9Go(744-7
Tvos

TITLE

COATING LIQUIDS FOR FORMING CONDUCTIVE COATINGS

FIELD OF THE INVENTION

This iﬁvéntion relates to coating liquids for
forming'conductive coatings and more particulagly.to
coating liquids capable of forming on substrates such as
glass. pléstics; etc. trahsparent conductive coatings
excellent in'écratch resistance as well as in adhesion to
the substrates. |

| In other aspects, the invention relates to glass
or plastic substrates provided on the surface thereof with
transpafenf éonductive coatiﬁgs formed by using the ébovef
méntioned coating liquids, and particularly to display
devices haviné front éanels provided on the surface

thereof with said transparent conductive coatings.

BACKGROUND OF THE INVENTION

Since glass or plastics which are used as
transparent subétrates of.faried types including front
panels for Cathode ray tube (CRT), liguid crystal diéplay
(LCD), etc. ére insulating materials, the surface thereof
is liable to static electrification and hence the
substrate surface tends to attract dusts or the like.

Furthermore, in electrodisplay devices such as LCD, eté.,
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miss-performance is sometimes caused by the presence of
étatic electricify., For solving such problems as referred
to above, attempts have often beéﬁ made to prevent such
substrates as glass, plastics, etc. from their being
_electrostatically charged by virtue of imparting. |
electrical conductivity to the surface thereof.

In order to impart electrical conductivity to
substrates, metallilc thin films,or conducgive inorganic
oxide coatings are deposited on the su;facé'of substrate
by thé vapor phase method #uch as CVD method, PVD vapor
deposition method, etc. In an attempt to impart
electrical cohductivify to the éubstrate surface by the
vapor phase method, héwever._there afe such probléms that
vacuum deposition apparatuses are required therefor, and
that a surface area or shape of the substrate on which a .
desired coating is formed is restribted by the size of
said apparatuses to be employed.

| In light of the above problems, a process for
imparting electrical conductivity to substrates has been
proposed,.which process comprises coating the substrate on
the surface thereof 'with conductive coatihg materials
obtained by disperging_conductive substanceé in binder
_resins;
Where an attempt was made to form conductive

coatings on substrates by using'conductive'coating
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materials obtained by dispersing conductive substances in
Sinder resins such as acrylic resins, butyral resins,
vinyl chloride/vinyl acetate dopolymer resins, etc.,
howeQer, there were such serious problems that the
conductive coatiﬂgs formed-ther;by are found poor in
transparency, scfatch resistance, solvent rgsistance or in
adhesion to the substrates, though said conductive
coatingé aré excellent sufficiently in electrical
conductivity. -

Under such circumstances, there has,eérnestly been
desired an advent of coating liquids for férming
conductive coatings which are excellent in scratch
resistance, solvent resistance and in adhesion to
substrates as well as transparency.

Apart from the purpose of forming conductive
coatings on substrates, however, Japanese Patent L-O—?
Publn. No. 100943/1982 discloses silicon oxide coatings
containing 1-30 mol% of zirconium oxide with the view of
'profecting the substrate surface and inhibiting reflection
therefrom. In this publication, it is sfated that in the
zirconium oxide—silicon oxide coatings there are used, as
the zirconiunm coﬁpounds,.zirconium ch;opide such as Zr012.
ZrCl, or 2rCl,; zirconium nitrate such as Zr(ﬁos)ADSHZO;
zirconiun alkoxides and zirconium diketonates.

Hoﬁever, when an attempt is made to form the



zirconiun oxide;silicon oxide.coatings by using coating
11quid$ containing zirconium chloride, z;rconium nitrate,
zirconium alkoxide or zirconium diketonate and silicon
alkoxide, it has been found by the presenf inventors that
there is such a serious problem that becauée of
instability in water of zirconium chloride and'zirconidm
nitrate, the coating 1iquids containing the sgme cannot be
preseréed over a long period of time and have_a shorf pot—
life. Moreover, even if zifconium oxidé—silicon oxide
coatihgs were formed by the use of the above-mentioned
coating liguids containing zirconium chloride,and the
like, it was still necessar§ to fire the resultant
coafinéé at a temperature of at least 450°c. Moreo&er.
the coating liquids as deécribed above involved such a
problem that said coating 1£§u1ds must be adjusted to pH 2-
6 by a fresh addition thereto of;a mineral acid such as
'hydrochlorié acid at the‘time'when silicon alkoxides _
contained therein is hydrolyzed.

On one hand, front panels of display devices are
required in some cases to have a specular reflecfion
reducing effect (hereinafter called non-glare) in order to
inhibit glaring of said front panels, in addition to their
antistatic effect. in order to impart non-glare and
antistatic effect to front ﬁanels of display dgvices,lﬁ

process designed for the purpose .intended is disclbsed,




for example, in Japanese Patent L-0-P Publn. No.
16452/1986, wherein the front panel ;omposed of glass or
plastiqs is previously heated, and a colloidal solufion of
silicon cohpound such as partially hydrolyzed silicic' acid
ester, a solution of react#ve silicon compound such as
‘silicon tetrachloride, or a solution prepared by mixing
the above-mentioned solution with a water-soluble compound
of inogganic metal such as platinum, gold; palladium, tin
or the like is sbrayed bver_séid fronf panel to form
thereon a finely 1rregu1ar'coating, followed by drying and
firing. .
Further,-é process for forming a coating layer on
a front panel of Braun tube is also disclosed, for
example, in Japanese Utility Model L—-O-P Publn. No.
168951/1984, wherein tin oxide or indium oxide and silicon
oxide are mixed or laminafed by the vacuum deposition or
dip method to form the coating layer on the front panel.
In front panels of display devices processed by
the above-mentioned processes, however, non-glare attained
was found insufficient, antistatic effect expected varied
dépending on ambieni temperature aﬁd humidity, and under
certain circumstances resolv;ng p&wer of the display
devices came to decrease b§ the presence of the coating
formed on the front panel thereon. Further, the finely

irregular coatings as formed were weak in adhesion to the



front panel and easily peeled off therefrom, were liable'
to scratching as beiﬁg low.iﬂ mechanical strength, and
tended to peel off or elute as being lacking in permaﬁence
properties such as acid resistance, alkali resistance,
resistance to saline solutions and to water, thus no non-
glare and antistétic effect as expected could be
maintained over a long period of time.
| | The pfgsent invention is intended to solve such.
problens associated with the prior art as mentioned above,
and an objgct of thé invention is to provide coating
ligquids for forﬁihg conductive coatings, said coating
liquids being capable of forming on substrates such as
glass,,plastics. etc. the con&ucfive coatings excellent in
scratch resistance, permanence properties and adhesion to
the substratés as well as in transparehcy and, at tﬁe sane
time, which are capable of being preserved with excellent
étability over a long period:of tinme. |

A further object of the.present invention is to
provide g;ass or plastic substrateé provided with _
transparent conductive coatings formed by the use of such
coating liquids'as ﬁentionéd above, said conductive
- coatings being excellent in transparency,-scratch
pesistance; pefﬁﬁnence properties, adhesion toc the
‘'substrates and antistatic effect, or glass or plaétic

substrates provided likewise with transparent conductive



coatings having non-glare in addition to the above-
mentioned functions. Anothgf object of the present
invention is to provide display devices having front
panels provided with transparent conductive coatings

. having the above-mentioned functions.

DISCLOSURE OF THE INVENTION

The fifst coating liquid for forming conductive
coating of the present invention is chéracterized in that
a zirconium oxyécid salt and a conductive substance are
homogeneously dissoived or-diépersed in a mixed solvent
comprising water, an inorganic solvent and a stabilizer.

The second coating liquid for forming conductive
coating of the present invention is characterized in that
a zirconium oxyacid salt, a non-p:ecipitable silica and a
conductive substance are homogeneously dissolved or
disperéed in a mixed solvent comprising watef, an organic

solvent and a stabiiizer.

" The third coating liquid for forming conductive
coating of the presen@linventioh is characterized in that
a zirconiﬁm oxyacid-salt, silicon alkoxide or its
derivafivé and_a conductive substanée are homogenecusly
disgolQed or dispersed in a mixed solvent comprising water

and an organic solveht.

The fourth coating liquid for forming conductive
L]



coating of the present invention is characterized in that
a zirconium oxyacid salt, silicon alkoxide or its
derivétive; a non-precipitable silica and a conductive
substance are homogeneously dissolved or dispersea in a

mixed solvent comprising water, an organic solvent and a

stabilizer.

The fifth coating liquid for forming conductive
coatiné of the présent jnvention is characterized in that
diacetylacetonato-dialkoxide zirconium, a partial
hydroiyzate of silicon alkoxide and a conductive substance
are homogerneously dissolved or dispersed in a mixed
solvent comprising watef'and an organic solvent.

The substrates of the present invention, on which
transparent conductive coatings have been fqrmed, are
characterized by having a total 1ighf transmission of at
least 80%, a Aaze of less than 10%, 103 < surface'
resistivitf < 101!, ana ¢ glossiness of less than 190% as
measured at an angle'of 60° in accordance with the
glossiness measuring method stipulated in JIS K 7105-81.

The display device of the present invention, in
which a transparenfxconductive coating has been.forme¢ on
the surface of a front panel, is characterized in that the
transparent conductive coating is composed of zirconium
oxidg, silicon oxide and a conductive substance, aﬁd_the

front panel, on the surface of which said transparent



conductive coating has been formed, has a glossiness of 30-
- 100% as measured at an angle of 60° in accordance with the
glossiness measuring method stipulated'in JIS K 7105-81, a

resplving power of at least 50 bans/cm, and a surface

resistivity of 10°-1010 /1 .

The first process for manufacturing the display
device of the present invention is 6haracterized in that
any. 6ne of the above—mentioﬁed second to fifth coating
liquids.for forming conductive coatings of the present
invention is coated by the_spray method on a front panel
Sf said display device previously heated to and maintained
at 40—9000, followed by drying and/or firing.

The second process for manufacturing the display
device of the'pgesenf invéntion is chéracterized in thaf
any one 6f the_above—mentioned coating liquids for forming
‘conductive coatings.is coated likeﬁise on a front panel of
- said displéy device, dried and/or fired, and a coating
liguid containing a tfansparent protective component is
coated by the spray method on the front panel heated to

and maintained at 40—90°c, followed by drying and/or

firing.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 and 2 are schematic views for measuring a

resolving power (bar/cm) of the display device of the
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present invention.

BEST MODE FOR PRACTICE OF THE INVENTION

First, the coating liquids for forming conductivg
coatiﬁgs.of tﬁe present invention are illustrated below in
the concrete.

The first coating liquid for forming conductive.
coating of the present invention comprises a homoéeﬁeous'
solution or dispersion of a zirconium okyacid salt and a
conductive substance in a mixed solvent comprising water,

an inorganic solvent and a stabilizer. The components

homogeneously dissolved or dispersed'in the mixed solvent

are illustrated hereinafter.

‘Useful as the zircouium oxyacid salts are

zirconium oxychloride, zirconium oxynitrate, zirconium-

oxyacetate, zirconium oxyoxalate and the like. Of those
exemplified above, paftiquiarly preferred are zirconium
oxychloride and zirconium oxynitrate. Such zirconium

oxyacid salts dissolve in water and organic solvents such

_ as alcohols and the resulting solution is made acid when

water is presenf thérein.

The conductive substaﬂces used in the pre;ent
inventién are those which are known hitherto such as tin
oxide, tin oxide doped with antimony, fluorihe, phosphorus

or the like, indium oxide or indium oxide doped with tin.



- 11 -

‘fThese conductive substances are preferably-in the form of
fine partiele having an average particle diameter of lese
than 0.4.(m.

In the application of the present first coating
liquid to a front glass of display devices such as CRT,
LCD and the like or to a glass for copying machines or the
like where a high transparency with a low haze is
required, it is preferable.to use in said coating liquid
the conductive substances having an average particle
diameter of 0. oi—O'lttm." Even though an average particle
diameter of the conductive substance contained in the
coating liquid is less than 0.1/ m, however, the substrate
to which said coating liquid has been applied will
decrease in transparency if the major proportion of
particles of said conductive substance has a particle
diameter exceeding 0.1 m and, therefore, it is referable
that at least'éox of the total of tne particles is
occupied by these having an average particle diameter of
less than 0.14.m.

In the present invention, it is particularly
preferable to use as.the conductive substances the
products which are obtained on the basis of the process
discloSed in a publication titled "Process for preparing
conductire fine particles"'(Japanese Patent Appln. No.

'51008/1987) or a publication titled "Tin oxide sol and
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process for preparation thereof" (Japanese Patent.Appln.
No. 15283/1§86), both filed by the present applicant.

That is, preferably'usefu] as the first condgétive
substances of the above—mentioned broducts are conductive
metallic oxide fine particles which are obtained by the
above-cited process, wherein an aqueous solution of a tin
or indium compound is maintained under the condition of pH
8-12, the c?gpound in the solution is gradually hydrolyzed

to form é'éﬁl.éontaining colloidal particles, and the

- resulting sol is dried and fired followed by

pulverization.

The starting.materiais used in the above process
are tin or indium compounds ﬁhich are water soluble and
capable of hydrolysis in the pH range of 8-12, and usable
are in fhe concrete such tin COmpouhds as potassium
stannate, sodium stannate and the 1l1like, or such~ipdium
compounds as indium nitrate, indium sulfate and the like.

When a metallic seed present in an aqueous |
solution of a tin or indium conpound (hefeinafter
sometimes called the starting Qolution) is either one of
tin or indium, the resulting fine particles are composed
of tin oxide or indium oxide. In that case, however,
conductive fine particles doped with a foreign element can
be obtained by dissolv;ng small ﬁmounts of a compound

containing said foreign element in the starting solution.
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Eér instance, conductive fine particles éomposed of tin
oxidé doped with antimony or fluorine can be obtained'by--
dissolving small amounts of tartar emetic (antimonyl
potassium tartarate) or ammonium chloride in the starting
solution.containing a tin compound, and conductive fine
pariiéles composed of indium 6xide doped with-t;n can be
~obtained by dissolving small amounts of a tin compound in
lthe starting.solhtion containing an indium éompound.

Conductive particles doped with foreign metallic
elements may also be prepared by the following processes.
That is, conductive fine particles composed of a tin
compound doped with antimohy, phosphorus, fluorine and the.
like can be.prepared by a process which comprises using an
agueous soiution of a tin compound as the starting
solution, gradually hydrolyzing the tin compound‘in the
solution under the aforementioned pH condition to form a
sol, recovering colloidal particles from the resulting
sol, impgegnatiﬁg the recovered colloidal particles with
an aqueous solution of ét least one of an antimony
compound, phosphorus compound and fluorine compound, and
thereaftef drying the thus impregnated colloidal
particles, followed by firing. Fufthermore, conductive
fine particles composed of an indium compound doped with.
tin and/qr fluorine can be ﬁrepared by a process which

comprises using an aqueous solution of an indium cohpound_
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as the starting sélution, forming a sol in the same mannef
as above, recovering colloidal particles from the thus
formed sol, impregnating the-récovered colloidal particles
with an aqueous solution of a tin éompound and/or a
"fluorine compdund, and then drying the thus pregnated
particles, followed by firing. Iﬁ cases where the
starting solution, eveh of an aqueous solution of a tin
compound or an indium compouﬁd, is used, when by-product
salts are fdfmed during the‘sourcé of forming a sol, not
only colloidal particles formed in the sol tend to
-agglomergte but also a speéific resistivity of the
conductive fine particles obtained becomes higher by
virtue'of admixture with the by—produét salts formed. It
is therefore recommended that Qhere formation of.by—
prodﬁct salts is expected, the by—product# salts as formed
-are washed to remove from colloidal particles recovered
from the sol formed by hydrolysis, prior.to_impregnation
of the colloidal particles with an aqueous solution of the
metallic combound.

Generally speaking, a concentration of the tin or
indium compound conéained in the starting solution is
preférably in the range of 5-30% by weight, though the
concentr#tion may be selected optionaliy. |

Usually, the reaction temperature of the

hydrolysis may be selected at choice in the range of
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.teﬁperature between 30'1 and 90 C.

After preparation of the sol liquidf colloidal
particles formed therein are recovered by filtration
therefrom, and tye colloidal particles recovered are
rinsed to remove by-product salts and the like attached to
said particles, dried, fired and then pulverized to obtain
conductive fine particles. The fine particles thus
obtained are sintered to a certain extent during the
firing step and an ?verage pafticle diamefer of the
particles becomes about 20;§0Akm but the particles are
easily.released from their sintered State when subjected
to the sﬁbsequent pulverizing step, and the fine particles
are then processed by an ordinary pulverization means to
give conductive fine particles answering the objects of
the présent invention, which have an average particle
diameter of less than about 0.4!/{m when they are
1néorporated into coafing materials. The fine particles
obtained in the manner now described are found to contain
only small amounts of coarse particies, for exémple, those
having é particle diameter of larger than 0.8/(4(nm.

‘ Pulverization of the conductive substances may be
carried out before or afte: mixing thereof with other
componenfs such as zirconium oxyacid salts and the like.
The conductive subﬁtances.can be pulverized by

conventionally known methods, for example, those utilizing
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an attritor, sand mill, ball mill, triple.roll or the like
devicgs. | | |

The conductive substances thus obtained may be
used, wben they are particleé,.as they are, or they can
also be used after dispersing them in water‘or'organic
solvents. -
| The second conductive_substance'preferably used in
‘the present invention ‘is a conductive tin ogide sol
obtained by heat treatment of fine pérticles of tin oxide
or tin oxide doped with foréign eiements in agueous acia
or alkali solutions. | :

The_fine'particles of tin oxide or tin oxide doped
with foreign elements used herein may be those obtained by
the first process mentioned previously, or those obtained
.by conventionally known methods.

This conductive tin oxide sol.may be obtained by
heat treatment of the above;mentioned fine particles of
tin oxides in agqueous solutions of acids such as mineral
acids or organic acids or aqueous solutions of élkalis
such as alkali metal hydroxides or quaternary ammoniuﬁ
sélts. The heating'femperafure employéd in this case is
preferably less than about 200°Cc. Suitable amounts of the
acids or alkalis used in the aqueous solutions is at least
5% by weight based on the fine particles to be treated.

An average particle diameter of pérticles dispersed in fhe
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‘.conductive tin oxide sol thus obtained is less than
0.1:..m, and more than 60% of-the total particles is
occupied by particles having an average particle diameter
of less than o.lttm;

The above-mentioned conductive tin oxide sol is
usually an aqueous sol, but it may also be used as an
organic sol, if necessary, in which a part or whole of
water has beeﬁ.replaced by an organid.solvent such as
alcohol or the like.

Ofganic solvents used in the coating liguids for
forming conﬁuctive coatings of the present invention are
alcohol such as methanol, ethanol, n-propanol, i-propanol,
‘n-butanol, i-butanol,. t-butanol, etc., esfers such as
methyl aqetate. ethyl acetate, etc., ethers.such as
diethyl ether, etc., ketones such'as methyi ethyl ietone.
etc., ethylene glycol monomethyl ether and the like, which
ére used either singly or in combination. ‘

The stabilizers used in thelpresent coating
liquids, either singly or in combination,.are eth?iéne
glycol, ijethyl—z—pyrrolidone, morpholine, ethyl
cellosolve, methyl cellosolve, N,Nudimethylformamide, etc.

In the first coating liquid fof forming conductive
cbating of the present invention which contains the above-
.mentioned components, the molap ratiolof-the stabilizer

to, the zirconium oxyacid salt in terms of ZrO.



(stabilizer / Zr0,) is 1-25, preferably 2-25. if a value
of this ratio is less than 1, gellation of the coating
liquid for forming conductive coating these components .
tends to occur undesirably and, on one hand, when this.
value exceeds 25, the coating liquid'inhpmbgenebusly cures
when it is coated on a substrate to.cure, whereby the
conductive coating formed undésirably poor in permanence
proberties.

Further, the weight of water present in the
coating liquid is preferably less than 40% of the whole
weight of said coating liquid with the condition that the
weight ratio of the water to the zirconium oxyacid salt in
terms of Zro2 (water/Zroz) satisfactorily falls within the
range of 0.1-40. If the above*mentiéned ratio of
ﬁater/Zro2 is less than Q.l, gellation of the zirconium
oxyacid salt occur undesirably and, on one'hénd, when said
ratio exceeds 40, the addition effect of the stabilizer
disappears, with the result that adhesion of the coating
liquid for forming conductive coating'to a'substrafe
becomes poor uhdesirably.'.Furthermore, the weight of the
water exceeds 40% of the whole weight of the coating
' liguid, the addition effect of the stabilizer disappears
' likewise, with ghe result that adhesion of the coating
liquid for forming conductive coating to a substréte

becomes éoor undesirably.
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The sum total of the conductive substance and
zirconium oxyacid sélt in terms of ZrO2 is prefé:abi? 0.1-
10% by weight based on the whole weight of the coatiﬁg |
liquid for forming conduct;vé coating. It is not
economical to ﬁse.fhese two. components in an.amount of.
less than 0.1% by weight and, on one hand, if said amount
exceeds 10% by weight, gellation of the coating liqhid for
forming conductive coating tends to occur undesirably and
no possibility of the long-term preservation of said
coating liquid can be expected.

Still further, the weight ratio of the conductive
subsfance to zirconium oxyacid saltlin terms of Zr0é |
(conﬁuctivg substance/Zrdz)-is preferably 1-5. If this
value is less than 1, the resulting condﬁétive coating
becomes poor in electrical conducfivity and, on one hand,
when the value exceeds 5, adhesion between a sﬁbstrate and
the conductive coating formed thereon undesirably
decreases.

The coating liquids for forming conductive
coatings'as illustrated above may be prepared by mixing an
agueous éolutioﬁ-of'a zirconium oxyacid salt.with a -

" conductive substance and a stabilizer and, if necesgarf.
removing part of the water present in the mixture
fherefrom by distillation or ultrafiltration, and

.thereafter adding an organic solvent to the mixture,
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followed by homogeneous mixing.

The second coating liquid for forming conductive
coating of the present invention is illusfrated

hereinafter.

This coating liquid for forming conductivé coating
comprises a homogeneous so;qtion or dispersion of a
zirconium oxyacid sait; non-sedimentary silica and
conductive substance in a mixed solvent comprising watef,
organic solvent and stabilizer. The zirconium oxyacid
salt, conductive substance, water, organic solvent and
stabilizer used in the coating liquid are the same as
those used in the first coating liquid for forming
conductive coating of the present invention as illustrated
above, and hence herein-illustrafed is the non-sedimentary
silica;

| The_non—sedimentary silica used in the present
invention is intended to deSignate such a 1iqﬁid of non-
sedimentary silica that when an aqueous solution
céntaining 2.0% by weight of the non—sedimentary'silica_in
terms of-SiOé is subjected for 1 hour at 250,000 G to o
centrifugal sediﬁenfation, thelsediment left thereby is
less than 30% by weight. Such non—sedimenfary silica
liquid is an aqueocus alkali solution of silicic acid} fron
which the greater part of the alkali has been removed,

said non-sedimentary silica liquid being obtained by
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.replacement of alkali with hydfogen in the agueous alkali
soiution of silicic acid by means of the ion exchange
method, dialysis.method-or,the like. The stabilizer is
‘used in the nén-sedimentary silica liquid in an amount of
at 1east 0.5 mole based on 1 mole of the non-sedimentary
-siliéa. |

Such a growth iﬁhibitor as the stabilizer
mentioned above plays a role in the stabilizafion of non-
sedimentary $ilica in the liguid by inhibiting geilation
of said silica.

In this non-sedimentary silica, it is desirablé
that the amount of residual alka;i répresented by the
s10,/M,0 rat;o (in which M represents an alkali metal) is
at least 200, pfeferably at least 1000, |

Such non-sedimentary silica as referred to above
is illustrated in detail in Japanese‘Patent Appln. No.
18783571986 filed previously by.the presenf applicant.

In the second cbating liquid for forming
conductive coating of the pregent invention which contains
the coﬁponents'as mentioned above, thg molar ratio
(stabilizer/ZrO2 + Sfoz) of the number of moles of the
stabilizer to the number of the sum total of moles of the
zirconiun oxyacid salt in terms of ZrO2 and of Sio2
present in the non-sedimentary silica is 1—25.lpreferab1y

2-25. 'If this value is less than 1, gellation of the
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coating 1liquid tends to occur and a pot life (useful life)

of said coating liquid becomes short and, on one hand,

‘when said value exceeds 25, the coating liquid does not

cure homogeneously when_it is coated on a substrate, with"
the result that the conductive coating formed becomes poor
in permanence properties. J . N

In this éecond coating ligquid, thefamounf of water
present is preferably less than $0% by weight based on the
weight of the coating liguid with the condition that the
weight rafio (water/ZrOz) of the water to zirconium

oxyacid salt in terms of ZrO, is 0.1-40. If the

2
water/Zro, weight ratio mentioned above is less than O.I,i
the zirconium oxyacid salt undesirably tends to'gel and,

on one hand, if said weight ratio exceeds 40, the addition

. effect of the growth inhibitor disappears and the coating

ligquid undesirably becomes poor in adhesion to a

' substrate. .Furthermore, if the amounf of water used

exceeds 50% by weight of the'coating liquid, the addition
effecf'of.the growth'inhibitor disappears likewise and the
coating liquid undesirably becomes poor in adhesion to a
substrate.

The sum total of the conductive substance, s:lO2
present in the ndn-sedimentary silica and the zirconium
oxyacid salt in terms of Zro2 is 0.1;20%, preferably 0.1~

10% by weigﬁt of the coating liquid. If a value' of the
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séid sum totai is less than 0.1% by weight, the use of
such coating.liquid is not économical and, on one hand, if
said value exceeds 20% by weight; undesirably the coating
liquid tends to gel and cannot be preserved for a.long
period of time. | '

The weight ratio (conductive substance/ZrO2 +
8102) of the conductive substance to the sum total of the
zirconium oxyacid salt_iﬁ terns of Zro, and $i0, contained
in the non-sedimentary_silica'is éreferably i-5. .If a
value of tﬁis Weight ratio is less than 1, the'resuiting
coating becomes poor ih electrical qonductivity or doés
not become porous and, if thié value exceeds 5, the
resulting coéting becomes poor in adhesion to a substrate.

The coating liquid for forming conductive coating
as illustrated abové may be prepared by mixing together an
aqueous solution of the zircénium oxyacid salt, the

conductive substance and a dispersién of the non-

' sedimentary silica and, if necessary, removing a part of

_water.therefrom.by distillation or ultrafiltration,

followed by homogeneously mixing the resulting mixture

-with an organic-soléent.

The third coating liquid for forming conductive
coating of the present invention is illustrated

hereinafter.

This coating liQuid'for forming conductive coating
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. comprises a homogeneous solution or dispersion of a'
zirconium oxyacid salt, silicon alkoxide or its derivative
and a condﬁctive substance in a mixed solvent comprising |
water ahd an organic solvent. The_zirconium oxyacid salt,
eonductive substance, water and organic selvent used in
the coating liquid are the same as those used in the first
'coating liduid for forming conductive coating of tlie
present 1nvent19n. and hence herein illustrated is the
silicon alkoxide or its derivative used in this'coafing
liquid. |

The silicon alkoxide or its derivative used in the
present invention includes compouhds or condensates (up to
pentamers) having 1-4 alkoxy groups of 1 to 8 carbon
atoms, said compounds or condensates being represented by
SiHa(OR)B (a=0-3, b=1-4, atb=4, and R is alkyl),
(R'O);Si(OR)b or R'asuon)b' (a=0-3, b=1-4, atb=4, and R
and R' are each aikyl); or derivatives-of the cempounds or
condensates represented by the above-mentioned formulas in
which a part of H has been substituted with Cl, vinyl or
the like group. Of those mentioned above, preferred are
mixture of one or two or more compounds represented by the
formula Si(OR), (wherein R is CHS[ Céns, n- and'iso?C3H7.
'or n—-, iso-, sec- and tert-C Ha) '

In the third coating liquid for forming conductive

coating of the present invention, which contains the



- 25 -

components as sentioned abpve{ the' zirconium oxyacid salt
and silicon alkoxide or its derivative are used in sucﬁ an
amount so that Zr02/5102 (molar ratio) of the zirconium
oxyacid salt in terms of oxide to silicsn alkoxide or its
derivative in terms of oxide is in the range of 0.05-2.0,
preferably 0.2-1.0. If a value of this Zr0,/Si0, (molar
ratio) is less than 0.05, the resulting coating |
undesirably becomes poor in permanence properties and, on
one hand, if this value exceeds 2.0, the resulting coating
undesirably decreases in adhesion to a substrate and
opticai characteristics (haze, total light trahsmittance).

The presence of.water in the coating liquid is
necessary for-hydrolysis,feaction of silicon alkoxide. It
is preferable-to decide the emount of water in the coating_
liquid accordihg to the amount of the silicon aikoxide-or
its derivative in the mixture, and desirably the water is
contained in the coéting liqdid in such an amount so that
the H,0/810, molar ratio 1n.the'mixture of the water to
silicoﬁ alkoxide or its derivative in terms of s:io2 is at
least 2. If-a value of this ratio is less than 2, no
coating is obtained 'since undecomposed silicon alkqxide or
its derivative remains, as it_is, even after formation of
the coating. |

The content of the condﬁctive substance, when

expressed as MOx in terms of oxide, is preferably in such




A

an amount so that Mox/(sioz + Zroé) (weight ratio) is 0.5-
5.0. If a value of this weight ratio is less than 0.5,
undeéirably.the resulting conductive coating becones |
excessiﬁely‘low.in electrical conductivity and, on one
hand, if this yalue exceeds 5.0, undesirably the resulting.
conductive coating becomes boor in adhesion to a
substrate.

When the solids content (conductive substanée +
Zro2 + 5102) in.the conductiQe coating liquid is less than
about 20% by wéight. a coating answering the.objects of

the present invention is obtained. However, if this

.s0lids concentration exceeds 20% by weight, the coating

liquid becémes poor in stability and cannot be fit for a
long-term preservation. If this solids concentration is
excessively low, such an incohvenience that the coating
operation of the conductive coating liquid nust be -
repeated several timeé to obtain a desired coating is
experienced and hence a practically useful solids
concentration is at least about 0.1% by weight.

Since water and an organic solvent sucﬁ as alcohol
or the like are present in this conductjve coating liquid.
as mentioned above, the zirconium oxyacid salt dissolves
in the water and organic solvent, whereby the coating
liquid comes to exhibit acidic properties with a pH of

less than 2. On that account; there is no need of



incorporating into the.coating liquid an acid catalyst
such.as ﬁydrochloric acid, nitric acid 6r the like with
the purpose of hydrolyzing the silicon alkoxide or its
derivative.

The'foﬁrth coating liquid for forming conductive

.coating of the present invention is illustratéd

‘hereinafter.

This coating liquid for forming conductive coating
contains a noq—sediméntary silica and a stabilizer in
addition to such components as used in the above-ment ioned
third coating quuid for forming cbhductive coating. The
non—gedimentary silica and stabilizer used in this coating
liquid are the same as thoée used in the second coating
. liquid for forming conductive.coating of the present
invention.

When this non-sedimentary silica is used toggther
with the éilicon alkoxide or its derivative in the coating
liquid for forming conductive cbating, 511 light
transmittance of the resulting conductive éoating is
increased and transparency of said coating is improved

and, moreover, permanence properties of the coating is not

1

marred.

The non-sedimentary silica is preferably used in

such an amount so that the weight ratio (sio, in non-

sedimentary silica/Sioi in silicon alkoxide or its



derivative) of 8102 in the non-sedimentary silica to the
silicon alkoxide or its'derivative in terms of 5102 is
less than 8. 1If a valqe of this weight ratio exceeds 9,
such a new problem that the firing temperature of the
resulting coating must be increased to about 300°C or
higher in order to improve permanence properties of the
coating arises_undesirably,'though trahsparenéy of the-
coating is further improved. _

Even in the case where the non-sedimentary silica
is used, the operation conditions to be employed therein,
su¢h as the ratio of Zr02 to total Sio2 in the coating
liquid and the like, are the same as those employed in the
aforémentioned case where only the silicon aikoxide or its
derivative is used.

| . Illustrated below are the processes by which the
above-mentioned third and fourth coating liquids for -
forming conductive coatings of the present invention are
prepared.

The zirconium oxyacid salt, silicoﬁ alkoxide or
its derivative and conductive substance, if necessary, fhe
non-sedimentary silica and stabilizer, are ﬁomogeneously
. mixed together in a mixture.of water and an organic
solvent. 1In fhat case, the order of dissolving or
dispersing.thesé components is not particularly limited,

for instance, an agqueous solution of the zirconium oxyacid
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salt may be mixed with an organic solvent such as alcohol
or the like, and the resulting mixture may be incorporated
with an alcohol solution of the silicon alkoxide or its
derivative. or these solutions mentioned above may be
mixed together at a stroke. It is also possible to
iocrease stability of the.dispersed particles of the
componente by 1ocorporating the coating liquid with a
surfactant at the time when the above-mentioned solutions
are mixed together.

The fifth coating liquid for forming conductive

coating of the present invention is illustrated

hereinafter.

The fifth coating ligquid for forming conductive
coating of the present iovention a homogeneous solution or
dispersion of diacetylacetonato—dialkoxy zirconium, a
partial hydrolyzate of silicon alkokide and a conductive
substance in a nixed solvent comprising water and an |
organic solvent. The conductive eubstance, water and
organic solvent used in this coating liquid, however, are
the same as those used in the aforementioned first coating
liquid for forming conductive coeting of the present
inventioc, and hence herein illustrated are the
diacetylacetonato-dialkoxy zirconium and partiel
hydrolyzate of silicon aikoxide.

The diacetylecetonato—dialkoxy zirconium may be
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sufficiently useful if its alkoxy group, preferably butoxy
group, has 1 to 8 carbon atoms. This diacetylacetonato-
dialkoxy zirconium plays a role in improving
dispersibility and heat stability of the conductive
substance, and tﬁis-role is considered aécriﬁable to the
fact that the diacetylacetonato-dialkoxy zirconium acts as
a protective colloid on the conductive substance.
| The partial hydrolyzate of silicon alkoxide or 1t$
derivative used in this coating liquid maj be obtained by
partial hydrolysis of the silicon alkoxide or its
derivative uséd in the third coating liquid for forming
conductive coating of the present invention.

As the conditions under which the partial
" hydrolysis is carried out, there may be adopted-a
procedure.generaily employed for partial hydrolfsis of
sjlicon alkoxide or its dérivative. For instance, suph'_
conditions may be adopted, wherein silicon alkoxide or its
degivative is mixed with methanol or ethanol, and the
mixture is inéorporatéd with water and an acid to effect
the partial hydrolysis of the silicon alkoxide or its
derivaéive. However, the partial hydrolysis conditions
particularly preferred are such that fhe'acid uséd is
preferably hydrochloric acid, nitric acid, phosphoric.acid
or acetic acid, and the mixing ratic of the acid to

silicon-alkoxide or its derivative (acid/sio,) is
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preferably 0.01-0.5 (the weight ratio of the acid to
silicon alkoxide or its derivative in terms of 5102). If
a'value of this ratio is less than 0.01, lérge amounts of
unreacted silicon alkoxide remain to exist in the mixture,
which undesirably mars electrical conddctivity éf the
resulting coating and, on one hand, if this value exceeds .
0.5, the rate of the partial hydrolysis becomes
excessivelf rapid and undesirably the resglting coating
liquid decreases in continuous productivity and

- preservability. The mixing ratio of water to §i1icon
alkoxide (mélar ratio) is preferably at least 2; if a
value of this ratio is less than 2, unreacted silicon
alkoxide remains in the resulting coating.whiqh will-
undesirably.decrease in adhesion to substrate, scratch
resistance and alkali resistance. The paftial hydrolysis
temperature: employed is preferably 30—6000. _

"The fifth coating liquid for forming conductive:
.coating of the present invention illustrated above may be
prepared by éﬂding the diacetylacetonéto-dialkoxy
zirconium to a mixture of water and the organic solvent. in
which fhe conductive.snbstance has been diépersed, thereby
improving dispersibilit§ and heat stability of the
conductive substance, and then incorporating thé resulting
mixture with the partial hydrolyzate of silicon alkoxide

or its derivative. The incorporation of the partial



hydrolyzate of silicon alkoxide or its derivative into the
above-mentioned mixture, prior to the addition of the
qiacetylacetonato-dialkoxy zirconium to said mixture, is
not desirable since the éonductive substance aispersed in
the mixture comes to agglomeréte.

" The coating liquid for forming transparent
coﬁductive coating thus prepared has such advantages as
wili be mentioned.below. First, the conductive coating
formed therefrom is excellent in transparehcy and
.electrical conductivity since the conductive 'substance
dispefed-in the coating liquid is left in a monodisperse
state by the protective colloidal action of the
diacetylacetonato—-dialkoxy zirconium added to said coating
liquid. Second, the coating liquid is improved in
stability and hence no gellation thereof occur and the
stabilized coating liquid can be preserved for a long
period of.time even at roonm temﬁeréture of about 30%c.
Furtﬁermore,.the diacetylacetonato-dialkoxy zirconium
together with the partial hydrolyiate of silicon alkoxide
or its derivative forms a matrix of the resulting ‘
conductive coating, ‘whereby said coating is increased in
scratch resistance and alkali resistance, and because of
the-presence_of said diacgtylacetonato-dialkoxy zirconium
and said partial hydrolyzate of silicon alkoxide or'it;

derivative in the coating iiquid, a desired conductive
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coating'can be formed when said coating liquid as applied
.13 fired at the tempe;afure of about 150°C, and the
conductive coating further improved in electrical
conductiv;ty is obtained when the coat;ng liquid is fired
at above 200°C. |
" In the fifth coating liquid for forming conductive
~ coating of the present invention which contains the
components as illustrated above, the diacetylacetonato-
dialkoxy zirconium and thé conductive substance are
preferably used 1n_su¢h an amount so that the Zroleox
weight ratio of these two components in terms of oxide is
0.01~1 (be represents the conductive substaﬁce as an
oxide).- If a value of this ratio is less than 0.01,
undesirabiy the_cbnductive subétance decreases in
dispersibility and heat stability, thg resulting
conductive coating becomes poor in transparency and
adhesion to a substrate, and the coating liquid becomes
poor in preservébility and.continuous productivity. If
this value exceeds 1; on one hand, undesirabl? the
pesulting conductive coating bécones poor in transparency
and adhesion to a substrate and decreases in electrical
conductivity.
The diacetylacetonato-dialkoxy ziréonium and

silicoﬁ alkoxide are preferably used'in such an amounf éo

that the 2Zr0./Si0, weight ratio of these two compohents in
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terms of oxide is 0.05-1. If a value of this ratio is

" less than 0.05, the reéulting conducfive coating is not
sufficient in alkali resistance and, on one hand, if this
value exceeds 1, un&esirably the resulting conductive
cpating decreases in adhesion to substrate and

~ transparency.

The diacetylacetonato—dialkoky zirconium and
silicon alkoxide are preferably used in such an amount so -
that the Zr62/5102 weight ratio of these two components in
terms of oxide 'is 0.05-1. If a value of this ratio is
less than 0.05, undesirablylthg resulting coﬁductive
.coating is not sufficient in alkali resistance and, on one
hand, if this-value exgeeds 1., tﬁe resulting conductive
coating decreases ih‘adhesion to a substrate and
transparency.-

The conductive substance and other two components
are preferably used in such an amount so that the
Mox/(s:lo2 + Zro,) weight ratio of the components in terms
of oxide is 0.5-5. If a value of this ratio is less fhan
0.5, undesirably the resulting conductive.coating is not
sufficient in eleetrical-condﬁctivity and, on one hand, 1if
this value exceeds 5, the resulting conductive coating
decreases in adhesion to a substrate, transparency and
scratch resistance.

Furthe:mére. if the sclids concentration (MO_ +



Sio2 + Zroz)-in the coating solution is less than 15% by
weight, the conductive coating anéwering'the objects of
the present invention may be obtained. If the above-
mentioned solids cbncentratioﬁ exceeds 15% by weight,
undesirably the coating liquid become; ﬁoor in
preservability. If this solids concentration is
excessively loﬁ. it becomes necessary to repeaf the
coating operation several times in order to the desired
conductive coating, and hence a practiCally ﬁseful soiids
concentration is at least 0.1% by weight.
| The thus obtained first to fifth coating liquids
for forming.condﬁctive coatings of the.présent invention
are coated on substrates such as glass br plastics
according to the conVentiénaliy known methods such as
'spinner, spray, bar coater, role coater and the like
methods. Subsequently, a film of the coating formed_on
the substrate is dried.to cure at a temperature of from
érdinary temperature to about 120°G, whereby the desired
conductive coating exéellent in adhesion to fhe substrate,
scratch resistance and transparency is‘obtained; When the
conductive coating thus obtained is further fired, tﬁe
resulting coating is further improved in permanence
properties such as alkali resistance and the like.

Th; substrate on which a transpafent conductive

coating has beeh formed, said conductive coating
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comprising zirconium oxide, condﬁctive.substance and
silicon oxide, has a glossiness of less than 190% as
measured at an angle of measurement of 60° according to
the method of measgrement of glossinesé stipﬁlated in JIS
K 7105-81, suqh excellent electrical conductivity as
evidenced by its surface resistivity o6f 103-101111./[j .
such excellent trasnparency as evidenced by its all light
transmittance Af at least 80% and haze of less than 10%
and, mofeover. has excellent permanence properties suéh as
adhesion to the conductive coating, scratch resistance,
alkali resistance and the iike.

The display device of the present invention and
process for manufacturing the same are illustrated |
hereinafter.

The present display device.éomprises a ffont pgnel
as a substrate, on the surface of which a transparent
conductive coating has been formed, said transparent
conductive'coating comprising zirconium oxide, silicon
oxide and a con&uetive substance, and said front panel
haVing a glossiness of 30—100% as mgasured at an ;ngle of
measurement of 60° dccording to the nethod.of measurement
of glossiness stipulated in JIS K 7105-81, a resolving
power of at least 50 bars/cm, and a surface resistivity of
103-10110) /17 .

The glossinesslof the front panel is represeﬁted



by a value of glossiness as measured at an angle éf
measurement of 60° according to the method of measurenment
of glossiness stipulated in JIS K1;05—81, as mentioned
above. If this value is less than 30%, undesirably the
front panel decreases in transparency and, on one hand, if
the value excéeds 90%, regular reflection of the coating
is not decreased and the front panel glares, therefore the
glossiness is pfeferaﬁly less than 90%, though the upper
linit of this value 1; not particuiarlf defined.

The - front panel has a resolving power of at least
50 ﬁars/cm. as ﬁentioned above. If this value 1s_1ess
than 50 bar#/cm, undesirably'the front panel becomes poor
in'transpérency. |

In the present specification, the resqlving power
of the froqt panel was expressed by way of the number of
bars per cm in a bar chart, Said number of bars being
capable of being counted distinetly by visual observétion
of the chart. That is, the.re501ving power is deterhined
by using a box of 50 by 30 centimeters wherein a front
panel having attached a bar chart as shown in Fig.1 to the
side on which no coating is coated is arranged at oné wall
- of the box in the ﬁanner as shown in Fig. 2 so.that the
coated side of the panel faces putwafd, and the front
panel thus arranged is visually obéerved at a distance of

30 cm from the coated side to count:fhe number of bars per
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cmn in the bar chart that can be distinctly confirmed. -In
that case, the box is provided with 20 W fluorescent lamps
at both ends of the other wall of the box provided.with no
front panel, and the ;urface of the wall of the box
provided with no front panel is colored white. The bar
chart used 1ncludea those in which the number of bars is
increased every 5 baps/cm; for example, 10 bars/cm, 15
bars/cm, 20 bars/cm, 25 bars/cm and the like.

In the bar charts thus used, 1 is a bar printed, 2.
is a space befween the printed bars, and a width a of the
printed bar is equél to a width b of the space.

In the display device of the present invention, an
average surface roughness Rzi(a ten-point average
roughness as measured in accordance with JIS B0601-82) of
the front panel is 0.2-5,im, preferably 0.2-3i\m. If this
average surface roughness is less than 0.2,(nm, undesirablf
the front panel decréases in non-glare and no sufficient
antistatic effect is obtained, théugh the panel is
excellent in resolving power and transparency and, on one
hand, if the average surface roughness exceeds 5 ((n,
undesirébly the front panel decreases in resolving power
and transparéncy.

The present display device may be prepared by
using the second to fifth coating liquids for forming

conductive coatings of the present invention mentioned
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breviously.

That is,.the frqnt.péﬁel.of the present display
device ﬁay ge prepared by coating a front panel previously
heated to and kept at 40-90°C, preferably 50-70°C, with
any of the second to fifth coating liquids for forming
conductive coatings of the érésent invention by the spray
method, folléwed by drying and/or firing.

If a heating femperature of the front ﬁanel is
less than ¢o°c. undesirably the liquid components of the
coating liquid as coafed wil; not dry sufficientiy and
ﬁndergo ieveling, whereby no non—-glare coating is obtained
and, on one hand, if this temperatufe exceeds 90°C,’
~undesirably the 1iquid components will dry rapidly,
whereby the resulting coating becomes poor in adhesion to
thé panel, transparency and permanenpé properties. When
the coating liquid is coated on the front panel by the
spray method, therefore, the coating amount, coating speed
and ailr pressure supplied to the spray should be.
controlled so that the heating femperature of the ffont

panel ddeé not deviate from the above-mentioned

temperature range.

Subsequently, the display device of the present ~— '~

invention is obtained by'drying the front panel thus.
. coated by the spray method with the coating liquid for

forming conductive coating. When a coating having higher.



permanence ﬁropgrties and mechanical strength 1s needed,
such coating may be obtained by firing the fronf panel as
coated in the manner now described at a temperature of
above 200°C but below the'gléss transition point of the
frontlpanel. In that case, the firing bpgration may be
repeated many times so long as the firing temperature
enployed is beiow the glass transition éoint of the front
' panel. In cases where non—g{gre is not needed according
to the purpose for which the display device is used, a
desired coating having lesser non-glare or substantially
no non-glare may be obtained by varyiﬁg the spray
conditiéns to be employed. _

Furthermore, the front panel of the display device
of the present invention may‘be prepared by coating the
coating liquid for forming conductive coating on a front
panel by the éﬁray-method in the manner now described,
drying and/or firing the thus coated front panel, coating
by the spray_mefhod a coating liquid comprising
transparent components on the thus dried and/or fired
front panel at 40—9000, and then drying and/or firing the
thus co#téd_front panel.

Usable as the coating liquid comprisin§
transparent protective componénts_are the second to fifth
coating liquids for forming coﬂductive coatings, from

which the conductive substance has been excluded.




As the coating liquid comprising transparént
protective components, mofeover, there may-aléo be used a
liguid prepared by homogéneously dissolving or dispersing
a binder resin in an organic solvent. Useful binder
resins ?ncluae.silicdn reéins, melamine résins, urethane
fesins-and the like.

The pre;ent invention is iilustrafed beioﬁ with
refereqce to examples, but it should be c;nstrued that the
invention is in no way limited to those.examplés.

Example 1
{Preparation of conductiﬁe tin oxide sol)

A starting liquid was prepared by dissolving 316 g
of potassium stannate and.38.4 glof tartar emetic in 686 g
of water. The starting liquid together with nitric acid
was added over 12 houfs to 100 g of water warmed at 50°C
with stirring and subjected to_hydrolysis while
‘maintaining a.bﬁ of the system at 8.5, wherebyva sol
liquid was obtained. Colloidal particles were separated
by filtration.from.the sol liquid, washed to remove by-
product salts therefrqm,.dried, fired at 35000 for 3 hours
in air, and then.further fired at 650°C for 2 hours 'in air
to obtain fine powder (I). To 1600 g of an aqueous
potéssium solution (contaiﬁing 40 g of KOH) was added 400’
g of the fine powder (Ii,‘and the mixture kept at 30°Cc was

stirred for 3 hours with a sand mill to obtain conductive



tin oxide colloid.

Subsequently.'this conductive tin oxide colioid
was treated with an ion exchange resin to obtain
dealkélizéd conductive tin oxide colloid (a conductive sol
IiQuid). This déalkalized conductive sél liquid contained
no precipitate, had a solids concgntration of 20% by
weight'and cblloidalxparticles having an average particle )
diameter of 0.07«:m. The amount of colloidal particles |
having a particle diameter of less than 0.1((m was 87% of
the total amount of colloidal particles.

In this connection, the measurement of avefage
particle diameter of the colloidal particles was'Conducted
with an ultracentrifugal glaﬁulometer ‘(CAPA-5000.
manufactufed and sold by Horiba Seisakﬁsho K.K.), wherein
a test specimen was adjusted to a solids concentration of
0.5% by weight and subjected to centr;fugal sedimentatién
at 6000 rpm. ' (The same shall apply hereinafter)

| A mixture comprising 250 g of the conductive sol
liquid obtained above, 226 g of N-methyl-2-pyrrolidone
.(hereinafter called NMP) and 100 g of an aqueous éolution
of 25% by weight of zirconium oxychloride in terms of Zro,
(hereinafter called ZOC)was héated at 80°C with.a rotary
evaporator under rgduced pressure, thérgby distilling off
75 g of water. The 1iquia.obtained was cooled and then

thoroughiy mixed with 1000 g of é mixture of MeOH/BuOH
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(1/1 weight ratio) to obtain a coating liquid for forming
" conductive coating. | | '
Exanmple 2

A mixture comprising 100 g of the conductive sol
liquid obtained in Example 1, 45 g of NMP and 20 g of ZOC
was heated at 80°C_wi;h'a rotary evaporator under reduced
pressure to distill off 15 g of water. The liquid
dbtained was cooled and thoroughly mixed with 350 g of a
mixturé of MeOH/EtOH (1/1 weight ratio) to obtain a
coating liquid for forming conductive coating.
Example 3 |

Following sﬁbstantial;y the same procedure as
described in Example 1, a coating liquid for forming
conductive coating was obtained, except that in place of
-the zob used in Exanmple 1, there was used an agueous

solﬁtign of zirconium oxynitrate (heréinafter called ZON)
in terms of erz.
Example 4

| A homogeneous mixture comprising 100 g of the
conductive sol liquid obtained in Example 1, 90 g of NMP
and 40 g of ZOC was heated at'qo°c with a rotary
evapopator under reduced pressure to distill off 15 g of
watér. The liguid obtained was cooled and thoroughly

mixed with 2800 g of a mixture of MeOH/EtOH (1/1 weight

ratio) to obtain a coating liquid for forming conductive



coafing;
" Example 5

A homogeneous mixture comprising 250 g of the
conductivé sol liquid obtained in Example 1, 150 g ﬁf NMP
and 100 g of ZOC was heated at 80°C with a rotary
evéporator under reduced pressure and thoroughly mixed
with 425 g of a mixture of MeOH/EtOH (1/1'weight ratio) to
obtain a coating liquid for forming conducfive coating..
Example 6

Following substantially the same procedure as
described in Example 1, a coating liquid for forming
conductive coating was obtained,'except that in.place of
the NMP used in Example 1, there was used 225 g of methyi
cellosolve.

Example 7

Following substantially the same procedure as
described in Example 1, a coating liquid for'forming '
conductive coating was obtained, except that in place of
the NMP used in Example 1, there was used 225 g of.
ethylene glycol.

Example 8

Following substantially the same procedure as
described in Example 1, a coating liquid for formiﬁg
conductive coating was obtained, excepf that in place of

the NMP used in Example 1, there was used 225 g of N,N-
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dimethflformamide.
" Example 9

A mixture comprising 83.3 g of a liquid prepared
by diluting the conductive sol_liquid obtained in Example
1 with water to 12% by weight, 60 g of NMP, 100 g of 5% by
ﬁeight of ZOC in terms of ZrOZ( and 256.7 g of a pixture
of MeOH/EtOH (1/1 weight ratio) was thoroughly blended to

cbtain a coating liquid for forming coating.

Example 10

A mixture of-so.g of the fine powder (I) obtained ~
in Example 1 and 200 g of water was fed to a sand mill,
and the mixture was subjécted for 3 hours to pulverization
with media of 1-2 mn ¢ media. After the pulverization, an
average particle diameter of particlés in the liquid was
0.25(.n. | |

Following substantially the same procedure as
described in,Egample 1, a coating liquid for form;ng
conductive coating was obtained except that tﬁere was used

the conductive sol dispersion obfained in the manner now

described was used.

Example 11

To a sand mill was fed a mixture 6omprising 50 g
of the fine powder (I) obtained in Example 1, which had
been classified into the powder having a particle-diameter

of less than 1.m, and 200 g of water;'and the mixture was -
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squected to pulverization for 3 hours with 0.3—1.mm'¢
‘media to obtain a conductive sol dispersion. Following
substantially the same procedure as described in Example
1, a coating liquid for fofming conductive coating was
obtained except that there was used fhe conductive sol
dispersion obtained above was used.

In this éonnecfioh, an average particle dianmeter
of particles in the dispersion after the pulverization was
0.084'\m, and the amount of particles having a particle
diameter of less than 0.1( m was 65% of the amount of
total particles. '

Exahple 12

There were prepared a solution_of 79.9 g of indium
nitrate in 686 g of wafef and a solution of 12.7 g of
potassium stannate in an aqueous solﬁtion of 10%.by weight'
of-potassiuﬁ stannate. Both indium nitrafe and.pofassium
stanﬁaté solution#'obtained above were added to 1000 g of
water warmed at 50°C with stirring and subjected to _
hfdrol?sis while maintaining a pH of the system at 11,
whereby a sol liquid was obtained.

Colloidal particles present in the sol liquid were
sepérated therefrom by filtration, washed to remove bf—
product salts therefrom,'dried, fired at 350°C for 3 hours

in air, and then further fired at 600°C for 2 hours in air

to obtain a fine powder (II).
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Foliowing substantially the same procedure as
'described.jn Example 9, a'coating ligquid for forming
conductive coating was obtained except that 50 g of the
fine powder (II) obtained aone was used.

In this connection, an average particle diameter

- of particles in the liquid after pulverization.was 0.29
'y |

Comparative Example 1

A homogeneous mixture comprising 25 g of the
conductive sol liquid obtained.in Example 1, 90 g of NMP
-and 40 g of ZOC was heated at ao?c.undér reduced pressure
with a rotary evaporator to distill off_is g of water.
The ligquid obtained was cooled and thoroughly mixed with
170 g of a mixture of MeOH/EtOH (1/1 weight ratio) to
obtain a coating liquid for forming conductive coating.

Comparative Example 2

A homogeneous mixture comprising 175 g of the
conductive sol liquid obtained in Example 1, 45 g of NMP
and 20 g of ZOC was heated at 80°C under reduced pressure
with a rotary evaporatér to distill off 14'g of water.
The liquid obtainéd was cooled and thoroughly nixed wi&h
674 g of a mixture of MeOH/EtOH (1/1 weight ratio) to

obtain a coating liquid for forming conductive coatihg.

‘Comparative Example 3

A homogeneous mixture comprising 250 g of tﬁe



conductive sol ligquid obtained in Example 1, 4 g of NMP
"and 100 g of Z0OC was heated at 80°C under reduced
pressure, and 200 g of water was distilled off therefrom,
whereupon gellation occurred. |

Comparative Example 4

A mixture comprjsing 100 g'of.fhe conductive sol
liquid obtained in Example 1, which had been diluted with
water to 10% by weight, 60 g of NMP, 100 g of 3% by weight
of ZOC in terms of.zfoz, and 256.7 g of a mixture of
MeOH/EtOH (1/1 weight ratio) was thoroughly blended to
obtain a coating liquid for forming conductive coating.

In Table 1, the composition of liquid and ratio of
components use& in each of the foregoing examples and
comparative examples were shown.

Using a spinner operated at a rate of 2000 rpm,
coated individuallv on a glass plate were the coating |
liquids for forming-cohductiye coatings obtained
respectivel? in Examples 1-7, 9, 11 and 12, and
Comparative Exanples 1, 2 and 4, and on én acrylic resin
plate qu.the coating liquid for forming conductive
coating obtained in Example 8.

Respective coatings were obtained on the glass
- plates thus coated by arying them at 110°C for 10 minutes,
followed by firing at 300°C for 30 minutes, and on the

acrylic resin plate thus coated by drying at_110°C for 30




minutes.

- 49 -

Evaluation of the coatings thus obtained was

' conducted with respect to the test items mentioned below.

The results obtained are shown in Tables 2 and 3.

(1) Transparency: Total light transmittance (Tt) and

(2)

(3)

Glossiness:

Adhesion:

‘haze (H) were measured with a haie-

computer (manufactured and sold by Suga
Shikenki K.K.).

Glossiness (G) was-measured at an angle
of measurement of 60°C in accordance
with the method of measurement of
glossiness stipulated in JIS K7105-81.
This glossiness is represented by a
relative value of the test speciﬁeh to
the reflactance of the standard plate,
and stands in such relationships that
the higher is the reflactance, the
higher is the glossiness; and.the lower
is the reflactance, the lower is the
glossihess.

A part of piece of commercially
available cellophane.tape.of 12 mm in
width was allowed to stick on the
coating while holding the remaining part

of the tape perpendicular to the

coating, and then the tape is



(4) Hardness:
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instantaneously peeled off therefrom to
visually observe whether the coating

renmained undetached or not.

' Hardness of the coating was measured by

'subjecting to the pencil hardness test

‘stipulated in JIS D0202-71.

(5) Surface resistance: Surface resistance of the

coating was measured with an electrode

cell (manufactured and sold by YHP).

(6) Permanence properties: The coated plate was immersed

in the following four kinds of liguids

to evaluate adhesion of the coating to

“the plate, and the glossiness and

surface resistance of the coating as

‘determined before the test with’thdse as

neasured after the test.

1) Immersion of the plate in 15% by
weight ammonia water at room
temperature for'120 hours.

2) Immersion of the plate in io%.by
weight agueous NaCl solution at room
temperature for 120 hour#.

3) Immersion of the plate in boiling

. water for 30 minutes.

4) Immersion of the plate is 50% by



weight aqueous acétic acid solution

at room temperature for 120 hours.



Table 1

Composition of liquid Ratio of components
?xanple ZZroz Particle Hzo stabi~ Organic | Total Solids Particle Hzo xzo Stabi- | Stabilizer | Pot life
? (Note 1) 1izer | solvent content zro, 2r0, | lizer zro, (R.T)
(Note 2}
: (g) | (g (g) (g) (g) (g) (wt%) (g/9) (wtX) | (g/g) | (wtX) | (mol/mol)
E ‘1 25.0 50.0 200.0 225.0 1000.0 1500.0 5.0 - 2.0 13.3 8.0 15.0 11.2 >3 months!
E 2 5.0 20.0 80.0 45.0 350.0 500.0 5.0 4.0 16.0 16.0 9.0 11.2 >3 month{
: 3 25.0 50.0 200.0 225.0 1000.0 1500.0 5.0 2.0 13.3 8.0 15.0 11.2 >3 month
: 4 10.0 20.0 80.0 90.0 2800.0 3000.0 1.0 2.0 2.7 8.0 3.0 11.2 »3 month
$ 25,0 50.0 100.0 150.0 425.0 750.0 10.0 2.0 13.3 4.0 20.0 7.5 >3 monthsy
6 258.0 50.0 200.0 225.0 1000.0 1509.0 5.0 2.0 13.3 8.0 15.0 14.6 >3 nonthJ
7 25.0 50.0 bO0.0 225.0 1000.0 1500.0 5.0 2.0 13.3 8.0 15.0 17.9 >3 month4
: 8 25.0 50.0 200.0 225.0 1000.0 15600.0 5.0 2.0 13.3 8.0 15.0 15.1 >3 monthJ
b oo s.0| 10,0 j168.3 60.0 256.7 | 500.0 3.0 2.0 33.7 33.71 12.0 14.9 >3 nonths:
10 25.0 50.0 200.0 225.0 1000.0 1500.0 5.0 2.0 13.3 8.0 15.0 11.2 >3 month
; 11 25.0 50.0 200.0 225.0 1000.0 15800.0 5.0 2.0 13.3 | 8.0 15.0 11.2 >3 month
P12 25.0| 50.0 b00.0 | 225.0 | 1000.0 | 1500.0 5.0 2.0 13.3 8.0 315.0 11.2 »3 month
Compar. |
Sxanple
Yo 10.0 5.0 25.0 90.0 170.0 300.0 5.0 0.5 8.3 2.5 | 30.0 11.2 >3 months
f 2 5.0 35.0 141.12 45.0 574.0 800.0 5.0 7.0 17.6 28.2 | 5:6' 11.2 >3 month4
5 3 25.0 | (50.0° 75.0 4.0 C - - - 2.0 - 3.0 - 0.2 gelation
! 4 3.0 10.0 187.0 15,0 218.0 433.0 3.0 3.3 43.2 .62.3 3.8 6.2 >3 months

Note 1) Particle: Conductive substance
(Zr02+conduct1ve substance)

/(;r02+conduct1ve substance+ﬂzo+stab11izer+diluent)

Note 2) Solids content:

(44
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Table 2
hd -——
Ifém Traﬂsparenoy. Gloésiness COnductivity Adhesion | Hardness
No. | IT H G -
| (%) | (%) (%) )
Exanmple
1| 91.5| 2.0 136 3 x 10° o >9H
2| .91.0] 2.0 131 e x 10° . o +  >9H
3 92.0 |: 2.0 140 1 x 10° o >9H
¢|. 92.8| 1.5 131 8 x 10° o >9H
5| 90.0]| 3.0 126 5 x 10° o >9H
6| o1.0] 2.0| 134 5 x 10° o >9H
7| 91.3| 2.0 130 2 x 105 o >9H
8 91.0| 2.0 133 1 x 10° ) 8H
g| 92.2] 2.5 125 s x 10° o >9H
10| es.0| 6.5 89 | 2x10"7 | o oH
11| se1.8| 1.8 138 | 2 x 10° o " >9H
12| s4.0| 8.8 : .78 2 x 10% o oH
Conmpar. .
Ex. 1 92.0| 2.0 145 1 x 101} o >9H
2| 90.0] 3.0 125 2 x 10° x 7H
Adhesion: The specimen was rated o when its coating did not peel

off, and rated x when the coating peeled off.
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Table 3
Amnmonia RaCl] Boiling | Acetic acid |
No. Item water water -water
Exampl Gloassiness . No chang ~ - ~ . =
1 surface resistance()/ | ) | No chang - —
Adheaipn - —— « =
Exanple] Glossiness (%) No chang e —_ ———
.o 2] Surface resistance(:/ll } | No chang — C—— - -
Adhesion — — - —_—
Exauple] Glossinesas (%) .- No change] «— — - - -
3| Surface resistance(i/{ { } | No chang —— —_— - -~ =
Adhesion e - - - -
Exanp14 Glossiness (%) . No change] ~—- —— -
4] Surface resistance(.!/i ; ) | No chang —— — - ——
Adhesion — — - — e ——
Exanple] Glossiness (%) No changel — — - .=
Surface reaistance(;/l No chang - — - -
Adhesion — — . -
Exanpl Glosainess (%) . No chang — ~ - -
6| Surface resistance(,i/ [ [) | No chang —— - - —_—
Adhesaion Y — ~—— a———
- Exampl Glossiness No change| —~ — - —
7| Surface resistance(zll i) | Ho changel +~ ~ e ——
Adhesion o - <« —_—
Exanpl Glossiness (%) 146 No-~ o g
‘ - hangd
8 Surface resistance01/L 1) | No change| — — -
Adhesion . © y JEp—— — S
Exanpl Glossiness T (%) No changel ~—- ——— -
: 9 Surface resistance(p/[ I) No change] ~—— - ——
Adhesion o om— - - . —
Exaupl Glossiness (%) No change] —~- g e~
1 Surface resiatance(pl[ {) | No change] —- —— - -
Adhesion o ——— —— - -
Exanp14 Glossiness {%) No change] —-— —_ - o —
11l Surface resistauce(ﬂ/l |} | Xo change] -~ — e -
Adhesion o —— —-— -
Bxample_'elossiness. (%) No change| -.- - .-
12| Surface resistance(n/| j ) | No change —- - - -
Adhesion o - — - I
Conpar.| Glossiness (%) No changﬂ ——— - - -
i 1 10 11 10
Ex. 1| Surface reaiatance(nl/| ) | 5x10 o pxi0 2x10 2x10
Adhesion . ‘o —— —- . -
Gloaaines# (%) Peeled No—~ Peeled No change
' 13 chang 13 8
Bx. 2 Surface resistance(!/{ 1) 10 6x10 10 2x10
or more . or more
Adhesion x —— - - - ]

The specimen which did not change before and after the test was

denoted “no change”, and when {t changed, a nenetlcnl value measured
after the test was indicated.
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Example 13

Into a. hydrogen t?pe.ion exchange resin qoiumn was
passed through at a épace velocity of SV=5,.2000 g of 5%
by weight in terms qf SiO2 of sodium silicylate (Siolea20 '
= 3 moles/mole) while.keeping at 15°c, whereby a non-
sedimentary,silica liqﬁid was obtained. This non-
sedimentary silica éolution as obtained was diluted with
water to 2% by wgight and subjected for 1 hour to
centrifugal sedimentation at 250,000 G, whefeupon the

.precipitates formed were 8% by weight based on the total

amount of 5102.

A mixture comprising 50.g of the non-sedimentary
silica liquid obtained aboﬁe, 50g of the éonductive sol
liguid obtained in Example 1, 20 g of NMP, .10 g of zdc and
170 g of MeOH/BtOH (1/1 weight ratio) was thoroughly

blended to obtain a coating liquid for forming conducfiVe
. coating.

Example 14

A hixture comprising 50 g of the non-sedimentary
silica liquid obtained in Example 13, 200 g of the
conductive sol liquid obtained in Exampie 1, 10 g of NM@,
40 g of ZOC and 1400 g of MeOH/EtOH (1/1 weight ratio) was

thoroughly blended to obtain a coating ligquid for forming

conductive coating.

Example 15

Following substantially the same procedure as
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described in Example 13, a coating liquid for forming
" conductive coating was obtained except that 10 g of the

NMP and 380 g of MeOﬁ/BuOH {(1/1 weight ratio) were used.

Example 16

A mixture comprising 50 g of the non—éedimentary
silica liquid obtained in Example 13, 220 g of the
conductive sol liquid obtained in Example 1, 110 g of NMP,
100 g of ZOC and 345 g of MeOH/EtOH (1/1 weight ratio) was
thoroughiy blended to obtain a coating liquid for forming
_donductive coating.

Example 17

A homogeﬁeous mixture comprising 50 g of the non-
sedimentary silica liquid obfained in Example 13, 100 g of
the conductivé sol liquid obtained in Example 1, 150 g of
N,N-dimethylformamide and 30 g of ZOC was heated at 80°% |
under reduced pressure with a rotary evaporator to distill’
off 135 g of water."The liquid obtained was cooled and
thoroughly nmixed with 405 g of MgOﬁ/BuOH (1/1 weight

ratio) to obtain a coating liquid for forming conductive
coating.

Example 18

Following substantially the same procedure as
described in Example 13, a coating liquid for forming
conductive coating was obtained except that in place of

the NMP uséd in Example 13, there was used 20 g of methyl
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cellosolve.

- Example 19

Foilowing substantially the same procedure as
described in Example 13, a coating liquid fof forming
conductive coéting was obtained except that in p;ace of
the NMP used in Example 13, there was used 20 g of
morphéline.-

Comparative Example §

A homogeneous mixture comprising 200 g of the non-—
sedimentary silica liquid Abtained in Example 13, 125 g of
the conductive sol liquid obtained in Example 1, 50 g of
NMP énd'lo g of ZOC was heatéd at 80°C under reduced. |
pressure with a fotary evaﬁorator to distil} off 210 g of
water. The liquid obtained was cooled and thoroughly
mixed with MeOH/BuOH (1/1 weight ratio) to obtain a

coating liquid for forming conductive coating.

"Comparative Example 6

A mixture comprising 100 g of'the non-sedimentary
silica liquid obtained in Example 13, 25 g of the
conductive sol liquid obtaingd in Example 1, 40 g of NMP,

20 g of ZOC and 115 g of MeOH/BuOH (1/1 weight rgtio) was

thoroughly blended to obtain a coating liquid for forming

conductive coating.

Comparative Example 7

A homogeneous mixture comprising 100 g of the non-
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sedimentary silicalliquid obtained in Example 13, 350 g of
‘the conductive sol liquid obtained in Example 1, 40 g of
NMP and 20 g of ZOC was heated at 80°C under reduced
pressure with a rotary evaporator to distill off 250 g of
water. The liquid obtained was cooled and thoroughly
mixed with 1340 g of MeOH/BuOH (1/1 weight ratio) to
obta;n a coating liquid for fofming conductive coating.

Comparative Example 8

A homogeneous mixture éomprising 500 g of the non-
sedimentary silica liquid obtained in Example 13, 500 g of -
the conducfive sol liguid obtained iﬁ.Example 1, 6 g of
NMP and 100 g of ZOG'was heated at 80°C under reduced
pressure with a rotafy evaporator to distill off 900 g of
water, whereupon gellation occurred.

Comparative Example 9

A mixture comprising 100 g of the non-sedimentary
silica liquid obtained in Example 13, 100 g of the
conductive.sol liguid obtained in Example 1, 25 g of NMP,

100 g of 5% by weight in terms of Zr0, of z0C and 75 g of
MeOH/BUOH (1/1 weight ratio) was thoroughly blended to
obtain a coating liquid for forming conductive coating.

In Table 4; the composition of liquid and ratio of
components used in each of the.foregoing'examples and

comparative examples were shown.

Using a spinner opéerated at a rate of 2000 rpm,
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coated individually on a glass plate were the coating
'liquids-for forming conductive coatings obtained
respectively in Examples 13-17 and Comparative Examples 4—
7. and 9, and on an acrylic resin plate were the coating
liquids'for forming conductive coatings obtained in
Examples 18.and 19; 'Respective coatinés_were obtained on
the glass plates thﬁs coated by drying at 110°C for 10
minutes, followed bf firing at 300°C for 30 minutes, and
on the acrylic resin plates thus coated Sy drying them at
110°c for 30 minufes.

| Separately, a panel for 14-inch Braun tube kept at
60°C was spray coated with 20 ml of the coating liquid for
forming conductive coafing obtained in Examplé 13 undér a
spray pressure of 3.6 kg/cﬁz. Thereafter, the panel thus
coated was dried at 116°C for 10 minutes and then fifed at
450°C for 30 minutes to obta}n a coating thereon. This
example is taken aé Example 13 b.

The coatings thus formed were evaluated in the

same manner as in Example 1. The results obtained are

shown in Tables 5 and 6, respectively.



_ Composition of liquid

Table 4

Ratjio of components

Percentage of solids: Solids weight/Total weight

rxa:ple : 2r0, §Si°2 =COnducf B,0 EStabi-s Organié Total §§olids 55102 ;COnduct1Ve'gﬁzo EHzp iGrowth fsrowth :Pot life

; tive ' :;1zer ; Solventé wt. xcontent!Zroz igarticle | Total éz:-o2 |1nh1b1tor:inh1biton

| Collodd i - i weight in02+5102 weight i Total wt.; Total wt.

; ; | | 5 (Note 1) i _ |
tg) Ll e L e e b () (g) (wt%) | (g/7g) (g/9) (wt/%)  ligrg) | (we/x) (mol/mol)
13 ! 2.5 2.5; 10.0 i 9s.0 20.0 § 170.0 . 300.0! 5.0 1.00! 2.0 31.7 | 38.0 6.7 | 3.3 D3 months
130 ! 2.5 2.5 10.0 e5.0l 20.0 | 170.0 300.0 | 5.0 1,00 2.0 31.7 ! 38.0 6.2 | 3.3 ]3 months |
14 ‘10,0 2.5| s0.0 1227.8 10.0 400.0 |1700.0] 3.1 0.25 i 3.2 14,0 23.8 0.6 | 0.8 [»3 months |
18 2.5 2. 10.0 | 95.0f 10.0 | 380.0 500.0 | 3.0 1.00 2.0 19.0 38.0 2.0 1.6 [>3 months i
16 [25.0. 2.5 44.0 |298.5 130.0 i 345.0 825.0 | 8.7 0.10 ! 1.6 36.2 11.9 13.3 4.5 |3 months i
17 . 17.5°' 2.5 .20.0 15.0} 150.0 1 405.0 600.0.{ 5.0 0.33 i' 2,0 | 2.8 2.0 25.0 | 20.0 ' p3 nonthsg
18 2.} 2.5! 10.0 | 95.9 20.0 ;170.0 j 300.0) 5.0 1.00 i 2.0 l's1.2 |3s.0 6.7 | 4.3 p3 months
19 2.5 2.5! 10,0 ! 9s5.0f 20.0 {170.0 300.0! 8.0 1.00 | 2.0 !31.7 38.0 ! 6.7 | 3.7 b3 monghs |
o AR 1 | Cb o
memple Lo 4 4 | | T
5 2.5:10.0 ~25.0 | e7fsg 50.0 R075.0 1250.0 | 3.0 4.0 . 7.0 }ss.o 4.0 .7 p3 nonths |
6 5.0, 5.0 5.0 !130.0 40.0 :115.0 300.0! 5.0 1.0 i . £3.3 | 26.0 13.3 3.3 p3 months |
"2 s.0! 5.0, 70.0 .140.0 40.0 :1340.0 | 1600.01 5.0 0 i 1. 8.8 | 28.0 2.5 . 3.3 >3 months
s | 25.0]25.0;100.0 | 50.0 6.0 | 1.0 | . i 2.0 0.1 |gelation
o ! s.o| s.o] 20,0 !270.0 25.0 | 75.0 | 400.0: 7.5 ;1.0 ! . 67.5 |54.0 6.3 2.0 {3 months
Note 1) Solids content(2r02+sioz+Condnctive tin oxide colloid)

2




Table &
.Itém Transparency' Glossi- Conduc- Adhe- Hardness Coating
ness tivity sion process
L Tt H G
o. (%) | (%) (%) (VAR
Exaﬁple
13 93.2 2.0 135 5 x 105. o >9H Spinner
13| 92.0] s.0 58 8 x 10° o gH Spray
14 g92.0 2.5 138 T x 106 o >8H Spinner
15 93.0| 2.0 133 8 x 10° o >SH Spinner
16 90.0| 3.0 128 4 x 10% o >OH " Spinner
17 91.6| 2.0 138 5 x 10° o >9H Spinner
18 92.5| 2.0 133 3 x 107 ° 8K Spinner
19 g2.0] 2.5 136 4 x 107 o 8H Spinner
ompr .
. & 83.0| 1.5 130 5 x 10° o >9H Spinner
6 92.0| 1.5 138 s x 10| o >9H Spinner
7 89.0] a.s 123 8 x 107 x TH . Spinner
. Adhesion: The specimen

rated o when its coating did not peel

peel off, and rated x when the coating peeled off.
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Table 6
Iten Ammonia | NaCl pPoiling | Acetic acid
No. water prater ~water
Exampl Glossiness (%) No chang <« - — -
13 | Surface resistance(i!/| ! 1 | ¥o chang -~ - .—
Adhesion ‘o - - —
Example] Glossiness (%) No change -- - — -
138 Surface resistance(./l | ) | No change €« - -
-Adhesion 0 <« - a—-
Exauplel Glossiness (%} No change - < -
14 | Surface resistance(.:/{.| ) | No changel ~ -
Adhesion ° «- ~ .
Examplel Glossiness - - (%) No chang - - -
156 | Ssurface resistance( /1] ) | No change] «- - .-
Adhesion "o - - - -
Example; Glossiness - {%) Ko chang < - - .-
16 | Surface resistance(::/i | } | No chang - - .-
Adhesion S o - - ——
Example]| Glossiness , (%) ‘No chang - -~ .-
17 | Surface resistance(../| | ) | No chang - - - .-
Adhesion o - < - -
Examplel Glossiness (%) Ko chang - - - .-
18 Surface resistance(./|| } | No chan L - T
Adhesion - . -
Example] Glossiness (x)' No change] « - T
19 Surface resistance(./{ ] ) | No chang L v - .
Adhesion -- -
4




- 63 -

Table 6 (continuted)

Itenm Aunonia NaCl PBoiling | Acetic acid

No. ) water . rater -water
Compar. Glossiness (%) 95 110 108 No change
Ex: & :

Surface resistance(ﬂj|1 ) 1x1011 < -— No change

Adhesion - x < < - ' o
Compar.| Glossiness (%) No change] <— < - -
Ex. 6 ‘ ' 11 Caall

surface resistance (/] ) 6x101° ox10° | ex10 3x10

Adhesion o - & - - -
Compar.| Glossiness (%) Peeled Peeled | Peeled | No change
Ex. T . , off off off s ' s

Surface resistance((/|] ) 1018 1013 10! J 5x10

' or more pr more |[ror mor
_ Adhesion - x < - - ahat

The specimen which did not change before and after the test was denoted

“No change“, and if it changed, & numerical value measured after the test
was indicated.

Notes:. Panels for Braun tube processed by the spary method.



Example 20

'(Preparation of coating liquid for forming conductive
coating) ‘

A coating liquid (ligquid A), which is a base
liquid, was prepared by mixing 100 g of ethyl silicatg 28,
'llé g of ZON, 84 g of pure wafer'and 824 g of ethanol |
together with stirring.

A tin oxide dispersion (liquid B) was prepared by
- mixing with stirring 560 g of the conductive sol iiquid
obtained in Example 1 with 1,680 g of ethanol.

The liquids A énd B thus obtained were mixed

together to obtain a coating liquid for forming conductive

coating.

Example 21

Following substantially the same procedure as
described in Exanmple 20, a coating liquid for forminé
conductive coating was obtained except that the liquids A
and B used in Example 20 were replaced by those which
contained.so g of ethyl silicate 40, 10 g of ZOC, 688.5 g
of a'methanol—butanol mixture (weight ratio = 1:1) and 1.5
g of pure water, and which.containéd 562.5 g of the
conductive sol liquid obtained in Example 1 and 3,187.5 g
of a méthanol-ﬁutanol'mixture, respectively.

Example 22

Following substantially the same procedure as
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described in Example 20, a coating liquid for forming
'gonductive coating was obtained except that the liquids A
and B used in Example 26 were replaced by those which
.contéined 30 g of ethyl silicate 28, 55 g of ZON, and 137
g of a méthyl cellosolve—ethyl acetate mixture (weight
ratio = 1:1); and which éontained 66.6 g of the conductive
561 liguid and 66.4 g of a methyl cellosolve—éthyl acetate
mixture, respectively.

Example 23

(Preparation of dispersion of conductive tin oxide fine
pqwder)

The powder (I) obtained in Example 1 was dispersed
in pure wafer, and the dispersion was treated for 3 hours
tO'obtain a water dispersion of cgnductive tin oxide
having an average particle diameter of 0.2(m, said:
'dispefsion having a solids concentration éf 20% by wéight.
(Preparation of ceoating liquid for fofming conductive
céating)

A mixture (liquid A) comprising 56 g of efhyl
silicate 28, 137.8 g of ZOC, 16.8 g of pure water and
-763.4 g of ethanol was prepared. |

A mixture (liquid B) comprising 484 g of the
conductive tin oxide dispersion pb{ained abdve and 1936 g
of'ethanOI.Was prepared.

The liquid A and liquid B were mixed together with
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stirring to obtain a coating liquid for forming conductive

* coating.

.Example 24

(Préparation df-conductive indiun oxide fine powder)

The f}ne powder {(II) obtained in Example 12 was
Qispersed in methyl cellosolve, and thé dispersion was
treated for 3 hours with a sand mill to obtain a methyl
cellosolve dispersion of conductive indium oxide having an
average particle diameter of 0.3/im, said dispersion
having a solids concentration of 30% by weight.
(Preparation of coating liquid for forming conductive
coating) | | |

A mixture'fliquid B) ﬁomprising 50 g of ethyl
silicate 40, 295 g of ZON, 48 g of pure water and 2733.5 g
of methyl cellosolve was prepared. The above-mentioned .
conductive indium oxide dispersion (liquid A) was further
mixed thoroughly with 8842 g of methyi cellosolve, and
then the mixture was mixed with stirring ﬁith the above-
mentioned mixture (ligquid B) to obtain a coating liquiad
for forming conductive coating;

Example 25

{Preparation of non—sedimentary silica liguid)
To the non-sedimentary silica liquid obtained in
Example 13 was added and mixed therewith 44.5 g, based on

100 g of the non-sedimentary silica liquid, of NMP as a
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" growth inhibitor, and the mixture was then heated at 80°c’
witﬁ_a rotary evaporator to distill off the greater part
of ﬁater, whereby a stabilized non-sedimentary silica

ligquid (ligquid C) was obtained. This liquid.had the SiO

2
concentration of 10% by weight and the water content of

1.0% by weight.
- (Preparation of coating liquid for férming cpndﬁctive
coating)
| A mixturé (liguid D) comprising 100 g of ethyl

silicate 28, 112 g of 20N, 939 ¢g of ethanol, 84 g of pure
water and 31 g of the above-mentioned liquid C.

Separately, a mixture (liquid E) cémprising 591 g
of the conductive sol liquid obtained in Example 1 and
1773 g of ethanol was prepared.

The liquids D and E were mixed together with

stirring to obtain a coating liquid for forming conductive

coating.

Example 26

Fbllowing substantially the same procedure as.
described in Example 25, é cqating liquid for forming
. conductive coating was obtained except that of the
compoﬁents of the liquid D, the ethanol uséd was 1104 g
and the liquid C used was 280 g,land of the components of

the liquid E, the conductive sol liquid used was 840 g and
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the ethanol used was 3192 g.

" Example 27

Following substantially the same procedure as
described in Examplehzs, a coating liquid for forming
conductive coating was obtained except that of the
components of the liquid D, the ethanol used wés 3344 ¢

and the liquid C used was 2520 g, and of the components of

‘the liquid E, the conductive sol liquid used was 3080 ¢

and the ethanol used was 9240 g.

Properties of the coating liquids for forming
conductive ‘coatings obtained in the foregoing examples are

shown 'in Table 7.



Table 7

' r Example | 2r0,/Si0, MO, / Solids conc. 510,/510,
(Zr92+5102 _ pH Pot life
(Molar ratio) (weight ratio) {(wt%) (weight ratio)
20 0.49 2.0 5.0 - 1.5 | 3 months or more
21 - '0.06 5.0 3.0 - 1.9 | 3 months or more
22 0.80 . 10.0 - ‘3 months or more
23 1.20 2.0 5.0 - 3 months or more
24 1.80 3.0 3.0 - . 3 months or more
25 0.44 2.0 5.0 1/9 . 3 months or more
26 0.24 2.0 5.0 1/1 . 3 months or more
27 0.05 2.0 5.0 9/1 . 3 months or more

5102/5102 :

MO, : Conductive substance

Solids conc.: Mox + Zro2 + 5102
(5102 of'non—Sedimenta:y/(Sin of s

sillica liquid)

11icon alkoxide)

- 69_
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The conductive coating liquids obtained

) respgctively in Examples 20-27 were individually coatea on
glass piates using a spinner at é rﬁte of 2060 rpm, and
the glass plates thus-coated were dried at 110°C and then
dried at 25000 to form their re#pecfive conductive
coatings thereon.- R
The coatings thus obtained were evaluated in the

same manner as in Example 1. The results obtained are

shown in Table 8.



Table 8

E;émple Tt G H Eufface Permanence property test

| 'resistance tape test | Hardness

(%) (%) | (%) | 270 Tt Adhesion
20 91.5| 150| 1.5| 8 x 10% | Accepted | >9H No change | Accepted
21 '92.0 - 145 1.1 3 x 106 Accepted >9H No change Accepted
22 91;0 156 1.6 2 x 108 Accepted >9H No change Accepted
23 88.0| 110 | 8.0| 1 x 107 |  Accepted 8H No change | Accepted
24 89.5 100 | ‘7.5 2 x 104 Accepted 8H No éhange Accepted :
25 91.8 | 146 | 1.3] 7 x 105 | Acceptea | >eH No change | Accepted
26 92.5 | 140 | 1.1] 52x 120° | . Accepted | >9B No change | Accepted
é? 03,2 | 131 1.1 s_x-105 Accepted >9H No change Acceﬁted

= TIL -
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Example 28

(Preparation of partiél hydrolyzate of silicon alkoxide)
Liquid A '

To 100 g of ethyl silicate-28 was added with
stirring 110 g of ethanol and then added 70 g of an’
agueous solution of 5% by weight of nitric acid. The
mixture was then heated at 60°C and kept at that
temperature for 1 hour.

‘Liquid B

To 100 g of ethyl silicate—40 was added with
stirring 200 g of ethanol and then added 100 g of an
agqueous solution of 1.0% by weight of acetic acid. The
mixfufe ﬁas then heated at 40°c and kept at that
temperature for 30 minutes;

(Preparation of cbhductive substance)
Liquid C

In 100 Q of water was dispersed 20 g of the fine
powdér (I) obtained in Egample 1 and pulverized for 3 .
hours with a sand mill to obtain a dispersion of the fine
powder having an average particle diameter of 0.3{(m.
Ligpid D

The conductive sol liquid obfained in Example 1-
was used as liquid D. |
‘Liquid E

In 100 g of water was dispersed 20 g of the fine
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poﬁder (II) obtained in Example 12 and pulverized for 3
" hours with a sand mill to obtain a dispersion of the fine
powder héving an averagé particle diameter of 0.3 /mnm.
Subsequenfly, to 100 g of the liquid p obtained
above was added 11.9 g of ethanol and further added with
stirring 3.1 g of 13% bylweight of diacetylacetonato-
dibutoxy zirconium (ABZ). To the mixture was added 70 g
of the liquid A and thoroughly dispersed to obtain a
ceoating liquid for forming condqptive coating.

Examples 29-33 and Comparative Example 10

Substantially the same procedure as described in
.Example 28 was followed except for a change in composition

of the coating liquid used in each example as shown in

Table 9. ‘ - ¢

- Comparative Example 11 .

To a mixture comprising 100 g of the liquid D and
11.9 g of ethanol was added with stifring 70 g of the
ligquid A. 1In thé mixture'was then dispersed 3.1 g of 13%
by weight of ABZ, whereupon aggregation of colléidal
particles took place several minutes after-dispersing and
the aggregated particles precipitated. |

Comparative Example 12

To 35.7 g of ethyl silicate 28 was added with
stirring 447.3 g of ethanol followed by further addition

of 4 g of ZON and 22 g of water. In the mixture was.
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.thoroughly dispersed 100 g of the liquid D.

The coating liquids thus obtained were
individually coated on substrates as shown in Table 10 by
the spinner or roll coater method to fdrm.their respective
cogtinés thereon.

Evaluation of the coatings thus formed was
conducted in the same manner as in Example 1.

In this connection, scratch resistanée was
measured in the following manner.

That is, an eraser for qffice use (equivalent to
No. 50-50, a product of LION K.K.) was placed on the
coating formed on PC (a polycarbonate plate) or glass
plate fixed onto a platform sdale, and éaid coating was
rubbed 300 times with the eraser under a ldad of 2 kg to
measure all light transmittance and surface resistivity.

The results obtained are shown in Table 10.



Table S
Exemple MO, Solvent AAZ silicon | Selids | Zro, | Zr0, MO, Average Pot life
alkoxide | conen. | MO~ 510, 510,+270, particle dian. at 20°%C
) ' in coating liquid
{g) {g) (o) . {g) (wt%) [(wt/wt) (wt/vt) (wt/wt) (an)
28 1iquid D | BtOR ABZ | liquid A | 14.8 0.02 | 0.057 2.7 0.07 >3 months
100 11.9 3.1 100 - '
29 14quid D zton ABZ 1iquid A 5.1 0.45 | ©.08 1.8 0.07 >6 months
100 402.9 6.9 100
.30 1iquid D | BuOR/MeOH | ABZ 1iquid B 1.0 0.1 1.0 5.0 0.07 >6 months
100 2265 15.4 20
3 1iquid D £40H/meth— | ABZ 1iquid A 8.0 1.0 1.0 0.5 0.07 »6 months
ycello
100 . 296.2 153.8 200
32 1iquid C | BtOH ABZ 1iquid A 5.1 0.45 | ©.09 1.8 0.3 »& months
100 £02.9 6.9 100 _
33 liquid E |EtOR ABZ 1dquid A | 5.1 0.45 | 0.09 1.8 0.3 >6 months
100 402.9 6.9 100
‘Compar.
ample | : . :
10 1iquid D | BtOR ABZ 1iquid A 5.0 1.5 3.0 0.5 0.07 >3 months
100 769.2 230.8 100 '
13 1iquid D | EtOX ABRZ 1iquid A 14.8 0.02 0.057 2.7 - Aggregated
100 - 11.9 3.1 100
12 1iquid D | EtOR 447.3 zirco £5-28 5.1 0.05| 0.1 1.8 0.16 7 days
' hitrate
100 X0 22 - 4.0 35,7

1. Aaz-piacetyiaeetdnate-dialkoxy z
3. Methycello=Methyl cellosolve

irconium 2.

4, Zireo nitratesmZirconium nitr

‘ABZ=Diacetylacetonate~dibutoxy zd

rconjum |

ate 5. BES-28=Bthyl silicate-28

Sl



Table 10

Eiinple Coating bubstrate Firing [ Rs Tt H G Adhesion] Scratch Alkari
proceas tenmp.. ' resistance resistance
' Tt Rs Adhesion | Rs’
(°c) /) | (%) (%) | % %) | (/) Q2 /)
28 Spinner PC 150 | 2x10° | 90.2 1.2 | 154 o 90.2 | 2x10 0 2%10°
29 Roll coater | glass 150 | 1x107 | 9o0.8 0.9 |153 o 90.5 | 1x107 0 1x107
29 Roll coater | glass 200 | s210% |90.5 0.0 |152 0 90.2 | sx10° 0 sx10°
29 Roll coater | gilass as0 | 8x10% | 90.0 0.9 | 136 0 90.0 | sx10° 0 sx10®
30 Roll coater | glass 280 | ax10® |92.8 2.5 | 148 o 92.3 | ax10® o ax10°
31 Roll coater | glass 400 | 5x10® |90.6 1.0 | 186 o 91.8 | sx10° 0 sx10°
32 Roll coater | glass 200 | sx10% |e2.1 4.0 |28 0 91.8 | 6x10° 0 5%10°
a3 Roll coater | glass [ .200 ax10® | 90.5 5.1 |131 o 90.1 | 6x103 o 3x10°
- Compar.
Exanple '
10 Roll coater glass 200 1x1012 Blushed Blushed Blushed X - - - -
12 Spinner glass | 180 |ex10® |90.7 1.1 | 143 0 90.2 | 3x10° X 2x10°
12 Spinner glass | 300 |ex10° |[s90.4 1.3 | 147 0 90.1 | 6x10° 0 sx10°
12 Roll coater glass | 150 |1x102®[g0.s | 2.8 |26 0 91.0 | 1x10%° x 1x10%°
12 Roll coater glass | 300 |&x10° |90.4 3.0 |130 0 91.0 | sx10° 0 sx10°
12 Roll coater glass | 4s0 | x10? |s0.0 3.0 |135 o 90.7 | 1x10% 0 1x10°

PC= a polycarbonate plate, Glass= a glass plate,
rotation of the_spinner ia 2000 rpm.

and the number of

rf

9L




Example 34

A panel for 1l4-inch Braun tube kept at 60°C was
spray coated under a spray pressure of 3.0 kg/cm2 with 20
ml of the coating liquid for forming conductive coating
obtained in Example 13. Thereafter, the panel thus coated

was dried at 110°C and fhen fired at 450°C for 30 minutes.

Example 35

Example 34 was repeated except that the panel for
14-inch Braun tube was kept at 70°C.

Example 36

Example 34 was repeated except that in place of
the panel for 14-inch Braun tube, an acrylic resin pléte
was used, and the plate was dried at 110°C for 30 minutes
.witﬁout subjecting it to subsequent firing.

Example 37

A panel spray cbatéd with the coating liquid for
forming cqndﬁctive coating of Example 34 and dried at
110°C for 30 minutes was kept at 60°c, énd the panel was
then spray coated under a_spréy preséure'qf 3.0 kg/cm2
with 20 ml of a coating liquid containing transparent
ﬁrotective components, ﬁhich coating liquid had been
obtained by homogeneously mixing together 100 g of ethyl
silicate 28 (a'product of.Tama Kagéku K.K.)f 749 g of
isop£opanol, 84 g of water and 0.5 g of 35% by weight of

hydrochloric acid. Thereafter, the panel thus coated was
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- dried at 110°C for 10 minutes and then fired at 450°C for

30 minutes.

Exanple 38

A homogeneous mixtufe compfising 50 g of the non-
sedimentary silica dispersion obtained in Example 13 and
43 g of NMP was heated at 80°C to distill off 93 g of
water. The liquid obtained was cooled and mixed with 120
g of ethanol to obtain a coating liquid containing
traﬁsparent protective components.

The panel obtained in Example 34 was kept at 60°C
and spray coated under a spray pressure of 3.0 kg/cm2 with
20 ml of the coating iiquid containiﬂg transparent
protective components obtained above. Thergafter, the
panel thus coated.was dried at 110°C for 10 minutes and

then fired at 250°C for 30 minutes.

Examplé 39

A coating liquid contéining transparent protective
components was obtained by mixing ‘10 g of 50% by weight of
silicon resin (a xvlene-diluted product of Kanegafuchi
Kaéaku Industry Co., Ltd. under a trade naﬁe of Cemlack)
with 157 g of methyl ethyl ketone.

The paﬁel obtained in Example 13 was kept at 60°c
and spray coated under a épray pressure of 3.0 kg/cm2 with

20 ml of the coating liquid containing transparent
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protective components obtained above. Thereafter, the
panel thus coated was dried at 110°C for 10 minutes.

Comparative Example 13

Exanple 34 was repeated except that the panel for

14-inch Braun tube was kept at 110°C.

ngparative Eggmple 14
Example 34 was repeated except that the coating
liquid for forming conductive coating obtaiﬁed by
thoroughly mixing together 100 g of the non—sgdimentary
silica 1iquid obtained in Example 13, 50 g of the |
conductive sol liquid obtained in Example 1, 25 g of NMP

and 125 g of ethanol was used. That is no oxyacid salt of

zirconium was used.

Comparative Example 15

With the purpose of preparing a coating liquid fér
forming conductive coating, 100 g of the non-sedimentary
silica liquid obtained in Example 13, 100 g of the
conductiﬁe sol liquid obfained-iﬁ Example 1, 20 g.of zoﬁ
and 380 g of MeOH/EtOH (1/1 weight ratio) were thoroughly
mixed together, whereupon gellation occurred 30 minufes
thereafter. {No growth inﬁibitor was uséd.s

" Comparative Example 16

In the coating liquid for forming conductive
coating obtained in Example 13 was immersed a glass plate

(200 x 200 x 3 mm), and the plate was then pulled up



therefrom at a'réte'of.s cm/min. Thereafter, the plate
" thus treated was dried at 1io°c for 30 minutes and then
fired at 450°C for 30 minutes.

Evaluation of the foregoing examples and
cqmparative ekamples ﬁas conducted in the same manner as
in Exanmple 1.

Tﬁe resolving power was measured by the method as
described.in the present specification. Rz was measured
in accordance with the method of measuremenf of Rz
stipulated in JiS 80601—82 using a feeler type membrane
pressure gage (manufactured and sold by Frank Tyler
- Hobsson Co., undef a trade name of Taristep).

Evaluation of the coating film stfength was
éonducted in the foilowing manner. That is, an eraéer for
office use (equivalent to No. 50-50, a product of LION
K.K.) placed on the coating of the panel or acrylic resin
plate fixed onto a platform scale was allowed to move
under a ioad of 2 kg back and forth bétween_two points on-
said coating separated by a definite distance until the
surface of said panel or acrylic resin plate is exposed,
and the number of times of reciprocating movements of the
eraser required for was sought; on the basis of whiéh the
coating film strength was determined.

In addition to the Example ; of the test for

permanence properties described previously in the present
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~specification, the test for perﬁanence properties

" conducted herein included 5).immeréion of the plate in
acetone at room femperature for 1 week, 6) immersion of
the piate in ethanol at room temperature for 1 week, and
7) immeréion.of-the plate in n—-propanol at room

temperature for 1 week.

The results obtained are shown in Tables 11 and

12, respectively.
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Table 11
‘Item | Resolving | Glossi- Surface - Adhe- | Film Average
- power ness resistance sion strength roughness
G C (No. of Rz
No. (Bar/cm) (%) ARE times) (tm)
Example
3¢ 65 62 8 x 10° o 100 0.95
35 65 63 7 x 10° ° 100 0.98
6| 5 60 8 x 107 o 50 1.10
31| 10 54 9 x 10° o 300 1.85
as 70’ 53 8 x 16° o 200- 1.63
39 65 57 2 x 107 o 150 1.48
Compar.
Ex. 13 20 20 5 x 10° x <25 6.20
14 65 60 5 x 10° o 150 - 1.20
15 - - - - - -
| 16 75 142. | 2 x 10° o 250 0.10
Notes:

In Comparative gxamplé 16, the coating ligquid for forming
‘conductive coating gelled and no coating was formed.
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Table 12
aple Anmonie waster HaCl Bofling Acetic Zthanol n—Propml
) water scid-vater Acetone
3 . ' .
lossiness(X) 60 61 62 60 61 63 61
urtace(fLA ) Ko cheange - €- - ¢ - e — ———

-kesistance )

Adhesion 0 €~ €= €~ ~— <— N—
[} .
lossiness (X} (1] 62 63 61 62 61 62

surtece(fL /1Y Mo change & - &~ <— — e
esistance
dhecsion 0 <~ < — & —— G
$
lossiness (X} 517 53 -1 56 89 59 .59
urfeca((LA]Y ¥o change <« « - e— — -

res{stance .

Adhesion 0 & (=3 o« €«— e <~ -

36 .
loas{ness(X) 63 64 64 63 6¢ 54 54

:purtace(1{_11)}| ¥o change « - <— - “— -

cesiatance : :

. Adhesion o <« - € o — -
osainess(!ﬂ 51- 62 50- 54 §3- 53 63
urface( \I.ID} Ko change &~ o <« — — &
es!stance . : _ .
dhesiou 0 L &~ — o & =
osslnesa(’ﬂ 56 56 65 61 51 61 51
urface (A1) ~ Ko change - < — D & —
enlatance )
[dhesion [+] [ <= [ < € h S
RPAT o -
npl.e
lcsuness(lﬂ Pealed aff &« . «— < Ly o
surface (LAY pesdad &Ff “— - - — &— &« "
esistance .
dhesion pecied off «— <~ — & i — =

14 E

JBlossiness(X) | Peeled off 170 : 85 60 60 60 60

urtece(QL A1 ) peeled off exio sx10® Ko chanq% «— « Ta
esistance : .

) dheslon peeled off x x 0 — o €«
oulue”(’ﬂ o 141 12 1o 11 141 41
risce{) A7)} Ho chenge - <~ < « “— -

esistance .
dhesibn (] e o < — et — -



COMMERCIAL POSSIBILITY OF THE INVENTION

Glass or plastic substrates provided with
transparent coﬂductive coatings forﬁed by the use of the
coating liquid for forming conductive coétings of the
present. invention are utilizable in the field. of the
articles of manufacture where antistatic function and non-
glare are required, such as front panels for display
devices such as CRT or LCD, glass plates for duplicatprs.
panels fof instruments, glass for clean.fooms, transparent

digitizers, télewriting terminals and the like.
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What is claimed is:

1. A coating liquid for forming conductive coating,
characterized by ccntaining a zirconium oxyacid salt and a
conductive substance dissolved or dispersed hpmogeneously
in a2 mixed solvent comprising water, -an organic solvent
and a stabilizer. .

2. A coating liquid for forming conductive coating, -
characterized by containing a zirconium oxyacid salt, non-
sedimentary silica and a conductive substancé.dissolved or
dispersed homogeneously in a mixed solvent comprising
water, an orgénic solvent and a stabilizer.

3. A coating liquid for forming conductive coating,
characterized by containing a zirconium oxyacid salt,
silicon alkoxide or ité derivative and a conductive
substance dissolved or dispersed homogenéously in a mixed
sblvent comprisiﬁg water.and an organic solvent.

4, - A coating liquid for forming conductive coating,
characterized by containing a zirconium.oxyacid salt,
silicon alkoxide or its derivative and a conductive
substance-dissoived or dispersed homogeneously in. a mi#ed
solvent comprising water, an organic solvent and a
stabilizer.

5. A coating liquid for forming conductive coating,
characterized by containing diacetylacetonato—dialkbxy

zirconium,.a.pantial hydrolyzate of silicon alkoxide or
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jts dérivatiQe,'and a conductive substance dissolved or

" dispersed homogeneously in a mixed solvent comprising
water and an organic solQent.
6. The coating liguid for forming conductive coating
as claimed in any of claims 1-5 wherein the conductive
substance is tin oxide, tin oxide doped with antimony,
fluorine or phosphorus, indium oxide, or indium oxide

doped with tin or fluorine.

7. The coatinglliquid for forﬁing conductive coating
as claimed in any of claims 1-6 wﬁerein_the organic
solvent is selected from alcohols, esters, gthers, and
ketones. |

8. - The coating liquid gor forming conductive coating
as claimed_in any of claims 1-7 wherein the zirconium
oxyacid salt is zirconium oxychloride, zirconium
oxynitrate, zirconium oxyacefate or zirconium oxyoxalate.
9. The coating liquid for forming'conductive coating
as claimed in claim 1 or 2, or in any of claims 6-8,
Whefein the stabilizer is ethylene glycol, N-methyl-2-
.pyrrolidone, ethyl cellosolve, methyl cellosolve or N, N-
dimethylformamide.

10. The cqating liquid for forming conductive coating
as claimed in claim 2 or 4, or in any of claims 6-9,
whereiﬁ the non-sedimentary silica is such as to give a

sediment of less than 30% by weight of the total amount of
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SiO2 when an agueous solution qf 2.0% by weight in terms
of SiO2 of the non-sedimentary silica is_shbjected for 1
hour at 250,000 G to centrifugal sedimentation.

11._ The coating liquid for forming conductive coatipg
as claimed in any of claims 3—8.whereip the silicon
alkoxide or its derivativ? is a compound or its
_condensatéé having 1 to 4 alkoxy groups of 1 to 8 cafbon
atoms represented by SiHa(OR)b (a=0—3; b=1-4, a+b=4, and R
is alkyl), or (R'O)aSi(OR)b'or R'aSi(OR)b (a=0—3{ b=1-4,
atb=4, and R and R' are each alkyl), or its derivative in
which a part'of H has been substituted with Cl, vinyl or
the like group.

12, A glass or plastic substrate on which a
transparent éonductive-céating has been formed,
‘characterized by having a glossihess of'less-than 190% as
measured at an angle of meaéurement of 60°C.in accordance
with the method of measurement of giossiness.stipulated in
JIS K 7105-81, a surface resistance of 103—1011IL/[j ., a
total light transmittance of athleast 80% and a haze of
le;s than 10%. |

13. | The glass or plastic substrate on which a
transparent conductive coating has beén formed as claimed
in claim 12 wherein the transparent conductive coating
comprises zirconium oxide'and a conductive substance.

14. The glass or plastic substrate on which a
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trénsparent cbnductive coating has been formed as claimed
in claim 12 wherein the fransparent conductive coating
comprises zirconium okide. silicon oxide aﬁd a conductive
substance. v

15. The.glass or plastic substrate on which a
transparent cpnductive coating has been coated as claimed
in'any of claims 12-14 wherein the transparent condudtive
coating is formed from the coating liquid for forming a
transpareﬁt conductive coating as claimed in any of clainms
1-11. |

16. A display device comprising a front éanel having
formed on the surface thereof a transparent conductivé
coating, characterized in that the transparent conductive
coating comprises zirconium oxide, silicon oxide and-a
conductive substance and_has a surface resistivity of 103-
1010 /0.

17. " A display device comprising é front panel having
fo;med on the surface thereof a transparent conductive
coating, characterized in that the transparent conductive
coating comprises zirconium oxide, silicon oxide and a
conductive substance, and the front panel having formed
said transparent conductive coating thereon has’ a
glossiness of 30—100%Aas measured at an angle of
measurement of 60° in accordance with the method of

measurement of glossiness stipulated in JIS K 7105-81, a



i | _N!l!llj LI

resolving power of at least 50 bars/ci, and surface
résistivity of 10°-10111/ [ |. | |
18. | The display device as claimed in claim 16 or 17
wherein the {ranéparent conductive éoatiﬁg comprises 0.8-
65.9% by weighf of zirconium oxide, 0.8—6?.9% by weight of
silicon oxide and 33.3-83.3% by weight of a conductive
substance.
19. A method of pfocessing a front panel for display
device, characterized in that the front panel previously
heatgd to and kept at 40-90°C is coated by the spray
method with a coatihg for forming conductive coating,

| followed by drying and/or firing.
20. A method of processing a front panel for display
device, characterized in that the front panel previously
heated to and kept at 10-90°¢ js coated by the spray
metyod with a coating liquid for forming conductive
coating followed by drying and/or firing, thereafter the
resulting front panel is heated to and kept at 40-90°C and
coated by the épray method with a coating liquid
comprising'transparent protective components.
21. The method of processing a front panel for display
device as claimed in claim 19 or 20 wherein the coating
iiquid for forming conductive coating is the one claimed
in-any of clainms 2-5.

22, The method of processing a front panel for djsplay
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device as claimed in claim 20 wherein.the coating liquid
comprising transparent protective cqmponent-ié homogeneous
dispersion of silicon alkbxide in water, an acid and an
organic solvent. |

25. The method of processing a front panel for display
device as claimeq in claim 20 wherein the coating liquid
comprising transparent ppotective.components is the
coating liqgid claimed in any of ciaims 2-5, from ﬁhich

the conductive substance has been excluded.



