
. • 
• . 

· . 
t-

~~·-' 

~/.: ~ ~ - 1 -

TITLE 

COATING LIQUIDS FOR FORMING. CONDUCTIVE COATINGS 

FIELD OF .THE INVENTION 

This invention relates to coating liquids for 

forming conductive coatings and more particularly to 

coating liquids capable of forming on substrates such as 

glass, plastics, etc. transparent conduqtive coatings 

excellent in scratch resistance as.well as in adhesion to 

the substrates. 

In other aspects, the invention relate·s to glass 

or plastic substrates provided on the surface thereof with 

transparent conductive coatings formed by using the above~ 

m~ntioned coating liquids, and particularly to display 

devices having front panels provided on the surface 

thereof with said transparent conductive coatings. 

BACKGROUND OF THE INVENTION 

Since glass or plastics which are used. as 

transparent substrates of varied types including front 

panels for Cathode ray tube (CRT), liquid crystal display 

(LCD), etc. are insulating materials, the surface thereof 

is liable to static electrification and hence the 

substrate surface tends to attract dusts or the like. 

Furthermore, in ele.ctrodisplay devices such as LCD, etc., 
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miss-performance is sometimes caused by the presence of -

static electricity •. For solving such problems as referred 

to above, attempts have often been 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, metallic thin films. or conductive inorganic 
• 

oxide coatings are deposited on the surface of substrate 

by the vapor phase .method such as CVD method, PVD vapor 

deposition method, etc. In an attempt to impart 

electrical conductivity to the substrate surface by the 

vapor phase method, however, there are such problems 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 restricted 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 condµctive coating materials 

obtained by dispersing conductive substanqes in binder 

resins. 

Where an a.ttempt was made to form conductive 

coatings on subst~ates by using conductive.coating 

. . 
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materials obtained by dispersing conductive substances in 

binder resins such as acrylic resins, butyral resins, 

vinyl chloride/vinyl acetate copolymer resins, etc., 

however, there were such serious problems that the 

conductive coatings formed thereby are found poor in 

transparency, scratch resistance, solvent resistance or in 

adhesion to t.he substrates, though said conductive 

coatings are excellent sufficiently in elect-r·ical 

conductivity. · 

Under such circumstances, there has .. earnestly been 

desired an advent of coating liquids for forming 

conductive c_oatings which are excellent in scratch 

resistance, solvent resistance and·in adhesion to 

substrates as well as transparency. 

Apa~t from the purpose of forming conductive 

coatings on substrates, however, Japanese Patent L-0-P 

Publn. No. 100943/1982 discloses silicon oxide coatings . 

conta"ining 1-30 mol" of zirconium oxide with the view .of 

· protect.ing the substrate surface and inhibiting reflection 

therefrom. In this publication, it is stated that in the 

zirconium oxide-silicon oxide coatings there are used, as 

the zirconium compounds,.zirconium chloride such as zrc1 2 , 

ZrC1 3 or ZrC14 ; zirconium nitrate such as Zr(N03 ) 405H20:. 

zirconium alkoxides and zirconium diketonates. 

However, when an attempt is made to .form the 
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zirconium oxide-silicon oxide coatings by using co~ting 

liquids containing zirconium chloride, zirconium nitrate~ 

zirconium alkoxide or zirconium diketonate and silicon 

alkoxide, it has been found by the present inventors that 

there is such a serious problem that because of 

instability in water of zirconium chloride and zirconium 

nitrate,,. the coating liquids containing the same cannot be 

preserved over a long period of time and have a short pot­

life. Moreover, even if zirconium oxide-silicon oxide 

coatings were formed by the use of the above-mentioned 

coating liquids containing zirconium chloride and the 

like, it was still necessary to fire the resultant 

coatings at a temperature of at least 45o0 c. Moreover, 

the coating liquids as described above involved such a 

problea that said coating lfquids must be adjusted to pH 2-

6 by a fresh addition thereto of a mineral acid such as 

hydrochloric 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 reflection 

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 panels of display devices, a 

process designed for the purpose.intended is disclosed, 
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for example, in Japanese Patent L-0-P Publn. No. 

16452/1986, wherein the front panel composed o~ glass or 

plastics is previously heated, and a colloidal solution of 

silicon compound such as partially hydrolyzed silicic: acid 

ester, a solution of reactive silicon compound such as 

silicon tetrachloride, or a solution prepared by mixing 

the above-mentioned solution with a water-soluble compound 

of inorganic metal such as platinum, gold, palladium, tin 

or the like is sprayed over said front panel to form 

thereon a finely irre~ular coating, followed by drying and 

firing. 

Further, a process for forming a coating layer on 

a front panel of Braun tube is also disclosed, for 

example, in Japanese Utility Model L-0-P Publn. No~ 

168951/1984, wherein tin oxide or indium oxide and silicon . 

oxide are mixed or laminated by the vacuum deposition or 

dip method to form the coating layer on the front panel. 

In front panels of display devic.es processed by 

the above-mentioned processes, however, non-glare attained 

was found insufficient, antistatic effect expected varied 

depending on ambient temperature and humidity, and under 

certain circumstances resolving power of the display 

devices came to decrease by the presence of the coating 

formed on the front panel thereon. Further, the finely 

irregular coatings as formed were weak in adhesion to the 
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front panel and easily peeled off therefrom, were liable 

to scratching as being low in mechanical strengtb, .and 

tended to peel off or elute as being lacking in permanence 

properties such as acid resistance., alkali resistance, 

resistance to saline solutions and.to water, thus no non-

glare and antistatic e~fect as expected could be 

maintained over a long period of time. 

The present invention is intended to solve such 

problems associated with the prior art as mentioned.above, 

and an object of the invention is to provide coating 
. . 

liquids for forming conductive coatings, said coating 

liquids being capable of forming on substrates such as 

glass, pla.stics, etc. the conductive coatings. excellent in 

scratch· resistance, permanence properties and adhesion to 

the substrates as well as in transparency and, at the same 

time, which are capable of being preserved with excellent 

stability over a long period of time. 

A further object of the present invention is to 

provide glass or plastic substrates provided with 

transparent conductive coatings formed by the use of such 

coating liquids· as mentioned above, said conductive 

coatings ~eing excellent in transparency, scratch 

resistance, permanence properties, adhesion to the 

substrates and antistatic effect, or glass or plastic 

substrates provided likewise with transparent con~uctive 
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coatings having non-glare in addition to the above-

mentioned functions. Another object of the p~esent 

invention is to.provide display devices having front 

panels provided·with transparent conductive coatings 

·.having the above-mentioned functions. 

DISCLOSURE OF THE INVENTION 

The first coating liquid for forming conductive 

coating of the present invention is characterized in that 

a zirconium oxyacid salt and a conductive substance are 

homogen~ously dissolved or dispersed 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 zirc.onium oxyacid salt, a non-precipitable silica and a 

conductive substance are homogeneously dissolved or 

dispersed in a mixed solvent comprising water, an organic 

solvent and a stabilizer. 

The third coating liquid for forming conductive 

coating of the present invention is characterized in that 

a zirconium oxyacid·salt, silicon alkoxide or its 

derivative and a conductive substance are homogeneously 

dissolved or dispersed in a mixed .solvent comprising water 

and an organic solvent. 

The fourth coating liquiq for forming conductive 
I! 
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coating of the present inve~tion is characterized in that 

a zirconium oxyacid salt, si_licon alkoxide or its 

derivative, a non-precipitable silica and a conductive 

substance are homogeneously dissolved or dispersed in a 

mixed solvent comprising water, an organic solvent and a 

stabilizer. 

The fifth coating liquid for forming conductive 

coating of the present invention is characterized in that 

diacetylacetonato-dialkoxide zirconium, a partial 

hydrolyzate of silicon alkoxide and a conductive substance 

are homogeneously dissolved or dispersed in a mixed 

solvent comprising water and an organic solvent. 

The substrates of the present invention, on which 

transparent cond~ctive coatings have been formed, are 

characterized by having a' total light transmis$ion of at 

least BO~, a ~aze of less than 10~, 103 < surface 

resistivity< 1011 , and a glossiness of less than 190~ as 

~easured at an angle of 60° in accordance with the 

glossiness measuring.method stipul~ted in JIS K 7105-81. 

The display device of the present invention, in 
. 

which a transparent· conductive coating has been formed on 

th.e surface of a front panel, is characterized in that the 

transparent conductive coating is composed of zirconium 

oxide, silicon oxide and a conductive substance, and the 

front panel, ·on the surface of which said transparent 
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conductive coating has been formed, has a glossiness of 30-

100% as measured at an angle of so0 in accordance with the 

glossiness measuring method stipulated in JIS K 7105-81, a 

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

resistivity of 103-10 1111/1-1 • 

The first process for manufacturing the display 

device of the present invention is characterized in that 

any. one of the above-mentloned second to fifth coating 

liquids for forming conductive coatings of the present 

invention.is coated by the spray method on a front panel 

of said display device previously heated to and maintained 

at 40-90°c, followed by drying and/or firing. 

The second process for ·manufacturing the display 

device of the p~esent invention is character~zed in that 

any one of the above-mentioned coating liquids for forming 

·conduct.ive coatings is coated likewise on a front panel of 

said display device, dried and/or fired, and a coating 

liquid containing a transparent protective component is 

coated by the spray method on the front panel heated to 

and maintained at 40-9o0 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 conductive 

coatings of the present invention are illustrated below in 

the concrete. 

The first coating liquid for· forming conductive. 

coating of the_ present invention comprises a homogeneous 

solutiQn or dispersion of a zirconium oxyacid salt and a 

conductive substance in a mixed solvent comprising water, 

an inorganic -solvent and a stabilizer. ~he components 

homogeneously dissolved or dispersed in the mixed solvent 

are illustrated hereinafter. 

·useful as the zirconium oxyacid salts are 

zirconium oxychloride, zirconium oxynitrate, zirconium· 

oxyacetate, zirconium oxyoxalate and the like. Of those 

exemplified above, particularly 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 present ~herein. 

The conductive substances used in the present 

invention are those which are known hitherto such as tin 

oxide, tin oxide doped with antimony, fluorine, phosphorus 

or the like, indium oxide or indium oxide ~oped ~ith tin. 
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.These conductive substances are preferably in the form of 

fine particle having an average particle diameter of less 

t ban o . 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 o.01-o.·1v. m. Even though an average particle 

diameter of the conductive substance contained in the 

coating liquid is less than 0.11·.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 60~ of the total of the particles is 

occupied by those having an averag~ particle diameter of 

less than O .1~., m. 

In the present invention, it is particularly 

preferable to use as the co_nductive substances the 

products which are obtained on the basis of the process 

disclosed in a publi.cation titled "Process for preparing 

conductive fine particles" (Japanese Patent Appln. No. 

·51008/1981) or a publication titled· "Tin oxide ~ol and 
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process for preparation thereof" (Japanese Patent Appln. 

No. 15283/1986), both filed by the· present applicant. 

That is, preferably useful as the first conductive 

substances of the above-mentioned products 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 compound in the solution is gradually hydrolyzed 
. '.:_. ... ··\:~: 

to form a ~l containing colloldal particles, and the 

resulting sol is dried and fired followed by 

pulverization. 

The starting materials used in the above process 

are tin or indium compounds which are water soluble and 

capable of hydrolysis in the pH range of 8-12, and usable 

are in the concret_e such tin compounds as potassium 

stannate, sodium stannate and the like, or such· indium 

compounds as indium nitrate, indium sulfate and the like. 

When a met_allic seed present in an aqueous 

solution of a tin or indium compound (hereinafter 

sometimes called the starting solution) is either one of 

tin or indium, the resulting fine particles are composed 

of t.fn oxide or ind,ium oxide. In that case, however, 

conductive fine particles doped with a foreign element can 

be obtained by dissolving small amounts of a compound 

containing said foreign element in the starting solution .. 
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For instance, conductive fine particles composed of tin 

oxide doped with antimony or fluorine can be obtained by 

dissolving small amounts of ~artar emetic (antimonyl 

potassium tartarate) or ammonium chloride in the starting 

solution containing a tin compound, and conductive fine 
. 

particles composed of indium oxide doped with ·t~n can be· 

obtained by dissolving small amounts of a tin compou~d in 

the starting _solution contain~ng an indium compound. 

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 antimony, phosphorus, fluorine and the. 

like can be prepared by a process which comprises using an 

aqueous solution 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, reco~ering colloidal particles from the resulting 

sol, impregnating the recovered colloidal particles with 

an aqueous solution of at least one of an antimony 

compound, phosphorus compound and fluorine compound, and 

thereafter drying tbe thus impregnated colloidal 

particles, followed by firing. Furthermore, conductive 

fine particles composed of an indium compound doped with 

tin and/~r fluorine can be prepared by a process which 

comprises using an aqueous solution of an indium compound . 
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as the starting solutlon, forming a sol in the same manner 

as above, recovering colloidal particles from the thus 

formed sol, impregnating the ·recovered colloidal particles 

with an aqueous solution of a tin compound and/or a 

fluorine compound, and then drying the thus pregnated 

particles, followed by firing. In cases where the 

starting solution, even of an aqueous solution of a tin 

compound or an indium compound, ~s used, when by-product 

salts are formed during the source of forming a sol, not 

only colloidal particles formed in the sol tend to 

·agglomerate but also a specific resistivity of t_he 

conductive fine particles obtained becomes higher by 

virtue of admixture with the by-product salts formed. It 

is therefore recommended that where formation of by-

product salts is expected, the by-products 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 compound. 

Generally speaking, a concentration of the tin or 
. 

indium compound contained in the s~arting solution is 

preferably in the range of 5-30% by weight, though the 

concentration may be selected optionally. 

Usually, the reaction temperature of the 

hydrolysis may be selected at choice in the range of 
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0 

temperature between 30 and 90 c. 

After preparation of the sol liquid, colloidal 

particles formed therein are recovered by filtration 

therefrom, and t~e 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 

tiring step and an average particle diameter of the 
~ 

p~rticles becomes about 20-50t\m but the particles are 

easily released from their sintered state when subjected 

to the subsequent pulverizing step, and the fine particles 

are then processed by an ordinary pulverization means to 

give conductive fine particles answering the objects of 

the present invention, which have an average particle 

diameter of less than about 0.4{tm when they are 

incorporated into coating materials. The fine particles 

obtained in the manner now described are found to contain 

only small amounts of coarse particles, for example, those 

having a particle diameter of larger than 0.8).\m. 

Pulverization of the conductive substances may be 

carried out before or after mixing thereof with other 

components such as zirconium oxyacid salts and the like. 

The conductive substances 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 

devices. 

The conductive substances thus obtained may be 

used, when they are particles,.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 oxide sol 

obtained by heat treatment of fine particles of tin oxide 

or tin oxide doped with foreign elements in aqueous acid 

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 aqueous solutions of acids such as mi'neral 

acids or organic acids or aqueous solu~ions of alkalis 

such as alkali metal hydroxides or quaternary ammonium 

salts. The heating· temperature employed in this case is 

preferably less than about 200°c. 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 particles dispersed in the 
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conductive tin oxide sol thus obtained is less than 

O.l•·m, and more than 60% of the total particles is 

occupied by particles having an average particle diameter 

of less than O.lt\m. 

The above-mentione~ conductive tin oxide sol i$ 

usually an aqueous sol, but it may also be used as an 

organic sol, if necessary, in wJ:iich a part or whole of 

water has ~een replaced by an organic .solvent such as 

alcohol or the like. 

Organic solvents used in the coating liquids for 

forming conductive coatings of the present invention are 

alcohol such as methanol, ethanol, n-propanol; i-propanol, 

· n-butanol, i-butanol, . t-butanol, etc., esters such as 

methyl acetate, ethyl acetate,· etc., ethers such as 

diethyl ether, etc., ketones such as methyl ethyl ketone, 

etc., ethylene glycol monomethyl ether and the like, which 

are used either singly or in combination. 

The stabilizers used in the present coating 

liquids, either singly or in combination, are ethylene 

glycol, N-methyl-2-pyrrolidone, morpholine, ethyl 

cellosolve, methyl cellosolve, N,N-Aimethylformamide, etc. 

In the first coating liquid for forming conductive 

coating of th~ present invention which contains the ~bove­

mentioned components, the molar ratio of the stabilizer 

to, the zirconium oxyacid salt in terms of ZrO~ 
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(stabilizer I Zr02 ) 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 inhomogeneously cures 

when it is coated on a·substrate to cure, whereby the 

conductive coating formed undesirably poor in permanence 

properties. 

Further, the weight of water preseJ)t 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 zirconi·um Qxyacid salt in 

terms of Zro 2 (water/Zro2) s.atisfactorily falls wit'hin the 

range of 0.1-40. If the above-mentioned ratio of 

water/Zro2 is less than 0.1, gellation of the zirconium 

oxyacid salt occur undesirably and, on one· hand, 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 substrate 

becomes poor undesirably. Furthermore, the weight of the 

water exceeds 40" of' the whole weight of the coating 

liquid, the addition effect of the stabilizer disappears 

likewise, with the result that adhesion of the coating 

liquid for forming conductive coating to a substrate 

becomes poor undesirably. 
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The sum total of the conductive substance and 

zircon~um oxyacid salt in terms of zro2 
is preferably 0.1-

10% by weight based on the whole weight of the coating 

liquid for forming conductive coating. It is not 

economical t.o use these two. components in an amount of 

less than 0.1% by weight and, on one hand, if said amount 

exceeds ~0% by ·weight, gellation of the coating liquid for 

forming conductive coating tends to occur undesirably and 

no possibility of the long-term preservation of said 

c.oating iiquid can be expecte~. 

Still further, the weight ratio of the conductive 

substance to zirconium oxyacid salt in terms of zro2 

(conductive substance/Zro2) is preferably 1-5. If this 

value is less than 1, the resulting conductive coating 

becomes poor in electrical conductivity and, on one hand, 

when the value exceeds 5, adhesion between a substrate and 

the conducti-ve coating formed thereon undesirably 

decreases. 

The coating liquids for forming conductive 

coatings as illustrat~d above may be prepared by mixing an 

aqueous solution·of ·• zirconium oxyacid salt with a 

conductive substance and a stabilizer and,_ if neces~ary, 

removing part of the water presJ:!nt in the mixture 

therefrom 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 presen~ invention is illustrated 

hereinafter. 

This coating liquid for forming conductive coating 

comprises a homogeneous solution or dispersion of a 

zirconium oxyacid salt, non-sedimentary silica and 
. 

conductive substance in a mixed solvent comprising water, 

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· illustrated is the non~sedimentary 

silica. 

The non-sedimentary silica used in the present 

invention is intended to designate such a liquid of non-

sedimentary silica that when an aqueous solution 

containing 2.0% by weight of the non-sedimentary silica.in 

terms of ·5102 is subjected. for ·1 hour at 250,000 G to 

centrifugal sedimentation, the sediment left thereby is 

less than 30% by weight. Such non-sedimenta~y silica 
. . 

liquid is an aqueous alkali solution of silicic acid, from 

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 hydrogen in the aqueous alkali 

solution of silicic acid_ by means of the ion exchange 

method, dialysis method·or. the like. The stabilizer is 

used in th~ non-sedimentary silica liquid in an amount of 

at least 0.5 mole based on 1 mole of the non-sedimentary 

silica. 

Such a growth inhibitor as the stabilizer 

mentioned above plays a role in the stabilization of non­

sedimentary silica fn the liquid by inhibiting gellation 

of said silica. 

In this non-sedimentary silica, . it is desirable 

that the amount of residual alkali represented by the 

Si02/M20 ratio (in which M represents an alkali metal) is 

at least 200, preferably at least 1000. 

such non-sedimentary silica as referred to above 

is illustrated in detail in Japanese Patent Appln. No. 

187835/1986 filed previously by.the present applicant. 

In the second coating liquid for forming 

conduct!ve coating of the present invention which contains 

the components· as mentioned above, the molar ratio 

(stabilizer/Zro2 + s£o2 ) of the number of moles of the 

stabilizer to the number of the sum total of moles of the 

zirconium oxyacid salt in terms of zro 2 and of s102 

present in the non-sedimentary silica is 1-25, preferably 

2-25. If this value is less than 1, gellation of the 
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coating liquid 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 coat.ing formed becomes poor 

in permanence properties. 

In this second coating liquid, the· amount of water 

present 1-s preferably less than 50" by weight based_on the 
. . 

weight of the .coating liquid with the condition that the 

weight ratio (water/Zr02 ) of the water to zirconium 

oxyacid salt in terms of zro2 is 0.1-40. If the 

water/Zro2 weight ratio menti_oned above is less than O .1, 

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 

liquid undesirably becomes poor in adhesion to a 

substrate. Furthermore, if the amount of water used 

exceeds 50" by weight of the coating liquid, the addition 

ef feet of the growth ,inhibitor disappears li.kewise and the 

coati"ng _liquid undesirably becomes poor in adhesion to a 

substrate. 

The sum total of the conductive substance, Sio2 

present in the non-sedimentary silica and the zirconium 

oxyacid salt in terms of Zro2 is 0.1-20%, preferably 0.1-

10% by weight of the coating liquid. If a value· of the 
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said sum total is less than 0.1% by weight, the use of 

such coating liquid is not economical and, on one hand, if 

said value exceeds ~0% 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 + 

Si02 ) of the conductive substance to the sum tot~l of the 

zirconium oxyacid salt in terms of Zro 2 and s·io 2 contained 

in the non-sedimentary silica is preferably 1-5. If a 

value of this weight ratio is less than 1, the resulting 

coating becomes poor in electrical conductivity or does 

not become porous and, if this value exceeds 5, the 

resulting coating becomes poor in adhesion to a substrate. 

The coating liquid for forming conductive coating 

as illustrated above may _be prepared by mixing together an 

aqueous solution of the zirconium oxyacid salt, the 

conductive substance and a dispersion 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 -solvent. 

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 conductive substance in a mixed solvent comprising 

water and an organic solvent. The zirconium oxyac~d salt, 

conductive substance, water and organi~ solvent used in 

the coating liquid are the same as those used in the first 

coating liquid for forming conductive coating of the 

present invention, and hence herein illustrated is .the 

silicon alkoxide or its derivat.ive ·used in this coating 

liquid. 

The silicon alkoxide or its derivative used in the 

presen~ invention includes compounds 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=l-4, a+b=4, and R is alkyl), 

(R'O)aSi(OR)b or R'aSi(OR)b (a=0-3, b=l-4, a+b=4, and~ 

and R' are each alkyl), or derivatives of the compounds or 

cond~nsates 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) 4 (wherein R is ca3 ; C~H5 , n- and· iso-C3H7 , -

or n-, iso.-, sec- and tert-c41:18 ). 

In the third coating liquid for forming conductive 

coating of the present invention, which contains the 
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components as mentioned above,· the· zirconium oxyacid salt 

and silicon alkoxide or its derivative are used in such an 

amount so that Zr02/sio2 (molar ratio) of the zirconium 

oxyacid salt in terms of oxide to silicon alkoxide or its 

derivative in terms of oxide is in the range of 0.05-2.0, 

prefer~bly 0.2-1.0. If a value of this Zro2/Sio2 (molar 

ratio) is less than 0.05, the resulting coating 

undesirably be~omes poor in permanence properties and, on 

one hand,· if this value exceeds 2.0, the re~ulting coating 

undesirably decreases in adhesion to a substrate and 

optical charactefistics (haze, total light transmittance). 

The pres~nce of water in the coating liquid is 

necessary for· hydrolysis reaction of silicon alkoxide. It 

is preferable to decide .the amount of water in the coating 

liquid according to the amount of the silicon alkoxide or 

its derivative in the mixture, and desirably the water is 

contained in the coating liquid in such an amount so that 

the H2o/sio2 molar ratio in the mixture of the water to 

silicon alkoxide or its d~rivati.ve in terms of Sio2 is at 

least 2. If a value of this ratio is less than 2, no 

coating is obtained"since undecomposed silicon alkoxide or 

its derivative remains, as it .is, even after formation of 

the coating. 

The content of the conductive substance, when 

expres~ed as Mox in terms of oxide, is preferably in such 
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an amount so that MOx/(Si0 2 + zro 2 ) (weight ratio) is 0.5-

5.0. If a value of this weight ratio is less than 0.5, 

undesirably the resulti.ng conductive coating becomes 

excessively· low_ in electrical conductivity and, on one 

hand, if this value exceeds 5.0, undesirably the resulting 

conductive coating becomes poor in adhesion to a 

substrate. 

When the solids content (conductive substance + 

Zro2 + Si02 ) in the conductive coating liquid is less than 

about 20% by weight, a coating answering the objects of 

the present invention is obtained. However, if this 

.solids concentration exceeds 20% by weight, the coating 

liquid becomes poor in stability and cannot -be fit for a 

long-term preservation. If this solids concentration i_s 

excessiv~ly low, such an inconvenience that the coating 

operation of the conductive coating liquid must be· 

repeated several times 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 such as alcohol 

or the like are present in this conductive coating liquid 

as mentioned above, the zirconium oxyacid salt dissolves 

in the water and organic solvent, whereby th~ coating 

liquid comes to exhibit acidic properties with a pH of 

less than 2. On that account, there is no need of 
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incorporating into the coating liquid an aci~ catalyst 

such as hydrochloric acid, nitric acid or the like with 

the purpose o~ hydrolyzing the silicon alkoxide or its 

derivative. 

The fourth coating liquid for forming conductive 

coating of the present invention is illustrated 

hereinafter. 

This coating liquid for forming conductive coating 

contains a no~-sedimentary silica and a stabilizer in 

addition to such components as used in the above-mentioned 

third coating liquid for forming conductive coating. The 

~on-~edimentary silica and stabilizer used in this coating 

liquid are the same as those used in the second coating 

liquid for forming conductive coating of the present 

invention. 

When this non-sedime~tary silica is used together 

with the silicon alkoxide or its derivative in the coating 

liqui'd for forming conductive coating, all light 

transmittance of the resulting conductive coating is 

increased and transparency of said coating is improved 

and, moreover, permanence properties of the coating is not 

marred. 

The non-sedimentary silica is preferably used in 
' . . 

such an amount so that the weight ratio (Si02 in non-

sedimentary silica/Sia,'. in silicon alkoxide or its ..... 
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derivative) of 5i02 in the non-sedimentary silica to the 

silicon alkoxide or its derivative in terms of 5i02 is 

less than 9. If a value of this weight ratio exceeds 9, 

such a new problem that the firing temperature of the 

0 resul.ting coating must be increased to about 300 c or 

higher in order to improve permanence properties of the 

coating arises undesirably, ·though transparency of the 

coating is further improved. 

Even· in the case where the non-sedimentary silica 

is use.d, the operation conditions to be employed therein, 

such as the ratio of zro2 to total Sio2 in the coating 

liquid and the like, are the same as those employed in the 

aforementioned case where only the silicon alkoxide or its 

derivative is used • 

. Illustrated below are the processes by which the 

above-mentioned third and fourth coating liquids f~r 

fo~ming conductive coatings of the present invention are 

prepared. 

·The zirconium oxyacid salt, silic·on alkoxide or 

its derivative and conductive substance, if necessary, the 

non-sedimentary silica and stabilizer, are homogeneously 

mixed together in a mixture of water and 'an organic 

solvent. In that case, the order of dissolving or 

dispersing these components is not particularly limited, 

for instance, an aqueous 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 ma:y be 

mixed together at a stroke. It is also possible to 

increase stability of the dispersed particles of the 

components by incorporating 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 liquid for forming conductive 

coating of the present invention a homo~eneous solut.ion or 

dispersion of diacet·ylacetonato-dialkoxy zirconium., a 

partial hydrolyzate of silicon alkoxide and a conductive 

substance in a mixed solvent comprising water and an 

organic solvent. The conductive substance, water and 

organic so1vent used i.n this coating liquid, however, are 

the same as those used in the aforementipned first coating 

liquid for forming conductive coating of the present 

invention, and hence-herein illustrated are the 

diacetylacetonato-dialkoxy zirconium and partial 

hydrolyzate of silicon alkoxide. 

The diacetylacetonato-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 

dispersibili-ty and heat stability of the conductive· 

substance, and this.role is considered ascribable to the 

fact that the diacetylacetonato-dialkoxy zirconium acts as· 

a protective colloid on the conductive substance. 

The partial hydrolyzate of silicon alkoxide or its 

derivative used in this coating liquid may be obtained by 

partial hydrolysis of the silicon alkoxide or its 

derivative used in the third coating li.quid 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 generally employed for partial hydrolysis of 

silicon alkoxide or its derivative. For ins~ance, su~h 

conditions may be adopted, wherein silicon alkoxide or its 

derivative is mixed with methanol or ethanol, and the 

mixture is incorporated with water and an acid to effect 

the partial hydrolysis. of the silicon alkoxide or its 

derivative. However, the partial hydrolysis conditions 

particularly preferred are such tha.t the acid used is 

_preferably hydrochloric acid, nitric acid, phosphoric acid 

or acetic acid, and the mixing ratio of the acid to 

silicon alkoxide or its derivative (acid/Si~ ) is 
L. 
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preferably 0.01-0.5 (the weight ratio of the acid to 

silicon alkoxide or its derivative in terms of Si02). If 

a value of this ratio is less than 0.01, large amounts of 

unreact~d silicon_ alkoxide remain to exist in the mixture, 

which undesirably mars electrical conductivity of the 

resulting coating and, on one hand, if this value exceeds 

0.5, the rate of the partial hydrolysfs becomes 

excessively rapid and undesirably the resulting coating 

liquid decreases in continuous productivity and 

preservability. The mixing ratio of water to· silicon 

alkoxide (molar ratio) is preferably at least 2. If a 

value of this ratio is less than 2, unreacted silicon 

alkoxide remains in the resulting coating which will 

undesirably decrease in adhesion to substrate, scratch 

resistance and alkali resistance. The partial hydrolysis 

temperature· employed is preferably 30-6o0 c. 

The fifth coating liquid for forming conductive 

.coating of the pre-sent invention illustrated above may be 

prepared by adding the diacetylacetonato-dialkoxy 

zirconium to a mixture of water and the organ.ic solvent. in 

which the conductive substance has been dispersed, thereby 

improving dispersibility and heat stability of the 

conductive subs:tance, and tben incorporating the resulting 

mixture with the partial hyd~olyzate of silicon alkoxide 

or its derivative. The incorporation of the partial 
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hydrolyzate of silicon alkoxide or its derivative into the 

above-mentioned mixture, prior to the addition of the 

diacetylacetonato-dialkoxy zirconium to said mixture, is 

not desirable since the conductive substance dispersed in 

the mixture comes to agglomerate. 

· The coating liquid for forming transparent 

conductive coating thus prepared has such advantages as 

will be mentioned below. First, the conductive coating 

formed therefrom is excellent in transparency and 

.electrical conductivity since the conductive ·substance 

dispered·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 room temperature of about 3o0 c. 

Furthermore, the diacetylacetonato-dialkoxy zirconium 

together with the partial hydrolyzate of silicon alkoxide 

or its derivative forms a matrix of the resulting 

conductive coating,·whereby said coating is increased in 

scratch resistance and ~lkali resistance, and because of 

the presence of said diacetylacetonato-dialkoxy zirconium 

and said partial hydrolyzate of silicon alkoxide or its 

derivative in the coating liquid, a desired conductive 
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coating can be formed when said coating liquid as applied 

is tired at the temperature of about 1so0 c, and the 

conductive coating further improv~d in electrical 

conductivity is obtained when the coating liquid is fired 

at above 200°c. 

In the fifth coating liquid for forming conductive 

coating of the present inventio.n which contains the 

components as illustrated above, the dia~etylacetonato­

dialkoxy zirconium and the conductive substance are 

preferably used in such an amount so that the Zr02/MOx 

weight ratio of these two components in terms of oxide is 

0.01-1 (Mox represents the conductive substance as an 

oxide). If a value of this rat1,o_ is less than 0.01, 

undesirably the conductive substance decreases in 

dispersibility and heat stability, the resulting 

conductive coating becomes poor in transparency and 

adhesion to a substrate, and the coating liquid becomes 

poor in preservability and continuous productivity. If 

this value exceeds l~ on one hand, undesirably the 

resulting conductive coating beco~es poor in transparency 

and.adhesion to a substrat~ and decreases in electrical 

conductivity. 

The diacetylacetonato-dialkoxy zirconium and 

silicon alkoxide are preferably used in such an amount so 

that the ZrOr./SiOz weight ratio of these two components in 



- 34 -

terms of oxide is 0.05-1. If a value of this ratio is 

less than 0.05, the resulting conductive coating i.s not 

sufficient in alkali resistance and, on one hand, if this 

value exceeds l, undesirably the resulting conductive 

coating decreases in adhesion to substrate and 

transparency. 

The diacetylaceton~to-dialkoxy zirconium and 

silicon alkoxide are preferably used in such an.amount so· 

that the Zro2tsio2 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, undesirably the resulting conductive 

.coating is not sufficient in alkali resistance and, on one 

hand, if this -valµe exceeds 1, the resulting conductive 

coating decreases in adhesion to a substrate and 

transparency.· 

The.conductive substance and other two components 

are preferably used in such an amount so that the 

MOx/(Sio2 + Zr02) weight ratio of the components in terms 

of oxide is 0.5-5. If a value of this ratio is less than 

0.5, undesirably the resulting conductive coating is not 

sufficient in electrical conductivity and, on one hand, if 

this value exceeds 5·, the resulting conductive coating 

decreases in adhesion to a substrate, transparency and 

scratch resistance. 

Furthermore, if the soi"ids concentration (MO"" + 
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s10 2 + Zr02 ) in the coating solution is less than 15% by 

weight, the conductive coating answering the objects of 

the present invention may be obtained. If the above­

mentioned solids concentration exceeds 15% by weight, 

undesirably the coating liquid becomes poor in 

preservability. If this solids concentration is 

excessively low, it becomes necessary to repeat the 

coating operation several times in order to the desired 

conductive coating, and hence a practically useful solids 

concentration is at least 0.1% by weight. 

The thus obtained first to fifth coating liquids 

for forming conductive coatings of the present invention 

are coated on substrates such as glass or plastics 

according to the conventionally ~nown 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 

ordinary temperature to about 120°G, whereby the desired 

conductive coating excellent in adhesion to the substrate, 

scratch resistance and transparency is· obtained. When the 

conductive coating 'thus obtained is further fired, the 

resulting coating is further improved in permanence 

properties such as alkali resistance and the like. 

The substrate on which a transparent conductive 

coating has been for~ed, said conductive coating 
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comprising zirconium oxide, conductive 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 measurement of glossiness stipulated in JIS 

K 71Q5-81, such excellent electrical conductivity as 

evidenced by its surface resistivity of 103-1011 SL /[] , 

such excellent trasnparency as evidenced by its a1·1 light 

transmittance of at.least 80" and haze of less than 10" 

and, moreover, has excellent permanence properties such as 

adhesion to ·the conductive coating, scratch resistance, 

alkali resistance and the like. 

The display device of the present invention and 

process for manufacturing the same are illustrated 

hereinafter. 

The present display device com.prises a front panel 

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 conductive substance, and said front panel 

having a glossiness of 30-100" as measured at an angle of 

m.easµrem.ent of 60° according to the method of measurement 

of glossiness stipulated in JIS K '1105-81, a resolving 

power of at least 50 bars/c•, and a surface resistivjty of 

103-10 11 . .u.ir·-1. 

The glossiness of the front panel is represented 
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by a value of glossiness as measured at an angle of 

measurement of 60° according to the method of measurement 

of glossiness stipulated in J'IS K'l105-81, as mentioned 

above. If this value is less than 30%, undesirably the 

front panel decreases in trans~arency and, on one hand,_ if 

the value exceeds 90%, regular reflection of the coating 

is not decreased and the front panel glares, therefore the 

glossiness is preferably less than 90%, though ~he upper 

limit of this value is not particularly defined. 

The·front panel has a resolving power of at least 

50 bars/cm, as mentioned above. If this value is less 

than 50 ~ars/cm, undesirably the front panel becomes poor 

in transparency. 

In the present specification, the resolving power 

of the front 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 distinctly by visual observation 

of the chart. That is, the resolving power is determined 

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 one wall 

of the box in the manner as shown in Fig. 2 so that the 

coated side of the panel faces ~utward, and the front 

panel thus arranged is visually observed at a distance of 

30 cm from the coated side to count fhe number of bars per 
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cm 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 surface of the wall of the box 

provided with no front panel is colored white. The bar 

chart used included those in which the number of bars is 

increased every 5 bars/cm,· for example, 10 bars/cm, 15 

bars/cm, 20 ba.rs/cm, 25 bars/cm and the like. 

In the· bar charts thus used, 1 is a bar printed, 2 

is a space between the printed bars, and a width a of the 

printed bar is equal to a width b of the space. 

In the display device of the present invention, an 

average surface roughness Rz (a ten-point average 

roughness as measured in accordance with JIS 80601-82) of 

the front panel is 0.2-5,L·\m, preferably 0.2-3,,t\m. If this 

average surface roughness is less than O. 2,< .. \ m, undesirably 

the front panel decreases in non-glare and no sufficient 

antistatic effect is· obtained, though the panel is· 

excellent in resolving power and transparency and, on one 

hand, if the average surf ace roughness exceeds 5 .l t m, 

undesirably the front panel decreases in resolving power 

and transparency. 

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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previously. 

That is, the .front panel of the present dis1;>lay 

device may be prepared by coating a front panel previously 

heat~d to and kept at 40-90°c, preferably 50-7o0 c, with 

any of the second to fifth coating liquids for forming 

conductive coatings of the present invention by the spray 

method, followed by drying and/or firing. 

If a heating temperature of the front panel is 
0 . 

less than 4_0 C, undesirably the liquid c~mponents of the 

coating liquid as coated will not dry sufficiently and 

undergo leveling, whereby no non-glare coating is obtained 

and, on one hand, if this temperatu~e exceeds 9o0 c,· 

undesirably the liquid components will dry rapidly, 

whereby the resulting coating becomes poor in adhesion to 

the panel, transparency and permanence properties. When 

the coating liquid is coated on the front panel by the 

spray method, therefore, _the coating amount, coating speed 

and air pressure supplied to the spray should be 

controlled so that the heating temperature of the front 

panel does 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 
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permanence properties and mechanical strength is needed, 

such coating may be obtained by firing the front panel as 

coated in the manner now described at a temperature of 

above 200°c but below the· glass transition point of the 

front panel. In that case, the firing operation may be 

repeated many times so long as the firing temperature 

employed is below the glass transition point of the front 

panel. In ~ases where non-glare is not needed according 
. ' 

to the pu~pose for which the display device is used, a 

desired coating having lesser non-glare or substantially 

no·non-giare may be.obtained by varying the spray 

conditions to be employed. 

Furthermore, the front panel of the display device 

of the presant invention may be prepared by coating the 

coating liquid for forming conductive coating on a front 

panel by the spray method in the manner now described, 

drying and/or firing the thus coated front panel, coating 

·by the spray method a coating liquid comprising 

transparent components on the thus dried and/or fired 

front panel at 40-90°c, and then drying and/or firing the 

thus coated front panel. 

Usable as the coating liquid comprising 

transparent protective components. are the second to fifth 

coating liquids for forming conductive coatings, from 

which the conductive substance ~as been excluded. 
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As the coating liquid comprising transparent 

protective components. moreover, th~re may·also be used a 

liquid prepared by homogeneously dissolving or disper.sing 

a binder resin in an .organic solvent. Useful binder 

resins include silicon resins, melamine resins, urethane 

resins and the like. 

The present invention is illustrated below with 

reference to examples. but it should be cons.trued that the 

invention is in no way limited to those examples. 

Example 1 

(Preparation of conductive tin oxide sol) 

A starting liquid was prepared by dissolving 316 g 

of potassium s~annate and 38.4 g of tartar emetic in 686 g 

of water. The starting liquid together ~ith nitric.acid 

was added over 12 hours to 100 9. of water warmed at so0 c 

with stirring and subjected to hydrolysis while 

maintaining a pH of the system at 8.5, whereby a sol 

liquid was obtained. Colloidal particles were· separated 

by f i 1 trat.ion from t.he sol 1 iquid, washed to remove by­

product salts therefrom, dried, fired at 350°c for 3 hours 

in air, 0 and then further fired at 650 C for 2 hours 'in air 

to obtain fine powder (I). To 1600 g of an aqueous 

potassium solution (containing 40 g of KOH)' was added 400 

g of the fine powder (I), and the mixture kept at 30°c was 

stirred for 3 hours with a sand mill to obtain conductive 
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tin oxide colloid. 

Subsequently, this conductive tin oxide colloid 

was treated with an ~on exchange resin to obtain 

dealkalized conductive tin oxide colloid (a conductive sol 

liquid). This dealkalized conductive sol liquid contained 

no precipitate, had a solids con~entration of 20% by 

weight and colloidal particles having an average particle 

diameter of 0.07t\m. The amount of colioidal particles 

having a particle diameter of less than 0 .1 (.( m was 87% of 

t~e total amount of colloidal particles. 

In this connection, the measurement of average 

particle diameter of ~he colloidal particles was conducted 

with an ultracentrifugal glanulometer ·(CAPA-5000. 

manufactured and sold· by Horiba Seisakusho K.K.), wherein 

a test specimen was adjusted to a solids concentration of 

0.5% by weight and subjected to centr~fugal sedimentation 

at 5000 rpm. · (The same shall apply hereinafter) 

A mixture comprising 250 g of the conductive sol 

liquid obtained above, 225 g of N-met.hyl-2-pyrrolidone 

(hereinafter called NMP) and 100 g of an aqueous solution 

of 25% by weight of zirconium oxychloride in terms of zro2 

(hereinafter called ZOC)was heated at ao0 c with a rotary 

evaporator under reduced pressure, thereby distiiling off 

75 g of water. The liquid .obtained was cooled and then 

thoroughly mixed with 1000 g of a mixture .of MeOH/BuOH 
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(1/1 weight ratio) to obtain a coating liquid for forming 

·conductive coating. 

Example 2 

A mixture comprising 100 g of the conductive sol 

liquid obtained in Example 1, 45 g of NMP and 20 g of· zoc 
0 

was heated at 80 C with a rotary evaporator under reduced 

pressure to distill off 15 g of water. The liquid 

obtained was cooled and thoroughly mixed with 350 g of a 

mixture of "':leOHlEtOH (1/1 weight ratio) to obtain a 

coating liquid for forming conductive coating. 

Example 3 

Following substanti'al;Ly the same procedure as 

described in Example 1, a coating liquid for forming 

conductive coating was obtained, except that in place of 

·the ZOC used in Example 1, there was used an aqueous 

soluti~n of zirconium oxynitrate (hereinafter called ZON) 

in terms of Zr~2 . 

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 ao0 c with a rotary 

evaporator under reduced pressure to distill off 15 g of 

water. The liquid 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 
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A homogeneous mixture comprising 250 g of the 

conductive sol liquid obtained in Example 1, 150 g of NMP 

and 100 g of ZOC was heated at so0 c with a rotary 

evaporator 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 conductive coating .. 

Example 6 

Following substantially the same procedure as 

described in Example 1, a coating liquid for forming 

conductive coati.ng was obtained, except that in place of 

the NMP used in Example 1, there was used 225 g of methyl 

cellosolve. 

Example 'l 

Following substantially the same procedu~e as 

descr"ibed in Example 1, a coating liquid for forming 

conduqtive 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 forming 

conductive coating was obtained, except that _in place of 

the NMP us~d in Example 1, there was used 225 g of N,N-
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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 HMP, 100 g of 5% by 

weight of ZOC in terms of zro2 '. and 256. 'I g of a mixture 

of MeOH/EtOH (1/1 weight ratio) was thoroughly blended to 

obtain a coating liquid for forming coating. 

Example 10 

A mixture of ·50 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 subjected for 3 hours to pulverization 

with media of .1-2 mm f media. After the pulverization, an 

average particle diameter of particles in the liquid was 

·o.25{,m. 

Following substantially the same ·procedure as 

described in._ Example 1, a coating liquid for form~ng 

conductive coating was obtained except that there was used 

the conductive sol dispersio~ obtained in the manner now 

described was used. 

Example 11 

To a sand mill was fed a mixture comprising 50 g 

of the fine powder (I) obtained in Example 1, which had 

been classified into the powder having a particle diameter 

o·t less than 1 t\m,. and 200 g of water,· and the mixture was · 
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subjected 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 forming conductive coating was 

obtained except that there was used the conductive sol 

dispersion obtained above ~as used. 

In this connection, an average particle diameter 

of particles in the dispersion after the pulverization was 

O. 08 .tl..m, and the amount of particles having a particle 

diameter of less than O .1,£' m was 65% of the amount of 

total particles. 

Example 12 

There were prepared a solution of 79.9 g· of indium 

nitrate in 686 g of water and a solution of 12.7 g of 

potassium. stannate in an aqueous solution 9f 10% by weight 

of .potassium. stannate. Both indium. nitrate and pota·ssium 

stannate solutions· obtained above were added to 1000 g of 

water warmed at so0 c with stirring and subjected to 

hydrolysis while maintaining a pH of the system at 11, 

whereby a sol liquid was obtained. 

Colloidal particles present in the sol liquid were 

separated therefrom.by.filtration, washed to remove by-
. 0 

product salts therefrom, dried, fired at 350 C for 3 hours 

in air, and then further fired at soo0 c for 2 hours in air 

to obtain a ~ine powder (II). 
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Following substantially the same procedure as 

"described in Example 9, a coating liquid for forming 

conductive coating was obtained except ·that 50 g of the 

fine powder (II) obtained above was used. 

In this connection, an average particle diameter 

. of particles in the liqu,id c;ifter pulverization was O. 29 

(Am. 

Comparative Example l 

A·homogeneous mixture comprising 25 g of the 

conductive sol liquid obtained in Example 1, 90 g of NMP . . 
' 0 

·and 40 g of ZOC was heated at 80. C under reduced pressure 

with a rotary evaporator to distill off 25 g of water. 

The liquid obtained was cooled and thoroughly mixed with 

l?O 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 

d and 20 g of ZOC was heated at 80 C under reduced pressure 

with a rotary evaporator to disti'll off 14 g of wat~r. 

T.he liquid obtained was cooled and thoroughly mixed with 

574 g of a mixture of MeO.H/EtOH ( 1/1 weight ratio) to 

obtain a co.ating liquid for forming conductive coating. 

Comparative Example 3 

A homogeneous.mixture comprising 250 g of the 
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conductive sol liquid obtained in Example 1, 4 g of NMP 

·and 100 g of zoc was heated at ao0 c under reduced 

pressure, and 200· g of water was distilled off therefrom, 

whereupon gellation occurred. 

Comparative Example 4 

A mixture comprising 100 g of .the 9onductive sol 

liquid obtained in Example 1, which had been diluted with 

w~ter to 10% by weight, 60 g of NMP, 100 g of 3% by weight 

of ZOC in terms of. zro2 , 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 used in each of the foregoing examples and 

comparative examples were shown. 

Using a spinner operated at a rate of 2000 rpm, 

coated individually on a glass plate were the coating 

liquids for forming· conductive coatings obtained 

respectively in Examples 1-7, 9, 11 and 12, and 

Comparative Examples 1, 2 and 4·, and on an acrylic resin 

plate w~s .the coating liquid for forming conductive 

coating obtained· in Example a. 

Respective coatings were obtained on the glass 

· plates thus coated by drying them at 110°c for 10 minutes, 

followed by firing at .3oo0 c for 30 minutes, and on the 

0 
acrylic resin plate thus coated by drying at 110 c for 30 
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minutes. 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 lig~t.tr~nsmittance (Tt) and 

haze (H) were measured with a haze 

computer (manufactured and so.ld by Suga 

Shikenki K.K.). 

(2) Glossiness: 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 glos.siness is represented by. a 

relative value of the test specimen to 

the reflactance of the standard plate, 

and stands in such relationships that 

the higher is the ref lactanc~, the 

higher is the glossiness, and _the lower 

is t.he reflactance, the lower is the 

glossiness. 

(3) Adhesion: 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 
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instantaneously peeled off therefrom to 

visually observe whether the coating 

remained 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 prop·erties: The coated plate was immersed 

in the following four kinds of liquids 

to evaluate adhesion of the coating to 

the plate, and th~ glossiness and 

surface resistance of the coating as 

·determined before the test with. those as 

measured 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 10% by 

weight aqueous NaCl solution at. room 

temperature for 120 hours. 

3) Immersion of the plate in boiling 

water for 30 minutes. 

4) Immersion of the plate is 50% by 
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weight aqueous acetic acid solution 

at room temperature for 120 hours. 



Table 1 

Composition of liquid Ratio of components 

baJRple ·zro
2 

Particle H20 Stabi- Organic To1:al Solids Particle !120 

' (Note 1) Hz er solvent content zro2 
' (Note 2) 

(g) (g) (g) (g.) (g) (g) (wt") (g/g) (wt") 

: . l 25.0 50.0 1200.0 225.0 1000.0 1500.0 5.0 2.0 13.3 

! 

.. 

I 2 5.0 20.0 80.0 45.0 350.0 500.0 s.o 4.0 16.0 

! 1200.0 ; 3 25,.0 50.0 225.0 1000.0 1500.0 5,0 2.0 13.3 

! 90.0 2800.0 3000.0 1.0 2.0 2. '1 

" 10.0 20.0 80.0 

' 100.0 150.0 us.o 750.0 10.0 2.0 13.3 

i s 25.0 50.0 

! 6 25.0 50.0 ~oo.o 225.0 1000.0 1500.0 5.0 2.0 13.3 

I - 25.0 50.0 ~oo.o 225.0 1000.0 1500.0 5,0 2.0 13.3 

' 
8 25.0 50.0 1200.0 225.0 1000.0 1500.0 5.0 2.0 13.3 

9 5.0 10.0 168.3 60.0 256.7 500.0 3.0 2.0 33.'1 

10 25.0 &O.O 1200.0 225.0 1000.0 1500.0 5.0 2.0 13.3 

11 25.o 50.0 200.0 225.0 1000.0 1500.0 5.0 2.0 13.3 . 

12 . 25.0 50.0 1200.0 225.0 1000.0 1500.0 5.0 2",o u.3 

Coapar. . . 

~ample 

! 1 10.0 5.0 25.0 90.0 110.0 300.0 5.0 0.5 . 8.3 

I 2 5.0 35.0 141.1 45.0 574.0 800.0 5.0 '1. 0 17.6 

3 25.0 50.0· '15.0 4.0 - - - 2.0 -
" 3.0 10.0 18'1.0 15.0 218.0 433.0 3,0 3.3 43, 2 

Note 1) Particle: Conductive s~bstance 
Note 2) Solids content: (Zro2+conductive substance) 

/ <.zro
2
+conductive substance+H 20+stabilizer+diluent) 

H20 Stabi-

Zr02 
lizer 

(g/g) (wt") 

8.0 15.0 

16.0 9.0 

8.0 15.0 

8.0 3.0 

4.0 20.0 

8.0 15.o 

8.0 15.0 

8.0 15.0 

33,7 12.0 

8.0 15.0 

8.0 15.0 

8.0 15.0 

2.5 30.0 

28. 2 . 5.6 

3.0 -
. 62.3 3.5 

Stabi Uzer 

Zr0
2 

(1101/1101) 

11.2 

11. 2 

11.2 

11.2 

7.5 

14.6 

l '1. 9 

15.1 

14,9 

11. 2 

11. 2 

11.2 

11.2 

11.2 

0.2 

6.2 

Pot 11 fe 

(R.T) 

>3 months 

>3 month~ 
>3 month1 
>3 month 
>3 month9j 
>3 months! 
>3 months! 

>3 month~ 
>3 11onth~ 
>3 monthj 

>3 month:J 
>3 11onth , 

>3 months: 

>3 month4 

gelation I 
>3 months· 

··' 

. I 

U'I 
to.) 

\i. 
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Table 2 

-- • -----------
.. 

Item Transparenc~ Glossiness Conductivity Adhesion Hardness 

No. IT H G 

(") (") ( ") uuo) 
Example 

1 91.5 2.0 136 3 x 10" 0 ?>9H 

2 91.0 2.0 131 105 -8 x 0 ' >9H 

3 92.0 ' 2.0 140 1 x 106 
0 >9H 

4 92.5 1.5 131 6 x 10
6 

0 >9H 

5 90.0 3.0 126 5 x 105 
0 >9H 

6 91.o 2.0 134 5 x 106 
0 >9H 

1 91.3 2 .·o 130 2 x 106 
0 >9H 

8 91.0 2.0 133 1 x 106 
0 SH 

9 92.2 2.5 125 5 x 106 
0 >9H 

10 89.0 6.5 89 2 x 101 
() 9H 

11 91. 6 1.8 138 2 x 106 
0 >9H 

12 84.0 8.8 . 16 2 x 104 
0 9H 

---
Com.pilor. 
Ex •. 1 92 .-o 2.0 145 1 x 1011 

0 >9H 

2 go.o 3.0 125 2 x 108 
. x 1H ·-

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 

Ammon1a NaCl Boiling Acetic acid ___ 

No. Item water water -water 

---
Example Glossiness (%) No change , .. - -..--- ' -

1 surface resistance( lJil ) No change .... _ T""-· - -··-
Adhesion 0 ···- ...-·- . ·-· 

Example Glossiness (%) No change "-·- --- ---
2 Surface resistance(.#/! . j ) No change - ..--- - -· -

Adhesion 0 -- -·· -·-
Example Glossiness <"> .--- No changE -- - -- -

3 Surface resistance(.1./I i l Ho change ,:.- -· - - - -
Adhesion 0 -·- - - ·-- '."" 

-
Example Glossiness <"> - No change ..--- -=---··- -· -

( surface resistance (.1/j ) No change -- ........ - ·-·· - . l 
Adhesion 0 ....-- -··· - ·-· ·--

Example Glossiness - · (") Ho change ---- .., ____ 

5 Surface resistancetl/I i l Ho change ·-- ·- - ·--·-
Adhesion 0 -- -- -- -

Example Glossiness ("l Ho change ~ ...-- - -,.:- -· 
6 Surface resistance (.1/ (. ! ) No change ..---- ...--- - --· 

Adhesion 0 .--- ....--.- ~ ... ---
·Example Glossiness (") ·-· No change ..-- ...... - ,,___ . 

1 Surface resistance(:rJL.i ) .No change . ..-·- -. _ .. 

Adhesion 0 ......... -t- .--· 

Example Glossiness (") 146 No- ~- ,---

Surface resistancefil/ [ "j) 
phange 

6 No change ·- - ....--·--
Adhesion 0 -- ...---- "C·- -·· 

Example Glossiness · (") .. Ho change .,..._ ..--- - -
9 Surface resistance(plf J) Ho change - .;..- - ·--·-. 

Adhesion 0 ~-- ...-·- .. --
Example Glossiness (X) No change -- ...-- -·-·- . 

1Cl Surface resistance(O/l. 1 ) No change --· -·- ·- -
Adhesion 0 --- --- ·- -

Example Glossiness <"> .. Ho change -- - - .... - . 
11 Surface resiatance(Cl/I I) No change -- -- -- -

Adhesion · ··. 0 -- -- -·. -
Exampl e Glossiness (") No change ··- ~-· - -- -

12 Surface res1atance(fJ/\ ! ) No change .-- - - ... -· -
Adhesion 0 ··- - - . - -

Compar. Glossiness <"> Ho change ..... - - -
Ex. 1 Surface resistance (0/ I i ) 5x101

0 •x101Cl 2x1011 · 21<10 10 

Adhesion : 0 ·-- ~- - .. - ·----
Glossiness <"> Peeled No- Peeled No change 

Ex. 2 Surface resistance( !/I I > 1013 chan~t 
6x10 1013 2x108 

or more . or more 
Adhesion x ·-- .--- .. -

·-
The epec1men which did not change before and after the test was 
denoted "no change", and when St change~. a nemerScal value measured 
after the test was indicated. 
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Example 13 

Into a. hydrogen type ion exchange resin column was 

passed through at a space velocity of SV=5, 2000 g of 5% 

by weight in terms of Si02 of sodium silicylate (Si0 2/Na 2o 

= 3 moles/mole) while keeping at 1s0 c, whereby a non-

sedimentary.silica liquid was obtained. This non-

sedimentary silica solution as obtained was diluted with 

water to 2% by weight and subjected for 1 hour to 

centrifugal sedimentation at 250,000 G, whereupon the 

.precipitates ~armed were 8% by· weight based on the total 

amount of 5102 . 

A mixture comprising 50 g of the non-sedimentary 

silica liquid obtained above, 50g of the conductive sol 

liquid obtained in Example 1, 20 g of Nt-1P, 10 g of zoc and 
~ 

170 g of MeOH/BtOH (1/1 weight ratio) was thoroughly 

blended to obtain a coating liquid for forming conductive 

. coating. 

Example 14 

A mixture comprising 50 g of the non-sedimentary 

silica liquid obtained in Example 13, 200 g of the 

conductive sol liquid obtained in Example 1, 10 g of NMP, 

40 ·g of ZOC and 1400 g of MeOH/EtOH ( 1/1 weight ratio) was 

thoroughly blended to obtain a coating liquid 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 MeOH/BuOH {1/1 weight ratio) were used. 

Example 16 

A mixture comprising 50 g of the non-sedimentary 

silica liquid obtained in Example 13, 220 g of the 

conductive sol liquid obtained in Example l, 110 g of NMP, 

100 g of ZOC and 345 g of MeOH/EtOH (1/1 weight ratio) was 

thoroughly blended to obtain a coating liquid for forming 

conductive coating. · 

Example 17 

A homogeneous mixture comprising 50 g of the non­

sedimentary silica liquid obtained in Example 13, 100 g of 

the conductive sol .liquid obtained in Example 1, 150 g of 

N,N-dimethylformamide and 30 g of zoc was heated at ao0 c 

under reduced pressure with a rotary evaporator to distill · 

off 135 g of water.· The liquid obtained was cooled and 

thoroughly mixed with 405 g of MeOH/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 ob_tained except that in place of 

the NMP us•d in Exam~le 13, there was used 20 g of methyl· 
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ce).losolve. 

Example 19 
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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 used in Example 13, there was used 20 g of 

morpholine. 

Comparative Example 5 

A homogeneous mixture comprising 200 g of the non­

sedimentary silica liquid obtained in Example 13, 125 g of 

the conductive sol liquid obtained in Example 1, 50 g of 

NMP and·10 g of ZOC was heated at so0 c under reduced. 

pressure with a rotary evaporator to distill off 210 g of 

water. The liquid obtained was cooled and thoroughly 

mixed with MeOH/BuOH ( 1/1 weight ratio-) to obtain a 

~oating liquid for forming conductive coating. 

Comparative Example 6 

A mixture.comprising ~00 g of the non-sedimentary 

silica liquid obtained in Example 13, 25 ·g ·of the 

conductive sol liquid obtained in Example 1, 40 g of NMP, 

20 g of zoc. and 115 g of MeOH/BuOH (1/1 weight r~tio) was 

thoroughly blended.to obtain a coating liquid for formin~ 

conductive coating~ 

Comparative Example 7 

A homogeneous mixture_ comprising 100 g of the non-
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sedimentary silica liquid obtained in Exampl.e 13, 350 g of 

·the conductive sol liquid obtained in Example 1 , 40 g of 

NMP and 20 g of ZOC was heated at ao0 c under reduced 

pressure with a rotary evaporator to distill off 250 g 

water. The liquid obtained was cooled and thoroughly 

mixed with 1340 g of MeOH/BuOH (1/1 weight ratio) to 

obtain a coating liquid for forming conductive coating. 

Comparative Example 8 

of 

A homogeneous mixture comprising 500 g of the non­

sedimentary silica liquid obtained in Example 13, 500 g of 

the conductive sol liquid obtained in Example 1, 6 g of 

NMP and 100 g of ZOC was heated at ao0 c under reduced 

pressure with a rotary 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 liquid obtained in Example 1, 25 g of NMP, 

100 g of 5% by weight in terms of Zro
2 

of ZOC 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 spinn~r op~rated at a rate of 2000 rpm, 
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coated individu_ally 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, arid on an acrylic resin plate were the coating 

liquids.for forming conductive coatings obtained in 

Examples 18 and 19. Respective coatings were obtained on 
. 0 

the glass plates thus coated by drying at 110 C for 10 

minutes, followed by firing at 30o0 c for 30 minutes, and 

on the acrylic resin plates thus coated by drying them at 

ll0°c for 30 minutes. 

Separately, a panel for 14-inch Braun tube kept at 

so0 c was spray coated with 20 ml of the coating liquid for 

forming conductive coating obtained in Example 13 under a 

2 spray pressure of 3.0 kg/cm . Thereafter, the panel thus 

·o 
coated was dried at 110 C for 10 minutes and then fired at 

45·0°c for 30 minutes to obtain a coating thereon. This 

example is taken as 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 . 

• 
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Table 4 

Composition of liquid Ratio of components 

.xa.::iple Zro
2 

s10
2 

1 Conduc_; 
I , 

H2o 1 Stabi- : Organic; Total i Solids ! Si02 : Conductive ! H2o 
I I I I . I t I 

H2,o j Growth : Growth ; Pot lite 

13 

13b 

u 
15 

l6 . .. 
4 I 

18 

19 

:ompar.' 

~ample; 

5 

6 .. 
I 

8 

9 

(g) 

2.5· ! 
. I 

2 .5 I 

10.0 ; 

2. 5 ~ 
! 

25.0 
I 

7,5 . 

2 .5 : 

2 .5 ' 

1 tive • 

I Colloic.t 

(g) ! (g) 

lizer · Solvent! Wt. 1 content! Zro2 : particle i Total 

I I • I ' I 
• . j I weight I : zro2+sio2 

weight 

I I ' I 
· j(Note l)j i i 

· I · · I 
Cg> i <SJ> !· <si> i <g> I cwt"> i Cgtg>I Cgtg> ,<wtl"> 

zro2 ! inhibitor: inhibitor1 

Total wt ·j Total wt •
1 

c g/g) I cwt'", (11101/11101) 

38.o I 6.7 I 3.3 >3 months 
I I 

38.0 i 6.7 i 3.3 1>3 months 2.5 j 10.0 i 9S.~ 20.0 170.0 I· 300.0 I 5,0 ! 1.00: 2.0 131.7 

2.5 I 10.0 I 95.0I 20.0 110.0 I 300.0 I 5.o I i.oo I 2.0 I 31.7 

2.5 I 40.0 23'1.SI 10.0 iuoo.o-Tnoo:o '1' 3.1 0.25 I 3.2 ,1 u.o 23.8 i 0.6 0.8 >3 months 

I ! I I • I 

2.5 1 10.0 95.ot 10.0 380.0: I 500,0 I 3 •. 0 1.00 I 2.0 119.0 38.0 I 2.0 1.6 >3 months 

. ! I I I 

2.5, u.o 298.5j 130.0. 345.0 I 825.0 8.7 0.10 ! 1.6 36.2 11.9 I 13.3 4.5 >3 months 

2.5: .20.0 15.ol is_o.o 405.0 I 600.0·I 5.0 0.33 2.0 I 2.5 2.0. l 25.0 20.0 >"3 months 

2.5:. 10.0 95.0l 20.0 170.0 j 300.0 i S.O 1.00 2.0 1 31.'1 38.0 6.7 4.3 >3 months i I 

2.5 ! ·10.0 95.o! 20.0 1'10.0 ! 300.0 I 5.0 1.00 2.0 ! 31.'1 38.0 6.7 3.7 1>3 mon~s !°' 
I I ,o 
! I 

2,s 10.0 I 25.0 87.~ 50.0 r075.0 j 1250.0 I 3.0 J • .. o 2.0 I 7.0 r•5.0 4.0 2.7 ~·••nth• 
5.0 5.0 1 5.0 130.0! 40,0· : 115.0 · 300.0 · 5.0 ! 1.0 0.5 ! U.3 I 26.0 13.3 3.3 J>3 months I 

I I ' I ! I I I . I • 

5.0 5.0 ~ 70.0 140.0! 40.0 !1340.0 I 1600.0 ! 5.0 : 1.0 7.0 i 8.8 ; 28.0 2.5 3.3 ;>3 months i 

~ ' : I I I I I I I 
25.0 25.0 ! 100.0 so.ai. 6.0 ! I I 11.0 2.0 I 2.0 0.1 gelation 

5.0· 5.o I __ 2~0 ~ 210.o! 25.o i n.o . 400.0 ! · 7,5 ! i.o 2.0 167.5 ! 54.o 6.3 _ -~ _l_~onth!l_i 

Note 1) soiids content(Zro2+sio2+conductive ti~ oxide colloid) 

Percentage of solids: Solids weight/Total weight 

•.111 
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Table 5 

-·--·-

uem Transparency Gloss!- Conduc- Adhe- Hardness 

No. 

~xam.ple 

13 

13b 

14 

15 

16 

1"l 

18 

19 

Pom.pr. 
~. 5 

6 

7 
- . 

Adhesion~ 

Coating 

ness tivity sion process 

Tt H G 

(") '") '") <010 ) ---·--·-

93.2 2.0 135 5 x 105 
0 >9H Spinner 

-
92.0 5.0 58 8 x 106 

0 9H Spray -
92.0 2.5 138 "[ x 106 

0 >91{ Spinner 

93.0 2.0 133 8 x 106 
0 >9H Spinner 

90.0 3.0 118 'x 106 " 0 >9H Spinner 

91.5 2.0 138 5 x 106 
0 >9H Spinner 

92.5 2.0 133 3 x 10'7 0 8H Spinner 

92.0 2.5 136 4 x 101 
0 8H Spinner· 

106 
93.0 1.5 130 5 x 0 >9H Spinner 

9~.o 1.5 138 5 x 1011 
·O >9H Spinner 

89.0 3."5 123 ·8 x 107 x 7H Spinner 
.. . . . -· 

The specimen rated o when its coating did not peel 

peel off, and rated x wheri the coating peeled off. 
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Table 6 

.. ---
Item. Am.111.?nia NaCl Boiling Acetic acid 

No. water ~ater -water 

---
Exam.plE Glossiness (") Ho change "'"" ~-- -- -

13 Surface reaistance(ll/U > Ho change "'"-· .... ·-
Adhesion . 

0 -t-· ... ·-
--...... _ 

Example Glossiness <"> Ho change ...... ... ·- -
131: surface resistance(~/( J ) Ho change of-- .... ·-

·Adhesion 0 .... .... 
, __ 

.. 
Example Glossiness (") Ho change .... - ~ ·-

14 surfac
0

e resistance(.,/i .J ., Ho change ~ ... ·-
Adhesion 0 ..... ~ ·-

-
Example_ Glossiness ("l No .change ~ T"" ·- .. 

15 Surface ~esistance ( .tl .l ) No_.change .... . ... ·-
Adhesion 0 ..... .... - ·-

Example Glossiness (") No change ...... .... - ·-
16 surt;ace resistance(H/i ] > No change ~ .... ·- . 

Adhesion 0 c-· .... ·-
ExalliplE Glossiness (") No ·change ,:- . ....-· ·-· 

1'l Surface resistance(.;./! ] ,. No change ~ .... - ·-
Adhesion 0 c- ~ - .. -

Example Glossiness <"> Ko change ..-- ~ - --
18 Surface ~esistance(.•/l I ) Ko change ~- .... ·-

Adhesion 0 ~ --........ 

ExamplE Glossiness (") Ho change - --~ 

19 Surface resistance(~·ll J > Ko. change ...... .... - ·-
Adhesion 0 .-- .... --

I 

- --------
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Table 6 (continuted) 

Item A111.111.onia NaCl Boiling Acetic acid1 

No. water i'fater -water 

...-·· 
Compar. Glo~siness (") 95 110 108 No change 
Ex: 5 

Surface resistancelQ/ I ."l ) 1x1011 
~ . ~-:.- No change 

Adhesion . x +- .. ~ 0 

- ·-

Compar. Glossiness (") No change +- ~ ,-:... ·-
Ex. 6 

Surface resistance(.n/Ll l 6xto10 .9xto9 6xto11 3x1011 

Adhesion 0 (-·- .:- . - -

Compar. Glossiness (") Peeled Peeled Peeled No change 
Ex. 7 off off off 

Surface resistance W iJ ) 1013 1013 1013 5xto8 

pr a ore pr aore ·or more 

Adhesion x ~- ~ ·- ·-

The speciaen which did not change before and after the test was denoted 
Mffo changeM, and if it changed, a nu111.erical value 111.easured after the .test 
was indicat.ed. 

Notes:. Panels for Braun· tube proce.ssed by the· spary method. - -
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Example 20 

· (Preparation of coating liquid for forming conductive 

coating) 

A coating liquid (liquid A), which is a base 

liquid, was prepared by mixing 100 g of ethyl silicate 28, 

112 g of ZON, 84 g of pure water and 824 g of ethanol 

together with stirring. 

A tin oxide dispersion (liquid B) was prepared by 

mixing ~ith stirring 560 g of the conductive sol liquid 

obtained in Example 1 with 1, 680 g of ethanol.· 

The liquids A and 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 Example 20, a coating liq~id for forming 

conductive coating was obtained except that the liquids A 

and B used in Example 20 were replaced by those which 

contained 50 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 contained 562.5 g of the 

conductive sol liquid obtained in Example 1 and 3,187.5 g 

of. a methanol-butanol·mixture, respectively. 

Example 22 

Following substantially the same procedure as 
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described in Example 20, a coating liquid for forming 

·conductive coating was obtained except that the liquids A 

and B used in Example 20 were replaced by those which 

. contained 30 g of ethyi silicate 28, 55 g of ZON, and 137 

g of a methyl cellosolve-ethyl acetate mixture (weight 

ratio= 1:1), and which contained 66.6 g of the conductive 

sol liquid and 66.4 g of a methyl cellosolve-ethyl acetate 

mixturei respectively. 

Example 23 

(Preparation of dispersion of conductive tin oxide fine 

powder) 

The powder (I) obtained in Example 1 was dispersed 

in pure water, and the dispersion was treated for 3 hours 

to obtain a water dispersion of conductive tin oxide 

having an average particle diameter of 0.2~,m, said. 

dispersion having a ·solids concentration of 20% by weight. 

(Preparation of coating liquid for forming conductive 

coating) 

A mixture (liquid A) comprising 50 g of ethyl 

.silicate 28, 137.8 g of ZOC, 16.8 g of pure water and 

· 763. 4 g of e.thanol was prepared. 

A mixture (liquid B) comprising 484 g of the 

conductive tin oxide dispersion obtained above and 1936' g 

of 'ethanol 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 

(Preparation of conductive indium oxide fine powder) 
. 

The fine powder (II) obtained in Example 12 was 

dispersed in methyl cellosolve, and the d"ispersion 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 0.3Jtm, said dispersion 

having a solids concentration of 30% by weight. 

(Preparation of coating liquid for forming conductive 

coating) 

A mixture ·(liquid B) comprising 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 methyl cellosolve, and 

then the mixture was mixed with stirring with the above-

mentioned mixture (liquid B) to obtain a coating liquid 

for forming conductive coating. 

Example 25 

(Preparation of non-sedimentary silica liquid) 

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, 9f NMP as a 
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growth inhibitor, and the mixture was then heated at 80 C 

with a rotary evaporator to distill off the greater p~rt 

of water, whereby a stabilized non-sedimentary silica 

liquid (liquid C) was obtained. This liquid had the Si02 

concentration of 10% by weight and the water content of 

1.0% by weight. 

(Preparation of coating Tiquid for forming conductive 

coating) 

A mixture (liquid D) comprising 100 g of ethyl 

silicate 28, 112 g of ZON, 939 g of ethanol, 84 g of pure 

water and 31 g of the above-mentioned liquid C. 

Separately .• a mixture (liquid E) comprising 591 g 

of the conductive sol liquid obtained in Exa~ple 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 

Following substantially the same procedure as 

described in Example 25, a coating liquid for forming 

conductive coating was obtained except that of the 

components of the liquid D, the ethanol used was 1104 g 

and the liquid C used was 280 g, and of the components of 

the liquid E, the rionductive sol liquid used was 840 g and 



the ethanol used was 3192 g. 

Example 27 

68 

Following substantially the same procedur~ as 

described in Example 25, a coating liquid ~or forming 

conductive coating was obtained except that of the 

components of_ the liquid D, the ethanol used was 3344 g 

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

the liquid E, the conductive sol liquid used was 3080 g 

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. 



I 

Table 7 

I Example Zr02/Si02 
MO' I x 

Solids cone. S10 2
/Si02 

I 
I czr_o2+sio2 . 

(Molar ratio) {weight ratio) (wt%) (weight ratio) 

20 0.49 2.0 5.0 -
21 . ·0.06 5.0 3.0 -
22 

23 

24 

25 

26 

27 

0.80 0.6 

1. 20 2.0 

1.80 3.0 

0.44 2.0 

0.24 2.0 

0.05 2.0 

.Mox : Conducti~e subs-tance 

Solids cone.: MOX~ Zro2 + Sio2 

10.0 -
5.0 -
3.0 -
5.0 1/9 

5.0 1/1 

5.0 9/1 

Sio2isio2 : (Sio2 of non-sedimentary/(SiQ2 of silicon alkoxide) 

sillica liquid) 

pH 

1.5 

1.9 

1.4 

1. 2 

1.1 

1.6 

1.8 

1.9 

Pot life 

3 months or more 

3 months or more 

·3 months· or more 

3 months or more 

3 months or more 

3 months or m~re 

3 months or more 

3 months or more 

°' \D 

<' 
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The co~ductive coating liquids obtained 

respectively in Examples 20-27 were individually coated on 

glass plates using a spinner at a rate of 2000 rpm, and 

the glass plates thus coated were dried at 110°c a_nd then 

dried at 25o0 c to form their respective conductive 

coatings thereon. 

The coatings thus obtained were evaluate4 in the 

same manner as in Example 1. The results obtained are 

shown in Table 8. 



.. 

(' 

!Example Tt G H ISU1"face 

resistance 

'") <"> (") ( .. :2, /::J) 

20 91.5 150 1.5 8 x 105 

21 92.0 .. 145 1.1 3 x 106 

22 ~1.0 156 1.6 2 x 10
8 

23 88.0 110 8.0 1 x 107 

24 89.5 100 ·7 .5 2 x 10
4 

25 91.8 146 1.a 7 x 105 

26 92.5 140 . 1.1 5 x 10
5 

27 93.2 131 1.1 5 x 105 

Table 8 

tape test Hardness 

Accepted >9H 

Accepted >9H 

Accepted >9H 

Accepted 8H 

Accepted 8H 

AcQepted >9H 

. Accepted >9H 

Accepted >9H 

G 

Permanence property test 

Tt Adhesion 
.. 

No change Accepted 

No change Accept~d 

No change Accepted 

No change Accepted 

• 
No change Accepted · 

No change Accepted 

No change Accepted 

No change Accepted 

..,J 
I-' 

'· 

•. 
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Example 28 

(Prepaiation of partial hydrolyzate of sili~on alkoxide) 

Liquid A 

To 100 g of ethyl silicate-28 was added with 

stirring 110 g of ethanol and then added 10· g of an 

aqueous solution of 5% by weight of nitric acid. The 

mixture was then heated at 6o0 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 

aqueous solution.of 1.0% by weight of acetic acid. The 

mixture was then heated at 40°c and kept at that 

temperature for 30 minutes. 

(Preparation of conductive substance) 

Liquid C 

In 100 g of water was dispersed 20 g of. the fine 

powder (I) obtained in Example 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.Hm. 

Liquid D 

The conductive sol liquid obtained 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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powder (II) obtained in Example 12 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 bm. 

Subsequently, to 100 g of the liquid D ob~ained 

above was added 11.9 g of ethanol· and further added with 

stirring 3.1 g of 13% by weight of diacetylacetonato­

dibutoxy zirconium (ABZ). To the mixture was added 70 g 

of the liquid A and thoroughly dispersed to obtain a 

coating liquid for forming conductive 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. 1 

Comparative Example 11 . 

To a mixture comprising 100 g of the liquid D and 

11.9 g of ethanol was added with stirring 70 g of the 

liquid A. In the mixture was then-dispersed 3.1 g of 13% 

by weight of ABZ, whereupon aggregation of colloidal 

particles took place several minutes after dispersing and 

the aggregated particles p~ecipitated. 

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 d.ispersed 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 form their respective 

coatings thereon~ 

Evaluation of the coatings thus formed was 

conducted in the same manner as in Example 1. 

In this connection, scratch resistance was 

measured in the following manner. 

That is, an eraser for office 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 scale, and said coating was 

rubbed 300 times with the eraser under a load of 2 kg to 

measure all light transmittance and surface resistivity. 

The results obtained are shown in Table 10. 



Table 9 

i'.xmi.ple MOX Solvent AAZ Silicon Solids !!:E.2...: ~2 MO~- Average 

alJcoxide concn. MOX- s:1.o-; S:l02+zro2 
parUcl~ dialll. 

in coating liqUid 

(g) (O) (g) . (g) (wt") (wt/wt) (wt/wt) (wt/wt) (,WD.) 

28 liquid .D BtOR ABZ · liquid A 14,8 0.02 0.057 2.7 0.01 

100 11.9 3.1 100 

29 liquid D Et OK ABZ liquid A 5.1 0.4.5 0.09 1.8 0.0'1 

100 402.9 6.9 100 

30 liquid D BuOK/MeOH AB.Z liquid B 1.0 0.1 1.0 5.0 0.01 

100 2265 15 • .4 20 

31 liquid .D BtOH/meth- ABZ liquid A 8.0 1.0 1.0 o.s 0.01 

ycello 

100 296.2 153.8 200 

32 liquid c Et OH ABZ liquid A 5.1 0 • .45 o.o9 1.8 0.3 

100 402.9 6.9 100 

33 Uqu:ld B .BtOH ABZ liquid A 5.1 0 • .45 0.09 1.8 0.3 

100 402.9 6.9 100 

Coapar. 
t1tQlple 

10 liquid D ZtOH ABZ liquid A 5.0 1.5 3.0 . 0.5 0.07 

100 769.2 a3o.s 100 

11 liquid D ZtOH ABZ liquid A 14.8 0.02 0.05'1 2,7 -
100 11.9 3.1 100 

12 1:1qtt:1d D ZtOH .U'1.3 :drco zs:...2a !5. 1 0.05 0.1 1.8 0.16 

rli'trate 

100 H,.O 22 . 4.0 35.'1 

1. :AAZ•?1acetylacetdnate-d1alko:icy z1rconiWll 2. 'ABZ•P:lacetylacetonate-dibutoxy z1rcon1Wll , 
3. Hethycello .. Methyl ceUosolve 4. Zirco nitrate•ZirconiWll nitrate !L ES-28•Ethyl sil.icate-28 

Pot life 
at 30°C 

>3 J11onths 

>6 m.onths 

>6 m.onths 

>6 ·months 

>6 months 

>6 m.onths 

>3 11onths 

Aggregated 

'I days 

-.I 
U1 

... 



Table 10 

~up le Coating Substrate 1"1ring Rs Tt H G 

process temp. 

(OC) C.a.'2./0 > (~) (~) (~) 

28 Sp1nne1" PC 150 2x1ov 90.2 1.2 154 

29 Roll coater . glass 150 ix107 90.8 0.9 153 

29 Roll coate1" glass 200 5x106 90.5 0.9 152 

. 1Sx106 
29 Roll coater giass 450 90.0 0.9 156 

30 Roll coater glass 250 3x1o9 92.!S 2.5 148 

31 Roll coater glass -'00 5x108 90.6 1.0 156 

32 Roll coater glass 200 5x106 92.1 4.0 128 

33 Roll coater glass .200 ax103 90.5 5.1 131 

COJl\J)ar. 

l!:xnple 

10 Roll coater glass 200 1x1012 Blushed Blushed ~lushed 

12 Spinner glass 150 ex10
6 90.'1 1.1 143 

12 Spinner glass 300 6x10
6 90.4 1.3 147 

12 Roll coater glass 150 1x1010 90.8 2.8 126 

12 Roll coater glass 300 sx109 90.4 3.0 130 

12 Roll coater glass no 1X10
9 90.0 3.0 135 

PC• t polycarbonate plate, Glass• a glass plate, and the nWD.ber of 

rotation of the spinner is 2000 rpm. 

~dhesioll Scratch 

resistance 

Tt Rs 

(~) c-.1.1~>· 

0 90.2 2x10° 

0 90.5 1x107 

0 90.2 sx106 

0 90.0 sx106 

0 92.3 3X109 

0 91.8 sx108 

0 91.8 6X106 
I 

6X103 
0 90.1 

x - -
0 90.2 3X108 

0 90.1 6x10
6 

0 91.0 1x1010 

0 91.0 sx109 

0 90.7 1x109 

Alkari 

resistance 

Adhesion Rs· 

C.Q t::J> 
0 2xio

0 

0 1x107 

0 sx106 

0 sx106 

0 3x109 

0 5x10 8 

0 sx106 

0 3x103 

- -
x 2x109 

0 6X10
6 

x . 1X10lO 

0 sx109 

0 1x109 

...i 
O'I 

,,...) 

i 
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Ex~mple 34 

0 A panel for 14-inch Braun tube kept at 60 C was 

spray coated under a spr_ay pressure o.f 3. O kg/cm2 with 20 

ml of the coating liquid for forming conductive coating 

obtained in Example 13. Thereafter, the panel thus coated. 
0 . 0 

was dried at 110 C and then 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 10°c. 

Example 36 

Example 34 was repeated except that in place of 

the panel for 14-inch Braun tube, an acrylic resil) plate 

was used, .and the plate was dri~d at 110°c for 30 minutes 

without subjecting it to subsequent firing. 

Example 37 

A panel spray coated with the coating liquid for 

forming conductive coating of Example 34 and drled at 

110°c for 30 minutes was kept at so0 c, and the panel was 
. . 2 

then spray coated under a spray pressure of 3;0 kg/cm 

with 20 ml of a co~ting liquid containing transparent 

protective components, which coating liquid had been 

obtained by homogeneously mixing toget~er 100 g of ethyl 

silicate 28 (a ·product of Tama Kagaku K.K.), 749 g of 

isopropanol, 84 g of water and o. 5 g of 35% by we.ight 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. 

Example 38 

A homoge~eous mixture comprising 50 g of the non-

sedimentary silica dispersion obtained in Example ~3 and 

~3 g of NMP was heated at ao0 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 

transparent protective components. 

0 
The panel obtained in Example 34 was kept at 60 C 

2 and spray coated under a spray pressure of 3.0 kg/cm with 

20 ml of the coating liquid containing transparent 

protective components obtained above. Thereafter, the 

panel thus coated was dried at 110°c for 10 minutes and 

then fired at 250°c for 30 minutes. 

Example 39 

A coating liquid containing transparent protective 

components was obtained by mixing ·10 g of 50% by weight of 

silicon resin (a xylene-diluted product of Kanegafuchi 

Kagaku Industry Co., Ltd. under a trade name of Cemlack) 

with 15'1 g of methyl ethyl ketone. 

The panel obtained in Example 13 was kept at 6o0 c 
. 2 

and spray coated under a spray pressure of 3.0 kg/cm 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 

Example 34 was repeated except that the panel for 

14-inch Braun tube was kept at 110°c. 

Comparative Example 14 

Example 34 was repeated except that the coating 

liquid fo~ forming conductive coating obtained by 

thoroughly mixing together 100 g of the non-sedimentary 

silica liquid 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 for 

forming conductive coating, 100 g of the non-sedimentary 

silica liquid obtained in Example 13, 100 g of the 

conductive sol liquid obtained in Example 1, 20 g of ZON 

and 380 g of MeOH/EtOH (1/1 weight ratio) were thoroughly 

mixed together, whe~eupon gellation occurred 30 minutes 

thereafter. (No growth inhibitor was used.) 

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 
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therefrom at a rate of 5 cm/min. Thereafter, the plate 

thus treated was dried at 110°c for 30 minutes and then 

f.ired at. 45o0 c for 30 minutes. 

Evaluation of the foregoing examples and 

co.mparativ~ examples was conducted in the same manner as 

in Example 1. 

The resolving power was measured by the method as 

described in the present specification. Rz was measured 

in accordance with the method of measurement of Rz 

stipulated in JIS 80601-82 using a feeler type membrane 

pressure gage (manufactured and sold by Frank Tyler 

Hobsson Co., under a trade name of Taristep). 

Evaluation of the coating film strength was 

conducted in the following manner. That is, an eraser 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 load of 2 kg back and forth between. two points on· 

said coating separated by a definite distance until the 

surface of said ,panel or a~rylic re.sin plate is exposed, 

and the number of times of reciprocating movements of the 

eraser required for was sought, on the basis of which the 

coating film strength was determined. 

In addition to the Example 1 of the test for 

permanence properties described previously in the present 
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. specification, the test for per~anence properties 

conducted herein included 5) immersion of the plate in 

acetone at room temperature for 1 week, 6) immersion of 

the plate in ethanol at room temperature for 1 week, and 

7) immersion 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 a ion strength roughness 

G (Ho. of Rz 
No. (B~r/cm) (") Ul/D ) times) (C\tl, 

Example 
106 3( 66 62 8 x 0 100 0.95 

• 
35 65 63 7 x 106 

0 100 0.96 

36 65 60 8 x 10' 0 50 1.10 

37 70 5( 9 x 106 
0 300 1.55 

38 '10 63 6 x 106 
0 200 1.63 

39 65 57 2 x 107 
0 150 1.(6 

Compar. 
106 Ex. 13 20 20 6 x x <25 6.20 

141 65 60 5 x 106 
0· 150 1.20 . 

1~ - - - - - -

16 76 142. 2 x 106 
0 260 0.1.0 

- - .. . .;::,::-- -

Notes: In Comparative Example 16, the coating liqui~ for forming 
conductive coat.1ng gelled and no .coating was foraed. 
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Table IZ 

aple '-••onl a water Ha.Cl B~S ling Acetic ttha1101 n-Propanol 
water acld-,uter Acetone 

,n 
Pl osaJnesa (") 60 61 62 60 61 61 61 
Sii rt a.cc (J l A.J ) Ko change (-- ~-- i - t-- ~-- ~--

. '"e atatance 
1'.dhea1ol\ 0 ~- <E-- ~-- ~ ~-

..,._ 
IH 
JilossSneH("1 60 6i 63 61 6t 61 62 
~Ill' ff.Ce hl /0) Ho change ~- ~ cc- -.:- T-- ,: .. -
estetance 

11>dlle.Son 0 'f- .;: .... .;..--- .. 
~- ~ ,=---:-

135 
li~qulnoss (1') n 1i9 fia 66 69 69 .69 
surface ({l 1[.l l lto change ~- ~ +- ,;.- -E-- i-
C'ea1atance .. 
A.dhedon 0 ~ f-- ~ E-- "(-- ~-· 

IJ6 
liloastneu(SO 63 6( 6( u 6( Ii( 6( 

; surface(U.~:J 1 Ko change ~ ~- -E- ~ t- ..:---. 
~ea1atance .. A.dhoaion 0 ~ t- ~- :f-- ~ .;:-- --rn 
:>lossiness (Kl 61 fit 60· 6( 63· 53 63 
surface({tt0> Ho change ~ t"-- of- ~ "l'- ('--

C'es111tance 
11>dhesion 0 ~ ~ ~- e-- (--- ~-

.- 38 
tl1osa1nesa("l 66 66 66 61' 6'l 6'l 6'l 

surface (0-£1 1 Ko change <- ~ <-· ~- ~ (----

. C'Ca1•tance 
j\dh.es1on o. r- ~ i- of-- f- ot--

~•par. 
~.ple 

u . 
lllosaineaa (Kl l"celed off ~ ~ <--- ~- ~ ~ 

$urta90 <a.a 1 pe!l8i6ff E- '""" r- ~- ~ ~-

'-4e111atance 
~df 

. 
'-dhedon E-- ~ +- ~ ~ 

.. ~-
14 

,JiloH1neaa(f(1 l"eeled. off no aG 60 GO '° 60 

. tsurtace( n"1 1 p:21eidf.. 1i101: &xto1 Ho cha.av« \-- ~ 
., ... -

~edst_ance 
(mlei.df.. +-1'.dheslon x x 0 't"- c-:--

~6· 

1JloH1nos•(K1 HO lU lU uo lU JU SU. 

Surface( n.A:J I Ko change r ~ t- (-- ~ t---

~ealata.nce -
'-dhesfbn 0 '- ~ t- t-- i-- -·-.. 



- 84 -

COMMERCIAL POSSIBILITY OF THE INVENTION 

Glass or plastic substrates provided with 

transparent conductive coatings formed by the use of the 

coating liquid for forming conductive coatings of the 

present .invention are utilizable in the field.of the 

articles of manufacture where ant~static function and non­

glare are required, such as front panels for display 

devices such as CRT or LCD, glass plates for duplicators, 

panels for instruments, glass.for clean rooms, transparent 

digitizers, telewriting terminals and the like. 



I 1111111 1.11111 11111 1111111 1111 
* C L M S * - 85 -

What is claimed is: 

1. A coating liquid for forming conductive coating, 

characterized by containing a zirconium oxyacid salt and a 

cond~ctive substanc·e dissolved or dispersed homogeneously 

in a mixed solvent comprising water, -an organic solvent 

and a stabilizer.· 

2. A coating liquid for forming conductive coating,. 

characterized by c.ontaining a zirconium oxyacid salt, non-

sedimentary silica a_nd a conductive substance .dissolved or 

dispersed homogeneously in a mixed solvent comprising 

water, an organic solvent and a stabilizer. 

3. A coating liquid for forming conductive coating, 

characterized by containing a zirconium oxyacid salt, 

silicon alkoxide or its derivative and a conductive 

substance dissolved or dispersed homogeneously in a mixed 

solvent comprising 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 dissolved or dispersed homogeneously in.a mixed 

solvent comprising water, an organic solvent and a 

stabilizer. 

5. A coating liquid for forming conductive coating, 

characterized by containing diacetylacetonato-dialkoxy 

zirconium, a par.tial hydrolyzate of silicon alkoxide or 
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its derivative, ·and a conductive substance dissolved or 

dispersed homogeneously in a mixed solvent comprising 

water and an organic solvent. 

6. The coating liquid 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 coating liquid for forming conductive coating 

as claimed in any of claims 1-6 wherein. the organic 

solvent is selected from alcohols, esters, ethers, and 

ketones. 

8. The coating liquid for forming conductive coating 

as claimed in any of claims 1-7 wherein the zirconium 

oxyacid salt is zirconium oxychloride, zirconium 

oxynitrate, zirconium oxyacetate or zirconium oxyoxalate. 

9. The coating liquid for forming conductive coating 

as claimed in claim 1 ~r 2, or in any of claims 6-8, 

wherein the stabilizer is ethylene glycol, N-methyl-2-

pyrrolidone, ethyl cellosolve, methyl cellosolve or N,N-

dimetnylformamide. 

10. The coating liquid for forming conduct.ive coating 

as claimed in claim 2 or 4, or in any of claims 6-9, 

wherein the non-sedimentary s.ilica is such as to give a 

sediment of less than 30% by weight of the total amount of 
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Si0
2 

when an aqueous solution of 2.0% by weight in terms 

of Si02 of the non-sedimentary silica is subjected for 1 

hour at 250,000 G to centrifugal sedimentation. 

11. The coating liquid for forming conductive coating 

as claimed in any of claims 3-8 wherein the silicon 

alkoxide or its derivative is a compound or its 

condensates having 1 to 4 alkoxy groups of l to 8 carbon 

a~oms represented by SiHa(OR)b (a=0-3, b=l-4, a+b=4, and R 

is alkyl), or (R'O)aSi(OR)b·or R'aSi(OR)b (a=0-3, b=l-4, 

a+b=4, and Rand 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 eonductive -coating has been formed, 

characterized by ~aving a glossiness of ·1ess than 190% as 

measured at an angle of measurement of Go0 c.in accordance 

with the method of measurement of glossiness stipulated in 

JIS K 1105...:a 1, a surface resistance of 103-10 11 iL /I~ , a 

·total light transmittance of at least 80% and a haze of 

less than 10%. 

13. The glass or plastic substrate on which a 

transparent conductive coating has been formed as claimed 

in claim 12 wherein the transparent conductive coating 

comprises zirconium oxide and a conductive substance. 

14. The glass or plastic subst~ate on which a 

.·. 
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transparent conductive coating has been formed as claimed 

in claim 12 wherein the transparent conductive coating 

comprises zirconium oxide, silicon oxide and a conductive 

substance. ,. 

15. The glass or plastic substrate on which a 

transparent conductive coating has been coated as claimed 

in any of claims 12-14 wherein the transparent conductive 

coating is formed from the coating liquid for forming a 

transpai;"ent conductive coating as claimed in any of claims 

1-11. 

16. A display device comprising a front panel having 

formed on the surface thereof a tran·sparent conductive 

coating, characterized in that the transparent conductive 

coating comprises zirconium oxide, silicon oxide and·a 

conductive substance and has a surface re$istivity of 103 -

1011Sl / 0. 

17. A display device.comprising a front panel having 

formed on the surface thereof a transparent conductive 

coating, characterized in ~hat the transparent conductive 

coati~g 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% as measured at an angle of 

measurement of 60° in accordance with the method of 

measurement of glossiness stipulated in JIS K 7105-81, a 
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resolving power of at least 50 bars/cm, and surface 

resistivity of 103-10 11Ji; LJ. 
18. The display device as claimed in claim 16 or 17 

wherein the transparent conductive coating comprises 0.8-

65.9% by weight of zirconium oxide, 0.8-65.9% by weight of 

silicon oxide and 33.3-83.3% by weight of a conductive 

substance. 

19. A method of processing a front panel for display 

device, characterized in that the front panel previously 

heated to and kept at 40-90°c is coated by the spray 

method with a coating 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 40-90°c is coated by the spray 

method with a coating liquid for forming conductive 

coating followed by drying and/or firing, thereafter the 

0 
resulting front panel is heated to and kept at 40-90 C and 

coated by the spray 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 co~ting 

liquid for forming conductive coating is the one claimed· 

in· any of claims 2-5. 

22.· The method of processing a front panel for display 



. 11111111111111 111111111111 1111 
S * C L M S * 

- 90 -..... · 

device as claimed in claim 20 wherein the coating liquid 

comprising transparent protective component is homogeneous 

dispersion of silicon alkoxide in water, an acid and an 

organic solvent.· 

23. The method of processing a front panel for display 

device as claimed in claim 20 wherein the coating liquid 

compr~sing transparent p~otective components is the 

coating liquid claimed in any of claims 2-5, from which 

the conductive substance has been excluded. 


