrophobic col l2oidal silica by first

repl aci ngl_a substantial anmount of water in an agueous
orgam@lsbtyed’a his refeeengeidegcribesriwbpraparationrofdwe dspersioas: the
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which¥faiRkyIvadlie api isbp@panemvpotandl belvemomadiurecdsta subsequent
al koxy group or a hydrolysate. The hydrophilic
step thegwridispassipaaarg M¥Ad he resul ting dispersion is
subsequently replaced by a hydrophobic organic
sol vent. The processes of the prior art generally use
usS 2@08@03588&@801103@5 apyacuss foobveparing hydrephabicesllcidkaitsilica
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treatnent or rec hor eover renders the
and subsequardlyofreacting ghé ocolvidal | eiiea awithaét ihygrolysable silicon

comSERERRTEL o ebd A4 e b ¥ 4 SPUFIRL T GRS
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obj ective is achieved With a process for preparing a

hydrcmmbfq @ganigsoy@it.c oxygen- containing particul ate
The ﬁo)g?é%@éé fﬂ{gjﬁh&rj a9 BHSra?IgeLfé% é’ﬁarg?)arﬂ&?rﬂadf'd’rgaﬁc solvent,

aqueo S suspensit on I NOr gani ¢ " ox

whicle eméairisnthag theptdcesk d¢ eonducted akt aamhtwelyalbkomyﬂdac’eyf eld per
al cohol_ accordin formHIaO Rr' CH4 n W
volume it BBisIargecg? pgbgégqjgg@tg‘urt er requires specific measures for

waste stream treatment or recycling, which moreover renders the processes of

the prior art less attractive economically.

It is an object of the present invention to provide an improved process for

preparing modified inorganic oxygen-containing particulate material.

This objective is achieved with a process for preparing a modified inorganic

oxygen-containing particulate material 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



3 wherein R is a Cl-C5 al kyl, C4-C3 cycl oal kyl or
phenyl, preferably R is a G- C4 alkyl, R2is
wohyelvagssa or nethyl, preferably R2 is nethyl, pamgpiook@e32ss
an integer froml1l to 5; b) optionally adding a first
resin and/or a first resin precursor; c¢) adding one
or nore coupling agents to the mxture; d) optionally
addi ng a second resin and/or a second resin precursor

to the resulting m xture3 and wherein optionally
water is renoved at |least partially fromthe m xture
before or during step b), c) or d), or after step d);
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CsaaltyRrR1 e hydroyes beshéethpl, gaofesatlyi R} 6s trhethgecaitin is an
after step d). The process of the invention
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c) adping doraubamereebeplra agentsbhe theesiixturgn be achi eved. A

urt dvant age of the process of the invention is
8) opfifiaal ReBintn B ogen S 140 GTes 94980 Rt REpTbE the
red\ B89y AfXtufdltangenabl ing a hi gher yield of inorganic

particulate material per unit volume, rendering the
wherept gptigrallyowatesfis reyneved ahbeast partiady ficomihe prixtces before or
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requires fewer steps and less solvent, enabling a higher yield of inorganic
particulate material per unit volume, rendering the process more efficient than
conventional processes. The utilisation of the alkoxylated alcohol causes a
more efficient removal of water from the mixture comprising inorganic oxygen-
containing particulate material, alkoxylated alcohol, and water. The alkoxylated
alcohol further has the advantage that it is compatible with most resins,
rendering unnecessary the use of other solvents in which the resin is dissolved
(more) easily. Consequently, the process of the invention generally is simpler,
more attractive economically, and more environmentally friendly than
conventional processes.

An embodiment of the invention is a process for preparing a modified inorganic

oxygen-containing particulate material comprising the steps of:



WD 2006/ 136534 PCT/ EP2006/ 063204 4 a) preparing a
m xture of an aqueous suspensi on of inorgani c oxygen-
wER0basa3s4g particul ate material and an al koxyd@yEe006/063284

al cohol according to the fornmula OH n wherein R, is

a Cl1-C3 al kyl, C4-Ca cycloal kyl or phenyl, preferably

R is aC - C4 alkyl, R2 is hydrogen or nethyl,
preferably R2 is methyl, and nis an integer froml

to 5; b) adding a first resin and/or a first resin
precursor; C? addi ng one or nore coupling agents to

a) preparingx eumixiudg gbtarbrmuepugdéus@erssl@rec ndn¢rg§m¢ oxygen-

oq e BRSSO BH AR Bl b g o e

formagd partially fromthe m xture before or during
step b), c¢) or d), or after step d); and optionally
converting the first resin precursor into the first
resin before, during orfafter stgp c) and/or the
second resin precursor ijnto theRsgcond resin after
step d). If the first rgsin or the first resin
precursor reacts with a ates in the
presence of water in dtidp b)~or c]Obf the process,
water is to be renoved Before st€&p b) commences. This
enbodi nrent has the additional advantage that the

i norgani c oxygen- containing particulate material is
functionalised with the coupling agent while the
wheggim R1ds pr@s-@@talkyt a(DzsCag:yclbaIKybemplnermj pretergblyiRy is a Ci-
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,n@g@}frcﬁhﬁnbeg and hence cheaper than processes of the
i nvention mhere the first resin or the first resin
) agdisg @ b6t rasin aod/osadisat riesinspreguEspr; WO 2006/ 136534

C) a&’éf?ié %lﬁ%o&r%gpe?’&?u%ling agents to the mixture;

d) optionally adding a second resin and/or a second resin precursor to the

resulting mixture; and
wherein optionally water is removed at least partially from the mixture before or
during step b), ¢) or d), or after step d);
and optionally converting the first resin precursor into the first resin before,
during or after step c) and/or the second resin precursor into the second resin
after step d).
If the first resin or the first resin precursor reacts with and deteriorates in the
presence of water in step b) or c) of the process, water is to be removed before
step b) commences.
This embodiment has the additional advantage that the inorganic oxygen-
containing particulate material is functionalised with the coupling agent while the
resin is present, causing the resulting inorganic particulate material to be
incorporated into the resin in one step. The process of this embodiment is even
simpler and hence cheaper than processes of the invention where the first resin
or the first resin precursor is not added in step a).



5 A further enbodi nent of the invention is a process
for preparing a nodified inorganic oxygen-containing
wopesd/isesssat e material conprising the steps of pc@)Ep2006/063284

preparing a mxture of an agqueous suspension of
I norgani c oxygen- containing particulate materi al and
an al koxyl ated al cohol according to the fornmula OH n
wherein R1L is a Cl-C8 al kyl, C4-C8 cycl oal kyl or
phenyl, preferably RL is § Cl- C4 alkyl, R2is
hydrogen or nethyl, preferably R2 is methyl, and nis

A furtggr eampedieent brihe invemiorbjs adpiiosgseier prepasing a modified

: [ j re; g Ly adding a
inorg i 8 e Blripd Balepid idtefion BB EBR phelind
a) prepaing i aagmixtiueet wieanaaduebes esuspepkiopn af| bhdﬁ%érﬂé bRygen-
renoved at | east partially fromthe m xture before or
cogianing Rartiguigle pateyal ajid antalkoxatgdgleobel aeserdinadpithe
foi4erting the first resin precursor into the first
resin after step c). Preferably, water is renoved
after step b) and/or after step c). This has the
advant age that the sizegof the rgactor can be reduced,
because in steps a) and| b) only, |t he i norganic
oxygen-contai ning parti gul ate dlerial is present and
nodi fied with the coupl Addi tionally, the
process results in nodgfi e iC
oxygen-contai ning parti tul ate matlerial in al koxyl at ed
al cohol, which can be added separately to a second
resin or a second resin precursor, making it possible
to prepare the nodified inorganic particulate materia
idhei i t ' ' Fesin ik _
e o Gy SR G clodly) AR eldfetabif B ' C)
C.i alghtRois hidrogendongnethaylqreferabiypBnss onetrfyl, and n is an

. i £, 0xygen-containing particulate naterial"
'ntkggé'?@“tﬁtoaé*suspensi on wherein at |east part of the

b) addilg shePer ioké %§u9lfn6cf bgerﬁtg% gad hixt@yergen- cont ai ni ng
Partlculqte WD 2006/ 136534 PCT/EP20661063284 '
c) optionally adding a first resin and/or a first resin precursor to the resulting

mixture; and

wherein optionally water is removed at least partially from the mixture before or
during step b) or c), or after step c);

and optionally converting the first resin precursor into the first resin after step c).
Preferably, water is removed after step b) and/or after step c). This has the
advantage that the size of the reactor can be reduced, because in steps a) and
b) only the inorganic oxygen-containing particulate material is present and
modified with the coupling agent. Additionally, the process results in modified
inorganic oxygen-containing particulate material in alkoxylated alcohol, which
can be added separately to a second resin or a second resin precursor, making
it possible to prepare the modified inorganic particulate material in one location,
transport it, and add it to resin in a different location.

In the context of the present invention the wording “aqueous suspension of
inorganic oxygen-containing particulate material” refers to a suspension wherein
at least part of the solid particles of the inorganic oxygen-containing particulate



6 material having a dinmension of between 1 and 1, 000
nmin at | east one direction are dispersed in an

Wo@gb@gugmrredl um In the process of the i nvent pom/ENra06/063284
in particular water originating fromthe aqueous

suspensi on, can be renoved at any tinme during the

process. It can be renoved before or during step b),

c) or d), or after step d). The renoval can be

performed by any nmethod kgown in the art, such as

evacuation, distillation, distillation in conbination
matendlthaving:a dimension ahBetwgery! andehBPG g incatdeastpne direction

ultrafi Itratlon whi ch i s capabl e of
are dispp L@%gerﬂgaﬁgqeer from the mxture. In

certain appl i cations the presence of water can

deteriorate the resin. In such  applications the

In theypaeeassyobtheiivention waier, pmoa@@@uhaégmtﬁr HQQF‘@BHQth%’n the
aque@ﬁ g@?ﬁer%ﬁon tcté%htké‘ré\;\?ﬁ%éﬁ‘ ?{JSHﬁﬁJd r%zélrogzﬁéﬁ‘tlgcaan be

removed @bforefc}rtdmm.rsidpﬂ) c)ﬁmred)eoalaﬁgr BMsd)t fae remmva& cambe
nost prefera ess t wat er .
perfoymed Hy BPMC’&&“%# LE“H‘@”' 'H\E/lt@r"’rt AdnS %é %a?\’%‘f}ta ldia%t'Hét'on
dIStIllWQH%fﬁblﬁ%ﬁon Llﬁnﬁﬁj év%cb&l%ﬁ Ohh®Wishvly WQan@ %.§0an
%o prefera - Wt % aqueous suspensi on of
ultraflltrairog’amezmmgemhldbm shpablg pfaselpciively semaviagi water from

0.1-90 wt% preferably 0.2-70 wt % al koxyl at ed al cohol ;
the Xty o5 Wt 9 preferably 0.05-15 wt % coupl i ng agent :

In cehta®Oappiféatiohs ties pRdsenze Bt whtdr ehnfdetsiioratedtter resm:dndsuch
resin and/or first and/or second resin precurso

applications ibe quantipoalwater ghiheoProgygs 6esung H@HE s pchess of

the e AR e R R e L ST S e ) R G ey, based

on tmdbm vflelgﬁt ctnbopragiecynprefersbly fessc thao2, witterand ngost

tota ght of the starting conponents anounts to
Prefell%iﬂ)’\ﬁs%thﬁf‘ 1aMt% R6MEBN ¢ oxygen- cont ai ni ng particul ate

material is selected fromthe group consisting of

silica, alumna, alumniumtrihydrate, titanium
Genetaliyiidehetprocess dithe invention the various starting components are

used in the following amounts:

0.1-80 wt%, preferably 0.2-65 wt% aqueous suspension of inorganic oxygen-
containing particulate material;

0.1-90 wt%, preferably 0.2-70 wt% alkoxylated alcohol;

0.01-25 wt%, preferably 0.05-15 wt% coupling agent;

1-99 wit%, preferably 5-95 wt% of first and/or second resin and/or first and/or
second resin precursor,

based on the total weight of aqueous suspension of inorganic oxygen-
containing particulate material, alcohol, coupling agent, first and/or second resin
and/or first and/or second resin precursor, where the total weight of the starting

components amounts to 100 wt%.

If an inorganic oxygen-containing particulate material is selected from the group
consisting of silica, alumina, aluminium trihydrate, titanium dioxide, tin oxide,



WD 2006/ 136534 PC / EP2006/ 063284 indiumtin oxide,
and zinc oxide, the various starting conmponents are
woageusasésky used in the follow ng anounts: 0. pedErYode3284
preferably 0.2-50 wt % aqueous suspensi on of inorganic
oxygen- containing particulate material; 0.1-90 wm %
preferably 0.2-70 wt % al koxyl ated al cohol; 0.01-25
wt % preferably 0.05-15 wt % coupling agent; 1-99 w %
preferably 5-95 wt % of fiyst and/ or second resin
and/or first and/or second resin precursor, based on
indium tia @xidexl angkrigatoxide, dhe oerious siqring mmp@melnta)a@le@era"y
articulate material, alcohol,
used |ﬂxtﬁg(?$ﬂovﬁ§§ @ﬁ#&“fﬁ?r P :

st and/or second resin and/or

0.1 65 m% prefé tly B2 BT wiHs aqued e Bussensiow of éndrganicoddlgen-
ght of the starting conponents anounts to 100 vvt%

Conta'St"@pp@ﬁ'C'é‘ﬁtQ matesidcess of the invention is conducted
0.1-90 WA, bRAbraly 69278 WAl IOy 1408 alGeHaR) | NG agent T eacts

gani ¢ oXygen-‘contal ni ng particul ate
0.01-25awik] pleferaﬁtyﬁt)éH@vvt%tcmmphhg|agen'onduct ed at a
or | ower than

1-99 WA Prgoton, rof e of T andokstaated a9e, itat apdior

seconﬁzrﬁgl"nr Bursggnerally, the tenperature during step b)
%en 0C and 140C, nore preferably between 10C

basedanm Jtneotc;talamelgmstofpaqﬂemml suspengean otomoegfmleaomsygen-
mvEntl on_can be cgrsguct

contaipitio RAREGRTe gt A RAL 6EUP (Y agnsr BREHRHET sefofd reqin

and/oPfia¢ ep8/d secbRd ire¥ifBrebiirsbp, WREEUAE]Stdl Weight$tthé ReRg
react or conprising a nmenbrane, the nenbrane all ow ng

comperads aamaunty i &80 wi%y- products to be renoved fromthe
reaction nedium while the coupling agent reacts wth
t he i norgani c oxygen-containing particulate material.

Step U)roftthe proeess ditiodirnientionns bendlted Bach Wrteh |gamripartof the
the desired anpunt of water and do not need any

coupling agest reacie ¥4k g INBrgastin QXY IR-epntalilieg pagiculate material.
Gene%‘ll?{ étbheﬂgtlgﬁong h@ce&%‘?%gt@ rM@%@P ?cgl{al'ﬂc%r Jower than

erral  can be any par
the bdqmmg\nhempemwenahthy alkoaylated alvehal/wateapadotrope. Genaralty,
the te%geurg uergséuonnngagtep b) is between 0°C and 140°C, more preferably

between 10°C and 120°C, and most preferably between 20°C and 90°C.

The process of the invention can be conducted in a batch reactor or
continuously. In one embodiment, the process of the invention is conducted in a
continuous reactor comprising a membrane, the membrane allowing water and
gaseous by-products to be removed from the reaction medium, while the
coupling agent reacts with the inorganic oxygen-containing particulate material.
In this way, products can be obtained which contain the desired amount of
water and do not need any further processing to remove water, such as
distillation.

The inorganic oxygen-containing particulate material can be any particulate
material known to the man skilled in the art capable of forming a suspension as
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process of the present invention, i.e. where at |east
w1834 he solid particulate material is digeE®e6bos3284

in the aqueous nmedium It is envisioned that the

inorganic particulate material of the present

invention may already be nodified, e.g. it may

contain organi c constituents or be encapsul ated partly

or conpletely in a secon@ginorganic material, before

the particulate material is nodified according to the
usedpn dee psacessfofithe presenttinvantiont i.e swhesoaicleastpayt af the sajid

s Rl R P TR AL TR, L

the iABEYaMIcS (PRricated miBRERAl BKItAE H@sene Mldntibsdmbg! Qmead')hebe
I norgani ¢ oxygen- cont ai ni ng articulate nmateri al

modlge%ee 8l itympy costain tasgamnic aNSEients or ReRSePgalatedt pattly, or
£ I 12 I
o, 75" SEBGHD g, ISR p, BAAEPES ol i
modifiedi iacoordigto the) procebses Dfitheajlnuern’mmm tsr alby doatemplated to
titani um di oxi de, zi.nc oxi i ron oxide, zjrconium

use aﬂ(iwga@erqxue%ﬁoatam'aatP%B?wat%(mée”%.@mﬁfﬁ"&ﬁ&@fe of a
metaf 80&h lasoed ﬂﬁf WP a gﬂ%tgﬁox@étés“@(é%ﬁgﬁf%d below The

eur opr um I um OXI ,|n|um er ,|n|um
inorganm: oolxgerepon’mynegl pantionlate, matesidy rganeralll de, sekatedl from

d t er bi Ny i de,
B L s L
Exanfsibs ot Suitbl@ i xdies shdakpdrokREPaRS sflicac@el &iconCHid¥Rie),
are snectites, such as nontnorillonite. Exanples of

aluming, einginiiragréhysiratel Hianiwn diewide zing puidex iree oXdepeisFonium

oxic S o0 AP o BG LA Fhiad, b Dl ygprosium

oxidea,.rmlblqﬁi oxide) eplopiph aixitle, Ridilier géde,i indiugahydroxide, indium tin
gen-contai ning particulate materi als, are the, oxi des

oxnd%nmagnyamay.%&e BeRAYMIUPK Qe Bickel PXide, sAMAHYR, oxide,
terbu%gﬂibm Tﬁ‘éidé‘ﬁgﬁg@tga o&l&ea%hl‘:i'?étrﬂhgﬁklgé tin oxide,

't n oxXl né oxi e nost preferred
Clayspayplcalw are CWHDBICI at an®rse Iclays. Esom;piéesofocbatmqlweclws are

smedifies eodt oo Rad ol e aE Lables; Af ‘AR ek oLe) lyered

doub@(h)@rékid@@t(LDHs), such as hydrotalcite and hydrotalcite-like LDHs.

Examples of calcium compounds are calcium carbonate and calcium

phosphate.

Preferred inorganic oxygen-containing particulate materials are the oxides and
hydroxides, and in particular silica, alumina, aluminium trihydrate, titanium
dioxide, tin oxide, indium tin oxide, and zinc oxide.

The most preferred particulate material is silica. Examples of aqueous colloidal
silica are Nyacol® ex Akzo Nobel N.V., Snowtex® ex Nissan Chemicals Ltd.,
and Kiebosol® ex Clariant.

The present invention also encompasses the modification of mixtures of two or
more of the aforementioned inorganic particulate materials.



The present invention al so enconpasses the
nodi fication of mxtures of two or nore of the
woab@rieespt i oned i norgani c particul ate materi apger/e¥$06/063284
2006/ 136534 PC7' / EP2006/ 063204 9 Typically, the
I norgani ¢ oxygen-contai ning particulate materials of
the invention have a nunber average particle
di aneter, as deternmined using a dynam c |ight
scattering nmethod, of betgeen 1 and 1,000 nm a solids
~content of 10 to 50 w% Preferably, the nunber
Typicallye theyénqrganic sy genwestainingspartcwietenmateriads 06the imvention

nave 3y SRR B T P58 e o

scattevihg meure, icIrbgMBeA ONRNYSE 000MMAala SblidsPedrteRdat 10 to 50
s E’ rticle size distributions. In a further preferred

FfeERGentheofumRer prewas: Pariolendiaietenis beinasns and 150
nm. @;@gr@e@l ’ 8f tﬁé’cortﬁé‘“é& Seinatie &OM&QQMB%R?@%H 8&#%% fing

in partic an aguesus si
parhcmi:latejematemnaisewbcosdmgetb thBe inventiordinayeaompriset bangdal or
i.ons .such . as anions like C - and cations such as
ponQ&?' p%ﬁee@lz%d'sga@t'lo@ﬁvved from the aqueous
suspension to a desirable concentration using
techni ques known to the man skilled in the art, such
In a &mmernpe«fermdgemb@dm'eqbeﬁ tHeFrpeesentoite/entiefieran tagueous
s that are dissolved .in the soll err}]tﬁ&%z and can .
S“SpePF'é’éﬁ ?f 'H?r@ragtce°xytgt‘?|“o%'ﬁa'{‘ma9 RRYEER Yndiin garticular
an aqli6@es 5008, Whith sabbYonhiSed %SésédTaDeL@nQQQ H@é\ns that any free
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In the process of the invention an alkoxylated alcohol according to the formula

Ra
0
R OH
n

wherein Ry is a C1-Cs alkyl, C4-Cs cycloalkyl or phenyl, preferably R+ is a C1-C4
alkyl, Rz is hydrogen or methyl, preferably Rz is methyl, and n is an integer from
1 to 5 is suitably used. Examples of such alkoxylated alcohols are ethylene
glycol mono methy! ether, ethylene glycol mono ethyl ether, ethylene glycol
mono n-propyl ether, ethylene glycol mono isopropyl ether, ethylene glycol
mono butyl ether, ethylene glycol mono t-butyl ether, ethylene glycol mono



nono butyl ether, ethylene glycol nono t-butyl ether,
et hyl ene gl ycol nono WO 20061136534 PCT' / EP2006/ 063284
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is noted that the conposition of this
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It is BRberiBTdd B 8se two or more alkoxylated alcohols in the process of
the invention. Furthermore, it is possible to use a solvent mixture of one or more
alkoxylated alcohols and another solvent such as any of the solvents presented
below. It is noted that the composition of this solvent mixture must be chosen
such that the mixture is compatible with the aqueous suspension and the resin

or resin precursor used in the process of the invention.

It is further envisaged to replace the alkoxylated alcohol at least partly with
another suitable solvent, especially with solvents which are more compatible
with the first and/or second resin or the first and/or second resin precursor
and/or which do not react in the application, such as in a coating composition
which comprises constituents capable of reacting with the hydroxyl group of the
alkoxylated alcohol. Such solvents are known to the man skilled in the art and



with the first and/or second resin or the first and/or
second resin precursor and/or which do not react in
wolog/Bpli cation, such as in a coating Conposekir®P2006/063284

whi ch conprises constituents capable of reacting with

t he hydroxyl group of the al koxylated al cohol. Such

sol vents are known to the man skilled in the art and
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are i ndependently selected fo e group

Ti, ZreantBsting of Si, A, Ti, Zr, and B, and at |east one

f R1- .S} hdependent | llected fram_  hydroxyl . .
The oBhpffig ABehtat BESRSROML obrEaIE R aE ROG oS8 R tpising to
the foahgms, an al koxy havi ng between 1 and 20 carbon

atons, an organophosphate conprising two hydrocarbon

groups conprising 1 o PO caisbpn atons, and an
or ganopyr ophosphat e qonpri si|ng| t wo hydrocarbon groups

conprising 1 to 282 ESn—g/lesBe whi ch acet oxy,
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wherein My and M; are independently selected form the group consisting of Si,
Al, Ti, Zr, and B, and at least one of R+-Rs is independently selected from
hydroxyl, chlorine, an acetoxy having between 1 and 10 carbon atoms, an
alkoxy having between 1 and 20 carbon atoms, an organophosphate
comprising two hydrocarbon groups comprising 1 to 20 carbon atoms, and an
organopyrophosphate comprising two hydrocarbon groups comprising 1 to 20
carbon atoms, which acetoxy, alkoxy, organophosphate or organopyro-
phosphate optionally comprises at least one functional group, and the remaining
Ri-Rs are independently selected from hydroxyl, chiorine, a hydrocarbon having
between 1 and 10,000 carbon atoms, which hydrocarbon optionally comprises
at least one functional group, an acetoxy having between 1 and 5 carbon
atoms, and an alkoxy having between 1 and 20 carbon atoms, which alkoxy
optionally comprises at least one functional group, siloxane, and silazane, which



phosphate optionally conprises at |east one functional
group, and the remaining R1-R6 are independently
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between 1 and 10, 000 carbon atonms, which hydrocarbon

optionally conprises at |east one functional group,

an acetoxy having between 1 and 5 carbon atons, and
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group, siloxane, and silazane, which WO 2006/ 136534
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oligosulfides, phenol, vinyl, thioether, thioester, (meth)acrylate, episulfide,
thiophosphate, allyl, amine, and halogen.

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.



In one enbodi nent of the process of the invention, the
I norgani ¢ oxygen- containing particulate materi a
woWabesessas been nodified with at | east one of thmP2006/063284

above coupling agents is subsequently nodified with
further coupling agent or wth a conpound capabl e of
reacting with the coupling agent attached to the
particul ate material. For exanple, the nodified
particulate material is tngated w th hexanethyl
di sil azane (HWMLS), which renders a nodified oxygen-
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silazanes. Silanes suitable for use in the process of
the invention are those according to fornulae I-VI:
Ra R4 -s /+ RBy r{SI +~] RR-0 R2-0 R RL Ig ! Il IIl
Ral S @t a (1 0.11VVa

4
N S'\ Si
/ o / o / o
R—0 | Re—C ] |
Ry Ry Ry
| 1 1
R4 R R / 4
4 3
Cl\S/ Rs\ / N
I SF ~
/ c / ci q,
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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 one or more functional groups. 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



wherein each one of RL, R2, R3, R4 is independently
sel ected from hydrogen or hydrocarbon having between
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pheng[ Hl’&?ﬁ Xll \d, %Ethyii'dhléhYl Bl%&hb@%lléhé arﬁl%cta‘éie&?l méthoxy
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silane, n- octadecyl trlmethoxy silane, phenyl dimethyl ethoxy silane, phenyl
trimethoxy silane, trimethyl ethoxy silane, trimethyl methoxy silane, vinyl methyl
diethoxy silane, octanethioic acid, S-(iriethoxysilyl) propyl ester, bis(3-
triethoxysilylpropyl) tetrasulfide (Si69® ex Degussa), bis(3-triethoxysilylpropyl)
disulfide, gamma-mercaptopropy! trimethoxysilane (SiSiB® PC2300 ex PCC),
gamma-mercaptopropyl triethoxysilane, and 3-octanoylthio-1-propyltriethoxy
silane (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.



et hoxy silane, n-hexadecyl triethoxy sil ane,
3-nercaptopropyl triethoxy silane, nethyl dodecyl
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n-oct adecyl trinethoxy silane, phenyl dinethyl ethoxy
silane, phenyl trinmethoxy silane, trinethyl ethoxy
silane, trimethyl nethoxy1silane, vinyl nethyl
di et hoxy silane, octanethioic acid, S-(triethoxysilyl)
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trialkokkl/ i oaheialies digret hgiret hpdnoxysilyl, acetoxysilyl or chlorosilyl
counterparts, which can be prepared by introducing 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 such as acids and chlorides. Examples of such silane-modified resins
are trimethoxysilyl-modified polyethylenimine (PS 076 ex Fluorochem), methyl-
dimethoxysilyl-modified polyethylenimine (PS 076.5 ex Fluorochem), N-
triethoxysilylpropyl-o-polyethylene-oxide urethane (PS 077 ex Fluorochem), and
methyldiethoxysilyl-modified 1,2-polybutadiene (PS 078.8 ex Fluorochem).
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aluminaté,( opedpyl )diispgteapdys sphatrete.t andnad)perppyb diochp phosphate
triisostearoyl titanate, di((dioctyl) pyrophosphate)
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Examples 0 zal‘Fc%nlL%'c%gw‘tjalr%gycguplmg agents are isopropyl triisostearoyl
zirconate, butyl triisostearoyl zirconate, butyl trioleyl zirconate, isopropyl
trilinoleyl zirconate, di(cumyl)phenyl oxoethylene zirconate, di(cumyl)phenyl

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

The first and second resins may be the same or different and can be any resin
known to the man skilled in the art. Examples of such resins are polyaddition
polymer, polyurethane, polyester, polyether, polyamide, polyurea, polyurethane-
polyester, polyurethane-polyether, cellulose-based binders, such as cellulose
acetobutyrate, and/or hybrid resins. Specific examples of the above resins can
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hydrogen or methyl, preferably R, is methyl, and n is an integer from 1 to 5.

As the modified particulate material of the invention has a lower tendency to
agglomerate compared to particulate material modified in a solvent other than
the solvent of the invention, the suspension of the invention generally has an
improved stability.

The amount of modified inorganic oxygen-containing particulate material
generally is at least 10 wt%, preferably at least 20 wt%, and most preferably at
least 25 wt%, based on the total weight of the suspension, and at most 70 wt%,
preferably at most 65 wt%, and most preferably at most 60 wt%, based on the
total weight of the suspension.

The invention further pertains to a dry powder of the modified inorganic oxygen-
containing particulate material according to the invention. Such a dry powder
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containing particulate material, an alkoxylated alcohol, and a first and/or second
resin. For some applications it is preferred to use a resin composition from
which the alkoxylated alcohol is removed using conventional methods known to
the man skilled in the art. The resulting resin composition comprises a modified
inorganic oxygen-containing particulate material and a first and/or second resin.
The amount of inorganic oxygen-containing particulate material in the resin
composition of the invention is 0.1-80 wt%, based on the amount of resin,
preferably 0.2-70 wt%, and most preferably 0.5-65 wi%.

A preferred embodiment of the resin composition of the invention is constituted
by so-called masterbatches, i.e. highly concentrated additive premixes, e.g. for
polymer compounding, or as coating composition additive. Due to the use of the
alkoxylated alcohol in the process of the invention, it is possible to prepare resin
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paper making, drilling fluids and cements plaster formulations, non-woven
fabrics, fibres, foams, orthoplastic casts, (pre-) ceramic materials, and polymer-
based nanocomposite material. The suspension of the invention can further be
used in polymerisation reactions such as solution polymerisation, bulk
polymerisation, emulsion polymerisation, and suspension polymerisation.

A preferred embodiment is a nanocomposite material comprising a first and/or
second resin and the modified inorganic oxygen-containing particulate material
obtainable with the process of the invention. The term “nanocomposite material”
refers to a composite material wherein at least one component comprises an
inorganic phase with at least one dimension in the 1 to 1000 nanometer range.
These nanocomposite materials can be prepared from the suspension or from
the resin composition of the invention. Generally, the first and second resins
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The nanocomposite material according to the invention generally has improved
properties such as improved heat stability, better dimensional stability,
increased flame resistance, and improved strength-to-weight ratios compared to
microcomposite materials comprising conventional mineral fillers.

A further preferred embodiment is a coating composition comprising the resin
composition of the present invention. Such coating compositions include solvent
borne coatings, solvent-free coatings, and water borne coatings. The use of the
resin composition improves the scratch resistance of the coating composition.
The resin composition further may improve the mar resistance, the flame
resistance, and/or the car wash resistance of the coating composition, and it
generally reduces the expansion coefficient of the coating composition and/or
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In powder coatings, the resin composition acts as a binder, having the capability
of wetting pigments and providing cohesive strength between pigment particles
and of wetting or binding to the substrate, and it melts and flows in the
curing/stoving process after application to the substrate to form a homogeneous
film. The first and/or second resin of the resin composition will in general be a
thermosetting resin, although thermoplastic resins (based, for example, on
polyamides) can, in principle, be used instead.

When the first and/or second resin is a thermosetting resin, the solid polymeric
binder system generally includes a solid curing agent for the thermosetting
resin; alternatively, two co-reactive film-forming thermosetting resins may be
used. Suitable examples of such first and/or second resins are each selected
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car boxy-functi ona . _
as, for example, a melamine resin, a urea-formaldehyde resin, or a glycol ural
formaldehyde resin, for example the material "Powderlink 1174" supplied by the
Cyanamid Company, or hexahydroxymethyl melamine. A blocked isocyanate
curing agent for a hydroxy-functional polyester may for example be internally
blocked, such as the uretdione type, or it may be of the caprolactam-blocked

type, for example isopherone diisocyanate.

A further possibility is to use an epoxy resin with an amine-functional curing
agent such as, for example, dicyandiamide. Instead of using an amine-
functional curing agent for an epoxy resin, a phenolic material can be used,
preferably a material formed by reaction of epichlorohydrin with an excess of
bisphenol A (that is to say, a polyphenol made by adducting bisphenol A and an
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Mixtures of film-forming polymers can be used; for example, a carboxy-
functional polyester can be used with a carboxy-functional acrylic resin and a
curing agent such as a bis(beta hydroxyalkylamide) which serves to cure both
polymers. Further possibilities for mixed binder systems are a carboxy-,
hydroxy- or epoxy-functional acrylic resin used with an epoxy resin or a
polyester resin (carboxy- or hydroxy-functional). Such resin combinations may
be selected so as to be co-curing, for example a carboxy-functional acrylic resin
co-cured with an epoxy resin, or a carboxy-functional polyester co-cured with a
glycidyl-functional acrylic resin. More usually, however, such mixed binder
systems are formulated so as to be cured with a single curing agent (for
example, use of a blocked isocyanate to cure a hydroxy-functional acrylic resin
and a hydroxy-functional polyester). Another preferred formulation involves the
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mixture is extruded, generally in the form of a sheet, the sheet is cooled down
and granulated (chipped), after which the particles are reduced (micronised) to
the proper size for powder coatings.

Alternatively, the other materials may be incorporated into the powder coating
composition at a later stage, e.g., during a grinding step or after grinding. The
exact manner in which the other components are to be added to the powder
coating composition will depend on the nature of the component, and will be
known to the skilled person.
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weight of the composition without the additive(s).

The particle size distribution of the powder coating composition may be in the
range of from 0 to 150 microns, generally up to 120 microns, with a mean
particle size in the range of from 15 to 75 microns, preferably at least 20 to 25
microns, advantageously not exceeding 50 microns, more especially 20 to 45
microns.

The powder coating composition obtained by the process of the present
invention can, in principle, be applied to a substrate by any of the processes of
powder coating technology, for example by electrostatic spray coating (corona-
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wherein the substrate is provided with a powder coating composition according
to the present invention, followed by curing, and to the coated substrate thus

obtained.

The present invention will be illustrated in the following Examples.

EXAMPLES

In the experiments below a deionised aqueous colloidal silica ex Akzo Nobel

was used. The colloidal silica possesses a specific surface area of 190-
210m%gram as determined by a method described by G.W. Sears in
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Example 2

899.7 grams of Nyacol 2034DI (ex Akzo Nobel), 418.9 grams of 1,6-hexanediol
diacrylate (ex Across), 2,249 grams of ethyl proxitol (ex Shell), and 178.3 grams
(0.72 mole) of MEMO (ex Across) were added to a 5,000 ml round-bottomed
flask equipped with a mechanical stirrer, a reflux condenser, a thermometer,
and a distillation unit. The temperature of the mixture was raised to 65°C, after
which the pressure was reduced to 10 mbar over a period of 6 hours, with the
solvent and water being distilled off.

The resulting product was highly transparent and possessed a viscosity of 2.17
Pa.s at 5 Pa as determined using a cone and plate rotational rheometer (TA
Instruments AR 2000) at 23°C.
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moles) of vinyl trimethoxy silane (ex Across), 119.49 grams (6.63 moles) of
water, and 394 grams of Ethyl Proxitol (ex Shell) was added over a period of 2
hours. After stirring for 3.5 hours the pressure was reduced to 350 mbar in order
to distill off a water/solvent mixture. The pressure was gradually reduced over 2
hours to 200 mbar resulting in silica dispersion containing 33.5 wit% solids.

Next Hyflo Super Cell was added and the dispersion was then filtered over a
Hyflo Super Cel at 650 mbar. The filtered bed was next rinsed with extra
solvent, resulting in a silica dispersion containing 29.6 wt% modified silica

(determined using a Scaltec SMO 01 at 140°C).

Example 4
Into a 6 litre 4-necked round-bottomed flask equipped with a mechanical stirrer,

a thermometer, a dosing unit, and a distilling unit 2,271.3 grams of Nyacol
2034DI and 3,407 grams of ethyl proxitol were weighed. The temperature was

raised to 45°C, at which 369.20 grams (2.49 moles) of vinyl trimethoxy silane
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The water content was 0.57 wt% as determined using the Karl Fisher method.

Example 6: Organosol based on propoxylated methanol
Into a 2,000 ml 4-necked round-bottomed flask equipped with a mechanical

stirrer, a thermometer, and a distillation unit 700 grams of Nyacol 2034 DI (ex
Akzo Nobel) containing 34.4 wt% solids were weighed together with 1,050
grams of propoxylated methanol (Dowanol PM ex DOW Chemicals). The
temperature was raised to 50°C while the pressure was reduced to 104 mbar in
order to distill off a water/solvent azeotrope over a period of 7 hours. The
obtained organosol was filtered over a P2-glass filter in order to remove large
silica aggregates.
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The water content was 0.37 wt% as determined using the Karl Fisher method.

Example 8: Modification of an Ethyl Proxitol based organosol with octyl

trimethoxy silane

Into a 1,000 ml 4-necked round-bottomed flask equipped with a mechanical
stirrer, a thermometer, and a distillation unit 455.00 grams of the organosol of
Example 5 containing 156.52 grams of colloidal silica were weighed. The
temperature was raised to 65°C. Next a homogeneous solution of 58.35 grams
of octyl trimethoxy silane (ex Across), 58.35 grams of distilled water, and 233.40
grams of Ethyl Proxitol (ex Shell Chemicals) was dosed over a period of 1 hour.

Under reduced pressure a solvent/water mixture was distilled off over a period
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propyl) trimethoxy silane

Into a 4-necked round-bottomed flask equipped with a mechanical stirrer, a
distillation unit, and a thermometer 300 grams of the organosol of Example 5
containing 102.9 grams of colloidal silica were weighed. 52.73 grams (0.269
mole) of mercaptopropyl) trimethoxy silane (ex Aldrich) were added together
with 0.07 gram of maleic acid and 3.93 grams of water. The reaction mixture
was heated to 65°C for 5 hours while slowly distilling off, under reduced
pressure, a mixture of water/solvent.

The remaining organosol had a solid content of 48.3 wt% silica (determined by
evaporating all solvents at 140°C using a Scaltec SMO 01).
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Example 12: Modification of an Ethyl Proxitol based organosol with phenyl

triethoxy silane

Into a 1,000 ml 4-necked round-bottomed flask equipped with a mechanical
stirrer, a thermometer, and a distillation unit 722.03 grams of an Ethyl Proxitol
based organosol prepared in accordance with Example 5 except that the
organosol contained 35.5 wt% of colloidal silica (256.32 grams), 1563 grams of
Ethyl Proxitol, and 107.21 grams of phenyl triethoxy silane (ex Aldrich) were
weighed. The temperature was raised to 65°C and kept there for 5 hours.

Under reduced pressure a part of the solvents (ethanol/Ethyl Proxitol) was
distilled off, resulting in an organosol containing 36.9 wt% modified nano-silica
(determined at 140 °C using a Scaltec SMO 01).
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silica 6°C and kept there for 5 hours. Under reduced pressure

= a part of the solvents (ethanol/Ethyl Proxitol) was

Into a 500 ml 4-necked round-bottomed flask equipped with a mechanical

stirrer, a distillation unit, and a thermometer 250 grams of Nyacol 2034DI
containing 86.0 grams of silica were weighed together with 375 grams of Ethyl
Proxitol. The reaction mixture was heated to 65°C. Next 37.45 grams (0.1645
mole) of Dynasylan 3221, 3,3'-bis(triethoxysilylpropyl) tetrasulfide, were added
over a period of 3 hours. After an additional 3 hours the pressure was reduced
in order to distill off a water/solvent mixture.

The obtained organosol had a solid content of 37.7 wi% of modified nano-silica

(determined by evaporating all solvent at 140°C using a Scaltec SMO 01).

Example 15: Vinyl trimethoxy silane modified nano-silica from an agueous

colloidal silica

Into a 6 litre 4-necked round-bottomed flask equipped with a mechanical stirrer,
a thermometer, a dosing unit, and a distilling unit 2,271.3 grams of Nyacol



distilled off, resulting in an organosol containing
36.9 wt % nodi fied nano-silica (determ ned at 140 C
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containing 16.52 grams (0.101 mole) of propy! trimethoxy silane, 5.43 grams of
water, and 18.53 grams of Ethyl Proxitol was dosed over a period of 1.5 hours.

Part of the solvents were distilled off under reduced pressure until an organosol
with a solid content of 40.5 wt% of modified nano-silica (determined by

evaporating all solvent at 140°C using a Scaltec SMO 01) remained.

Example 17: Dynasylan MEMO modified nano-silica from an aqueous colloidal

silica

Into a 1,000 ml 4-necked round-bottomed flask equipped with a mechanical
stirrer, a distillation unit, and a thermometer 350.00 grams of Nyacol 2034DI (ex
Akzo Nobel) containing 120.40 grams of nano-silica, 18.86 grams (0.076 mole)
of Dynasylan MEMO (3-mathacryloxypropyl trimethoxy silane), and 525.00
grams of Ethyl Proxitol were weighed. The temperature was raised to 65°C.

After 2 hours a vacuum was applied in order to distill off a water/solvent mixture.
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MEMO nodi fi ed nano-silica froman agueous col | oi dal
Examplel 1% Modification of Setal 291 with OCTMO modified silica particles

Into a 1,000 ml 4-necked round-bottomed flask equipped with a mechanical

stirrer, a thermometer, and a distillation unit 455.00 grams of an organosol
prepared in accordance with Example 1, except that the organosol contained
34.3 wt% of colloidal silica, were weighed. The temperature was raised to 65°C.
Next a mixture of 58.35 grams of octyl trimethoxy silane (ex Aldrich), 58.35
grams of water, and 233.40 grams of Ethyl Proxitol was added. After 5 hours a
vacuum was applied in order to distill off a part of the solvent. An organoso! with
a solid content of 30.2 wt% of modified nano-silica (determined by evaporating
all solvent at 140 °C using a Scaltec SMO 01) remained.

628.73 grams of the organosol together with 193.37 grams of Setal 291, a high
solid alkyd containing 1% volatiles, were weighed into a 1 litre 4-necked round-
bottomed flask equipped with a mechanical stirrer, a thermometer, and a
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The obtained product was highly transparent and possessed a viscosity of 0.02

Pa.s at 5 Pa as determined with a cone and plate rotational rheometer (TA
Instruments AR 2000) at 23°C. The resulting resin composition maintained the

same viscosity for at least 3 months.

Example 21: MEMO modified nano-silica particles in 1.6-hexanediol diacrylate

Into a 500 ml 4-necked round-bottomed flask equipped with a mechanical
stirrer, a thermometer, and a distillation unit 107.30 grams of Nyacol 2034DlI (ex
Akzo Nobel) containing 36.48 grams of nano-silica, 40.96 grams of 1,6-
hexanediol diacrylate (ex Acros), 268.25 grams of Ethyl Proxitol (ex Shell
Chemicals), 0.04 gram of maleic acid (ex Aldrich), 0.16 gram of 2,6-di-t-butyl-p-
cresol, and 7.29 grams (0.029 mole) of MEMO (ex Acros) were weighed.

The temperature was raised to 65°C and kept there for 5 hours. Subsequently,

the pressure was slowly reduced in order to distill of all solvent and water.
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Example 23: MEMO modified nano-silica particles in 1,6-hexanediol diacrylate

Into a 250 ml 3-necked round-bottomed flask equipped with a mechanical

stirrer, a thermometer, and a distillation unit 55.00 grams of Nyacol 2034DI (ex
Akzo Nobel) containing 18.70 grams of nano-silica, 50.05 grams of 1,6-
hexanediol diacrylate (ex Acros), 189.00 grams of ethoxylated n-propanol (ex
Aldrich ), 0.05 gram of maleic acid (ex Aldrich), 0.20 gram of 2,6-di-t-butyl-p-
cresol, and 4.49 grams (0.018 mole) of MEMO (ex Acros) were weighed.

The temperature was raised to 65°C and kept there for 5 hours. Subsequently,
the pressure was slowly reduced in order distill of all solvent and water.
Modified 1,6-hexanediol diacrylate containing 30 wt% modified nano-silica was
obtained.
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Example 25: MEMO modified aluminum oxide nano-particles in _1.6-hexanediol

diacrylate
Into a 250 ml 3-necked round-bottomed flask equipped with a mechanical

stirrer, a thermometer, and a distillation unit 74.76 grams of Ethyl Proxitol (ex
Shell Chemicals), 0.19 gram (0.152 mmole) of MEMO (ex Acros), and 59.76
grams (0.246 mole) of 1,6-hexanediol diacrylate (ex Acros) and 0.17 gram of
2,6-di-t-butyl-p-cresol were weighed. Next 6.00 grams of NanoByk 3600 (ex
BYK-Chemie Gmbh), containing 3.03 grams of aluminum oxide nano particles,
were slowly added under vigorous mixing.

The temperature was raised to 65°C and kept there for 5 hours. Subsequently,
the pressure was slowly reduced until all solvent had evaporated. The end
product contained a 5 wt% stable dispersion of modified aluminum oxide nano-
particles in 1,6-hexanediol diacrylate.



Akzo Nobel) containing 18.70 granms of nano-sili ca,

50. 05 granms of 1,6- hexanediol diacrylate (ex Acros),
wobf A1 ams of ethoxylated n-propanol (ex —pedipsincheszss

0.05 gramof maleic acid (ex Aldrich), 0.20 gram of

2,6-di-t-butyl-p- cresol, and 4.49 grans (0.018 nol e)

of MEMO (ex Acros) were wei ghed. The tenperature was

rai sed to 65C and kept there for 5 hours.

Subsequently, the pressugg was slowy reduced in

order distill of all solvent and water, Mbdified

1, 6- hexanedi ol diacrylate contalnlng 30 mﬁ@bnndlfled

Into é’r ZBiPKﬂdSIr@d:Réd leiLinIf@cﬁtcfrh@ékﬂa%ﬂue@mpéew With 3 mechanical
mechanical stirrer, a thernoneter, and a distillation

stirreny & thermometer, gighs distlltayawmtzé@@mgramotlxﬁﬂwl ypitgl (ex
Shell %rﬁllcg“s? Inse’ %%‘%n gp/laé’@ng{m,@g gg'l\ﬁ?ﬂ/log' & %%roséﬁéﬂd":?o 00

gr afrs gr ars
gramsmepwwdg I3100gramdasfciitaniuttn (I\VEoexuige aaﬁoqfar&ﬁe@ (60 A\@Eh)
were charged. Under reduced pressure (52 nbar at 370
were y&tg ms of a water/Dowanol PM mixture were distilled
[ ' [ I
The tgberdiGiras MiskB.3 6s5ic, 808 keo(irtss for® hBbHE BudtEbhenty.

the pWse:r@dmhsi saiwl? feelomped aintil eallobol@eht thde\Vapfcﬂdlededl' he end
ressure a vent /wat er m xture was

produgv spnt@w adul ot% dmr%orm‘ .rmocaﬂ%r'ta@u'ﬂedh()egmd%ﬂn &hyl
Proxn‘gid d?élgﬁg r@ﬁlﬂéé‘%ﬁlé%ﬁﬁ”m Biit RehYbe ar“ee&@fa@rs\éﬁr@asny by

tenperature was ralsed in or
stirringi still of f Dowanol PM (bp=116C); after collecting 470
grans of distillate an extra 240 grans of butyl
acetate were added. Next, the tenperature of the

m@t@?ﬁ”ﬁYEOH’@ECﬁﬁb@ﬁ@d%mb@ ﬁ%&éﬁﬂtuble@ﬂ@@ﬂ% FBQit@r ans
Were disti res Was next difuted wth
Into ac2§(2 nolr armeo&sed brmmd b@ttsﬁrae@ ftaskaeqwlopad cwiil eatmeelpanical

stlrrerf, & Wﬁﬁg l S%AH Q§ ﬁhlg’}t' n, r'i|? ﬁé‘ﬁg@ w¥ oi oaarhpgﬁ}ﬁ Aﬁ%nol

based®>dré&ndsel Opiepatéd || ﬁSaCchréiaﬁcélaﬂlﬁﬂ@a?hpled Baekydmt that the
organosol contained 35.5 wi% of colloidal silica (28.40 grams), 11.28 grams

(solid content is 59.5 wt%) of Tyzor ZEC, a diethylcitrate chelated Zirconate ex
DuPont, and 50.00 grams of Ethyl Proxitol were weighed.

The temperature was raised to 65°C and kept there for 5 hours. Subsequently,
the pressure was slowly reduced until all solvent had evaporated. The end
product contained a 24.4 wi% dispersion of modified nano-silica in Ethyl
Proxitol. Nano-particles, on a 10 wt% level, gave highly transparent resins in
Setalin V442 (ex Akzo Nobel) and a resin prepared in accordance with Example
2 of US 6,096,835.

Example 28: TYZOR AA 105 modified nano-silica particles in Ethyl Proxitol
Into a 250 ml 3-necked round-bottomed flask equipped with a mechanical

stirrer, a thermometer, and a distillation unit 60.00 grams of an Ethyl Proxitol
based organosol prepared in accordance with Example 1 except that the



Into a 250 m 3-necked round-bottoned flask equi pped
wi th a nechani cal stirrer, a thernmoneter, and a

wglzgikhh({sg‘il on unit 74.76 granms of Ethyl Proxi tp&T,ﬁ@g%/%;;zs“
Shel | Chemi cals), 0.19 gram (0.152 muvl e) of MEMO (ex

Acros), and 59.76 grans (0.246 nole) of

1, 6- hexanedi ol diacrylate (ex Acros) and 0.17 gram of

2,6-di-t-butyl-p-cresol were weighed. Next 6.00 grans

of NanoByk 3600 (ex BYK-Cem e Grbh), containing 3.03

grans of alum num oxi de nano particles, were slowy
organdstddcomdmedy Bgdr ovi§o nifx collpidath 2t @(Brrg;ama):r@ammsmca 5.94
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The t&mperapaetwas &gised ta 66°G anankant dhergi fae Syhaitrs. Swissequently,

the Gkonpre 53 PPIN (paleey GRTGEN aqertPR) EabSiecThe end

prodB&0Xbhidined 016352\5€%'Thls§el‘§@ﬁ£&ﬁ hidifted olaneraiitd limskthyl
equi pped with a nechanical stirrer, a thernoneter

Proxaald I\Aam -particles, i @nauhPt Wise. levelyraane bighi Hsanspa&nttm"ow
coloér%é riﬁlﬂgl it S%igi' \Z%A_'%%)ex szr’(?N%Q IQBD%%XQK’EBSP& %d%n

cr OS an grans CcCoO tarnin

preparddalnlam(ddvﬁ)ceOMHdExampm paf US6096(836. Al drich) were
wei ghed. The tenperature was raised to 65C and kept
there for 5 hours. Subsequently, the pressure was

Exarﬁ%l%‘@g‘ Lf@@@ %dﬂtﬂég haid- %|I|§§'F‘éﬁﬂﬂeé1ﬁq£t%¥ﬁpn‘2ixﬁbﬁd The

Ispersion
Into reo@50i edl 3- neakedmo(m&)bottnnw ﬂaletawurppear estiht @l mechanical

st 8 BB LBlFTo 201§ iy Malion P R difBiscSioan Bgpcoxitol
basedEergabisbl epﬁep@re@ i ldcearditickl @fitAs Exampld\d dReept tt@ét the
Into a 250 - necked round-bottoned 11 ask equi

organpsael @Dﬂ’fﬁ@ﬁdn3@5l wt%t pt celioidal siiea @80 granaak @BB grams
sollzgaéér’gbhfitéﬁnw#ﬂ 9,00 §éaf@A§f e %@Xé% Eﬂ%ﬁa%g: }éer%nch

Or ganoSol” pPeparedt n 4ceor Jance” wi
Petreeteanitalsh dnd&&OO?erBQﬁ@thyi@‘rbﬂtd@ibr@&éigm% of

colloidal silica (28.40 grans), 11.28 grans
The temperature was raised to 65°C and kept there for 5 hours. Subsequently,
the pressure was slowly reduced until all solvent had evaporated. The end
product contained a 19.5 wt% dispersion of modified nano-silica in Ethyl
Proxitol.
Nano-particles, on a 10 wt% level, gave highly transparent resins in Setalin
V442 (ex Akzo Nobel) and a resin prepared in accordance with Example 2 of

US 6,096,835.

Example 30: Solvent transfer

Into a 5 litre 4-necked round-bottomed flask equipped with a mechanical stirrer,
a thermometer, a dosing unit, and a distilling unit 1306.9 grams of Nyacol
2034DI, containing 449.57 grams of colloidal silica, and 1,960.35 grams of
Dowanol PM ex Shell Chemicals were weighed. The temperature was raised to
65°C, at which a mixture of 235.60 grams (1.434 moles) of propyl trimethoxy



(solid content is 59.5 % of Tyzor ZEC, a
diethylcitrate chel ated Zirconate ex DuPont, and
wo20ed3esuans of Ethyl Proxitol were weighed. Pag/EP2006/063284
tenperature was raised to 65C and kept there for 5
hours. Subsequently, the pressure was slowly reduced
until all solvent had evaporated. The end product
contai ned a 24.4 w % di spersion of nodified
nano-silica in Ethyl Progitoi. Nano- parti cles, on a
10 wt % | evel , gave highly transparent resins in
silanesatad4 grams20f( watesk 200N gramsact Bewanot Edhwas added
GVET %égﬁéﬁiégg%gm,th Exanple 2 of US 6,096, 835. Exanple

105 nodi fied nano-silica aarticlesin

875 gRi¥lof B solvémlwatet enirturdWerk distined kftoverun Seh@@ P BEkburs

flask equi pped with a nmechanical stirrer,
under; rrAuGERePERSSUER a1 QAQiigsams| ak baly! asetateowe @ddﬁd and dhe
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colloidal (21,30 grans) nano-silica, 5.94 grans
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Wer e tenperature was r
all sol6&fk WW@USM@@SC&I@&EC SMOu@n$. Subsequently, the
pressure was slowl y reduced until all solvent had
The pevegiiage 6ff Dorrancd i asr defecminesnvidh fegas chomsatagnaph was
r of nodified nano-silica in Ethyl Proxitol.
awer %{36&3 I'cles, at a 10 w% | evel , gave highly
t ranspar ent yeI low coloured resins in Setalin V442
ex Akzo Nobel [ and a reS| n
Example, n37 eaViny! sblme ¢d pape-Siksag prygCle
. 38 m)dlfled nanos! | i ca partlcl es in
41210 CgpdlaH to a 250 m 3-necked round-bottoned
Into 4 150k ndqdingcked wiouhdeboterhedhiflask equippedrwita a mechanical

s ESFBRER it e oo B O st ST
Akzo Nobal)mhﬁﬁ 51 7956 %?ém%rtﬁtnén'&eslllc%{ Wgsarﬁé’%? ﬂif?@?ylene

w % of co ica (28.4
glycol(dmrylate dex é\|ldrloyn$, Q»B%gramsmocﬁﬁasmodeam \myl mmema/&alaae
(ex A%lcﬁinéng h140.00 grams of Ethyl Proxitol (ex Shell Chemicals) were

weighed. The temperature was raised to 65°C and kept there for 4 hours.

Subsequently, the pressure was reduced to 236 mbar in order to distill off the
water/solvent mixture. The pressure was slowly reduced over a period of 3
hours to 18 mbar in order to distill off all solvents.

The obtained end product was highly transparent and possessed a viscosity of
0.055 Pa.s at 5 Pa as determined with a cone and plate rotational rheometer
(TA Instruments AR 2000) at 23°C.

Comparative Example 32: Vinyl trimethoxy silane modified nano-silica_particles

in tripropyleneglycol diacrylate

Into a 500 ml 4-necked round-bottomed flask equipped with a mechanical
stirrer, a distillation unit, and a thermometer 63.40 grams of Nyacol 2034DI (ex



Petrochem cal s), and 80.00 grans of Ethyl Proxitol
wer e wei ghed. The tenperature was raised to 65C and

W(g%k/lf@%e for 5 hours_. Subsequently, the prwzg%/%:,zm
was sl owy reduced until all solvent had evaporat ed.

The end product contained a 19.5 wt % di spersi on of

nodi fi ed nano-silica in Ethyl Proxitol.

Nano-particles, on a 10 w% | evel, gave highly

transparent resins in Setajan V442 (ex Akzo Nobel)

and a resin prepared in accordance wth Exanple 2 of
AkzoUSobelp 86niadting B985 hmn® of Bahe-siicas 8a.06fgamsmidriprapylene

. ! b
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[ ane, . grans of water, and 259.16 grans of
SO|VeDCb$\/a%lblghWI$a@U%ﬂd|e\daS obiained. period of 1 hour. 875

i GBS R3] 4, MESsohed WS g

inveritiodusifg BusoVemcet #ieeimentonddeditand & av-viseops aaduwell-
was r ai sed to 115C. Q/er a perjod of 55 ho

dispersed 6a%15 QOMRRASHIAN, VEIrRAS &lsNa sPRrapago] A SaVent causessthe
form?ﬁg?éf S?qe?.l K FHSIFF?&IW o%%ﬁ)git)éﬁ‘?ﬁ;ﬂe ﬁd&ﬁjBQWanB%d

at ion, Tresu I'n-a acet ate based
and progessesbiar ntanetexisily ogard theOcarhpo sitot bf Erampla 82
nano-particles (determ ned by evaporating all solvent
at 140 C using a Scaltec SMO 01). The percentage of
Exarmgwedol PM as determined with a gas chromatograph was
than 0.6 wt % Exanple 31: Viri | trimetl slano
A glymdylffumtlcml iagrydicl paymepavas prepared by ehaygtngy Béhegrams of

meth'?/I ¥so%uty | I?ectoXea(ﬁ\)ﬁBK into a 3 litre, 5-necked round-bottomed flask
equipped with a stirrer, a thermometer, a nitrogen inlet, and a reflux condenser
and then heating under a constant nitrogen blanket to the boiling point of the
MIBK. Once a steady reflux temperature was attained, a mixture of 295.2 grams
of methyl methacrylate, 114.8 grams of 2-ethylhexyl acrylate, 205 grams of
styrene, 410 grams of glycidyl methacrylate, and 24.9 grams of azo-di-(2-
methylbutyronitrile) was added over a period of 3 hours. Once the addition was
completed, 2 grams of t-butyl peroxybenzoate in 10 g of MIBK were added, with
reflux being maintained for a further 2 hours. The reaction mixture was cooled
until reflux stopped and the condenser changed to a distillation set-up, after
which the flask was heated and the MIBK removed, initially at atmospheric
pressure and finally at reduced pressure, using a vacuum pump. During
distillation the reaction product was allowed to increase in temperature to 180-
190°C; once distillation ceased it was discharged to an aluminium tray and
allowed to cool.



Into a 500 M 4-necked round-bottoned flask equi pped
with a nmechanical stirrer, a distillation unit, and a

wolbgpsset er 56. 00 grans of Nyacol 2034Dl (eXpctVep06/063284
Nobel ) containing 17.36 granms of nano-silica, 30.97
grans of tripropylene glycol diacrylate (ex Aldrich),
9.33 grans (0.063 nole) of vinyl trimethoxy silane
(ex Aldrich), and 140.00 granms of Ethyl Proxitol (ex
Shel | Chemi cals) were weighed. The tenperature was
rai sed to 65C and kept there for 4 hours.

The reatizegpraduct washa splid giyaidylviasctiosdl potymer BB thé dollawing

h o&d.eﬁ to distill off the water/solvent m xture. The

. araB Esi8te was sl owW y reduced over a period of 3 hours
tQolidco@nt:i n order to distill off agd 13l vents. The
obt ai ned end product was highly transparent and
pEBQ)éSG@@VQIWF weightty of 0.055 Pa. s3&f 98N@a as
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particles in tripropyleneglycol diacrylate Into a 500
m 4-necked round-bottoned flask equi pped with a
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Example 34
An acrylic clear powder coating was prepared using the components and

amounts shown in Table 1.

Table 1
Component Weight
Product of Example 33 7416 g
Dodecandioic acid 236.9¢g
Actiron NX3P' 1.8¢g
Modaflow I1I° 16.9¢g
Benzoin 39




and processed far nore easily than the conposition of
Exanpl e 32. Exanple 33 A glycidyl-functional acrylic
w@NoyA%dss¢as prepared by charging 441 grams ofpcmizbo@/ossm
I sobutyl ketone (MBK) into a 3 litre, 5-necked
round- bottonmed flask equipped with a stirrer, a
thernoneter, a nitrogen inlet, and a refl ux condenser
and then heating under a constant nitrogen bl anket to
the boiling point of the AMBK Once a steady refl ux
erature was attained, a mxture of 295.2 grans of
Act'ffrﬁé%%ﬁ Is 2rhSttHAmptylagtinesthy)pipng 6@ppviwabsePecdaNEt THp Fhgags rom Synthron
2 Modatiow Wilissenegryli2 0w rgodiinms5Bfabsogey oretiie frodllBphemizaisof gl yci dyl
met hacryl ate, and 24.9 grans of azo-di- (2-

net hyl ronitrile dded, over_a od of 3
A clgf s, Ebdie. Wasa mar i e ng ramitalS’ b pdimedgents o
Tablé 1bu§yé TRk YiRea 298k gerl anth@n @ée&(hgﬁhéﬁf ﬁmt@@ﬁﬁfn screw
with reflux being maintained for a Turther 2 hours.
extrutige opesting @t aniexiperatufaof ¢ v dl hauextrudateasroded fpkan a

chiliegitele SRR AL M Bl b Bbacthin and
sievecetieotesh a il 06trhiakdry maishab yieie hgiowderpoatisyr e and

finally at reduced pressure, using a vacuum punp.

During distillation the reaction product was allowed
The gﬁgpﬁ*ﬁp ?)%gvrﬁiegegg a\'}v%eaépllécﬁoele 0 gng:ﬂ&:ltamumreated
alumimay Eamkls ahtd mueed iro ogeolset AD1 QOGIMGJSBBMnutes to form clear

PCT/ P2006 4 43 The, reacti oduct was a solid
glossy| GHATAFR I BT DIeknensss e theER N0 AT ow ng

characteristics: Solid content: 99.1 % Epoxy

equi val ent weight: 367 g/nol 200; cone and plate

Exampled®sity: 56 p Nunber average nol ecul ar wei ght (by

The #5eks B apaliird Pk eGSO e 10G R8BS
thernmometer, and a distilling unit 60.00 grans of

Nyacol 20341 57.28 grans of the solid
_mﬂg.l_ym dyl -functional polynmer, and 259 grans of Dowanol

Ingred'i‘ént weight (g) | moles
Terephthalic acid 1128.8 6.8
Neopentyl glycol 673.9 6.5
Mono ethylene glycol 44.6 0.72
Tri-methylol propane 32.4 0.24

The above ingredients, together with 2 g of Fascat 4100, a processing catalyst,
were charged to a 5 litre round-bottomed flask equipped with a stirrer, a pre-
condenser (to minimise glycol loss), a main water-cooled condenser, a Dean
and Stark water trap, a thermometer, and a nitrogen gas inlet.

The stirred reaction mixture was heated progressively to 250°C over 4 hours
and held at 250°C until the mixture became clear and the acid number of the
polymer was below 20 mg KOH/g.



(et hoxy 2-propanol ex DOW Chem cal s) were wei ghed.
The non- honobgeneous di spersion was heated to 30C and

woubseneszgduced pressure 66 grans of a water/ Peyapsloshédsa
m xture were distilled off, resulting in a

honogeneous sol ution. Next 0.05 gram of naleic acid
was weighed in and a m xture of 11.09 grans (0.075
nol e) of vinyl trinethoxy silane in 11 grans of
Dowanol PM was added ovessa period of 1 hour. The
tenperature was gradually increased to 50C and the
Stage? essure reduced to 30 nbar over a period of 2 hours,

ol vent, bein di sti ter. 50 m nutes
The S%@a g@@?iogﬁh%& cgpgd%%%car@ggt%téasgpﬂ% acrylic clear
powder coating was prepared usi ng t he conponents and
anounts shown in Table 1. Table 1 Conponent Wi g

The mpxiyie wtaseeo R hp RE0I3 belare s sgmpla yegdaker aaddh@d—ly@roxyl

contefit (O YA W8 b Bhndt o1 uinsref Gudalrory aive

(52.1)AotdetermihX3ie ghycdl s6-tri (di met hyl ami noet hyl ) phenol
60%Vv w absorbed on a m neral base from Synthron 2
Modaflow Il is an acrylic flow nodifier 65% absor bed

To coPt‘écFitHé ch %Uﬁgsﬁ%‘ﬁg]ogﬁ!cﬁl ﬁtaﬁlfcﬂed%"‘ﬁ%r réad rtﬁlgaheer

was rran cturebl I'ng e conmponents o
with 1 as a dry mx in a blender and then feeding theminto

W _Nn. scre Xt rude per tlng at a tenperature of
Isopht%fg@ac i\‘%g g@ate V\éf§8rr899ed flat on a chilled
AdipidPh@de and br%gr@ up iGue RbkPs which were ground in an

impact mll and™ sieved through a 106 m cron nmesh to
The sjirreddmixtywewnas redwated .to 235°C and the reaction was maintained
under a nitrogen blanket until approximately 270 g of water had collected in the

Dean & Stark separator.

At this point the reaction mixture was cooled to 225°C and maintained at this
temperature for one hour while a partial vacuum (of about 28 inches of mercury)
was applied in order to remove any residual trace of water.

The reaction was allowed to proceed until an acid value of approximately 35
mgKOH/g was reached.

At this point the vacuum was released and the polymer was cooled to 190°C,
discharged into a stainless steel tray, and allowed to cool to room temperature,
at which point it yielded a brittle transparent solid with the following properties.

Melt viscosity @ 200°C (ICI Cone & Plate viscometer) : 60 poise
Acid number : 33.0 mg/KOH/g
Hydroxyl number 5.5 mg/KOH/g
Tg : 62.5°C

Number average molecular weight (calculated) : 3,594



The resulting powder coating was applied
electrostatically to untreated al um nium panels and
oven set at 140C for 30 minutes to f

W(P#%ssy %oatl ngs with filmthicknesses of bet \Apgsr&ﬁpg%(ﬁ@[sszm
pm Exanple 35 The process for preparing the polyester
resin is conducted in two stages: Stage 1 |Ingredient
wei ght (g) noles Terephthalic acid 1128.8 6.8
Neopentyl glycol 673.9 6. %g Mono ethyl ene glycol 44.6
0.72 i Tri methylol propane 32.4 0.24 The above
i ngredi ents, together wth 2 g of Fascat 4100, a

into. B Bbr BReY auio-RTPFsBa et wausiel pith! &gmgphanical
stwreFoé‘%‘?éiFﬂ le'f’ é‘hc!i”a"’!lﬂr%?mghié‘?é’rl 39‘5515%ran?s BRERE Polyester resin

-CO cond enser, an St ar k rap
and 1158 Bérgmmst of mathy ethyi ke’r@genwg& weighad. Tire pslyestesdesin

was GERGRO B R RSB B TR LR B

| f Giny N84, WA, ah@iwdRRd
o SREEADIS GRS 12 Rl LiBnanhaSy o o chauhg

nanoTSlle:as @admdiesura@éhyif proxiol wast conbings withr 389 gtﬁm%go-027
oIIo m xt.ure
molel 3y ad Sy s IREABRRRE S oL ATaT inByeq i an
ared to the theoretical Hydroxyl
oven%ﬁﬁ?@‘%ﬁg@ﬂgyﬁggpdeternine the glycol loss. To correct
the glycol |oss, neopentyl glycol was added to the
reactor together wth Isophthalic acid 132.8 g 0.80

Exar_ﬁ@b%s Adi pic acid 58.4 g 0.40 nvole.
A powder coating comprising primid as curing agent was prepared from the

following ingredients

Ingredient weight (g)
Polyester resin of Example 35 64.9
Primid 34
Titanium dioxide 30.0
BYK360P 1.4
Benzoin 0.3

A white glossy finish was produced by combining the components as a dry
blend and premixing them prior to feeding into a twin screw extruder at a barrel
temperature between 120°C — 130°C.

The extrudate was rolled flat, chilled, and broken up to produce a “chip”.
This was ground in an impact mill and sieved through a 106 micron mesh to

yield a powder coating.



The stirred mxture was re-heated to 235C and the
reacti on was mai ntained under a nitrogen bl anket
WO 4hjsi1besappr oxi mately 270 g of water had col | epteeri006/063284
the Dean & Stark separator. At this point the
reaction m xture was cooled to 225C and mai ntai ned at
this tenperature for one hour while a partial vacuum
(of about 28 inches of nmercury) was applied in order
to renove any residual trgge of water. The reaction
was allowed to proceed until an acid val ue of _
This poyierxcosriingl wasmpplig@ieciragisticadisicheing AtGemabCodi gravity

feed qulf A BaREIER ARNTRES" 2R AR SR0UTE Dy 4RPoehicr v at
200 *CAfor A\GeRirudes Akt Gerh peratlRYPRid Fasiting lin wﬁs@clear glossy

it yielded a brittle transparent SO|Id with the
coatingdiaving adilmtiipknessesl 50-K8Ium.vi scosity @ 200C (1 Cl Cone
& Plate visconeter) : 60 poise Acid nunber : 33.0
ng/ KOH' g Hydroxyl nunber : 5.5 ng/KOH g Tg : 62.5 N,
Exam%f aver age nol ecul ar weight (calculated) : 3,594
06/ 136534 PCT/ EP2006/ 063284 46 Into a 250 m_ 3
A powdek £9atisaneomptisingea PPYERtasqASIHeNGhiaTh &PIRYC FRENT CWAS
r 1, and a thernoneter 39.51
prepaé%daﬁéﬁome?%mdﬁﬁp 'Jéér{églreth?éey n and 158.04 grans of
nmet hyl ethyl ketone were wei ghed. The pol yester resin

4\Aas_d4_ssol_ued_a1_65c,_ai_t_eu\hu;h t he organosol
|n9re<i'9rr‘tepar ed in a manner siW¢ight (@ o the procedure

|:>o|ye> ?‘f'éélH%T’E'XHrngg' e 1) u)ﬁ];?m mg 34.3 wt % unnodi fi ed

ano-si | rcles in e oxi t ol was conbi ned

Epoxy/\;e“sih (iy@@3gr ams (0.027 nolw.gof inyl trimethoxy

silane (ex Across) The solvent was renoved i n an
Tltam@medw&del?o C at 20 nbar. E34®plel 36 A powder coating

Blanct 'ép' %;i ;Igvmplnlg”: :g?Zdlbgln{ gg 6apeNt| was prepared from
Cure accelerator” 0.3
Benzoin 0.2
Polyethylene wax 0.3
BYK360P° 1.2

A powder was produced and applied following the process as outlined in
Example 36.

This powder was applied to degreased, iron phosphated steel panels and
stoved at 180°C for 15 minutes (metal temperature) to produce a smooth,
glossy film. The resulting film was a clear glossy coating having a film thickness
of 50-70 pum.



------------------------------ - --------- Ingredient

weight (g) - - ----------------- i Pol yester resin of
W(Emgmdg;;ﬁs 64.9 Primd 3.4 Titanium di oxi depc@9ef2006/063284

BYK360P 1 e e e Benzoi n

0.3 ------------- T A whi te glossy finish was produced

by conbi ni ng the conponents as a dry bl end and
prem xing themprior to feeding into a twin screw
extruder at a barrel tenpgature between 120cC -
130C. The extrudate was rolled flat, chilled, and
CLAIMDSken up to produce a "chip". This was ground in an
impact mll and sieved through a 106 micron nesh to
yield a powder coating. WD 2006/ 136534
1. RChidcBR866Y HYepafdg amodified |m‘g@lﬁrc &)@@fehftﬁm\fﬂﬁmgmdrtl@lﬂate
electrostatically, using a GemaPG 1 gravity feed gun,
reatsgateampesina thgsiePsaipanel s and staved in an

BURGng 8 Pidthee B0t ARhecy PRt fSiah B Bbragnia gyvoen-
cogbhtaining\wanticudatel matdrtal Gndess am‘oxij&téd) afoohbkaotdrging to

37 A ga{wd r coating conprising a polyester resin and
&sin was prepared fromthe follow ng

|ngred|ents: - ----- I ngredi ent weight (g) ----
Pol yester resin of Exanple 35 41.2
Ra
0
Ry OH
n

where R is a C1-Cs alkyl or phenyl, Rz is hydrogen or methyl, and n is
an integer from 1 to 5;
b) optionally adding a first resin and/or a first resin precursor;
c¢) adding one or more coupling agents to the mixture;
d) optionally adding a second resin and/or a second resin precursor to the
resulting mixture; and
wherein optionally water is removed at least partially from the mixture
before or during step b), ¢) or d), or after step d);
and optionally converting the first resin precursor into the first resin before,
during or after step c) and/or the second resin precursor into the second
resin after step d).

2. A process for preparing a modified colloidal inorganic oxygen-containing
particulate material 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



Epoxy resin (type 3) 16.8 - -- - ---- -
"""""""""""""" Ti tani um di oxi de 34.0 Bl anc

WOF2006£136534 PCT/EP2006/063284

6.0 Cure accelerate 0.3 Benzoin 0.2 Polyethyl ene wax
0.3 RYI4360P 1.2 A powder was produced and applied
following the process as outlined in Exanple 36. This
powder was applied to degd®ased, iron phosphated stee
panel s and stoned at 160C for 15 m nutes (netal
tenperature) to produce |a snuothb glossy film The
coating having a
2006/ 136534

filmthickness of 50-7
PCTI EP20061063284 48 APppjipcess for
preparing a nodified indrgani c oxygen-containing
particulate mnmaterial conprising the steps of: a)
preﬁar i, N ' re of an aquequs suspensi on of

a mxt : .
" BPEET Eh1% AdenCs bl ar RNARYIpRe 13 BYFR0EN ekTeethyl agdan is
an .ohol according to the fornmula n
\/\h%’?iemgg&i@@dlé?-%a al kyl or phenyl, R2 is hydrogen or
padgihg adiirdt resirsandior arfireigesinf precudsarp 5; b)

tianally adding a first resjin and/or a first resin
%P%@?JPQ&”% °f65‘°'§u<a9%'"sr?&e&?s iﬁ)ﬂ“@ @B‘EFHPP ng agents to
dN6ptBrglly 'Ridirth) a ¥etbRAREEN AHbNY s@cﬁﬁ& FEdn RS itsor to the
and/ or a’second resin precursor to the resulting
mi sesuttieg mixture; and,
wherein optionally water is removed at least partially from the mixture
before or during step b), c) or d), or after step d);
and optionally converting the first resin precursor into the first resin before,
during or after step c¢) and/or the second resin precursor into the second

resin after step d).

A process for preparing a modified colloidal inorganic oxygen-containing

particulate material 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

0
R OH
n

wherein Ry is a C4-Cs alkyl or phenyl, R is hydrogen or methyl, and n is
an integer from 1 to 5;
b) adding one or more coupling agents to the mixture;

c) optionally adding a first resin and/or a first resin precursor to the

resulting mixture; and,



wherein optionally water is renoved at |east partially
fromthe m xture before or during step b), c) or d),
or after step d); and optionally converting the first
resin precursor into the first resin before, during
or after step c) and/or the second resin precursor
into the second resin after step d). 2. A process for
preparing a nodified col?bi dal i norgani c
oxygen-containing particulate material conprising the
steps of: a) preparing a m xture of an aqueous
wherpensbﬂnnajlﬁ/ \ivater garrblam)eggaulﬂeaﬁo{phalauyrfgomanhbi m»ttﬁtee
teri and,an a at ed ,.al cohol according to the
'ﬁuﬁféJ HRRPI YU RO PD6B6/ 063284 49

or '°ﬁyﬁ' c%rr?]'v nﬁlfhggfgﬁ{ ’:éﬁltne%}gf%rsgﬁt%th?gﬁ%ﬁr%wé i ng

sdep C).st resin and/or a first resin precursor;
addi ng one or nore coupling agents to the n1xture d)
optionally addi ng a second resin and/or a second resin

i dosofiubdTo g 8l Ligio BRero i Shotganic

dxlygemncbmai‘mng pafticulatedmathiial Rosetécted frbm 0 gPbusitongisting
i onvertln the first

O?féﬁigﬂ 63 WF@U@P .H,@Pq"i‘é lrtﬁamv@ﬁ'ﬂx'% Brxide, ingiumdin

dXide2driELine bRRIeC) and/ or the second resin precursor
into the second resin after step d). 3. A process for

preparing a nodified coll oidal inorganic
oxygen-containing particulate material conprising the
A5 pegressfaccaydipg épaan‘yngn@ ofiictaionse1 ¢6 dawr‘@qeiedbe inorganic

RUDEFRIRBIfS shRELRRR TPl S SR PR PR Brof”

step apl a

A suspension obtained by the process of claim 1 comprising modified
inorganic oxygen-containing particulate material and an alkoxylated alcohol
according to the formula

Ra

wherein R4 is a C4-Cy alkyl or phenyl, R, is hydrogen or methyl, and n is an

integer from 1 to 5.

A dry powder of modified inorganic oxygen-containing particulate material
obtained by removing the alkoxylated alcohol from a suspension obtained
by the process of claim 1 comprising modified inorganic oxygen-containing

particulate material and an alkoxylated alcohol according to the formula



10.

11.

fl F1 79 wherein R1L is a Cl1-C8 al kyl or phenyl, R2
is hydrogen or nethyl, and nis an integer from1l to
5; b) adding one or nore coupling agents to the

m xture; c) optionally adding a first resin and/or a
first resin precursor to the resulting m xture; and,
50 wherein optionally water is renoved at | east
partially fromthe mi xt ur® before or during step b)
or ¢c), or after step c); and optionally converting the
first resin precursor into the first resin after step
c). 4. A process accprding tojany one of clains 1 to 3

wher ei n t he i norgani oxygeh{contai ni ng particul ate
material is selected|fromthe]|group consisting of
silica, alumna, alupi umtr]hydrate, titanium

Olbxi de and zi nc oxi de.
one of clains 1 to 4

di oxi de, tin oxi deR{] ndi
5. A process accordihg to an
wherein the jnorgani c oxygen-containing par‘i cul at e
wheeain B is 8 CorGq @llkyl\anipbanyls Re s hstheeemopmeBy!.@gd isan
ftead? frofh $4sBENSI On obt ained by the process of claiml
cori%ri sing nodi fied inorganic oxygen-containing
particul ate material and an al koxyl ated al cohol
according to the formula f3, F2~ ~'' L?I-E wherein Rl
AsreainGienipposifidry bbtaingshbynany are oktheyprnosgesesoef elainms/ -5

d n.i e | f ,
AatipPsdrtRiishFehic i3 shiiahind paflefele HRLIEL s
and/er h abcombiesim emdmn dlkosoNated aldohobadcorging te thesfocrabial
froma suspension obtained by the process of claiml

conpri sing nodified inorgani c oxygen-cont ai ni ng

P
0
R OH
n

wherein Rq is a C4-Cg alkyl or phenyl, Rz is hydrogen or methyl, and n is an

integer from 1 to 5.

A resin composition obtained by any one of the processes of claims 1-5
comprising modified inorganic oxygen-containing particulate material and a

first and/or a second resin.

A coating composition comprising a resin composition according to either of

claims 8 and 9.

A powder coating composition comprising the resin composition according

to claim 9 and a curing agent.



particul ate material and an al koxyl ated al coho
according to the formula 51 Fra, 1is 01l-+ n wherein
Rl is a C1-C8 al kyl or phenyl, R2 is hydrogen or
methyl, and nis an integer from1l to 5. 8. Aresin
conposi tion obtai ned bynﬁgy one of the processes of
clains 1-5 conprising ified inorganic
oxygen-containing particulate material, a first
and/ or a second resin, and an al kox ted al cohol ,
12, ARRISCAMRGSHS A4 SPPraNG frspiesegndion a pacondiapigiand
a'?noﬂlﬁ?éll fot é?ﬁc I@gy%’lénn Qc?rﬁﬁﬂgggb\/ﬂ)a;rpﬁaiesrnﬁté‘ﬁ@&?cﬁlngﬂ by any
Oﬁerqﬁéhﬁ piogasets of gleishi-Sany one of the processes of
claims 1-5 conprising nodified inorganic
oxygen-containing particulate material and a first
and/or a second resin. 10. A coating conposition
conprising a resin conposition according to either of
clainms 8 and 9. 11. A powder coating conposition
conprising the resin conposition according to claim?9
and a curing agent. 52 12. A naroconposite materia
conprising a first resin and/or a second resin and a
nodi fi ed i norgani c oxygen-contai ning particul ate
mat eri al obtained by any one of the processes of
clains 1-5.



