PROCESS FOR MODI FYI NG | NORGANI C OXYGEN- CONTAI NI NG
PARTI CULATE MATERI AL, PRODUCT OBTAI NED THEREFROM AND
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preparing nodified inorgani c oxygencontai ni ng
particul ate material. Such processes are known from US
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i sopropanol is prepared and stirred at 40C and 85

nbar. Subsequently, a hydroxyl -containing pol yacryl ate
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a multi-functional acrylic monomer are described. These compositions can be
prepared by mixing an acid aqueous silica sol-containing silica, a vinyl silane,
alkoxylated (meth)acrylate monomer, and isopropy! alcohol, where the monomer
is polymerised to form the resin, after which the mixture is distilled 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



GB 2047721 descri bes an aqueous coating conposition
conpri sing nel am nef or mal dehyde resin, a colloida
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trial koxyal koxy-silane in a solvent system consisting

of water and a water-m sci bl eorgani c solvent. This
reference describes the preparation of two

di spersions: the first conprising colloidal silica and
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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



C4 alkyl, R2 is hydrogen or nmethyl, preferably R2 is

methyl, and nis an integer froml1l to 5; b) optionally
w@odaonspsad first resin and/or a first resin prekCr/EBP2006/063284

c) adding one or nore coupling agents to the m xture;

d) optionally adding a second resin and/or a second

resin precursor to the resulting m xture; and wherein

optionally water is renoved at |east partially from

the mixture before or duridg step b), c) or d), or

after step d); and optionally converting the first

resin precursor into the first resin before, during or
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stable dispersion of the particulate material in the resin can be achieved. A
further advantage of the process of the invention is that the process generally
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:



An enbodi nent of the invention is a process for

preparing a nodified inorgani c oxygen-containing
wW@a0obi18a5Bat e materi al conprising the steps of : BQT/EP2006/063284

preparing a mxture of an aqueous suspension of

I nor gani ¢ oxygencontaining particulate material and an

al koxyl ated al cohol according to the fornula wherein

Ri is a CC 8 alkyl, C4-C8 cycl oal kyl or phenyl,

preferably R is ad- C4alkyl, R is hydrogen or

met h; preferabI\é R2 is methyl, and n is an integer
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m xture; and wherein optionally water is renoved at

| east partially fromthe m xture before or during step
b), c) or d), or after sfiep d); amfd optionally
converting the first resfin prec or into the first
resin before, during or [after stlep c) and/or the

second resin precursor i cond resin after

step d). If the first B Hrst resin

precursor reacts with and deteriortes in the presence
of water in step b) or c) of the process, water is to
be renoved before step b) commences. This enbodi nent

has the additional advantage that the inorganic
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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 ¢) 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).



I norgani ¢ oxygen-contai ning particul ate materi al
conprising the steps of: a) preparing a m xture of an
w@oweonsss3suspensi on of i norgani ¢ oxygencont ai NPEYEP2006/063284

particul ate material and an al koxyl ated al cohol

according to the formula wherein R is a O C 8 al kyl,

C4-C8 cycl oal kyl or phenyl, preferably R is ad- 4

al kyl, R2 is hydrogen or nethyl, preferably R2 is

methyl, and nis an integeh from1l to 5; b) adding one
agents to the m xtur tionall
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converting.the first. resin precursor int he fir st
of QeI & ReiculealeriabARP o AR e AGe] FGBaicd to the
icthiugs step b) and/or after step c). This has the
advant age that the size of the reactor can be reduced,
because in steps a) and b) only the inorganic
oxygen-contai ning particgdl ate matgrial is present and
nodi fied with the couplijng agentR,|Additionally, the
process results in nodif| ed inor|ggnic
oxygen-contai ning partic rial in al koxyl ated
al cohol , which can be y to a second
resin or a second resin nmeki ng it possible
to prepare the nodified inorganic particulate materi al
in one location, transport it, and add it to resin in
a different location. In the context of the present
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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



In the process of the invention water, in particular
wat er originating fromthe agqueous suspension, can be
WO eovoudes3at any tine during the process. It caPChEP2006/063284

renoved before or during step b), c¢c) or d), or after

step d). The renoval can be perforned by any nethod

known in the art, such as evacuation, distillation,
distillation in conbination with evacuation, and using

a nenbrane, e.g. an ultrafé®ltrati on nenbrane, which is
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mateﬁ‘?ﬁﬁﬁY'Bg & QI MEESIOA) We%%WPPEdt@’bcﬂéaqoﬁemBr'%%wk@ét gRe gieetion
are o@ﬂ:ﬂerg&g ﬁfé?%ﬁh@o&@%éﬁﬁ%n- I'n such applications the

quant

Ity of water in the product resulting fromthe
process of the invention generally is less than 5
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0.01 -25 W% preferably 0.05-1 5 wt % coupling agent;
ultrafiltrgBioRmgmprastes vaiick) is-capakte/Pbiselactively aigimeing dé@at from
the mhi&gjr@ and/or first and/or second resin precursor,
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preferably less than 1 wi% of water.

Generally, in the process of the 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 wt%, 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,



consisting of silica, alumna, alumniumtrihydrate,
titaniumdioxide, tin oxide,indiumtin oxide, and zinc
w@o0da3esshe various starting conponents are geP€T/BP1096/063284
used in the follow ng anbunts: 0.1 -65 wit% preferably
0. 2-50 wt % aqueous suspensi on of inorganic
oxygencontaining particulate material; 0.1 -90 wt%
preferably 0.2-70 wt % al koxyl ated al cohol; 0.01 -25
w % preferably 0.05-1 5 W% coupling agent; 1-99 w %
refera qul 5-95 wt % of first and/or second resin
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secohb&e@ihlmwur@bed al cohol / wat er azeot r ope. General ly,
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medi um while the coupling agent reacts with the
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the boiling temperature of the alkoxylated alcohol/water azeotrope. Generally,
the temperature during step 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



distillation. The inorganic oxygen-containing
particul ate nmaterial can be any particul ate materi al
whe@en3dses t he man skilled in the art capabl e oPCT/BPI0061053284
a suspension asused in the process of the present
invention, i.e. where at |east part of the solid
particulate material is dispersed in the agueous
medium It is envisioned that the inorganic
parti culate material of th® present invention may
ready be nodjfied, e. ntain or
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double hydroxides (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 Klebosol® ex Clariant.

The present invention also encompasses the modification of mixtures of two or

more of the aforementioned inorganic particulate materials.



di oxide, tin oxide, indiumtin oxide, and zinc oxide.
The nost preferred particulate material is silica.
wE@pbes4 of aqueous col loidal silica are NyacPCT/EP2006063284

Akzo Nobel N.V., Snowtex(r) ex Ni ssan Chem cals Ltd.,

and Kl ebosol (r) ex Cariant. The present invention
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In the process of the invention an alkoxylated alcohol according to the formula

R
0
¥ OH
n

wherein Ry is a C+4-Cg alkyl, C4-Cs cycloalkyl or phenyl, preferably Ry is a C1-Cy4
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 methyl 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



gl ycol nmono nethyl ether, ethylene glycol nono ethyl
et her, ethylene glycol nono n-propyl ether, ethylene
w@bkaocabesaono i sopropyl ether, ethylene glycol PGIBP2006/063284

butyl ether, ethylene glycol nono t-butyl ether,

et hyl ene gl ycol nonohexyl ether, ethylene glyco

cycl ohexyl ether, ethylene glycol nono phenyl ether,
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It is also envisioned to use 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



or resin precursor used in the process of the
invention. It is further envisaged to replace the
w@bdoongdsat ed al cohol at |east partly wi th anot PEF/EP2006/063284
suitabl e solvent, especially with solvents which are
nore conpatible 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
conposition whi ch conpriset1constituents capabl e of
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xylerld; |a@gréth@,tsesucwé§@bug,| Bylyocar bons such as tol uene and
xylene and ethers such as dlbut% et her. Any coupling
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the coupling agent. of the invention conprises one

agentsf IR UREIRT COBPESES AN e IceIgMenES E0RsIest 161G The aroup
consé‘tmgA&f’S Al &> zP BZ9n. ¥h, Ay W- Pr%feerfa ?glh Scohgrf agent

’agént’ cdnptisés one or nore e
comprisam die ogmoore €lenmantd isepctdd Bom Ae gidup donsistind) B Si, Al,
The coupling agent of the invention generally is a
Ti, Zg ”[S’Iﬁ?ng agent according to the fornula: wherein M

The 8860 K @nt' @%@%%ﬂdrﬁ’géﬁé@%@a‘céﬂ Ilhﬂeadlin?‘é%cordmg to

conS| and nd~at” | east one

the fofmwrar 6 |s i ndependent |y sel ected from hydroxyl,
chlorine, an acet oxy av ng between 1 and 10 car bon
atons, an al koxy havi é 1 and 20 carbon atonms,
an organophosphate coép hydrocarbon gr oups
conprising 1 to 20°%al ho d an

wherein My and M, are independently selected form the group consisting of Si,
Al, Ti, Zr, and B, and at least one of Ri-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, chlorine, 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



or ganopyr ophosphat e conprising two hydrocarbon groups
conprising 1 to 20 carbon atons, which acetoxy,
W@bkdenge530r ganophosphat e or or ganopyr o phosphaP&I/EP2006/063284
optionally conprises at |east one functional group,
and the remaining RrR 6 are independently sel ected
from hydroxyl, chlorine, a hydrocarbon having between
1 and 10, 000 carbon atomns, which hydrocarbon
optionally conpri ses at | edt one functional group, an
aceto y V|n betmeer 1l and 5 carbon afons, and an
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and/ or are Si, Xrepresents O N, S, disulfide,

carbmayyuss,farwep regresaniaeaminggasT from Sptors0, prpeed thatif Mhds Al

or B.fd Frapoe b APERT =X APBFBL P e B3R HPRFRIORT arayp can

be ahyﬂflﬁmﬁronbr grUR Rndbn t ey intkatl skihed in thdviarti Exanphs Bf such
is absent and/or if M2 is Al or B, R5 is absent.
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51 man skilled in the art. Exanples of such
and og .
i'onal groups are hydroxyl, epoxy, isocyanate,
It is pbssible td |ugesallcb'rrdm$atlcnﬂbﬁemo agrdmioad @g&muplmgiagents in the
tion of two or
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oxyge -contal nin partl culate material as a m xture or
ratio o e aoepling agents andyovafy ahdegmlli |sgalscgenwsageq twahgnge

as desjred. |t is SO envi sa eth
the (3o & 3ht Sipling BeBls Svuiineniile afePa B hdiToadiachs o
the F;é@tm“at@gng@ﬁgts to the particulate materi aI In a
further enbodi nent of the invention, the coupling

In a fujeher esebpstiment ohtha waentiohdhe wespliog &uegt soPpPEagaB! Ipast
one ?Jncrti%ﬂgf ig?&ﬁ’victagabltéeof iréé&tin@“%tﬂrth%eﬁ%'fdarfo‘?gri "Yecond resin.
Examples of such functional groups include hydroxyl, epoxy, isocyanate, thiol,
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.



Exanpl es of such functional groups include hydroxyl,
epoxy, isocyanate, thiol, oligosulfides, phenol,
WO 20vgl13658hi oet her, thioester, (nmeth)acrylate, PCT/EP2006/063284
epi sul fide, thiophosphate, allyl, am ne, and hal ogen.
In one enbodi nent of the process of the invention, the
i norgani ¢ oxygencontai ning particulate material which
has been nodified with at | east one of the above
coupling agents is subsequehtly nodified with a
further coupling agent or with a co und .capabl e of
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silangy o PAR06; ¢ S %g-m'eaa n?'ﬁ'?orﬁﬁﬁ”e %6%‘5‘9?@7'%3 wi'egins, and
silse5yHl b REW iFGefBidd SifSon-baddtbcdmPbURdd Sre silanes and silazanes.
~oxygen-containing particulate material is silica, the
Silangseguiiablal farugs imtheagesess of dheiinverdantriedbose msoearsting to
fo”nﬂﬁgl_ulicon-based compound is typically selected from
Y group consisting of silanes, disilanes, oligoners
of silane, silazane, silane-functional silicones,
silane-nodified resins, and sil sesqui oxanes. Preferred
si |l i'ton- based conpounds are silanes and sil azanes.

Silahes $uitable for useRi nt process of the R,
i nventygh are those accor¥hgg to formulae ReI /| | |
11 1TVAYVL wherein each on [

of Ri, R2, R3, is
i@d_e_p@(}den ly sel ect eo|%f hyo(?ogen or hydrdcar
havi ng beteen 1 and 2 é:%

carbon latoms, which '3
hydr ocar bon' opti onal |y conprises! one or nore R1
functional groups. If a silane according to a one of
the fdrmulae IVto M is ui@d in the process gh t he
invention, the ions, and in particular d , are
preferably renoved fromthe m xture, for exanple by
usi ng i on-exchange techniques. In order to avoid an

addi tignal ion renoval step R4
R R
C|\ / Rs / 4 G\SI/
S N ~
~g /S'\ /
Cl d Cl Rs
IV \Y Vi

wherein each one of R4, Ry, 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



the silanes according to any one of the fornmulae |-11
are preferred. Exanples of silanes according to the
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di met hoxy sil ane, butyl trinethoxy silane, dodecyl
trimethoxy silane, trinmethyl chlorosilane, tributyl
chl orosi | ane, di nethyl dichlorosilane,
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phenyl diethoxy silane, methyl phenyl dimethoxy silane, n-octadecyl triethoxy
silane, n-octadecyl trimethoxy silane, phenyl dimethyl ethoxy silane, phenyl
trimethoxy silane, trimethyl ethoxy silane, trimethyl methoxy silane, vinyl methyl
diethoxy silane, octanethioic acid, S-(triethoxysilyl) 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.



di et hoxy silane, octanethioic acid, S-(triethoxysilyl)
propyl ester, bis(3- triethoxysilylpropyl)

wo eacas3asBf i de (Si69(r) ex Degussa), PCT/EP2006/063284
bi s(3-triethoxysilylpropyl) disulfide,
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The silane-modified resins generally are polymers containing mono-, di- or
trialkoxysilyl moieties or their hydroxysilyl, 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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Examples of zirconium-containing coupling 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 propy! 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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wherein Ry is a C1-Cs alkyl or phenyl, preferably Ry is a C¢-C4 alkyl, Rz is
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



the solvent of the invention, the suspension of the
i nvention generally has an inproved stability. The
w@ewdnsessd nodi fied i norgani c oxygen-cont ai ni NBCT/EP2006/063284
particul ate material generally is at least 10 wt %
preferably at |east 20 wt % and nost preferably at
| east 25 wt % based on the total weight of the
suspensi on, and at nost 70 wt% preferably at nost 65
wt % and rmost preferably at8 most 60 wt % based on the

t of the _suspensi The i nventio ur.t her
can 'B%rq%ﬁ' gbé( EeTRRVA &&ﬁﬁ%r%ogfenﬂ?ét%&uﬁ%f&s'%cﬂ? d%‘ﬁu“&ve”t'on
Remevéﬂgﬁ%%”&mé‘ht”&rpgétda‘?ﬁééﬂo%t RE Fd| t@%ﬁﬁg Jﬁ%ﬂﬁ)dﬂ%dxﬁﬁm

I nventi on ry pO ercan tain Yy renoval
the aof. Thieedry gowater obthe yestispeas |aor|eduﬁed Itrmdenwrto iagglomerate

Remgval of the sol vent ecarrle ding t
comega A oG RaIaTa Fsdfed Priiaaa odikraRagang isatvent of
the ihVerRdN. @oritguanfie dueedtyt Sow@scyarn %e&@&@ﬁ@r‘s@ﬁ% a solvent

conpared to parti culate material modified in a sol vent

whileoforgring rarsmaller stinoenit obagglmenatemor o1 aggleseerataes iy all.

iy DL b BG5S REP bk B E MOl e

alcotRg gbfo i ahﬁéntﬁin abhcts Vlhdvortintrattisngithothee nvedified byxygen-
any theory, is believed that the al koxyl at ed

Ont%m@@hdpar&w'@t?e Majesiali dm OsdRN stoanBIiPVE nilke aresistaned to
agglérﬂgre{mﬂ' nadthgf()érgcfrﬁw&t f’He”}t: ﬁ"é |’ﬂycb‘lJ ﬁ'nte nﬁ@if@d Bérghglate

e resis oner a
matelrllaawlth”mlneﬁm rantlfo smrrpdtrda@h Ir\]mﬂ ?)eaa‘n Halmega/mdl fied
rti uate the first and/or
A ullBE RiVRTESe Bl ubkaacoArBL e TTARDGGahel Th caybe
blenthth%fflr’shﬁnH)bYes@cbﬁa rb§>|nt Wahobth@y ﬁé’éb RS Q's%mﬁl'{j It is
the first and/or second resin w thout the need
also fe:nwag@dl teefitst te-dispetsdesthes vy qaoeters ooff thesinvention in any

dr wd f th )
suitebfy SFBE! 2Bl SheSeaifPINaag uBh fepiuad SiodtBuar ¢ e frs
and/Susamgliragint o the first and/or second resin.

Addi tionally, the invention pertains to a resin
conposi tion obtai nable by any one

Additionally, the invention pertains to a resin composition obtainable by any one
of the processes described above, comprising a modified inorganic oxygen-
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 wt%.

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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isocyanate- functlonal curing agent or an amine- formaldehyde condensate such
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



The solid filmform ng conponent of the powder coating
can for exanple be based on a solid polyneric binder
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but ﬁ’lay also be reacted with any of the range of curatives available for
bisphenol-A-epoxy resins.

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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Powder coatings are generally manufactured as follows: separately weighed out
components, in particular resins and optional other materials, are premixed. The
premix is then subjected to melt extrusion to homogenise all components. The
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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the range of from, for example, 0.05 or 0.1 to 5% by weight, based on the total

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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on the total weight of the conposSition w thout the
mgregj@mts i Alspspowder coating materials generally are free of added solvents
and, in particular, do not use organic solvents and accordingly are non-polluting.
The invention also pertains to a process for providing a substrate with a coating
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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thermometer, a distilling unit, and a dosing unit. The temperature was raised to
approximately 65°C. Next a homogeneous solution of 327.78 grams (2.21
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 wt% 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 wit% 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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while the pressure was slowly reduced to 50 mbar. The obtained organosol was
fitered over a P2-glassfilter in order to remove large silica particles. The
organosol had a solid content of 34.4 wt% silica (determined by evaporating all
solvents at 140°C using a Scaltec SMO 01).

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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Example 10: Modification of an Ethyl Proxitol based organosol with (mercapto-

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).



2.5 hours. After 4 hours the pressure was reduced to
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reduced to 15 nbar and the tenperature was raised to

50C for 1 hour. The product was then filtered over a
P2-glass filter in order to renpve large silica
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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), 153 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).



wei ghed. The tenperature was raised to 65C and kept

there for 5 hours. Subsequently, a solvent/water
worRoobus@3mas distilled off under reduced pressSPCEEP2E6/063284

a period of 0.75 hour, until an organosol with a solid

content of 45.7 wt% of nodified silica particles

(determ ned by evaporating all solvents at 140C usi ng

a Scaltec SMO 0O 1) remained. Exanple 10 : Modification

of an Ethyl Proxitol based3®rganosol with
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silica

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 wt% 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 aqueous

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



for 3.5 hours, the pressure was reduced to 350 nmbar in

order to distill off a water/solvent mxture. The
w@r@sassseds was gradual |y reduced to 200 nbar i nPQI/EP2006063284

resulting in silica dispersion containing 33.5 wt%

solids. Next Hyflo Super Cel was added and the

di spersion was then filtered over a Hyflo Super Cel at

650 nbar. The filtered bed was next rinsed with extra

sol vent, resulting in a sid34 ca di spersion containing
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based organosol with propyl trinethoxy silane Into a
250 m 3-necked round-bottoned flask equi pped with a
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unit..129. 28 grans of an Ethyl Proxitol based organosol
m&éﬁ'&%d in accordance with Exanple 5 except that the
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AkzoA&8%FI§ﬁ:)o,n? %g %} g?mgo%?ns o ﬁrgrgohgﬂay lda?§7 §4§ grams of Ethyl
Proxitol were weighed. The temperature was raised to 65°C. Next a mixture
containing 16.52 grams (0.101 mole) of propyl 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 wi% 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 agueous 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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was raised to 125C and a part of the solvent was
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Example 19: 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 organosol 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



over a period of 12 hours, resulting in a nodified
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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 2034DI (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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containing 1% volatiles, were weighed into a 1 litre
Modified dsR¢xapedighdiacanatg containing 30 Wt% modified nano-silica was

obtained.

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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of 68.5 wit% (determined in a circulation oven at 140 °C for 30 minutes).

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.
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nano-silica was obtained. 3he materi al possessed a
viscosity of 0.085 nPa.s at 5 Pa as determned with a
cone and plate rotati onal rheomet er (TA I nstrunments AR

Exang '
Into a ﬂéekmﬂ 3-oeolobd)crounm||=®0ttbhmkflaqkuqmmmped tvhths\a mechanlcal

strrel g 06 arbac Ryl S84 o SEE A RELFONET (o

Shem@lhtem.éw@)g (282 4ol eR10f mARNY- 6f MENO %& ABrd3) a8Rd F0.00
, 6- hexane di ol di acryl ate (ex Acros), 15 1.70 grans

gramsf camaRing 310 granmdw! dkrniveall¥) ogidesnanepagiclaslex Aldrich)

x Aldrich), 0.22 gram of
were%ﬁ%@mggt butyl -p-cresol, and 4.89 grans (0.01 97 nvol e)

The &imp&rearad ediosd td"%SeCVéﬁidgK‘lﬁﬂ thdfeefolr HRErat BUBs¥&Sently,
raised to 65C and kept there for 5 hours.
the BeBswiguBRES| sylovwméewm:mtal alssadventl had eyapetated. dhgeend

procesingll s 4o elor B rlRIrRR 4B YPhwiae insethy

Proxitein INgn d-pa iches s@ﬁrealonéd tinxaip| €ar?Ie Medipmsked iexbily by
nano-silica particles in 1,6-hexanediol diacrylate

stirringt o a 250 m 3-necked round-bottoned flask equi pped
with a nmechanical stirrer, a thernoneter, and a
distillation unit 55.00 grans of Nyacol 2034DI (ex

Exarﬁ;klecQ?Ndb@OR@ﬁ(t anodifigd A8no-8iliga aasticks imalBihys Proxiie)

o o i S B o e
stirreg,, %?ﬁgéfrﬁﬁ?n%fer”%hl' & o‘?ﬁ‘?ﬂlggﬁﬁﬁgﬁﬁb.gr@%n{% 8paﬁrl?{'ri:|¥f3f3roxnol

butyl -pcreso
basedf olgavMOspeprépares) inveceowsingeewith Example 5 except that the

organosol contained 35.5 wt% 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 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 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



The tenperature was raised to 65C and kept there for 5
hours. Subsequently, the pressure was slowy reduced

w0 nooendkss4 di still of all solvent and water. MNoPECT/ERIN06/063284
1, 6- hexanedi ol diacrylate containing 30 wt% nodi fi ed
nano-silica was obtained. Exanple 24 Into a 6,000 m
4- necked round-bottoned flask equi pped with a
mechani cal stirrer, a thernoneter, and a distillation
unit 12 13.20 grans of Nya&®l 2034DI (ex Akzo Nobel)

oo i sl TotbE B et Lo
gramaf S"é@ﬁegoht@g?q gg?ﬂ‘f/g & grgzgmmi% %(EQ? ﬁg %8%%@ 37 ex

char ge pressure ar at 370
DuP @@, ayichd@.00fgramsentdrthiidianido! vmlernvengbed were distilled
off, resultin |na bl uj qutlon

The Epporaliybanas (e B85S R ket o5y or e hawdenSipseauenty
the p?r‘eé@@fé \%%%I@W%é’t‘i O@\/gﬁﬂp‘éﬂ g éntohad Hva Wgé’Fég&ﬁ The _end

uced pressure a nt/water mxture ISti
prodoétf contained Eerfitodl wiv%8disparsomuntfi malifter irhnoesit@ntin oEthyl

o R A 1 9 T8 b S TAB AR Flow
coIOLﬂbétréélhs% Betainanplo M AR Nobef) HDTA fix A@'rlbﬁ tdn@lga resin

grans of distillate an extra 240 grans of
prepane@klata@cmcad/uéuExa@pte 210h &) 6/896:83%ur e of the
suspension was raised to 130C until another 260 grans
were distilled off. The resin was next diluted wth

Examl. 20 : dicnB8 alodifidd/ hams ellish @atiirles BOEIhg| PasKient of
W% (determned In a circulation oven at 140 C

Into BoPBR0MKi r5EE30 TENEHBPEORIST KEND SRUPRAGAVEN gnTiRsanical
stirref 3dfeftonieRd: b & Sistlafol IREPH arfs B BHER) PR

basetteorgamiosal separeer in aadcb&ianwet/\ah Eaadwrﬁe b s&xcbbattharmhe
unit 74.76 Pr.o X Shel |

orgapsat caiitgyedos Bowigea Po/G0sh SWiw) P45 Oceme). (392 grams

(solif\CESent a8 w4y 6of Lica 38 (CAS no. 103432-54-8 ex Kenrich

Petrochemicals), and 80.00 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 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



grans (0.246 nole) of 1,6-hexanediol diacrylate (ex
Acros) and 0.1 7 gramof 2,6-di-t-butyl-p-cresol were
wowedoghae34 Next 6. 00 granms of NanoByk 3600 (ex PCT/EP2006/063284

BYK- Chem e Grbh), containing 3.03 grans of alum num

oxi de nano particles, were slowy added under vigorous

m xi ng. The tenperature was raised to 65C and kept

there for 5 hours. Subsequently, the pressure was

slowy reduced until all s#lvent had evaporat ed. The

oduct c nt ai ned % st abl e spers
S"a”ﬁn%ﬁ‘\r eraan%rﬁ ﬁ'tﬁ\t%x? V\{%S@mél%fs pyyanol PRI w2 WaS added
over%,&arhﬁf‘éf nedh@l. diacryl ate. Exanpl e 26: MEMO nodi fi ed
titanium (1 oxi de nano-particles in Ethyl Proxitol

875 gnanms af 250 entSvateciédurcowec distitlemel dveaskperipd ppddours

uncie tedpPed T aRewIR, 1109 BEFTES ity BORALS el Pefleq nd the
temp%?ﬁ'uP Q&%Wg%@ﬁ% 118°820%6R R deiodlof s, Q‘Tﬁ‘éh?s) s@lf/eﬁ{'fé'\(@o(/@hol

cros grans containing 3.00 grans
PMAvategnivere dist)lledxoftiavhilenan paxtta SBesgr@ms Af dutyd hacetgteewere

acdef dARg oines CiyiFES S B e 1§ 5 Ke afptale Jpesh Sfdanosol
cont@hgyl 59.0af6 Qﬁoéﬁﬂéd |S|Iﬁ!ﬂa| né?r‘i& ﬁﬁﬂklé@@ie@é@ﬂﬁé@ttﬁﬂevgﬁlﬁatmg

end "product contai ned 1 W % di spersion of nodified
all sctlveniratJ#O(°O/DIS|0g|ac$CalteC§M§l) Oﬁ oxitol. Nano-particles

e 36 SEobe b SRS SRR vas

lowePfHdn ¢ b&%tei. N Et hyl Proxitol Into a 250 m 3-necked
round- bottoned fl ask equi pped with a nmechani cal
stirrer, a thernmoneter, and a distillation unit 80.00

trior [gn@ @bliiﬁaé"r pgw/o of coI I Oi daI Si I i ca (28 40 grarrs)
sol1d content is 59.5 w% of Tyzor ZEC,

Into 2 §08t wmrn@elé&da reved-podamed: Haﬁlateatmpqglmm a gigghanical
stirre? 92 WstPLATE LA, EhEY thBHASHRL: $566 d?ﬁh\%h&q\lyacol 2034DI (ex

Akzo Nobel) containing 17.36 grams of nano-silica, 30.97 grams of tripropylene
glycol diacrylate (ex Aldrich), 9.33 grams (0.063 mole) of vinyl trimethoxy silane
(ex Aldrich), and 140.00 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 tripropyleneqlycol 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



The tenperature was raised to 65C and kept there for 5
hours. Subsequently, the pressure was slowy reduced
wanitel13&B4 sol vent had evaporated. The end pr OPI/EP2006/063284

contained a 24.4 W % di spersion of nodified
nano-silica in Ethyl Proxitol. Nano-particles, on a 10
wt % | evel, gave highly transparent resins in Setalin
V442 (ex Akzo Nobel) and a resin prepared in
accordance with Exanple 2 42 US 6, 096, 835. Exanpl e 28:

TYZOR AA 105 nodified nang-silica particles in, Ethyl
Akzoﬁ?‘@%ﬂﬁ 89”131‘1@'69&%gﬁm%DgééRgﬁ”F@uﬁép@&%Bf frpsRylene
j it h hagi LT I efri
olyod CBRRflc e ARIERE " B0IeR ordhs (08171 Indlap PRy Plim By
silanbaked Addrignosoid IS8T giains at deoprapasoivdre Ewaiglied. 1The

temREEAICER WS 1086 18 SLg A KFBEs o 444 hut SyBasguenty. the

I {1 9 ; . mi
resi 80 Eh SRR R ol YR A By O e
AfterPil txihoals ke epressgiee svasT heduceap furdtarr i weder 0 hstill off all

t there for hours. Subsequently, the

65C d )
solveltg/A Do Rsch IS RE NS gBIE i 1 T ar T vel Vet had
In cE&YPRASEH afith Haarehid B OGHfiEh G8NhakBestdands - withtiHe present

~ dispersion of nodified nano-silica in Ethyl Proxitol.
invenNiamo-ysig iacs@entaof thet vadionegshilts dgane lawyisopus and well-

disporkdd RSB mAGRY I RS RofifapdhoPab ot fPat the
forméatioraef argéindenyeé the FReMBbepdsiibnE BxLRidle&Bbcafbanmtiled

29: Lica 38 nodified nano-silica particles in_Ethyl

and progessesl far meere£3sily than teneereasition /i Exampiada. f 1 ask
equi pped with a nechanical stirrer, a thernoneter, and
a distillation unit 80.00 grans of an Ethyl Proxitol

Exanbplee38 or ganosol prepared in accordance with Exanple 5

A oAy B e, SaSP sy S S Rl i gorams of
ot EBGTAEAAR B (53 gpodataipatolies tas
equippeskwitbla skirer, wethghadmeter, 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.



The tenperature was raised to 65C and kept there for 5
hours. Subsequently, the pressure was slowy reduced
wanitel13&B4 sol vent had evaporated. The end pr OPI/EP2006/063284
contained a 19.5 wm % di spersion of nodified
nano-silica in Ethyl Proxitol. Nano-particles, on a 10
wt % | evel, gave highly transparent resins in Setalin
V442 (ex Akzo Nobel) and a resin prepared in
accordance with Exanple 2 43 US 6, 096, 835. Exanpl e 30:
Sol vent transfer Intpo a 5 re 4-nec
The F%‘B”MP?H%\H&?I3a§R“de§l}'CﬁJ()/éiP%t'Pﬂabp%H}%ﬁ’V'yhf[he following
a thernmoneter, a dosing unit, and a
chargtibfififs: ng unit 1306.9 grams of Nyacol 2034DI,
C(ﬁmlmimnﬁgnt449 57 granms of colloidal 99.1i%a, and

60. 35 ns, of wanol PM ex Shel | als were
V\er?wgeq e?te%'gﬁgture was rai sed t‘?@gq@m qat whi ch a
M 2ggCecdte ZRPplfe Oiedsint 1 . 434 nol esgpof propyl

trimet hoxysi | ane 77.44 "grans of water, and 259.1 6
griwBber arragacNolesulaa weighiday ope; a ©88%od of 1 hour.
875 grans of a solvent/water mxture were distilled
off over a period of 5 hours under reduced pressure.

Into hoﬁoogmmsn@t:kwtruhn@@@tt@h@o\/\/ﬁé@k aaﬂmwdwtrh@ mechanlcal
mper at ure was raised to 11

Stirreh A RRBraIIAL Ace AeIINGeK 180 BP " aE T ea Paa4BH, 7,28
gra b fﬁe I%’(éfy@d?r} nelighz| &gl r'ﬁ%kyén@?gbgér‘éﬂfé“;{f%%%l PM

atlon, acetate
(metb@qeﬁ-pmom’mml D@W%emm@sﬁ@eﬁa weigheoldi fi ed silica
nano-particles (determ ned by evapor atl ng all sol vent
The élonlfmn@g@mw dispession cwaphent §9* p%’rd:é#ﬁ‘@&@eregﬂced

e R P ARV Py SN 5

a homiobeneommslmlﬁheml nano- si I ica particles in tripr opyI ene
gOBg di aFr | at e

Next gram of maleic acid was weighed in and a mixture of 11.09 grams

(0.075 mole) of vinyl trimethoxy silane in 11 grams of Dowanol PM was added

over a period of 1 hour. The temperature was gradually increased to 50°C and

the pressure reduced to 30 mbar over a period of 2 hours, with solvent being

distilled off. After 50 minutes the reaction was stopped.

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 ¢
Dodecandioic acid 236.9¢g
Actiron NX3P' 189
Modaflow I 16.9g
Benzoin 39




Into a 500 M 4-necked round-bottoned flask equi pped
wWith a nmechanical stirrer, a distillation unit, and a
wo b@oeset er 56. 00 granms of Nyacol 2034DI (ex PEwBP2006/063284

Nobel ) containing 17.36 granms of nano-silica, 30.97

grans of tripropylene glycol diacrylate (ex Al drich),

9.33 grans (0.063 nole) of vinyl trinmethoxy silane (ex

Al drich), and 140.00 grans of Ethyl Proxitol (ex Shell
Chemi cal s) vvere wei ghed. T tenperature was raised to

AC'[II’OHE}&39 |metp)ggm|n08t9 rI Bhefggbj{r\%/w abgéo%sg&uenlﬁﬁry bea;e pr?m )rnthron

e vvas
: '\"Od%i'P‘f’ '“t'shaé1 atcdey BTG EARte ARfoeaPesIicT R HrRdenFEs was sl owl y
reduced over a period of 3 hours to 18 nbar in order
A cld 61?]‘%% o&fid Q/\lle{s FRNFAL ﬁredTBZ Bin ﬂfﬂdt}%‘% }P%%%ﬁs of
ly FIah spar ent an possesse scosi t
Tabl@ 1055 a’ajry rax E’ablasdekeaed rthae deeding thecomeEoaadwpl atew

exinue Bap oA B A A3 Ol 151G TTeR g e Flec Tt on a

chﬂle@ﬁl‘afé 8Hd HRORsrS Ub'n% é}%é \Aﬁﬁ@rﬁvde'ﬂe ‘gPétH{cPWéﬁr}ﬁBh&‘tCﬂhl and
diacrylate Into a 4- necked round-bottoned fl ask

SIeV@herawoﬁHn@rmmﬁmtoa/lleldta powder coatingt i | | ati on
unit, and a thernoneter 63.40 granms of Nyacol 2034DI
(exAkzo Nobel) containing 19.65 grans of nano-silica,

The 3s0fing" Powddr fcbamﬁ@pwbgngf@hy@Oble@tragfaybanﬁ {oeXuntreated
Al drich), 10.56 grans of vi nyl trlmsthoxP/
ear

alumijiyrrieanealx anddrured yn Oé{ﬁﬂ spt &t 9805 dat 3BFminsiégs Epaia ¢
to 65C and
glossyF ot MOt (iR EEPEs LG 7038 . o esour e

was reduced to 436 nbar in order to distill off a
wat er / sol vent m xture. After VA hours the pressure was
Exa d further in order to distill off all sol vents.

. . it h
The (oFedr 1o PrEREIS tRFboYBRel R RECond il PP St
i nvention, using a solvent of the invention results in
a | ow viscous and wel | di spersed resin conposition,

St—aq@oﬂer eas using isopropanol as solvent causes the
Ingredient 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.



formation of a gel. Hence the resin conposition of
Exanple 3 1 can be handl ed and processed far nore
weawbl1yesshan t he conposition of Exanple 32. EXBOPER2088063284
A gl ycidyl-functional acrylic polymer was prepared by
chargi ng 441 grans of nethyl isobutyl ketone (M BK)
into a 3 litre, 5-necked round-bottoned flask equi pped
with a stirrer, a thernoneter, a nitrogen inlet, and a
refl ux condenser and then 4#®ating under a constant
ni trogen bl anket to the boiling point of the M BK
Stadeyke a steady reflux tenperature was attained, a
] ; late, 114.8
The ég@r}egnr?%?aé-oﬁ?%y @9@%3 a%g?blu%gtfg?g&w% of styrene,
4 10 grans of glycidyl nethacrylate, and 24.9 grans of

The BERbshngR ogoist 2003 BEldke SEmPRon S5 a8t e biyarony
cont%’gtg(ﬂﬁ-l of) iadHicdsuRRT and RBAHRME® td thel thedréficdIH3IAr¥B &/ alue

ed, with reflux being maintained for a further 2

(52. ) dadetermire treaglyrolloss.xt ure was cool ed until reflux

st opped and t he condenser changed to a distillation
set-up, after which the flask was heated and the M BK

To corboVER glybblt lods] Ne@berayinggodienas avdedsiorbeadcior negéther
at reduced pressure, using a vacuum punp. During

with dj stillation the reaction product was allowed to

' d e N LLPer at ur 0- 190C;, once
ISOp}gﬁgg??ﬁgti on1 céaged [ t(fgggncglléschar ged to an al um ni um
Adipicraxyd and al | B3@edigt o can¥0 hinder eacti on product was a

sol i I yci dyl -functi opal | ymer with the follow.ng.
The 3fapdcafire e S Bortel L Aaar ansbine dpasdorywas Maintiined
unde‘?%“hin%P@thlaY\’ﬁde@%iil roQ{n'T‘é’[leIngfb g%f%’[@r 89 oBlieéted in the

viscosity: 56 p Nunber average nolfecul ar wei ght (by
DeargfcStarlos@dFatait o a 500 M 4- necked round- bottonmed

flask equi pped with a nmechani cal
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



stirrer, a thernoneter, and a distilling unit 60.00
granms of Nyacol 2034DI, 57.28 grans of the solid
w@baoeitabpB4 f uncti onal pol ynmer, and 259 grans of PODRRI006/063284
PM (et hoxy 2-propanol ex DOW Chenical s) were wei ghed.
The non- honbgeneous di spersion was heated to 30C and
under reduced pressure 66 grans of a water/Dowanol PM
m xture were distilled off, resulting in a honbgeneous
sol ution. Next 0.05 gram of6 mal ei ¢ aci d was wei ghed in
and a m xture of 11.09 grams (0.075 nole) of vinyl
trinmethoxy silane in 11 grans of Dowanol PM was added
v [ I
o AE50TEY 1REKGL BulIBoroRi IBTRUGHARI Wl 3 Hehahlea
stirrepy ardistillireg uod, ahd 2 Hwrmometiet B9sHl gearns ldithg ptilwastéd eabin
ter 50 m nute he reacti on wa t ed. .
and Eaing a'edhs Ap Y] Pl eI ne meBled SR AL vester resin
was 8?3@8@/@.%’[_"6%98 agt?fa%glﬁﬁ)mr o%%én@&ﬂ (BREBAES iF BAWANAE similar
to the, prcmeldureé clesetibgd am Emaaﬂnpid )p heorddinB QP48 aktSe rureabdifed
base f ron w | S _an
nancSg A RariaiSe trdhVt BroREh s SPBRHsh Wi R3S Brdfeue27
moleﬂﬂmlﬁWtﬁm‘étﬁéﬁﬂélIW@'@E PePG4d) NT hweso VU as trafRAleBYin an
nbi ni ng the conponents of Table 1 as a dry mx in a
oventétqmd)ecrc angdo iy, feeding theminto a twin screw
extruder operating at a tenperature of 115C. The
extrudate was rolled flat on a chilled plate and
broken up into chips which were ground in an inpact
xamplel36nd si eved through a 106 micron nesh to yield a

A pogo@&y CorB0etdTiousinG: M, &b iy St uSRab BRRT from the

fo||o\pﬁ§qh§re@%t§ur ed in oven set at 140C for 30 mnutes to
form<Tlear glossy coatings with filmthicknesses of
bet ween 50-70 mm Exanple 35

Ingredient weight (g)
Polyester resin of Example 35 64.9
Primid 3.4
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 process for preparing the polyester resinis
conducted in tw stages: Stage 1 The above
w0 n@poasisent s, together with 2 g of Fascat 4 10PCT/BP2006/063284
processing catal yst, were charged to a 5 litre
round- bottoned fl ask equi pped with a stirrer, a
precondenser (to mnimse glycol loss), a main
wat er - cool ed condenser, a Dean and Stark water trap, a
t hernoneter, and a nitroge417gas inlet. The stirred
acfion mxture wa eSS| vel C,over
This el el eS ol SaL e LGS TLe! ¥ A8 2R0C ey,
r C t S
foed R Py oo oS paftbls 2% RN MRCeREtRIOrh ot
200 °Cdor i1 édnmlurteeaemétal teomgeraiure).nfhe teseltingsfilcoobed ¢learglossy
0C before anpl e taken and the Hydroxyl content
coatlp@rt]a\\;)n%g glﬁn%@fﬁp 2§%r ed to the theoretical
Hydroxyl Value (52.1 ) to determi ne the glycol |oss.
To correct the glycol |oss, neopentyl glycol was added
xam@Iet e reactor together with Isopht haI ic acid 132.8 g
A & Adl(gnc .aci d 58I gt e, The stirred
PO FQa RePdq2t BOYS eﬁdeéHbl %We e &OOKYnGRYS Was
prep ﬁ@dﬁ&hﬁﬁé‘f&l&ﬁﬁ%ﬂqg?e&%ﬂ#n bl anket until
approxi mately 27 of water had collected in the Dean
& Stark separator. At this point the reaction mxture

ms—eeﬁ—ed—t—o%eeand—n‘ml—qté—ta(ryed at this
9 éqﬂ;erature for one hour WHYY 'Y partial vacuum (of

Pon@éi@HFes?rgof E%é‘ﬁhﬁleo?ﬁ mercury) gz agplied in or_der to
renpve any reS| dual trace of water|]. The reacti on was

EpoxanneGWe(cﬂyn&)Sbr oceed until an188 d Jal ue of

Titanium qioxide 4. ed.
Blanc fixe 6.0
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 pm.



At this point the vacuum was rel eased and the pol yner
was cooled to 190C, discharged into a stainless steel
wo ey 13 al | owed to cool to roomtenperat ur ePCHEP2006/063284
which point it yielded a brittle transparent solid
with the follow ng properties. Melt viscosity @200 OC
(ICl Cone & Plate visconeter) : 60 poise Acid nunber :
33.0 ng/ KOH g Hydroxyl nunber : 5.5 ng/ KOH g Tg : 62.5
O0C Nunber average nol ecul 48 wei ght (cal cul at ed) :
94Into a 250 m 3 necked round-bottoned fl ask
CLA i pped with a nechanical stirrer, a distilling unit,
and a thernoneter 39.51 grans of the polyester resin
and 158.04 grans of nmethyl ethyl ketone were wei ghed.
1. 'lmprqnels;zéelt prreplae'sgra maslifigiddsotganit axyghordaingrg phitichlate
he O.I‘ anosol. &Q% g red in a mnner simlar to the
epithe

W%t@é'a ?%mB@@ qas c?éxarrpl e 1) containing 34.3 wt%

W) opelbarirefl anﬁﬂﬂuﬁé lof Can %Dbb@é %%sb@nﬁbh)’d)f ﬁfo@%}érﬁ@'o%%n-
combi ned Wi t grans (0.0 nole) of vin

t r matanmg mrthﬁete( Bateial ang) an wi@owdﬂte@ rﬂlcq/b@é, aceaislirgl to
ﬁ? oyrﬁg at 170 0C at 20 nbar. Exanple 36 A powder
z; ﬁ %‘prISI ng primd as curing agent was prepared

fromthe foll ow ng ingredients Ingredient weight (Qg)

Pol yester resin of Exanple 35 64.9 Primd 3.4 Titani um

di oxi de 30.0 BYK360P 1. 4|Benzoi ngQ. 3 A white gl ossy

finish was produced by cenbi ni ng The conmponents as a

dry 0

where Rj is a C1-Cg 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;
¢) 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), c) or d), or after step d);
and optionally converting the first resin precursor into the first resin before,
during or after step ¢) 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



bl end and prem xing themprior to feeding into a twn
screw extruder at a barrel tenperature between 12Q0C -
wA@oa3653he extrudate was rolled flat, chill edPCEHREPR2006/063284
broken up to produce a "chip". This was ground in an
impact m |l and sieved through a 106 m cron nesh to
yield a powder coating. This powder coating was applied
el ectrostatically, using a GenaPG 1 gravity feed gun,
t o bonderised al unmi ni um pa#el s and stoved in an
el ectric oven at 200C fog 10 m nutes (netal
tenperature). The resulting filngwas a cl ear gl ossy
coating having a filmthfckness 50-70 mMm Exanpl e
37 A powder coating conpfi@ing ol yester resin and
an epoxy resin was prepafed Hf ol | ow ng
i ngredients: A powder wag produced and applied
followi ng the process as outlined in Exanple 36. This

powder applied tp degreas i ron phosphat ed steel .
Pardscla B Gut e LGOI P AT eyl and n s
tergp]qthfaé” ggérr?ri)olrﬁ"?tBrSoduce a snooth, glossy film The

resul mwas a clear gl ossy coating having a
fla)ladding aKingigesiofargiior7a firahrE&siApcUursor pr ocess for

pr.e i ng a nodified |.norgani en- cont ai ni ng

s Ating dog of fareicgpoling et g HAMLESS o o)
RY)&iptibhAly addnytdisecetd RIBIREHERY S SetpRINesPpikursor to the
I nor gani ¢ oxygencontai ning particulate material and an

al Kesyltiag atixtare;sinsl, according to the formul a where Ri

Aot Sollpfaliy ellr B febfbved s Rag BRRRAR £op Heigure
bdibresdr digiigstap®) o) & d)i oeafterestep )y ecur sor;
and optionally converting the first resin precursor into the first resin before,

during or after step ¢) 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

@)
R7 OH
n
wherein Ry is a C1-Cg 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,



c) adding one or nore coupling agents to the m xture;
d) optionally adding a second resin and/or a second
WO e@on3gssecur sor to the resulting mxture; andP@ITEPI061063284
optionally water is renoved at |east partially from
the 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 ¢) and/or the s#ond resin precursor into

the second resin after ste ). 2. A process for .
pYReramn Qetlgn@@dmt%rdlsc@mgg%&ati Iﬁgﬁbg%rt@?ly f'?om the mixture
Q:z@r@r%rrcﬁmr@ b ®) BACH ISRy (dpegri al compri sing the
steps of: a) preparing a mxture of an aqueous
sashepisdratly afonvedingatiiecfitsk yggnquetaisor igophetfirsulesire after
r%ter}al and an al koxyl ated al cohol according to the
%ofMfl-awherein R is a & C 8 al kyl or phenyl, R2 is
hydrogen or nmethyl, and n is an integer from1l to 5;

m adding a first resin and/or a first resin _ _
GEoeessr aceyrding@diongnyrimeopf giei@schipld miesgienthe inerganic

t 1 Xt ) opti |1 iing. a d [

o8 oot RRUCAER; ShaRdE "B e REERA i gre groun
rdoxiksistiag @hdilicahelghimag Rilimiradmy trivgidedte] sitaromy elibxide, tin
| east partially fromthe m xture before or during step
Xides ynpmdn o¥deandeFing pxidled) ; and optional |y
converting the first resin precursor into the first
resin before, during or after step c) and/or the

e poocksseaceordingctor any dnet of cladmset aodt méwirginatheeinorganic

step d). 3. A process for preparin modi fied . ,
oD BB RN IRiBR AT Bte, GeHTal s SRR EMIGRIS Hedenised prior to
géshy.al conprising the steps of:

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

R>
0
R OH
n

wherein Ry is a C1-Cs 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
obtainable by removing the alkoxylated alcohol from a suspension
obtainable by the process of claim 1 comprising modified inorganic
oxygen-containing particulate material and an alkoxylated alcohol
according to the formula



w@bkwongdsat ed al cohol

10.

11.

a) preparing a mxture of an aqueous suspensi on of

i norgani ¢ oxygencontai ning particulate material and an
according to the fornul a MIBERING6/063284
R is a CC 8 alkyl or phenyl, R2 is hydrogen or
methyl, and nis an integer from1l to 5; b) adding one
or nore coupling agents to the mxture; c) optionally
adding a first resin and/or a first resin precursor to
the resulting mxture; and@Wherein optionally water is
renoved at |east partially fromthe m xture before or
during step b) or c), or|after sggp c); and optionally
converting the first res{n precufsfor into the first
resin after step c). 4 .|Aprocess| according to any
one of claims 1 to 3 mhgféin IRorgani c
oxygen-contai ning particul ate natdrj is selected
fron1the group consisting of silica, alum na,

e S BB 8RS R St pebicd 88 and n s

a&t ey rd A 13fdys.one of claims 1 to 4 wherein the
i norgani c oxygen-containing particulate material is

silica which is de-ionised prlor to step a) 6. A

ARET HoftbRiiars PR IR Ay K S hedobalies. gt claims 1-5
WrﬁprcsM@trﬁodnﬁé@ruhaigamrtd ng@hie@mdmhgdpﬂtég@m& m?(telrlal a

according to the fornula wherein IS y
dirstohrarpr a secongd reainoged ar alikexyiated aleghel ascerding to the
|§ g from1l to 5. 7. Adry powder of nodified

[ org ni ¢ oxygen-containing particulate materi al
obt ai nabl e by renoving the al koxyl ated al cohol from a

suspensi on
R2
@)
R1 OH
n

wherein Ry is a C1-Cs alkyl or phenyl, R; is hydrogen or methyl, and n is

an integer from 1 to 5.

A resin composition obtainable 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.



12.

obt ai nabl e by the process of claim1 conprising
nmodi fi ed i norgani c oxygen-containing particul ate
woradoens@@B4 and an al koxyl at ed al cohol accor di ngP€DEP1966/063284
formul awherein R is a & C 8 alkyl or phenyl, R2 is
hydrogen or nmethyl, and n is an integer from1 to 5.
8. A resin conposition obtainable by any one of the
processes of clains 1-5 conprising nodified inorganic
oxygen- cont ai ni ng particul5£(3 material, a first and/or
absecond resin, and an alkox %ﬁd alcohol accordin
tA NBRBCPHPRSI: Mderal ?P'ﬁP”%‘E ¢ 1§ RY9/0p2 B resin
F&%d 8 nﬁb’d# QYo nlg%txg%ém c@ﬂfélrﬂn ﬁ&dl&%‘?ﬁgferlﬁf Smailr}able
. re5| conposition obt i nabl e by any one o
thyearmoneeé’dﬂie processeaalf daiBnsdiipri si ng nodi fi ed
i norgani ¢ oxygen-contai ning 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 claim9
and a curing agent.12. A nanoconposite 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 obtai nabl e by any one of the processes of
clains 1-5.



