DESCRI PTI ON TI TLE OF THE | NVENTI ON Lat eral high-resistance
addi tive for zinc oxide varistor, zinc oxide varistor produced using the,
sanme, and process for producing the varistor TECHN CAL FI ELD * y"j\?’THe/
present invention relates to a |ateral high-resistance additi've for
formng a lateral high-resistance |ayer of a zinc oxide varistor mainly
used in the field of electric power, a zinc oxide varistor using the sane,
and a process for producing the zinc oxide varistor. BACKGROUND ART

A conventional process for producing a zinc oxide varistor isPi%e~o%ed,
for exanple, in Japanese Laid-open Patent No. 61- 259502, and its

procedure is as foll ows. First, ZnOis a principal ingredient, and
smal | amounts of
DESCRIPTION

TITLE OF THE INVENTION

Lateral high-resistance additive for zinc oxide varistor,
zinc oxide varistor produced using the same, and process for
producing the varistor
TECHNICAL FIELD

The present invention relates to a lateral high-resistance
additive for forming a lateral high-resistance layer of a zinc oxide
varistor mainly used in the field of electric power, a zinc oxide
varistdr using the same, and a process for producing the zinc oxide
varistor,

BACKGROUND ART

A conventional process for producing a zinc oxide varistor
is disclosed, for example, in Japanese Laid-open Patent No. 61-
259502, and its procedure is as follows.

First, Zn0 is a principal ingredient, and small amounts of
metal oxides such as Bi.0s, Coz0>, Mn0, Cr203, Sbo03, NiO, and Al,0;3
are added as auxiliary ingredients. Mixing them sufficiently
together with water, binder, and dispersant, slurry is prepared,
which is dried and granulated by a spray dryer, and the obtained
power is formed in a disk of 55 mme in diameter and 30 mm in

thickness, After baking at 500°C in order to remove organic matter,



metal oxides such as Bi[err]Jerr], Co[err]Jerr], MO Clerr]Jerr],
Sb[err]err], NNO and Al[err](err] are added as auxiliary ingredients.
M xing themsufficiently together with water, binder, and di spersant,
slurry is prepared, which is dried and granul ated by a spray dryer, and
the obtained power is forned in a disk of 55 mmin dianmeter and 30 nmin
t hi ckness. After baking at 500[err]Cin order to renove organic matter,

it is calcined at 1020[err]C, and a calcined material is obtained. A
prepared slurny foralormeEdngt d 0A)Gh- redistcahcimed ayarerisl dppbbhedneh #his
calcined material by neans of a spray gun. This slurry for formng
a hi gh-resi st aneparedyeturnrs furefaridg byhigbandsiingaree] éaydrOi erappli&hGnand
Sb[err]derr] to produce ZnFe[err](Jerr] and Zn[err]Sb[err]Jerr],

wei ghi ng powdehiofcalnfeddenaiddiet rjy anansZnfes rspSby agun] J err] so that the
ratio of Fe and Sb may be 2:1, adding purified water so that the ratio by
weight to this powdekisayuixey fod,foanthaddhigh-besnikannseidhyas igopyapanyd

al cohol for increasing the strength of the coat filmby about 0.1 wt.%
Consequent | y, byhfedali £¢ fRJ0NAZADI #ld 6B, 0Mit6pricdecs |ZuFey0 f @fid Zn9ERMg, a

hi gh-resi stance layer is applied is baked in air at 1200[err]C to obtain

sinter, and bekhgendspédderhet Thhé gy, bed MaLESNET §© thet MM@Nratic of Fe and
Sb may be 2:1, adding purified water §0 that the ratio by weight to
this powder may be 1:1, and adding binder such as polyvinyl alcohol
for increasing the strength of the coat film by about 0.1 wt.%.

Consequently, the calcined material on which the slurry for
forming a high-resistance layer is applied is baked in air at 1200C
to obtain sinter, and both ends of the sinter is polished to form an
Al sprayed electrode, thereby obtaining a zinc oxide varistor having
a lateral high-resistance layer.

In this conventional method, as the slurry for forming a
high-resistance layer, ZnFe,04 and Zn+Sb,0,, preliminarily
synthesized at high temperature are used, and when a lateral high-
resistance layer is formed by using them, the reactivity of the
calcined material with ZnFe»04 and Zn7Sb>0;2 is not sufficient, and

the contact between the sinter and the lateral high-resistance layer
is poor, and the lateral high-resistance layer is likely to be
peeled off during discharge current withstand test, and hence the
discharge current withstand capacity characteristic is low.
DISCLOSURE OF THE INVENTION

It is hence an object of the invention to present a zinc



Al sprayed el ectrode, thereby obtaining a zinc oxide varistor having a

| ateral high-resistance |ayer. In this conventional nethod, as
the slurry for formng a high-resistance |layer, ZnFe[err]Jerr] and
Zn[err]Sb[err]derr] prelimnarily synthesized at high tenperature are
used, and when a lateral high- resistance layer is formed by using them
the reactivity of the <calcined material with ZnFe[err]Jerr] and
Zn[err]Sb[err]derr] is not sufficient, and the contact between the sinter
and the | ateraxidg giarisirseraeddetpyar reliigbpbigy inglgdinge digehargp current

hi gh-resi stance layer is Iikelx to be peeled off during discharge current
wi t hst and t estwithsidnhesapect tie chatasdRaigfdceurrent withstand capacity

characteristic is low DI SCLOSURE OF THE | NVENTI ON It is hence
an object of the invéntdchbheto theedentta theninvention forms a lateral high-
-2- oxi de varistor excellent in reliability including discharge

current withseabhttaoapasidi yivwhdpactiarietide. varistor by using a metal oxide
conprising 1-40 molar % (in terms of Fe,03) iron, 0-20 molar ¥ (in
terms of Bi;03) bismuth, and the balance consisting of SiO0;.

This lateral high-resistance additive is applied and baked
on 3 lateral face of a molded or calcined material containing zinc
oxide as principal ingredient and at least antimony as auxiliary
ingredient to form a high-resistance layer on the lateral face of
the zinc oxide varistor, and therefore the iron, bismuth and silicon
in the lateral high-resistance additive react very well with the
ingredients in the molded or calcined material to produce a high-
resistance layer containing Zn.Si0O4 as principal ingredient and at

. least Zn7Sbs0,, dissolving Fe as auxiliary ingredient. This high-
resistance layer is homogeneous and excellent in contact with the
sinter, and hence discharge current withstand capacity
characteristic and other properties can be enhanced substantially.

Moreover, since this lateral high-resistance additive is
also extremely excellent in reactivity with the molded material, it
can be directly applied on the molded material, and the conventional
calcining process of molded material can be omitted, and the loss
in time and energy can be saved, so that the productivity may be

enhanced.



To achieve the object, the invention forns a |ateral high- resistance
additive for zinc oxide varistor by using a netal oxide conprising 1-40
nmolar % (in terns of Fe[err]derr]) iron, 0-20 nolar % (in terns of
Bi[err]Jerr]) bisnmuth, and the bal ance consisting of Si Q2. Thi s
| at eral high-resistance additive is applied and baked on a lateral face of
a nol ded or calcined material containing zinc oxide as principal
ingredient and at |east antinony as auxiliary ingredient to forma

hi gh-resi st andBRIERYEESCRIPTIRE AFalTBE dIRARENGS of the zinc oxide varistor, and
therefore the iron, bismuth and silicon in the |ateral high-resistance
additive react very ekl Iiitha tsketidnadreiivenf sa izhn¢ haidolvdets wr talani ned
material to produce a high- resistance |ayer ‘containing Zn2Si O as

princi pal i ngremfbéhienandf ahe imvastiofn| end [FSb|[ e i GreirraydidsSdiacithon Hatas
auxiliary ingredient. This high- resistance |ayer is honbgeneous and
excellent in cdrgaed ofi £inct beidesvadignr or aind ahesubed theaahaf ghecitve@aBion,

wi t hstand capacity characteristic and other properties can be enhanced

substanti al | y.BgsT MODE FOMEZARRWENG, 0®I Nge INVESTI@t eral hi gh-resistance
additive is also extrenely excellent in reactivity with the nol ded

material, it can begrdrémahkyncRbi @E @Fadifigs ml degk BRIES ivalis @Rdadd€1s
conventional calcining process of nolded material can be omtted, and the

loss in tinme andsenerdye GRRhAE 3AY &d1a8&ralNRIgh-6s QMY {iXenBY (RE
enhanced. .
zinc oxide varistor according to an embodiment of the invention are
described below.
(Embodiment 1)
Supposing the total amount of powdery raw material to be
100 molar %, for the principal ingredient of Zn0 powder, weighing
auxiliary ingredients by 0.5 molar % of Bi,0sz, 0.5 molar ¥ of Co:0s,
0.5 molar % of MnO,, 1.0 molar % of Sb,03, 0.5 molar % of Cr;0:, 0.5
molar % of NiO, 0.5 molar % of Si0;, 5 X 10-3 molar % of Al:0:, and
2 X 1072 molar % of B,03, further adding purified water, binder and
dispersant, they were mixed sufficiently in a ball mill and slurry
was obtained., From the viewpoint of dispersion, B203 is preferred
to be added in a form of glass such as bismuth borosilicate or lead
borosilicate. As the binder, polyvinyl alcohol (PVA) is preferably
added by 1 wt.% of the solid matter from the viewpoint of molding
performance, or the dispersant should be added by about 0.5 wt.% of
the solid matter from the viewpoint of slurry dispersion.
This slurry was dried and granulated by using a spray dryer,

and granulated powder was obtained. The granulated powder was



- 3-

and Fig. 2 is
an .enbodi ment
Referring now
nmet hod, and a

to be 100 nol

Co[err]derr],

B _ BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a
sectional view of a zinc oxide varistor in an enbodi ment of the invention,

an X-ray diffraction data diagramof zinc oxide varistor
of the invention. BEST MODE FOR CARRYI NG OQUT THE | NVENTI

in
ON

to the drawi ngs, a zinc oxide varistor and its manufacturing
| ateral high-resistance additive of the zinc oxide varistor
according to an enbodi ment of the invention are described bel ow
(Enbodi nent 1)compressed anSupplaieidngt tsher¢suak dmbahtkedenpondersizeasd fiteri al
: ar % for the principal ingredient of ZnO powder, wei ghing

auxi l i ary i ngriadi basesedbyan@. & mol tw 196 ckneBis[ by ra] Ofdnaulic Presyolaad @ of

0.5 molar % of Mh(Jerr], 1.0 nolar % of Sb[err]derr],

nol ar % of Cr[meldé¢dmeréqdialOvds obbdiaed% of NNO, 0.5 nolar % of Siderr],

10[ err] ol ar

%of Al[err]Jerr], and

0.5
5

Next, a lateral high-resistance additive was prepared in the

following method. As raw materials of the lateral high-resistance
additive, Si0,, Bi,03, and Fez0» were weighed as specified, and
lateral additives of various compositions were prepared. As an
organic binder, 5 wt.% of PVA aqueous solution was used. The solid
matter ratio of metal oxide was 30 wt, %, and mixing sufficiently

in a ball mill together with the binder, a slurry lateral high-
resistance additive was prepared., At this time, to enhance the
dispersion of the lateral high-resistance additive slurry, it is
preferred to add a surface active agent by 0.1 to 0.5 wt.%.

On the lateral portion of the prepared molded material, the

lateral high-resistance additive was applied by spray coating method.

At this time, while rotating, the molded material was moved up and
down, and the lateral high-resistance additive was sprayed so as to
be applied uniformly on the molded material. The coating amount

of the lateral high-resistance additive on the molded material

was 15 mg/cm2. Herein, the coating amount of the lateral high-
resistance additive is preferably 5 to 100 mg/cm?, and more
preferably 7.5 to 50 mg/cn®. The reason is, if the coating amount
of the lateral high-resistance additive is less than 5 mg/cm?, the
thickness of the lateral high-resistance additive of the zinc oxide

varistor element is too thin, and high current short duration

X



2 X 10[err] molar %of Blerr]derr], further adding purified water, binder
and dispersant, they were m xed sufficiently in a ball mll and slurry

was obtai ned. Fromthe viewpoint of dispersion, B203 is preferred to be
added in a formof glass such as bisnuth borosilicate or |ead

borosilicate. As the binder, polyvinyl alcohol (PVA) is preferably added
by 1 wt.%of the solid matter fromthe viewpoint of nolding perfornmance,
or the dispersant should be added by about 0.5 wt.%of the solid matter
fromthe vi ewptliaméctefristier iy Idiwsper difoesceeding 100 ldfics® slther seasasvidyi ed and
granul ated by using a spray dryer, and granul ated powder was obtai ned. The
granul at ed povikaregmshe lateral high-resistance additive and element i4 worsened,

conpressed and nol ded at a pressure of 500 kg/cnierr] in a size of 40 mm
in di aneter arxhd48n nmreacteldi pkrdss by laf hydeauloi ¢oyrresbso ahed e ghnoddedt
mat eri al was obt ai ned. Next, a lateral high-resistance additive
was prepared ishorhelurhblidowhampcret isadc. As Toaey atmb e¢ ithkspeaffot inckad e ridk
hi gh-resi st ance
lateral high-resistance additive itself of the invention, the
molded material was calcined for 5 hours at 900C to prepare a
calcined material, and the lateral high-resistance additive was
applied in the same. process.

The wolded material and calcined material coated with
lateral high-resistance additive were put in a baking container, and
baked for 5 hours at 1100°C to bake the molded material and calcined
material, and sinter was obtained by reaction between the lateral
high-resistance additive and the lateral portion of the molded
material and calcined material. The sinter was heated for 1 hour at
550°C, Herein, the heating condition of the sinter is preferably
500 to 600C. The reason is, if lower than 500C, there is no
effect of heat treatment and the high temperature electric charge
life characteristic is impaired, or if exceeding 600C, the voltage
nonlinearity is extremely lowered and the high temperature electric
charge life characteristic is also impaired. When heating the
sinter, preferably, by printing crystalline glass paste of high
resistance mainly composed of Pb0 to the lateral face of the sinter,
if phere is a defect in the lateral high-resistance layer, it is

compensated for, and thickness fluctuation is eliminated, and the

high temperature electric charge life, high current short duration



additive, SidJerr], Bi[err]Jerr], and Fe[err](err] were wei ghed as
specified, and lateral additives of various conpositions were prepared. As
an organic binder, 5 wt.% of PVA agueous sol ution was used. The solid
matter ratio of netal oxide was 30 wt.% and mxing sufficiently in a bal
mll together with the binder, a slurry lateral high- resistance additive
was prepared. At this tine, to enhance the dispersion of the |ateral

hi gh-resi stance additive slurry, it is preferred to add a surface active
agent by 0.1 tchapa&enistbc and other r@iishiiltatarealinpoved.onlefethe prepared
nol ded material, the |ateral high-resistance additive was applied by spray
coati ng net hocrolighinghthe topke,endhi ¢fe thet sinitay, anhelwbhdedpratetri al was
noved up and down, and the lateral high-resistance additive was sprayed so
as to be applédledtrodief wasrifgronl,t Aed ok ded oxbdeviaal s toFheasc @t aingdamount  of
the |l ateral high-resistance additive on the nolded material was 15

ng/ cnferr]. Hetigi nl shbes @oatcignabouew of at hind akbtealvahigghr adRsl siganee
additive is preferably 5 to 100 ng/cnierr], and nore preferably 7.5 to 50

ng/cnferr]. The eeasiamedts ofi thd hevanabhng ampuk. DOf rbhérehat efudleral 1
hi gh-resi stance additive is less than 5 ng/cn2, the thickness of the

| at eral hi gh-rigsasdianee waddl§ icoapeded BE #ZinACoxdedez i¥ajisttefaelhgppnt is too
thin, and high current short duration
- 5 - resistance layer formed on a lateral face of the sinter 1, and 3 is

an electrode formed at both ends of the sinter 1.

As comparative examples, a molded material obtained in the
same process as in the invention, and an element pre-shrunk by
calcining the molded material for 5 hours at 900C were prepared.
The element was coated with a lateral high-resistance additive
composed of ZnFe»04 and Zn,Sb204,z. Herein, ZnFe204 and Zn7Sb.0;4:
were preliminarily synthesized at 1100C according to the publica-
tion cited above. To prepare the lateral high-resistance additive,
ZnFe;04 and Zn7Sb20;, were weighed so that the ratio of Fe and Sb
might be 2:1, and purified water was added to this powder at 1:1,
and to increase the strength of the coat film, PVA was added by 0.1
wt.% as binder, and the obtained lateral high-resistance additive
was applied. The coating amount of the lateral high-resistance
additive was 15 mg/cm? same as in the invention. By baking, forming
electrode and heating in the same process condition as in the
invention, zinc oxide varistors of comparative examples were

obtained.

Table 1 shows the composition of lateral high-resistance



characteristic is low, or if exceeding 100 ng/cnferr], the reactivity
between the lateral high-resistance additive and elenent is worsened, and
an unreacted portion is left over to |lower also the high current short
duration characteristic. To eval uate the performance of the |ateral

hi gh-resi stance additive itself of the invention, the nolded material was
calcined for 5 hours at 900[err]C to prepare a calcined material, and the
| ateral high-resistance additive was applied in the same process.

The nol ded mat&digivandigwdcistete mdt epperaperat &dliaehratin eharacteristic

hi gh-resi stance additive were put in a baking container, and baked for 5
hours at 1100[ Efummh¢Y teox bakd imhbingo¥ el eaatatipathaandtardissited isohareei al , and
sinter was obtained by reaction between the |ateral high-resistance

addi tive and téwrrenat evidhs pandt Forecdty trherapledést iomeed ihdkh ated rerd tairaed
material. The sinter was heated for 1 hour at 550[err]C. Herein, the.
heati ng conditékestofc tchersd diée dharprtefrésbly 9f GEOrias 600fher ih@ntidine
reason is, if lower than 500[err]C, there is no effect of heat treatnent
and the high temberainlee & aberprdochartge |ife characteristic is inpaired,
or if exceeding 600[err]C, the voltage

Herein, Vyma and Vio u o were measured by using a constant DC
current power source, The limiting voltage ratio characteristic was
measured in the impulse current condition of 2.5 kA of standard
waveform of 8/20us. To evaluate the discharge current withstand
capacity characteristic, impulse of 50 KA of standard waveform of
4/10ux s was applied twice at an interval of 5 minutes, and
abnormality in appearance was observed visually or by using a
microscope as required, Later, the current was increased at 10 KA
steps, and the breakdown limit was checked. To determine the high
temperature electric charge life characteristic, at ambient
temperature of 130°C and charge rate of 95% AVR, the time until the
resistance portion leakage current reached a double figure of the
initial value was measured,

As clear from Table 1, according to the embodiment, the zinc
oxide varistor can be extremely enhanced in the high current short
duration characteristic by using SiO; mainly in the composition of
the lateral high—-resistance additive, and adding Fe-0s3 by 1 to 40
molar % of the total amount. Further, by controlling the concentra-

tion range of Fe;03 to 3 to 30 molar %, a further stable and

excellent high current short duration characteristic can be obtained.
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As conparative exanples, a nolded material obtained in the sane process as
in the invention, and an el enent pre-shrunk by cal cining the nol ded
material for 5 hours at 900[err]C were prepared. The el enent was coated
with a lateral high-resistance additive conposed of ZnFe[err](Jerr] and
Zn[err]Sb[err]derr]. Herein, ZnFe[err]err] and Zn[err]Sb[err]Jerr]

were prelimnarily synthesized at 1100[err] C according to the publica-

tion cited above. To prepare the |lateral high-resistance additive,

ZnFe[err] g er rThianid Baferse] Bb[reaciOwéth]Znverdt ShephHod tempehatureheo rfario of
Fe and Sb mght be 2:1, and purified water was added to this powder at
1:1, and to istebbasaebstmmcssr elgtépver ,tle addiatg Bitldy iPVA raase addéd moyad. 1
wt. % as binder, and the obtained | ateral high-resistance additive was

appl i ed. The doatri hgsanthenhigf tehperdaauee @llebimle- clesigst hifeechamhditerisaivas 15
ng/cnferr] sane as in the invention. By baking, formng electrode and
heating i n theaaabe ephoress chiridi td decassd Bitgreventsvenstteringifirom Oodisdée

vari stors of conparative exanples were obtained. Tabl e 1 shows
the conpositi o efitdidbesmlihbi ghteLSi ALaAARZL 1 molar % or more of Biz0;

-7 -
improves the electric charge life characteristic of the lateral high
resistance additive and enhances the reactivity, if exceeding 20
molar %, the high current short duration characteristic is lowered.
In the prior art, since ZnFe:0, and Zn7Sb,0;, are used as the
lateral high-resistance additive, the reactivity with the sinter is
poor, and the lateral high-resistance additive cannot be applied to
the molded material, whereas, in the embodiment, using Fe,0s and
Bi»03, in addition to the principal ingredient of Si0», the reaction
activity is high, and the lateral high-resistance additive can be
applied to the molded material, and the conventionally required
calcining proceSs can be omitted,

In thus obtained zinc oxide varistor, the crystal structure
of the lateral high—resistance layer was analyzed by X-ray diffrac-
tion. As a representative example, the X-ray diffraction result of
the lateral high-resistance layer of the element of sample number 10
is shown in Fig. 2. The principal ingredient of the lateral high-
resistance layer is Zn»Si04, and the auxiliary ingredient is not a
mixed crystal of ZnsSb,0;» and ZnFe»04, but is an intermediate state,
that is, a single crystal layer in a solid solution state of Fe in

Zn7Sb;0,2. As a result of analysis by X-ray micro-analyzer, Sb

_10..



additive, visual state of appearance, voltage ratio characteristic
(Merr]/Vierr]), limting voltage ratio characteristic, discharge current
wi t hstand capacity characteristic, and high tenperature electric charge
|ife characteristic of exanples of the invention and exanples of the prior
art. Herein, V[err] and V[err] were neasured by using a constant
DC current power source. The |imting voltage ratio characteristic was
measured in the inpul se current condition of 2.5 kKA of standard waveform
of 8/20 [err]sandFeewareuditend he W scébemangeor iy sem paiit hist dockoveapddet y
characteristic, inmpulse of 50 KA of standard waveformof 4/10 [err]s was
applied tw ce atranureitodr v loteSlnhigit-essisidce dwer malsi tonfiimnedpeareance
was observed visually or by using a mnicroscope as required. Later, the
current was i ncieséd attwidladgar strepsyreanditth@nb$idakeloisrtihg riint thmsucheeked.
To determine the high tenperature electric charge life characteristic, at
anbi ent tenpenad UneSbf0,230{sanily GigaRd atiarn g rat cheok i V&% AMR. t be skbme
until the resistance portion |eakage current reached a double figure of
the initial vakt#useashamasigtade is stable, fise adkesiohr enZiadi @, 1,diasebr-di ng
to the enbodi nent, the zinc oxide varistor can be extrenely enhanced in
the high currenhg Heoaid sdutéd iiens alvag anidethetdiel &yt risi Ngelk (2 ofBldFeyoj N t he
conposition of the lateral high-resistance additive, and addi ng

Fe[err]Jerr] QY High9 dDexplain why zinc oxide varistor of the invention is
excellent in the high current short duration characteristic. Herein,
Zn and Sb detected from the lateral high-resistance layer are
derived from Zn0 and Sb:03 in the composition of the molded material,
diffusing into the element surface by sintering reaction,

Moreover, in the composition region of the lateral high-
resistance layer excellent in high current short duration character-
istic, the amount of Fe contained in Zn7Sb,0,, is 10 to 50 molar %
of the amount of Sb. Above all, in the composition regions
particularly excellent in the short wave tail tolerance character-
istic (sample numbers 4,-6, 8, 10), it is 20 to 40 molar %. The
amount of Zn,Si04 in the lateral high-resistance layer was found to
be 98 to 70 molar % by X;ray micro-analyzer and image analysis,

Samples 116 top 118 in Table 1 show data of using the
lateral high-resistance additive of the invention in the calcined
material. As far as Si0;, Biz0: and Fe,03; are within the scope of
the claims of the invention, it is known that zinc oxide varistors
excellent in high current short duration characteristic and high

temperature electric charge life characteristic can be obtained

- 11 -



nolar % of the total anount. Further, by controlling the concentra- tion
range of Fe[err]Cerr] to 3 to 30 molar % a further stable and excellent
hi gh current short duration characteristic can be obtai ned.

- 8- [err]

same as when applied on the molded material. Therefore, since the
lateral high-resistance édditive of the inyention is excellent in
reactivity with the element, both molded material and calcined
naterial can be used. Herein, when calcining, from the viewpoint

of working efficiency when applying the lateral high-résistance
additive, the shrinkage rate of the calcined material is preferred
to be 10% or less, more preferably 5% or less. The reason is, if
the shrinkage rate of the molded material is 10% or less,

nultiple oven pores are present in the calcined material, and when
the lateral high-resistance additive is applied, moisture is
promptly absorbed in the calcined material. When the shrinkage rate
of the calcined material is 5% or less, the moisture is absorbed
more efficiently, and the working efficiency is enhanced. On the
other hand, when the shrinkage rate exceeds 10%, the sintering
reaction is encouraged, the oven pores decrease, and moisture in the
lateral high-resistance additive is less absorbed in the calcined
material, and the working efficiency is impaired.

(Embodiment 2)

A second embodiment of the invention is described below.
Granulated powder of zinc oxide varistor prepared in the same
process as in embodiment 1 was molded into a size of 40 mm in
diameter and 40 mm in thickness by a hydraulic press. As lateral
high-resistance additive, SiO:, Bi.03, Fe;03, and Mn30,; were weighed
as specified, and various lateral high-resistance additives were

prepared, and applied on the molded material. At this time, the

_12_



This is because Fe reacts with Zn and Sb at |ow tenperature to form stable
-subst ances. Moreover, by adding Bi[err](Jerr] in a range of 20 nolar % or
| ess, the high tenperature electric charge life characteristic can be
enhanced. This is because Bi prevents scattering frominside to outside of
the sinter. Although 1 nolar % or nore of Bi[err]Jerr] inproves the
electric charge life characteristic of the lateral high resistance

addi tive and enhances the reactivity, if exceeding 20 nolar % the high
current short sodidtiagneciratbetodr the jog8pnid piwdesdand pRtahexpis ¥asatane &fnce
ZnFe[err]Jerr] and Zn[err]Sb[err]Jerr] are used as the lateral

hi gh-r esi st ancia aeltidinewt 1t helhecarrliigintionwne thodhsassispray cpatingoopnd and t he
| at eral hi gh-resistance additive cannot be applied to the nolded naterial,
wher eas, in theheeptradngeswoun usiasglFagéeni.f Bke Jcoahithioms [afiteT Cfher b3k inign
addition to the principal ingredient of SiJerr], the reaction activity is
hi gh, and the pratesslofhtlghapbdddsnarard ahdulirei sanecan e enbgidpeed It oznde

nol ded material, and the conventionally required calcining process can be
om tted. sampled Rft bl obidd medliszions wexedereparedst or, the crystal
structure of the lateral high-resistance |ayer was anal yzed by X-ray
diffrac- tion. As aTabps esehdwt ithe cnpopitdpontdfe I Xearay bli ghf-recisitomce esul t
of the lateral high-resistance |ayer of the elenent of sanple nunber 10
is shown in Figidi2ivelheoptagactpalb tigraedécintiof ltihetinat eslalaghighio
resistance layer is Zn[err]SidJerr], and the auxiliary ingredient is not a
m xed crystal gfardpi&rick &P @tsdidr@erduransl 4nkkd nd] ey chufadtsridric,

internediate state, that is, a single crystal layer in a solid solution
state of Fe inNapd high temperature electric charge life characteristic according
to the second embodiment of the invention.
As clear from Table 2, in the zinc oxide varistor according
to the embodiment, using SiO; as the principal ingredient of the
lateral high-resistance additive, when Fe;0; is added Sy 1 to 40
molar % of the whole amount, Biz0, by 20 molar % or less, and Mn:04
by 0.1 to 10 molar %, a zinc oxide varistor excellent in voltage
ratio characteristic and high temperature electric charge life
characteristic as compared with embodiment 1 is obtained. In
particular, when the addition of Mn3;04 is in a range of 0.5 to 5
molar %, the characteristics are particularly excellent including
discharge current withstand capacity characteristic. The reason is,
it seems, Mn304 is dissolved, together with Fe, in Zn,Sbz0,: in the
lateral high-resistance layer to enhance the stability of Zn;Sb:0,,.
(Embodiment 3)

A third embodiment of the invention is described below,

Granulated powder of zinc oxide varistor prepared in the same

- 13 -



Zn[err]Sb[err]derr]. As a result of analysis by X-ray m cro-anal yzer, Sb

- 10 - ' and Fe were found to be present on a sane point.
Moreover, the structure of the lateral high-resistance |ayer was confirned
to be close to a two-layer structure, with Znferr]Sierr] existing in the

surface, and Zn[err]Slgrr] erir] dijs$o] Vi mg| Fe|eKi|stijng at the sinter
side. It seens becaud€ EhHe structurg iis{ gt abl g, {the adhesi on of
Zn[err]Sb[err]gerr] di:usédiwc iing_ g and |sioter ik |giLong and the
dielectric strength of g%ﬁ@r]ﬁ TRlSisSeFESIE@eel ai n why zinc oxide
varistor of the invent/iloBgs| excel|gnt |NURE|hiDITcurrent short duration
. . . - O /\6 A
characteristic. Hereing gznmand |Sh fdetecfed|fFgmithg |ateral
hi gh-resi stance | ayer |@rg o derivied frijom ZnOjand $bpA3|ip the conposition of
the nol ded material, [@TTTUSIAg |INtPp |thel ghenent{sunface by sintering
reaction. Mor|@ovpr =i n |t he| qonppsiti pr] fegijop pf the lateral high-
resi stance | ayer excel{Bent /P hilgh £ elit{Cshprit |durlagibn character -
iystic, t he anount of HRe@ cpnt g nga iy KB ShlefTef qrery] is 10 to 50 nol ar
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of .the anmpbunt of Sb. Above all, in the conposition regions particularly
excellent in the short wave tail tolerance character- istic (sanple
nunbers 4, 6, 8, 10), it is 20 to 40 nolar % The anount of
Zn[err]Sigerr] in the lateral high-resistance |layer was found to be 98 to
70 nmol ar % by X-ray mcro-anal yzer and i mage anal ysis. Sanpl es
116 top 118 in Table 1 show data of using the |I|ateral high-resistance
additive of the invention in the calcined nmaterial. As far as SiJerr],
Bi[err]( err] rmedese[asr i Gnbedineat el wias Maldeteingeopesioe oft & mil dnns of the
I nvention, it is known that zinc oxide varistors excellent in high current
short duratiordiehatercieedi 40i er dndthicyhess dypertadosel iel prgssi ¢ shdegerali f e
characteristic can be obtai ned - 11 -

sane as when ddshiessienatdecadditdee, ey iEl0s THFerefoned Mli:Neewdreweighbér al
hi gh-resi stance additive of the invention is excellent in reactivity with
the el enent, bt hreailfded, matevdardbusind teed lcihheld-resds temical adddnites weed.
Herei n, when cal cining, fromthe vi ewpoi nt
prepared. At this time, the solid matter ratio of the organic
binder and metal oxide was same as in embodiment 1, The application
method was spray coating, and the coating amount was 15 mg/cm?., The
conditions after the baking process of the molded material were same
as in embodiment 1, and samples of zinc oxide varistors were
prepared.

Table 3 shows the composition of lateral high-resistance
additive, voltage ratio characteristic, limiting voltage ratio
characteristic, discharge current withstand capacity characteristic,
and high temperature electric charge life characteristic according
to the third embodiment of the invention.

As clear from Table 3, in the zinc oxide varistor according
to the embodiment, using Si0, as the principal ingfedient of the
lateral high-resistance additive, when Fe,03 is added by 1 to 40
molar $ of the whole amount, Bi-O: by 20 molar % or less, and Al;0;
by 0.01 to 5 molar %, a zinc oxide varistor excellent in limiting
voltage ratio characteristic and discharge tolerance characteristic
as compared with embodiment 1 is obtained. In particular, when
the addition of Al,03 is in a range of 0.1 to 2.5 molar %, the

characteristics are particularly excellent including the high

temperature electric charge life characteristic. The reason is, it
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of working efficiency when applying the lateral high-resistance additive,
the shrinkage rate of the calcined material is preferred to be 10% or
|l ess, nore preferably 5%or |ess. The reason is, if the shrinkage rate of

the nol ded material 5—36%pe+—tess—piiple-oven pores—are present in the
calcined material, apg gven thel ljateral | hi gh-riesi gtfance [additive is
appl i ed, noisture is‘EﬁIBnp | y| abgof bed he [cal ¢cijned| naterial. \Wen the
shrinkage rate of thé <&ljeneds@Ebesjcds 5% letlol|Lss, [$he nDi sture is
. =1 = [ Dy wd £ | unn
absorbed nore effic|Bm Eye|<ants e s ef fjfmepAcy (8 enhanced. On the
ot her hand, when the:§@3§n§age riatie| exge 10% ([nhel siptiering reaction is
encour aged, the oven|®gres:idecreage! jand ijsture [nthe | latera
hi gh-resi stance addi {Fwe~i | exs| ahsalr he t calicined material, and
the working efficiengy ijs &£inpa|ried. X ( Brbodi jment {2) A
second enbodi nent of |2 hé igiventijonxls|>de bed el ow. | Granul ated powder
of zinc oxide varistpsr preparegd iin theis priogesst asiijn enbodi nent 1 was
nol ded into a size ofg40 nrenin| |dij@@e0 | 40 qw1%|n t hilckness by a
hydraulic press. As nuwﬁ hﬂggggg addilbleyle, pi|lFerr],
Bi[err]Jerr], Fe[er[dlerr}—a Mhlenr brr ]l yele wel died as speci fied,
and various lateral hi@h-resi sta/ge Qo S v@@Opreaa@ed, and applied
on the nol ded materi B¢ S|A2lt hi Biolowidlb ololo S -
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was Ssane as

solid matter ratio of the organic binder and netal oxide

in enbodi ment 1. The application nmethod was spray coati ng,

and

t he coating amount was 15 ng/cn2. The conditions after the baking process
of -the nol ded material were same as in enbodinment 1, and sanples of zinc

oxi de varistors were prepared.

Tabl e 2 shows the conposition of

| ateral high-resistance additive, voltage ratio characteristic, limting

voltage ratio

characteristic, discharge current withstand capacity

charact eri sti cseemancklhPghist difplarsad uire te datterel dhae gd Ithd sigher adrevghst i c

accordi ng

to the second enbodi nent of the invention. As cl ear

from Tabl e 2, the {ateralnkisbxreissardestlovendootralidigsolivedt e Zefbdil peart |
using SiQ2 as the principal ingredient of the |lateral high-resistance
addi ti ve, whentheeppeqiffCf eresis i sncaddedrblyy kenhanclidg o dindbiok vdigaghol e

amount, Bi[err]Qerr] by 20 nmolar %or less, and Mi[err]Jerr]

10 nol ar

%

conpared wi th enbodi MEabodinest o)t ai ned. In

A fourth embodiment of the invention is described below.
Granulated powder of zinc oxide varistor prepared in the same
process as in embodiment 1 was molded into a size of 40 mm in
diameter and 40 mm in thickness by a hydraulic press. As lateral
high-resistance additive, Si0,, Bi;02, Fe,0z, and B,0; were weighed
as specified, and various lateral high-resistance additives were
prepared. At this time, the organic binder was 5 wt.% aqueous
acrylic (hereinafter called MMAC). The solid matter ratio of the
metal oxide was same as in embodiment 1, The application method
was spray coating, and the coating amount was 15 mg/cm®, The
conditions after the baking process of the molded material were same
as in embodiment 1, and samples of zinc oxide varistors were
prepared.

Table 4 shows the composition of lateral high-resistance
additive, voltage ratio characteristic, limiting voltage ratio
characteristic, discharge current withstand capacity characteristic,
and high temperature electric charge life characteristic according
to the fourth embodiment of the invention.

As clear from Table 4, in the zinc oxide varistor according

to the embodiment, using Si0O. as the principal ingredient of the
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by 0.1 to
a watio chardeterdsi ¢ and eddeelieritarie todktange chatacoeristic.

characteristic and high tenperature electric charge life <characteristic as



isinarange of 0.5t0 5

when the addition of Mi[err](err]
nmolar % the characteristics are particularly excellent

particul ar,
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process as in enbodinent 1 was nolded into a size of 40 nmin dianmeter and
40 mmin thickness by a hydraulic press. As lateral high-resistance
additive, SiJerr], Bi[err](err], Fe[err]Jerr], and A1203 were wei ghed

as specified, and various |lateral high-resistance additives were prepared.
At this time, the solid matter ratio of the organic binder and netal oxide
was sane as in enbodinent 1. The application nethod was spray coating, and
the coating amount was 15 ng/cnierr]. The <conditions after the baking
process of thelawirdédhighteesisltamner eddinive, adennFefbots mdded by antd 4anpl es

of zinc oxide varistors were prepared. Tabl e 3 shows the
conposi ti on of npkarekadf nhgmhodsiamoante Bialidibyi ¥& molet thage Iemtsi,0and B;0;
characteristic, limting voltage ratio characteristic, discharge current

wi t hst and capaby tO Icharsasebarn §tix zinamkile giert engeeatellenel imctvpl ;gehar ge
|ife characteristic according to the third enbodi nent of the invention.
As cl ear from TabiloecBaracnerisaiziand biildeewpariastor edecuridi digchhogd Hefe
enbodi ment, using SiQ2 as the principal ingredient of the |ateral
hi gh-resi st ancehaaditériseicwsenoh@2@d wisthaelttadibyntl it Ds 4Btaiaidar £o of the
whol e amount, Bi[err](err] by 20 nolar % or |ess, and A1203 by 0.01 to 5
mol ar % a zi npaodicdbanvawhet ahe eaddek i@ntbofiByolsi 08 tinng ran@kt&Y®. 5atd Q.5
characteristic and di scharge tol erance characteristic as conpared with
enbodi ment 1 i sobdyt i h@. chdarapastiiseitararevpsicularly excellent including
the discharge current withstand capacity characteristic. The reason
of enhancement of high temperature electric charge life character-
istic by addition of B,03 is, it seems, B503 is diffused in the
lateral face of the sinter through the lateral high-resistance layer
to increase the stability of the grain boundary area.

Incidentally, when B,0s is added in a form of glass such as
bismuth borosilicate and lead borosilicate, it is confirmed that the
high temperature electric charge life characteristic is enhanced.

The reason of adding in glass form is, when using PVA as binder,
because B;03 and binder solution react to increase extremely the
viscosity of the lateral high resistance additive, and it is
intended to prevent this phenomeaon.

(Embodiment 5)

A fifth embodiment of the invention is described below.
Granulated powder of zinc oxide varistor prepared in the same
process as in embodiment 1 was molded into a size of 40 mm in

diameter and 40 mm in thickness by a hydraulic press. The composi-

tion of the lateral high-resistance additive is the lateral high-
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the addition of A1203 is in a range of 0.1 to 2.5 nolar % the
characteristics are particularly excellent including the high tenperature
el ectric charge life characteristic. The reason is, it

- 15 - [err] seens, Al1203 is diffused in the
| ateral face of the sinter through the |ateral high-resistance |ayer to be
dissolved in ZnOto |lower the specific resistance, thereby enhancing the
limting vol tage
resistance additive used in sample number 4 in embodiment 1, that is,
a composition of 90 molar % of Si0O, and 10 molar % of Fe-20:, and a
lateral high-resistance additive in a slurry form was prepared. The
lateral high-resistance édditive was prepared at a solid matter
ratio of 25% by using 5 wt.% methyl cellulose (hereinafter called MC)
as the binder, and it was applied on the lateral face of the molded
material by a curvature screen printing method. Consequently, the
molded material coated with the lateral high-resistance additive was
put in a baking container, and baked for 5 hours at 900 to 1300TC to
sinter the element, while the lateral high-resistance additive and
the lateral face of the molded material were reacted to obtain a
sinter, Then, by the same process as in embodiment 1, the zine
oxide varistor was obtained.

To obtain comparative examples, on the molded material
obtained in the same process as in embodiment 1, and the element
obtained by pre-shrinking by calcining for 5 hours at 900°C, the
lateral high-resistance additive composed of ZnFe:04 and Zn;Sb:0,;
was applied, and baked, and samples were prepared.

Table 5 shows the evaluation results of appearance of the
sinter, Vima-mm (varistor voltage per unit thickness), high current
short duration characteristic, and low current long duration
characteristic of the zinc oxide varistor obtained in this manner.

Herein, to evaluate the low current long duration character-

istic, a rectangular wave current of 2 ms was applied 20 times at

intervals of 2 minutes and the appearance was investigated. The
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rati o characteristic and the discharge tol erance characteristic.

( Enbodi nent 4) A fourth enbodi ment of the invention is described
bel ow. G anul ated powder of zinc oxide varistor prepared in the sane
process as in enbodinent 1 was nolded into a size of 40 nmin dianmeter and
40 mmin thickness by a hydraulic press. As lateral high-resistance
additive, Sierr], Bi[err](err], Fe[err](Jerr], and Blerr]Jerr] were

wei ghed as specified, _and various |ateral high-resistance additives were
prepared. At this tim, tge orjganli ¢ bi nde S 5 Wt | % aqueous acrylic
(hereinafter called MMAC)|g| The $o[Q(Q|0matit éD|Qlatio |8 phe netal oxide was
sane as in enbodi nent |1. {The gpplidation fethod | was ispray coating, and the
. = L . . .
coating anmount was 15 gg/gn{ erlr].| The qondj tjii ons (atltler] t he baki ng process
of the nolded materialTwgre sqMO|{O|Pn (EidiGHI ment/OL,1And sanpl es of zinc
oxi de varistors were |prapared Tablie 4 shows |t he conposition of
| at er al high-resistan:'é_‘égdditi/e, voltage ratiof gh@rjagteristic, limting
vol tage ratio charac{grglsi¥ c,|OfPSuAHP geOLIT ¥nt | DPhSYand capaci ty
characteristic, and hedhtenperatyre eliectirilc chargel lji fe characteristic
according to the fou grg;moci reinty of tihe [ nventijon. As cl ear
from Table 4, in the zRHEISHRi Q|UEHPED 0nOLIEYPdi |RYC|@®|t he enbodi nent ,
using Si2 as the pri pci-pga irg'gépﬁf gf | tihe
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- 17 - [err] | at eral hi gh-resistance additive, when
Fe[err]Jerr] is added by 1 to 40 nolar % of the whol e anount,
Bi[err](Jerr] by 20 nolar %or less, and Blerr](err] by 0.1 to 5 nolar %
a zinc oxide varistor excellent in voltage ratio characteristic and high
tenperature electric discharge life <characteristic as conpared with

enbodi nent 1 is obtained. In particular, when the addition of B203 is in a
range of 0.5 to 2.5 nolar % the characteristics are particularly

excel | ent incl odinegt wdsestiteafpm BUrk,ennd viinchedseddatHfakistteps until the
characteristic. The reason of enhancenent of high tenperature electric
charge |ife chatemsngrwas psekes. by addition of B203 is, it seens, B203 is

diffused in the
As known from Table 5, when using the lateral high-

resistance additive of Si0, and Fe;0z, as compared with the
comparative examples, it is recognized that the high current short
duration characteristic and low current long duration characteristic
are excellent on the whole. Herein, if the baking temperature is
900C, the reactivity of the lateral high-resistance additive and
element is poor, and the high current short duration characteristic
is low. At 1350C, on the other hand, part of the lateral high-
resistance additive scatters away, and the high current short
duration characteristic is poor, too, When baked at low temperature,
zinc oxide particles are not grown sufficiently, and Vipa, mm is too
high, and it is not practical as an element for electric power.
Therefore, the baking temperature is preferably 950 to 1300°C.

More preferably, it should be 1000 to 1200C in consideration of

the low current long duration characteristic.

(Embodiment 6)

A sixth embodiment of the invention is described below,
Granulated powder of zinc oxide varistor prepared in the same
process as in embodiment 1 was molded into a size of 40 mm in
diameter and 40 mm in thickness by a hydraulic press. At this tinme,
the molding pressure was adjusted so that the density of the molded
material might be 3.0 to 3.5 g/cm3. As the lateral high-resistance

additive, the lateral high-resistance additive used in sample number
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| ateral face of the sinter through the lateral high-resistance layer to
increase the stability of the grain boundary area. I ncidental |y,
when B203 is added in a formof glass such as bisnuth borosilicate. and
| ead borosilicate, it is confirmed that the high tenperature electric
charge life characteristic is enhanced. The reason of adding in glass form
I's, when using PVA as binder, because B203 and binder solution react to
increase extrenely the viscosity of the lateral high resistance additive,
and it is inténidednbaslipeetdn¥ag hised pHdwdninona. conposition ¢iRfondasent &)
A fifth enbodi ment of the invention is described below. G anul ated powder
of zinc oxide Vi dedrllppelidr @dof Feebe same process as in enbodi ment 1 was
nol ded into a size of 40 nmin dianmeter and 40 nmmin thickness by a
hydraul i ¢ press. The Wenpokiral higbnrefisithecd adéitivehvashapekiedt emadeaddi ti ve
Is the | ateral high- - 19 -

lateral face of the prepared molded material by transfer coating

method. In transfer coating, the lateral high-resistance additive

was preliminarily spread wide thinly on a metal plate by printing,

and the molded material was applied by rotating, In this method,

the lateral high~resistance additive can be applied easily in a

very simple equipment., However, as compared with the spray coating,

the coating thickness of the lateral high-resistance additive is

slightly uneven, and hence the short wave tail tolerance character-

istic fluctuates, but the uniformity can be improved by adjusting

the rotating speed of the molded material, Moreover, to improve the

mass producibility, the lateral high-resistance additive may be

applied on the surface of the rotating roller, and the lateral high-

resistance additive may be applied while rotating the molding

material, Then, in the same process condition as in embodiment 1,

from baking to electrode application, the zinc oxide varistor was

obtained. As a comparative example, the lateral high-resistance

additive was applied on the calcined material calcined at 950°C, and

a sample was prepared by baking.

Table 6 shows the voltage ratio characteristic, limiting
voltage characteristic, and low current long duration characteristic

of the zinc oxide varistors obtained in the above process.

Herein, the voltage ratio characteristic and limiting
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resi stance additive used in sanple nunber 4 in enbodinent 1, that is, a
~conposition of 90 nolar % of SiJerr] and 10 nolar % of Fe[err](Jerr], and
a l|ateral high-resistance additive in a slurry formwas prepared. The

| at eral high-resistance additive was prepared at a solid matter ratio of
25% by using 5 w. % nethyl cellulose (hereinafter called MC) as the

bi nder, and it was applied on the |ateral face of the nolded material by a
curvature screen printing nmethod. Consequently, the nolded naterial coated
with the lateral high-resistance additive was put in a baking container,
and baked for 5 hours at 900 to 1300[err]C to sinter the elenent, while

the lateral high-resistange addi{iyeg and| the |l ateral face of the nol ded
material were reacted to gl a|3y ax|>gOPkEer|. ﬂJhen by the sane process as in
enbodi nent 1, the zinc oxi’gde"ilari Stlof _was | obtlai ned. - To obtain
conpar ati ve exanpl es, on tjie [l ded |mat erli @l | |obtai ned in the same process
as in enbodiment 1, and th& e%mmtOJO(Ibtai @bJEpre-shri nki ng by cal ci ning
for 5 hours at 900[err]C , g_ge lial gral | Ni ght riesgstance additive conposed
of ZnFe204 and Zn7Sb2012 |wa% @ppfl dd) hndi{bpkeds and sanpl es were
pr epar ed. Tabl e 5 §'E:5 D yO0al (D Egsul ts of appearance of
the sinter, V[ierr] (varistpgivoltadelper! unjt '?\ig:kness), hi gh current
short duration characterist] &l<jand| llow purnent) l&dy duration
characteristic of the zindDE|=l&QRIOs@pfCBIYONed in this manner.
Herein, to evaluate the | ouw.chriren [oTale; ddir ptli R thar act er - istic, a
rect angul ar wave current of 2-§1rs was applli ¢d} 20|tinmes at
s
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intervals of 2 mnutes and the appearance was investigated. The

- 20 -

[err] current was started from50 A,

and increased at 50 A steps until the elenment was broken. As
known from Table 5, when using the lateral high- resistance additive of

Sigerr]

and Fe[err](Jerr], as conpared with the conparative exanples,

I's recogni zed that the high current short

voltage characteristic were measured in the same copditions as in
enbaodiment 1. Besides, to evaluate thg low current long duration
characteristic, a rectangular wave current of 2 mS was applied 20
times at intervals of 2 minutes and the appearance was investigated.
The current was started from 150 A, and increased at 50 A steps
until the element was broken,

As known from‘Table 6, when applying the lateral high-
resistance additive on the molded material, the low current long
duration characteristic is excellent when the density is 3.15 to
3.4 g/cm?, That is, if smaller than 3.15 g/cm3, in the manufactur-
ing method of the invention, since the lateral high-resistance
additive made from an aqueous binder is applied on the molded
material, moisture permeates inside from the lateral facé of the
mnolded material, and the binder in the molded material is swollen,
and micro-cracks are formed on the surface of the molded material.
On the other hand, if greater than 3.4 g/cm®, the binder in the
molded material is not burned sufficiently, and cracks and other
defects are formed inside the sinter. These problems are lessened
by calcining the molded material, and the favorable density range of
the molded material for low current long duration characteristic is
found to be 3.15 to 3.4 g/em®. This is because, when the molded
material is calcined, the strength of the molded material is
improved and micro-cracks are not formed on the surface if the
lateral high-resistance additive is applied. If the molded material

is calcined, however, when the molded material density is over

- 25 -
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duration characteristic and low current | ong duration characteristic are
excel l ent on the whole. Herein, if the baking tenperature is 900[err]C,
the reactivity of the lateral high-resistance additive and elenent is
poor, and the high current short duration characteristic is |low At
1350[err]C, on the other hand, part of the lateral high- resistance
additive scatters away, and the high current short duration characteristic
is poor, too. \Wen baked at |ow tenperature, zinc oxide particles are not
grown suffici entdl g/creindthg éinder $strma bintngd, swlifdci¢ntls, nottepralcdebadtsas an
el ement for electric power. Therefore, the baking tenperature is
preferably 950odcor]30d[ eke |1Gw.curlvbre lpnefdirabion chérazhetisdtibeisl G@Paired.
1200[err]C in consideration of the low current |ong duration
characteristic. (Embodimebodi)nent 6) A si xth enbodi nent of the
invention is described below. G anul ated powder of zinc oxide varistor
prepared in the sane A prooadsedsdimeanbddineniveh tivis iRDIek2d i béd dedowi ze of
40 mmin dianmeter and 40 mmin thickness by a hydraulic press. At this
time, the nolckanglpreds sowderwad zadp wxtidd we it it prérdénsi ttiie ofankhe nol ded
material mght be 3.0 to 3.5 g/cnferr]. As the lateral high-resistance
additive, the pricesélashighenbesimeha@nc & aadsh lidey €intses d§inesaimabennugber

- 22 .
diameter and 40 mm in thickness by a hydraulic press, At this time,
the molding pressure was adjusted so that the density of the molded
material might be 3.3 g/cm3., As the lateral high-resistance
additive, the lateral high-resistance additive used in sample number
11 in embodiment 1 was used, that is, a composition of 77 molar % of
Si02, 20 molar % of Bi,0s3, and 3 molar % of Fe,03, According to
the blending composition, Si0-, Bi,0s3, and Fe;03 were weighed as
specified, and an oxide for lateral high-resistance additive was
prepared, As an organic binder, water-soluble PVA, XNC,
hydroxypropyl cellulose (hereinafter HPC), and MMAC were weighed
as specified, and dissolved in purified water, The oxide of the
lateral high-resistance additive and the organic binder aqueous
solution were weighed, and mixed sufficiently in a ball mill, and a
slurry composition of lateral high-resistance additive was obtained.
The viscosity of the slurry was adjusted by adding purified water.
On the lateral face of the molded material, this lateral high-
resistance additive was applied by dip method. In the dip method,

the flat portion of the molded material is held by a jig, and is

passed through the lateral high-resistance additive. The molded
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4 in enbodinment 1 was used, that is, a conposition of 90 nolar %of S Q2
and 10 nolar % of Fe[err](err]. The | ateral high-resistance
additive was applied on the lateral face of the prepared nol ded naterial
by -transfer coating nethod. In transfer coating, the |ateral

hi gh-resi stance additive was prelimnarily spread wide thinly on a netal
plate by printing, and the nolded material was applied by rotating. In
this method, the lateral high-resistance additive can be applied easily in
a very sinpl enzguiphenttedHonel ahys a5 epanghdetensilt highireesiprtaycegdtdinige t he
coating thickness of the lateral high-resistance additive is slightly
uneven, and hewese tréatedhin ttheaseamet prdcessl a Ancenbod arenst & -andj she ginc
fluctuates, but the uniformty can be inproved by adjusting the rotating
speed of the nwlidedvamiséer aas dprémedbdr, to i nprove the nmass producibility,
the |l ateral high-resistance additive may be applied on the surface of the

rotating roller,

and Tahde| tatsboed theglr-resrafsilstarsdeh sghdires isganuy dddi vippl,i ed

while rotating the nolding naterial. Then, in the same process condition
as in enbodi neninelto dryoms ki ngucho &lpeatsmdeofipyintent hoph dulreemti sBoxi de

vari stor was

duration characteristic, and low current long duration
characteristic,

As known from Table 7, the binder to be used in the lateral
high-resistance additive may be any one of PVA, MC, HPC, and MMAC,
but the preferred concentration of binder aqueous solution is found
to be 1 to 15 wt.%. That is, if the concentration of the binder
aqueous solution is low, the coat film strength of the lateral high-
resistance additive is low, a sufficient coating amount is not
obtained, and the high current short duration characteristic is
lowered. If too high, on the other hand, the slurry flow is poor,
and it takes a long time to dry and micro-cracks are formed on the
surface of the molded material, and hence the high current short
duration characteristic and low current long duration characteristic
are impaired., The amount of addition of metal oxide for lateral
high-resistance additive is preferred to be 15 to 60 wt.% as the
solid matter ratio. If the solid matter ratio is low, it takes time
to dry and the low current long duration characteristic is impaired,
or if the solid matter ratio is too high, the coat film cannot be
applied uniformly and the high current short duration characteristic

is impaired. Incidentally, the viscosity of the lateral high-
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a sanpl e

| ong
in the above

additi ve
and
| ow current

and

hi gh-resi stance
of the zinc oxide varistors obtai ned

| at er al
cal cined at 950[err]C ,

t he
Table 6 shows the voltage ratio

vol tage characteristic,

limting

obt ai.ned. As a conparative exanple,
duration characteristic

was applied on the calcined nmateri al

was prepared by baki ng.
characteristic,
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enbodi nent 1. Besides, to evaluate the |ow current |ong duration
characteristic, a rectangular wave current of 2 nS was applied 20 tines at
intervals of 2 mnutes and the appearance was investigated. The current
was started from 150 A, and increased at 50 A steps wuntil the el enent was
br oken. As known from Table 6, when applying the |ateral high-

resi stance additive on the nolded material, the low current |ong duration
characteristic is excellent when the density is 3.15 to 3.4 g/cnB. That
is, if smallerresiamadeel Bdditdmpeshouldibre phefarahlf abbuged depgpdivg hmdthéd t he
invention, since the lateral high-resistance additive nade from an aqueous
bi nder is appl rethodnoft Rerhidadéen . daver iial theyepsawurcea poneeatiod ambkihdehdr om
the lateral face of the nolded material, and the binder in the nol ded
material is swolltde, scrzed miot orgematcksl.ar bpifror imatedn, thersenicat evictot g

nol ded material. On the other hand, if greater than 3.4 g/cnferr], the

bi nder in the ramdedésd 598t er i1@b0icpsnot burned sufficiently, and cracks and
other defects are fornmed inside the sinter. These problens are | essened

by cal cining the nolded nmaterial, and the favorable density range of the
nol ded material for low current |ong duration characteristic is found to
be 3.15 to 3. 41guwrResr hppdivasilsrybecause, when the nolded material is
calcined, the strength of the nolded material is 1inproved and m cro-cracks

are not formed on thexdeerdage tbftiehenvdntlieh Alashigitripsd SbaAdIGE AKXk khye is

applied. If the nolded materi al
lateral high-resistance additive is applied and baked on the
lateral face of a molded material or calcined material, and a high-
resistance layer is formed on the lateral face of a zinc oxide
varistor, iron, bismuth and silicon in the lateral high-resistance
additive react very well with the ingredients in the molded material
or calcined material, thereby forming a high-resistance layer
comprising Zn,Si04 as principal ingredient, and at least Zn7Sb;0,:;
dissolving Fe as auxiliary ingredient. This high resistance-layer
is homogeneous, excellent in adhesion with the sinter, and high in
dielectric strength, so that discharge current withstand capacity
characteristic and high current short duration characteristic may be
substantially enhanced. Moreover, by adding oxides of Mn, Al, B and
others to the lateral high-resistance additive, the high temperature
electric charge life characteristic and other properties can be
enhanced. In addition, since the lateral high-resistance additive
is excellent in reactivity with the molded material, it can be
directly applied on the molded material, and hence the loss in time

and energy can besaved, and the productivity can be enhanced.
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is cal cined,
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i nt er nal ccur and the low current |ong duration characteristi
S |rrpa ﬁm !IJ‘ ,! ﬂﬂtﬁodl ment 7) A sevent h enbodi nent of the

invent|

however, when the nol ded materi al dénsity I's over

3.4 g/cnferr], the binder is not burned sufficiently,

G anul at ed powder of zinc oxide varistor

c

prepared in the sane process as in enbodinent 1 was nolded into a size of
40 mmin dianmeter and 40 mmin thickness by a hydraulic press. At this
‘time, the nol 8LhidSpressure was adjusted so that the density of the nol ded
material mght be 3.3 g/cnferr]. As the |l ateral high-resistance additive,

the | ateral

hi gh-resi bt adcba wddi thivd-usdd thrces adpl td vaulidrer incl bxide
enbodi mrent 1 was used, that is, a conposition of 77 nmolar % of Si 2, 20

mol ar % of Bi [ ®erris@oerkdvinared n8tabloaidgoconpFs(iegr]-@GPengllar NcCar temg oD
bl endi ng conposition, SiJerr], Bi[err](err], and Fe[err]Jerr] were

wei ghed as
was

sp€eili)edrorand-2h nokadd fox tHeanerod] Bhilgh- biesiush areme alokdi ti ve

balance consisting of Si0,.

2. A lateral high-resistance additive for zinc oxide
varistor of claim 1, wherein the metal oxide further comprises 0.1
to 10 molar % (in ternms qf Mn-0,) manganese,

3. A lateral high-resistance additive for zinc oxide
varistor of claim 1, wherein the metal oxide further comprises 0,01
to 2 molar % (in terms of Al:0-) aluminum,

4. A lateral high-resistance additive for zinc oxide
varistor of claim 1, wherein the metal oxide further comprises 0,05
to 5 molar % (in terms of B,0:) boron.

5, A lateral high-resistance additive for zinc oxide
varistor of claim 4, wherein boron is added in a form of glass frit,
6. A zinc oxide varistor comprising a sinter hainly
composed of zinc oxide, and a lateral high-resistance layer provided
on a lateral face of the sinter, wherein the lateral high-resistance
layer is mainly composed of Zn,;Si04, and includes at least Zn7;Sb;0;:

dissolving Fe as auxiliary ingredientk

7. A zinc oxide varistor of claim 6, wherein the content of
Fe contained in Zn7Sb,0;» is 10 molar % or more of the Sb content,

8, A zinc oxide varistor of claim 6, wherein the concentra-

tion of Zn;Si0,4 in the lateral high-resistance layer is 98 to 70

- 30 -
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prepared. As an or ' [ er-sol uble PVA, MC,  hydroxypropyl

cel l ul ose (herei nz%mglamg’mmmg@)ﬁc were wei ghed as specified, and

di ssolved in purifi c " ide of the |Ilateral high-resistance
addi tive and the organi c binder agqueous solution were wei ghed, and m xed
sufficiently in a ball mll, and a slurry conposition of lateral

hi gh-resi stance additive was obtai ned. The viscosity of the slurry was
adj usted by adding purified water. On the |lateral face of the nol ded
material, thisudlatef.al high- resistance additive was applied by dip
method. In the dip nmethod, the flat portion of the nolded material is held
by ajig, and is pa$sedi tranefephut e matlerdabf hiigh- ¢xesiestarieeoaddnprsdng The
nol ded - 26 - mat eri al
coated with thihe pteppasfconpieriak Hipghdensirsé arnaer bddiof iziac weidlet reated in
t he sanme process as in enbodinent 1, and the zinc oxide varistor was

obt ai ned. varistoralbgtad nshews nt hexildgpas peindidberinlgrbd Ptr e8d StaneR ¢
addi tive,

antimony as auxiliary material to obtain a molded material, applying
a lateral high-resistance additive composed of an aqueous binder
solution and metal oxide on the lateral face of the molded material,
baking the molded material to obtain a sinter, and heating the
sinter in a temperature range of 500 to 600C, wherein the metal
oxide comprises 1-40 molar % (in tefms of Fe,0s3) iron, 0-20 molar %
(in terms of Bi»03) bismuth, and the balance consisting of Si0a.

10. A manufacturing method of zinc oxide varistor of clainm
9, wherein the baking temperature is in a temperature range of 850
to 1300°C.

11. A manufacturing method of zinc oxide varistor of claim
9, wherein the density of the molded material is in a range of 3.15
to 3.40 g/cn3,

12, A manufacturing method of zinc oxide varistor of claim
9, wherein the lateral high-resistance additive is applied in any
one of dip coating method, spray coating method, transfer coating
method, and curvature screen printing method.

13, A manufacturing method of iinc oxide varistor of claim
9, wherein the metal oxide further includes at least one selected
from the group consisting of manganese, aluminum, and boron.

14, A manufacturing method of zinc oxide varistor compris-
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time to dry to the touch, appearaniﬁﬂ Si nter hi gh current shart

duration characteristic, and | ow tid T HAGI BEENC
As known from Table 7, the binder HM&M"I H‘tw gﬁggﬁw

D
hi gh-resi stance additive may be any one of PVA, I\/C HEC,_-a-éEeEl-'Pbkﬁe———b‘m t he
preferred concentration of binder aqueous solution is found to be 1 to 15
w.% That is, if the concentration of the binder aqueous solution is |ow,
the coat filmstrength of the |ateral high- resistance additive is low, a
sufficient coatngnghanrmepd ofScompact iy ai paderandwt hetdriigh four pant oshier t
duration characteristic is lowered. If too high, on the other hand, the
slurry flow i svqgraetor tansbtisinta@kesdal Ineberifail pecaloiding ahel mel dedbnwetearcied are
formed on the surface of the nolded material, and hence the high current
short durati amtibhaiacterinkbge rand isoWoBur éads [tongb whined iaonatdiaedct eri sti c
are inpaired. The anount of addition of nmetal oxide for |ateral
hi gh-resi st anceateddal, depiydnpreflatesd thoglheedbs tanc&Oddti t Poeasobised safl iad
matter ratio. If the solid matter ratiois low, it takes time to dry and
the | ow curreniquedng Hudes isehu Civar agd akek st iokidé onpied raderalofadd of hehesol i d
matter ratio is too high, the coat filmcannot be applied uniformy and
the high curregdlcshéd tmadeafli, ObakGRAr eiet esidihed ndtdridpabradaihncisdendsl | Y,
the viscosity of the |ateral high-

27 - and heating the sinter in a temperature range of 500 to 600°C,

wherein the metal oxide comprises 1-40 molar % (in terms of Fe;03)
iron, 0-20 molar % (in terms of Bi,0:3) bismuth, and the balance
consisting of Si0,,

15. A manufacturing method of zinc oxide varistor of clainm
14, wherein the baking temperature is in a temperature range of 950
to 1300C.

16. A manufacturing method of zinc oxide varistor of claim
14, wherein the density of the molded material is in a range of 3.15
to 3.40 g/cm3,

17. A manufacturing method of zinc oxide varistor of claim
14, wherein the lateral high-resistance additive is applied in any
one of dip coating method, sp?ay coating method, transfer coating
method, and curvature screen printing method.

18. A manufacturing method of zinc oxide varistor of claim
14, wherein the metal oxide further includes at least one selected
from the group consisting of manganese, aluminum, and boron,

19. A lateral high-resistance additive for zinc oxide

varistor comprising a binder aqueous solution containing at least

I -

This Sheet Has Been Repl

AT




resi stance additive shoul d be preferabl y%ﬁa%d

depend uu l m leg of application, lower in the s o
and hll |Hﬁ| n printing met hod. ApprOX|nateI§ %T ﬁhﬂr
CABJ |

viscosity range is 500 to 1000 cps. | NDUSTRI AL APPLI

|®X

According to the invention, as described herein, when the |ateral

hi gh-resi stance additive is applied and baked on the |ateral face of a

nol ded material or calcined material, and a high-
one selected from the group consisting of polyvinyl alcohol, methyl
cellulose, hydroxypropyl cellulose, and water-soluble acryl by 1 to
15 wt. %, and a metal oxide added in the binder aqueous solution so
that the solid matter ratio may be 15 to 60 wt.%.

20. A manufacturing method of zinc oxide varistor compris-
ing the steps of compacting a powdery raw material of zinc oxide
varistor containing zinc oxide as principal ingredient and at least
antimony as auxiliary material to obtain a molded material, applying
a lateral high-resistance additive composed of an aqueous binder
solution and metal oxide on the lateral face of the molded material,
baking the molded material to obtain a sinter, and heating the
sinter in a temperature range of 500 to 600°C,

21, A manufacturing method of ziné oxide varistor compris-
ing the steps of compacting a powdery raw material for zinc oxide
varistor to cobtain a molded material, calcining the molded material
until its shrinkage rate is 10% or less to obtained a calcined
material, applying a lateral high-resistance additive composed of an
aqueous binder solution and metal .oxide on the lateral face of the

calcined material, baking the calcined material to obtain a sinter,

and heating the sinter in a temperature range of 500 to 600°C.
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resistance layer is forned on the lateral face of a zinc oxide varistor,
iron, bismuth and silicon in the lateral high-resistance additive react
very well with the ingredients in the nolded naterial or calcined
material, thereby form ng a high-resistance |ayer conprising Zn2Si &4 as
principal ingredient, and at |east Zn[err]Sb[err](err] dissolving Fe as
auxiliary ingredient. This high resistance-layer is honbgeneous, excellent
in adhesion with the sinter, and high in dielectric strength, so that

di scharge curresfRMT hst and capacity characteristic and high current short
duration characteristic may be substantially enhanced. Moreover, by adding
oxi des of Mh, Al, B &hd imteheiem tond he bmtvadadg hiighly esl sabdaczi nadel itdieve,
the high tenperature electric charge life characteristic and ot her
properties carvdiést@shaheegh 4 impaddidoidontioni nvepst heTleav erialtohi ighprekiced ance
additive is excellent in reactivity with the nolded material, it can be
directly appl igddospdriengal deddarat 4w ahterind twipees itze 1+ 30i4r % B0 and
energy can besaved, and the productivity can be enhanced. '

- 29 - terms of Fe,03) iron, 0-20 molar % (in terms of Bio03) bismuth, and

the balance consisting of Si02 in a solution of a water-soluble
binder such as polyvinyl alcohol, and applying the formed dispersion
to a molded or calcined zinc oxide varistor to form on the lateral
face thereof a lateral high-resistance layer (2) containing Zn:Si0,4
as the principal ingredient and a solid solution of iron in

Zn7Sb3012 as the auxiliary ingredient.
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CLAI V5 1. A lateral high-resistance additive for zinc oxide
varisto i a netal oxide conprising 1-40 nmolar % (in
Fe[err]gag%\rqs)e%ron, 0-20 nolar % (in terns of Bi[err]QeFﬁgﬂ%ﬁI@#ﬁth, and
the bal ance consisting of SiJerr]. 2. A lateral high-resistance
additive for zinc oxide varistor of clAipf 1, wherein the netal oxide
further conprises 0.1 to 10 nolar % (ipterns of Mi[err](Jerr]) nanganese.
3. A lateral high-resistance additive for zinc oxide varistor of claiml,
wherein the nmetal oxide further conprises 0.01 to 2 nmolar % (in terns of

Alferr]Jerr]) alum num 4. A lateral high-resistance additive
for zinc oxide varistor of claim1l, wherein the netal oxide further
conprises 0.05 to 5 nolar % (in terns of B203) boron. 5. A

| at eral high-resistance additive for zinc oxide varistor of claimd4,
wherein boron is added in a formof glass frit. 6. A zinc oxide

varistor conprising a sinter mainly conposed of zinc oxide, and a | ateral
hi gh-resi stance | ayer provided on a lateral face of the sinter, wherein
the | ater aIFrégz- resistance layer is mainly conposed of Zn2Si &4, and

i ncl udes at aSt Zn7Sb2012 dissolving Fe as auxiliary ingredient.

7. A zinc oxide varistor of claim®6, wherein the content of Fe contained
in Zn[err]Sb[err]Jerr] is 10 nolar % or nore of the Sb content.
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8. A zwwoemeose: varistor of claim6, wherein the concent W/Md/(ﬁﬁ‘szof
Zn[err]Sigerr] in the lateral high- reS|stance | ayer is 98 to

- 30 - nol ar % A manuf acturing mnet hod of zinc

oxi de varistor conprising the steps on npacting a powdery raw materi al

of zinc oxide varistor containing zing/0@de as principal ingredient and
at least anti m)ny as auxiliary material to obtain a nolded material,

- appl yi ng J@eg hi gh-resi stance agditi ve conposed of an aqueous bi nder
sol ution an al oxide on the later face of the nolded material,
baki ng the nolded material to obtain & sinter, and heating the sinter in a
tenperature range of 500 to 600[err ) reimfhe neigl oxide conprises
1-40 molar % (in terns of Fe[err]defr]) ijron, 0420 nmoldr % (in terns of
-Bi[err]derr]) bisnuth, and the bal gce sistigg of SU2. 10. A
manuf acturi ng nethod of zinc oxide rist of cljaim 9, wherei n the baking
tenperature is in a tenperature ran of 0 =

1
1

3]
Q
. “ §

% p
SS[ 9 8¢
Q& v e}
geb K| &
N N_ N_J

I |
1a ]

4
o

L L L -y
g e - -
— —

3 9 4
-1' —_— —

P
L ] ﬁ o——
b
s 4 0+ 4

1 1
11

g s g = =
oo Bel o &
Q%Qeqbﬁg& =2 W
VSS888 N »
IR o ~ -~



to 1300[err] C 11. A manufacturing nethod of zinc oxide varistor
of-claim 9, wherein the density of the nolded material is in a range of
3.15 to 3.40 g/cnferr]. 12. A manufacturing method of zinc oxide
varistor of claim 9, wherein the lateral high-resistance additive is
applied in any one of dip coating nethod, spray coating nethod, transfer
coating nethod, and curvature screen printing nethod. 13. A
manuf act uri ng nmet hod of zinc oxide varigigw of claim 9, wherein the netal
oxi de further includes at |east one selec e% fromthe group consisting of
manganese, al um num and boron. 14. A manufacturing nethod of

zi nc oxide varistor conpris- ' - 31 -
ing the steps of conpacting a powdery raw naterial for zinc oxide varistor
to obtain a nolded material, calcining the nolded material wuntil its

shri nkage r atlgSTSOR GHUEONOTAIONS QFopHRIDRAWINGScal cined nmaterial, applying a
| at eral high-resi stance additive conposed of

 IRITTE sinter

2 eeeees lateral high-resistance layer

3 ereene electrode



ahaqueous bin nmetal oxide on the |ateral face of the

cal ci ned mate mﬂmm{f" cal cined material to obtain a sinter, and
heating the sintet ature range of 500 to 600[err]C, wherein the
nmetal oxide conprises 1-40 nmolar % (in terns of Fe[err]err]) iron, 0-20

molar % (in terms of Bi[err](err]) bismuth, and the bal ance consisting of
Siqerr]. 15. A manufacturing nmethod of zinc oxide varistor of clalm

14, uher el mighenbaliedy §EREDA Uik hspdvfagﬁsé;ﬁ@?fﬁﬁz%@%gxf(ﬁg%gﬁ?%ﬁﬁg

1300[err] C A manuf actu
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manganese, “eina&ﬂﬁtﬁdﬁia@érbsﬁﬁﬁ“o‘ﬂ“aendsﬁéﬁfét edmhﬁ?&‘f“&tﬁ Abtace ot The"?
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and heating the sinter in a temperature range of 500 to 600C,

wherein the metal oxide comprises 1-40 molar % (in terms of Fe,0,)

iron, 0-20 molar % (in terms of Bi,0,) bismuth, and the balance

consisting of Si0,.

15. A manufacturing method of zinc oxide varistor of claim 14,
wherein the baking temperature is in a temperature range of 950 to
1300°C.

16. A manufacturing method of zinc oxide varistor of claim 14,
wherein the density of the molded material is in a range of 3.15t0 3.40
g/cm®.

17. A manufacturing method of zinc oxide varistor of claim 14,
wherein the lateral high-resistance additive is applied in any one
of dip coatingmethod, spray coatingmethod, transfer coating method,
and curvature screen printing method.

18. A manufacturing method of zinc oxide varistor of claim 14,
wherein the metal oxide further includes at least one selected
from the group consisting of manganese, aluminum, and boron.

19. (Amended) A lateral high-resistance additive for zinc

oxide varistor comprising a binder aqueous solution containing at



Yéast'one selected fromthe group consi sting of polyvinyl alcohol, nethyl
cellurose hydr o and water-soluble acryl by 2.5 to 15
.% and a net axﬁﬂmﬂ ”Jm m,mghe bi nder aqueous solution so that the
SO|Id matter rati o ngy be 45 ¢0
least one selected from the group consisting of polyvinyl alcohol,
methyl cellulose, hydroxypropyl cellulose, and water-soluble acryl by

2.5 to 15 wt. %, and a metal oxide added in the binder aqueous solution

so that the solid matter ratio may be 15 to 60 wt.%.



