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present invention relates to a process for 5 providing a protective
coiulng on a substrate so as to inpart to the substrate resistance to
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t 0 under gpodycarbonates have inherent drawbacks, particularly with

15 regard to poor abrasion-resistance, but also with regard to

poor resistance to degradation by UV 1light, and poor
corrosion resistance on exposure to organic solvents.

In order to address these problems, protective

coatings have been applied on to polymeric materials.

20 Silica-based materials have been widely used for this

purpose, typically made by colloidal sol-gel techniques, in

which silica particles coalesce and ultimately gel to form

an extensive silica network. However, these materials offer

only limited protection. Furthermore, due to the inert

25 nature of these materials, and in particular their 1low

levels of cross-linking, there is little scope for further

improvement in either their performance or their
versatility.

_ Coatings provided by way of polymeric sol-gel

30 techniques have higher 1levels of cross-linking, and

therefore significantly better mechanical and chemical

resistance than the conventional particulate-based

materials. Typically, in polymeric sol-gel techniques

pPrecursor molecules, such as alkoxides, are hydrolysed in

35 a mixture of water and solvent, and proceed to undergo a

transition from a sol to a gel state by polycondensation.

Unfortunately, however, removal of the solvent after
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gel ation, B9WEPEd drying or by natural evaporation, BGI/CRIYEIE3 stresses
within the gel structure, which at coating thicknesses greater than around
1.5 mtends to result in cracking, amrd a |loss in performance. One 5
approach to coping with this restrictionis to apply multiple thin
coatings, OsddFignwi &y aferesdi davingnior dfy npetwraBOeyemorathonever, this

|s| cunbelrsﬁfmrodﬂdes n@teasgériom&%ﬂuﬁt Itthe @eit Ssuam:l:xﬁéesﬁ mﬂ&kta in ded
relatively ere c t hap m are neede
conposite F%(%rg&g i cﬁg%ié%%?%e?m?%??ﬁef% rHer%‘lec'ir)y’érﬂ te‘fﬂ%sé%at erials
are typi caFepupkepar egragkingor godat & ndoss pin yperitoxancer gandaeconponent
into a=ol kppdahcholtgeto fﬂgtmhar\guasr ergfPe] didd Yikergwd o ?BI}{?CERSU)
(Organi cal %2 sgdbflled 3‘ Cﬁg?CE can be thoug Hf-

conprising a P B 9% 15’:?5' SYeheY T a;j‘a Mete®fwi t hin an
organi ¢ poRfnee Ifecpste. Haweyers thmt:lsecn.lmberpemet ranid dmcretwesn t he two

networks. WhokAcEBSR! icBkesOf ahlll SulzdrerdAliRd elat k&mﬁb@i £ Ja
abr asi on-resi gtant coatings, at oxide |oadings of around wei ght and

above, where26pPERum hardness is achi eved, t ransparency probl em; have been
encourk®r ed. Fﬂheher nepat ingd i [thicketri vtahgmr erent Ipm nexte ofmeleldede

materi al s &amgoseeéeﬂnéﬁg&w@/o&rgah&@aaa&was Havil Y ﬁg.?aq,g, q.0" hi gher,
renderi ng em utr‘l‘ggét abie for ﬁ-it I on Lsg)st rates
sof t eni ng polAts e ?hae?emﬁ?%g'é:? YsEﬁ%??ﬁ? yha?\ﬂqﬁﬁpé’(ﬂattéﬁ‘snﬁ poi nts of
150C or I@ﬂéhfmel'heabbewmﬁmn eémpanerte nptoa U rldedidalg smt-gellal s 30
whi ch do ng tys&Hi;:]\f ea?ci 8 E;Eﬁegiéé(\ihﬂﬁcé&rﬁh bﬁlﬂo&ﬂ@ré&ga‘}ﬁ%@ﬁ&) | ca- based
mat erllags 5«%&1%18&6 geré.mn\./c(:asr)y mJCORI*'IOCI:."RS m%:an be thought of as
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particles within an organic polymer network. There is
little interpenetration between the two networks.
While materials of this type form relatively hard,
20 abrasion-resistant coatings, at oxide loadings of around
25% by weight and above, where optimum hardness is
achieved, transparency problems have been encountered.
Furthermore, until relatively recently most of these

materials have tended to cure at temperatures of around
25 200°C, or higher, rendering them unsuitable for application

to substrates having 1low softening points, e.qg.
thermoplastic substrates having softening points of 150°C
or lower.

The development of low temperature coating materials
30 which do not suffer from the draw-backs of the hitherto

used silica-based materials is, therefore, very much in
demand.

Summary of the Invention

According to a first aspect of the present invention,

35 a process for providing a protective coating on a substrate
comprises:
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I nvention, 35 a process for providing a protective coating on a substrate
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respolrg ible fokcgggdfx)l(g et'!ol eami:hird aspect of the present invention,

a coating composition comprises an homogeneous mixture
comprising an inorganic sol and polymerisable organic
species, the inorganic sol being cbtainable by hydrolysing
hydrolysable inorganic monomer precursors to form inorganic
20 monomers,
Other aspects of the present invention are defined in
the claims, and described in more detail in what follows.
The coatings of the present invention are formed of
composite materials which embody a more intimate mixture of
25 inorganic and organic components than has been achieved in
the prior art. The high levels of transparency that can be
achieved supports interpenetration of the inorganic and
organic polymer networks on the nanometre scale. It is
believed that this level of intimacy of mixing of inorganic
30 and organic components may be responsible for the excellent
performance properties of the coatings of the present
invention.
More specifically, the coating materials of the
present invention may be formulated to have excellent
35 abrasion resistance, hardness and flexibility, and lack the
tendency to crack, i.e. they form continuous coatings.
They may also be formulated to resist attack by chemicals.
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text of this Appllcatlon, an omogeneous mixture is one

which, when observed by the human eye, is essentially
uniform and not partitioned into separate phases.
Therefore, while the inorganic and organic phases will
exist on the nanoscale, they are not apparent on a larger

20 scale.

The present invention preferably utilises at least two
different types of inorganic monomer. Each inorganic
monomer contributes to the overall inorganic network. It

_ is theorised that one of the inorganic monomers is

25 primarily responsible for formation of the bulk of the
inorganic network, whereas the other inorganic monomer,
while contributing to that network, may also act to promote
compatibility between the inorganic and organic networks,
or act in some way to engage those networks.

30 Polymerisation of the inorganic monomers is initiated
by hydrolysis of hydrolysable monomer precursors, and
subsequent polycondensation of the resulting monomers. 1In
the context of the present Application, by an "hydrolysable
inorganic monomer precursor", we mean any inorganic

35 molecule which is activated by hydrolysis to a
polymerisable inorganic monomer, which, on polycondensation
with similar hydrolysed monomers, forms a sol (inorganic
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to an oxide ceramic material, e.g. silicon, aluminium,

titanium, zirconium, yttrium, or other transition metals.
The inorganic monomer precursors for use in the
present invention may be any of those conventionally used

20 in polymeric sol-gel techniques. Examples of suitable
inorganic monomer precursors include alkoxides, substituted
alkoxides, having one or more non-hydrolysable groups, e.qg.
alkyl-substituted alkoxides, nitrates, acetates, halides
and mixtures thereof.

25 The preferred inorganic monomer precursors are
alkoxides, and the most preferred are alkoxysilanes.
Although alkoxides of any of the above-mentioned inorganic
elements may be used, mixtures thereof, and mixed inorganic
alkoxides, for instance mixed silica-titania alkoxides to

30 name but one. Indeed, such mixed inorganic networks may
give rise to benefits suited to particular applications, as
will be described in more detail below.

Suitable alkoxysilanes for use in the present
invention include those having the following formula:

35

SiRYL,R%, (ORY) .
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Aand h.can

compvggzliglllsers", can also be selected from materials
having the above general formula, provided that their
pendant groups, or ligands, are different to those of the
primary inorganic network-forming species and they include
at least one non-hydrolysable group. The non-hydrolysable
groups can vary widely from relatively simple hydrocarbon
groups, for instance alkyl groups, to groups which are
difunctional or multifunctional in nature, and which can
give rise to three-dimensional networks. Preferred
substituted alkoxides are those substituted with an
ethylenically-unsaturated group or an epoxy group. Suitable
examples include vinyltriethoxysilane {VIEOS), 3~
(trimethoxysilyl)propyl wmethacrylate (MPTMA) and 3-
(glycidyoxypropyltrimethoxysilane) (GPTS).

Another option to using inorganic mononier precursors
which differ in the nature of their pendant groups, is to
use inorganic monomer precursors containing different
inorganic elements, although it remains important for
optimum results that one of those groups of precursors
contains a non-hydrolysable bond for improved compatibility
with the organic component.

are
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range 0. 75enyigenment, for instance if prolonged curing of the:
coating is necessary, in order to achieve the necessary

hardness or abrasion resistance.
The preferred ratios of inorganic monomer precursors,
20 expressed as primary network-forming species: secondary
network-forming species, lie in the range 0.75 to 9, with
the more preferred ratios lying in the range 0.78 to 0.88,
and the most preferred in the range 0.8 to 0.86. These
ratios are particularly suitable when the primary network-
25 forming species is a tetraalkoxysilane such as
tetraethyoxysilane (TEOS) and the secondary network-forming
species is a single-substituted alkoxide such as 3-
(trimethoxysilyl)propyl methacrylate (MPTMA).
In order to hydrolyse the inorganic monomer
30 precursors, water is either added to the inorganic monomer
precursors, or is synthesised in situ. Typically,
hydrolysis of the inorganic monomer precursors is achieved
by formation of an homogeneous mixture with water and,
optionally, an organic solvent. Alternatively, the
35 precursors may be dissolved in an organic solvent and
water added to the resulting solution in a controlled
manner, as is conventional in sol-gel techniques, to avoid
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nonomers. selection of an appropriate material, it may be possible to

avoid the use of organic solvents altogether, and simply
use water to suspend the inorganic and organic monomers.
This would be particularly desirable in view of current
20 environmental pressures on industry to reduce emissions of
volatile organic compounds (VOC's). '

If, as is less preferred, water is to be synthesised
in situ in the reaction mixture, this can be achieved, for
example, by including ah alcohol in the reaction mixture

25 and then adding a weak acid, for example acetic acid, again
in a controlled manner.

It is preferred to use a catalyst to initiate
hydrolysis of the inorganic monomer precursors. Suitable
catalysts include any of those conventionally used in

30 polymeric sol-gel techniques, for instance mineral acids
such as hydrochloric acid, sulphuric acid and nitric acid,
with hydrochloric acid being the most preferred. Only a
small amount of acid is needed for this purpose, for
instance as little as 1 x 10 moles acid per mole of

35 alkoxide, generally at least 1 x 10~ moles acid per mole
of alkoxide. Although, depending upon the nature of the



This woul d be particularly desirable in view of current 20 environnent al
pressures on industry to reduce em ssions of volatile organic conpounds
(VOC s). Iwoomes3dss | ess preferred, water is to be synt h@ET/GBOO3643 Situ in -
the reaction mxture, this can be achieved, for exanple, by including an
al cohol in the reaction mxture 25 ang then adding a weak acid, for exanple
acetic acid, again in a controlled manner. It is preferred to use a

catal yst tpnd atﬂl@t e monpaee! Yorec@fsdhe, | NFGVLyeiBDNAERT PEOEEESGOrS.

Sui t abl e cat al yst lhncl ude any of those conventionally used in 30

pol yneric e %1 c‘tugg'ﬁm ques, for instance mneral acids such as

hydrochl ori ¢ ac'll‘h!B smppntr iof awpieandised rie 4died, ProFess hydr okhgoric acid

bei ng the i@@énﬁlrdﬂ ¥hoRdd ?@h&ranﬁnpélsﬂmwen@f tacwdtcalpeedsmf or this
pur posg i,nst ance_as
e,

ittle as x 10"4 t@g& 1‘u_rol e of 35
al koxi %eFBPF?a%’r°| IQEPTET PREAETSFEs £ 'rml St &Fkoxi de.
Al t hough, depenti npompohhehenatuxs e off phesmmeqmmmﬁ@ooimsms 9
i norgani ¢ PDAOITRL dI CEHE S QhubibelY P! W ?H§oﬂ9§aﬁ’1@c%ﬂds5m&n€ﬁé§| y. The

amount of wat &l used |gathe Jrocess o t he nventi.on $houl gﬂerally be
suf fi ci ent SO ol ysSH IS Wa Fhor §8ni (?‘?ﬂ?ﬁ'ﬁ ttfi%or &€ and will,
t her ef or e, pobyperntansatiche reactiomnf ifhosdldr ceer sots, n@mallry bert i cul ar
the n%‘oerre&umék Q;ld'%%@ 8 b%%éépmyhh}s sEB1¢ Abdhd RRAALS Sav@ber i S

produced du ol ycondensa |on r he not normally be
10 requi reﬂ g‘ﬂﬁgbsélc fzs\b?%rmaﬁ’y FOP% dﬁ’gﬁﬁeéo alJ.or at5, "8 t hough
such rati owhexs behesednptgdescredonﬁmarl npreqgesorsiheacet h&eknar gani c

NDNONEr prges §1aa{e% tQfaﬁhgaEEQX-YEyhé‘Gﬁfsaﬁ@|H?ﬂ1<fsourpﬁé‘£@&'@.bl§ab| e
bonds, preferab

f hi bond
approach 15h8. ‘3°i/%ﬁclﬁa‘ﬂ9at af{ H”«?tr?lﬁlogg’ dfg??’%a%?é/%ﬁ Saé’tl agl%%oiy\é\iﬁl anes
wi || &Bproach, 2such Hihgitethanpolas wit igaodr watgr teetpal koxysilanes

will approach 2:1. Higher amounts of water may be used,
but as unreacted water must be removed prior to formation
of the final composite, this is less preferred.
Additional water may be added after initial hydrolysis
20 of the inorganic monomer precursors, and also on mixing
with the polymerisable organic species, although the latter
is less preferred.
When different inorganic monomer precursors are to be
used in the present invention, as is preferred, hydrolysis
25 of those precursors may be conducted separately from one
another, sequentially or in combination, i.e. in one pot.
Generally, separate hydrolysis of different inorganic
monomer precursors is preferred, as it allows greater
control of the sol-gel process, and gives more consistent
30 results in terms of coating properties{?]. When hydrolysis
of the different inorganic monomer precursors is carried
out separately, and the resulting sols that are formed are
them mixed together to form an homogeneous mixed sol. It
is further preferred to age each of the different sols
35 prior to mixing them together, preferably isolated from the
atmosphere e.g. in a sealed container, to enhance storage
life. Typically, each sol should be aged for a period of
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spontaneously, typically over extended periods of time e.g.
up to several months or significantly longer, for instance
for a few years. The 50l ages, and ultimately, when
20 inorganic polymerisation is substantially complete, forms
a gel or inorganic polymer. The ageing process may, if
desired, be catalysed by addition of a small gquantity of
mineral acid, and may be accelerated by raising the
temperature to more than 25°C, typically to within the
25 range 30°C to 100°C. Higher temperature may be used, but
may be limited by the nature of the organic monomer,
and/or, if the composite is to be used as a coating, the

nature of the substrate to be coated.
In some cases, however, slow polymerisation may be
30 preferred, for instance to enhance the shelf-life of the
product. This is particularly important in the context of
coatings, which must remain relatively fluid for
application to a substrate. Then, on application to the
substrate, both inorganic and organic polymerisation may be

35 taken substantially to completion.

The process of the present invention requires
formation of an homogeneous mixture comprising an inorganic
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inorganic and organic polymer networks in the final
composite material.
The degree of ageing of the sol prior to addition of
20 the polymerisable organic species affects the properties of
the resulting composite material. For instance, if, as is
preferred, the polymerisable organic species are not added
to the sol until hydrolysis of the inorganic monomer
precursors is substantially complete, the resulting
25 composite material will take on more of the properties of
the inorganic polymer than the organic polymer. The final
properties will mainly be determined by the loading level
of the inorganic phase and the inherent nature of the
inorganic and organic components. Completion of hydrolysis
30 of the inorganic monomer precursors may be determined, for
instance, by any technique capable of detecting the
presence of free water in the system, for example NMR,
FTIR, etc.
Typically, the sol will be allowed to age for several
35 hours before adding the polymerisable organic species, e.g.
for at least twelve hours, or for a day or several days,
depending upon the properties required in the resulting
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solvent which is compatible with the overall sol-gel

process.

The nature of the polymerisable organic species is

selected according to the properties required in the final

20 coating. Typically, the polymerisable organic species will
be selected to provide strength and abrasion-resistance
and, where desired, transparency. Furthermore, if chemical
resistance is required in the final coating, for instance
resistance to swelling or other damage on contact with a

25 solvent, it is desirable to employ polymerisable organic
species capable of forming two-dimensional or three-
dimensional, i.e. cross-linked, polymer networks. Such
polymerisable organic species may be considered as having
difunctional or trifunctional reactivity, in that they

30 possess two or more reactive sites available for
polymerisation,

It is essential, however, that the polymerisable
organic species be selected such that on drying of the
coating, including removal of any volatile components, and

35 subsequent curing of the coating, substantially no organic
material is lost from the coating composition, as this may
reduce the compatibility of the inorganic and organic
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this case they will not contain hydrolysable bonds.

Preferably, the polymerisable organic species
polymerise at relatively low temperature, e.g. lower than
150°C, after addition of a suitable initiator, or by

20 irradiation, e.g. with UV or IR light, or bombardment with
X-rays or electron beams, so as to be applicable as
coatings for thermoplastic materials or thermosetting
materials having low melting points. Polymerisable organic
species which give rise to polymers which have good

25 resistance to organic solvents are also preferred. In the
case of the carbonates, therefore, aliphatic carbonates as
opposed to aromatic carbonates are preferred.

Depending upon the nature of the inorganic monomers
and the polymerisable organic species it may be desirable

30 to include further organic solvent prior to substantial
inorganic polymerisation, so as to enhance miscibility of
the inorganic and organic components. Surprisingly,
subsequent removal of this solvent, together with other
volatile components, e.q. those produced in the

35 polycondensation reaction, does not result in deleterious
effects in the final product, i.e. cracking.
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some cases! Oﬁome§§F1V§§19%y penly when  substantial inorganic
polymerisation has occurred.
Other, preferred, options are to employ polymerisable
organic species which are radiation-curable, for instance
20 species curable by UV- or IR-radiation, or by bombardment
with electron beams or X-rays, or which cure on heat
treatment. Examples of UV-curable materials include
urethanes.
For ease of application, substantial organic
25 polymerisation is usually delayed until after coating on to
a substrate. Therefore, if heat is used to initiate or
accelerate organic polymerisation, the temperature should
be selected so as not to have any deleterious effect on
the substrate to which the coating is to be applied. 1In
30 the case of thermoplastic or thermosetting substrates,
relatively low temperatures should be used, typically lower
than 150°C, and more typically in the range 30 to 80°C.
Where a chemical polymerisation initiator is used, this may
mean delaying addition of this until just prior to, or
35 possibly during, the coating operation.
If desired, a protective cover sheet may be used to
exclude oxygen which may interfere with the organic
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15 Solvent removal may take place in a number of steps.
For instance, some solvent may be removed after ageing of
the inorganic sol and prior to addition of the organic
monomers, and/or solvent may be removed prior to initiating
organic polymerisation and/or formation of the €£final
20 composite material.

The relative proportions of inorganic monomer
precursors and polymerisable organic species used in the
process of the invention are selected according to the
properties desired in the final composite material.

25 Typically, the amount of polymerisable organic species used
will be in the range from 1% to 99%, preferably 5% to 50%,
more preferably 5 to 25%, by weight based upon the total
amount of polymerisable inorganic and organic species
present prior to inorganic polymerisation. For instance,

30 when hardness is the primary aim, the coating material will
typically comprise at least about 50% by weight, and more
typically at least 80% by weight, of inorganic material.
Where, however, flexibility with good hardness is the
primary aim, or other properties typically associated with

35 the organic polymer component of the coating material, the
polymerisable organic species should be present in an



pol yneri sation reaction, and which may have a deleterious effect on the
resulting coating. Prior to conpletion of inorganic polynerisation,
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t
upon the t &4 P eGP ASIPR - mo?ﬂarﬁ End" %% Wi & s;g)’escl es
present prinecessaryiorgaraoyaitedhies sxiide. chocennsofinthe S0l whwirthar dness
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about 50% qa’ﬁ | cal | é? t 80 g , of

i nor gani ¢ ‘I‘nt @r@anﬁsm;@%%?meqq 6 H’t ‘?Nlpﬁ‘l’c §dCRG RS is the
pri mard5 ai e cadqusmld praseedings toy rihea|irnppestdomatmrtuiized 33 ttkee or gani c

pol ymer com%gqngo%ogbgeq%émlnat erial, the polynerisable organic

speci es shoul d resen
P %ﬁeppropertles 3} the coating material of the present

invention may further be adjusted according to its desired
application, for instance through the use of inorganic
20 monomers containing different inorganic elements. Forxr
example, it is known that titanium is capable of absorbing
light in the UV range of the spectrum. Accordingly, by
including a titanium network-forming species within the
process of the present invention coating materials may be
25 prepared which are resistant to UV degradation. The
titanium network-forming species will typically be combined
with another inorganic network-forming species, either in
the form of a single molecule, e.g. a mixed silica-titania
alkoxide, or in separate molecules, for instance separate
30 alkoxides, e.g. an alkoxysilane and an alkoxytitanate.
Such materials find particular use as external coatings for
a variety of articles to avoid the weathering effects of
the sun, for instance in coating building materials and
headlamp clusters in automobiles.
35 The properties of the composite material of the
present invention may further be adjusted through the use
of additives conventional in the art. For example,
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| oadi ng can be calculated relativelyl3inply froma know edge of the
reactions taking place in the sol-gel process. For instance, for any
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headl anp caésisidklers, awchnelsi sddica, silicon carbide, and alumina.
Generally, however, such ceramic materials have particle
diameters greater than 300 to 400 nm, and will therefore
interfere with visible light transmission by the composite
20 material, resulting in a loss in transparency. Coating
materials modified in this manner may therefore be valued
more for properties such as hardness, solvent resistance
and adhesive strengths than for their transparency.

The coating material may be applied to a substrate by
25 any conventional means, for example dipping, spraying, roll
coating or brushing. For practical purposes, and as
mentioned above, it is preferred to apply the composite
material to a substrate prior to completion of
polymerisation of the inorganic and organic monomers.
30 Otherwise, the composite material may be too rigid to apply
evenly. In fact, it is most preferred to apply the
compogite material to a substrate prior to start of
polymerisation of the organic monomers, using a fluid
composition comprising an inorganic sol obtainable by
35 hydrolysis of different hydrolysable inorganic monomer
precursors, and, mixed therewith, organic monomers, as per

the third and fourth aspects of the present invention.
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mat er nal , the UWddrgariit dohoemeri dedd Arn@dienpurtCealanoif netedd ake nodified

nor dneas. SO LA Ser i PRt DOl dREBRRREL e ML

SOl Ve resistance esive stren r
t r anspar engyPrimer deattihe) swbstrpbe PRICDHEQMNEERS-0 a substrate by 25 any
conventional NMEPHS, cdLfirRK aidtletidl POE NEhe SPrayeny, ifvdiit idtDadalyn GeOr
br ushi ng.  Egr pr&ct{cgl, P RASRS. DY BipaIERELGNCd ADOYE, ddydiapref erred
to apply the conposite material to a Substrate prior_ to completron of
pol ym&Bi samaberidl t may nbegafrxmudiadesr ghfi chavmorfer ¥elabiveker diove, the

conposi te pelonedisify, bert earihg| dtbfipapatireeienids pardiAailarlly i S nost
preferred LQ:L@QQZLZ éohre coating polymeric materials having relatively
low melting points, for example of 150°C or lower.
Examples of such polymeric materials include thermoplastic
20 materials and thermosetting materials such as
polycarbonates, polyesters such as polyacrylates and
polyterephthalates, polyurethanes, and polyacrylics. The
enhanced scratch/abrasion and chemical resistance imparted
to these materials by way of the coatings of the present
25 invention allows them to be considerably more widely
utilised than they are at present.

The coating material may also be used to coat
substrates selected from metals, ceramic materials, and
natural materials such as leather and wood, or synthetic

30 substitutes for these materials.

The coating material may also be formulated to be
transparent, and is therefore ideal for coating transparent
substrates, or patterned or decorated substrates, e.g.
painted substrates. _

35 The coating material may be applied as a single
coating, or as a number of coatings, optionally with
different inorganic loadings. Additionally, the coating
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also be employed as an adhesive, or bonding agent, or a

sealant, particularly for polymeric materials, especially

plastics, which do not normally adhere very well to each

other, but also for glasses, other ceramics, and metals.

20 This is because the composite material of the present

invention tends to have high affinity to a wide variety of
substrates.

When it is to be used as an adhesive or sealant,

typically a precursor to the composite material of the

25 present invention, which is at an intermediate stage of

polymerisation, will be coated on to one or more of the

surfaces to be bonded or sealed together, and the surfaces

to be bonded will then be brought into contact with one

another. Then, on completion of polymerisation, a secure

30 bond is formed. The composite material of the present

invention is particularly suited for use as an adhesive

when polymerisation of the inorganic and organic components

takes place relatively quickly, resulting in a fast-setting

adhesive layer. One could also envisage the present

35 invention in the form of a two-component adhesive, one

component comprising an inorganic sol and the other organic



substrates selected fromnetals, ceramc materials, and natural materials
such as | eather and wood, or synthetic 30 substitutes for these materials.
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therefore ideal for coating transparent substrates, or patterned or
decorated substrates, e.g. painted sgbstrates. 35 The coating material may
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equi pment . 15 Tike GUINRWihg eRAMpied Mirthee RLEASPrat&VEHE ipdesehy al so be

enpl oyed a§m?£b@1dcp§si ve, or bonding agent, or a sealant, particularly for

pol ymeric materials, especially plastics, which do not normally adhere

very wel | Esample 1 other, but also for glasses, other ceramcs, and netals.

20 This is becanssol haast prRparka a8tEslRdwsdf the present invention tends

to have high afct.cjmqi:;[r}Ier}to iWI ._yari e&é’ fgetﬁou s:[ir].% 5 (%@% itT»\raisS t.o be

used as an adhesi Ve or seal ant; t?pl car y_ a precursor to e cofposite

mat er il&l oPlaged in a beaker, and an intimate mixture of 36.8 g
methanol and 7.21 g water was added thereto.

Compcnent B: 30.0 g 3-(trimethoxysilyl)propylmeth-
acrylate (MTPMA) was placed in a beaker, and an intimate
mixture of 22.2 g methanol and 3.26 g water was added

20 thereto.

Components A and B were then stirred, separately, in
sealed beakers for about 30 minutes, after which they were
combined, and stirred for about 30 minutes, again in a
sealed beaker.

25 The resulting sol was then aged by heating at 80°C
for about 24 hours to promote formation of the inorganic
network. 100 g of the aged sol was then mixed with 28.3 g
of UV-curable aliphatic urethane acrylate monomer sold by
Akcros Chemicals under product code 210TP30, and 1.4 g of

30 Irgacure® 500 (supplied by CIBA Speciality Chemicals) as
polymerisation initiator. The resulting mixture was then
subjected to evaporation to remove any residual methanol,
any alcohol produced during the polycondensation reaction,
and residual volatiles.

35 The liquid remaining after evaporation was then coated
on to an acrylic substrate at a thickness of 50 um. The
coated substrate was then heated at 40°C for one hour in an
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Examgles 4 and S
Example 1 was repeated substituting the organic
monomer with a further UV-curable aliphatic urethane
acrylate monomer, sold by Akcros Chemicals under product
code 260GP25, in appropriate amounts to achieve inorganic
20 loading of 25% (Example 4) and 50% by weight (Example 5).
In Example 5, the inorganic sol was aged by heating at 80°C -
for 5 days, rather than for 24 hours.
The hardness of the coated materials was measured
using a scuff test.
25 Scuff Test
The scuff test is an in-house method for scouring
samples. Two pieces of Scotchbrite® abrasive mat are
secured to a metal plate and this arrangement is placed on
the bit of a standard upright drill. The samples are fixed
30 at a distance of 70 mm from the drill bit, the Scotchbrite
material is rotated at 500 rpm, and contacts the sample
over a distance of approximately 60 mm. The samples are
scuffed for 10 second bursts, and examined until the first
signs of abrasion are cbserved. The time taken for this is
35 the measure of scuff resistance.
Coated substrates made in accordance with Examples 1,
3 and 5 were evaluated by the scuff test, and compared with
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24 hours. WOH2534Y dness of the gpated materials was nea 00 g a scuff-

test. 25 Scuff Test The scuff Test is an in-house nethod for scouring
sanpl es. Two pi g et —aB-asre—Hat—are— secured to a neta

plate and this I s pl gced on |the bit] of a sfandard upri ght
drill. The sanpl ed BO gt a disfance off 70 mm{romthe drill bit,
the Scotchbrite is fotdted at P00 rpm| and coptacts the sanple
over a di stance p# appfoxilmat gly |60 nm Fhe sanpl es are| scuffed for 10
second bursts, ah® exalrindd uptill the fifst signs of abrasion are
observed. The tih® takpn flor {hid is 35|the neasure of |scuff resistance.
Coat ed substrat epih@de| i n Jaccprdgnce with Exanplles 1, 8 and 5 were
eval uated by the| §c8if f| tedie a@ |c@nparegigni th 01/ 25343 PCT/ GB0O/ 03643
22 substrates copted W th |22 nudbdgrof coterci alll ¥- avai fable silicone
har dcoats. The cpmerc al lly- ayal [jabl e si i cone ardcoafs are avail abl e
from GE Bayer, ahd are| marlket ¢d as: PHCH87 - prjnerles$, weat herabl e grade
coating; AS4000 & rem up peff orjmance, §brasi on resistint, weat her abl e
hardcoat; and SHCIR?B | OdtbChlo gr ade abgasi on resi stan har dcoat. These
were coated onto| @EVERMbdt ¢ Bubstrate$ o at t hj ekness¢s of between 5 and
10 m The resul t Cale bimefi $&H i Tabl ¢ beIQLELMELLLJ25343
PCTI GB00/ 03643 p3 pnrll mj 441C) [O o
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IOL 2)_0) (%}\{ﬁrjltldn I_iléve sS.Jml§a£'Dll_4adee¥\A'o to, %r Cbgttér hgrﬁwesy
than, the PHC587 and AS4000 silicone hardcoats. While the
coatings of the invention are not as hard as the SHC1200

s silicone hardcoat, by varying the molar ratio of the
inorganic network-forming species coatings can be achieved
having superior hardness to this material and which are
clear and uncracked, as illustrated below.

Furthermore, there are drawbacks associated with the

10 use of the commercially-available silicone hardcoats which
are not experienced with the coatings of the present
invention. For instance, the commercially-available
silicone hardcoats cannot be properly hardened when
deposited on acrylic substrates, since they require a

15 curing temperature of around 130°C, which causes acrylic
substrates to deform. Furthermore, they can only be coated

to thicknesses of up to 10 um, otherwise cracking occurs.
Furthermore, of the three commercially-available silicone
hardcoats tested, only PHC587 can be used without first

20 applying a primer coating. In contrast, the coatings
according to the present invention do not need a primer.
Example 6

A sol was prepared as follows:
Component A:
25 250.2 g of tetraethyoxysilane (TEOS) was placed in a
beaker, and an intimate mixture of 221.0 g methanol and

43.24 g of distilled water and 0.5 g 36% hydrochloric acid
wags added thereto.

Component B:

30 60 g of 3-(trimethoxysilyl)propylmethacrylate (MPTMA)
was placed in a beaker, and an intimate mixture of 44.5 g
methanol, 6.52 g distilled water and 0.2 g 36% hydrochloric
acid was added thereto.

The ratio of silanes in Component A: silanes in

35 Component B was 0.833, as compared to 0.624 in Example 1.

Components A and B were then stirred, separately, in
sealed beakers for approximately 30 minutes, after which



WO 01/ 25343 PCT/ GB00/ 03643 24 The results" illustrate that the coatings of
the invention have simlar hardness to, or better hardness than, the
PHCSS7 an®OMZS¥ si|icone hardcoats. Wiile the coati ng/EROMHE3 | hyvention:
are not as hard as the SHC1200 5 silicone hardcoat, by varying the nolar
ratio of the inorganic network-forn2®ig species coatings can be achi eved
havi ng superior hardness to this material and which are clear and .
uncr acked they wereseeehinedhecppd, stHnnate L5 WU Sl MARLL SR a ATRARS

associ at ednMgt Behned Boakese. of the comercial l y-avail able silicone

hardcoats whic are _not.experyenced wth L 09S, esent

i nvention. For tfpﬁs %ﬁggft‘l?ﬁegé%n’f’régc?%%rﬁ gééié\]/‘gi%’gg#%&gsﬁﬁ%%%g%r dcoat s
cannot be femopdedyt hat depsEswhAan a depebed cgophadrey| e $JdoWr &hes, since
they requidetred obhefitl’ bEdthenpabagaife Ohettvedtind 180{s sdlwdickawaes acrylic

of up 1o HRGm TR L Sy r nf obiiparantt ¥ROMERR SGretihed f oo oSS
commer ci aldorydesel avnomek] isedde by Aurss schewmiaad s omderrips®iuctan be used
wihout f1desle 29638phy) NG PO.IPT gCCBE 0. sk [ oxt sohexcaalingy
Nas pr eparARea VPR BREY LRASHIIER e R 25 D0 %, FAAEREPRBE ny B8y s | an.
( TECS)O waphsitadadtintar . beFher resmdtingi solutitennwrsussozed2in @ g net hanol
and  43. 24,451@¢0a doatkihed aﬁaaiefpﬁtr1<in0a5darﬁéne@y@kf&€a§é)rda@ias£d was added
t her et o. Corrporawg)%t g: 30r6%at%ee?so -gfil’l net ho S| I%Ie) propxl et gacryl ate
(MPTMA)  was plaE@d*FEYST Y SOLHEIgR YaR i FRP IR 8P FoH4Y ¢
met hanol , Bs2 y mhltdarbonaket subghtate? thecyehytibes| dktaveddiad was added
thereto. The dl oz eef ati kaBRStéMp&IURMARE RIndALhe aBeEngNsubjected
15 to UV radiation from a UV light with a power rating of 43.6
mW/cm? to cure the organic component. The coating had an
organic network content of 5% by weight.
Examples 7 to 13
Example 6 was repeated adjusting the amount of the
20 organic component to achieve different inorganic loadings
as shown in Tables 2 and 3 below.
Polycarbonate plagues were coated with the solutions
obtained and subjected to various heat treatments and UV-
curing. The cured samples were then evaluated for their
25 abrasion resistance using a Taber Abrader with CS10F
abrasive wheels and a 500 g Iapplied load. The increase in
haze was measured using a method similar to ASTM D1044 (but
using a different aperture size).
Control samples of commercially-available silicone
30 hardcoats were subject to the same thermal schedule and
abrasion testing procedure.



35 Conponent B was 0.833, as conpared to 0.624 in Exanple 1. Conponents A
and B wer irred, separately, in sealed beakers f mately 30
m nut es, :Wbre&?’gﬁ% ch WD 01/ 25343 PCT/ GB00/ 03643 25 theyﬁ\%\r/e’re con%l ned, and
stirred for about 30 mnutes, again in a sealed beaker. The resulting sol
was then aged at roomtenperature fof6about 24 hours in a seal ed container
to allow the 5 developnent of the inorganic network. This solution was
then m xed with 1. 75 g of UV-curabI e aI [ phatlc urethane acryl ate nononer
sol d by AkQade 3 g - glé

m xture of 50 %1 hydroxycycl ohexyl phenyl ketone 50 %benzophenone as 10
photoinitiator. The resulting solution was stored in a_ _sealed container
gnd keptdi Exafpléened (tafaage Qaala'aaag Mbesaseqimr ed 1Eedsnf;uti | n was
eposited 3ds a coating onto a car bo trate, f{he volatiles

o owed Lol rtlaoh af trl at o abRY Hpges ¥f ted 15

to UV radi qtion hromaﬂuv I|gh125vmth a fower 24at326g of 43. a.0WicC to cure
t he or gani g-Tomponent. {Te coati.ng mad 4mn__ or, a@ ne of 5% by
weight. Ex3oples ™7 to 113 Exanp 8 6 vas jepeat” just | Int of the

20 organi c Jconmporent t ach| evesdl fferert | nargaad7c | oadi ngsi9as ghown in
Tabl es 2 ar ; yearbomate-praques—were_toatred{wrtirtire—gol uti ons
obt ai ned ard_sub}®cted ko vari 88 heat tlreatn@nfS3and W- CulffRqg. |The cured

sanpl es werle thefy eval ujat ed forgt heir 2‘ abr a§| eb2r eS| stan@e_3gai nq a Taber
Abr ader wt ' reets—ane-fe—566 pHrett+eat—Fhei ncr ease
in ha*® wds neaddred using a @@t hod sirilar ?elﬂ TM D144 9-BdR (sing a

different gpertufg size). Contig@l sanplgs of gomwgrciallly- gvaighablle
silicone 3 mc St 6t—t-o—tHhe—s-are—t-Reshal—seheas-e—3nd
abr asi on t gsiompgrpeavedur e. PHC 587 6.475 0.095
Comparative SHC 1200 4.105 0.365
Comparative AS 4000 3.994 0.114
1s

Table 3 - 80°C socak for 60 wminutes - 300 Taber cycles

Example No. |Ceramic loading | Increase in Std. Dev
(wt¥) Haze (%)
7 25 34.853 0.715
20 8 50 28.073 0.589
°] 75 16.897 0.285
10 80 6.228 0.082
11 90 4,207 0.203
12 92 3.793 0.145
25 13 85 2.775 0.313
Comparative PHC 587 18.627 0.215
Comparative SHC 1200 7.466 0.454
Comparative AS 4000 18.182 0.086

30



Il WO 01/ 25343 PCT/ GB00/ 03643 26 Table 2 - 130C soak for 60 m nutes - 300
Taber cycles Exanple No. Ceram c | oading Increase in Std. Dev % Haze
(% 5 7 23VO0/25¥8 1. 007 8 50 20.147 0.645 9 75 11. 647P?5l"§§°1’/“3é§) 80 2. 353
0.065 11 90 2.002 0.364 10 12 92 2.143 0.172 13 95 1.774 0. 347
Conparative PHC 587 6.475 0.095 Conpdrative SHC 1200 4.105 0. 365
Conparative AS 4000 3.994 0.114 15 Table 3 - 80C soak_for 60 mnutes - 300
Taber cycles [Sabkg & No. Fuprhare Padishy 1FRAEHE FARtions\and w0y Haze
(% 7 25 HalShs &ydilds o) abraidh Pérf6rh&fce Jo0f5956wB87ifoP8anid0 80 6. 228

0.082 11 90 3

Conpar at | VS ﬁﬂ?}%g‘?gfgg PP (inh euiet tinge g End ehblengldly

Conpar at i veag\1atpGbigctsd boodcheadn %"OPF29349°I5@T/%@Q?3643 27 Table 4
- Funcgi on of heat soaking- conditions and Taber cycles on abrasion

perforrrangle_ai_és_m_%--ng-r-g-a-m-e—eemm 6—} c;ded —coat-hg—{+he—-gal sanpl e
i n the tabll@odlel ow Socak time | Taber Increase |Std. Dev
Temperature cycles in Haze

(°c) (mins) (%)

130 60 100 1.319 0.190
10 130 60 200 1.339 0.050

130 60 300 1.760 0.030

130 60 500 2.866 0.240

130 30 500 2.187 0.039

80 30 500 2.665 0.176
15 - - 500 1.781 0.105

As can be seen from these results, increasing the
inorganic (or ceramic) loading level in a given base resin
increases the hardness of the resultant coating beyond that

20 of the commercially-available silicone hardcoats. As a
general rule, as the amount of inorganic in the composite
coating increases so does the hardness. Furthermore, as
a result of the higher ratio of inorganic network-forming
species, the coatings obtained were harder than those

25 obtained at the corresponding inorganic loadings used in
Examples 4 and 5, in addition to being clear and uncracked.

These results also illustrate that, generally, greater
hardness is achieved with higher curing temperature.
Although the results reported in Table 4 illustrate that,

30 with a UV curing organic component, exposing the deposited
coating to the atmosphere for a period of time (even at
elevated temperature) before curing the organic phase
causes a reduction in the uniformity of the coating. The
longer the sample is exposed before curing, the more likely

35 cracks are to appear after curing, and possibly even some
delamination of the coating may occur. Although abrasion
resistance is not significantly reduced where the coating



was not subjected to a heat soak prior to UV curing). 5 Soak Soak tine

Taber Increase _Std. Dev Tenperature cycles in Haze (O ) 09 130 60
100 1.319YPU&E4310 130 60 200 1.339 0.050 130 60 300 f@é%ﬂ‘%ﬂ“i’&é% 130 60

500 2.866 0.240 130 30 500 2.187 0.039 80 30 500 2.665 0.176 15 - - 500
1.781 0.105 As can be seen fromthe28 results, increasing the inorganic

(or ceramc) | oadi ng | evel in a given base resin .increases the hardness of
t he resul teaTRiBgaptEgcBedondst H&’PQZGSOFhFth@SmP-EBaFPFSEF%F? abPe silicone
har dcoat S.noAs expogetietal abtheioms the anount of inorganic in the conposite

coating irlﬂigé%s 130 does the hardness. Furthernore, as a result of the

hi gher rat gani c network-formng species, the coatings obtained
were harder th&n8cRo¥as BreprEeRerf RoLUMWSeor r espondi ng i nor gani ¢ | oadi ngs

used ip Exanplempénend A: in addition to being clear and uncracked. These

results al so ilJustrat er I gr n hieved with
hi gher curin tzlésrr%e & Qé&ﬁ?%qj?% eere 1] ?‘ggp%rﬁf%c Jf’Tlgb%'
i | | ust rat ebedikar, apd @y Angiveteuplxurs gihild éorﬁ)@}?éﬁﬁnc‘éxpasﬁn@ the

deposi ted 6@&'11519.111%6 Ratdirasahere §06f aswfhﬁﬂréﬁhltdm @danwak el evated

t enper at ur urin he or am C au [ in the
uni form ty % < 2‘ Og'tl ngg‘fgl-' ﬂ‘é rogh‘gf’éuﬁ%'l efleés ix fgg"ec?f%gpore curing,
t he ndPe |iDEOITxXigeawrs &ﬂéetio a'ﬁbé%lrs%lﬂtte’@ft:mﬁmgihedh@lp‘@ésﬁﬂry even
sone del agt npéas) P2 hBErs0ahiNEhERY a0FuEhetl RNQUYN GEDIEBLAN1eBESI St ance

It on gt A e e S
then a further 0.57 g of distilled water was added.
Component B:

15 B.0 g of 3- (trimethoxysilyl)propylmethacrylate (MPTMA)
was placed in a beaker, and an intimate mixture of 5.9 g
methanol, and 0.87 g distilled water and 0.2 g of 36%
hydrochloric acid was added thereto.

Components A and B were then stirred, separately, in

20 sealed beakers for approximately 30 minutes, after which
they were combined, and stirred for about 30 minutes, again
in a sealed beaker.

The resulting sol was then aged at room temperature
for at least 24 hours in a sealed container to allow the

25 development of the inorganic network. 7.2 g of distilled
water was then slowly added to the solution. 90.0 g of
this solution was then mixed with 0.8 g of UV-curable
aliphatic wurethane acrylate monomer sold by Akcros
chemicals under product code 260GP25, and 0.1 g of a

30 mixture of 50% 1-hydroxycyclohexylphenylketone: 50%
benzophenone as photoinitiator. The resulting solution was
stored in a sealed container and kept in a darkened storage
cabinet.

When required the solution was deposited as a coating

35 on to a polycarbonate substrate, the volatiles allowed to
"flash-off" at room temperature and the coating subjected
to UV radiation using a UV light with a power rating of



not exposed to abrasion. Exanple 14 A sol was prepared as follows: 5
Conmponent A: 33.4 g of tetraethoxysilane (TECS) was placed in a . beaker,
and an i NWOWIREM xture of 32.4 g nethanol, 2.9 g of dPESUEPIA43ater and
0.2 g of 36% hydrochloric acid was added thereto. After 1 hour of m xing,
4.5 g of titanium 10 isopropoxi de waggadded. This solution was then m xed
for at least 12 hours and then a further 2.9 g of distilled water was
added. Thet®.mH uwihi/on was carer thpl dnganiChogmpandntthé]hGaCbatihgrhﬁ 57 g of
distilled t x RN B 3-

(trinet hox%lﬁﬁiwgr%ogggﬁgfhacr yl at eb(fl\/lg'i’él\/zbg\ was }g‘lé)aced in a beaker, and an
intimate mxture of 5.9 g mnmethanol, and 0.87 g distilled water and 0.2 ¢
of 36% hydrochloric aci d was added thereto. Conponents A and B were then
stirred, separately, in 20 seal ed beakers for approximately 30 m nutes,
after which they were conbined, and stirred for about 30 m nutes, again

in a seal ed beaker. The resulting sol was then aged at roomtenperature

for at least 24 hours in a sealed container to allow the 25 devel opnent of
the inorganic network. 7.2 g of distilled water was then slowy added to
the solution. 90.0 g of this solution was then m xed with 0.8 g of
Wcurable aliphatic urethane acryl ate nononer sold by Akcros chemcals
under product code 260GP25, and 0.1 g of a 30 mi xture of 50%

1- hydr oxycycl ohexyl phenyl ket one: 50% benzophenone as photoinitiator. The
resulting solution was stored in a sealed container and kept in a darkened
storage cabinet. Wien required the solution was deposited as a coating 35
on to a pol ycarbonate substrate, the volatiles allowed to "flash-off" at
roomtenperature and the coating subjected to Wradiation using a WIight
with a power rating of



WO 01! 25343 PCTJGEB00103643 29 43.6 mWcnR to cure the organic conponent.

The coating had an organic network content of 5%(by wei WD 01/ 25343
PCT/GBOO/(Y%GW@%I LT PEEEE e iiiiietiii ?@‘.’(‘ﬁprocess

for providing a protective coating on a subs ' (1) applying
to the substrate a coating conpositiae 5 con'u mm Mﬂneous m xture
conprising an inorganic sol and pol yneri sabl e*orgaru c »sp

i nor gani ¢ €AIM$ei ng obt ai nabl e by hydrol ysi ng hydrol ysabl e i norganic
rmlnorrer Precur SorpréOedHr ﬁbfnﬁfz@?ghﬁngD(ﬁg;ﬁﬁ‘cﬁiedﬁ){epQ&wﬁLﬂgsim ahe

ol ynmeri sa or anlc | an pol yneri sing the inorganic
m)ngmers Q er%ragc qm%p&rsllg tion' of the organic nononers is initiated
prior to conpl € orﬁRPleﬂagy#Er ithgt suhsbrateica | sRAGHIY CIRRHEASD to form

a soli @ cogém }Fﬁl Hhiddededusl biRtue PESHSSEs B Gfli itbrigangkai m 1,
wherei n hyd g drol ysahl e monaner %recursors takes.place in

t he preseﬁ8 % ap %‘8‘?’&%5 19, CHF2RG rs&ggg‘? ac &gdllﬁ’é’r?(? &Faisfﬁll or claim
2, wher ei nbeteg loptirdnabds| ¥ nMQHQIl-ESMOﬂfmdrpllwéabégrslmaallllcoxi des,

20 pref er aQbMomék ﬂr%'&ﬁ':% th £6rR' xﬁ.@@ddi'idﬂ&rfso any preceding claim
wherein the ing# an| sol_.is ob%g nab ¥ %bd# %sm of first and second
hydr ol ysabl e i nbtga W&ﬁéf‘gp uPg }"ge 11T r SN FSTE TS e

i nor gai c apdoner precursors being different 25 to the second hydr ol ysabl e

organi ¢ nononer j)r e%ﬁ%eh%&@k hgMé NGir¥rda98% H¥RchY¥LE Ol Mﬁf&&leqngr oups,
and the second droJ sa | NOr gani,c NonNoIer _precur sors # at | east
ohe non- hy BPOTPRELTACIAR G Hhe Arbagies BORRDRFa| HE 1hiLiah orein the

ratio of 86 cmplems:tn Infdpollymebieativmms tieedupsgasic SeTImETS,
to form a solid coating on the substrate.

15 2. A process according to claim 1, wherein hydrolysis of
the hydrolysable monomer precursors takes place in the
presence of a mineral acid.

3. A process according to claim 1 or claim 2, wherein the
hydrolysable inorganic monomer precursors are alkoxides,

20 preferably alkoxysilanes.

4. A process according to any preceding claim, wherein
the inorganic sol is obtainable by hydrolysis of first and
second hydrolysable inorganic monomer precursors, the first
hydrolysable inorganic monomer precursors being different

25 to the second hydrolysable organic monomer precursors and
having at least two hydrolysable groups, and the second
hydrolysable inorganic monomer precursors having at least
one non-hydrolysable group.

5. A process according to claim 4, wherein the ratio of
30 the first hydrolysable monomer precursors: second

hydrolysable monomer precursors is in the range 0.75 to

0.9.

6. A process according to claim 5, wherein the ratio of

first hydrolysable monomer precursors: second hydrolysable
35 monomer precursors is in the range 0.78 to 0.88.

7. A process according to any of claims 4 to 6, wherein

the first hydrolysable monomer precursors comprise a



hydr ol ysabl e nononer pr T range 0.75 to 0.9. 6. A process
according to claimS5, Vﬂmmmf“ﬁ”uullﬂmf first hydrgl ysahl noﬁer
precur sorYORBEhd hydrol ysabl & 35 fronbner precursors Fiq%ﬂ Wrange 0.78
to 0.88. 7. A process according to any of clains 4 to 6, wherein the first
hydr ol ysabl e nononmer precursors conp3ise a iii~iiijiiijiiit LI 1TEITT] IIV\D
01/ 25343 ¢ L PCT/ @B00/ 03643 31 etraal koxysil ane and the second

hydr ol ysalsiesrashbasysilang e@ndsofbecorgarist BNAEPABRPRIE aMONPHEENg at | east
one et hy|;ﬁ'é'c&%bb¥sua Hiaéedngraauaxgsdime ahaepagyayr aepstSonA process

accordi ng n th fi

precursor?ttg‘é’ﬁrﬁpﬂ'§3ﬁ¥e? agtt 0 y§ gne an'gd?%e seé%’%g ?ggglbisermnorrer

precur sor $. cofprizasee®s( tateAndiagy fid yEI kB py L nﬁ’Pﬁ&EF?I z‘}th@ LTSE process

ﬁ;g?g fb 29 Hy@z@wsamtel ai iéiﬁofbatrﬁ.cﬁ wbRsmen idrecawsors ob¢anpwiEec by

ySi i rst.and sec

separ atel&%“ﬁx g‘ﬁéyﬁﬁ ﬂ%ra?g EB? ggc HSH@%&% Wg{‘:on SO O;ﬁd

m xi ng t hednprdse Andtzimerhpiysidyl) propy bretlasrddt@-ding to any precedi ng

g'r ggm CWQ@ g: 2? bb}ecéeé h&caaethy P anky0 ol ¥lagmsi 4 htbhe, petesen azbl e 15
S .accor

Che pol y miHes Bte 16; GRRRESAGHS dof FstRs 19au0y Lhel Foras) & ddtdfla AETC! M

sol ut1on flyrdnolysabAepnenamay RECCHISPNS BEPANRtEl EcAThEne| %’P?ﬁh%er ein 20

the pol ymyd s a0Eg28t CsSPeFIES BeEoha! yUTE) isarbimxingf ohen farst

t hernosettin ‘g mat erj al . 13. A process according to claim 12, wherein the
pol yneri s 5 é‘#l g° %Bém es are selected from carbonates,. urethanes,
ur et hane m%cuﬁsmm@h agsorddngahat asyoPreseding oe{aimt e@h%‘ﬁﬂ'-rbol yol s,

uret hane a{y/| 8bESiandgelicipRbrhdAtmixing with the polymerisable
15 organic species.

11. A process according to any preceding claim, wherein

the polymerisable organic monomers are added to the sol in

liquid or soclution form.

12. A process according to any preceding claim, wherein
20 the polymerisable organic species are polymerisable to form

a thermosetting material.

13. A process according to claim 12, wherein the

polymerisable organic species are selected from carbonates,

urethanes, urethane precursors such as isocyanates or
25 diisocyanates and polyols, urethane acrylates and

terephthalates.

14. A process according to any preceding claim, wherein

the substrate is selected from thermoplastic materials,

thermosetting materials, metals, ceramic materials, natural
30 materials, or any of these materials which are pre-coated

e.g. with a decorative finish.

15. A process according to claim 14, wherein the substrate

comprises a polycarbonate or a polyacrylic material.

16. A coated substrate obtainable by a process according
35 to any preceding claim.

17. A coated substrate according to claim 16, wherein the

coating is transparent.



14. A process according to any preceding claim wherein the substrate is
sel ected fromthernoplastic materials, thernosetting material net al s,
cerami c maVOOAPE natural 30 naterials, or any of thesgﬁéﬁ\qﬁ?ﬂ‘% whi ch
are pre-coated e.g. with a decorative fi nish. 15. A process according to
claim 14, wherein the substrate conp¥3ses a polycarbonate or a polyacrylic
material. 16. A coated substrate obtainable by a process according 35 to
any precedﬂﬁg chFRting cﬁ“‘EBﬁ%’%’cP’él‘fﬁ’g‘PF&Fénﬁc%thﬂ’f“ﬁgef‘Suﬁl‘&’r’?ﬁ% wher ei n
the coati egmpsitiags par emhorm:[ki/ 30634 3amdCT IpGBQﬁe&ﬂ@éBleBkﬂ&na/& coating
conpositio IS e I §1,N ni c sol
mp @P.QEEEF tH9 A lamag EBi'SbQElhﬁg Yptaindthk By g’é bo ;(F)hg{

and polyi ne € organi c - specl es € inorgani c sQ nabl e by
hydr ol ysi ng¥9 H?&Vﬁ??%%b‘l@lﬁﬁb‘l’-ﬁém’@%BPFEF“BP%E%r"s‘?)@%“f*%?ﬁﬁmrﬁ)r ganic 5
nononers. hdnodeesgati ng conposition according to claim 18, having the

features aggdef h”%@a‘:@n?”}éoﬂ%oglé‘i& &cé&cﬂ& 20, &ﬂrﬁ’cﬁéss Q\?'x{g”di ng

t oget her at Ieast two conprisin lyrng tot of one
or each artth® £eatyrgs asqRrfinesg, i8s an¥f Phedla e | hith &R -or clai m 19,
bringing ti2®.sunf peeseks ber Hsvnttihg Hoyetheiraat MehBroBroaasti€les and then

curing the GOEIOSLhEORopt fidgdB IRPGUEFRA e LALIAHLAAA1HI 1111111 |

I
10 a composition as defined in claim 18 or claim 19, bringing

the surfaces to be bonded into contact with one another,
and then curing the composition, to form a secure bond.
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