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of an ink jet print head, with a layer having a predetermined surface property, especially a

non-wetting property.

In the manufacture of ink jet print heads, it is desirable for at least a part of the surface of
the nozzle plate, and m particular a zone surrounding a nozzle orifice, to be resistant to
wetting by the ink; otherwise the ink tends to form a pool round the orifice and this pool
can interfere with the proper operation of the printer. The nozzle plate may be an integral

part of the print head or a separate entity which is attached to the print head.

For a surface to be resistant to wetting by a liquid, its critical wetting tension or ."surfacc
energy" should be significantly less than that of the liquid. Manj( inks favoured for ink jet
printing are based on soivegts having relatively low surface energies, eg. 20 or 25 to
35mN.m™, whereas the materials from which the print heads are formed, eg. polyesters,

. polyimides, glass, ceramics and metal, tend to have a higher surface energy, e.g. greater
than 40mN.m™. It is therefore necessary to _providc those portions of the surface which
are desired to be resistant to wetting by the ink with a suitable coating. For purposes of

simplicity such coatings are referred to hereinafter as non—wetting coatings.

One class of coating material that is particularly favoured for its non~wetting properties
comprises fluorinated organic compounds; however these are notoriously difficult to bond

to many of the materials from which ink jet print heads are formed.and there have been
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enér‘gy” should be significantly |ess than that of the liquid. Many inks
_f;avou[ed for ink jet printing are based on solvents having relatively | ow
surface energies, eg. 20 or 25 to 35mN\.nferr], whereas the materials from
whi ch t1i® print heads are fornmed, eg. polyesters, polyimdes, glass,

ceram cs and netal, tend to have a higher surface energy, e.g. greater than
40mMN. nferr]. It is,therefore.necessary~to pnravide th i f. L he
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- suitable coating. For purposes of sinplicity such coatings are referred to
her ei naf twhicladesesibesealeqting acBuarinatpsl orgarosilanes as B nosaweHmgmeteripband hat i s
particularly favoured for its non-wetting properties conprises fluorinated
or gani ¢ Gnfingritisy theasubsteate binése iy meast off amiitdrlayet Edmpridihg tared gildxdme. many
of the materials fromwhich ink jet print heads are fornmed and there have
been While very good adhesion is achieved with the process, still further improvement is

desired and it would also be desirable to simplify the coating procedure.

We have now discovered a method of providing a strongly bonded non-wetting coating
based on organosilane which can be applied to a substrate in a single step. The invention

also provides a coating composition and a method of forming the coating from the coating

composition.

In its broadest aspect, the invention provides a method of providing a substrate with a
desired surface property, e.g. a non—wetting property, which comprises forming on said
surface a crosslinked copolysiloxane coating containing X~ and X'- | groups attached to
different Si atoms wherein the groups X'~ are monovalent organic groups which provide
the desired surface property and the groups X- are monovalent organic groups which are
reactive with a group on the substrate surface and have a higher surface tcﬁsion than the

groups X'—.

As indicated above, the invention is particularly concerned with coating the nozzle plates

of ink jet print heads, and especially providing a non~wetting coating.

In accordance with this aspect of the invention, there is provided a non-wetting

crosslinked copolysiloxane coating on a substrate, said copolysiloxane containing CF,Z-
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2 many proposals for solving the problem One solution is provided by

EP- A- 0367438 whi ch descri bes selecting a fluorinated organosilane as the
ﬁon-metting material and bonding it to the substrate surface by neans of an
interl arer conprising cured siloxane. Wile very good adhesion is achieved
with the process, still further inprovenent is desired and it would al so be
‘desirahle to sinplify the coating procedure. W have now di scovered a

met hod of angr Bvigtours ataghadotegliffersah dbatomsrwharein) qagh Zoistd diyalent organic group

and each X is a monovalent organic group reactive with a group on the coated substrate

surface.

Thus, the copolysiloxane contains at least two different kinds of repeat units. The first
comprises the monovalent organic group X, é.g. CF;Z~, attached to a silicon atom which
in turn is attached to at least one oxy'gén atom attached to another silicon atom in the
c0poly$iloxane and the second comprises the monovalent organic group X attached to a
silicon atom which in turn is attached to af least one oxygen atom attached to another

silicon atom in the copolysiloxane.

The crosslinked copolysiloxane coating may be formed by applying to a substrate a
crosslinkable composition of silicon compounds including a silicon compound containing
the group X' and a silicon compound containing the group X and causing or allowing the
said silicon compounds to crosslink. ' The coating so formed exhibits excellent adhesion to
the substrate and a surface which has the desired surface property provided by the group
X'. Thus, where X' is CF,Z~, a surface is provided which has excellent non-wetting
properties even towards non—aqueous inks. While not wishing to be bound by this theofy,
it is believed that during the formation of the crosslinked polysiloxane ffom the
crosslinkable composition of the silicon compounds, effective partition of the X' and X
groups occurs whereby the siliﬁon—containing molecules tend to orient themselves with X'
groups tending to concentrate at the coating/atmosphere interface while the X groups tend
to concentrate at the coating/substrate interface, e.g. as shown veiy diagrammatically

below.

————
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baséd on organosilane which can be applied to a substrate in a single step.
The.invention also provides a coating conposition and a nethod of formng
the coating fromthe coating conposition. In its broadest aspect, the

I nventi-en provides a nethod of providing a substrate with a desired surface
. property, e.g. a non-wetting property, which conprises formng on said
surface a crosslinked copol ysil oxane coating containing X- and X[ err]-
groups attached to different Si atoms wherein the groups X - are nonoval ent
organi ¢ groups which provide the desired surface property and the groups X-
are nonoval ent organi c groups whi ccAEMOSRIEREve with a group on the
substrate surface and have a higher surface tension than the groups X-.

X' X' X! X'
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In the above diagram, it is to be understood that each ~~ can represent a direct or

indirect link.

In any event, where X'=CF;Z~, coatings have been obtained according to the invention
wherein the surface energy is close to that which has been measured for 2 monolayer of

close—packed CF,;~ groups.

Preferably, the crosslinked polysiloxane will also include other siloxane units in addition
to those containing the groups X'- and X—; to enhance other desirable properties in the
coating such as tensile strength, abrasion resistance, hardness and fracture toughness.

| Suitable units will be known to those skilled in the art but for cost and availability of the
compounds from which they are derived, they will generally comprise silicon atoms to
which groups selected from monovalcnt. hydrocarbon and monovalent hydrocarbyloxy

groups are attached. It is preferred that these silicon atoms form a major part of the
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As indicated above, the invention is particularly concerned with coating

_gt he nozzle plates of ink jet print heads, and especially providing a
non-wetting coating. In accordance with this aspect of the invention, there
I's prow-ded a non-wetting crosslinked copol ysil oxane coating on a
substrate, said copolysil oxane containi ng CF3Z- 3 and X- groups attached -

‘to different S at wherein each, Z i.s.a,di | d each X

is a m)_nS’{Péfl daOE}'g?ﬁP’éa“ﬁr ﬁ%“SFé’ggP‘T {/eéastwctl)ﬂ%ggr?%%odg%ﬁ?ﬁg %gg{bgg&%ubst rate
containing the groups X'- and X-, especially where X'~ is CF;Z~. Suitably these silicon
atoms form a major proportion of the total number of silicon atoms of the crosslinked

polysiloxane and provide the backbone of the copolysiloxane to which the silicon atoms

containing the X'— groups and the silicon atoms containing the X~ groups are attached.
g group nng group:

Thus in accordance with one preferred embodiment, the crosslinked copolysiloxane

includes the following repeating units "

. R A -
_ |
— O0— Si — 0— I
|
R|
(X-)Si(-O% oo
s
Y,

(X),Si(-O) I
18
wherein each R and each R is selected from monovalent hydrocarbyl groups, monovalent
hydrocarbyloxy groups and —~O-, X and X' are as defined above, each Y is an inert
monovalent atom or group, lis 1 or2, mis1,20r3,nis 0, 1 or 2,.thc total of 1, m and

nbeing 4;and pislor2,qis1,2or3 andris 0, 1 or 2, the total of p, q and 1 being 4.

In unit I preferred hydrocarbyl and hydrocarbyloxy groups for R and/or R' are alkyl and

alkoxy groups, and more preferably the lower alkyl and alkoxy groups e.g. those having 1
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surface. Thus, the copol ysil oxane contains at |east two different kinds of
repeat units. The first conprises the nonoval ent organic group X, e.g.
CFlerr]z-, attached to a silicon atomwhich in turn is attached to at |east
one oxygen atom attached to another silicon atomin the copolysil oxane and
t he second conprises the nonoval ent organic group X attached to a silicon
atomwhich in turn is attached to at | east one oxygen atom attached to
anot her sfo14 ewhonatoms. sspacially gpethylsandosthe®y- The crossl i nked copol ysi | oxane
coating may be formed by applying to a substrate a crosslinkabl e
conposition of silicon conpounds including a silicon conpound cont ai ni ng
the ‘group X and a silicon conmpound containing the group X and causing or
al | owi ng §dthat the product is crosslinked, it will be understood that in at least some of the units,

the Si atom must be attached to at least three —~O— groups; that is to say in at least some

of the units I, at least one of R and R' must be ~O- and/or in at least some of the units II,

m must be 3 and/or in at least some of the units ITI, q must be 3. Preferably, the

crosslinking is provided mainly by providing units of the kind I wherein at least one of R

and R' is ~O-. -

It will be understood that other units may also be included in the copolysiloxane, if
desired, provided that they do not interfere unacceptably with the film—forming properties
of the copolysiloxane, the bonding of the copolysiloxane to the substrate and the desired

surface property of the coating.

The units of the structure II, and more particulaﬂy the groups X- thereof, provide the
means whereby the copolysiloxane is bonded to the substrate. While in these units it is
sufficient for m to be 1, so that the units are chemically bound to the body of the
cﬁpolysiloxane, it is préfcrrcd fhat m is greater than 1, e.g. 2 or 3, to reduce the possibility
of such units becoming detached from the body of the copolysiloxane by bond scission,
thereby reducing the strength of the bond of the copolysiloxane to the substrate. For
similar reasons, it is preferred that umts of the structure II provide at least 0.1% of the
total number silicon atoms in the copolysiloxane, and preferably from 0.1 to 10%, more
prcfembly 0.4 to 3%. Above 10%, no further improvcmént in bond strength is obtained

and other desirable properties of the coating may be adversely affected.
M
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said silicon conmpounds to crosslink. The coating so formed exhibits
excel | ent adhesion to the substrate and a surface which has the desired
surface property provided by the group X' . Thus, where X is CFlerr]Z-, a
sur f ace—+s provi ded which has excellent non-wetting properties even tovvar ds
non-aqueous inks. Wiile not w shing to be bound by this theory, it is
bel i eved that during the formation of the crosslinked polysiloxane fromthe
cr ossl i nkEhg. snisoehhei Stiuskire {llipsavide thecdasired swdegeapropettipt and {or theSaME| on of
the X and X groups occurs whereby the silicon-containing nolecules tend to
ori ent t hreason ascaregitdn aboye dopthetumitd iofi gtrictureoH ¢ while at mapbe tihét is much
coating/ atnosphere interface while the X groups tend to concentrate at the
coat i ng/ spieferfed!thatl if i°2 0R 3F mote BreferEbIy) AWMLY Bfihbel SOSAEHRAORR! thihoel ow.

copolysiloxane provided by units having the structure III will depend upon the nature of

the group X' but in general will be at least that number that is just enough experimentally

to provide a monolayer of the terminal groups of the X' group on the surface of the

coating. In the particular case where X' is CF,Z~ s0 as to provide a non-wetting coating,

units of the structure III will preferably provide from 0.0i% to 15%, more préferably from

0.1 to 5%, of the silicon atoms in the copolysiloxane. Above 15%, little improvement is

likely and other properties of the coating may be adversely affected.

The units of structure I are preferably chosen to provide the important physical properties
of the coating and it is also preferred that the desired level of crosslinking is achieved
largely by means of these units. Preferably, therefore, they provide a major part '(i.e. over
50%), and more preferably at least 75%, of the silicon atoms of the copolysiloxane. The
maximum proportion of these units in the copolysiloxane is generally controlled by the
number of units II, units III and any optional units that are also present but in general
units of structure I will not provide more t};an about 99.8%, and more preferably not more

than about 99%, of the total number of silicon atoms.

The thickness of the coating can also be controlied by the number of units of the
structure I present, the larger numbers producing the thicker coatings by increasing the
number of intermediate siloxane layers in the copolysiloxane linkirig the upper layer

containing units of structure III to the lower layer (that is, the layer adjacent the substrate)
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4 ATMOSPHERE [err] SUBSTRATE In the above diagram it is to be understood
~that each «can represent a direct or indirect link. In any event, where
X =CF[err]Z-, coatings have been obtained according to the invention

- ~ containing units of structuré II. It will be understood that within the ranges of
concentration given above for units of structure II and III, the actual concentration desired
will depend upon the thickness of the cbating. With increase in thickness, the number of
units of structure I relative to the number of units of structures II and III will increase, and

vice versa,

In the units of the structure I, it will bé understood that those wherein at least one of R
and R' is ~O— will contribute to the crosslinking. Thus, physical properties of the coating
may be varied by varying the ratio of units wherein neither R and R' is ~O-, to the
number of units where at least one of R and R' is ~O~. Decreasing the ratio will increase
the crosslink density and thus the rigidity and hardness of the coating while increasing the
ratio will reduce crosslink density and introduce elastomeric properties. However, it is
generally preferred that unit I contributes, and more preferably contributes mainlSr or
entirely, to the crosslinking, in which casé it is essential that in at least some of the units
I, that is to say in at least about 50 % and preferably at least 75 % of the units at least
one of R and R' is -O~. Of these units, it will generally be preferred that in most, if not
all, only one of R and R' is ~O~, because of the difficulty of forming coating

compositions containing compounds that will provide units having the structure.
(o)

-
0O— Si— O
|
(o
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wherein the surface ener gy is close to that which has been neasured for a
ponol ayer of close-packed CFlerr]- groups. Preferably, the crosslinked
pol ysiloxane will also include other siloxane units in addition to those
containtng the groups X - and X-, to enhance other desirable properties in
the coating such as tensile strength, abrasion resistance, hardness and
fractur:e toughness, Suitable units will be known to those skilled in the
art but . fwhencersploxing the prefemed meghadrofidepositing dhmerating Jramusplationhey are
derived, they will generally conprise silicon atons to which groups
sel ected from nonoval ent hydrocarbon and nonoval ent hydrocar byl oxy groups
are attached. It is preferred that these silicon atons forma major part of
the In the units of the structure II, X contains a group which is reactive with a group on the
substrate surface eg. to form x~x bonds, hydrogen bonds or ionic or covalent bonds and
the nature of X will therefore be chosen according to the nature of the surface to be
coated. For example, where the surface is oxidised metal or glass, X may contain an ~OH
group or a ~COOH group; where the surface is polyester or polyimide, X may contain an
active hydrogen atom. In another alternative, X may contain a polymerisable ethylenically
unsaturated group, for example a vinyl group, e.g. to enable bonding of the coating to the
substrate by grafting. However, in the preferred case where the surface is polyimide,
polycarbonate or linear polyester, the strongest bonds have been obtained when X contains
at least one Zerewitinoff hydrogen atom attached to a nitrogen atom e.g. as in primary and
secondary amino groups, imino groups, amide groups and monosubstituted amide groups.
In general, it will be preferred that 1 is 1 because where more than one X- group is
present, steric hindrance which interferes with the ability of X to bond with the substrate
may occur. The units may also include one, or even two, Y groups where Y is a
monovalent inert atom or group by which we mean an atom or group that is inert to X
and does not interfere with the formation of the copolysiloxane. Examples are hydrogen,
hydrocarbyl such as alkyl, e.g. mcthyl, or phenyl and hydrocarbyloxy, e.g. alkoxy.
Howéver, as indicated above m is preferably 2 or 3 and for best results, it is preferred that

1is 1 and m is 3, in which case it will be understood that the units II will contribute to the

~ crosslinking.

Examples of X groups having a Zerewitinoff hydrogen atom attached to a nitrogen atom
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5_c?oss|inked pol ysi | oxane because of the relatively greater cost of
silicon conpounds containing the groups X - and X-, especially where X - is
"CF[err]Z-. Suitably these silicon atonms forma najor proportion of the
total aunber of silicon atonms of the crosslinked polysil oxane and provide

t he backbone of the copol ysil oxane to which the silicon atons contai ning

‘the X' : groups and the silicon afo cont aj ni t he . X- . groups at t ached.
Thus in_sxscuniagaksl, M‘tﬁh‘%ﬁ@lflﬁ?’é‘f!g denerAsBige Akylen e‘ﬂéalliglég’éﬁr‘)ﬁ ?fﬁ%ﬁ—
copol ysil oxane includes the foll owi ng repeating units

alkylene substituted polyalkylene imine; e.g. aminopropyl, N-methyl aminopropyl, 3—

- amidopropyl, 3—(N-methylamido)propy! and propy! substituted polycthylenciminc.

In the units of the structure III, X' is a monovalent organic group chosen to provide a
desired surface property. In the preferred case where non—wetting characteristics are
required, X' is preferably CQ,Z~ where each Q is H or F and Z is a divalent organic
group. Thus CQ,~ may be CF,;-, CF,H~-, CFH, or.CH;-. Where a particularly low
surface energy surface is required, e.g. to exhibit good non—-wetting properties even
towards non—aqueous inks such as those where the diluent is selected from hydrocarbons
and esters, it is preferred that essentially all the CQ,~ groups are CF;— groups. However,
it has unexpectedly been found that good non—wetting coatings for such inks are still
obtainable where at least some of the CF;— groups are replaced by groups where one or
more of the fluorine atoms have been replaced by hydrogen atoms. In particular, at least
some of the CF,— groups may be replaced by CH,— groups. For aqueous inks, adequaté

non—wetting may be obtainable where the CQ,— groups are CH;— groups.

Divalent group Z preferably has a chain of_ carbon, or carbon and oxygen, atoms betweeﬁ

the free valencies. More preferably, the group CQ,Z~ has the structure

ACACF{CHp (D CH; (IV) or
CH5{CHp: D) {CHzy ™

where each A is F or CF,~, D is a divalent atom or group, eg. O, and each of s, t and v

-10 - _
This Sheet Has Been Replaced




[err] wherein each R and each R is selected from nonoval ent hydrocar byl

groups, nonoval ent hydrocarbyl oxy groups and -0-, X and X' are as defined
‘above, each Y is an inert nonovalent atomor group, 1is 1 or 2, mis 1, 2
or 3, A~is 0, 1 or 2, the total of 1, mand n being 4; and pis 1 or 2, ¢

_is]iL', ZgrhSdandrblso lor 2, thetotal of p, qandr being4 In unit |
preferred hydrocar R an
and al koxX§ ZFP PO tg‘ftg? g‘% Xﬁlﬁgfulsg\ﬁi?s YIPRVE aéﬂ g?ﬁ grot)ps

e.g. those having 1
or 1. For optimum non-wetting propcrtles in structure IV each A is preferably F, t and u

are each 0, vis 2 and s is 1 to 9. In structure V, u is preferably O and t plus v is a whole
number from 1 to 9. Specific examples of CQ,Z~ are

CF5(CFy)y(CHy)s~

CF3(CFs(CHy),~

CF,(CF,):(CHy,~

CF3(CF2)50(CHZ)2— -

CH,(CH,)—. : -

Preferably, p is 1 because steric hindrance may interfere with the desired surface
properties of the coating if p is greater than 1. The units may also include one or even
two .Y groups where Y is an inert atom or group by which we mean here an atom or
group that is inert to X' and does not inteﬁere with the formation of the copolysiloxane.
Examples are hydrogen, hydroxy, hydrocarbyl,' e.g. methyl or phenyl, and hydrocarbyloxy,

e.g. alkoxy. As indicated above, however, q is preferably 2 and more preferably 3.

The coatings of the invention are formed from film-forming compositions comprising at
least one hydrolysable silicon compound containing at least one X'~ group and at least one
hydrolysable silicon compound containing at least one X~ group. In general, the
composition will also include a hydrolysable silicon compound knéwn to form

polysiloxane films.

The silicon compounds are preferably provided in the composition as a solution in a
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6 to 4 carbon at ons, especially methyl and ethoxy. So that the product is

gcrosslinked, it will be understood that in at |east some of the units, the
Si at'om nust be attached to at |east three -O groups; that is to say in at
| east some of the units I, at |least one of Rand R nust be -O and/or in
at | east sonme of the units I, mmnust be 3 and/or in at |east sone of the
units LI must be 3. Preferabl e crossl i nki r ovi ed mai nIy by
provi di n@ulﬁfﬂﬂc solyenty which .mareferam 1Eq aien}oéfa'%lF ffﬂﬁ%n]gq‘ C‘P?tﬁﬁdeﬁ' Yis -

wi |l be understood that other units may al so be included in the
copol ysi levxporetion, fandés bf kol syrfavei temsiort. h&vitatie yoluents et alnokals eg.ecthyl
unacceptably with the filmform ng properties
alcohol, and alkanes, eg. hexane. Preferably, the solution also includes a higher boiling
component to promote self-levelling of the coating. Examples include n—hexanol and 2-

butoxyethanol.

To enable the silicon components to hydrolyse, the coating composition will a!so contain
water. | Sufficient water should be included to permit complete hydrolysis of the
hydrolysable silicon compounds but if too much water i$ present the resultant solution,
after hydrolysis of.the silicon compounds, may not adequately wet the substrate to be
coéted, especially where this is formed of certain synthetic pqumers. For example, where
the surface is polyimide, it has been found that the water content of the composition prior
to hydrolysis of the silicon compounds should preferably be not more than 350% of that

required for the total hydrolysis.

In a preferred embodiment, the coating composition comprises

@) at least one film—forming silicon compound A selected from those having |
the structure Si(R"),, RSi(R';)3 and RR;Si(R")2 where each of R and R' is
selected from monovaleﬁt hydrocarbyl and hydrocarbyloxy groups and R" is
a hydrolysable group.

(ii)  at least one silicon compound B having the structure X,SiY,,R".'m where X,
Y, |, n and m are eac}; as defined above and each R" 'is a hydrolysable
group; and

(iii)  at least one silicon compound C having the structure X' SiY,R", where X,
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of the copol ysil oxane, the bonding of the copolysiloxane to the substrate
and the desired surface property of the coating. The units of the structure
I'l, and nore particularly the groups X- thereof, provide the nmeans whereby
t he copetysiloxane is bonded to the substrate. While in these units it is
sufficient for mto be 1, so that the units are chemcally bound to the

body of the copolysiloxane, it is preferred,that i feater .t , e.g.
2 or 3, to reduce tP(ePpB@?fjﬁiqr?F?cl‘g?s é%lﬂ?guﬁl?f’yga%‘g]%%gglsdﬁsg‘érﬁgygg?l%omthe
body of the copol ysil oxane by bond scission, thereby reducing the strength

of the bond of the gmpp] ysil oxane to the substrate. For simlar reasons, it
Is preferred that units of the structure Il provide at |east 0.1% of the

t ot alo number sjdd &@Breal &MBast Roib &f e alojeiules cvnrin anidagirthiee ydiotydablem 0. 1
to 10% nore

groups whereby to achieve crosslinking.
Preferred hydrolysable groups are alkoxy and chloride groups.

It will.be understood that compounds A having the structure RR'Si(R"), will provide units
of structure 1II in the crosslinked copolysiloxane. In the preferred case where crosslinking
is provided mainly by units of the structure I, it will be understood that at least some of

the molecules of compound A will be of the structure Si(R"), or, more preferably,

RSi(R").

It is possible that not all of the hydrolysable groups of the compounds in the coating
composition will be hydrolysed. Thus, for example, a compound A having the structure

RSi(R"), may give rise to units in the crosslinked copolysiloxane having not only the

structure
R
|
O— Si— O
|
0
but also the units having the structure
-13 -

This Sheet Has Been Replaced.




pref"erably 0.4 to 3% Above 10% no further inprovenment in bond strength is
obt ai ned and ot her desirable properties of the coating may be adversely

af f ect ed. 7 The units of the Structure Il provide the desired surface
propertt+es and for the sane reason as are given above for the units of
structure Il, while q may be 1, it is much preferred that it is 2 or 3,
nore pr.eferably, 3. The nunber of silicon atons in the copol ysil oxane
provi ded by units having the structure IIl will -depend upon the nature of
R
l
— 00— Si— 0 —
|
R n
and even
R
i ,
—0— Si.— R"
I
R" _

Compound A is preferably a compound which on hydrolysis and cross-linking will
provide a strong hard film able to withstand temperatures of at least 100°C without
deteriorating. Earticular examples of A are methyltriethoxysilane and tetracthoxysilane.
Partially polymerised materials such as polydialkyl- and polydialkoxy-silanes may also be
used as, or as part of, component A provided that they can be provided as emulsions or,
more preferably, solutions in a solvent for the other components of the composition.
‘While compound B in principle requires ;)nly one hydrolysable group R", it is preferred
that it contaihs at least two and prefcrabiy three such groups and only one group X.
‘Where it contains two hydrolysable groups, it may contain two X groups or one X group
and one Y .g.roup. Particular examples are 3—aminopropyl triethoxysilane,
trimethoxysilylpropyl substituted polyethyleneimine, dimethoxy méthyl silyl propyl
substituted polyethylene imine and carboxyamfdc silanes such as those séld as Prosil 9214

and Prosil 9215 by Fluorochem Ltd of Old Glossop, Derbyshire, England.
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the group X but in general will be at |east that nunber that is just enough

_experi ment ally to provide a nonol ayer of the term nal groups of the X

group  on the surface of the coating. In the particular case where X is

CrlerrjZ- so as to provide a non-wetting coating, units of the structure

1|5(|)/| w:cl I hpref:a_rabl y provide fromO0.01%to 15% nore preferably fromO0.1 to
9 of _the silicon atons in the copol ysil oxane. Abgv 5% little _

i mpr ovene@ompound Keprpfezahly eppfains 3t Eﬁ?ég%i ang peferahly %&)gﬁ}rﬁésﬁgﬁ FERSRersel y

affected. The units of structure | are preferably chosen to provide the

i mpor t ant Spduific esdmleopiietei X'sis Q4 Zrearc amtyl rigethoxy silaries dedyl érigthexyesilasg, t hat

the desired |l evel of crosslinking is achieved | argely by neans of these

units. Pr ﬂﬁ&?@a@éd’deﬁmli/@i QUch ast 1B YHPHDYHO e rflubiiobfyl BésthoxXysilene ander 509,
and nore preferably at least 75% of the silicon atoms of the

copolysi| ]C_)ﬁ,airf-EZHEf-Fperﬂﬁomdecyl triethoxysitane and the corresponding compounds wherein

one or more of the ethoxy groups are replaced by chlorine, e.g. 1H,1H,2H,2H
perfluorooctyl dimethy! chlorosilane. Mixtures of 1H,1H,2H,2H perfluoroalkyl

triethoxysilanes having 8, 10 and 12 carbon atoms in the perfluoroalkyl chain may also be

used. -

Hydrolysis of the silicon compounds of the coating composition and subsequent cross—
linking may be promoted by acid or basic conditions. It is therefore preferred that the

| coating composition also include an additive which shifts the pH of the composition above
or below 7. Where the group X of component B is basic, it is preferred that the additive
is an acid which will promote protonation of X since this is believed to promote the
partition of X and the X' group of component C, at least where X' is CQ;Z-. Examples of
suitable acids are mineral acids such as hydrochloric and organic acids suc;,h as acetic.
The amount of acid employed is not believed to be critical provided that it is sufficient to
neutralise all of any base present and ensure acidic conditions. Mixtures of acids ﬁ:ay be

used.

The composition should be formed under clearly acid or basic conditions and therefore it

is preferred to add the hydrolysable silicon mmpounds to an acidic (or basic) solution.
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maxi mum proportion of these units in the copolysiloxane is generally
controlled by the nunber of units II, units Il and any optional units that
are also present but in general units of structure | will not provide nore
t han abotit 99.8% and nore preferably not nore than about 99% of the total
nunmber of silicon atonms. The thickness of the coating can also be
control | eg.hy. .t.he:. R st 18f Uf boncids 8L
mumbers. ptishie EIRIERR By sad @ folr e Ldtle R coaRhg SRBbosiiiif phot
i nternmedi ate sil oxane, | ayers .i.n the .copal ysi| oxa | i nking, t he upper |ayer
cont ai ni rﬂ}"a P €8sy ak h"%}c/ﬁ’%ﬁﬁl }Mdforly Ys PE @‘%/E\’/dé?@?%ﬁ% lg“{“ﬁ’ﬁ'agt 1s£”?‘ﬁ‘gmﬁ%y er
adj acent the substrate) .

important that compound A be at least partially hydrolysed and it is desirable that

compounds B and C are also ét least partially hydrolysed so as to reduce the possibility of
evaporation during the curing required to effect the formation of the crosslinke_d film.

This ageing also improves the mechanical properties of the resulting coating. The ageing
may suitably be achieved by allowing the composition to stand at room temperature for
several hours. The ageing process might also be accelerated by heat but care must be
taken not to induce premature crosslinking-leading to the-formation of insolubles. The
presence of such insolubles will be seen as the formation of cloudiness in the composition.
In general, ageing for 1-2 dgys at room temperature has been found satisfacfory. If the
ageing step is omitted, the coating may suffer- ﬁoﬁ pinholes or other defects and this is
believed to be due to the presence of excess water in the composition which has not been

consumed in the hydrolysis.

The at least partially hydrolysed composition may then be applied to the substrate and
cured to effect or complete crosslinking. While the substrate may consist of any suitable
material whose surface is required to be made non-wetting, the invention is particularly
applicable to the treatment of nozzle plates of ink jet print heads. Thus, materials to
which the coating may be applied include, in particular, metals (including metals whose
surface has been oxidised by atmospheric oxygen), glass, ceramics and synthetic plastics.
The invention is particularly applicable to glass, metals and laser—ablatable plastics such
as polyimides, polycarbonates, saturated pol&esters eg. polyethylene terephthalate and

polybutylene naphthenate, and polyether ether ketones.
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8 containing units of structure Il. It will be understood that within the

ranges of concentration given above for units of structure'Il and IIl, the
actual_concentration desired will depend upon the thickness of the coati ng.
Wth imcrease in thickness, the nunber of units of structure | relative to
the nunber of units of structures II and Il will increase, and vice versa.

In the. unlts of the struct re,l | under st pod .t hat t hose rei
at | east HSI0E tRcopingdt ¥ Prg rreQ}thaWﬂpq S"E%ﬁf’%ctﬂﬁ’ ‘fWedE%g?P hR'ieﬁF\gﬁ*hus
physi cal properties of the coati ng may be vari ed by varying the ratio_ of
uni ts whelsei mcreaset e surfacgrenerRy since-tijs has deem dound to improve adhesion, especially

of polyimide surfaces. One preferred pre—treatment for polyimides is to soak the surface
in an aqueous alkaline solution, ég. fer-about an hour, rinse with water and then dry. The
coating may then be applied in any suitabfc manner eg. roller coating, doctor knife coating
or spraying. One preferred method is by meter bar whereby the composition is spread
over the surface by means of a wirc—wbund bar. Preferably, the coating is applied as
séon as possible after completion qf the pre—treatment. The ﬁrcfened wet coating
thickness is 2 to 10 microns. At thicknesses below 2 microns, the coating may be
incomplete and no apparent additional benefit is obtained from coatings more than 10
microns thick. Excessive thickness is preferably avoided if the coating. is subsequently to
be treated, e.g. by léser ablation, to remove some of it. A preferred dry thickness is 0.3 to

1 microns.

The coating is then caused or allowed to cure. Suitably, the cure is accelerated by
application of heat and heating may conventionally be effected in an oven at a temperatiire
which will depend upon the choice of the components for the composition but will
generally be in the range 60°C to 100°C, pfefcrably about 70 to 95°C. To ensure
completion of the formation of the cross-linked film, cure times of several hours, eg. 3 to
24 hoﬁrs are recommended. Cure may be enhanced if it is effected in an atmosphere of

high humidity.

Preferably, the coating is aged prior to the heating step, e.g. by allowing it to stand at

room temperature for a few minutes e.g. 5 to 30 minutes, since this has been found to

-17 -

This Sheet Has Been Rep

A i



nunber of units where at |east one of Rand R is -O. Decreasing the ratio
W Il increase the crosslink density and thus the rigidity and hardness of
the coating while increasing the ratio will reduce crosslink density and
i ntroduee el astoneric properties. However, it is generally preferred that
unit | contributes, and nore preferably contributes mainly or entirely, to

the cresslinkin in which case it is essential that in at |east. so of
the uni t_smleO‘feh&*F prepertiessef the fesyltantfalm, aggdnpantirular disSupfaes propeTtiss 3p 200 e, ¢
75 % of the units at least one of Rand R is -O. O these units, it wll

gener al | ystieagthraffbenddd thdaitbsiratends is, balieved that this isnhttcpumthemgeiﬂngmks is

-0, because of the difficulty of formng coating conpositions containing

conpoundspaktitadn & tselfissemble” bh tHeSmblRui18g whfebs ttheset dabring @E ghoup X~
concentrafe at the coatinysubstrate interface where those carrying the group X—

_concentrate at the interface of the coating with the atmosphere.

By means of the invention, coatings are obtainable which are strongly bonded to the
substrafc and provide the desired surface propcrticé._In particular, non-wetting coatings
may be obtained which exhibit excellent non~wetting characteristics to a range of ink jet
ink compositions including those based on low surface energy solvents such as alkylene
glycols, polyalkylene glycols and ethers thereof and hydrocarbons. The required surface
energy (mN.m™) of the coating to provide the desired non—wettability will depend upon
the nature of the ink but in general will be less than 20 and preferably less than 10 for
non—aqueous inks, and less than 45 and preferably less than 35 for aqueous inks. The
coatings moreover are thermally stable up to temperatures as high as 200°C and resistant
fo abrasion. They also remain undamaged by exposure to pre— and post—ablation |
treatments such as cleansing with solvents such as acetone and propan-2-ol. A
particularly important feature of the coatings where X~ is CQ,Z~ is their inertness to inks

and their substantial freedom from defects.

In a modification of the invention, at least some of the Si atoms in the copolysiloxane
may be replaced by tetravalent metal atoms, e.g. Zr and Ti. It is also envisaged that a
minor proportion of the Si atoms may be replaced by di- or trivalent metal or metalloid

atoms, e.g. B and Al

- 18 -
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9 when enpl oying the preferred nmethod of depositing the coating from
,solution. In the units of the structure Il, X contains a group which is
reactive with a group on the substrate surface eg. to form[err] bonds,
hydr ogen- bonds or ionic or coval ent bonds and the nature of X will
therefore be chosen according to the nature of the surface to be coated.

o oo i Ebat A St AR D Ry hallBy 06, ShATRe HelRls SPUARE" 5

may contain an
all parts are expressed by volume except where indicated otherwise.

EXAMPLE —

A coating composition was prepared from the following components by first mixing the

-

Solvents and acids and then adding the silicon compounds

ethanol | 30 parts
glacial acetic acid 09 part
hexanol : =~ 2.0 parts
hydrochloric acid (0.01 mol/dm®) 5 parts
methyl triethoxysilane 5 parts
3—aminopropyl triethoxysilane 0.5 part

1H,1H,2H,2H perfluorooctyl triethoxysilane 0.5 part.

The solution so formed was then allowed to stand for 2 days to allow hydrolysis of the

silicon compounds.

A sheet of polyimide is washed with about 1 mol/dm® NaOH, rinsed well with water and
dried by wiping with a clean room wipe and then the aged solution is applied to the
surface of the sheet dsing a meter bar to form a wet coating approximately 4 microns
thick. The coéted sheet is allowed to stand for 5 minutes and then placed in a humid
atmosphere in an oven at 95°C for 3 hours. The resulting coating thickness was of the

order of 0.6 microns.

- 19 —
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active hydrogen atom In another alternative, X may .contain a pol ynerisable
.ethylenically unsaturated group, for exanple a vinyl group, e.g. to enable

bondi'ng of the coating to the substrate by grafting. However, in the

pref er+ed case where the surface is polyimde, polycarbonate or |inear

pol yester, the strongest bonds have been obtai ned when X contains at |east

‘one Zey ewj d L in
o ey AR AR SRR A rhfcd it RO APty
nonosubsti t ut ed am de groups. In general, it will be preferred that 1 is 1

because WhB#8NnDre than one X- group is present, steric hindrance which
interferes with the ability of X to bond with the substrate may occur. The
units may al so include one, or even two, Y groups where Y is a nonoval ent
inert atomor group by which we nean an atomor group that is inert to X
The resistance of the nozzle plate to wiping was evaluated by measuring its receding
meniscus velocity (RMV) in the following manner. An ink-soaked polyurethane foam
pad is drawn across the non—wetting coating surface at a measured velocity. The velocity
at which the ink just fails to follow the foam pad and begins to leave a trail of ink upon
the noﬁ—wetting coating is taken to be the RMV. The minimum RMV for adequate
wiping performance is 1.0mm sec™. The measured RMV was 2.7mm sec’. The RMV
was still greater than 1.0mm sec™ after six weeks' immersion in the ink, indicating a very
low level of interaction between the ink and the coating. By way of comparison, prior
coatings tended to turn grey after a similar immersion treatment due to adhesion of
components of the ink to the coating. The ink employed in the above—mentioned tests

was an ink jet printer ink comprising a colloidal dispersion of carbon black in tripropylene

glycol monomethyl ether containing a polymeric dispersant.

In a further test, the coated nozzle plate was wiped 50 times with a cotton bud soaked in

- acetone. No visible damage was perceived.

In another test, the abrasion resistance of the coated nozzle plate was evaluated by rubbing
it with a foam pad soaked in ink. The coating survived 1,100 wipes before any loss of
non-wetting properties was observed. Examination showed that the loss of performance
was due to scratching and not as a result of attack by or absorbance of the ink. The same

coating survived over 150,000 rubs with a silicone wiper blade.
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and does

“hydr ocar

case it wll

‘crosslin
attached

not interfere with the formati on of the copol ysil oxane. Exanpl es
.are hydrogen, hydrocarbyl such as alkyl, e.g. nethyl, or phenyl and

byl oxy, e.g. al koxy. However, as indicated above mis preferably 2
or 3 and for best results, it is

it S R O

preferred that 1 is 1 and mis 3, in which

be understood that the units Il will contribute to the

P51 0eafifle Fo 266XMid RAS Geild Lite QPR afAlr Gl

equivalent of more than 3 months

plate.

continuous use of a printer fitted with the coated nozzle

Coatings strongly bonded to the substrate were also obtained when the procedure

described above was repeated but replacing the perfluorooctyl triethoxysilane with n—octyl

triethoxysilane and with a mixture

triethoxysilane.
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of perfluorooctyl triethoxysilane and n—octyl
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are ani noal kyl, N-al kyl ami noal kyl, al kyl ene_ani de al kyl ene N-al kyl ami de and

N- al kyl ene substituted pol yal kyl ene i m ne; rop N- et hyl
am nopropyl, 3- am dopropyl, 3-(N-nethylam @M mim r’mpyl substituted
pol yet hiyteneinine. In the units of the stru a nonoval ent

organi ¢ group chosen to provide a desired surface property In the
pref er redcgagggvhere non-wetting characteristics are required, Xis |
preferabl—'CQS'Z' where each Qis Hor F and Z is a dival ent organic group..
Thus CQ3

parti cul a Ty I%wcogﬁlgﬁe é‘é]g sgﬁgfigﬁgy%s dgvceg: ?[ss ﬁl‘risrtiateo&ugq[ &’Jsfr]:a Sul%&rﬁl???n%ood
non- mettrng properties, even to ueous I nks t hose where
the di| uesid £RAtiRg| ORPEFING LR ’(?F‘S‘i&? é?RF etapiog %f)'r%TPEPSr ed that

essentially all the CJerr]- groups are CF[err]- gr oups However
- -attached to different Si atoms wherein the groups X'- are monovalent organic groups

which provide the desired surface property and the groups X'- are monovalént organic

groups which are reactive with a group on the substrate surface and have a higher surface

tension than the groups X'-.

2. A non-wetting crosslinked copolysiloxane coating-wherein said polysiloxane
contains X'- and X- groups attached to different Si atoms wherein eaeh X' has the
formula CQ;Z- where each Z is a divalent organic group and each.X is a monovalent
organic group reactive with a group on the substrate surface and has a higher surface

tension than the group CF,Z-.

3. A modification of the coating as claimed in claim 2 wherein in at least some of the

CF;Z- groups one or more of the fluorine atoms are replaced by hydrogen atoms.

4, A coating as claimed in claim 2 or claim 3 wherein the X'- groups are selected

from the CH;- groups, CF;- groups and a mixture of such groups.

5. A coating as claimed in any one of claims 1 to 4 in which the Si atoms carrying
the X'- groups and the Si atoms carrying the X- groups are separated by one or more

siloxane layers.
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it has unexpectedly been found that good non-wetting coat rTTg‘s—‘f‘Gr—’:TUC‘h'Trr .
are still obtainable where at |east sone of the CFlerr]- ﬁﬂﬂ“lﬁﬂ&"l""l“'”"l
repl aced by groups where one or nore of the fluorine atomns

repl acee~by hydrogen atons. In particular, at |east sone of fhe‘Crfert]-* *
groups may be repl aced by CHerr]- groups. For aqueous |nks adequat e

b b bl h -
o et B o RE b SATEAE i U56S aSnS R s BB L o

oxygen, atoms between the free valencies. Mre preferably, the group CQBZ-
has the seopebsilpranecomprispiethe folleWing repeatingunts3- | D is a di val ent at om or
group, eg. -O, and each of s, t and v

i
— 0 — Si— 00— . I
L,
X=)Si(-0)z I
i
Y,
X),8i(-0) - I
' .
Y,

wherein each of R and R' is selected from monovalent hydrocarbyl groups, monovalent

hydrocarbyloxy groups and —O-, each Y is an inert monovalent atom or group, 1 is 1 or 2,
misl,20r3,nis 0, 1 or 2, the total of I, m and n being 4; and pis1or2,qis1,2or 3
and ris 0, 1 or 2, the total of p, q and r being 4, provided that in at least some of the said

repeating units a silicon atom is attached to at least three —O- groups.

7. A coating as claimed in claim 6 containing units of the structure I wherein at least

one of R and R' is -0O-.

8. A coating as claimed in claim 7 wherein in most or all of the units of structure I in

which at least one of R and R' is ~O-, only one of R and R' is -O-.

9. A coating as claimed in claim 6, claim 7 or claim 8 further including repeating
_ .\
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is zero or a positive integer with the total of s pIu v béi mg—at
least one and u is 0 or 1. For optinum non-wetting prn!uwum;um”llﬂuﬂcture
'V eath Ais preferably F, t and u are each 0, v is 2

structéere V, u is preferably Oand t plus v is a whol e nurrber froth 1*to 9.
SpeC|f|c exanpl es of CQBZ- are CF[err](CF[err])[err](CH[err])[err]

CF[ err]« %’E‘H mmker r%er?}) e[ét:gﬁfmcél Lt}t &Jp gﬁalcgéc{ 1() Lneéf 1rltom.

Crlerr](

10. A coating as claimed in any one of claims 6 to 9 wherein
each R is a lower alkyl or alkoxy group;
each X is selected from groups containing at least one Zerewitinoff hydrogen atom
attached to a nitrogen atom; | |
each Y is hydrogen, a hydrocarbyl group or a hydrocarbyloxy group;
and each group X' is a group having the structure CF;Z— where Z is a divalent
organic group. -

11. A modification of the coating as claimed in claim 10 wherein in at least some of

the CF,;— groups, at least one of the fluorine atoms is replaced by a hydrogen atom.

12. A coating as claimed in claim 10 or claim 11 wherein each X' is selected from
groﬁps having the structure

A;CACFp, €CH % €D}, €CHy, and

CH,-{CH{D)-CHz:

where each A is F or CF,, di s a divalent atom or group, each of s, t and v is zero or a

positive integer with the total of s + t + v being at least one, and u is zero or one.

13. A coating as claimed in claim 12 wherein X' is selected from

CF,(CF,)y(CH,),~
CF,(CF,),(CH,),~
CFy(CF,),(CH,),-

- 24 - -‘m
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CH err](CH err])[err]- Preferably, p is 1 because steric hindrance may
interfere with the desired surface properties of the coating if pis

greater than 1. The units may al so i nclude one e+—even-two Y groups where Y
is an Rert atomor group by which we nean here hat is
inert to X and does not interfere with the forn'a:mmnmﬂu@ T@I’
copol'ysi | oxane. r(n%J@ﬁ: b?C drogen hydr oxy, hydr gcarby nmet hyl or
phenyl, and hydr ocarby i? é al koxy. As indicated above, however, g is
pr ef erably 2 and nore erably 3. The coatings of the invention are
formed fromfil mf ol Eéﬁ Drrposi tions conprising at |east one hydrol ysable
silicon conpound containing at | east one X - group and at | east one
hydr ol ysabl e silicon conpound containing at | east one X- group. In general,
t he

14. A coating as claimed in any one of claims 6 to 13 wherein X contains an amine

group. .

15. A coating as claimed in claim 14 wherein X is aminoalkyl.

16. A coating as claimed in any one of claim 6 to 15-wherein 1 and p are each 1 and

m and q are each 3.

17. A coating as claimed in any one of claims 6 to 16 wherein the silicon atoms of
units I, I and III form from 75 to 99.1%, from 0.1 to 10% and from 0.01 to 15%,

respectively, of the total number of silicon atoms in the copolysiloxane.

18. A coating as claimed in any one of claims 1 to 17 on an ink jet printer nozzle

plate.

19. A coating as claimed in claim 18 which is a non~wetting coating and is on a zone

of the nozzle plate surrounding a nozzle.

20. © A crosslinkable film—forming coating composition for forming a coating as claimed
in any one of claims 1 to 19, said composition comprising at least one hydrolysable

silicon coinpound containing the group X' and at least one hydrolysable silicon compound
M
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~conposition will also include a hydrol ysable silicon compound known to form
Rol ysi l oxane filns. The silicon conpounds are preferably provided in the
conposition as a solution in a 12 suitable solvent which is preferably
readi | y—renovabl e fromthe coating, eg. by uapoLaLLgn~_and—Ls—e | ow

surface tension. Suitable solvents are al cohol I ““ and
al kanes; rably, the solution E ﬂﬂ m m | gher
boi i ng SntaIFPHE- gl ke

21. A composition as claimed in claim 20 further including (i) a solvent for the silicon

compounds present in the composition and (ii) water.

22. A composition as claimed in claim 21 containing water in an amount of from 100
to 350 mole % of that required to effect complete hydrolysis of the hydrolysable groups.
23. A composition as claimed in claim 20, claim 21 or claim 22 comprising
@) at least one film~forming silicon coxﬁpound A selected from those having
the structure Si(R"),, RSi(R"); and RR'Si(R"), where each R" is a
hydrolysable group,
(if)  at least one silicon compound B having the structure X;SiY R", where each
R" is a hydrolysable group, 1is 1 or 2, misl, 2or3andnis1or2, and
(iiiy  at least one silicon compoﬁna C having the structure (X),SiY,R", where
each R" is a hydrolysable group, pis 1 or2,qis1,2or3 andris 1 or 2,

provided that at least some of the molecules contain at least three hydrolysable

groups.

24. A composition as claimed in claim 23 which includes compounds having the

structure RSi(R"),.

25. A composition as claimed in claim 23 or claim 24 wherein X is a basic group,

said composition further including an acid.

- 26 - This Sheet Has Been Re

T




conponent. to pronote sel f-I evelling of the coatin
n- hexanol and 2- butoxyethanol. To enable the sil ﬂ" a m«u a
hydrol'yse, the coating conposition will also contai*n Wat er.®»Suftixi ent

wat er steuld be included to permt conplete hydrolysis of the hydrolysable
silicof compounds but if too nmuch water is present the resultant solution,

af ter hydpgl y s'&c&a .Smoéaé él‘a‘ﬂﬁ\ﬁﬁi%%sof TRiYnsnd toaﬂfg-}’%@hyat"l@%stt he

substrate to be coa espec ere thisis fornme certain

synt hetic For ere,the surface is polyimde, it has
been foun ’[“H cnf%élsvégtaé gﬁ?‘ﬁﬁ%‘%y&f’% ggmsmlon prior to hydrolysis of
the silicon conpounds should preferably be not nore than 350% of that
required for the total hydrolysis. _

27. A method of providing a substrate with a desired surface property which comprises
forming on said surface a crosslinked copolysiloxane coating containing X~ and X'-
groups attached to different Si atoms wherein the groups X'- are monovalent organic
groups which provide the desired surface property and the groups X- are monovalent
organic groups which are reactive with a group on the substrate surface and have a higher

surface tension than the groups X'-.- - -

28. A method as claimed in claim 26 which comprises applying to a substrate a
crosslinkable composition of silicon compounds including a silicon compound containing
the group X' and a silicon compound containing the group X and causing or allowing the

said silicon compounds- to crosslink.

29. A method as claimed in claim 27 or claim 28 for forming a coating on a substrate
comprising applying a composition as claimed in claim 26 to a substrate and causing or

allowing the components to form a crosslinked film.

30. A method as claimed i'n claim 28 comprising the steps of
$)) forming a solution of the composition of claim 23 or claim 24 in a solvent
therefor containing water to hydrolyse the hydrolysable groups,
(ii)  causing or permitting at least partial hydrolysis of at least component A,
(iii) applying the sollution obtained from step (ii) to a substrate, and

N —
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In N preferred enbodl ment, the coating conposition co at feast
.one filmformng silicon corrpound A selected fromt hoqg' i\l ilﬁjmmnl)
Structure Si (R')[err], RSi (R')[err] and RR Si(Rerr])]| f R
and R =s sel ected from nonoval ent hydrocarbyl and hydrocar byI oxy gr oups

and R'2is a hydrol ysable group. (ii) at least one silicon conpound B
hawngthe struyc ureXerr err. r re nd m are
each as defi nez'1 boV8 %%‘gﬁ?{“@mﬁ‘%]“ﬁvhs qrés g&gﬁgngaf Sﬁ.?ﬁsmkﬁ%% |i) at
| east one si | | con conpound C having the structure X err]SiYerr]R'[err]
where X,

31. A method as claimed in claim 30 in which the coating obtained in step (iii) is

allowed to stand before initiating step (iv).

32. A method as claimed in any one of claims 27 to 31 wherein the substrate is

selected from glass, metal, ceramics and ablatable synthetic polymers.

33. A method as claimed in claim 32 wherein the substrate is selected from polyimide,

polyethylene terephthalate and polybutylene naphthalate.

34. A method as claimed in any one of claims 27 to 33 wherein the substrate is an ink

jet printer nozzle plate.

35. A method as claimed in claim 34 wherein the coating is applied to a zone of the

nozzle plate surrounding a nozzle.
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13-¥5%, drand r are each as defined above and each R’ i's a hydrol ysabl e
‘group; - and wherein at |east sone:of the nol ecul es contain at |east three
‘hydrolysable groups whereby to achieve crossllnklng Preferred hydrol ysabl e

groups are al koxy and . chl.oride greups. It -will-

be understood that conpounds-

A-havizng the structure RR.Si (R)[err]. wi |I- . provide units of structure 1|
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L : '-whrch va,de rhe desrred surface propeny and the groups X— are monovalent orgamc

| '_'groups wlnch are reacnve wrth a ,roup on the substrate surface and have a hrgher

' .surfaoe tensron tha.n the groups X sard ooaung bemg bonded to satd subs:rate by

e reactron of X— groups wrth substrate surface groups reactrve therewnh In one _ |
.. _embodunent 2 non-wettmg ooatrng is provrded wherem the X -group has the: formula CF;Z— '

- where Zisa drvalent orgamc group or the formula CH;(CH,), where tis at Ieast 3.
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COATING, COATING COMPOSITION AND METHOD OF FORMING COATING

The present invention relates to providing a surface, such as a surface of the nozzle plate
of an ink jet'print head, with a layer having a predetermined surface property, especially a

non—wetting property.

In the manufacture of ink jet print heads, it is desirable for at least a part of the surface of
the nozzle plate, and in particular a zone surrounding a nozzle orifice, to be resistant to
wetting by the ink; otherwise the ink tends to form a pool round the orifice and this pool
can interfere with the proper operation of the printer. The nozzle plate may be an integral

part of the print head or a separate entity which is attached to the print head.

For a surface to be resistant to 'wetting by a liquid, its critical wetting tension or "surface
energy" should be significantly less than that of the liquid. Many inks favoured for ink jet
printing are based on solvents having relatively low surface energies, eg. 20 or 25 to

35mN.m™, whereas the materials from which the print heads are formed, eg. polyesters,

. polyimides, glass, ceramics and metal, tend to have a higher surface energy, e.g. greater

than 40mN.m™. It is therefore necessary to provide those portions of the surface which
are desired to be resistant to wetting by the ink with a suitable coating. For purposes of

simplicity such coatings are referred to hereinafter as non—-wetting coatings.
_ ; .

One class of coating material that is particularly favoured for its non—wetting properties
comprises fluorinated organic compounds; however these are notoriously difficult to bond

to many of the materials from which ink jet print heads are formed -and there have been
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34:--ferr] and even Conpound A is preferably a conpound which on hydrol ysis
and cross-linking will provide a strong hard filmable to w thstand
tenperatures of at |east 100[err]C without deteriorating. Particular
exanples of A are nethyltriethoxysilane and tetraethoxysilane. Partially
pol ynmeri sed materials such as pol ydi al kyl - and pol ydi al koxy-si | anes may
al so be used as, or as part of, corrpone{nt A provided that they can be
provi ded as enul si ons or,

~ many proposals for solving the problem. One solution is provided by EP-A-0367438
which describes selecting a ﬂuoﬂnatcd organosilane as the non-wetting material and
bonding it to the substrate surface by means of an interlayer comprising cured siloxane.
While very good adhesion is achieved with the process, still further improvement is

desired and it would also Bc desirable to simplify the coating procedure.

We have now discovered a method of providing a strongly bonded non-wetting coating
based on organosilane which can be applied to a substrate in a single step. The invention
also provides a coating composition and a inethod of forming the coating from the coating

composition.

In jts broadest aspect, the invention provides a method of providing a substrate with a
desired surface property, e.g. a non—-wetting property, which comprises forming on said
surface a crosslinked copolysiloxane coating containing X~ and X'~ groups attached to
different Si atoms wherein the groups X'- are monovalent organic groups which provide
the desired surface property and the groups X~ are monovalent organic groups which are
reactive with a group on the substrate surface and have 2 higher surface tension than the

groups X'-.

As indicated above, the invention is particularly concerned with coating the nozzle plates

of ink jet print heads, and especially providing a non~wetting coating.

In accordance with this aspect of the invention, there is provided a non—wetting

crosslinked copolysiloxane coating on a substrate, said copolysiloxane containing CF,Z-
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pore preferably, solutions in a solvent for the other conponents of the
conposition. Wiile conmpound B in principle requires only one hydrol ysabl e
group R, it is preferred that it contains at |east two and preferably
three such groups and only one group X Were it contains two hydrol ysabl e
groups, it may contain two X groups or one X group and one Y group.
Particul ar exanples are 3-am nopropyl triethoxysilane,

trimet hoxysilyl propyl substituted pol y8thyl eneim ne, dinethoxy nethyl silyl
propyl substituted polyethylene imne and carboxyam de sil anes such as

h I Prosil 9214 ' 21 Fl h L f
}Z)e?f)s S rs]ior gangéﬁ-g rlg&wos al s at%a cd ?ongif}z;c%% IS& at%ms5wt?c¥ein egc | %CIS grgivatlgnt %rgagicdgr%;ug SS0p.

and each X is a monovalent organic group reactive with a group on the coated substrate

surface.

Thus, the copolysiloxane contains at least two different kinds of repeat units. The first
comprises the monovalent organic group X, e.g. CF;Z~, attached to a silicon afom which
in tum is attached to at least one oxygen atom attached to another silicon atom in the
copolysiloxane and the second comprises the monovalent organic group X attached to a
silicon atom which in tumn is attached to af least one oxygen atom attached to another

silicon atom in the copolysiloxane.

The crosslinked copolysiloxane coating may be formed by applying to a substrate a
crosslinkable composition of silicon compounds including a silicon compound containing
the group X' and a silicon compound containing the group X and causing or allowing the
said silicon compounds to crosslink. The coating so formed exhibits excellent adhesion to
the substrate and a surface which has thé desired surface property provided by the group
X'. Thus, where X' is CF,Z~, 5 surface is provided which has excellent non~wetting
properties even towards non-aqueous inks. While not Wishing to be bound by this theory,
it is believed that during the formation 6f the crosslinked polysiloxane from the
crosslinkable composition of the silicon compounds, effective partition of the X' and X
groups occurs whereby the silicon—containing molecules tend to orient themsclves with X'
groups tending to concentrate at the coating/atmosphere interface while the X groups tend

to concentrate at the coating/substrate interface, e.g. as shown very diagrammatically

below.
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15 Conmpound C preferably contains at |east 2, and preferably 3,
hydr ol ysabl e groups R'. Specific exanples where X is CQ@BZ- are octyl
triethoxy silane, decyl triethoxy silane, fluorinated derivatives such as
1H, 1H, 2H, 2H perfl uorooctyl triethoxysilane and 1H, 1H, 2H, 2H perfl uor odecyl
triethoxysilane and the correspondi ng conpounds wherein one or nore of the
et hoxy groups are replaced by chlorine, e.g. 1H, 1H, 2H, 2H perfl uor ooct yl

di met hyl chl orosilane. M xtures of 1H, iH 2H, 2H per f 1 uor oal kyl
triethoxysilanes having 8, 10 and 12 carbon atons in the perfluoroal kyl
chain nay al so be used.

ATMOSPHERE
X! X - x X!
| | . i I
A Z Z Z
{ | i {
AN D -8 -0 ~A~S8S1 - 0A~AnS1 - 0~ Si - 0 o
o) o o —’_“o
~ ™~ i ~ | ~ |
i Si Si Ssi
X T x ™ X ~- x .
SUBSTRATE

In the above diagram, it is to be understood that each .~ can represent a direct or

‘indirect link.

In any event, where X'=CF,;Z~, coatings have been obtained according to the invention
wherein the surface energy is close to that which has been measured for a monolayer of

clbsc—packcd CF;—- groups.

Preferably, the crosslinked polysiloxane will also include other siloxane units in addition
to those containing the groups X'- and X-, to enhance other desirable properties in the
coating such as tensile strength, abrasion resistance, hardness and fracture toughness.
Suitable units will be known to those skilled m the art but for cost and availability of the
compounds from which they are derived, they will generally comprise silicon atoms to
which groups selected from monovalent hydrocarbon and monovalent hydrocarbyloxy

groups are attached. It is preferred that these silicon atoms form a major part of the
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Hydrol ysis of the silicon conpounds of the coating.conposition and
subsequent cross- linking may be pronoted by acid or basic conditions. It
is thereforfe preferred that the coating conposition also include an '
additive which shifts the pH of the conposition above or below 7. Were the
group X of conponent B is basic, it is preferred that the additive is an
acid which will pronote protonation of X since this is believed to pronote
the partition of X and the X group of conponent C, at |east where X is

CQ err]Z-. Exanples of suitable acids are mneral acids such as

hydr ochl or E,@m’ | re g‘«;e?# Ik €npl oyed
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atoms form a major proportion of the total nﬁmbcr of silicon atoms of the crosslinked
polysiloxane and provide the backbone of the copolysiloxane to which the silicon atoms

containing the X'- groups and the silicon atoms containing the X— groups are attached.

Thus in accordance with one preferred embodiment, the crosslinked copolysiloxane

includes the following repeating units

- R -
|
— 00— Si— 0— I
!
Rl
-(X—)x|Si(-0}..-. I
Y,

X)) Si(-0¥—~ m
Y,
wherein each R and each R' is sclcctﬁ ﬁ'om monovalent hydrocarbyl groups, monovalent
hydrocarbyloxy groups and ~O~, X and X' are as defined above, each Y is an inert
monovalent atom or group, lis1 or 2, mis 1, 2 or 3, nis 0, 1 or 2, the total of I, m and

nbeing 4;andpislor2,qis1,2or3 and ris 0, 1 or 2, the total of p, q and r being 4.

In unit I preferred hydrocarbyl and hydrocarbyloxy groups for R and/or R' are alkyl and

alkoxy groups, and more preferably the lower alkyl and alkoxy groups e.g. those having 1
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The conposition should be formed under clearly acid or basic conditions and
therefore it is preferred to add the hydrol ysable silicon conpounds to an
acidic (or basic) solution. 16 Prior to application to the substrate to
formthe coating, the coating conposition should be aged to ensure at | east
partial hydrolysis of the hydrolysable groups. It is particularly inportant
t hat compound A be at least partially hydrolysed and it is desirable that

conmpounds B and C are also at |east par®ially hydrolysed so as to reduce
the possibility of '

_to 4 carbon atoms, especially methyl and ethoxy.

So that the product is crosslinked, it will be understood that in at least some of the units,
the Si atom must be attached to at least three —O- groups; that is to say in at least some
of the units I, at least one of R and R' must be -O- and/or in at least some of the units II,
m must be 3 and/or in at least some of the units III, q must be 3. Preferably, the
crossliﬁking is provided mainly by providing units of the kind I wherein at least one of R

and R' is -O—-. _

It will be understood that other units may also be included in the copolysiloxane, if
desired, provided that they do not interfere unacceptably with the film—forming properties
of the copolysiloxane, the bonding of the copolysiloxane to the substrate and the desired

surface property of the coating.

The units of the structure II, and more particulaﬂy the groups X- thereof, provide the
means whéreby the copolysiloxane is bonded to the substrate. While in these units it is
sufficient for m to be 1, so that the units are chemically bound to the body of the
copolysiloxane, it is preferred that m is greater than 1, e.g. 2 or 3, to reduce the possibility
of sﬁch units becoming detached from the body of the copolysiloxane by bond scission,
thereby reducing the strength of the bond of the copolysiloxane to the substrate. For
similar reasons, it is prcfcfrcd that units of the structure II provide at least 0.1% of the
total number silicon atoms in the copolysiloxane, and preferably from 0.1 to 10%, more
preferably d.4 to 3%. Above 10%, no further improvement in bond strength is obtained

and other desirable properties of the coating may be adversely affected. '
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evaporation during the curing required to effect the formation of the
crosslinked film This ageing al so i nproves the nmechani cal properties of
the resulting coating. The ageing nay suitably be achieved by allow ng the
conposition to stand at roomtenperature for .several hours. The ageing
process m ght al so be accel erated by heat but care nust be taken not to

I nduce  premature crosslinking |eading to the fornmation of insolubles. The
presence of such insolubles will be seeh as the formation of cloudiness in
the conposition. In general, ageing for 1-2 days at roomtenperature has

suf for 1 roRepviRiate Sl roPbe i dtier Airdece irerios ol TP T80 e 1 o ( he
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preferred that it is 2 or 3, more preferably, 3. The number of silicon atoms in the
copolysiloxane provided by units having the structure III will depend upon the nature of
the group X' but in general will be at least that number that is just enough experixﬁcntall_y
to provide a monolayer of the terminal groups of the X' group on the surface of thc
coating. In the particular case where X' is CF,Z~ so as to providc a non-wetting coating,
units of the structure III willl_prcferably pfovide from 0.01% to 15%, more preferably from

0.1to S%; of the silicon atoms in the copolysiloxane. Above 15%, little improvement is

likely and other properties of the coating may be adversely affected.

The units of structure I are preferably chosen to provide the important physical properties
of the coating and it is also preferred that the desired level of crosslinking is achieved
largely by means of these units. Preferably, therefore, they provide a major part (i.e. over
50%), and more preferably at least 75%, of the silicon atoms of the copolysiloxane. The
-maximum proportion of these units in the copolysiloxane is generally controlled by the-
number of units II, units III and any optional units that are also present but in gcncrd
units of structure I will not provide more than about 99.8%, and more preferably not more

than about 99%, of the total number of silicon atoms.

The thickness of the coating can also be controlled by the number of units of the
structure [ present, the larger numbers producing the thicker coatings by increasing the
number of intermediate siloxane layers in the copolysiloxane linking the upper layer

containing units of structure III to the lower layer (that is, the layer adjacent the substrate)
This is thé replacement sheet
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Jhe at least partially hydrol ysed conposition may then be applied to the
substrate and cured to effect or conplete crosslinking. Wile «¢he substrate
may consi st of any suitable nmaterial whose surface is required to be nade
non-wetting, the invention is particularly applicable to the treatnent of
nozzl e plates of i-nk jet print heads. Thus, materials to which the coating
may be applied include, in particular, netals (including netals whose
surface has been oxidi sed by atnospherig& oxygen), glass, ceram cs and
synthetic plastics. The invention is particularly applicable to glass,

metal s an%ﬁtﬁﬁﬁfg{&his&if%hh&uﬁ' S i will Be/Ghticaod@0othit WitkieShe RAE¥CET bonat es,
saturated pol yesters eg. polyethylene terephthal ate and polybutyl ene

napht henatgn .aheidLivel Move §bh@iitskdt'sBUGEre IT and ITI, the actual concentration desired
will depend upon the thickness of the coating. With increase in thickness, the number of

units of structure I relative to the number of units of structures II and III will increase, and

vice versa.

In the units of the structure I, it will bt;, understood that those wherein at least one of R
and R' is —O- will contribute to the crosslinking. Thus, physical properties of the coating
may be varied by varying the ratio of-units wherein neither R and R' is —~O-, to the
number of units where at least one of R and R' is ~O-. Decreasing the ratio will increase
the crosslink density and thus the rigidity and hardness of the coating while increasing the
ratio will reduce crosslink density and introduce elastomeric properties. However, it is
generally preferred that unit I contributes, and more preferably contributes mainly or
entirely, to the crosslinking, in which casc; it is essential that in at least some of the units
I, that is to say in at least about SO % and preferably at least 75 % of the units at least |
one of R and R' is ~O-. " Of these units, it will generally be preferred that in most, if nof
all, only one of R and R' is ~O-, because of the difficuﬁy of forming coating

compositions containing compounds that will provide units having the structure.

' i
0— Si— O
|
o

This is the replacement sheet

] | pate: 171 SEP 8%



e

17 Prior to coating, it is preferred that the surface be pre-treated to
clean it and, preferably, also increase its surface energy since this has
been found to inprove adhesion, especially of polyimde surfaces. One
preferred pre-treatnment for polyimdes is to soak the surface in an aqueous
al kal i ne solution, eg. for about an hour, rinse with water and then dry.
The coating may then be applied in any suitable manner eg. roller coating,
doctor knife coating or spraying. One preferred nethod is by nmeter bar

wher eby the conposition is spread over the surface by nmeans of a w re-wound

bar. Preferably, th t
' _ wh%n e¥nployn?g t g%réfn geci met% B of deposmng the coating from solution.

In the units of the structure II, X contains a group which is reactive with a group on the
substrate surface eg. to form n—x bonds, hydrogen bonds or ionic or covalent bonds and
the nature of X will therefore be chosen according to the nature of the surface to be
coated. For example, where the surface is oxidised metal or glass, X may contain an —OH
group or a —COOH group; where the surface is polyester or polyimide, X ;nay contain an
active hydrogen atom. In another alternative, X may contain a polymerisable ethylenically
unsaturated group, for example a vinyl group, e.g. to enable bonding of the coating to the
substrate by grafting. However, in the preferred case where the surface is polyimide,
polycarbonate or linear polyester, the strongest bonds have been obtained when X contains
at least one Zerewitinoff hydrogen atom attached to a nitrogen atom e.g. as in primary and
secondary amino groups, imino groups, amide groups and monosubstituted amide groups.
In general, it will be preferred that 1 is 1 because where more than one X- group is
present, steric hindrance which interferes with thc. ability of Xto bond w1th the substrate
may occur. The units may also include one, or even two, Y groups where Y is a
monovalent inert atom or group by wﬁich we mean an atom or group that is inert to X
and does not interfere with Ithc formation of the copolysiloxane. Examples are hydrogen,
hydrocarbyl such as alkyl, e.g. methyl, or phenyl and hydrocarbyloxy, e.g. alkoxy.
Howévcr, as indicated above m is preferably 2 or 3 and for best results, it is preferred that
1is 1 and m is 3, in which case it will be understood that the units I will contribute to the

crosslinking.

Examples of X groups having a Zerewitinoff hydrogen atom attached to a nitrogen atom
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soon as possible after conpletion of the pre-treatnent. The preferred wet
coating thickness is 2 to 10 mcrons. At thicknesses below 2 mcrons, the
coating may be inconplete and no apparent additional benefit is obtained
fromcoatings nore than 10 microns thick. Excessive thickness is preferably
avoided if the coating is subsequently to be treated, e.g. by |aser

abl ation, to renove sone of it. A preferred dry thickness is 0.3 to 1

m crons. The coating is then caused allowed to cure. Suitably, the cure
is accel erated by application of heat  and heating may conventionally be

ef fected pR AMinGMRY), RtalRylaSTIRANG, WIIE10HR! Aiid¥alklylesle Peatkylliagite bitPNChoi ce of
the conponents for the conposition but will generally be in the range

60[ err] C LRykAQbststifued pulFABIAHR! iR U affindpopybN-heth§NEHmBpropyl, 3-

amidopropyl, 3—(N-methylamido)propyl and propyl substituted polyethyleneimine.

In the units of the structure III, X' is a monovalent organic group chosen to provide a
desired surface property. In the preferred case where non—wetting characteristics are
required, X' is preferably CQ,Z~ whefc each Q is H or F and Z is a divalent organic
group. Thus CQ,~ may be CF;~, CF,H~, CFH, or.CH;-. Where a particularly low
surface energy surface is required, e.g. to éxhibit good non-wetting properties even
_towards non-aqueous inks such ‘as those where the diluent is selected from hydrocarbons
and esters, it is preferred that essentially all the CQ,~ groups are CF;- groups. However,
it has unexpectedly been found that good non~-wetting coatings for such inks are still
obtainable where at least some of the CF;— groups are replaced by groups where one or
more of the fluorine atoms have been replaced by hydrogen atoms. I particular, at least
some of the CF;— groups may be replaced by CH;— groups. For aqueous inks, adequate

non—-wetting may be obtainable whcré the CQ,— groups are CH,~ groups.

Divalent gl'oup Z preferably has a chain of- carbon, or carbon and oxygen, atoms between

the free valencies. More preferably, the group CQ,Z~ has the structure

ACACFpACHz Dy {CH;  (IV) or
CHoACHp: D}ACHz2s ™

where each A is F or CF;—~, D is a divalent atom or group, eg. ~O-, and cach of 5, t and v
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conpletion of the formation of the cross-linked film cure tinmes of several
hours, eg. 3 to 24 hours are recommended. Cure may be enhanced if it is

effected in an atnosphere of high humdity. Preferably, the coating is aged
prior to the heating step, e.g. by allowing it to stand at roomtenperature

for a fewmnutes e.g 5 to 30 mnutes,. since this has been found to 18
I nprove the properties of the resultant film and in particular its surface
properties and the 11

s zero or a positive integer with the total of s plus t plus v being at least one and u is 0
or 1. For optimum non-wetting properties, in structure IV each A is preferably F, t and u
arceach O, vis2andsis 1 fo 9. In Structur;: V, u is preferably O and t plus v is a whole
number from 1 to 9 Specific examples of CQ,Z~ are

CF(CFy(CHy);-
CF3(CF)s(CHp,~
CF3(CFp)s(CHy),~
CF4(CF,)sO(CH,),~-

CH,(CH,),~.

Preferably, p is 1 because steric hindrance may interfere with the desired surface
properties of the coating if p is greater than 1. The units may also include one or even
two Y groups where Y is an inert atom or group by which we mean here an atom or
group that is inert to X® and does not interfere with the formation of the copolysiloxane.
Examples are hydrogen, hydroxy, hydrocarbyl, e.g. methyl or phenyl, and hydrocarbyloxy,

e.g. alkoxy. As indicated above, however, q is preferably 2 and more preferably 3.

The coatings of the invention are formed from film-fouhing compositions comprising at
least one hydrolysable silicon compound containing at least one X'~ group and at 1_cast one
hydrolysable silicon compound containing at least one X— group. In general, the
-composition will also include a hydrolysable silicon compound known to form

polysiloxane films.

The silicon compounds are preferably provided in the composition as a solution in a

— This is the replacement sheet

£P 1308
Date: 17 SEP [5ai)



strength of bond to the substrate. It is believed that this is because the
ageing permts partition or "self assenbly” of the nol ecul es whereby those
carrying the group X- concentrate at the coating/substrate interface where
those carrying the group X - concentrate at the interface of the coating
wi th the atnosphere. By neans of the invention, coatings are obtainable
whi ch are strongly bonded to the substrate and provide the desired surface
properties. In particular, non-wetting2coatings may be obtai ned which

exhi bit excellent non-wetting characteristics to a range of ink jet ink

CoNpOsi t i OfGabiP ShivehtGhitl RSefRAbAireadily fitovdbledrdin GREEd@tnS PgVBt S such as
al kyl ene ‘gl ycol s, pol yal kyl'ene gl'ycol s and et hers thereof and hydrocarbons.

The requir . Yo 1) G ' rQVvi t he

The requl I &logdibR S H6L O &%c%xé%o Saftadif Sol6 R aiddhoR' ! b1
alcohol, and alkanes, eg. hexane. Preferably, the solution also includes a higher boiling
component to promote self-levelling of the coating. Examples include n-hexanol and 2—

butoxyethanol.

To enable the silicon components to hydrolyse, the coating composition will also contain
water. Sufficient water should be included to permit complete hydrolysis of the
hydrolysable silicon compounds but if too much water i§ present the resultant solution,
after hydrolysis of the silicon compounds, may not adcquately wet the substrate to be
coated, especially where this is formed of certain synthetic polymers. For example, where
the surface is polyimide, it has been found that the water content of the composition prior
to hydrolysis of the silicon 'c':ompounds should preferably be not more than 350% of that

required for the total hydrolysis.

In a preferred embodiment, the coating composition comprises

@) at least one ﬁhﬁ-forming silicon compound A selected from those having
the structure Si(R"),, RSi(R")s and RR'Si(R"), where each of R and R' is
selected from monovalent hydrocarbyl and hydrocarbyloxy groups and R" is
a hydrolysable group. ~

(i)  at least one silicon compound B having the structure XSiY,R", where X,
Y, |, n and m are each as defined above and each R" is a hydrolysable
group; and

(iii)  at least one silicon compounq C having the structure X’,SiYFR"q where X,

This is the replacement sheet
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the nature of the ink but in general wll be Iess than 20 and preferably
| ess than 10 for non-aqueous inks, and | ess than 45 and preferably |ess
than 35 for aqueous inks. The coatings noreover are thernally stable up to
tenperatures as high as 200[err]C and resistant to abrasion. They al so
remai n. undamaged by exposure to pre- and post-ablation treatnents such as
cleansing wth solvents such as acetone and propan-2-ol. A particularly
i nportant feature of the coatings whek® X- i's Cderr]Z- is their inertness
to inks and their substantial freedomfromdefects. In a nodification of
the invention, at | e¥sp, Ganer ak eathe asiefined mboveandheach difols yastiyidoodpsablenay be
repl aced by tetravalent netal atons, e.g. Zr and Ti. It is also envisaged
that a mnor proportgroup;of the Si atons may be replaced by di- or trivalent
metal or netalloid

and wherein at least some of the molecules contain at least three hydrolysable

groups whereby to achieve crosslinking.
Preferred hydrolysable groups are alkoxy and chloride groups.

It will be understood that compounds A having the.structure RR'Si(R"), will provide units
of structure III in the crosslinked copolysiloxane. In the preferred case where crosslinking
is provided mainly by units of the structure I, it will be understood that at least some of

the molecules of compound A will be of the structure Si(R"), or, more preferably,

RSi(R"),-

It is possible that not all of the hydrolysable groups of the compounds in the coating
" composition will be hydrolysed. Thus, for example, a compound A having the structure

RSi(R"), may give rise to units in the crosslitiked copolysiloxane having not only the

structure

but also the units having the structure

This is the replacement sheet
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atons, e.g. B and Al. 19 The invention is nowillustrated but in no way
limted by the follow ng Exanple in which all parts are expressed by vol une
except where indicated otherwi se. EXAMPLE A coating conposition was
prepared fromthe followi ng conponents by first mxing the solvents and
acids .and then adding the silicon conpounds

14

R

I
—0—Si— 0—
|
R!l

and even

—0— Si — R"

R" -

Compound A is preferably a compound which on hydrolysis and cross-linking will
provide a strong hard film able to withstand témperatures of at least 100°C without
deteriorating. Particular examples of A are methyltriethoxysilane and fctracthoxysilane.
Partially polymerised materials such as polydialkyl—l and polydialkoxy-silanes may also be
used as, or as part of, oompdncnt A provided that they can be provided as emulsions or,

more preferably, solutions in a solvent for the other components of the composition.

‘While compound B in principle requires ;mly onec hydrolysable group R", it is preferred
that it contains at least two and'prcfcrably three such groups' and only one group X.
Where it contains two hydrolysable groups, it maf contain two X groups or one X group
and one Y gi'oup. Particular examples are 3—aminopropyl triethoxysilane, ‘
uimcthoxyéilylpropyl substituted polyethyleneimine, dimethoxy mc.:thyl silyl propyl
substituted polyethylene imine and carboxyamide silanes such as those sold as Prosil 9214

and Prosil 9215 by Fluorochem Ltd of Old Glossop, Derbyshire, Englahd.

This.is the replacement sheet
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_et hanol - . 30 parts glacial acetic acid

0.9 part hexanol 2.0 parts hydrochloric
acid (0.01 nol/dnferr]) 5 parts nethyl triethoxysilane
5 parts 3-am nopropyl triethoxysilane 0.5 part 1H, 1H, 2H, 2H

perfluorooctyl triethoxysilane 0.5 part. The solution so formed was then
allowed to stand for 2 days to allow hydrolysis of the silicon compounds. A
sheet of polyinmde is washed with aboyg 1 nol/dnferr] NaCH, rinsed well

w th water and
~ Compound C preferably contains at least 2, and preferably 3, hydrolysable groups R".
Specific examples where X' is CQ,Z~ are octyl triethoxy silane, decyl triethoxy silane,
fluorinated derivatives such as 1H,1H,2H,2H-perfluorooctyl triethoxysilane and
1H,1H,2H,2H perfluorodecyl triethoxysitane and the corresponding compounds wherein
one or more of the cthoxy groups are replaced by chlorine, e.g. 1H,1H,2H,2H
‘perfluorooctyl dimethy! chlorosilane. Mixtures of 1H,1H,2H,2H perfluoroalkyl

triethoxysilanes having 8, 10 and 12 carbon atoms in the perfluoroalkyl chain may also be

used. _

Hydrolysis of the silicon compounds of the coating composition and subsequent cross— '
linking may be promoted by acid or basic conditions. It is therefore preferred that the

. coating composition also include an additive which shifts the pH of the composition above
or below 7. Where the group X of component B is basic, it is preferred that the additive
is an acid which will promote protonation of X since this is believed to promote the
partition of X and the X' groﬁp of component C, at least where X' is CQyZ—. Examples of
suitable acids are mineral acids such as hydrochloric and organic acids such as acetic.
The amount of acid employed is not believed to be critical provided that it is sufficient to
neutralise all of any base present and ensure acidic conditions. Mixtures of acids may.r be

used.

The composition should be formed under clearly acid or basic conditions and therefore it

is pfeferrcd to add the hydrolysable silicon compounds to an acidic (or basic) solution.

zet
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dried by wiping with a clean roomw pe and then the aged solution is
applied to the surface of the sheet using a neter bar to forma wet coating
approximately 4 mcrons thick. The coated sheet is allowed to stand for 5
m nutes and then placed in a hum d atnosphere in an oven at 95[err]C for 3
hours. _The resulting coating thickness was of the order of 0.6 m crons.

20 An ink jet print head nozzle plate vvaﬁs then forned fromthe coated sheet
by | aser 1

Prior to application to the substrate to form the coating, the coating composition should be
aged to ensure at least partial hydrolysis of the hydrolysable groups. It is particularly
important that compound A be at least partially hydrolysed and it is desirable that

~ compounds B and C are also at least partially hydrolysed so as to reduce the possibility of
evaporation during the curing required to effect the formation of the crosslinked film.
This ageing also improves the mechanical properties of the resulting coating. The ageing
may suitably be achieved by allowing the composition to stand at room temperature for
several hours. The a.geing process might also be accelerated by heat but care must be
taken not to induce premature crosslinking-leading to the-formation of insolubles. The
presence of such insolubles will be seen as the formation of cloudiness in the composition.
In general, ageing for 1-2 c;ays at room temperature has been found satisfactory. If the
ageing step is omitted, the coating may suffer from pinl;oles or other defects and this is
believed to be due to the presence of excess water in the composition which has ot been

consumed in the hydrolysis.

The at least partially hydrolysed composition may then be applied to the substrate and
cured to effect or complétc crosslinking. While the substrate may consist of any suitable
material whose surface is required to be made non—wetting, the invention is particularly
applicable to the treatment of nozzle plates of ink jet print heads. Thus, materials to
which the coating may be applied include, in particular, metals (including metals whose
surface has been oxidised by atmospheric oxygen), glass, ceramics and synthetic plastics.
The ix_wentiOn is particularly applicable to glass, metals and laser—ablatable plastics such
as polyimides, polycarbonates, saturated polyesters eg. polycthylene terephthalate and

polybutylene naphthenate, and polyether. ether ketones. |
This is the replacement sheet
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abl ation. The resistance of the nozzle plate to w ping was eval uated by
‘measuring its receding neniscus velocity (RW) in the foll ow ng manner. An

i nk- soaked pol yuret hane foam pad is drawn across the non-wetting coating
surface at a neasured velocity. The velocity at which the ink just fails to
follow the foam pad and begins to leave a trail of ink upon the non-wetting
coating is taken to be the RW. The m nimum RW for adequate w pi ng -
performance is 1.0nm sec[err]. The nmeasured RW was 2. 7mm sec[err]. The RW
was still greater than 1.0nm sec[err] after six weeks' imersion in the

i nk, i ndi o4 g oﬁ?thFg; ¥t ik pYeférPatethatothe isiffdeAsd pretr&ftdd R Aedni€ ahd) préfeaibiyhe

coating. ‘By way of conparison, prior coatings tended to turn grey after a

simlar i nqgr §l-Qlcd {i1E@&EFREEndpf sine AHO SN G8n%bund to improve adhesion, especially

of polyimide surfaces. One preferred pre—treatment for polyimides is to soak the surface
in an aqueous alkaline solution, eg. fer-about an hour, rinse with water and then dry. The
coating may then be applied in any suitable manner cg. roller coating, doctor knife coating
or spraying. One preferred method is by meter bar whereby the cdmposition is spread
over the surface by means of a wire—wound bar. Preferably, the coating 1s applied as
soon as possible after completion of the pre—treatment. The érefeued wet coating
thickness is 2 to 10 microns. At thicknesses below 2 mitrons, the coating may be
incomplete and no apparent additional benefit is obtained from coatings more than 10
microns thick. Excessive thickness is preferably avoided if the coating is subécqucntly to
be treated, e.g. by laser ablation, to remove some of it. A preferred dry thickness is 0.3 to

1 microns.

The coating is then caused or allowed to cure. Suitably, the cure is accelerated by
application of heat and heating may conventionally be effected in an oven at a temperature
which will depend upon the choice of the components for the composition but will
generally be in the range 60°C to 100°C, preferably about 70 to 95°C. To cnsur§
completion of the formation of the cross—linked film, curé tfmcs of several hours, eg. 3 to

24 hours are recommended. Cure may be enhanced if it is effected in an atmosphere of

high humidity.

Preferably, the coating is aged prior to the heating step, e.g. by allowing it to stand at

room temperature for a few minutes e.g. S to 30 minutes; since this has been found to
This is the replacement sheet
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components of the ink to the coating. The ink enployed in the
above-nentioned tests was an ink jet printer ink conprising a coll oidal

di spersion of carbon black in tripropyl ene glycol nononethyl ether
containing a polyneric dispersant. In a further test, the coated nozzle
plate was wi ped 50 tinmes with a cotton bud soaked in acetone. No visible
damage was perceived. In another test, the abrasion resistance of the
coated nozzle plate was evaluated by rupbing it with a foam pad soaked in
i nk. The coating survived 1,100 w pes before any | oss of non-wetting

properti es‘ﬂ*ﬁ’?‘?"gﬁ@ﬁ ?Foé‘é‘ﬁres EKEHE‘ x@ﬁhdaﬁt“ﬁl%{‘%%q? baicufab & Sk/&}gar%c EJE Sﬁéﬂfés%hme

was due to and not as a result attack rbance of the

| nk. TNe S @iTEed 32 bR 10>t Wbebdee? Vs BetfRvOP hat Uil is"cklhus? o5 ddei Rl "

partition or "self assembly" of the molecules whereby those carrying the group X—
concentrate at the coating/substrate interface where those carrying the group X'-

_concentrate at the interface of the coating with the atmosphere.

By means of the invention, coatings. are obtainable which are strongly bonded to the
substrate and provide the desired surface properties._In paﬁiwlar, non-wetting coatings
may be obtained which exhibit excellent non-wetting characteristics to a range of ink jet
ink compositions including those based on low surface energy solvents such as alkylene
glycols, polyalkylene glycols and ethers thereof and hydrocarbons. The required suﬁace
energy (mN.m™) of the coating to provide the desired non—wettability will depend upon
the nature of the ink but in general will be less than 20 and preferably less than 10 for
non—-aqueous inks, and less than 45 and preferably less than 35 for aqueous inks. The
coatings moreover are thermally stable up to temperatures as high as 200°C and resistant
to abrasion. They also remain undamaged by exposure to pre— and post-ablation
treatments such as cleansing with solvents such as acetone and propan~2-ol. A
particularly important feature of the coatings where X~ is CQ,Z~ is their inertness to inks

and their substantial freedom from defects.

In a modification of the invention, at least some of the Si atoms in the copolysiloxane
may be replaced by tetravalent metal atoms, e.g. Zr and Ti. It is also envisaged that a
minor proportion of the Si atoms may be replaced by di~ or trivalent metal or metalloid

atoms, ¢.g. B and Al. This is the replacement sheet
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21 The coating remained non-wetting after heating to 200[err] C and was
still effective after the equivalent of nore than 3 nonths continuous use
of a printer fitted with the coated nozzle plate. Coatings strongly bonded
to the substrate were al so obtai ned when the procedure described above was
repeat ed but replacing the perfluorooctyl triethoxysilane with n-octyl

triethoxysilane and with a m xture of perfluorooctyl triethoxysilane and
n-octyl 19

The invention is now illustrated but in no way limited by the following Example in which

all parts are expressed by volume except where indicated otherwise.

EXAMPLE

-

A coating composition was prepared from the following components by first mixing the

Solvents and acids and then adding the silicon compounds

ethanol 30 parts
glacial acetic acid _  09part
hexanol - =~ 2.0 parts
hydrochloric acid (0.01 mol/dm®) 5 parts
methyl triethoxysilane o S parts
3—-aminopropyl triethoxysilane 0.5 part

1H,1H,2H,2H perfluorooctyl triethoxysilane 0.5 part.

The solution so formed was then allowed to stand for 2 days to allow hydrolysis of the

silicon compounds.

A sheet of polyimide is washed with about 1 mol/dm* NaOH, rinsed well with water and
dried by wiping with a clean roofn wipe and then the aged solution is applied to the
surface of the sheet dsing a meter bar to form a wet coating approximately 4 microns
thick. The coated sheet is allowed to stand for 5 minutes and then placed in a humid

atmosphere in an oven at 95°C for 3 hours. ' The resulting coating thickness was of the

order of 0.6 microns. |
mlns This is the replacement sheet
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Jtriethoxysilane. CLAI M5 1. A coating on a substrate to endow said
substrate with a desired surface property, said coating conprising a
crosslinked copol ysil oxane containing X - and X- groups attached to
different Si atons wherein the groups X - are nonoval ent organic groups

whi ch provide the desired surface property and the groups X- are nonoval ent

organi ¢ groups which are reactive withh@ group on the substrate surface and
have a hi gher surface tension than the groups X -;

An ink jet print head nozzle plate was then formed from the coated sheet by laser

ablation.

"The resistance of the nozzle plate to wiping was evaluated by measuring its receding
meniscus velocity (RMV) in the f_ollowing mannef. An ink-soaked polyurethane foam

* pad is drawn across the non-wetting coating surface at a measured velocity. The velocity
at which the ink just fails to follow the foam pad and begins to leave a trail of ink upon
‘the non—-wetting coating is taken to be the RMV. The minimum RMV for adequath
wiping performance is 1.0mm sec”). The measured RMV was 2.7mm sec”’. The RMV
was still greater than 1.0mm sec™ after six wecks' immersion in the ink, indicating a very
low level of interaction between the ink and the coating. By way of comparison, prior |
coatings tended to tum grey after a similar immersion treatment duc-to adhesion of
components of the ink to the coating. The ink employed in the above—mentioned tests
was an ink jet printer ink comprising a colloidal dispersion of carbon black in tripropylene

glycol monomethy! ether containing a polymeric dispersant.

In a further test, the coated nozzle plate was wiped 50 times with a cotton bud soaked in

acetone. No visible damage was pcrceived;

In another test, the abrasion msistgné of the coated nozzle plate was evaluated by rubbing
it with a foam pad soaked in ink. The coating survived 1,100 wipes before any logs of
non—wetting properties was observed. Examination showed that the loss of perfc-mnancc
was due to scratching and not as a result of attack by or absorbance of tht; ink. The same

coating survived over 150,000 rubs with a silicone wiper blade.
This is the replacement sheet
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fhe silicon atons carrying the X groups and the silicon atons containing
the X groups being in different siloxane |ayers of the coating, these

| ayers are separated by at |east one further siloxane |layer; silicon atons
not attached to X or X groups formthe majority of the total nunber of
silicon atons in the crosslinked polysiloxane; and the, coating is bonded
to said substrate by reaction of X- gréddps with substrate surface groups
reactive therewith. 2. A coating as clained in claim1l characterised in
that the silicon atons carrying the X groups and the silicon atons

cont ai ni ngThie¢oating gEmaiial monewiettingi affee heating 2o 12080 end ape sl effedtive aftenthieng,

which layers are separated by nore than one siloxane |ayer. 3. A
non- wet t i NGhufaftht bf HeRAtheRN Bahofthd EordinGowORki 0T% Fiinté fittddBWith theCéodited nbzle 2
and wherein each X has the formula CF[err] Z- ere each Z is a divalent-

organi c 9r QL.

Coatings strongly bonded to the substrate were also obtained when the procedure
described above was repeated but replacing the perfluorooctyl triethoxysilane with n—octyl
triethoxysilane and with a mixture of perfluorooctyl triethoxysilane and n—octyl

triethoxysilane.

This is the replacement sheet
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4. A coating as clained in claim3 wherein Z contains the group
-CHerr]-CHerr]- by which it is attached to the Si atom 5. Acoating

as claimed in claim3 or claim4 wherein at | east sone of the CFherr

groups one or nmore of the fluorine atoms are replaced by mmlm m Ill““llf’

A coating as clained in claim3, claim4 or claim5 wher
the X - 22 groups are replaced by Chherr]- groups.

CLAIMS

| 1. A coating on a substrate to endow said substrate with a desired surface property,
said coating comprising a crosslinked copolysiloxane containing X'- and X- groups
attached to different Si atoms wherein the groups X'- are monovalent organic groups
which provide the desired surface property and the groups X’- are monovalént organic
groups which are reactive with a group on the substrate surface anci have a higher surface

tension than the groups X'-.

2. A non-wetting crosslinked copolysiloxane ;:oating-whcrelin said polysiloxane
contains X'~ and X- groups attached to different Si atoms wherein each X' has the
formula CQ,Z- where each Z is a divalent organic group and each X is a monovalent
organic group reactive with a group on the substrate surface and has a higher surface

tension than the group CF,Z-.

3. A modification of the coating as claimed in claim 2 wherein in at least some of the

CF;Z- groups one or more of the fluorine atoms are replaced by hydrogen atoms.

4. A coating as claimed in claim 2 or claim 3 wherein the X'- groups are selected

from the CHj- groups, CF;- groups and a mixture of such groups.

5. A coating as claimed in any one of claims 1 to 4 in which the Si atoms carrying
the X'- groups and the Si atoms carrying the X- groups are separated by one or more

siloxane layers.
This is the replacement sheet
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(.  Acoating as clainmed in any one of clains 1 to 6 wherein said
copol ysi | oxane conprises the follow ng repeating uniTs | errl Wnerel n each

of Rand R is selected from nonoval ent hydrocar byl

hydr ocar byl oxy groups and -0-, each Y is an inert rmn oup,
| is-1 or 2, mis 1, 2 or 3,n|so,1or 2, the total of 1, mandnbelng
4, andpislor 2, gis 1 2o 3anda3zis 0, 1 or 2, the total of p, ¢
and r being 4, provided that in at |east sone of the said repeating units a

silicon %t_om [ sﬁ&%‘gch%l&l& ﬂ}cllaﬁf ;) ﬁ cm[ruc%ure en§ said A coating as

clainmed. in cl é% SAtal ni ng uni erein at |east one

of Rand R g -O
copolysxloxanc comprises the following repeating units

i
— 0 —Si— 0— I
i
RI
X-)Si(-0)z- I
|
Y,
(X),Si(-0)¢ - m
{ _
. Yr

wherein each of R and R' is selected from monovalent hydrocarbyl groups, monovalent

hydrocarbyloxy groups and —~O-, each Y is an inert monovalent atom or group, 1 is 1 or 2,
| misl,2o0or3,nis 0, lor.2, the total of |, m and n being 4; andpislor2,qis1,2o0r3

and r is 0, 1 or 2, the total of p, q and r being 4, provided that in at least some of the said

repeating units a silicon atom is attached to at least three ~O~ groups.

7. A coating as claimed in claim 6 containing units of the structure I wherein at least

one of R and R' is =O—.

8. A coating as claimed in claim 7 wherein in most or all of the units of structure I in

which at least one of R and R' is ~O-, only one of R and R' is ~O-.

9. A coating as claimed in claim 6, claim 7 or claim 8 further including repeating

This is the replacement sheet
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Q. A coating as clained in claim8 wherein nost or all of the units of

structure I. in which at |least one of Rand R is -0- one of R and R
is -0-. 10. A coating as clainmed in any one of Em mmjmluuther

i ncluding repeating units containing an et hyl eni c gr oup
attached to an Si atom 23 : ting as cl ai fre |nayone of

clains 7 to 10 wherein each R |s a Iowe al kyl or al koxy group;

units containing a polymerisable ethylenically unsaturated group attached to an Si atom.

10. A coating as claimed in any one of claims 6 to 9 wherein
each R is a lower alkyl or alkoxy group;
each X is selected from groups containing at least oné Zerewitinoff hydrogen atom
attached to a nitrogen atom;
each Y is hydrogen, a hydrocarbyl group or a hydrocarbyloxy group;
and canh group X' is a group having the structure CF,Z—- where Z is a divalent

organic group. . -

11. A modification of the coating as claimed in claim 10 wherein in at least some of

the CF,;— groups, at least one of the fluorine atoms is replaced by a hydrogen atom.

12. A coating as claimed in claim 10 or claim 11 wherein each X' is selected from
groups having the structure |

A;C{CFp;{CH (D), (CHp; and

CH;-{CH {D}iCHzs
where each A is -F or CF,, di s a divalent atom or group, each of s, t and v is zero or a

positive integer with the total of s + t + v being at least one, and u is zero or one.

13. A coating as claimed in claim 12 wherein X' is selected from

CFy(CFy)s(CH,),-
CFy(CFp)s(CH,),~
CF3(CF,)y(CH,),- This is the replacement sheet
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each X is selected fromgroups-containing at |east one Zerewt i-noff
hydr ogen atom attached to a nitrogen atom each Y is hydrogen,
hydr ocar byl group or a hydrocarbyl oxy group; and each—m

having the structure CF[err]Z- where Z is a divalent or Hl A
nodi fication of the coating as clainmed in claim11 wherm‘“ﬂmnﬂ one
of the CF[err]- groups, at |east one qf the fluorine atoms‘is'-re[b'laéed by a

hydragen atom 13. A coating as clai‘med in claim 11l or claim 12 wherein
each X is selected from groups having the structure [err] where

each A is F of CF[eOF(CH);0CH)H val ent atomor group, each of s, t and v
is zero or a

CH,(CH,),~.

14. A coating as claimed in any one of claims 6 to 13 wherein X contains an amine

group.

15. A coating as claimed in claim 14 wherein X is aminoalkyl.
16. A coating as claimed in any one of claim 6 to 15-wherein 1 and p are each 1 and

m and q are each 3.

17. A coating as claimed in aity one of claims 6 to 16 wherein the silicon atoms of
units I, II and II form from 75 to 99.1%, from 0.1 to 10% and from 0.01 to 15%,

respectively, of the total number of silicon atoms in the copolysiloxane.

18. A coating as claimed in any one of claims 1 to 17 on an ink jet printer nozzle

plate.

19. A coating as claimed in claim 18 which is a non-wetting coating and is on a zone

of the nozzle plate surrounding a nozzle.

20. A crosslinkable film~forming coating composition for forming a coating as claimed
in any one of claims 1 to 19, said composition comprising at least one hydrolysable

silicon compound containing the group X' and at least one hydrolysable silicon compound

This is the replacement sheet
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positive integer with the total of s +t + v being at |east one, and u is
zero or one. 14. A coating as clained in claim13 wheretn—>X—s-selected

fromCF[err](CFlerr])[err](CHerr])[err]
CFlerr](CFlerr])[err](CH err])[err]- CF[err](CF[err])[Mﬂmmy!m,"’lmm_
Crlerr](CF[err])[err]O(CH err])[err]- CHerr](CHerr])[errk *
coating as claimed in any one of claims 7 to 14 wherein X contains a
prinmary amne group. 16. A coating @s clainmed in claim15 wherein X is
am noal kyl .

containing the group X.

21. A composition as claimed in claim 20 ﬁmhér including (i) a solvent for the silicon

compounds present in the composition and (ii) water.

22. A composition as claimed in claim 21 containing water in an amount of from 100

to 350 mole % of that required to effect complete hydrolysis of the hydrolysable groups.

23. A composition as claimed in claim 20, claim 21 or claim 22 comprising

@ at leaét one film—forming silicon compound A selected from those having
the structure Si(R"),, RSi(R"); and RR'Si(R"), where each R" is a
hydrolysable group,

(i)  at least one silicon compound B haviﬁg the structure X;SiY, R", where each
R" is a hydrolysable group, lis 1 or 2, mis 1,2or3 andnis 1 or 2, and

(iii)  at least one silicon compound C having the structure (X'),SiY ", where
each R" is a hydrolysable group, pis1or2,qis1,2or3andris 1 or 2,

provided that at least some of the molec_ulcs contain at least three hydrolysable

groups.

24. A composition as claimed in claim 23 which includes compounds having the

structure RSi(R"),.

25. A composition as claimed in claim 23 or claim 24 wherein X is a basic group,

said composition further including an acid.
This is the replacement sheet
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24 17. A coating as clained in any one of clains 7 to 16 whereiii |
and p are each 1 and mand g are each 3. 18. Wd I n any

one of claims -7 to 17 wherein the silicon atomns of ver 50% of
the total nunber of silicon atons in the copoly ’& coati ng as
claimed in any one of clains 7 to 18 wherein th ans *of units |,

Il and I'll formfrom?75 to 99% fromOz% to 10%and from0.01 to 15%
respectively, of

26. A composition as claimed in any one of claims 23 to 25 in which at least

component A is in at least partially hydrolysed form.

_ 27. A method of providing a substrate with a desired surface property which comprises
forming on said surface a crosslinked copolysiloxane coating containing X- and X'~
groups attached to different Si atoms wherein the groups X'~ are monovalent organic
groups which érovidc the desired surface préperty and the groups X— are monovalent
organic groups which are reactive with a group on the substrate surface and have a higher

surface tension than the groups X'-. : -~

28. A method as claimed in claim 26 which comprises applying to a substrate a
crosslinkable composition of silicon compounds including a silicon compound containing
the group X' and a silicon compound containing the group X and causing or allowing the

said silicon compounds to crosslink.

29. A method as claimed in claim 27 or claim 28 for forming a coating on a substrate
comprisinig applying a composition as claimed in claim 26 to a substrate and causing or

allowing the components to form a crosslinked film.

30. A method as claimed in claim 28 comprising the steps of
® forming a solution of the composition of claim 23 or claim 24 in a solvent
therefor containing water to hydrolyse the hydroiysablc groups,
(i)  causing or permitting at least partial hydrolysis of at least componlcnt A,
(iii) -appl-yihg the solution obtained from step (ii) to a substrate, and
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the total nunmber of silicon atonms in the copolysil oxane. 20. A coating as
claimed in claim19 wherein the silicon atons of units || and III formfrom
0.4 to 3%and fromO0.1 to 5% respectively, of the total

atonms in the copol ysil oxane. 21. A coating as clai mad(“n W "
claims .1 to 20 having a thickness in the range 300 to‘1l "m “m’c"' r"sm’
22. A coating as claimed in any one 38 clainms 1 to 21 on a slbsfrate *
sel ected from abl at abl e synthetic polyners. 23. A coating as clained in
claim 22 wherein the abl atabl e synthetic polyner is selected from
pol yi mi de, pol yéa) bonatsing 3ud|pranittjngthe componsntshtel forma a qodslinkaddilmet her
ket one and '

31. A method as claimed in claim 30 in which the coating obtained in step (iii) is

allowed to stand before initiating step (iv).

32. A method as claimed in any one of claims 27 to 31 wherein the substrate is

selected from glass, metal, ceramics and ablatable synthetic polymers.

33. A method as claimed in claim 32 wherein the substrate is selected from polyimide,

polyethylene terephthalate and polybutylene naphthalate.

34. A method as claimed in any one of claims 27 to 33 whercin the substrate is an ink

jet printer nozzle plate.

35. A method as claimed in claim 34 wherein the coating is applied to a zone of the

nozzle plate surrounding a nozzle.
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pol ybutyl ene napt henate. 24. A coating as clained in any one of clains 1

to 23 on an ink jet printer nozzle plate. 25. A coating as clained in
claim?24 which is a non-vvetti ng coating and is on a zone of the nozzle
pl ate surroundi ng a nozzle. 25 26. A crosslinkable filmformng

coating conposition for form ng a coating as clainmed in any one of clains 1
to 25 conpr|5|ng

29

oD OF ING COATING
ABSTRACT

A coating on 3 s“bm which endowsthc substrate with a desired surface property,
the coating comprising a oross-hnl,ed po!ysiloxanp containing X'- and X- groups
attached to diffe‘nent Si atoms whcrcm the .gronps X'~ are monovalent organic groups
which 'provide the, desired surface property and the groups, X- are monovalent organic
. groupswhwh are mcnve mtha group onthe subsuaxe sutfaoe andhave ahxgher
-sutfaee tensmn than the groups X said coaxing bemg bonded to said substrate by
zeaction of X- groupo with substrato surf_ao_e 8T¢.!1PS reatctive. the:eyxth. In one '
- embodzmcnt 2 non-wettmg coanng is provided wherein the X‘-group has the formula CF,Z-
where Z is 2 divaleat organic group of the formla CH(CH,), where ¢ is a1 leas 3.
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(,{)t . at'.L! ullt ﬂl or ni ng STHib GO the RapRyeitbrd shebect ed fro egpos
havi ng t *Ii IL Is ‘Y[err], RS (R')[err] and RRSi(R')[er?%oE%nq%re
each R' is a hydrolysable group, (ii) at |east one silicon conpound B

having the structure X err]S[err] '@ﬁrgR{ egh "Wikere each R is a
, 20or 3and nis 1 or 2, and (iii)

hydr ol ysabl e LA 1 is 1or 2, mis
at |l east one SiTrcon conpound C having the structure
(X )[err]SiY[err]R'[err] where each R' is a hydrolysable group, pis 1 or
2, gis 1, 2 nr 3paaddating dnsa shibsdfatedo endo@rsRidXulititte Withardesid sei@dck pRPerty) saiiai m
1, provided that at |east some of the nolecules contain at |east three
hydr ol ysabl e cgrtingrempsing a crsginkesiocopelyslexans ceptainipg Xt and Ka graupsatiaghadHer
I ncluding (i )dif’?ergtg [Sygtgxtns tv%rexlnrzﬁe groups X’- are monovalent organic groups which provide the
desired surface property and the groups X- are monovalent organic groups which are reactive
with a group on the substrate surface and have a higher surface tension than the groups X'-;
the silicon atoms carrying the X groups and the silicon atoms containing the X* groups being
in different siloxane layers of the coating, thess - layers are separated by at leastane further
siloxane layer; silicon atoms not attached to X or X’ groups fqrm the majority of the total
numf)cr of silicon atoms in the crosslinked polysiloxane; and the, coating is banded to said

substrate by reaction of X- groups with substrate surface groups reactive therewith.

2. A coating as claimed in claim 1 characterised in that the silicon atoms carrying the
X groups and the silicon atoms containing the X’ groups are in different siloxane layers of

the coating, which layers are separated by more than one siloxane layer.

3. A non-wetting crosslinked copolysiloxane coating as claimed in claim 1 or 2 and

wherein each X’ has the formula CF,Z- where each Z is a divalent organic group.

4. A coating as claimed in claim 3 wherein Z contains the group.-CH,-CH,- by which

it i1s attached to the Si atom.

5. A coating as claimed in claim 3 or claim 4 wherein at least some of the CF,Z- groups

one or more of the fluorine atoms are replaced by hydrogen atoms.

6. A coating as claimed in claim 3, claim 4 or claim 5 wherein some or all of the X’-
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siliton to in the composition and (ii) water. 28. A
conposi ti omr ﬂiﬁ"m["ml ai m 27 cont ai ni ng wat erl hisisathezreplacemeht thesn
100 to 350 mole % o thkat+required to effect conplete hydrolysis of the
hydr ol ysabl e groups. 29. A conposition as clainegn any one, of.cl ains 26
to 28 which includes conmpounds having the st r,ucturg)al&-gi (H‘i‘,[e}!’ﬁ\‘] .LL@O. A

conposi t'i on geeyps hrgirepated by &1y~ groepsof clains 26 to 29 wherein X is a basic
group, said conposition further including an acid. 31. A conposition as
claimed in any one of clains 26 to 30 in which at | east component Ais in

at least paptial J\ycogéﬁggr 94 Xl%x?rgedfig ra’fﬂl 6%? of cldim§ 1 to 6 wherein said copolysiloxane

comprises the following repeating units

[
—0 —Si— 0— I
i
{
Rl
(X=)Si(-0%z- B !
{
Y,
\~
(X),Si(-C5¢ ' T
|
Y.
wherein each of R and R’ is selected from monovalent hydrocarbyl groups, monovalent
hydrocarbyloxy groups and -O-, each Y is an inert monovalent atom or group, 1 is 1 or 2,
misl, 2or3,nis0, 1 or2, the total of |, mand n being 4; and pis 1 or2, qis 1, 2 or
3andris 0, 1 or 2, the total of p, q and r being 4, provided that in at least some of the said
repeating uniis a silicon atom is attached to at least three -O- groups.
8. A coating as claimed in claim 7 containing units of the structure I wherein at least one
Y of Rand R’ is -O-.
9. A coating as claimed in claim 8 wherein most or all of the units of structure I in

which at least one of R and R’ is -O-, only one of R and R’ is -O-.

10. A coating as claimed in any one of claims 7 to 9 further including repeating units

containing an ethylenically unsaturated group attached to an Si atom.
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32., A Hm"“ﬂﬂm H UMng a substrate with a desiﬁhé%lissmer%qenm%héet |
whi ch conpris Tn said surface a crosslinked copolysi | Qx\:@e
coating containing X- and X - groups attached to diDdter epth SiNhtE¥s wher ei n

the groups X - are nonoval ent organi c groups which provide the desired

surface propgrty and,. . - HBH? ani ¢ groups which are
reactive w tﬁ’a’ 5?%%%}1%% (?{]@Eﬁ;ﬁlb%é{/roa{ gf sur Z?léqgh”c?g{?glve a hi gher surface
tensi on than theeghQURS Kwer 404 othikb§agbupene filmformng silicon conmpound

A sel ected fromthose having the structure Si(R')[err], RS (R')[err] and
RR Si (R')[err] whaheX Gaclkci fiom goupydomiipinglal Bagy oot gerewitinoff hydrogen atom
attached to a nitrogen atom;
each Y is hydrogen, a hydrocarbyl group or a hydrocarbyloxy group;

and each group X' is a group having the structure CF,Z- where Z is a divalent

organic group.

12. A modification of the coating as claimed in claim 11 wherein in at least some of the

_CF;- groups', at least one of the fluorine atoms is replaced by a hydrogen atom.

N\ 13.  Acoating as claimed in claim 11 or claim 12 wherein each X' is selected from groups
having the structure A;CLCF3}, {CH ) AD}, 4CHg: and

T L/TT N T S A
CH;{CH5 (DR <CHy

where each A is F of CF;, D is a2 divalent atom or group, each of s, t and v is zero or a

positive integer with the total of s + t + v being at least one, and u is zero or one.

14. A coating as claimed in claim 13 wherein X' is selected from
CF;(CF,)4(CH,),-
CFy(CFps(CHy),-
CF,(CFy);(CH,),-
CF;(CF,);0(CH,),-
CH;(CH,);-

15. A coating as claimed in any one of claims 7 to 14 wherein X contains a primary

amine group.

16. A coating as claimed in claim 15 wherein X is aminoalkyl.
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proyi ded _ mol ecul es contain at | eddis isiihesrehlademient ahbet
gr oups; é @"z"ﬂgimjj !ll Lq‘w’ ng the said silicon conpounds to crosslink to
forma c cl M€ &Si |l oxane and the groups ﬁﬂtép react with the

substrate surface groups reactive therewith; said at 1eapf M dtipound A
bei ng enpl oyabl e in an anmount such that the silicon atons carrying the X-
groups and the silicon atoms carrying the X - groups are in different
layers of tHhE cohfeaHpg asghaimed inapwpes of climehior Wt eheras ! and plasuieach dad four t her
si | oxane Iaxr%r'argggh%he silicon atons not attached to X- groups or X -
groups forma hgjority of the total nunber of silicon atons in the
crosslinked pol ysil oxane. 33. A nethod as clainmed in claim32 for formng

a coating on a substrate conprising applying a conposition as clained in
cl ai m 26 tol& subeqariag a5 claidedcianey ang efrclains Did Hgwhekin the silicon atoms of unit

I form over 50% of the total nuniber of silicon atoms in the copolysiloxane.

19. A coating as claimed in any one of claims 7 to 18 wherein the silicon atoms of units
I, Il and III form from 75 to 99%, from 0.1 to 10% and from 0.01 to 15%, respectively, of

the total number of silicon atoms in the copolysiloxane.

20. A coating as claimed in claim 19 wherein the silicon atoms of units II and IIl form

from 0.4 to 3% and from 0.1 to 5%, respectively, of the total number of silicon atoms in

the copolysiloxane.

21, A coating as claimed in any one of claims 1 to 20 having a thickness in the range 300

to 1000 millimicrons.

22. A coating as claimed in any one of claims 1 to 21 on a substrate selected from

ablatable synthetic polymers.

23. A coating as claimed in claim 22 wherein the ablatable synthetic polymer is selected
\_ from polyimide, polycarbonate, polyethylene terephthalate, polyether ether ketone and

polybutylene napthenate.

24. A coating as claimed in any one of claims 1 to 23 on an ink jet printer nozzle plate.

25. A coating as claimed in claim 24 which is a non-wetting coating and is on a zone of

the nozzle plate surrounding a nozzle.
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e A 75 1 2, o st e
32 conpri (i) formng a solution of the conposition of
claim26 i a‘sofveht therefore containi ng water to hydral ysg t’lp

hydr ol ysabl e groups, (ii) causing or permtti n@aéﬂi | ehét \B&t @

hydrol ysis of at |east conmponent A, (iii) applying the solution obtained
fromstep (26.) tAocrassEnMasle fih-Eormingctofting )compasition dorafonnipges noating asrldimed
conmponents to forma crosslinked film 35. A nmethod as clainmed in claim
34 in whi chintaRe ogoeftalaiys b 2 FPEWISIRE step (iii) is allowed to stand before

initiating step (16 i V)at lé%Zt one film-forming silicon compound A selected from those having the

structure Si(R’"),, RSi(R’"); and RR’Si(R""), where each R’ is a hydrolysable
group, '
(i)  at least one silicon compound B having the structure X;SiY,R,’’ where each
R’’ is a hydrolysable group, lis 1 or2, mis 1, 2or3 and nis 1 or 2, and
(iii)  at least one silicon compound C having the structure (X') SiY R’", where each
R”’ is a hydrolysable group, pis 1 or2,qis1,2or3 andris 1 or 2,
where X and X’ are as defined in claim 1, provided that at le'ast some of the

molecules contain at least three hydrolysable groups.

27. A composition as claimed in claim 26 further including (i) a solvent for the
silicon compounds present in the composition and (ii) water.
28. A composition as claimed in claim 27 containing water in an amount of from 100 to
350 mole % of that required to effect complete hydrolysis of the hydrolysable groups.
29. A composition as claimed in any one of claims 26 to 28 which includes compounds
having the structure RSi(R™’);.
o 30. A composition as claimed in any one of claims 26 to 29 wherein X is a basic group,
N\

said composition further including an acid.

31. A composition as claimed in any one of claims 26 to 30 in which at least component

A is in at least partially hydrolysed form.
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36., Armeth ﬂ ' gany one of cl ai mRis32 1he r3Azvhineri shache
substrate i ST um”“#"ﬂﬂﬂ”lmgss netal, ceram c and abl atabl e synthetic
polymers. 37.* A nethod sl ainmed in claim32 wh rii (r}}«,'\;‘tih ifgubstrate is
sel ected from pol yi mide, polyethyl ene terephtRi:at nd pol ybutyl ene

naphal ate. 38. A nethod as clained in any one of clains 32 to 37 wherein

the substrat 8% s Armgtead gforoviglingna swbstrage withea desiredsurface property FEHHMRPMPESSS| ai med
in claim 38 %%igé oh ;[ap sur ac%tai & sliirﬁm@ Qc%uyselﬂ)xgn% c%auzn% Q:gntgx];ﬁn% @8 and X’- groups
attached to different Si atoms wherein the groups X'- are monovalent organic groups which
provide the desired surface property and the groups X- are monovalent organic groups which
are reactive with a group on the substrate surface and have a higher surface tension than the
groups X’- and at least one film-forming silicon compound A selected from those having the
structure Si(R’’),, RSi(R’"); and RR’Si(R’’), where each R’ is a hydrolysable group,
provided that some of the molecules contain at least three hydrolysable groups; and causing
or allowing the said silicon compounds to crosslink to form a crosslinked copolysiloxane and
the groups X- to react with the substrate surface groups reactive therewith; said at least one
compound A being employable in an amount such that the silicon atoms carrying the X-
_ \» groups and the silicon atoms carrying the X’- groups are in different layers of the coating,
which layers are separated by at least éne further siloxane layer; and the silicon atoms not

attached to X- groups or X’- groups form a majority of the total number of silicon atoms in

the crosslinked polysiloxane.

33. A method as claimed in claim 32 for forming a coating on a substrate comprising

applying a composition as claimed in claim 26 to a substrate and causing or allowing the

components to form a crosslinked film.

34. A method as claimed in claim 32 comprising the steps of

6 forming a solution of the composition of claim 26 in a solvent therefore
containing water to hydrolyse the hydrolysable groups,

(i)  causing or permitting at least partial hydrolysis of at least component A,

(iii)  applying the solution obtained from step (ii) to a substrate, and

(iv)  causing and permitting the components to form a crosslinked film.

35. A method as claimed in claim 34 in which the coating obtained in step (iii) is

allowed to stand before initiating step (iv).
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36. A method as claimed in any one of claims 32 to 35 wherein the substrate is

selected from glass, metal, ceramic and ablatable synthetic polymers.

37. A method as claimed in claim 32 wherein the substrate is selected from polyimide,

polyethylene terephthalate and polybutylene naphalate.

38. A method as claimed in any one of claims 32 to 37 wherein the substrate is an ink

jet printer nozzle plate.

39. A method as claimed in claim 38 wherein the coating is applied to a zone of the

nozzle plate surrounding a nozzle.
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