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ZINC OXIDE CERAMICS AND METHOD FOR PRODUCING THE SAME

The present invention relates to.zinc oxide ceramic§ and é
method for producing the same, and more particuiarly to zinc
oxide ceramics and a method fér producing the same for
fabricating a zinc oxide varistor to be used for surge absorption
in an electric circuit.

A zinc oxide (Zn0) varistor is produced by using zinc oxide
ceramics (a sinteréd body) which are obtained by burning zinc
oxide material powder that contains zinc oxide, bismuth oxide
(Bi203), manganese oxiée (Mn02) and cobalt oxide (Co0O) as basic
additives, and various'oxides to be added for performance
enhancement. It.has'been known that the threshold voltage of the
zinc,oxide_vafistdr is almost proportional to' the number of grain
boundaries which are present between electrodes. More
specifically, the threshold voltage rises by 3V to 4V per grain
boundary. Accordingly, it is necessafy to produce a sintered
body.having_ZnO pérticlés whose average particle size is about 4
to 40 m in order to fabricate the zinc oxiﬁe varistor fqr a high
voltage. It is necessarf to produce a sintered body having an
particles whose particle size is about 40 to 200« m for easy
handling in order to éroduce a zinc oxide varist;rﬂfor a low
voltagé. In order to produce the zinc oxide varistor for a high -

voltage, a method of adding a growth inhibitor such as antimony
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oxide (Sb203) to inhibit the growth of ZnO particles has

conventionally been used. 1In order to produce the zinc oxide
varistor for a‘low voltage, a method of adding a growth promotor

such as titanium oxide (Tioz) to promote the growth of the ZnO

* particles has been used.

However, a sinteripg temperature of 1150 to 1300C is
réquired.to bbtain a high-performance zinc oxide varistor for
high and low Voltages. The high sintering temperature'éauses
power to be consumed, bismuth oxide to be strongly scattered, and
a furnace material or container to be wasted due to the strong
scattering of bismuth oxide. Consequently, it has been desired
to decrease the-burn;ng temperature. If burning is performed at
a high temperature, the bismuth oxide or the like evaporates
actively in the air. In addition, the bismuth oxide easily
reacts with many materials, and readily erodes a lot of materials
such as ceramics, fpr example, a furnace material, a container
and the like. If the burning temperature is decreased by the
blending of the zinc oxide varistor according to the prior art,
the threshold voltage is rapidly increased so that the
irregularity of a Zno pafiicle size 1is caused. Consequently, the
non-linear resistance characteristic is'degraded. Further, the
iife for power loading, pulse current loading ormiﬁe like is
shortened.

According to the method according to the prior art, bismuth
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oxide, titaﬁium oxide, aﬁtimony oxidg, chromium oxide (Cr203) and
boron oxide (B203) are individually added to zinc oxide material
pdwder. Therefore, there are a portion of the titénium oxide
which reacts with zinc oxide, a portion of bismuth oxide which |
reacts with titanium oxide, a poriion of éntimony oxide which
reacts with zinc oxide, a portion of bismuth oxide which reacts
with antimony oxide, and the like. The boron oxide tends to forﬁ
a liguid phase and coalesce at the early stage of the temperature
increase so_that irregularity is easily caused. As a result, the
sintered body has a portion in which grain growth is not promoted
and a portion in whicﬁ‘the grain growth is promoted. 1In the
methqd according to the prior art, thus, it is difficult to
produce a sintered body having a regular particle size.
Furthermore, it is hard to fully control the abnormal graiﬁ
growth of ZnO. Therefore, there is a problem that fhe electric
characieristics and reliability of zinc oxide varistors obtained
from a given producing lot (batch) have great variation (which
occurs within the lot). In addition,there is a problem that the

eleétric characteristics and reliébility of zinc oxide varistors
obtained from different ;roducing lots have greét variation
(which occurs between the lots).

As de#cribed above, it is 1mpossib1g to stably produce a.

zinc oxide varistor having excellent electric characteristics and

reliability with low-temperature sintering by the method using
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the ceramiés according to the prior aft.

I£ is an object of thé present invention to provide zinc
oxide ceramics for producing, in high yield, zinc oxide varistors
having reliability and electric chéracteristics such as non-
linear resistance characteristics with 1ow—tempera£ure sintering.

In order to achieve the above object, a first zinc oxide
ceramic of the present invention is produced by adding 0.2 to 20
parts by weight of a synthetic powder, wﬁich is prepared'by heat
treating a mixed powder of at least bismuth oxide, titanium oxide
énd antimony oxide, and.O.i to 5.0 parts by weight of at least
one of cobalt oxide and manganese oxide, to 100 parts by weight
lof zinc oxide as a main component. The'synthetic powder means
the powder prepared by heat treating and grinding thélmixed
powder of bismuth oxide, titanium éxide And antimony oxide.

It is preferred that the mixed powder is prepAred by bismuth
oxide, titanium oxide, anﬁimony oxidé and boron oxide, and that .
the synthetic powder is prepared by heat treating the mixed
powder._ .

It is preferred that thé mixed powder is prepared f:oﬁ
bismuth oxide, titanium oxide, antimony oxide and chromium oxide,
and that ‘the synthetic powder is prepared by heat treating the
mixed powder. |

Preferably, the amount of a bismuth coﬁponent to be added is

0.3-to 10.0 parts by weight for 100 parts by weight of zinc oxide



by 81203 conversion.

Preferably, the amount of a titénium component to be added
is 0.1 to 5.0 parts by wéight for 100 parts by weight of zinc
oxide.by TiO2 conversion.

Preferably, the amount of an antimony component to be added
is 0.02 to 2.5 parts by weight fqr 100 parts by weight of zinc
oxide by Sb203 con?ersion.

It is preferred thét the boron oxide is at leas£ one of
boric acid and boron trioxide.

Prgferably, the synthetic powder is added to a powder
méterial having zinc oiide as the main component and which
.contains 0.00062 to 0.372 part by weight of an aluminum component
for 100 parté by weight of zinc oxide by A1203 conversion.

Preferably,.a synthetic powder prepared by heat treating a
mixture of bismuth oxide and boron oxide is added to a synthetic
powder prepared by heat treatigg a mixed powder of at least
bismuth oxide, titanium oxide and antimony oxide.

Preferably, a synthetic powder prepared by heat treating a
mixture of bismuth oxide and chromium oxide is added to a
synthetic powder prepared by heat treating a mixed powder of at
least bismuth oxidé, titanium oxide and antimony oxide.

Preferably, a syﬁthetic poﬁder prepared by ﬁeét treating a
mixture of bismuth oxide and chromium oxide and a synthetic

powder prepared by heat treating the mixture of bismuth oxide and’
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boron oxide are added to a synthetic powder prepared by heat
treating a mixed powder of at least titanium oxide and antimony
oxide.

A second zinc oxidé ceramic of the present invention is
produced b; adding 0.5 to 20.0 parts by weight of a synthetic
powder which is prepared by heat treating and grinding a mixture
of bismuth oxide, titanium oxide, antimony oxide, chromium oxide
and boron oxide, and 0.1 to 5.0 parts by weight of at least one
of cobalt oxide and manganese oxide to 100 parts by weight of
zinc oxide powder.

It is preferreé that the average particle.size of the
synthetic powder is 0.05 to 104 m.

It is preferred that the manganese oxide is at least one of
Mno, Mn203 and Mn02.

It is preferred that the cobait oxide is at least one qf.Coo
and-Co304f

Preferably, the amount of a bismuth component to be added is
0.3 to 18.0 parts by weight for 100 parts by weight of zinc oxide
by 31203 conversion.

It is preferred that the amount of a titanium component to
be added is 0.03 to 2.00 parts by weight for 100 parts by weight
of zinc oxide by Tioz-cbnversion. o

Preferably, the amount of an antimony component to be added

1s_0.005 to f.OOO part by weight for 100 parts by weight of zinc



oxide by Sb203 conversion.

Preferably, the amount of a chromium component to be added
is 0.005 to 0.500 part by weight for 100 parts by weight of zinc
oxide by Cr203 conversion.

It is preferred that the amount of a boron component to be
added is 0.902 to 1.000 part by weight for 100 parts by weight of
zinc oxide by B203 conver;ion.

It is preferred that the boron okide is at least one of
boron oxide and boric acid.

It is preferred that 0.00062 to 0.37200 part by weight of an
aluminum component is 8dded for 100 parts by weight bf zinc ox;de'
by A1203 conversion.

A first method for producing zinc oxide ceramics aeccording
to the present invention comérises the steps of adding 0.2 to 20
‘parts by weight of a synthetic powder pfepared by heat treating a
mixed powdef éf at least bismuth oxide, titanium 6xide and
antimony oxide, and 0.1 to 5.0 parts by weight of at least one of
cobalt oxide and manganese oxide to 100 parts by weight of zinc
oxide, and performing sinter;ng.

Pfeferably, the step of preparing synthetic powder comprises
a step of heat treating a mixed powder of bismuth oxide, titanium
oxide, antimony oxide and boron oxide. |

Preferably, the step of preparing synthe;ic éowder comprises

a step of adding boric acid, the boric acid and bismuth oxide
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being blended into fine particles and heat treated.

It ,is preferred that £he step of preparing synthetic powder
comprises the steps of adding boron oxide, the boron oxide and
bismuth oxide being blended into fine particles and heat treated.

Preferably,-the step of preparing synthetic powder comprises
steps of adding boric acid, heat treating and grinding a blended
powder of bi§muth oxide, titanium oxide and antimony qxide,.and
_ heat £reating and grinding a blended powder of bismuth oxide and
boric acid, and the step of adding the synthetic powder to zinc
oxide éomp:ises a step of adding the two kinds of pdwder which
are prepared. ® |

Preferably. the step of preparing synthetic powder comprises
steps of.adding boron oxide, heat treating and grinding a blended
powder of bismuth okide, titanium oxide and antimonyloxide,-and
heat treating and grihding a blended powder of bismuﬁh oxide and
boron oxide, and the Steﬁ of adding the synthetic powder to zinc
oxide comprises a step of adding the two kinds of synthetic
powder which are prepared.

" It is préferred that the step of preparing synthetic powder
comprises a step of heat treating a blended powder of bismuth
oxide, titanium oxide, antimony oxide and chromium.oxide.

Preferébly, the step of prepéring synthetiéqééwder compﬁises
teps of adding chromium oxide, heat treating and grinding a

blended powder of bismuth oxide, titanium oxide and antimony
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oxide, and heat treating and grinding a blended powder of bismuth
oxide and chromium oxide, and the stép of adding the syntﬁetic
powder zinc oxide comprises a step of adding the two kinds of
synthetic powder which are prepared.

It is preferred that the method further comprises a step of
adding an.aluﬁinum component after the step of adding the
synthetic powder to zinc oxide.

Preferably, an elongated high-density defect is formed in
the micron or submicron range in parallel with the c face of zinc
oxide crystalline particles éf a zinc oxide polycrystalline
substance in crystalline particles, and bismuth, titanium and.
antimony components which are sinteréd at ‘a low temperature are
contained in thé defect.

A secénd method for producing zinc oxide ceramics comprises
the steps of

A. heat treating and grinding a composition which contains
bismuth oxide, titanium oxide, antimony oxide, chromium oxide and
boron oxide to prepare a synthetic powder;

B. adding the synthetic powder to a powder material which
contains zinc oxide as a first component and at least one of
cobalt oxide and manganese oxide as é second component to prepare
the blen@ed powder; and |

C. performing sintering.

According to the above methoq, the second zinc oxide
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ceramics are obtained. The synthetic powder contains at least
bismuth oxide, titanium oxide and antimony oxide which are
treated by heat and ground. Coolor Co304 can be used for cobalt
oxide. MnO, Mn203, or MnO2 can be used for manganese oxide.
Manganese carbonate iMnCoB) which is changed to maﬁganese oxide
by thermal decomposition at a high temperature is also suitable.
Boron trioxide or boric acid can be used for boron oxide. It is
preferred that the average particle size of the synthetic powder
ranges from 0.05 to 10z m. In the step of grinding the synthetic
powder, the third compositiqn'may be ground independently so as
to be mixed with the first and second synthetic powder which are
groﬁnd. In addition, the powders which are treated by'heat may
be ground together at the same time.

Preferably, the method for preparing synthetic powder
comprises, in place of the step A, steps of heat treating a first
composition which contains bismuth oxide, titanium oxide,
antimony oxide and boron oxide to prepare a first synthetic
powder, heat treating a sgcond composition which contains bismuth
oxide and ghromium oxidé_to prepare a seconé synthetic powder,
and grinding the first and second synthetic pawders.

Preferably, the method for preparing synthetic powder
comprises, in place of the step A, steps of heag.ﬁfeéting a first
domposition which contains bismuth oxide, titanium oxide and

antimony oxide to prepare a first synthetic powder, heat treating
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100 parts by weight of the zinc oxide by 31203 conversion, the
following effects can be obtained in addition to the above
functions. More spécifically, the ligquid phase sintering of thé
zinc oxide varistor can be promoted and the defective density of
a grain interfaqe of the zinc oxide can be increased. If the
amount of tﬁe bismuth components to be added is less than 0.2
part by weight for 100 parts by weight of zinc oxide by 31203
conversion,.the effects cannot be “obtained by the addition of the
bismuth components and the threshold voltage of thg zinc oxide
varistor is low. In.addition, the abso;ute value is great for
the rate of change in long-time DC lo;ding and the rate of surge
change. Consequently, good electric characteristics cannot be |
obtained. If the amount of 31203 to be added exceeds 15 parts ﬁy
weight, the zinc oxide varistor is deformed or fused_during
sintering so that dimensional precision becomes low and
production.becomes poor. For this reason, it is preferred that
the amount’ of the bismuth components to_be added ranges from 0.3
to 10.0 parts by weight by Bi,0,.

According td the preferred example in which the amount of
titanium components to be added is 0.1 to 5.0 parts by weight :for
100 parts by weight of zinc ogide by T102 conversion, the grain
growth of zinc oxide can be promoted and the ziné 6xide varistor
suitable for a low voltage can be obtained in addition to the

above functions. TIf the amount of the titanium components to be
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Consequently, the electric characteristics cannot be measured.
Preférably, 0.5 to 20 parts by weight of the synthetic powder
which is prepared by heat ireating the mixed powder of bismuth
oxide, titanium oxide and antimony-oxide is added to 100 parts by
weight of 2Zn0O éowder. |

According to the pfeferred example.in which ;he mixed powder
that contains bismuth oxide, titanium oxide, antimony oxide and
boron oxiae is treated with heat to prepare the synthetic'powdgr,
the foliowing effects can be obtained in addition to the above
functions. More specifically, the grain growth can be promoted
by the operation of boton components, low-temperature sintering
can be performed more stably, and the grain grthh of the zinc
oxide can be controlled during the low—temperature sintering so
that the zinc oxide varistor having constant electric
characteristics and high reliability and quality can obtained.

According to the preferred example in which the mixed powder
that cbntains bismuth oxide, titanium oxide, antimony oxide and
chromium oxide is heat t¥eated to prepare the synthetic powder,
abnormal grain growth can be controlled by the contained chromium
components and current-véltage characteristics can.be stabilized
so that the éinc oxide varistor_having-constant electric
characteri#tics can be obtained. i

According to the preferred example in which the amount of

bismuth components to be added is 0.3 to 10.0 parts by weight for
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oxide reacts with bismuth oxide, the grain grow;h of zinc oxide
is-promoteé by a reaction product. Antimony oxide generally
reacts with zinc oxide to form a spinel so that the effect of
inhibiting the érain growth of zinc oxide would be reduced.
However, antimony oxide reacts with bismuth oxide so that the
grain growth of zinc oxide is inhibited by the reaction product.

| The zinc oxide ceramic is obtained in the following manner.
More specifically, the mixed powder which contains at least
bismuth oxide, titanium oxide and antimony oxide is treated with
heat so that a synthetic powder is prépared. The synthetic
powder is added to zin¢ oxide. Consequently, the grain growth of
the zinc oxide vafistor can be controlled even if low-temperature
sintering is performgd. Thus, it is possible to obtain zinc
oxide having constant electric characteristics and high
reliability and quality.

If 0.2 part by wéight or less of the syﬁphetic powder is
used, the threshold voltage of the zinc oxide varistor becomes
low. In addiiion, the threshold voltage is low for long-time DC.
loading. Further, the absolute value of the rate of change A
vlmA / A 1mA of the threshold voltagg VlmA for a surge is great.
Thus, the results of measurement of any eiectric characteristic
may have a greét variation. If the amount of tﬁé éynthetic
powder to be added exceeds 20 parts by weight, samples stick

together so that the zinc oxide varistor is hard‘to produce.
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particle size is small with a small distribution, can be obtained
depending on composition. Thus, the zinc oxide varistor ﬁaving
excellent electric characteristics and reliability can be
produced in high yield. 1In addition, low—teﬁperature sintering
can be performed so that it is possible to use Ag electrodes in
place of Pt electrodes according to the prior art. Furthermore,
power consumption can be reduced, and a furnace material and a
container are seldom wasted. Consequently, energy and resources
can be saved considerably;

Figure 1 is a schematically perspective view showing a zinc
oxide varistor produced by zinc oxide ceramics according to an
embodiment of the present invention.

According to first zinc oxide ceramics according po the
present invention, 0.2 to 20 parts by weight of synthetic powder,
051 to 5.0 parts by weight of at least oﬁe of cobalt oxide and
manganese oxide are added to 100 parts by weight.of a powder
matérial including zinc oxide as a main component. The synthetic
powder is prepared by tfeﬁting the mixed powder of bismuth_oxidg,
titanium oxide and antimony oxide with heat. Thus, bismuth
oxide, titanium oxide, antimony oxide and the l;ke are added into
the zinc oxide based ceramic compbsition for a ZnO varistor.
Generally, titanium oxide reacts.with zinc oxide.té form a
spinel. Consequently, the effect of promoting the grain growth

of- zinc oxide would not be obtained. However, since titanium
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According to the first ceramics and the method for producing
the same accordiné to Lﬁe present invention, the synthetic powder
prepared in advance by heat treating the blended powder of
bismuth oxide, pitanium,oxide and antimony oxide is used to
produce the zinc oxide ceramics so that the growth of ZnO
particles can be promoted uniformly even if the burning
temperature is lowered to about 850°C . By using the synthetic
powder having proper compositions, ZnO particles having an
averaée particle size which is optionally selected can be
obtained within the wide range with a small particle size
distribution. More specifically, it is péssible to prodﬁce a
zinc oxide varistor having excellent electric characteristics and
reliability in the high yield. In.addition, low-temperature
sintering can be performed so that it is possible to use Ag
electrodes in place of Pt electrodes according to the prior art.

According to the second ceramics and the method.fop
producing the same of present invention, the use of thé synthetic'
pbw@er prepared by treating the mixture or a part of bismuth
oxide, titanium oxide, antimony oxide, chromium oxide and boron
oxide at a temperature of 450 to 800°C provides ZnO particles
whose growth can be promoted uniformly even if the temperature is
lowered to 720 to 1100C . Accordingly, a sinteréd”body having
Zn0 particles whose average particle size is great with a small

distribution, and a sintered body of ZnO particles whose average
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a second composition.which contains bismuth o#ide, chromium oxide
and boron oxide to preparé a second synthetic powder, and
grinding the first and second synthetic powders.

'Preferably, a third composition which contains bismuth oxide
and boron oxide is heat treated and ground to prepare a third
synthetic powder, and the first to third synthetic poQ@ers are
mixed and added to the powder material so-that the blended powder
is adjgsted.

Preferably, the method for producing-zinc oxide ceramics
further comprises a step of adding 0.060é2 to 0.37200 part by
weight of an aluminum éémponent for 100 parts by.weight of zinc
oxide by Al,0, conversion.

It is preferred that the second composition contains 1 part
by mol or more of chromium oxide for 1 part by mol of bismuth
oxidé. |

It is preferred £hat the molar ratio of bismuth oxide to
boron oxide of the third composition is 80 : 20 to 20 : 80.

It is preferfed that.the boron oxide is at ;east one of
boron trioxide and boric acid.

Preferably, the heat treating temperature is 450 to 800°C .

Preferably, the heat treating time is 10 mins. to 10 hrs.

Preferably, the step of forming the blended.péwder comprises
a step of adding the'synthetic powder to the powder material and

then grinding the blended powder.
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added is less than 0.1 part by weigh£ for 100 parts by weight of

zinc oxide by TiO2 conversion, the effects cannot fully be
obtained by the addition of the components, the electric
characteristics of Lhe zinc oxide varistor caqnot be improved and
the absolute values of the rate of change in surge and the rate
of change in DC loading are great. If the amount of the titanium
components to be added exceeds 7 parts by weight by Tio2
conversion, the threshold voltage of the zinc oxide varistor
becomes low. Consequently, it is preferred that the amount of
the titanium components to be added is 0.1 to 5.0 parts by weight
by TiO, conversion. *

According to the preferred example in which the amount of
antimony components to be added is 0.02 to.2.5 parts bf weight
for 100 paris by weight of zinc oxide by szo3 conversion, the_

. following effects can be obtained in addition to the above
functions. More specifically, the gfain gfowth of zinc oxide cén
be adjusted easily and the zinc oxide varistor suitable for a
predetermined yoltage can be obtained readily. If the amount of
the antimony components to be added is less than 0.02 part by
weight for 100 parts by ﬁéight of zinc oxide by Sb203 converéion,
the effects cannot fully be obtained by the addition of the
components, the electric characteristicé of the ;iﬁc oxide

varistor cannot be improved and the absolute values of the change

in surge and the rate of change in DC loading are great. If the
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amount of the antimony components to be added exceeds 2.5 parts
by weight by Sb203 conversion, the threshold voltage of the zinc
oxide varistor can be increased. Consequently, the elgctric
characteiistics have variation. Therefore, it is preferred that
the amount of the antiﬁony components to be added is-0.02 to 2.5.
parts by weight by Sb203 conversion.

According to the preferred example in which the boron oxide
is boric acid, the boron componentslcan be added uniformly and
the sintering of the entire body can be started. If boron oxide
is independently added, a liquid'phase is generated at a very low
temperature so that addition‘cannot be performed uniformly.

According to the preferred examp1e in which the boron oxide
is boric oxide, the boron components can be added uniformly and
low-temperature sintering can be performed in the samelas the
foregoing.

According to the preferréd example in which the powder
material whqse main component is zinc oxide, to which £he
synthetic powder is added, contains 0.00062 to'0.372 parts by
weight of aluminum components by aluminum oxide conversion for
100 parts by weight of zinc oxide, thejfollowing effects can be
obtained in addition to the above functions. More specifically,
£he aluminum componenﬁs which are added are meltéd”in ZnO
particles, and serve as a donor of a semiconductor so that the

electric resistance of 2ZnO can be lowered. If the amount of the
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aluminum components to be added is less than 0.00062 part by

weight for 100 parts by weight of zinc oxide by aluminum oxide
conversion, the electric-resistance of the zinc oxide varistor
cannot be lowered. If the aﬁoun£ of the aluminum components to
be added exceeds 0.372 part by weight for 100 parts by weight of
zinc oxide by aluminum oxide conversion, the electric resistance
of the zinc oxide varistor is lowered too much and other electric
characteristics might become poor.

A first method féf producing zinc oxide ceramics according
to the.present invention comprises the steps of heat treating the
blended powder of at léast bismuth oxide, titanium oxide and
antimony oxide to prepare synthetic powdef, and of adding the
synthetic powder to a powder material whose main component is
zinc oxide. According to the present invention, the blended
powder of bismuth oxide, titanium oxide and antimony oxide is
treated by heat at a_tgmperature of 850C or less in advance, énd
the prepared synthetic powder is added tb zinc oxide material
powder so as to correspénd to the required electric
characteristics so that a sintéred body was produced.
Consequently, the growth-bf Zn0 particles can be promoted

.uniformly with low-temperature sintéring when producing a zinc
6xide-varistor. As a result, it is possible to ér&duce a zinc
oxide varistor having constant electric characteristics and high

reliability by sintering at a 1100°C or less as compared with a
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sintering temperature of.1150 to_1300T3 according to the prior
art. |

According to the preferred example in which the blended
powder of bismuth oxide, titanium oxide, antimony oxide and boron
éxide is heat treated so that the synthetic powder is prepared,
the following effects can be obtained in addition to the'abbve
functions. More speéifically, boron.oxidé causes additives to
diffuse more quickly by férming a liquid phase so that the
ﬁniformity of grain boundary characteristicé can be promoted.

The uniform quality of the zinc oxide varistor can be obtained in
the low-temperature sintering.

According to the préferred example in which the blended
powder of bismuth oxide and boron oxide is heat treated to
prepare'syhthetic powder aﬁd boron components are added, the
synthetic powder which contains the boron oxide can be prepared
easily and the uniformity of grain boundary characteristics can
be promoted readily so that the zinc oxide varistor can be
sintered easily at a iow temperature.

According to the preferred eiampie, the blended powder of
bismuth oxide ana boron oxide is treated by heat to prepare
synthetic powder and boron components are added, the following
effects can be'obtained in addition to the above.fﬁnctions. More
specifically, the synthetic'powder can be prepared easily, and

the uniform quality can be obtained by boron oxide when sintering
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the zinc oxide varistor at a low temperature.

According to the preferred example in which the steps of
preparing synthetic powder comprises the steps of heat trea%ing
.and grinding the blended powder of bismuth oxide, titanium oxide
and antimony oxide, and heaﬁ'treating and'grinding the blended
powder of ‘bismuth oxide andlbqron oxide,'and the step of adding
the synthetic powder to the powder material whose main component
is zinc oxide comprises the step of adding the two kinds of
synthetic powdef which were prepared, the following effects can
be abtained similarly to the above functions. More specifically,
the diffusion of additfves can be adjusted by boron, the
uniformity of grain boundary characteristics can-be éromoted, and
the uniformity of quality can be enhanced when sintering the zinc
oxide varistor at a low temperéture.

Accoraing to the preferred example in which the blended
powder of bismuth oxide, titanium oxide, antimony oxide and
chromium oxide is treated by heat to prepare the synthetic
powder, chromium can be added in the trivalent sLate-of as toxic
chromium (V).

According to the preferred example in ﬁhich the step of
preparing syn;hetic powder compriées the step of heat treating
the mixgure powder of bigmuth_oxide, titanium oiidé, antimony
oxide and chromium oxide, chromium (I) can be added and toxic

chromium (V) can be prevented from being generated.
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According to the preferred example in which the step of
preparing synthetic powder comprises the steps of -heat treating
and grinding the mixed powder of bismuth oxide, titanium oxide
"and antimony oxide and of heat tfeating.and grinding the mixed
powder of bismuth o#ide and chromium oxidé, and the step of
adding the synthetic powder to the poﬁder material whose main
component is zinc oxide comprises the step of adding the.two
kinds of synthetic powder thus prepared; chromium oxide can be
added more uniformly and the above functions can be obtained more
easily. )

According to the preferred example comprising the steps of
adding synthetié powder to the powder matérial whose main
component is zinc oxide and then adding an aluminum component,
the added aluminum component is dissolved in ZnO particles
without damaging the control of grain growth and acts as the
donor of a sehiconductor so that the electric resistance of ZnoO
can be loweréd.

According to the preferred example in which an elongated
high-densiiy defect is férméd in the micron or submicron range in
parallel with the ¢ face of zinc oxide crystalline particles of a
zinc oxide polycrystalline sub;tance in the crystalline.
pariicles; and bismuth, titanium and antimony coﬁpénehté which
are siniered at a 19w temperature are contained, the fine defects

are formed in parallel with the c face of ZnO fine crystals to
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activate volume diffusion so that the grain growth of zinc 6xide
can be promoted. In such an example that bismuth oxide,-titanium
oxide, antimony oxide and the like are added, the volume
diffusion can be activated at a low temperature and low-
temperature sintering can be performed. Even if the low-
temperature sintering is_performed, a zinc oxide varistor having
constant electric characteristics and high reliability can be
obtained.

The zinc oxide ceramics of the present invention are
compressed and molded. A molded body thus obtained is sintered
at a temperature of 850 to 1100°C . Then, an electrode is formed
on the molded body so that the varistor is formed.

Accordingly, the synthetic powder prepared by heat treating
the mixed powder of bismuth oxide, tiianium oxide and antimony
oxide in advance at a teméerature of 850C or less is added to
the zinc oxide powder material so as to provide compositions
corresponding to regquired électric characteristics so that the
desired sintered body is produced. Consequently, the growth of
Zn0 particles can Se promoted uniformly at a low temperaturelwhen
sintering. As a result, it is possible to produce a zinc oxide
varistor having constant electric characteristics and higﬁ
reliability by sintering at a léwer temperature £hgn the
temperature of llooTllor less according to the prior art.

The mixed powder of bismuth oxide, titanium oxide and
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antimony oxide is treated at a temperaturé of 850C or less in an
oxidizing atmosphere, i.e., in the air. The reason is that low-
temperature sintering is meaningless if the temperature exceeds

' 850C and grinding is hard to perform. In addition, the graiﬁ
growth of zinc oxide cannot be controlled by heat treatment if
the temperature is lesé than 450°C . Accordingly, 450 to 850°C is
preferred in order to obtain the effects of heat treatment, and
500 to 650C is preferred in order to promote the reaction of
heat treatment, obtain the effects of heat treatment'and have no
damage.

According to the second zinc oxide ceramics of the present
invention, 0.5 to 20.0 parts by weight of synthetic powder
prepared by heat treating and grinding the mixture of bismuth
oxide, titanium oxide, antimony oxide, chromium oxide and boron
oxide and 0.1 to 5.0 parts by weight of at least one of cobalt
oxide and manganese oxide are added to 100 parts by of zinc oxide
powder. Consequently, it is possible to produce the ceramics
which can be sintered at a lower temperature than the temperature'
of 1100C or less according to the prior art. In the case of 0.2
part by weight or less of-synthetic powdexr for 100 barts by
weight of zinc oxide powder, the threshold voltage of the zinc
oxide varistor is low. Furthermore, the thresﬁéid”voltage of the
zinc oxide varistor is low for long-time DC loading, and tﬁe

absolute value of the range of change in threshold voltage is
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powder is 100, the composition ratio of each componeht which can

be used is expressed by mol® as follows. 31203 20 to 99 mols%,
Tio2 : 0.05 to 80 mols, Sb203 0.5 to 50 mols, Cr203 ; 1.0 to 20
mol%s, B,O, : 1.0 to 20 mol%.

273
According to the preferred example in which 0.00062 to

0.37200 part by weight of an aluminum component is added to 100
parts by weight of ziﬁc oxide powder by A1203 conversion, the
added aluminum component is dissolved in ZnO particies and acts
as the donor of a semiconductor. Consequently, the electric.
resistance of Zn0O can be lowered without damaging other electric
characteristics. *

According to the method for producing second zinc oxide
ceramics of the presen£ invention; the synthetic powder is
érepared by heat treating.an& grinding compositions which contain
bismuth oxide, titanium oxide, antimony oxide, chromium oxide and
boron oxide, and is added to the powder material which contains
zinc oxide as a fLrs;-Component and at least one of cobalt oxide
and manganese oxide as a second component so that the blended
powder is prepared. Conseqﬁen;ly, the growth pf ZnO particles
can be promoted uniformlf-at a low temperature. In addition, a
sintered body having a uniform particle size can be produced.

A first composition which contains bismuth éxidé, titanium
oxide, antimony oxide and boron oxide is treated by heat to

Prepare a first synthetic powder, and a secohd composition which
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great for surges. In addition, any eleqtric characteristic has
great variation. When the synthetic powder exceeds 20 parts by
weight, samples stick'together so that it is hard to produée the
zinc oxide varistor. 1In order to 6btain a sintered body having a
uniform particle size, it is preferred that the average particle
size of the synthetic powder ranges from 0.05 to 10« m.
. Preferably, the average particle'size of the powder material
which contains zinc oxide powder and the like is 0.05 to 5.0g m.
When the coméosition ratio of bismuth oxide, titanium oxide,
antimony oxide, chromium oxide and boron oxide is changed,
sintered bodies having a uniformly great particle size, having a
uniformly small particle size and having great and small particle
sizes can be obtained. 1In this respect, the preferable range of
each compénent to be added is as follows. ?he amount of a
bismuth component is 0.3 to 18;0.parts by weight for 100 parts by
welght of zinc oxide by 31203 conversion. The amount of a
titanium component is 0.03 to 2.00 parts by weight for 100 parts
by weight of zinc oxiae by T:l.o2 conversion. The amount of an -
antimony component is 0.005 to 1.009 part by weight for 100 parts

by weight of zinc oxide b& szo3 conversion. The amount of a

chromium component is 0.005 to 0.500 part by weight for 100 parts
by weight of zinc oxide by Cr203 conversion. The amount of a
boron component is 0.002 to 1.000 part by weight for 100 parts by

weight of zinc oxide by 3203 conversion. When the synthetic
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contains bismuth oxide and chromium oxide is treated by heat to
prepare a second synthetic'powder. The first and second
synthetic powders are ground and then added to a powder material
which .contains zinc oﬁide as a first combonent and at least one
of qobalt 6xide and manganese oxide as a second component, so
that the blended powder is adjusted. Consequently, the growth of
' an particles can be promoted uniformly;at a low temperature and
a sintered body having a unifofm.particle gsize can be produced.

A first compositioﬁ which contains bismuth oxide, titanium
oxide and antimony oxide is heat treated to prepare a first
synthétic powder, and a second composition which contains bismuth
oxidg, chromium oxide and boron oxide is heat treated to prepare
a second synthetic powdef. The first and second synthetic
powders are ground and then added to material powder which
contains zinc oxide as a first component and at least one of
cObalt-oxidé And manganese oxide as a second component, so that
the biended powdér is adjusted. 'Consequently, the growth of ZnO
particles can be promoted uniformly at a low temperature and a
sintered body having a uniform particle size can be produced.

According to the préferred example of the'present invention
in which a third composition which contains bismuth oxide and
boron oxide is heat ﬁfeated and ground to preparé a third
synthetic pqwder, and the first and third synthetic powders are

mixed and added to the powder material to adjust the blended
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powder, the growth of ZnO particles can be.promoted uniformly at
a low temperature and alsintered body having a uniform particle
size can be produced. If the heat treating temperature is less
than 450°C , it is hard to control the grain growth of zinc oxide.
"If the heat treating temperature exceeds 800°C , 'grinding is hard
to perform. |

According to the preferred example of the present invention
in whiéh the step of adjusting the blended powder comprises the
step of adding 0.00062 to 0.37200 part by weight of an aluminum
component to 100 parté.by weight of zinc oxide in the powder
" material by A1203 conv;rsion, the aluminum component is dissolved
in ZnO ‘particles and acts as the donor of a semiconductor.
Consequently, the electric resistance of Zno'can Be lowered
without damaging other electric charaéteristics.

According to the preferred example of the present invention
in which the second composition contains 1 part.by mol or more of
chromium oxide fér 1 part by mol of bismuth oxide, it is possible
to prevent the generation of toxic chromium (W) that may be

273

greater than that of Cr203. If the second composition contains

easily caused by'the synthésis in which the amount of Bi,O, is

only bismuth oxide and chromium oxide, the prefe;able molar ratio
is 25 : 75 to 50 : 50.
According to the preferred example of the present invention

in which the molar ratio of bismuth oxide to boron oxide as a
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third composition is 80 : 20 to 20 : 80, the sintering
temperature can be loﬁered-ﬁhile providing a-uniform particle
size. |

According to the preferred example of the present invention
in which the step of adjusting the blended powder comprises the
step of adding synthetic powder to the powder material and then
grinding the blended powder, a sintered body having a uniform
particle size can be produced.

The second zinc oxide ceramics according to the present
invention -are compressed and molded to a predetermined shape. A
molded body thus obtai;éd is sintered at a temperature of 720 to
1100C so that a sintered body can be obtained. By using ﬁhe
 sintered body, a zinc oxide varistor having excellent reliability
and electric chéracteristics such as nonlinear resistance
properties are obtained in high yield.

While MgO and NiO are added in the method according to the
prior art,_these additives which are dissolved in ZnO can be
added.to obtain a varistor having good chargcteristics;

Preferred embodiments of the present invention will be

described in detail with reference to the tables and drawings.
(Example 1)
Bismqih oxide (B1203)~powder, titanium oxide (Tioz) powder,

and antimony oxide (Sb203) {whose particles pass through 200-,
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325~ and 200-mesh screens .respectively) were blended at é Qeight
ratio of 88 : 10 : 2. The blended powder was heated at a
temperature of 600°C for 5 hrs. in the air, and then ground fine
for 12 to 18 hrs. by means of stabil;zing zirconia balls in a
monomalon pot. Consequently, a synthetic power (whose particles
pass through the 325-mesh screen) was obtained. The synthetic
powder which is prepared from bismuth oxide, titanium oxide and
antimony oxide is called bismuth oxide/titanium oxide/antimony
.oxide syhthetic powder. It is not.very difficult to grind the
blended powder wpich has been heat treated at the temperature of
600C in order to obta;n'the synthetic powder in a manner similar
t& the process of grinding each powder.

Zinc oxide powder (the average particle size of 0.3px m),
bismuth oxide / titanium oxide / antimony oxidg syntheﬂic powder,
cobalt oxide (Co0) powder (whose particles pass.through.a 325-
mesh screen), manganese oxide (Mnoz) powder (wﬁose particles pass
through é 200-mesh sﬁreen) were blended at a weight ratio of 100 :
0.2 to 20.0 : 0.954 : 0.414 wﬁile changing the amount of the
bismuth oxide / titanium oxide / antimony oxide synthetic powder.
. The blended powder was m;xed for 12 to 18 hrs. and'ground so as
to pass through the 325-mesh screen by ;Pe wet me;hod (with
stabilizing zirconia balls in the monomalon -pot).

The ground powder was dried, and compressed and molded into

a disk. The temperature of the molded product thus obtained is
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Iraised at a rate of 50C /hr in the air, held for 13 hrs. at a
temperéture of 950°C and cqéled at a temperature of 50C /hr.
Conseéuently, a sintered product was obtained. The sintered
product had a thickness of 1.2 mm and a diameter of 14 mm. A
zinc_oxide varistor shown in Fig. 1 was prepared from the zinc
oxide ceramics. More specifically, aluminum is sprayed on the
both sides of a sinteréd product 11 to form an aluminum laygr
(not shown). Then, copper was sprayed on the aluminum layer to
form an electrode 12. A lead wire 13 was bonded to the electrode
12 by a solder. Then, the portions of.the molded product other
than.the lead wire.13 are coated and insulated. Consequently, a
zinc oxide varistor was obtained. |

- The electric characteristids of the zinc oxide varistof thus
obtained are evaluated. As initial electric characteristics,
VlmA/mm (a voltage / lmm thicknesé between terminals obtained

when a current of 1mA flows) and a nonlinear resistance index

o_lmA)_were measured.

0.1ma% 1ma (a value obtained by VlmA and V
The reliability for long-time DC loading was evaluated in

the following manner. More specifically, DC loading of 0.2W was

abplied for 500 hrs. in £he,high—temperature atmosphere of BOTJ

and the rate of change AV

1mA / V1mA in varistor”threshold

voltage vlmA (the rate of change in DC loading) was measured.
Further, the reliability for surge was evaluated. More

specifically; a pulse of 8 x 20¢ sec, 0.5kA was applied twice and
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the rate of change AV in the varistor threshold voltage

1mA/V1mA_
VlmA (the rate of change in surge) was obtained.

Table 1 shows the composition of samples used fo;
manufacturing a Qarisﬁor, and Tabie 2 shows the results of the
evaluation of electric cﬁaracteristics corresponding to the
composition shown in Table 1. The values indicative of the

results of evaluation of the electric characteristics are maximum

and minimum values within several lots.

TABLE 1
“
Sample Zno 31203—;r102—8b20$ o0 | MnO,
No. . {part by Synthetic pdwder {part by (part by
weight) {(*) weight) we;ght)‘
| (part by weight)
101 © 100.0 0.2 0.954 'o..414
102 100.0 0.5 B 0.954 . 0.414
103°  100.0 | 0.7 0.954 0.414
104 100.0 1.0 0.954 0.414
105 100.0 2.0 0.954 0.414
106 .  100.0 5.0 - 0.954  0.414
107 100.0 10.0 0.954 “ 0.414
108 100.0 15.0 0.954 0.414

109 100.0 20.0 : 0.954 0.414



(*) Heat treatment of Bi

ratio)

Sample

No. .

101
l102
103
104
105
106
107
108

109
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: Tio, : Sb

0]

= 88 : 10 :-2 (weight

2°3 2 273
TABLE 2
VlmA/mm 0.1ma% 1ma Rate of change Rate of change
(V) in DC loading in surge
AV Viga(®) AV /Vina (%)

5~12 10~14 -25 ~ -15 -35 ~ -30
21~25 *15~24 -4 ~ -2 -4 ~ -1
22~26 30~33 -1~ +1 -2 ~ 41
24~28 30~35 -1 ~ +1 -3 ~ +1
25~29 31~34 -1~ 0. -2 ~ 42
26~29 28~34 -1~ 0 —2 ~ +1
25~27 29~35 -3 ~ -2 =1 ~ 42
26~29 30~34 -3 ~ -1 -2 ~ +1

As 1s apparent from Tables 1 and 2, the zinc oxide varistor.

- produced from the zinc oxide ceramics which were obtained by the

method according to the present invention had a low threshold

voltage and the absolute value of the rate of change AV

1mA /

VlmA of the threshold voltage vlmA was 5% or less for long-time
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DC loading and surge so t@;t great reliability could be obtained,
except for sample No.101l having 0.2 part by weight of the
synthetic powder of bismuth oxide, titanium oxide and antimony
oxiae.' As shown in Table 2, the electric characterisiics'within
"the lots had small variatidns.

.When_the zinc oxide varistor was producggd from the ceramics
of this example, the changes in elect;ic characteristics between
lbts was small, similarly to the electric characteristics.within
the lots so that product yield was considerably enh&nced, which
is not shown in Tgble 2. When the amount of 31203-Tio3-8b203
éynthetic powder to be ‘added exceeded 20 parts by weight for 100
parts by weight of Zn0O powder, samples stuck together so that
measurement could not be performed (sample No0.109). Accordingly,
it is preferred that the amountlof 31203—T102—Sb203 s&nthetic
powder to be added is 0.5 to 20 parts by weight for 100 parts by
weight of ZnO powdef.'

(Comparative Example 1)

In the same manner as in Example 1, three kinds of zinc
oxide varistors usihg a sintered body were produced by the method
in which the mixed_powdef_of bismuth oxide powder,'titanium oxide
fine powder and antimony oxide powder is not synthesized
according go the prior art. “
| Zinc oxide (Zn0O) powder, bismuth oxide.(Bizo3) powder,

titanium oxide (Tioz) fine powder, antimony oxide (Sb203)
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powder, cobalt oxide (Co0) powder and manganese oxide (Mnoz)

powder were blended at a weight ratio of 100 : 0.88 : 0.10 : 0.02
0.954 : 0.414 (sample No.112), 100 : 1.76 : 0.20 : 0.04 : 0.954
0.414 (sample No.112), and 100 : 4.4 : 0.5 : 0.1 : 0.954 :

0.414 (sample No.113). .The blended powder was mixed and ground

by the wet method.

In order to evaluate the eleciric characteristics, the zinc
oxide varistor was produqed in the same manner as in Example.l.
The ground.powder thus obtained was dried, and compressed and
.molded into a aisk. Similarly to Examplenl, the temperature of
the molded body was raised at a speed of 50°C /hr in the air.
Then, the molded body was held for 13 hrs. at a temperature of
950°C . Thereafter, the temperature of the molded body was
lowered at a speed of 50C /hr so that a sintered body was
obtained. The sintered body had a thickness of 1.2 mm and a
diameter of i4 mm.

In the same manner as in'Example 1, a zinc oxide varistér
was produced. The electric characteristics of the zinc qxide'
varistor are evaluated. Table 3 shows sample compositions, and
Tablé 4 shows the results of evaluation of the electric

characteristics.



Sample

No

111
112

113

Sample

No.

111
112

113

Zn0

BiZO
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TABLE 3

Sb,0

TiO 203

3 2

MnO

Co0 2

(part by (part by (part by (part by (part by (part by

weight) weight) weight) weight) weight) weight)
100.0._ 0.88 0.10 0.02 0.954 0.414
100.0 1.76 0.20 0.04 0.954 0.414
100.0 4.4 0.50 0.10 0.954 0.414
TABLE 4
Q ° )
VlmA/mm 0.1ma% imA Rate-gf change Rate of change
(V) in DC loading  in surge
AVima/Vima (®) A Vipa/Viga (%)
8~20 6~11 -25 ~ -16 -50 ~ -40
13~23 10~18 -22 ~ -17 -25 ~ -16
15~25 8~15 -28 ~ -16 -22 ~ -14

According to the zinc oxide varistor produced by the zinc

oxide ceramics according to the p#ior art as shown in Tables 3

and 4, VlmA was considera51y3decreased after DC loading of 0.2W,

and the absolute value of the rate of change in DC loading

A VlmA/vlmA was 10% or mo?e. In addition, the absolute value of

the rate of change in surge'exceeds 10% so that reliability was

very poor. ‘As shown in Table 4, the variation within the lots
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was great.

The variation in electric characteristic between the lots of
the zinc oxide varistor produced by the ceramics according to the
"prior art was greater than the variation in the lots, which is

not shown in Table 4. A lot of varistors had V ~and a

lmA/mm
values which are smaller than values shown in Table 4.

In the method according to the prior art, A sintering
teméerature of 950°C is too low for the broduction of the zinc
oxide varistor. When the conventional ceramics are burnt at a
high teméerature, for example, 1250C, a varistof having very
good characteristics cah be obtained.

As apparent from the comparison between Example 1 and
Comparative Example, it was proved that the zinc oxide vafistor
produced by sintering the ziné oxide ceramics of the present
inventién at a low temperature is superior to the zinc oxide
varistor produced by the ceramics according to the prior art in
initial electric characteristics, reliability, and variations in
electric characteristic within and between lots.

(Example 2)

The blending and heat treating temperature are changed to
'producé ceramics in the same manner as in Example 1. First of
all, bismuth oxide (Bi,0,) powder, titanium oxide (moz) £ine
pow&er and antimony oxide (Sb203) fine powder were mixed at a

weight ratio of 81 : 9: 10. The mixed powder was heat treated
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for 5 hrs. at a temperature of 800°C in the air, and then fine
ground so that bismuth oxide/titanium oxide/antimony oxide
synthetic powder (whose particles pass through a 325-mesh screen)
was obtained. If the mixed powder treated by héat at a
temperature of 800C is ground in advance with an automatic
mortar, the synthetic powder can be easily obtained as with tge
grinding of each powder.

Then, zinc oxide powder, bismuth oxide/titanium
oxide/antimony oxide synthetic powder, cobalt oxide powder and
manganese oxide were blended at ahweight'ratio of 100 : 3.5 :
0.80 : 0.40, mixed and Ground by the wet method. The ground

powder was dried, and mixed with an aluminum nitrate solution

“which contains 0.0013 part by weight of aluminum oxide for 100

parts by weight of ZnO by A1203 conversion.

In order to evaluaie electric characteristics, the sintering
temperature is changed to produce a zinc oxide varistor in the
same manner as ih Example 1. First of all, zinc oxide_ceramics
which coﬁtain aluminum oxide are compressed and molded into a
disk. The temperature of the molded body was raised at a speed

of 50C /hr. Then, the molded body was held for 15 hrs. at

temperatures of 800°C, 850C, 900°C, 950C, 1000C, 1050C,

1100%2, and 1150°C . Thereafter, the temperatures of the molded

" body were lowered at a speed of 50C /hr so that'respective

sintered bodies were obtained. Each sintered body had a



39

thickness of 1.2mm and a diameter of 1l4mm.

Then, the zinc oxide varistor was produced. The electric

characteristics of zinc oxide varistor are evaluated. Table 5

- shows sample compositions, and Table 6 shows the results of the

evaluation of the electric characteristics..

TABLE 5
Sample Sintering Zn0 B1203—T102—Sb203 Co0 MnO,, A12_03
No. temperature Synthetic fine
(°C) * particles (*)
{(part (part by wt) {part (part (part
by wt) by wt) by wt) by wt)
201 800 100.0 3.5 9.80 0.400 0.0013
202 850 1100.0 3.5 ° 0.80 0.400 0.0013
203 900 100.0 3.5 0.80 0.400 0.0013
204 | 550 100.0 3.5 0.80 0.400 0.0013.
205 1060 100.0 3.5 ‘ 0.80 0.400 0.0013
206 1050 100.0 3.5 0.80 0.400 0.0013
207 1100 100:0' 3.5 0.80 0.400 0.0013
208 1150 100.0 3.5 0.80 0.400 0.0013
(*) Heat treatment of a mixture B1,0, ¢ Tid2 : Sb,0, = 81 ¢ 9 :

10 (weight ratio)
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TABLE 6
Sample VlmA/mm 0.1mAa 1mA Rate of change | Rate of change
No. L!l : in DC loading in surge
AVinaVima (¥ A VZ.th/VlmA(%)

201 330~380 10~30 -40 ~ =30 -22 ~ -18
202 250~300 35~45 -4 ~ -1 -4 ~ +1

203 220~240 - 38~44 | -4 ~ -1 -4 ~ +2

204 215~230 4Q~46 -4 ~ -2 -3 ~ +1
205 210~230 40~48 . -2~ 0 | -3 ~ +1

206 205~220 40~50 -2 ~ -1 -2 ~ +2

207 200j215 40~50 -3 ~ -2 -2 ~ +1

208 190~205 40~50 -3 ~ -1 -4 ~ 42

As a result of sinteriné at a temperature of 850 to 1150C
as shown in Tables 5 and 6, the zinc oxide varistor produced from
the ceramics according to the preseni invention had allow
threshold voltége and the absolute value.of the rate of change A

VlmA / VlmA in threshold voltage V mA was 5% or less for long-

1
time DC loading and surge so that great reliability could be
obtained. As shown-in Table 6, the variation of iﬁe electric

characteristics within lots was small. The zind oxide varistor

obtained by siniering at a temperature of 1150°C or more also has
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excellent characteristics, but is not prefgrred pecause an
element body is deformed dﬁring sintering or eléments stick
together so that the yield is lowered.
Wﬂen the zinc oxide varistor was produced by thé zinc oxide

- ceramics according to the present invention, the electric
‘characteristics between lots was small similarly to the variation
within lots so that the yield was considerably enhanced, which is
not shown in Table 6.

(Examplé 3)

The blending and'heat treating temperature are changed to
prodﬁce ceramics in the same manner as in Example 1. First of
all, bismuth oxide powder, titanium oxide fine powder  and
antimony oxide fine powder.were mixed at a weight ratio shown in
the column of synthetic powder of Table 7. The mixed powder was
heat treated for 5 hrs. at a temperature of 500C in the air, and
then fine ground so that bismuth oxide/titanium oxide/antimony
oxide synthetic powder was obtéined. If the mixed powder heat
- treated at a témperature of 500°C is éround in a@vance with an
automatic mortar, the syntheticlpowder can be easily obtained as
with the grihding of each powder.

Then, zinc oxide powder, cobalt oxide powder, manganese
oxide powder and bismuth oxide/titanium oxide/aniimony oxide
synthetic powder were blended at a weight ratio shown in Table 7,

mixed and ground by the wet method. The ground powder was dried,
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and mixed with an aluminum nitrate solution which contaihs 0.0013
part by weight of aluminum for 100 parts by weight of zinc oxide
byIAl 0, conversion.

' In order to evaluate the electric characteristics, zinc
oxide ceramics which contain aluminum oxide were respectively
compressed and molded into a disk in the same manner as in
Example 1. The temperature of the molded body was raised at a
speed of 100°C /hr. in the‘air. Then, the molded body was held
for 2 hrs. at a temperature of 1050°C . Then, the temperature of
phe molded body was lowered at a speed of 100C /hr so that
respegtive sintered boéles were obtained. Each‘sintered body had
a.thickness of 1.2mm and a diameter of 14mm.

Then, the zinc oxide varistor was produced in the same
manner as_in Example 1. The electric characteristics of the zinc.

oxide varistor are evaluated. Table 7 shows sample compositions,

and Table 8 shows the results of the evaluation of the electric

characteristics.
TABLE 7
Sample . Zno 81203+T102+Sb203 Co0 Mno,, A1203
No. Synthetic powder

{part by (part by weight) (part by (part by (part by
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weight) _ ' weight) weight) weight)
Bi,0, Ti0, Sb,0, |
301 . 100.0 0.2 0.1 0.02 0.50 0.50 0.0013
302 100.0 0.5 0.1 0.02 0.50 0?50 0.0013
303 100.0 10.0 1.5 0.3 0.50 0.50 0.0013
304 100.0 15.0 1.5 0.3 0.3. 0.50 0.50
305 100.0 0.5 0.05 0.02 . 0.50  0.50 0.0013
306 100.0 10.0 5.0 1.0 0.50 0.50 0.0013
307 100.0 10.0 7.0 1.0 0.50 0.50 - .0.0013
308 100.0 0.5 - 0.1 0.01 0.50 " 0.50 0.0013
309 100.0 2.5 6.5 2.5 0.50 0.50 0.0013
310 ©  100.0 2.5 0.5 2.5 0.50 | 0.50 0.0013
TABLE 8

Sample VlmA/mm 0.1ma% 1ma - Rate of change Rate of change

No. V) : in DC loading in surge

AVimaVima(® A Vipa/Vina (%)
301 15~21 11~16 -14 ~ -5 . -28 ~ -15
302 23~26 18~23 —4 ~ 0 ) -4 ~ 41
303 - 24~28 21~24 —3 ~ 41 -3 ~ 41
304 - - - : -

305 84~95 25~36 -22 ~ -8 -30 ~ -18
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306 101~110 42~ 50 4~ 42 —4 ~ 42
307 20~70 12~ 25 17 ~ -10 —2'5. ~ -5
308 25~40 15~ 25 ~11 ~ -6 -35 ~ =20
309 120~140 40~52 -3 ~ +2 +2 ~ 44
310 © 150~210 22~ 35 ~12 ~ -6 -18 ~ -10

According to the zinc oxide varistor produced from the zinc
oxide ceramics of the present invention as shown in Tables 7 and
-8, when the amount of bismuth.oxide contained in B1203/T102/Sb203
synthetic powder was 0.5 part by weight or more for 100 par;s by
weight of zinc oxide, a jalues were great and the absolute vélue
of the raie of change in the threshold voltage V1mA was 5% or
less for the long-time DC loading and surge so that good
reliability could be obtained.'

If the amount of the synthetic powder to be added exceedslls
pérts by weight (sample No.304), the molded bodies are overlapped
and.burned so that sintered bodies stick togethef. Consequently,
the production of the varistor in high quantities cannot be
obtained. When the ﬁmount of titanium oxide contained in bismuth
oxide/titanium oxide/antiﬁony oxide Qynthetic powder to bé aaded
was 0.1 to 5.0 parts by weight for 100 parts by weight of zinc
oxide, good electric charactéristics could be obtaiﬁed. When the

amount of antimony oxide contained in bismuth oxide/titanium

oxide/antimony oxide synthetic powder to be added was 0.02 to 2.5
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parts by'weight for 100 pa;t; by weight of zinc oxide, good
electric characteristics could be obtained.
(Example 4)

Boron oxide is added to the synthetic powder and the heat
treating temperature i; changed in producing ceramics in the same
manner as in Egample 1. First of all, bismuth oxide (B1203)
powder, titanium oxide (Tioz) powder, antimony oxide (Sb203), and
boron oxide (B203) (whose particles pass through a 200-mesh
scréen) wére blendéd at a weight ratio of 88 : 9 : 2 : 1. The
blended powder was heated at a temperature of 600°C for_5 hrs,
and then ground fine soqthat synthetic powder was obtained. - The
synthetic powder which is prepared from b;smuth oxide, titanium
oxide and antimony oxide is called bismuth oxide/titanium
oxide/antimony oxide/boron oxide synthetic powder. If the
blended powder which has been treated by heat at the temperature
of 600°C is ground in advance by means of an automatic mortar, it
is not very hard to obtain the synthetic powder in a manner
similar to the grinding of éach powdef.

Zinc oxide péwder; bismuth oxide/titanium oxide/aﬁiimony
oxide/boron oxide synthetic powder, cobalt oxide (Co0) powder,
and manganese oxide (Mnoz) powder were blended aF'a weight ratio
of 100 : 0.2 to 20.0 : 0.954 : 0.414 while changiné the amount of
the bismuth oxide / titanium oxide / antimony oxide /_boron oxide

éynthetic powder. - The blended powder was mixed and ground by the
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wet method. The ground powaer was dried.

In order to evaluate electric characteristics, the zinc
oxide varistor shown in Fig..l is produced in the same manner as
in Example 1.

The ceramics were compressed and molded into a disk. -The
molded product thus obtained was heated at a speed of 50°C /hr in
the air, held for 13 hrs. at a temperature of 950°C and coolea at
a speed of 50°C /hr. Consequently, sintered products were
obtained. The sintered product had a thickness of 1.2 mm and a
diameter of 14 mm. Then, aluminum was sprayed on thé both sides
of a sintered body 11 ta form an aluminum layer (not shown).
Then, copper was sprayed on the aluminumllayer to form an
electrode 12. A lead wire 13 was bonded to the electrode 12 by a
solder. Then, the portions of the‘molded bodies other than the

lead wire 13 were coated so that the zinc oxide varistof was
obtained. |

The electric characteristics and the reliabiiity for DC
loading of the zinc oxide varistor thus obtained were evaluated
in the same manner as in Example 1.

Table 9 shows sample-compositions, and Table 10 shows the
results of evaluation of electric characteristicsf The numeric
values which show the résults of evaluation.of the.électric

characteristics are minimum and maximum values within lots.
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(*) Heat treatment of Bi

Sample

No.

273

0. : T10, : Sb,0

TABLE 9
sample Zno Bi,0,-Ti0,-5b,0,-B,0, Co0 Mno,
No. (part by Synthetic powder(*) (Eart by (part by
weight) (part by weight) weight) weight) -
121 100.0 0.2 0.954 0.414
122 100.0' 0.5 0.954 0.414
123 100.0 0.7 0.954 0.414
124 100.0 1.0 0.954 0.414
125 100.0 2.0 0.954 0.414
126 100.0 ¢ 5.0 0.954 0.414
127 100.0 10.0 0.954 0.414
128 100.0 15.0 0.954 0.414
129 100.0 20.0 0;954 0.414

203 @ By03

=88 : 9 : 2 : 1 (weight ratio)

TABLE 10 -
VimA/mm 0.1ma% 1ma  Rate of change = Rate of change °
18'23 in DC loading in surge

AVinnVima ™ AV Vi (%)
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121 7~15 9~ 15 -28 ~ -18 -39 ~ -32
122 24~28 20~26' 4~ -1 -4 ~ -2
123 26~31 30~ 34 2~ 42 -2 ~ 41
124 24~29 3134 -2 ~ +1 , -3~ 0
125 22~26 30~34 -2~ 0 -1 ~ +3
126 23~26 . 32~35 -2~ 0 -2 ~ 42
127 22~25 30~34 . =3~ -1 -1 ~ 42
128 24~27 31~35 -2 ~ -2 22 ~ 42
129 - . - - -

As is apparent from Tables 9 and 10, the zinc oxide varistor
produced from the zinc oxide ceramics according to the present
invention had a low threshold voltage and the absolute value of

the rate of change AV of the threshold voltage V, .

1mA / VlmA
was 5% or less for the long—timé DC loading and .surge sc that
great reliability could be obtained, except for sample No.121
having 0.2 éart by weight of bismuth oxide/titanium
oxide/antimony oxide/boron oxide synthetic powder. As shown in
Table 2, the electric characteristics within lots had small
vafiations. ]

When the zinc oxide varistor was produced by the zinc oxide
ceramics according to the present invention, the eiectric

characteristics between lots had small variation similar to the

variation in lots, which is not shown in Table 10. As a result,’
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the yield could be.enhanced considerébly. When the amount of
81203—T102—Sb203 synthetic powder'to be added exceeded 20 parts
by weight, samples stuck together so that measureﬁent could not
be performed (sample No.loé).
(Comparative Example 2)

By using sintered bodies having the same compositions as in
Example 4, three kinds of zinc oxide Qaristors were brodﬂced by a
method in which the syﬁthetic powder of bismuth oxide powder,
titanium oxide fine powder, antimony oxide powder and boron oxide
is not érepared according to the prior art.

Zinc oxide powder; bismuth oxide powder, titanium oxide fine
powder, antimony oxide powder, boron oxide, cobalt oxide powder
and manganese oxide powder were blended at a weight ratio of 100
6.88 : 0.09 : 0.02 ; 0.01 : 0.954 :.0.414 (sample No.131), 100 :
1.76 : 0.18 : 0.04 : 0.02 : o.§54 : 0.414 (sample No.132), and
_100 : 4.4 : 0.45 : 0.1 : 0.05 : 0.954 : 0.414 (sample No.133).
The blended powder was mixed and ground by the we£ method in the
same manner as in Example 4 éxcept that the blended powder was
not synthesized. The.powder material thus obtained was dried.

| The powder thus obtéined was compressed and molded into a
ﬁisk. The temperature of the molded body was raised at a speed
of 50C /hr in the air. Then, the molded body was held for 13

hrs. at a tempefature of 950C . Thereafter, the temperature of

the molded body was lowered at a speed of 50°C /hr so that a
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sintered body was obtained. The sintered body had a thickness of

1.2 mm and a diameter of 14 mm.

In the same manner as in Example 1, a zinc oxide varistor

was produced.

The electric characteristics of the zinc oxide

varistor are evaluated. Table 11 shows sample compositions, and

Table 12 shows the results of the evaluation of the electric

characteristics.
.TABLE 11
”
Sample Zno0 81203 Tio2 szo3 3203 Co0 Mno2
No. (part (part (part (part {part (part {part
by by by by by by by
wt) wt) wt) wt) w ) wt) wt)
131 100.0 0.88 0.09 0.02 0.01 0.954 0.414
132 100.0 1.76 0.18 0.04 0.02 0.954 0.414
133 100.0 4.4 0.45 0.1 0.05 0.954 0.414
TABLE 12
Sample VlmA/mm 0 lmAa 1mA Rate of change Rate of change
No.

{%) in DC loading

in surge-




51

AViaVima ) AV /YA (%)
131 9~19 7~14 -28 ~ -19 -46 ~ -33
132 11~25 8~17 -23 ~ ~19 -24 ~ -18

133 14~25 8~14 -28 ~ -18 : -28 ~ -12

According to the zinc oxide varistor produced from the zinc
oxide ceramics according to the prior art as shown in tables 11
and 12, VlmA was considerably decreased after DC loading of.O.ZW,
and the absolute valué of the rate of change in DC loading

Av was 10% or‘hore. In addition, the absolute value of

18’V 1ma | |
the rate oflchange in sufge exceeded 15% so that reliability was
very poor. BAs shown in Table 12, the variation within the lots
Qas great. |

fhe variation beﬁween the lots in electric characteristics
of the zinc oxide varistor produced from ihe z;nc oxide ceramics
accoxding to the prior art was greater than the variation within

the lots, which.is not shown in Table 12. A lot of variétors had

v

lmA/mm and a values whicﬁ are smaller than the values shown in

Table 12,
In the method according to the prior art, a sintering
temperature of 950C, is too low for the production of the zinc

oxide varistor. When the conventional ceramics are burnt at a

high temperature, f~r example, 1250°C, a v&ristor having very
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gooq charactéristics can bg obtained.

-As is apparent from the compérison'between Example 4 and
Comparative Exémple 2, it was proved that the zinc éxide varistor
produced by the zinc oxide ceramics of the present invention with
low-temperature sintering is superior to the zinc oxide varistor
produced by the method for producing the zinc oxide ceramics
‘according to the prior art in initial electric characteristics,
reliability,.and variations in electric charactefistics within
‘and between lots.

(Exﬁmple 5)

Boron oxide is addgd for the blending of synthetic powder.
In addition, two kinds of synthetic powder are prepareé and a
heat treating temperatgre is changed to produce ceraﬁics in the
‘same manner as in Example 1. First of all, bismuth oxide.powder,
. titanium oxide and antimony oxide fine powder were blended-at a
weight ratio of 81 : 9 : 10. The blended powder was heat treated
for 5 hgs. at a temperature of 550C to brepare a first synthetic
powdgf. Furthef, bismuth oxide fine particles and boron oxide
fine poWder were blended at a weight rat16 of 93?7. The blénded
powder was heat treated far 5 hrs. at a temperature of 55015 to
prepare another kind of synthetic powder. These two kinds of
synthetic powder were blended at a weight ratio of.io:l and
finely ground so as to pass through a 325-mesh screen.

Consequently, bismuth oxide/titanium oxide/antimony oxide +
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bismuth oxide/boron oxidé‘synthgtic powder was obtained. If the
blended powder which has been heat treated at the temperature of
550C 1is ground in advance by méané of an automatic morpar, it is
not very hard to obtain the synthetic powder in a manner similar
to the grinding of each powder.

Then, zinc oxide powder, bismuth okide/titanium
oxide/antimony oxide synthetic powder, bismuth oxide/boron oxide
powder, cobalt oxide powder and manganese oxide powder were
blended at a Weight.ratio éf 100 : 3.3 : 0.80 : 0.40, mixed and
ground by the wet method in the same manner as in Example 1. The
ground powder was driea, and mixed with an aluminum nitrate
solution which contginé 0.0013 bart by weight of aluminum oxide
for 106 parts by weight of ZnoO by.A1203.conversion.

The zinc oxide ceramics thus cbtained were compressed and
molded.into a disk. The temperature of a molded body was raised
at a speed of 50C /hr in the air. Then, the molded body was held
for 15 hrs. at temperatures of 700°C, 750C, 800°C, 900C, 1000C,
1050°C , ilOOT}, and 115013. Thereafter, the temperatureé of the
molded body wefe lowered at a speed of SOTi/hr so that respective
sintered bodies ﬁere obtéined. ~Each sintered body had a
thickness of 1.2mm and a diameter of 1l4mm.

Then, the zinc oxide variétor shown in Fig. 1 was produced.

The electric characteristics of the zinc oxide varistor were

evaluated. Table 13 shows sample compositions, and Téble 14
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shows the results of evaluation of electric characteristics.

Co0

MnO

TABLE 13
Saﬁple Sintering Zn0 (81203—T102—8b203)
No. iemper— +(B120373203)
ature Synthetic fine
(C) (part particles
| by Bi,0,-Ti0, Bi,0;-B,0,
wt) -Sb,0,
Synthetic sYnthéiié
fine  fine
particles particles
(part by (part by
wt) (*) wt) (**)
221 700 100.0 3.0 0.3
222 750 100.0 3.0 0.3
223 800 .100.0 3.0 0.3
224 900 100.0 3.0 0.3
225 1000 100.0 3.0 0.3
226 1050 100.0 3.0 0.3
227 1100 100.0 3.0 0.3
228 1150 100.0 3.0 0.3

2 293
(part (part (part
by by by
wt) W) wt)
0.80 0.400 0.0013
0.80 0.400 0.0013
0.80 0.400 0.0013
0.80 0.400 0.0013
0.80 0.400 0.0013
0.80 0.400 0.0013
0.80 0.400 0.0013
0.80 0.400 0.0013



(*) Heat treatment of a.mixture 31203 : TiO

(**) Heat treatment of a mixture Bi

221
222
223
 224
225
226

227
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5 3
= ﬁl : 9

(o)

0, ¢ B 3

2°3 2

szO3

10 (weight ratio)

= 93 : 7 (weight ratio)

TABLE 14

Rate of change

Rate of change

Sample  Viia/mm  0.1ma% 1ma

= "

310~370 12~28
280~330 35~ 46
260~280 37~43
255~285 38~44
240~270 31~45
215~235 40~55
210~225 45~50
195~210 45~58

228

in DC loading in surge.
AV g/ Vima(#) A Vyna/Vipg (%)
-25 ~ =11 -27 ~ =15

-4 ~ -1 -3 ~ +1
-3~ 0 -4 ~ +1

-4 ~ =1 -4 ~ ;2
-3~ 0 -3 ~ +1
-2~ 0 -3~ 0

-3~ -1 -2 ~ +3

-3 ~ -1 -3 ~ 2

As a result of sintering at a temperature of 750 to 1150C

which'ié shown in Tables 13 and 14, the zinc oxide varistor

produced from the zinc oxide ceramics according to the present
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invention had a low threshold voltage and the absolute value of

the rate of change AV

1lmA / VlmA

in the thresho}d voltage VlmA

was 5% or less for long-time DC loading and surge so that great
reliability could be obtained. As shown in Table 14, the
variation in electric cha;acteristic within lots was small. The
zinc oxide varistor obtained by sintefing at a temperature of
1150°C or more also has excellent characteristics, but is not
pieferred because an element'body is deformed dur;ng sintering or
elements stick together so that the yield is lowered.

When the zinc oxide varistoriwas produced from the zinc
oxide ceramics accordi;g to the present invention, the variation
in electric characteristic betwéen lots was small similar to the
variation in electric characteristics within lots so that the
yield was considerably enhanced, which is not shown in Table 14.
(Example 6)

The blending is changed to prepare twd kinds of synthetic
powder] and a heat-treéting temperatufe is changed in producing
ceramics in the same manner'as in Example 1. Firét of all,
titanium oxide fine powder, bismuth oxide powder and antimony

oxide fine powder were mixed at a weight ratio of 81 : 9 10.

The mixed powder was heat treated for 5 hrs. at a temperature of
550C . Further, bismuth oxide fine particles and boron oxide
fine powder were mixed. The mixed powder was heat treated for 5

hrs. at a temperature of 550°C . These were blended at a weight
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ratio of 97.5 : 2.5, 95.0 : 5.0, 92.5 : 7.5, 90.0 : 10.0, 87.5 :

;12.5, 85.0 : 15.0, 82.5 : 17.5, and 80.0 : 20.0 and fine ground
so that eight kinds of bismuth oxide/titanium oxide/antimony
oxide + bismuth oxide/boron oxide synthetic powder are obtained.
If the mixed powder treated by heat at a temperature of 550°C is
ground in advance by means of an automatic mortar, the éynthetic
powder can be easily obtained as in the grinding of each powder.
Then, zinc oxide powder, bismuth oxide/titanium
oxide/antimony oxide + bismuth oxide/boron oxide sfnthetic
powder, cobalt okidé powder and manganese oxide powder were
blended at a weight ra{io of 100 : 4.0 : 0.50 : 0.50, and mixed
and ground by the wet method in the same manner as in Example 1.
The ground powder was dried, and mixed with an aluminum nitrate
solution which contains 0.0013 part by weight of aluminum oxide

for 100 parts by weight of Zn0O by A120 conversion.

3
Consequently, zinc oxide'ce;amics were obtained.

Similarly io Example 1, the zinc oxide ceramics were
compressed and molded into a disk. The temperature of the golded
body was raised at a speed of 50C /hr. Then, the molded body was
held for 12 hrs. at a temberature of 950C . Then, the |
temperature of the molded body was lowered at a ﬁpeed of 50°C /hr
s0o that respective siﬂtered bodies were obtained. Each sintered

body had a thickness of 1.2mm and a diameter of l4mm.

Then, the zinc oxide varistor shown in Fig. 1 was produced.
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The electric characteristigs of the zinc oxide varistor are
evaluated. Table 15 shows sample compositions, and Table 16

shows the results of the evaluation of the electric

characteristics.
TABLE 15
Sample Zno (B1203—T102~Sb203) _ggg' MnO,, A1~203
No. ‘ +(B1,0,-B,0,)
Synlhetic fine
(part | particles (part (part (part
by Bi,0,-Ti0,  Bi,0;-B,0, by by by
wt)  -Sb,0, | wt) wt) wt)
Synthetic Synthetic
fine fine
particles particles
kgértubz (part bi
wt) (*) wt) (**)
321 100.0 3.9 (97:5) 0.1 (2.5) 0.50 0.50 ..0.0013
322 100.0 3;8 (95.0) 0.2 (5.0) 0.59. 0.50 0.0013
323 100.0 3.7 (92.5) | 0.3 -(7.5) 0i50 ..0.50 0.0013
324 100.0 3;6'(90.0) 0.4 (10.0) 0.50 0.50 0.0013

325 100.0 3.5 (87.5) 0.5 (12.5) 0.50 0.50l 0.0013
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326 100.0 . 3.4 (85.0) 0.6 (}5.0) 0.50 0.50 0.0013
327 100.0 3.3 (82.5) 0.7 (17.5) 0.50 0.50 0.0013
328 100.0 3.2 (80.0) 0.8 (20.0) 0.50 0.50- 0.0013

: Sb,O, = 89 : 8 :3

(*) Heat treatment of a mixture Bi 293

0, : TioO

273 2

(weight ratio)

3 ° By03

(**) Heat treatment of a mixture Bi.O 93 : 7 (weight

2

ratio)

TABLE 16

Sample VlmA/mm OLImAa 1A Rate of change  Rate of change

No. V) in DC loading 'in surge

A VimaVima (¥ A VsV (%)
321 11~16 15~27 -4~ -2 30
322 -~ 22~25 25~31 -4~ 0 =3 ~ +1
323 24~30 25~30 3~ -1 3w
324 36~42 35~40 -2~ 0 | -1~ +2
325 80~96 45~52 -1 ~ 43 -3 ~ -1
326 94~112 50~ 60 ~4 ~ -2 ) -4~ 0
327 - 108~115 5060 . -17 ~ -10 | -4 ~ -1

328 125~140 55~65 -11 ~ -6 -4 ~ -2
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According to the zinc oxide varistor produced from the zinc
oxide ceramics of the present invention as shown in Tables 15 and
16, a withstand voltage is chéngéd depending on the ratio of
bismuth oxide/titanium oxide/antimony oxide synthetic powder and
bismuth oxide/boron oxide to be added. If the ratio ranges from
90 : 10 to 12.5 : 87.5, a'zinc oxide varistor for a low voltage
is obtained. If the amount of bismuth oxide/titanium
oxide/antimony oxide synthetic powder is larger than that of
bismuth oxide/boron oxide, the zinc oxide varistor for a low
voltage is obtained. If the amount of bismuth oxide/boron oxide
.is greater than 87.5 : 32.5, a zinc oxide varistor for a high.
voltage is obtained. In any case, a values aré great and the

absolute value of the rate of change AV in the threshold

1mA/V1mA

is 5% or less for long-time DC locading and surge, so

'voltage VlmA

that excellent reliability could be obtéined.

In particular, two kinds of synthetic powder are obtained to
produce the zincloxide ceramics. Therefore, even if sintering is
performe& at a low temperature of 750°C ,. the liquid phase
reaction can be controlled more effectively. Consequently, a
éinc oxide varistor haviné Zn0 particles uniformly grown can be
produced.

The ratio of bismuth oxide/titaniﬁm oxide/aniimony oxide

synthetic powder to bismuth oxide/boron oxide synthetic fine

particles are shown in parentheses in the column of synthetic
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fine particles shown in Table 15. Aluminum components are
dissolved in ZnO particles and act as the donor of a
semiconductor. Consequently, ﬁhe electric resistance of ZnO can
be lowered.

In place of boron oxide, boric acid may be used for the
synthetic powder.

(Example 7)

Chromium oxide is added to synthetic powder to produce
ceramics in the same manner as in Example 1. First of all,
bismuth oxide (31203) powder, titanium oxide.(TiOZ) powder,
antimony oxide (Sb203)f And chromium oxide_(Cr203) {whose
particles pass through a 325-mesh screen) were mixed at a weight
ratio of 88 : 9 : 2 : 1. The mixed powder was heated at a
tempefature of 600°C for 5 hrs, and then fine ground so that a
synthetic powder (whose particles pass through the 325—mesh.

-screen) was obtained. The synthetic powder which is prepared
from bismuth oxide, titanium oxide, antimony oxide and chromium
oxlide 1is called bismuth oxide/titanium
ox1de/ant1monyoxide/chrom;um oxide synthetic powder. The
s&nthetic powder can be g}ound in advange by means of an
antomatic mortar easily.

Zinc oxide (Zno)_éowder, bismuth oxide/titani&m
oxide/antimony oxide/chromium oxide synthetic powder, cobalt

oxide (CoO) powder, and manganese oxide (Mnoz) powder were
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blended at a weight ratio of 100 ; 0.2 to 20.0 : 0.954 : 0.414
while changing the amount.of the bismuth 6xide/titanium
oxide/antimony oxide/chromium oxide synthetic powder. The
blended powder was mixed and ground by the ﬁet method. The
ground powder was dried so that zinc oxide ceramics were
obtained.

In order to evaluate the electric characteristics and the
reliability upon DC loading, the zinc oxide varistor shown in
Fig. 1 was produced.

Firsi of all, the qefamics were compressed and molded into a
disk. The temperature Bf the molded body wés raised at a sbeed
of 50°C /hr in the air, held for 13 hrs. at a tempefature of 950%3
and cooled at a speed of 50°C /hr. Consequently, a sintered body
was obtained. The sintered body had a thickness of 1.2 mm and a
- diameter of 14 mm. Then, aluminum was sprayed on the both sides
of a sintered body 11 to form an aluminum layer (not shown).
Then, copper was sprayed on the aluminum layer to form an
.electrode 12 as shown in Fig. 1. A lead wire 13 was bonded to
the electrode 12 by a solder. Then, the portioﬁs of the molded
bodies bther than the lea&.wire 13 were coated so that the zinc
oxide varistor was obtained.

The electric characteristics and the xeliabil;ty upon DC
loading of the zinc oxide varistor thus obtained were evaluaied

in the same manner as in Example 1. Table 17 shows sample
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compositions, and Table 18 shows the results of the evaluation of
the electric characteristics. Thé numeric values which show the
results of evaluation of the electric characteristics are minimum

and maximum values within lots.

TABLE 17
Samplg ZnO ' 31203—T102—Sb203 Co0 : MnO2
No. (part by Synthetic powdexr (*)}) (part by (part by
.yeight) (part by weight) | weight) weight)
141 100.0 ¥ 0.2 0.954 0.414
142 100.0 0.5 0.954 0.414
143 100.0 -. 0.7 0.954 0.414
144 ©100.0 1.0 o 0.954 0.414
145 100.0 2.0  0.954 0.414
146 100.0 5.0 0.954 0.414
147 100.0 -10.0 0.954 0.414
148 . 100.0 15.0 0.954 0.414

149 100.0 : 20.0 : - 0.954 0.414

03 s TiO, : Sb,0

Cr203

=88 : 9 :+ 2 : 1 (weight ratio)

(*) Heat treatment of Bi,
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TABLE 18

Sample VlmA/mm- 0.1ma% 1mA Rate of change Rate of change

No. ) in DC loading in surge

AvlmA/vlmA(%) AvlmA/vlmA(%)
141 5~12 1b~14 ' -25 ~ -15 _ -35 ~ -30
142 21~25 15~24 -4 & =2 -4 ~ -1
143 22~26 3033 © . -1~ 41 -2 ~ +1
144 24~28 30~35 -1 ~ +1 - -3 ~ 41
145 25~29 31~34 -1~ 0 -2 ~ +2
146 26~29 " 28~34 -1~ 0 ' -2 ~ 41
147 25~27 ; 29~35 -3 ~ -2 S1 o~ 42
148 26~29 30~34 231 -2 ~ +1
149 - - - | -

As is apparent from Tables 17 and 18, the zinc oxide
varistor produced by the method according to the present
invention had a low threshold voltage and the absolute value of

1mA / vlmA in the threshold voltage V1

- the rate_of change AV mA

" was 5% or less for the lohg—time DC loading and sﬁrge so that
greét reliability could be obtained, except for sample No.141
having 0.2 part by weight of bismuth oxide/titaniuﬁ
oxide/antimony oxidé/chromium oxide synthetic powder. As shown

in Table 18, the e;ectric characteristics within lots had small
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variations.

When the zinc oxide varistor was produped by ;he metﬁod
according to the present invention, the variation in electric
characteristic between lots,was small similar to the variation in
electric characteristics within lots so that product yield ﬁas
cohsiderably enhanced, which is not shown in Table 18. ‘When the
amount of bismuth oxide/titanium oxide/antimony o#ide synthetic
powder to be added exceeded 20 parts by weight, samplés stuck
together so that measurement could not be performed (sample
No.149). | |
(Comparative Example 3)

By'using a sintered body having the same compositions as in
Example 7, three kinds of zinc oxide varistors were produced'by a
méthod in which the synthetic powder of bismuth oxiée powder,
titanium oxide fine powdér, antimony oxide powder and chromium
oxide powder is not prepared according to the prior art.

zinc oxide (ZnO) powder, bismuth oxidg (31203) powder,
titanium oxide.(Tioz) fine powder, antimony oxide'(Sb203) powder,
3203, chromium oxide (Cr203) powder, cobalt oxide (CoO) powder

and manganese oxide (Mnozs powder were. blended at a weight ratio

of 100 : 0.88 : 0.09 : 0.02 : 0.01 : 0.954 : 0.414 (sample
No.151), 100 : 1.76 : 0.18 : 0.04 : 0.02 : 0.954 : 0.414 (sample

No.152), and 100 : 4.4 : 0.45 : 0.1 : 0.065

0.954 : 0.414

{sample No.153). The blended powder was mixed and ground by the
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wet method. The mixed powder thus obtained was dried, and.
compressed and moldeé into a disk. Tﬁe temperature of the molded
body was ;aised at a speed of 50°C /hr in the air. Then, the
molded body was held for 13 hrs. at a temperature of 950C .
Thereafter, the temperéture of the molded body was lowered at. a
speed of 50C /hr sozthat a sintered body waé obtained. The
sintered body had a thickness of 1.2 mm and a diameter of 14 mm.
In the same manner as in Example 1, a zinc oxide varistor
was produced. The electric characteristics of the zinc Qxide
varistor are.evaluaped. Table 19 shows sample compositions, and

<
Table 20 shows the results of the evaluation of the electric

characteristics.
TABLE 19
Sample . Zno 81203 Tio2 Crzo3 Co0 Mno2
No. (part by (part by (part by (part by (part by (part by

‘weight) welight) weight) weight) weight) weight)
151 100.0 0.88 0.09 0.02 0.954 0.414
152 100.0 1.76 - 0.18 0.04 . 0.954 0.414

153 100.0 4.4 0.45 0.1 0.954 0.414
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TABLE 20

Rate of change Rate of change

Sample  Vyiasmm 0.1mA% 1ma

No. (V) in DC loading in surge
AViaVima® A Vina/Viga(®)

151 8~20 6~11 -25 ~ -16 50 ~ -40

152 13~23 10~18 -22 ~ =17 ~25 ~ -16

153 " 15~25 8~ 15 -28 ~ -16 —22 ~ -14

Accordiné to the zinc oxide varistor produced by the method
éccording to the priorqart as shown in tables 19 and 20, VlmA was
considerably decreased after DC loading of 0.2W, and the absolute

value of the rate of change in DC loading A VlmA/v was 10% or

imA
more; In addition, the absolute value of the rate of change in
surge exceeded 10% so that-reliability was rather poor. As shown
in Table 20, the variation in elechic characteristics within
lots Qas great.

Referf;ng £o the zinc oxide varistor produced b& the method
aécording to the prior art, the variation in the electric
characteristics between iots was much greater than the variatlon
in electric characteristics within lots, which is not shown in
Table 20. A lot of varistors had'VlmA/mm and a vélués which are

smaller than tﬁe values shown in Table 20.

In the method according to the prior art, a sintering
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temperature of 950°C is top low for the production of the zinc
oxide varistor.. When burning'at a high temperature, for example,
1250°C , a varistor having very good characteristics can be
obtained by the method according to the-priof art.

As apparent from- the comparison between Examplé 4 and
Comparative Example,'it was proved that the zinc oxide varistor
produced by sintering the zinc oxide ceramics.of the present
invention is superior to the zinc oxide varistor ﬁroduced by the
method according to thelprior art in initial electric
characteristics, reliability, and the variation in electric
characteristic in and Hgtwéen lotis.

(Example 8) |

Chromium oxide is blended and a heat treating temperature
- was changed in producing cgramics in the same manner as in
Example 1. First of all, titanium oxide fine powder, bismuth
oxide fine powder and antimony oxide fine powder were mixed at a
weight ratio of 81 : 9 : 10. The mixed powder was heat treated
for 5 hrs. at a temperature of 550%3._ Further, bismuth oxide
fine particles and e;romium oxide fine powder (whose particles
pass through a 325;mesh séreen) were mixed at a weigh£ ratio of
93:7. The mixed powder was treated by heat for 5 hrs. at a
temperaturé of 550C . ?hese two kinds of synthetié powder were
blended at a wéight ratio of 10:1 and fine gr6und to obtain

bismuth oxide/titanium oxide/antimony oxide + bismuth oxide/boron
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oxide synthetié powder (whpse particles pass through the 325-mesh
screen). If the heat treating temperature is'incrgaéed, grinding
is harder to perform.

Then, zinc oxide powder, bismuth o#ide/titanium
oxide/antimony oxide synthetic powder + bismuth oxide/chromium
oxide powder, cobalt oxide. powder aﬂd manganese oxide powder were
blended at a weight ratio of 100 : 3.3 : 0.80 : 0.40, mixed and
ground- by the wet method. The groﬁnd bowder was dried, and mixed
with an aluminum nitrate solution which céntains 0.0013.part by

0]

weight of aluminum oxide for 100 parts by weight of ZnO by Al2

3
conversion. N .

.In the same manner as in Example 1, the zinc oxide ceramics
were compressed and molded into a disk. The temperature of the
molded body was raised at a speed of 50C /hr in the air. Then,
the molded body was held for 15 hrs. at temperatures of 700°C ,
750°C , 800C, 900°C, 1000C, 1050C,
1100°C, and 1150°C . Then, the temperatures of the molded body
were lowered at a speed of 50°C /hr so that a sintered body was
obtained. The sintered body had a thickness of 1.2mm and a
diameter-of l4mm. )

In the same manner as in Example 1,.a zinc oxide varistor
was produced. The electric characteristics of thedzinc oxide

varistor were evaluated similarly to Example 1. Table 21 shows

sample compositions, and Table 22 shows the results of the



evaluation of the electric characteristics.
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Mno

TABLE 21
Sample Sintering 2Zn0O .(31203—T102—Sb203)
No. temper-— +(B1203-Cr203)
ature Synthetic fine
{C) {part particles
by Bi,0,-Ti0, Bi,0,-Cr,0
wt) -szo3
§yn£hetic Synthetic
fine  fine
particles particles
(part by (part by
wt) (*) wt) (**)
241 700 100.0 3.0 0.3
242 , 750 100.0 3.0 0.3
243 . 800 100.0 3.0 0.3
244 900 100.0 3.0 0.3
245 1000  100.0 3.0 0.3
246 1050 100.0 3.0 0.3
247 1100 100.0 3.0 0.3
" 248 1150 100.0 3.0 0.3

o0 2 A0y
(part' (part (part
by by by
W) owt)  wt)
0.80 0.400 0.0013
0.80 0.400 0.0013
0.80 0.400 0.0013
0.80 0.400 0.0013
0.80 0.400 0.0013
0.80 0.400 0.0013
o.aq” 0.400 0.0013
'0.80 0.400 0.0013
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(*) Heat trgqtment of a m;xture 31203 : TiO2 : Sb203

= 81 : 9°: 10 (weight ratio)
(**) Heat treatment of a mixture B1203 : Cr203

= 93 : 7 (weight ratio)

TABLE 22

Sample VlmA/mm 0.1mAa 1mA Rate of change Rate of change

3

No. (V) ) in DC loading in surge

AViaVima®) AV Vima (%)

241 330~380 10~30 -40 ~ -30 -22 ~ -18
242 250~300 35~45 -4 ~ -1 . -4 ~ 41
243 220~240 38~44 -4 .1 -4 ~ +2
244 215~230 40~ 46 -4 ~ -2 -3 ~ +1
245 - - 210~230 40~48 -2~ 0 -3 ~ 41
246 205~220 40~50 -2~ -1 -2 ~ +2
247 200~215 40~50 -3 ~ =2 -2 ~ +1
248 190~ 205 40~50 -3 ~ -1 -4 ~ +2

As a result of sintering at a temperature of 750 to 1150°C
which is shown in Tables 21 and 22, the zinc oxide varistor

produced by the method according to the present invention had a
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low threshold voltage and the absolute value of the rate of

change AV in the threshold voltage V was 5% or less

ima 7 Vima 1mA

for long-time DC loading and surge s0 that gredt reliability
could be obtained. As shown in Table 22, the variation in
electric characteristics'within lots was small. The zinc oxide
varistor obtained by sintering at a temperature of 1150C or more
also has excellent charécteristics, but is not preferred because
an element body is deformed during sintering or elements étick
together so that £he yield is lowered.

When the zinc oxide varistor was produced by the method
according to the preseﬂi invention, the variation in the electric
characteristics between lots was small similar to the variation
in electric characteristics within lots so that the yield was
considerably enhanced, which is not shown in Table 22.

(Example 9)

The blending is changed to prepare 'two kiqu of synthetic
powder, and a heat treating temperature is changed in producing
ceramics in the same manner as in Example 1. First of all,
titanium oxide fine powder, bismuth oxide powder and antimony
oxide fine powder were mixed at a weight ratioc of 81 : 9 : 10.
The mixed powder was treaged.for S hrs. at a temperature of 500C .
Further, bismuth oxide-fine particles and chromium”oxide fine
powder were mixed. The mixed powder was treated for 5 hr;. at a

temperature of 550C . These were blended at a weight ratio of
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97.5 : 2.5, 95.0 : 5.0, 92.5 : 7.5, 90.0 : 10.0, 87.5 : 12.5,

85;0 : 5.0, 82.5 : 17.5, and 80.0 : 20.0 and fine ground so that
five kinds pf bismuth'oxide/titanium oxide/antimony oxide +
bismuth oxide/chromium oxide synthetic powder (whose particles
pass through a 3251mesh screen) are obtained. TIf the heat
treating temperature is increased, grinding is harder to perform.

Then, zinc oxide poWder, bismuth éxide/titanium
oxide/antimony oxide synthetic péwder + bismuth oxide/chromium
oxide synthetic powder, cobalt oxide powder and manganese oxide
powder were blended 5t a weight ratio of 100 : 4.0 : 0.50 : 0.50,
and mixed and groqnd b§ the wet method. The ground powder was
dried, and mixed with an aluminum nitrate solution which contains
0.0013 part by weight of aluminum oxide for 100 parts by weight
of an by A1203 conversiﬁn.

Similarly to Example 1, the zinc oxide ceramics were
compressed and molded into a disk. The temperature of the molded
body was raised at a speed of 50C /hr. Then, the molded body was
held for 12 hrs. at a teméerature of 950°C . Then, the |
temperature of the molded body.was lowered at a speed of 50C /hr
so that a sintered'body Q&s obtained. The sintered body had a
thickness of 1.2mm and a diameter of 14mm.

In the same manner as in Example 1, the zinc 6xide varistor
was produced. The electric characteristics of the zinc oxide

varistor thus obtained was evaluated similarly to Example 1.



74

Table 23 shows sample compositions; and Table 24 shows the

results of the evaluation of the electric characteristics.

TABLE 23

Sample an (Bi203~T102—Sb203) Co0 MnO, Al,0,
No. +(B1,0,-Cr,0,)
Synihetic fine
(part = particles | (part (part  (part
by Bi,0,-Ti0, Bi,0,-Cr,0; by by by
) -sbyoy W oW wy
Synthetic Synthetic
. fine . fine
particles particles
(part by  (part by
wt) (*) wt) (**)
341 100.0 3.9 (97.5) 0.1 (2.5) 0.50 0.50 0.0013
342 100.0 - 3.8 k95.0) 0.2 (5.0) 0.50_ 0.50 0.0013
343 100.0 3.7 (92.5) 0.3 (7.5) 0.50 0.50 0.0013
344 100.0 3.6 (96.0) 0.4 (10.0) 0.50 0.50 0.0013
345 100.0 3.5 (87.5) 0.5 (12.5) 0.50 0.50 0.0013
346 100.0 3.4 (85.5) 0.6 (15.0) 0.50 “;0.50_ 0.0013

347 100.0 3.3 (82.5) 0.7 (17.5) 0.50 ° 0.50 0.0013

348 100.0 3;2 (80.0) 0.8 (20.0) 0.50 0.50 0.0013
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(*) Heat treatment of a mixture Bi O3 : Ti

2 Sb,0,

0,
= 88:.9 : 3 (weight ratio)

(**) Heat treatment of a mixture Bi,O, : Cr,0,

= 93 : 7 {(weight ratio)

TABLE 24

Sample VlmA/mm 0.1mA% 1mA Rate of change Rate of change

«*

No. . {V) in DC loading in surge

AVinaVima® AV Vima (®)

341 13~22 15~20 L -4~ #1 -2 ~ -1
342 20~ 25 18~25 -3~ 0 -4 ~ 0
343 .22~26 20~24 -2 ~ 42 -3~ 0
344 30~38 25~35 -3~ 0- -2 ~ 41
345 80~95 30~ 45 -4~ -1 -3~ 0
346 95~115 - 40~55 -3 ~ -1 -4~ 0
347 130~145  45452 -2 ~ 42 -2~ 0
348 180~205 48~62 -2 ~ +1 -3~ 0

When the ratio of bismuth oxide/titanium oxide/antimony
oxide synthetic powder (Aa) to bismuth oxide/chromium oxide (B) is

greater than 90 : 10, i.e., (A) 1is greater than 90 , a zinc oxlide
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varistor for a low voltage can be obtained. The ratio of bismutﬁ
oxide/titanium 6xide/antimony oxide s&nthetic powder (A) to
bismuth oxide/chromium oxide (3) is less than 87.5 : 12.5 , i.e.,
{B) is greater than iz.s, a zinc oxide varistor for a high
volt;ge can be obtained. In any case, a Values-are great, and
the absolute value of the rate of change A-VlmA/VlmA in threshold

voltage V1 is 5% or less for long-time CD loading and surge, soO

mA
thgt excellent reliability can_be obtained.

In partiqular, two kinds of synthetic powder are obtained tg
produce the ZnO ceramics. Therefore, eQen if sintering is
.performed at a low temgerature of 750T§, ligquid phase reaction
.can be controlled more effectively. Consequently, a ZnO varistor-
having an particles which are uniformly grown can be produced.

According to thé zinc oxide varistor éroduced by zinc oxide
céramics of the present invention, the synthetic powder having
proper compositions is used so that ZnO particles have the
average particle size wﬂich is optionally selected within the
wide fange at a small particle size distribution. More
specifically, it is possible to produce the zinc oxide varistor
having excellent electrié characteristics and reliability in high
yield.

The éinc oxide varistor using the ceramics aécording to the

présent invention can be sintered at a low temperature of 750C

so that power consumption can be reduced and a furnace material
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and a container are séldom wasted. Thus, energy and resources
can be saved.

According to the above example, the particles of each
synthetic powder pass through the 325-mesh screen. Also in - the
case where the particle siée is greater, i.e., particles pass
through a 30-mesh screen, a zinc oxide varistor having éood
characteristics can be obtained.

(Example 10) |

Bismuth oxide powder, titanium oxide powder, antimony oxide
(whose particles pass through 200-, 325- and 200;mesh screens
respectively),.chromiuﬁ oxide (whose particles pass through the
325-mesh screen), and boron oxide {(whose particles pass through
the 200-mesh screen) were blended at a weight ratio of 88 : 8.5 :
2 :1: 0.5. The blended powder was heatéd at a temperature of
500°C for 1 hr. in thé air, and then fine g;ound by means of the
ball mill-with the monomalon pot using stabilizing zirconia
balls. Consequently, a synthetic power (whose particles pass
thrdugh the 325-mesh screen) was obtained. The synthetic powder
which is prepared from bigmuth oxide, titanium oxide, antimony
o#ide, chromium oxide and boron oxide is called bismuth
oxide/titanium oxide/antimony oxide/chromium oxide/boron oxide
synthetic powder. ”

Zinc oxide powder (having an average particle size of 0.31

m), bismuth oxide/titanium 6xide/antimony oxide/chromium
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oxide/boron oxide synthet%c powder, cobalt oxide powder (whose
particles paés through the 325-mesh screen), manganese oxide
powder (whose particles pass through the 206-mesh screen) were
blended at a weight ratio of 100 : 0.2 to 20.0 : 0.954 : 0.414
whilg changing the amﬁunt of bismuth oxide/titanium
oxide/antimgny oxide/chraﬁium oxide/boron oxide synthetic powder.
The blended powder was mixed and ground for 12 to 18 hrs. with
stabilizing zirconia balls and the monomalon pot so as to pass
through the 325-mesh screen. The powder was dried, compressed
and molded into a disk. The temperature of a molded b&dy thus
obtained is raised at a speed of SOTl/hr in tﬁe air, held for 2
hrs. at a temperature of 950°C and cooled at a temperature of 50C
/hr. Consequently, a sintered body was obtained. The siﬁtered
.body had a thickness of 1.2 mm and a diameter of 14 mm.

As described above, the zinc oxide varistor shown in Fig. 1
was produéed.

The electric Characte;istics of the zinc oxide varistor thus
obtained are eva;uated. As initial eleétric characteristics,
VlmA/mm (a voltage / ;mm thickness between terminals obtained
when a current of 1lma flaﬁs) and a nonlinear resistancé index
0.1m2% 1ma (a value obtained by V1mA and VO.lmA? were measured.
The reliability for DC loading was evaluated. Dcdloading of 0.2W
waé applied for 500 hrs. in the high-temperature atmosphere of

80°C and the rate of change A ¢ in a varistor threshold

1ma 7 Vima
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voltage V {the rate of change of DC loading) was measured.

1mA
Further, the reliability for surge was evaluated. A pulse of 8 x
20¢ sec, 0.5kA was applied twice and the rate of change A

in the varistor threshold voltage V (the rate of

Vima”Vima 1mA

change in surge) was determined. Table 25 shows the domposition
of samples, and Table 26 shows the result of the evaluation of
the electric chéracteristics. The values indicative of the
results of the evaluation of the electric characteristics are

maximum and minimum values in the lot.

ITABLE 25
Sample__ Zno B1203—-T102—Sb203 Co0 ~ MnoO,
No. (part by -Cr,0,-B,0, (part by (part by
weight) Synthetic powder(*) = weight) weight)
' (part by weight)
401_ 100.0 .0.2 0.954 0.414
402 100.0 . 0.5 ) 0.954 0.414
. 403 100.0 : 0.7 - 0.954 - 0.414
404 100.0 1.0 0.954 0.414
405 -+ 100.0 2.0 0.954 0.414
406 100.0 5.0 _ 0.954 “ 0.414
407 100.0 10.0 0.954 0.414

408 100.0 15.0 0.954 0.414



80

409 100.0 ' 20.0 0.954 0.414

: B,O

(*) Heat treatment of Bi,0, : TiO, : S8b.O, : Cr,0 203

273 2 273 273 _
‘= 88 : 8.5 : 2 : 1 : 0.5 (weight ratio)

TABLE 26

Sample VlmA/mm 0.1mA% 1ma Rate of change Rate of change

No. ' (V) in DC loading in surge

AV /(%) A vlmA/vlmA(%)

401 5~ 10 % g~15 -18 ~ -10 -40 ~ -30

402 . 18~22. 16~25 -4 ~ -1 -3~ 0
403 19~23 - 30~34 0~ 41 -2~ 0
404 19~23 30~35 0~ +2 -3~ 0
405 20~25 32~35 Sl eoel -3 ~ +1
406 21~25 31~35 -1 ~ +1 -3 ~ +1
407 20~ 24 30~3¢ -2~ 0 -2~ 41
408 21~25 32~34 2~0 -2 ~ 42
409 - - - -

As is apparent from Tables 25 and 26, the zinc oxide
varistor using the zinc oxide ceramics according to the present

example had a low threshold voltage and the absolute value of the

rate of change A VlmA / Vima

in the threshold voltage VlmA was 5%
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or less for long-time DC lpading and sﬁrge so that greai
reliability could be obtained, except for sample No.401 having
0.2 part by weight of the bismuth oxide/titanium oxide/antimony
oxide/chromium oxide/boron oxide synthetic powder. As shown in
Table 26, thé electric-characteristics within lots had small
variation.

When the zinc oxide varistor was produced from the ceramics
of the present example, the variation in electric charagteristic
between lots was small similar to the variation in electric
characteristic within lots, which is not shown in Table 26.
According to an examplé‘using conventional compositions which has
a standard range of =7 % of V1mA and is not treated by heat, a
process capability index was changed from 1.0 to 1.333. As a
fesult, while the yield of the exémple using conventional
compositions which is not treated by heat is 90 % the yield is
95 % according to the present example. When thg amount of
81203/T103/Sb203 synthetic powder to be added exceeded 20 parts'
by weight, samples stuck together so that measurement could nét
be performed (sample No.409). Accordingly, it is preferred that
the amount of the synthetlc éowder to be aéded is 0.5 to 20 parts
_ by weight to 100 parts by weight of ZnO powder.

(Comparative Example. 4)
Three kinds of zinc bxide varistors using a sintered body

which has the same’composition as in Example 1 are produced by
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conventional ceramics in'which the mixed powder of bismuth oxide
powder, titanium oxide powder, antimony oxide powder, chromium
oxide powder and boron oxide powder is not synthesized.

Zinc oxide powder, bismuth oxide powder, titanium oxide
powder, ahtimony oxide powder, chromium oxide powder, boron oxide
powder, cobalt oxide powder and manganese oxide powder weré
blended at a weight ratio of 100 :0;88 : 0.085 : 0.02 : 0.01
0.005 : 0.954 : 0.414 (sample No.411), 100 : 1.76 : 0.17 : 0.04
0.02 : 0.010 : 0.954 : 0.414 (sample No.412), and 100 : 4.4 :
0.425 : 0;1 : 0.05 : 0.025 : 0.954 : 0.414 (sample No.413). The
blended powder was mixed and ground by the wet method for 18 hrs.
by means of a monomalon pot with stabilizing zirconia balls. In
the same manner as in Example 10, a sintered body having a
thickness of 1.2 mm and a diameter of 14 mm was obtained so ihat
the zinc oxide varistor was pfoduced. Then, the electric
characteristics of the zinc oxide varistor are evaluated. ?able
27 shows example compositions, and Table 28 shows the results of

evaluation of the electric characteristics.

TABLE 27

2 Sb203 Cr203 8203 Co0 Mno2

Sample ZnO 81203 Ti0
No. | {part {part (part (part (part (part (part (part
by by by by by - by by by

weight)ﬁeight)weight)weight)weight)weight)weight)weight)
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411 100.0 0.88 0.085 0.02 0.01 0.005 0.954 0.414

412 100.0 1.76 0.17 0.04 0.02 0.01 0.954 0.414

413 100.0 4.4 0.425 0.10 0.05 0.025 0.954 0.414
TABLE 28

Sample vlmA/mm 0.1mA% 1maA Rate of.chagge Rate of change

No. (V) in DC loading in surge

| AV AV ima ) AV AV (%)
411 © g~18 | 8~14 ~21 ~ -15 -50 ~ -35
412 10~21 12~18 -18 ~ -14 ~28 ~ -20
413 12~20 12~20 -21 ~ -14 -25 ~ -14

According to -the zinc-oxide varistor produced by the
ceramics according to the prior art as shown in Tables 27 and 28,
: vlm# was considerably decreased after DC loading of 0.2W, and thé
_absolute value of the rate of change in Dcﬁloading was 10% or -
more. The absoluté value of the rate of change in surge is 10% .
or more so that reliabiiiiy was. very poﬁr; As shown in Table 28,
the variation within the lots was great.

The variation in electric characteristic between lots of the

zinc oxide according to Comparative Example 4 was much greater

than the variation in electric characteristic in lots, which is
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/mm and a

not shown in Table 28. A lot of varistors had VlmA

values which are smaller than values shown in Table 28. It is
proved that a sintering temperaturé of 950C is too low to
produce the zing oxide varistor in the method according to the
prior art.

As 1is apparent from the comparison between Example 10 and
Comparative Exaﬁple 4, the zinc oxide varistor using a low-
temperature sintered body according to the present example is
superiox to the.zinc oxide varistor according to the prior art in
initial electric characteristics, rgliability, and the variation

in electric characteristic in and between lots.
(Example 11)

Bismuth oxide powder (whose particles pass through a 200-
mesh screen), titanium oxide powder (whoge particles pass tﬁrough
a 325—mesh screen), and antimony oxide pow&er_(whose particles
~pass through the 200-mesh screen) were blendéd,at a weight'ratio‘
of 81 : 9 : 10. The blended powder was treated at a temperature
of 800°C for 10 mins. in the air. Further, bismuth oxide finé
particles (which pass through the 200-mesh screen) and chromium
oxide fine powder (wﬁose'farticles pass through thé 325-mesh
screen) were blended at a weight.ratio of 76 : 24. The blended
material was treated at a temperature of 600°C forulo mihs. in
the air. 1In addition, bismuth oxide fine particles (which pass

through the 200-mesh screen) and boron oxide fine powder (whose
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particles pass through the 200-mesh screen) were mixed at a
weight ratio of 93 : 7. Then, the blended material was treated
at a temperature of 600°C for 10 mins. in the air. These three
products were mixed ét a ratio of 3.0 : 0.3 : 0.3, and fine
'ground by the wep methéd for 18 hrs. by means of a monomalon pot
with stabilizing zirconia balls. Consequently,
Bi203/T102/Sb203/Cr203/B203) synthetic powder {whose particles
pass through the 200-mesh screen)_that consists of {(bismiuth
oxide/titanium oxide/antimony oxide) + (bismuth oxide/chromium
oxide) + (bismuth oxide/boron oxide)] was obtained.

Zinc oxide.powderq(having an aﬁerage particle size of 0.3
m), 31203/T102/Sb203/Cr203/1;2'03 synthetic powder, cobalt oxide
powder (whose particles pass through the 325-mesh screen) and
manganese oxide powder (whose particles pass through the 200-mesh
screen) were blended at a weight }at;o of 160 : 3.6 : 0.80
0.40, mixed and ground for 18 hrs. by the wet method by means of
the monomalon pot with stabilizing zirconia balls. The powder
thus obtained was dried and mixed witﬂ an aluminum nitrate .
solution_whicﬁ contains 0.0013 part by weight of aluminum oxide
by A1203 conversion for ibo parts by weight. of zinc oxide. Then,
a material thus obtained was compressed and ﬁoldgdlinto a disk.
The temperature of tﬁe molded body was raised at a-speed of 50C
/hf. Then, the molded body was held for 15 hrs. at temperatures

of 700°C, 720C, 800°C, 900C., 1000C, 1050°C 1100°C, and 1150C .
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Then, the tempgrature; of the molded body were lowered at a speed
of 150°C /hr so that respective sintered bodies were obtained.
Egch sintered body had a thickness of 1.2mm and a diameter of
14mm.

In the same manner as Example 10, the zinc oxide varistor
was produced. The electric characteristics of the.zinc oxide
varistor are evéluated similarly to Example.lo. Table 29 shows
sample compositioﬁs, and Table 30 ghows the results of evaluation

of the electric characteristics.

» _ TABLE 29

‘Sample sinteripg Zn0  B1,0,-T10,-5b,0, Co0 MmO, Al,0,
" No. temper- -Cr203—B203
ature Synthetic fine
(C) (part particles part (part (part
by (part by weight) by by by
wt Bi,O Bi, 0, Bi,0, wt) wt) wt)
-Ti0, -Cr,0, -B,0,
- =8b,0, |
(*) (**) . (***)
501 700 100 3.0 0.3 0.3 0.80 0.40 0.0013
502 720 100 3.0 0.3 0.3 0.80 0.40 0.0013

503 800 100 3.0 0.3 0.3 0.80 0.40 0.0013



504

505

506

507

508

(*) Heat treatment of a
(**) Heat treatment of a mixture Bi 03

(***) Heat treatment of a mixture Bi.O
-2

501
502
503
504

505

900

1000

1050
1100

1150

v

100

100

100

100

100.

1mA/mm

3.0 0
3.0. 0
3.0 0
3.0 0
3.0 0

mixture Bi,O

273

2

TABLE 30

0.1mA% 1ma

450~700

410~430

320~350

220~230

205~220

10~ 40
70~75
60~65
55~60

55~ 60

0.40
0.40
0.40
0.40

0.40

Sb203

0.0013
0.0013
0.0013
0.0013

0.0013

10 (weight ratio)

24 (weight ratio)

3 0.80
3 0.80

W3 0.80
3 0.80
3 0.80
TiO2

81 9
:_Cr203

76

3 By03

93 . :

7 (weight ratio)

Rate of change Rate of change

in DC loading in surge
AViraVima(® A Va/Vipa ()
-40 ~ =30 - -45 ~ -10
-4 ~ 72_ -4 ~ +1
3~ -4~ 0

-3 ~ -1 . 23~ 0

-2~ 0 -3 ~ +1
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506 200~220 54~58 -3~ 0 -3~ 0

507 195~215 ~ 54~59 -3 ~ -1 —2 ~ +1
508 190~210 55~59 “2 ~ -1 “3 ~ 41

As a result of sintering at a témperature of 720 to 1150°C
which is shown in‘Tables 29 and 30, the.zinc oxide varistor
produced from the ceramics according to the present invention had
a high threshold vo}ﬂage and the absolute value of the.rate of

in the threshold voltage V was 5% or less

change AV 1mA

1ma 7 Vima
for long-time DC loading and surge so that e#cellent reliability
could be obtained. As shown in Table 30, the variation in
electric chafacteristics within lots was small. The zinc oxide
varistor obtéined by sintering at a temperature.of 1150C also
has excel;ent characteristics, but is not preferred .because an
element body is deformed during sintering or elements stiCk
together so that the yield is lowered.

When the zinc oxidé varistor was. manufactured from the
ceramics of this example, the variation in electric
characteristic between lots was small similar to the variaﬁion in
electric characteristics within lots, which is not shown in iable
30. According to a sample using conventional compositions which
has a standard range £ 5 % of Vima and is not treétéd'by heat, a

process capability index was changed from 1.0 to 1.33. As a

result, while the yield of the example using conventional



89
compositions which is not treated by heat is 90 %, the yield is
increased to 95 % accordihé io the present invention.
(Example 12)

Bismuth oxide powder (whose particies pass through a 260—
mesh screen), titanium 6xide powder {(whose particles pass through
a 325-mesh séreen), and antimony oxide fine powder (whose
particles pass through the.200—mesh screen) were blended at a
weight ratio of 81 : 9 : 10. The blended powder was heated at a
temperature of 550C for 5 hrs. in the air. Further, bismuth
oxide fine particles (which pass through tﬁe 200-mesh screen) and
chromium oxide fine powder (whose particles pass through the 200-
mesh screen) were b;ended at a weight ratio of 50 : 50. " The
blended material was treated at a temperature of 5601) for 1 hr.

“in the air. 1In addition, bismuth Qxide fine particles (which
pass through the 200-mesh screen) and boron oxide fine powder
(whose particles pass through the 200-mesh screen) were blended
at a weight ratio of 90 : 10. Then, the blended material was
tfeated at a temperature of 450°C for 1 hr. in the air. These
three products were blended at a ratio of 4.5 : 0.4 : 0.1 (sample

No.601), 4.5 : 0.25 : 0.25 (samplé No.602), 4.5 : 0.1 : 0.4

(sample No.603), 4.4 : 0.4 : 0.2 (sample No.604), 4.4 : 0.3 : 0.3
(sample No.605), 4.4 : 0.2 : 0.4 (sample No.606), 4.3 : 0.55 :

0.15 (sample 607); and 4.3 0.35 : 0.35 (sample No.608), and

mixed and fine ground by the wet method for 18 hrs. by means of
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the monomalon pot with stabilizing zirconia balls. As a result,
. gi203/T102/Sb203/6r203/3205) synthetic powders (whose particles
pass through the 200-mesh screen) that include 8 kinds of
[ (bismuth oxide/titanium oxide/antimony oxide) + (bismuth
oxide/chromium oxide) + (bismuth oxide/borén oxide)) are
thained.

zinc oxide powder (having an average particle size.of 0.31
m), Bi203/T102/Sb203/Cr203/B203'synthetic powder which inclﬁdes
(bismuth oxide/titanium oxide/antimony oxide synthetic powder) +
{bismuth oxide/chromium oxide éynthetic powder) + (bismuth
oxide/borop oxide), cobalt oxide powder (whose particles pass
through the 325—mesh—screen), and manganese oxide powder (whose
particles pass through the.200—mesh screen) were blended at a
weight ratio of 100 : 5.0 : 0.50 : 0.50, mixed and ground éor 18
hrs. by the wet method by means of the monomalon pot with
stabilizing zirconia balls. The péwder thus obtained was dried -
and mixed with an aluminum nitrate solution which éontains 0.0020
part by weight 6f aluminum oxide by A1203 conversion. Then, a
material thus obtained was compressed and molded into a disk.
The temperature of_the_molded body was raised at a speed of 100C
/hr. in the air. Then, the molded body was held for 1 hr. at a
temperature of 1000°C . Thereaftef, the temperatﬁre'of the molded
body was lowered at a speed of 100C /hr 86 that a sintered body

was obtained. The sintered body had a thickness of 1.2mm and a
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diameter of 14mm.

In the same manner as Example 10, the zinc oxide varistor
w;s produced. The electrié éharactéristics of the zinc oxide
varistor are evaluated similarly to Example ld. Table 31 shows
sample compositions, and Table 32 shows the results of the

evaluation of the electric characteristics.

TABLE 31 -
Sample 2zZn0 31203—T102-Sb203 Co0 Mno,, A1203
No. ~Cx,0,-B,0,
Synthetic fine
{part particles {part (part (part
by (part by weight) by by by
wt) - Bi,0, B1,0, B1,0, wt) wt) wt)
. —TiO2 —Cr203 —BZO3
—Sb203
(*) {**) (***)
601 100 4.5 .0{40 , 0.10 0.50 0.50 0.0020
602 100 4.5 "0.25 0.25 0.50 0.50 0.0020
603 100 .4.5 0.10 0.40. 0.50 0.50 0.0020
604. 100 4.4 0.40 0.20 0;56..'0.50 0.9020

605 100 4.4 0.30 0.30 0.50 0.50 0.0020

606 100 _ 4.4 0.20 0.40 0.50 0.50 0.0020
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607 100 4.3 0.55 0.15 0.50 0.50 0.0020

608 100 4.3 0.35 0.35 0.50 0.50 0.0020

'(*) Heat treatment of a mixture B1203 : Tio2 : Sb203
= 81 9 : 10 (weight ratio)
(**) Heat treatment of a mixture B1203 : Cr203

50 : 50 (weight ratio)

(***) Heat treatment of a mixture 31203 : 3203

90 : 10 (weight ratio)

TABLE 32

Sample VlmA/mm 0.1mA% 1ma Rate of change Rate of change

No. V) in DC loading in surge
AVima/Vima (¥ A Vy0a/V) 0 (%)

601 15~21 11~16 -5 ~ +1 -5 ~ -1
602 -23~2s . 18v23 -3 ~ 0 -4~ 0
603 ' 24~28 21~24 -é ~ +2 -3 ~0
604 30~38 25<35 3~ 0 -2 ~ 41
605 . 84~95 30~45 -4 ~ -1 -3~ 0

606 101~110 42~50 —2 ~ +2 T 4~
607 130~145 45~53 -2 ~ -1 -2~ 0

608 ‘ 180~200 50~62 -2 ~ -1 -3~ 0
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As is apparent from Tables 31 and 32, for the zinc oxide
varistor uéing the éeramicé according to the present example,
when thé mixing ratio of (bismuth éxide/titanium oxide/antimony
oxide), (bismuth oxide/chromium oxide) and (bismuth oxide/boron
oxide) of bismuth oxide/titanium oxide/antimony oxide/chromium
o;ide/boron oxide synthetic powder is chapged, a threshold
voltage can be changed greatly. More specifically, zinc oxide
varistors for low and hiéh voltages can be obtained. 1In any
case, the @ value was great and the absolute value of the rate

of change AV

1mA/VlmA in the threshold voltage vlmA is 5 % or

less for long-time DC loading and surge.
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WHAT IS CLAIMED 1I8S:

1. Z2inc oxide ceraﬁiés produced by adding 0.2 to 20 parts
by weight of a synthetic powder which is prepared by heat
treating a mixed powder of at least bismuth oxide, titanium oxide
and antimony oxide, and 6.1 to 5.0 parts by weight of at least
one of cobalt oxide and manganese oxide, to 100 parts by weight
éf zinc oxide as a main component.

2. The zirnc oxiée ceramics according to claim 1, wherein
boron oxide is further added to the mixed powder.

3.. The zinc oxide ceramics according to claim 1, wherein
chromium oxide is further added to the mixed powder.

4. The zinc oxide ceramics according to claim 1, wherein
the amount of a bismuth component to be added is 0.3 to 10.0
parts by weight for 100 parts by weight of zinc oxide by Bi,0,
conversion.

S. The zinc oxide ceramics according to claim'l, wherein
the amount 6f a titanium component to beladded.is 0.1 to 5.0
parts by weight for 100 part§ by weight of zinc oxide by Tio2
conversioﬁ. |

6. The zinq oxide céramics according to claim 1, wherein
the amount of an antimony component to be added is 0.02 to 2.5
parts by weight for 100 parts by weight of-zinc oiiae by szo3
conversion. |

7. The zinc oxide ceramics according to claim 2, wherein
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the boron oxide is at least one of boric acid and boron trioxide.

8. The zinc oxide ceramics according to claim 1, wherein
the synthetic powder is added to a péwder-material having zinc
oxide as the main éomponent and which contains 0.00062 to 0.372
part Qy weight of an aluminum component for 100 parts by weight
of zinc oxide by A1'203 conversion.

9. The zinc oxide ceramics according to claim 1, wherein a
synthetic powder prepared by heat treating a mixture of bismuth
oxide and boroﬂ oxide is added to a synthetic powder prepared by
heat treating a mixed powder of at least bismuth oxide, titanium
oxide and antimony oxide.

10. The zinc éxide ceramics according to claim 1, wherein a
synthetic powder prepared by heat treating a mixture of bismuth
oxide and chromium oxide is added to a synthetic powder prepared
by heat treating a mixed ppwder of at least bismuth oxide,
titanium oxide and antimony oxide.

11. The zinc oxide ceramics according to claim 1, wherein
a synthetic.powder prgpafed_by heat treating a mixture of sismuth
oxide and.chromium oxide and a synthetic powder prepared by heat-
treating the mixture of bismuth oxide and boron oxide are added
to a synthetic powd;r p:epared by geat treating a mixed powder of
at least titanium oxide and antimony oxide.

12. Zinc oxide ceramics produced by addihg 0.5 to 20.0

parts by weight of a synthetic powder which is prepared by heat-
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treating and grinding a mixture of bismuth oxide, titanium
oxide,antimony 6xide, chroﬁium oxide and boron oxide, and O.i to
5.0 parts by weight of at leas£ one of cobalt oxide and manganese
oxide to 100 parts by weight of éinc oxide powder.

13. The zinc oxide ceram;cs according to claim 12,'wherein

the average particle size of the synthetic powder is 0.05 .to 10u

14. The zinc oxide ceramics according to claim 12, wherein
the manganese oxide is at least one of.MnO, Mn203.and Mnoz.

15. The zinc oxide ceramics according to claim 12, wherein
the cobalt oxide is at }east one of CoO and Co304.

167 The zinc oxide ceramics according to claim 12, wherein
the amount of a bismuth component to be added is 0.3 to 18.0
parts by weight for 100 parts by weight of Zinc oxide by B1203
conversion. |

17. The zinc oxide ceramics according to claim 12, wherein

~ the amount of a titanium component to be addeé is 0.03 to 2.00

parts by weight for 100 parts by welght of zinc oxide by Tio2
conversion. |

18. The zinc oxide ceramics according to claim 12, wherein
the amount of an antimony compbhent to be added is 0.005 to 1.000
part by weight for 100 parts by.weight of zinc oxide by §b,0,
conversion. |

19. The zinc oxide ceramics according to claim 12, wherein
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the amount of a chromium component to be added is 0.005 to 0.500
part by wéight for 100 paris by weight of zinc oxide by Cr203
conversion.

20. The zinc oxide ceramics according to claim 12, wherein
the amount of a boron component to be added is 0.002 tq 1.000
part by weight for 100 parts by weight of zinc oxide by B,0,
conversion.

21. The zinc oxide ceramics according to claim 12, whefein
the boron oxide is at.least one of boron oxide and boric acid.
| 22. The zinc oxide ceramics according to claim 12, wherein
0.00062 to 0.37200 part« by weight.of an aluminum éomponent is
added for 100 parts by weight of zinc oxide by A1203 conversion.

23. A method for producing zinc oxide ceramics comprising
the steps of:

adding 0.2 to 20 parts by weight of a synthetic powder
prepared~by heét.treating a mixted powder of at least bismuth
oxide, titanium oxide and antimony oxide and 0.1 to 5.0 parts by
weight of at least one of cobalt oxide and manganese oxide to 100
parts by weight of zinc oxide, and

performing sintering:

24. The method according to claim 23, wherein the step of
preparing synthetic powde; comprises a step of héat'treating a
mixed powder of bismuth oxide, titanium o*ide, antimony oxide and

boron oxide.

is Sheet Has Been Replaced

\\Il\l M




AT

98
25. The method according to claim 23, wherein the step of

preparing synthetic powder comprises a steé of adding boric acid,
said borié aciﬁ and bismuth oxide being bleﬁded into fine
particles and heat treated.

26. The method according to claim 23, wherein the step of
preparing synthetic powder comprises a step of adding boron
oxide, said boron oxide and bismuth oxide being blended into fine
particles and heat treated.

27. The method accordihg to claim 23, wheréin the step of
preparing synthetic powder comprises steps of adding boric acid,
heat treating and grinding a blended powder of bismuth oxide,
titanium oxide and antimony oxide, and heat treating and grinding
a blended powder Qf bismuth o#ide and boric acid, and the step of
adding the synthetic powder to zinc oxide comprises a step of
adding the two kinds of powder which are prepared.

28. The method according to claim 23, wherein the step of
preparing synthetic powder comprises steps of adding boron oxide,
heat treating and grinding a blended powder of bismuth oxide,
titanium oxide and antimony oxide, and heat treating and grinding
a blended powder of bismuth oxide andnboron oxide, and the step
of adding the synthetic powder to zinc oxide comprises a step of
adding the two kinds of synthetic powdér which aré brepared.

29. The method according to claim 23, wherein the s;ép of

preparing synthetic powder comprises a step of heat treating a




—_—

| Illlllj IMI[I "'M" ”lll" ]"[ THIS SHEET HAS BEEN

REPLAGED
99

blended powder of bismuth oxide, titanium oxide, antimony oxide
and chromium oxide. |

30. The method according to claim 23, wherein the ‘step of
preparing synthetic powder comprises steps of adding chromium
oxide, heat treating and g¥inding a blended powder of bismuth
oxide, titaniﬁm oxide and antimony oxide, and heat treating and
grinding a blended powder of bismuth oxide and chromium oxide,
and the step of adding the synthetic powder to zinc oxide
comprises the step of adding the two kinds of synthetic powder
which are prepared.

31. The method ac&ording to claim 23, further comprising a
step of adding an aluminum component after the step of adding the
synthetic powder to zinc oxide.

32. The method according to claim 23, wherein an elongated
high-density defect is formed in the micron or submicron range in
parallel with the c face of zinc oxide crystalline particles of a
zinc oxide polycrystalline substance in crystalline particles,
and bismuth, titanium and antimony components which are sintered
at a low temperature are contained in fhe defect.

33. A method for producing zinc oxide ceramics comprising
the steps of:

A. heat treating and grinding a compositionﬂwﬁich contains
bismuth oxide, titanium oxide, antimony oxide,'chrdmium oxide and

boron oxide to prepare a synthetic powder;
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B. adding said synthetic powder to a powder material which

contains zinc oxide as a first component and at least one.of
cobalt oxide and manganese oxide as a second component to prepare
the blended powder; and

C. performing sintering.

34. The method according to claim 33, wherein said method
for preparing synthetic powder comprises, in place of the step A,
steps of heat treating a first compOSition which contains bismuth
oxide, titanium oxide, antimony oxide and boron oxide to prepare
a first synthetic powder, heat treating a second composition
which contains bismuth 6xide and chromium oxide to prepare a
second synthetic powder, and grinding said first and second
synthetic powders.

35. The method according to claim 33, whergin said method
for preparing synthetic powder comprises, in place of the step 3,
steps of heat.treating a first composition which contains bismuth
oxide, titanium oxide and antimony oxide to pfepare a first
synthetic powder, heat ireating a.second composition which
contains bismuth oxide, chromium oxide and boron oxide to prepare
a second éynthetic powder, and grinding said first and second
synthetic powders.

36. The method according to claim 33, Qherein a third
compésition which contains bismuth oxide and boron oxide is heat

treated and ground to prepare a third synthetic powder, and
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the first to third synthetic powders are mixed and added to the
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powder material so that th; blénded powder is adjusted.

37. The method according to claim 33, which further
comprises the step of adding 0.00062 to 0.37200 part by weight of
an aluminum component for 100 parts by weight of zinc oxide by
A1203 conversion.

38. The method according to claim 34, wherein the second
composition contains 1 part by mol or more of chromium oxide for
1 part by mol of bismuth oxide.

39. The method according to claim 36, wherein the molar
ratio of bismuth oxide o boron oxide of the third composition is
80 : 20 to 20 : 80.

40. The method according to claim 33, wherein the boron
oxide is at least one of boron trioxide and bo:ic acid.

41. The method according to claim 33, wherein the'heat~
treating temperature is 450 to 800°C .

42. The method according to claim 33, wherein the heat-
treating time is 10 mins..to 10 hrs.

43. The method according to claim 33, wherein the step of
forming the blended powder compriées a step of adding the

synthetic powder to the powder material and then grinding the

blended powder.
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