ZI NC C%IDE CERAM CS. AND METHOD FOR PRODUCI NG THE SAME The present i
nvention relates to zinc oxide ceramcs and a nethod for produc e
sanme, and nore particularly to zinc oxide ceramcs and a nethoj%?@mgﬂ'(qzﬂ
produci-ng ithe sanme for fabricating a zinc oxide varistor to be used for
surge_absorption in an electric circuif. A zinc oxide (ZnO varistor is
produced by using zinc oxide ceranics fa sintered body) which are obtained
by burning zinc oxide nmaterial powder that contains zinc oxide, bisnmuth
oxide [err]; nARYEnREEPR GERAMIES, AND METRN, HOR FRGRUEERS) THE T ¢
additives, and various oxides to be added for performance enhancenent. It.-
has been known that the threshold voltage of the zinc oxide varistor is

al nrost proportional to the nunber of grain boundaries which are present

bet ween el ect FBEeBreftitte dyyestipaarpiatenetq HifshOrddgoreryRlas $0d By 3V to
4V per grain boundary. Accordingly, it is necessary to Eroduce a sintered
body havimedhAOfpsrprefuainghdde soBeagrnparere RaxdiisslpglypbRitzia o 40[ err]
min order to fabricate the zinc oxide varistor for a high voltage. It is
necessar Pridepeegantcs dichtae medhpddfonapreprAng et semesfokose particle
size is about 40 to 200[err] mfor easy handling in order to produce a zinc
oxi de varfiabrdcatdngaa| pimey @xidge varhstoreto the prsedudert Rurge P spdrid on

varistor for a high voltage, a nmethod of adding a growh inhibitor such as
antinony 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



2 oxide [err] to inhibit the growh of ZnO particles has conventionally
been used. In order to produce the zinc oxide varistor for a | ow voltage, a
nmet hod of adding a growth pronotor such as titaniumoxide [err] to pronote
the gromh of the ZnO particles has been used. However, a sintering

t enperature of 1150 to 1300[err] is required to obtain a high-performance
zi ncoxi de varistor for high and | ow vo2tages. The high sintering

t emper at ur e, causes wer to be consuned, bispguth oxide to be strongly
scatter ed‘,’x’a‘%’d (}Q’fzﬂ%ﬁa% rRe e I thsy 968?1’1"& ﬂg}]z'f% BAF 4 4ede8dRAtie to the
strong scattering of bisnmuth oxide. Conse uently, It has been desired to
decrease TORYHFINNR] ¥ehpBRAFRAYL. 15 BEARENGCI RIQIFD e 24P Rt 4f
tenperature, the bisnmuth oxide or the like evaporates actively in the air.
In additi B¥LIEYRE FHodmat AoBxYakt 2’y 13y Medhetsoh R4 irm 2 (FFCHLhaPEOmQiRr
readily erodes a |l ot of materials such as ceramics, for exanple, a furnace
mat eri al , SR AR dilf@nizpdorkde | {%iP,) for REOBALRI MR tEREDaPlr BREsZRRcr eased

by the blending of the zinc oxide varistor according to the prior art, the
t hr eshol dP&%t t&kRe ibasr BgPHI ysedhcreased so that the irregularity of a zZnO
particle size is caused. Conséquently, the non-linear resistance

char act eri st i Howeweeyr adedinterinherempeiratiireeof ol 130vier 4304% ngs pul se

current loading or the like is shortened.
required to obtain 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



According to the nethod according to the prior art, bisnmuth oxi de,
titani um oxide, ant.inony oxide, chrom umoxide [err] and boron oxide
(B203) are individually added to zinc oxide naterial powder. Therefore,
there are a portion of the titanium oxide which reacts with zinc oxide, a
portion?of bisnuth oxide which reacts with titani umoxide, a portion of
ant +krony oxi de which reacts with zinc dxi de, a portion of bismuth oxide
whi ch reacts with antinony oxide, and the |ike. The boron oxide tends to

forma |igkide phasaniie 6R88€5 Conitmdriie oxadey &hagRi &rh dxheaetqmagogt Usea
I ncrease so that irregularity is easily caused. As a result, th I ntered

body has oRéx td:arad MEYDL§Na8E ai ikl BF 18 1iyS aBabapt &MLkl cildeampoetian in
which the grain growth i 3 pronoted. In the method according to the prior

art, thuspowdeids AHddeGBlrk,! OhOFOHKE 2 pPrlisheds bosly tadmamaokegyl ar
particle size. Furthernore, it is hard to fully control the abnormal grain

growt h of yKiGy Jdtef 9fien ERRECokfad, R YYr@Tohhak bhemelie@xide which
characteristics and reliability of zinc oxide varistors obtained froma

gi ven progdugifg ¢Otn (HAkehna¥ B! Salprdliioal beNahWMkhEhly QH00deS whitERI N the
lot). In addition,there is a problemthat the electric characteristics and

reliabilityaffs Zhiih Piinde o%Fhk St 87 5o AIGH Al phibRULHi b £d&Wn RHOugiRg | Ot S

have great variation (which occurs between the |ots). ' '
with antimony oxide, and the like. The boron oxide tends to form
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



‘As described. above, it is inpossible to stably produce a zinc oxide

vari stor having excellent electric characteristics and reliability with

| ow-t enperature sintering by the nethod using the cerami cs according to
the prior art. It is an object of the present invention to provide zinc
oxi de céramics for producing, in high yjeld, zinc oxide varistors having
relrability and electric characteristicS such as non- |inear resistance

charact eringt besa &b QLA MBEL Bt LEE Si{¥erdAg. I n order to achieve the
above object, a first zinc oXide ceramc of the present. invention is

produced by addi pg 0, 24 2RO RALAS Ye dEiONn At 2 ofY BbNEEE AL APUAGE, whi ch

Is prepared by heat tredting a m xed powd 0 east bi snut h oxi de,

{1t ani um g iadecand, 0L | AN L 08ng Anth Gyt 91398 PBERS B P1,AEh 068!

| east one 0O manganese 0 to 100 parts by weight of
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pr epar ed grindi ng e mxX | smut h oxi de,
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pr epar ed ( ani-um oxr de,” antinony de an oron oxi de,
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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
of 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. o

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



bi snmut h oxi de, titanium oxide, antinony oxide and chrom um oxi de, and that
the synthetic powder is prepared by heat treating the m xed powder.
Preferably, the amount of a bisnmuth conponent to be added is 0.3 to 10.0
parts by weight for 100 parts by weight of zinc oxide 5 by [err]
conversion. Preferably, the anmount of ?,titani um conponent to be added is
0.1+0 5.0 parts by weight for 100 part’s by weight of zinc oxide by [err]
conver si (zulp £ %ferc tr)‘Ivgrs_tth anount of an antinony conponent to be added is
0.02 to 2% par t3s by wel g%t’for 100 parts by weight of zinc oxide by [err]

conversion. It is preterred that the _baron, oxide is at |ea e oric
acid and borotr?ﬁer%iegflg & %r’%f%’?oéﬁ’lty,dt ﬁegéic/'%?%‘gl{'i%om gbn élS' ?é g%daééc;éetcg a

powder mafer/al .haying zipc ,oxid t.he n_co nent .a ich contains
0. 00062 t%sod.'g'7i*°p§r'tIa Bg‘/rgﬁ:i%%tweéﬂ%gn fglru%mr-)luﬁ?lé%@rr%oynewrﬁig?'grggoﬁ Karts by
wei ght of z'(ﬂec'oxi Iclg) b\t/ Lerr conversion. Preferably, a synthetic powder
pr epar ed &Y (1 Qat FRBVES$Rure of bisnuth oxide and boron oxide is.
addedrto a synthetic_powder prepar ed by heat  treati r}‘gp a m xed Bgmg‘%edof at

| east Preferably, the unt of an antimony conponent to
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 treating 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’



bi smuth oxide, titaniumoxide and anti nony oxide. Preferably, a synthetic
powder prepared by heat treating a m xture of bisnuth oxide and chrom um
oxide is added to a synthetic powder prepared by heat treating a m xed
powder -of at |east bisnuth oxide, titanium oxide and antinony oxide.
Preferably, a synthetic powder prepared by heat treating a m xture of

bi sAut h oxi de and chrom um oxi de and a synthetic powder prepared by heat

treating JNe,mox 4L e, 0f eégiqge?% QYR AL pdiedl QeBELOS B haadded to a

synt heti ¢ powder " prepar heat. eat ng m xed powder of" at | east

synt het | ¢ _ cat  xed at
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synt heti c ]gﬁper which is prepared by heat treating and grinding a mxture
of bismuttioXi'de, titanium oxide, antinony oxide, chrom um oxide and boron

o emnos: b BoBaB PO el 8 oPLuh e Shugbrl oo ano
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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 Ti0, conversion.

2

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



MO, [err] and [err]. It is preferred that the cobalt oxide is at |east one
‘'of CoO and [err]. Preferably, the anount of a bismuth conponent to be added
is 0.3 to 18.0 parts by weight for 100 parts by weight of zinc oxide by
[err] conversion. It is preferred that the anopunt of "a titanium conponent
to be aflded is 0.03 to 2.00 parts by weight for 100 parts by weight of zinc
oxi de by Ti Q2 conversion. Preferably, ¥he anount of an anti nony conponent
to be addeq&is 0 95 to 1.000jgg{t by weight for 100 parts by wei ght of

zi nc POEUE Yy P 283 263 ET/SrSi on. Preferably, the amount of a chrom um

conponent to he added.is 0.005 to 0.500 rt wei ght for P by
wei ght of zi n%r F&Sgby- d’%?"bo&ﬁ\}ef)gi Snggf?mg}s/m pre éDrnretralg %%gt?e taﬁd(’aéezdrmunt
of a boron conpanent t e added is,0,002 to 000 .part b i ght f.or 100
parts by t®i 0501L°zpng°€x?%l‘ét &?’ B’fﬁﬁhgoﬁﬁ’/’ér’s&%rﬁaﬁt‘ts iti’é' ‘b'%é%\%’ %’e% 3G the
boron oxide is at | east one of boron oxide and boric acid. It is preferred

- that 0.009%6%¢ $¥0C32500°BRFETHPei ght of an

It is preferred that the amount of a boron component to be
added is 0.002 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 powder comprises

a step of adding boric acid, the boric acid and bismuth oxide



- oXi de. Prefer

al um num conponent is added for 100 parts by weight of zinc oxide by [err]
conversion. A first nethod for producing zinc oxide ceramcs according to
the present invention conprises the steps of adding 0.2 to 20 parts by

wei ght of a synthetic powder prepared. by heat treating a m xed powder of at
| east bi &nmuth oxide, titanium oxide ang antinony oxide, and 0.1 to 5.0
parts by weight of at |east one of cobalt oxide and nanganese oxide to 100

parts by el ghty AlndddGn08! §ne A0 ARHY WAINLL! EFddia Preferably, t he

step of prepa |ng synthetlc po conprises a step of eat treating a

m xed powder g%'r e*}e%'ege%héi tau %Te%x'oqeﬁeé'ﬁc po%éﬂ?&h@%ié”go%’éé’”

step o preparlng synt conprises a step

of adding peric, 26id, yagggge Cagifilth A Sl ¢h09aph ended

0¥
into fine pa? es an I's preFérred ﬁﬁ? the step of

preparlng etlc er rises the eps. 9 din xid t he
boron oxi Be an OXi em?de e‘lﬁen‘g cfi 5 RFOL%%‘?\%S p%r‘f CF”)lesgan"f‘:l&?'u%
treated. Prefe

of addi ng bori ab}c%/%?blﬁéa 5&?? par Ip&%iﬁ‘ n%ggél!’%ﬂ‘g%&’ed’d&% "glﬁ'ﬁgfssesﬁep

[ h oxi m OXi | nony oxi
bi smuth o thé o%tgggfég oric acgda'teégjtré%tigg agg grinding a blended

powder of biemuth oxide, titanium oxide and antimony oxide, 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 oomp:ises a step of adding the two kinds of powder 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 Step 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.

Preferably, the step of preparing synthetic powder comprises
teps of adding chromium oxide, heat treating and grinding a

blended powder of bismuth oxide, titanium oxide and antimony



heat treating and grinding a bl ended powder of bisnuth oxide and boric
acid, and the step of adding the synthetic powder to zinc oxide conprises a
step of adding the two kinds of powder which are prepared. Preferably. the
step of preparing synthetic powder conprises steps of addi ng boron oxi de,
heat treating and grinding a bl ended pgwder of bismuth oxide, titanium
oxide and antinony oxide, and heat treating and grinding a bl ended pomder

of bi smupp gxi da%@g 0598, 04 8% stg,gr 18 03 &P PLn Al eV L

powder to" zinc rises [ding t Ki nds synt etic
powder whi B, ch%%%i‘a% oklals %”%Qeg,hs& L8813 SOk RERPEI L NY
synthetlc po conprlses a's ep o eat treating a I'ended powder of

bi smut h oxi tanl oxi de antlnD Y. |d C
Pr ef erabe,g?%e cepoxo eprcg][f)l F%sn%s sy eé’tl)é’ de\gﬁl %%#gggﬁ?eps of addi ng

chrom um oxt1 heaot Jreati ﬁ and I’el ndle%g a bl ended powder of bisnuth
oxi de, tFYQ‘??ﬁﬁ' o8 0eAnd i Hd pasfomde and heat treating and

16 e e RoieD st 0 SEEoT 0 SBRF hEE s
two kindg 8£n§y£§r§¥umin %Mggkpggégy g¥teé”€%e sgep 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



It is preferred that the nmethod further conprises a step of adding an

al um num conponent after the step of adding the synthetic powder to zinc
oxi de. Preferably, an el ongated high-density defect is forned in the mcron
or subm cron range in parallel with the ¢ face of zinc oxide crystalline
particlés of a zinc oxide polycrystalline substance in crystalline
particles, and bismuth, titani um and aﬁpinnny conponents which are sintered
at alowte rature are contained in the defect. .A second t hod for
producin@efgﬁ CHxPie Terme cgﬁﬁr?%%%h??ﬁfsﬂﬂﬁ&?rofoﬁ.aﬁﬁﬁgﬁt &3fitng and
grinding. a conEosition whi ch cont ai.ns bisnut h oxide, titapiun1oxide,

ant i mony PAEPHED eI (A tRRIEE SKYIBOFBN BRI W0 OFt 8RR Y ARt heti ¢
powder; B. adding the synthetic paowder to a(Powder teria&d¥¢ich cgntains
zi ncoxi d&eateqd Py Reat AfshAEREndnd PO | @BstOx%he CBF BBLYFEY SATUEORATL
manganese oxi de as a second conponent to prepare the bl ended powder; and C
per f or mi RFigent eMPAg. MQor Ao EAR BB hFOTodargRReER €zi nc oxi de

10 ceram cs are obtai ned. The synthetic powder contains at |east
Manganese carbonate (MnCoB) which is changed to manganese 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 second 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



bi snmut h oxi de, titanium oxide and-anti nony oxi de which are treated by heat
and ground CoO or [err] can be used for cobalt oxide. MO [err], or
[err] can be used for manganese oxi de. Manganese carbonate [err] whi'ch is
changed to manganese oxi de by thernmal deconposition at a high tenperature
Is also suitable. Boron trioxide or boric acid can be used for boron oxide.
It is preferred that the average part}®le size of the synthetic powder
ranges from 0. 05 100m.In the s

0 I ep of .grinding 4 h | C wder, the
third co’nopoosqatrit(?ngﬁayef)%t_"gr%{lnt&'ei ZaBRe Rt 15 0% ?8":‘%%&%?%@ W the
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Preferably, the nethod for- par.i.ng nthetic. pgwder conmprises,..i.n place
of thtehsflé'pfd‘ﬁ},“f_t-tep&?me ﬁ%%‘gfﬁelrcé‘&:l: agthe; ?%‘Ef%o"d 5651 tsilggg_r ‘.‘%P“cotﬁ}egi ns

i smut h oxi de, titanium oxide, antinmony Qxi n on . oxi de repare a
first syhtMet3*ddsoNasr staeatt P@aﬁrﬁﬁ‘ogegeﬁﬁﬁd&%rﬂg&? CHLER &fﬁl %”goon ai ns
bi smut h oxi de and chr.om um oxi de to prepare a second synbheti owder, and
gri ndi ng2 tHEA ¥ retexfigceetbndh s Aie L folRR RS BIHEPSE y, fh@’emst hod for
preparing synthetic powder conprises, in p|lace_of the step @ s&le s of heat
treati ngdBo¥nt Qf ¢hephismpth GARRARERS St 4PnRe LRIMRA HSoXEFE, LRAR NI Um oxi de

and antinmony oxide to prepare a first synthetic .powder, heat treating
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 addéd 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



16 100 parts by weight of the zinc oxide by [err] conversion, the follow ng
effects can be obtained in addition to the above functions. Mre -
specifically, the liquid phase sintering of the zinc oxide varistor can be
pronoted and the defective density of a grain interface of the zinc oxide
can be increased. |If the anount of the bisnuth conponents to be added is

| ess than 0.2 part by weight for 100 pd%s by weight of zinc oxide by [err]
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bi smuth conp n%s t gdded ranges from..0.3 to 10.0 parts by melght by
[err]. Ad%d%ﬁﬁ ng téngh ferred exanple in which the anount of tltanlum
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boron oxide is treated with heat to prepare the synthetic’ powder,
the following 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—tomperature 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 contains bismuth oxide, titanium oxide, antimony oxide and
chromium oxide is heat tneated to prepare the synthetic powder,
abnormal grain growth can be controlled by the contained chromium
components and current-voltage characteristics can.be stabilized
so that the ninc oxide varistor_having-constant electric
characteriotics can be obta;ned.

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



above functions. |If the anobunt of the titanium conponents to be 15
Consequently, the electric characteristics cannot be neasured. Preferably,
0.5 to 20 parts by weight of the synthetic powder which is prepared by heat
treating the m xed powder of bisnuth oxide, titanium oxide and antinony
oxide i s added to 100 parts by wei ght ﬂ{ ZnO powder. According to the
preferred exanple in which the m xed powder that contains bisnuth oxide,

titani um oxigde, antinp xj de and _hgron oxide is treated wWjih heat to
prepare t%xelésjeynrteﬁg%lscw%h eirs,’m tt%'eol"%?le()vmtﬁ% %ﬁ'ienctgsfoggh 5 %% QiTNed S n
addition to the abaqve functiogns. Mre specificall t grain owt h can be
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can be perfornmed re,stabl nd t he grai owt h . of e zLpc .oxide can be
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powder that contains bismuth oxide, titanjum oxide, t i mony, oxi de and
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grain grow h can be controlled by the contained chrom um conponents and
curr ent - ViFA iy STOMANALE eF 12% | ¥ IGart shdnBEBLH#Y RYy 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.



so that the zinc oxide varistor having constant electric characteristics .
can be obtained. According to the preferred exanple in which the anmount of
bi smut h conponents to be added is 0.3 to 10.0 parts by weight for 14

oxi de reacts with bisnuth oxide, the grain growth of zinc oxide is pronoted
by a reaction product. Antinony oxide aenerally reacts with zinc oxide to
forma spinel so that the effect of inRBbiting the grain growth of zinc

oxi de wouyj e d el.«,anti 0 Wit h bismuth oxide
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powder is used, the threshold voltage of the zinc oxide varistor becones
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 to 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 éynthetic
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



low. In addition, the threshold voltage is |low for long-tinme DC | oading.
Further, the absolute value of the rate of change A [err] of the
threshold voltage [err] for a surge is great. Thus, the results of
‘measurenment of any electric characteristic may have a great variation. |f
the anount of the synthetic powder to be added exceeds 20 parts by weight,
sampl es stick together so that the zink2 oxide varistor is hard to produce.
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according to the present inventjion, 0.2 to 20 parts b i ght of synthetic
powder ggrticles gan be promoted uniformly evenFﬁg é%e %urﬂ?ng y

temperature is lowered to about 850°C . By using the synthetic
powder having proper compositions, 2ZnO 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 tgmperature 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



0.1 to 5.0 parts by weight of at |east one of cobalt oxide and manganese
oxi de. are added to 100 parts by weight of a powder material including zinc
oxi de as a mai n ‘conponent. The synthetic powder is prepared by treating the
m xed powder of bisnmuth oxide, titani um oxide and antinony oxide wth heat.
Thus, bi'snmuth oxide, titanium oxide, antinony oxide and the |like are added
intd the zinc oxide based ceram c conposition for a ZnO varistor.

Ceneral | ya dddoa @@sh?zsgﬂ@ia,eaa{fchvv!&mtakns PréAeLH Q1@ 8hBHMNR -oxide
Consequently, the effect of pronoting the grain growh of zinc oxide would
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ceram cs and the nethod for producing the sane according to the present
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bl ended powder of bisnuth oxide, titanium oxide and antinony oxide is used
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be pronmoted uniformy even I f the burning tenperature is | owered to about
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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.



zinc oxide varistor having excellent electric characteristics and
reliability in the high yield. In addition, |owtenperature sintering can
be perforned so that it is possible to use Ag el ectrodes in place of Pt

el ectrodes according to the prior art. According to the second ceram cs and
the method for producing the sane of present invention, the use of the
synthetlc pomder prepared by treatlnglﬁhe nlxture or a part of bismuth
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synthetic powders are m xed and added to the powder material so that the
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ceram cs
components to be added exceeds 7 parts by weight by TiO

2
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



further conprises a step of adding 0.00062 to 0.37200 part by wei ght of an
al um num conponent for 100 parts by weight of zinc oxide by A 03
conversion. It is preferred that the second conposition contains 1 part by
nmol or nore of chrom umoxide for 1 part by nol of bisnuth oxide.. It is
preferred that the nolar ratio of bisnmuth oxide to boron oxide of the third
conposition is 80 : 20 to 20 : 80. It ¥& preferred that the boron oxide is
at least one of horpon trioxide and boric acid. Preferabl t he heat
treating meor?ﬁg'r gguggei 3 %‘Prtyo cSOBPRFPYS P?%f%‘?é’é{ d Fﬁ‘ée%‘%%tz 1 P25y tine
s 10 niQ§. t? %9 prs P eferabgy, the step of forning the bl ended powder
conpri seYa Y EB ToPY ot Py SIRYSEFAORet FREp S rRELAIRT YR &ingl and

t hen gri ndi t he bgended owder . 17 added is less than 0.1 part by
wei ght fo‘%‘"%%o"ﬁﬁﬁf °5y°%i%g%t nGre2pRe - oxFARPIARGEAY) EBRVRIRSIFHCS t he
effects cannot fully, be obtained by the addition of the conponents, the
electric éhﬁﬁ?&&?é??gf?%sh?ﬁetWﬁfifF*EnoxiHQQEQﬁQ§ﬁnaﬂtcéﬁnB¥e qedhtdadd and
t he absol yte val ues of the rate of change in surge and the rate of change
i n DG I oddin@aPBL gphathe | At Mo EaRPOBENth 4 AeaARRA 15 0.02 to 2.5

parts by weight by Sb203 conversion.

Agcording 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 example 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
materigl 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 melt;d”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



conponents to be added exceeds 7 parts by weight by Ti G2 conversion, the
threshol d voltage of the zinc oxide varistor becones | ow. Consequently, it
is preferred that the amount of the titanium conmponents to be added is 0.1
to 5.0 parts by weight by [err] conversion. According to the preferred _
exanple in which the amount of antinony conponents to be added is 0.02 to
2.57 parts by weight for 100 parts by w9 ght of zhnc oxi de by [err]h o
conversi o I effe n b taln | ion_tq the above
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version, the threshold voltage of the zinc oxide varistor can be
fggr:a:egzir&memq? uq\hxéuryq%c&dtel Eonversion, 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



characteristics have variation. Therefore, it is preferred that the anount
of the antinony conponents to be added is 0.02 to 2.5 parts by wei ght by
[err] conversion. According to the preferred exanple in which the. boron
oxide is boric acid, the boron conponents can be added uniformy and the
sintering of the entire body can be started. If boron oxide is

| ndépendent|ly added, a |liquid phase i 20 generated at a very | ow t enperature

so that addi n_cannot rfo unifaoroly. Acc t he.preferred
exanpl e A" &ﬁfg 7 t TFRSSA Hrg {ﬁgﬁ orr%ﬁ%ﬁg 3c°?ﬁ ron conﬁongﬁts can
be added uniformy and | owtenperature sintering can be performed in the
sane as Fﬁe‘foregoing According to the preferred exanple I n which the

powder nateri al se nmain_co ent s zin i de %ﬁ% t he .synthetic
powder is add@ﬂco QMtHStBeOgB% 4)9¥ﬁ? §r g B?iﬁ% (H%en Pm num
conponent s xi de conversron for, 100 | ght of zinc
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functions. Mire specifically, the alum num conponents_which are added are
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the electric resistance of ZnO can be lowered. |f the anpunt.of the 19
the following effects can be obtained in addition to the above

functions. More speeifically, boron.oxide causes additives to
diffuse more quickly by ferming a liquid phase so that the
ﬁniformity of grain boundary characteristice 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'syethetic 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.fenctions. More
specifically, the synthetic'powder can be prepared easily, and

the uniform quality can be obtained by boron oxide when sintering



al um num conponents to be added is | ess than 0.00062 part by weight for 100
parts by weight of zinc oxide by al um num oxi de conversion, the electric
resistance of the zinc oxide varistor cannot be |owered. If the anmount of

t he al um num conponents to be added exceeds 0.372 part by weight for 100
parts by weight of zinc oxide by alum num oxide conversion, the electric
resi'stance of the zinc oxide varistor 45 | owered too nmuch and ot her

el ectric q&g&qgge5k§&éc§a%?%¥§&i%@fgggggoggm é}JJJEg met hod for producing

zi nc oxi de ceram cs accordi FeSem_inventi on conprises the steps
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oxi de and antinony oxrdé to prepare syn ¢ powder, a
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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.



20 sintering ténperature of 1150 to 1300[err] according to the prior art.
According to the preferred exanple in which the bl ended powder of bisnuth
oxi de, titanium oxide, antinony oxide and boron oxide is heat treated so
that the synthetic powder is prepared, the follow ng effects can be _
obtained in addition.to the above functions. Mre specifically, boron oxide
causes additives to.diffuse nmore quick#% by forming a |iquid phase so that
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foll mnn effects can be obtained in addition to the above functions.
Rgse 0 O %g the synthetic powder to the powder 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 synthetie powder to the powder material 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 lowered.

According to the preferred example in which an elongated
high-density defect is fermed in the micron or submicron range in
parallel with the ¢ face of zinc oxide crystalline particles of a
zinc oxide polycrystalline substance in the crystalline
particles, and bismuth, titanium and antimony components which

are sintered at a low temperature are contained, the fine defects

are formed in parallel with the c face of ZnO fine crystals to



specifically, the synthetic powder can be prepared easily, and the-uniform
quality can be obtained by boron oxi de when sintering 21 the zinc oxide
varistor at a low tenperature. According to the preferred exanple in which
the steps -of preparing synthetic powder conprises the steps of heat
treating and grinding the bl ended powder of bisnuth oxide, titanium oxide
and anti nony oxi de, and heat treating &d grinding the bl ended powder of
bi smut h oxi de and boron oxi de, and the step of adding theO%ynthetic owder
0

to the podikivaks erqlameddEEupden D ipBtethei 9721 NI e CfoRPPPsREIdte
step of adding the two kinds of synthetic powder which were prepared, the
fol | owi ngcanrfeetRranaiede oBrafwell & fixagmple that helymbve oxdferi bhsanimr e
specifically, the diffusion of additives can be adjusted by boron, the
uni f or m t pxége grantiinenyn exidecand deheerliide eyecadded prilvnyroddmeand t he
uniformty of quality can be enhanced when sintering the zinc oxide
vari stor Giffusien i@mdeagtivaved ctdiandowo tenpepatiies rand de¥mpl e i n which
t he bl ended powder of bisnuth oxide, titanium oxide, antinony oxide and
chrom um tringeratuxe cHmd¢ripghean he parfigamed: heEvgmt hiettihe gowder, chrom um
can be added in the trivalent state or as toxic chromum ([err]).
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, titanium oxide and antimony
oxide in advance at a temperature of 850°C or less is added to
the zinc oxide powder material so as to provide compositions
corresponding to required electric 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 high
reliability by sintering at a lower temperature than the

temperature of 1100°C or less according to the prior art.

The mixed powder of bismuth oxide, titanium oxide and



According to the preferred exanple in which the step of preparing synthetic
powder conprises the step of heat treating the m-xture powder of bisnuth
oxi de, titanium oxide, antinony oxide and chrom um oxi de, chromum ([err])
can be added and toxic chromum ([err]) can be prevented from bei ng

gener at ed. 22 According to the preferred exanple in which the step of
preparing synthetic powder conprises £he steps of heat treating and

gr 1 1l NG h PendR X Gk RRVGET ¢ pLabLE Y N QldRrat hENLHBAIE IR, ARDBNLL PROY

oxi de an t treating and grinding the mxed po I smut

and Chrog%gﬁzgﬁﬁ%g.éngﬂgg%ﬁé s} ep. ofy aqqingsthe §%QtP§ééo% RQWGL: t Po e

powder nma n tonponent is zinc oxide conprises the step of

addi ng { benbue K003 QL SYRLNELT G RANAANYS PREPALERLSIATLYTLgY] de can

be added nore unifor ove functions can ained nore
cot i BB PP IR S A oRE B A SHEPSogyo0% ng
and then gdd{rl n a%pnin g]QO onent, th ﬁgd d _alumn m conpone % S
di S50l veBZPRCYRS FARE SRS FERIRY REREUESLARE RERTHY CgPRRH bowh and
acts as {he donol Al 2 $8MSDIHCLO Rt A LBSa RS [ I f50 7R 8RO ZnO
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 the

absolute value of the range of change in threshold voltage is



can be lowered. According to the preferred exanple in which an el ongat ed
hi gh-density defect is forned in the mcron or submcron range in parallel
with the ¢ face of zinc oxide crystalline particles of a zinc oxide

pol ycrystal line substance in the crystalline particles, and bi smut h,
titanium and anti nony conponents which are sintered at a | ow tenperature
are contai ned, the fine defects are for2fed in parallel with the ¢ face of
ZnO fine crystals é 23 activate volune diffusion so that the grain
growt h ofPHIRE %1 A80¢ aHIB S RARKAAN FACLACHE PX HPBPENE RS Siaae
oxide, titaniu gxide, anti mony oxi de and_the |i ke are added, the vol une
di f f usi orP%é’r?ege ScPrREEReLPYa Modd eEnpetievF e FHaOs0w 20 e ethmplsd.
sinteringrcan.bﬁ Berforned. Even if the |low tenperature sintering is
per f or medt 1% Zi e Y3xt0eBY dt9 ik oS nRai ig®cdnt? ot Midet FrgOgharkd dd 20i cs
and high reliability can be obtained. The zinc oxide ceramcs of the
present iRt Pafzar elc®ni? &S @PL3nd nol ded. A nol ded body thus obtained i's
sintered at a tenperature of 850[err] to 1100[err] . Then, an electrode is
formed on t he AFSPEE4NBolYy e irefeamedygramplr i whdched  0R&drtdi ngly, the

synt hetic powder prepared by heat treat.ing _
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 ZnoO 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 ;xidé, titanium
oxide, antimony oxide and boron oxide is treated by heat to

Prepare a first synthetic powder, and a secohd composition which



t he m xed powder of bisnmuth oxide, titanium oxide and antinony oxide in
advance at a tenperature of 850[err] or less is added to the zinc oxide
powder naterial so as to provide conpositions corresponding to required
el ectric_ characteristics so that the desired sintered body is produced.
Consequently, the growth of ZnO particles can be pronoted uniformy at a
| owtenperature when sintering. As a red¥®lt, it is possible to produce a

zi nc oxide varistor having consiant electric characteristics, an i gh
el abi || 9Py S EBTRR. atTh TR oPenPBY abh L Tafa T ATBCHERDRT R (1 of
1100[ err] or |ess accordinghto the prior art. The m xed pogﬁer of hismuth
oxi de, ti¥EfAtuiAPEdo8nd Whed Ahe,SypbRetisi BRYIRE (§XELEEE B2t rature
of 850[err], or less in an oxidizing atnosphere, i.e., in the air. The
reason i sY¢HHtt &ﬂ“%éﬁpé?%ﬁ’&r"é’%ﬁ‘%@ér PRy that nhtnk H fiagss tPf PFAR G ks at ur e
exceeds 850[err] and grinding is hard to perform In addition, the grain °*
growt h of 2\ C*ddded¥acAAahot - bel t Hded tedobyatRa SiderREnbody haging a
tenperature is less than 450[err] . Accordingly, 450 to 850[err] is

pr ef er r ed MY PTESCHBt 87t W st @refegre eé?a"t rde R¥RraganerLotr ke
650[err] is preferred in order to pronote the reaction of heat treatnent,
obt ai n t hel#f fcitdeopYRbBeti¢ RAYART raRgeRafEoR? dihdge 104 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



According to the second zinc oxide ceram cs of the present invention, 0.5
to 20.0 parts by weight of synthetic powder prepared by heat treating and
grinding the m xture of bisnuth oxide, titanium oxide, antinony oxide,

chrom um oxi de and boron oxide and 0.1 to 5.0 parts by weight of at |east
one of cobalt oxide and manganese oxi de are added to 100 parts by of zinc
oxi“de powder. Consequently, it is posfdble to produce the ceram cs which

can be siatened g gl £U5L dETREY RULR LR Ide PTRELALATS, GleadQQerr] or

pri‘or ar € case . 2 part. by wei ght or |ess
*hr oahol KF S Eade SBFOPRT PTHE e, A8v08Er ot bri 55 a%'pg‘?%ﬁ'é’mﬁie “the
ou i, S b AT A L RSO A o e
be used ¥ °%k“%%@§§&$3891%€?@? P31 PotdzeC omqoneﬁ‘éo% ‘&"88"95?%} “%“e??]
0.05 to 80 mol % [err 50 tQn Yoo lerrl
1.0 to 20f n‘iﬂ%ltA&i‘&fi&l ﬁ@dt'barf‘-’rf’é‘esﬁr é’f‘éflfeﬂs %a#ﬁﬁoé' ﬁn{) 062 to
G Sl L ERrGnl |5 a0l . g5

' Zno 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
oxide, 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 treated and ground to prepare a third

synthetic powder, and the first and third synthetic powders are

mixed and added to the powder material to adjust the blended



added al um num conponent. i s dissolved in ZnO particles and acts as the

donor of a sem conductor. Consequently, the electric resistance of ZnO can

be | owered w thout damagi ng other electric characteristics. According to
the nethod for producing second zinc oxide ceram cs of the present

i nvention, the synthetic powder is prepared by heat treating and grinding
conpositions which contain bismuth oxi d&8 titani um oxide, antinony oxide,
chrom um oxi de and boron oxide, and is added to the powder material which

contains zpBGae¥i den@Sy Wt 8k EHHPQQE{chﬁgjéﬂh|H%a roRBEe@furkiaah yOxi de
and manganese oxi de as a second conponent so that the blended powder is

prepared. ,Ceggeq deurdd Qn@r QW Dn 06 LD QAR WV 189 520n PEoAf P16

uniformy at a low tenperature. In addition, "a sintéred body having a

uni f or m pari,cl ga5i B8 SARRRPT 0dECeHle Bodi ISle HAMOTehbAPa SN L1 NS

bi smut h oxide, titanium oxide, antinony oxide and Boron oxide Is treated

heat 1o preRaRedold | st SUIHASH ¢oPRUHELC) AL 3:3AGOULCGOMPOE! 11D oiflise)

25 great for surges. naddition, any electri eristic has great

iati N t ti b ' I
variatt on. #1Sie! Hen PRI RUISLIESEECHR AP Wik Y BB SATILES
order to oQEgbgr§o§%ptered body having a

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
easily caused by'the synthésis in which the amount of 81203 1s'_
greater than that of C;203. If the second compdsitipn contains
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

by



uniformparticle size, it is preferred that the average particle size of
the synthetic powder ranges fromO0.05 to 10g m Preferably, the average
particle size of the powder material which contains zinc oxide powder and
the like is 0.05 to 5.09g m Wien the conposition ratio of bismuth oxide,
titani um oxi de, antinony oxide, chrom um oxide and boron oxide is changed,
sintered bodies having a uniforny gred® particle size, having a uniformy
smal| particle size and having great and snall particle sizes can be

obt ai ned.thlirdt bbspoespbmi ,id 8@ pr ebetabte r aBlye tdfe esdaecdnponent to be
added is as follows. The anmount of -a bisnmuth conponent is 0.3 to 18.0 parts
by wei ghtteimperatQe pédn odyloweirgdt whlladi peoeddidey by undfbkmcpayverslieon. The
anount of a titanium conponent is. 0.03 to 2.00 parts by weight for 100
parts by sagieght of zinc oxide by Ti Q2 conversion. The anount of an
antimony conponent is 0.005 to 1.000 part by weight for 100 parts by wei ght
of zinc oxi deakgorfiehnd]ts e pHeFerréfceample of theC Ppre8elt) COVRONIH | S
0.005 to 0.500 part by weight for 100 parts by weight of zinc oxide by
[err] comMersiieh. thBesteP WY ad)uathag0othe OpDONEsd powder0@3mpBidedOthgpart by
wei ght for 100 parts by weight of zinc oxide by [err] conversion. \Wen the
syntheti GGrep F 6@8EAH NSy IR po¥ade 880tk IPuddlY Getdeibs An@atiich by

heat to
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-feférence to the tab1e§ and drawings.
(Example 1)

Bismq#h oxide (B1203)~powder, titanium oxide (Tioz) powder,

and antimony oxide (Sb {whose particles pass through 200-,

03)



prepare a second synthetic powder. The first -and second syrithetic powders
are ground and then added to a powder material which contains zinc oxide
as a first conponent and at | east one of cobalt oxide and nanganese oxi de
as a second conponent, so that the bl ended powder is adjusted.
Consequently, the growth of ZnO particles can be pronoted uniformy at a

| ow'tenperature and a sintered body havd®g a uniformparticle size can be
produced. A first conposition which contains bismuth oxide, titanium oxide
and ant i nBRp-oahde206-eai sicreahedréspeseparly)a weiresbleydedetti @ pewdar, and
a second conposition which contains bisnmuth oxide, chrom um oxi de and
boron oxi dmtiis beass8t+exrt ed 2.0 Fhepblénded guawidkrsyashbeatepodar. The fir st
and second synthetic powders are ground and then added to naterial powder
whi ch conttaimperatace oxf BDAS &ofi BShreonponaid =] ahdl ensh orend fagkal t
oxi de and manganese oxi de as a second conponent, so that the bl ended powder

i s adj ust exbr @Gansequerklsy. Hyheeghewbh ofaripald izakresntanodEl Prigmat ed
uniformy at a |l ow tenperature and a sintered body having a uniform

particl e Sichonaadnbeopr 0tHiRbdquiatdy (i A0sy ot ket P Riek! edhexa g R 1671 skhe
present invention in which a third conmposition which contains bisnuth oxide

and bor on gagsdehirSu§Rathd 2 -a@sANdcgeONNdwd® dhteRRed.a fhé I shymoHdthet i C
powder, and the first and third synthetic powders are m xed and added to
the powderpdirie®r WAk ch 01 G refarlcdie tRbANEESmuth 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



28 powder, the growh of ZnO particles can be pronoted uniformy at a | ow
tenperature and a sintered body having a uniformparticle size can be
produced. If the heat treating tenperature is less than 450[err] , it is
hard to control the grain growth of zinc oxide. If the heat treating
tenperature exceeds 800[err] , grinding i.s hard to perform According to
the preferred exanple of the present in3&ntion in which the step of

adj usting the hl epnded powde i ses the step. of _.addi ng Q. 00062 to

0. 37200 pdftsh i‘bhf"ﬂoe? °a{1 simﬁu’rﬁ cOMpHent hﬁgdlg@rp %y akefght of
zinc oxide in the 190\/\/d r n%tqeri al b'% %err conversion, the al,,élm' num
cormponent Y¥PEFRERTS R iFrno3pdr £PRIES 3hP deMpezatire bt dtra

sem conduct or. Consequently, the electric resistance of ZnO can be | owered
wi t hout d&TR§PAGSDHREr % AteredcREPIRTrfas dbdainetor dTRg i taredpref erred
exanpl e of the present invention in which the second conposition contains 1
part by mRTOGPChpRRd A hrdmesh 8%i He? fHr ahar Aipyehdr of Y SWut hPoxi de,

it is possible to_prevent the generation of toxic chromum ([err]) that may
be easily Zi2GsY18y YHelshnsr wbove iR HilF chl 3¢ R¥SBAredf LT rhe gigeeat er
than that of [err]. If the second conposition contains only bisnmuth oxide
and chr onio¥da6xFaEami ¢ priorer §prelfbfally atalymigupsis gprayedGEn the.

According to the preferred exanple of the present invention
: both sides of a sintered product 11 to form an aluminum layer

(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 in varistor threshold

ima 7 Vima
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



in which the nolar ratio of bisnmuth oxide to boron oxide as a 29 third
conposition is 80 :20 to 20 : 80, the sintering tenperature can be

| owered while providing a uniformparticle size. According to the preferred
exanpl e of the present invention in which the step of adjusting the bl ended
powder conprises the step of adding synthetic powder to the powder materi al
“and” then grinding the bl ended powder, 32sintered body having a uniform
particle size can be produced. The second zinc oxide ceram c¢s according to
the presthe ravemi sthamge oMpreblaih aid thSl Hediston heefbrdAnvAttrEhape. A
nol ded body thus obtained is sintered at a tenBerature of 720 to 1100[err]
so that ¥,;ghnfereddedpicghange obt S4nae) BRsuSPhaiRe®- sintered body, a zinc
oxi de varistor having excellent reliability and electric characteristics
such as nonl i Relke resihowsnébepeopreditcrmod sprRLARILFeE Hiogh yield. Wile
MJO and Ni O are added in the nethod accotding to the prior art, these

addi t i vesanhfadteringlisyeinietiorn amd Ralnleh@ ghdwd the otrsiilisaofathst or

havi ng good characteristics. Preferred enbodi nents of the present invention
will be ewsénabbeniof ddiesitiriai charadenirtd asoconvespdnni® dhgw ngs.

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

*

Bi_0.-Ti0.-Sb.0

Co0 MnO

Sample ZnoO 203 2 203 2
No. . {part by Synthetic pdwder {part by (part by
weight) {(*) weight) we;ght)‘
| (part by weight)
101 100.0 0.2 0.954 10.414
102 100.0 0.5 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



(Exanmpl e 1) Bismuth oxide [err] powder, titaniumoxide [err] powder, and
anti nony oxide [err] (whose particles pass through 200-, 30 325- and
200- mesh screens respectively) were blended at a weight ratio of 88 : 10
2. The bl ended powder was heated at a tenperature of 600[err] for 5 hrs.
inthe air, and then ground fine for 12 to 18 hrs. by neans of stabilizing
zirconia baIIs in a nonomal on pot. Cons¥yuently, a synthetic power (whose
particles pass through the 325-nesh screen) was obtained. The synthetic

- powder which is prepared from bi snuth oxide, titani um oxide and anti nony
oxide is cagl|l g ide/ti.tanium X|de/ ntimony oxide synthetic
powder . (a':)s%%gg vé??b'a'f'ﬁ cgutqizge ng (azthes Oencfeé povxb‘ér i G898 peen
heat treat qmgt the tenperature of 600[err] in order to obtain the
synthetlc po er in a mnner simlar to the process of grinding each
powder. Zinc oxide powder (the average particle size of 0.3[err] m,

bi smuth oxide / titanium oxide / antinony oxide synthetic powder, cobalt
oxi de (CoO powder (whose particles pass through a 325- nesh screen),
manganese oxi de [err] powder (whose gﬁPPFc ?es pass through a 200-nesh
screen) were blended at a weight ratio of 100: 0.2 to 20.0 : 0.954 : 0.414
whi | e changi ng the anmount of the '

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

No. - V) in DC loading in surge
| AVima/Viga () A Via/Vina (%)
101 5~12 10~14  -25 ~ -15 -35 ~ -30
102 21~25 - *15~24 -4 ~ -2 -4 ~ -1
103 22~26 30~33 -1~ 41 -2 ~ 41
104 24~28 30~35 “1 ~ +1 -3 ~ 41
105 25~ 29 31~34 -1 ~ 0. ~2 ~ 42
106 26~29 28~34 -1~ 0 —2 ~ +1
107 25~27 29~35 -3 ~ -2 <1 ~ 42
108 26~29 30~34 ~3 ~ -1 -2~ 41

109 - - - -

As 1is 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 A V1mA /
VlmA of the thfeéhold voltage vlmA was 5% or less for long-time



bi smuth oxide / titanium oxide / antinony oxide synthetic powder. The

bl ended powder was mi xed for 12 to 18 hrs. and ground so as to pass through
t he 325-nesh screen by the wet nmethod (with stabilizing zirconia balls in
the nononal on pot). The ground powder was dried, and conpressed and nol ded
into a disk. The tenperature of the nol ded product thus obtained is 31
raised at a rate of 50[err]/hr in the ad#, held for 13 hrs. at a

t enperature of 950[err]_  and cool ed at a tenperature of 50[err] /hr.
Consequent Py, 182311 &1 SYFEEUEP WAL dHTSAtndE L 1aPRLILY e Per ghteinedd a
thickness of 1.2 mmand a dianeter of 14 nm A zinc oxide varistor shown in
Fig. 1 waseffFeRariRr rsagmlendoztft Baying Gerla®es. PXoreldpe Ot gl |y,

alum numis sEraéed on the both sides of a sintered product 11 to form an
al umi num | §yerhert RAGIAY) cfThéamuth ppetdawdidgriyadonide RndapOkiRORY | ayer
to forman electrode 12. Alead wire 13 was bonded to the el ectrode 12 by a
sol der. TrR&hdet herpothavindnofabhe #plthal desdade ehprrcharlstins wablin re
13 are coated and insul ated. Consequently, a zinc oxide varistor was

obt ai ned. The &peethad smeddavesintiors. of the zinc oxide varistor thus
obtained are evaluated. As initial electric characteristics, [err] /mm(a
vol tage / 1mm t¥hekrtdus dacweshdecvaretar otsapreduced from the ceramics

of this example, the changes in electfic 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 Sb203
éynthetic powder to be ‘added exceeded 20 parts by weight for 100
parts by weight of Zn0 powder, samples stuck together so that
measurement could not be performed (sample No0.109). Accordingly,
it is preferred that the amountlof 31203 TiO2 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)



when a current of 1mA flows) and a nonlinear resistance index [err] (a -
val ue obtained by [err] and [err]) were neasured. The reliability for

| ong-tinme DC | oadi ng was evaluated in the followi ng manner. Mre
specifically, DC |loading of 0.2Wwas applied for 500 hrs. in the

hi gh-t enperature atnosphere of 80[err] and the rate of change [err] [/

[erf] in varistor threshold voltage [g#r] (the rate of change in DC

| oadi F h h liability f I t ed.
Vore SpedPiedr SoPalbuPtdericoo) Barert] “ib g eat ot tap ol tb‘fci and
32 th t f ch h t t h I rr t he
22 e USRS PRRE el o B b BELRL e S ﬁhge“’ 08

sanpl es used for nuf ac a varistor and Table 2 e results of
the eval dath-dnof r%ﬁ?r{ia“@?%r éi’&'érl?itl?:go corrdPpdndi A § \gﬁst%‘g ‘cdrpadi ti on
shown in Table 1. The_val ues indicative of the results of eval uati on of the

el ectric cifatdét é????%%s“%‘r’eur?axiaﬁﬂn%%d' nf vt riurfl \fr’al'ugs wi thitP4ever al
| ot s. TABLE 1 Sanp é Salnt het i c
powder 414(5§Pppb? No. {*ﬁ?Pt ﬁ?eméﬁﬁﬂ@?d ‘powder wae*pixed and ground

wei ght wei ght
ght) by the w%; %ethod.

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.



(part by weight) 101 100.0 0.2 0. 954

0.414 102 100.0 0.5 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. 036 0. 954 0.414 108
100.0 15.0 QA@%@ 3 0.414 109 100.0
20.0 0. 954 0.414 Heat treatnent of [err]:

[err]
[err]
in DC Ioadlngo

T I ght
——&ga?e ofj%#gnge Egggﬁe of

gi ) Tﬁgbg g Sangé; Jﬂg;r]/nn1

Dl PerH L Y oar gy [<[e°r S L H =

10[err] 14 03 )
15[ err] 24 %H %] i . a%
30[err] 33 xLee{ t) weight) _ﬁe:l[% | ifal) 10‘;e1ght2)4[ 325[ gg | 29_
30[err]35 44, ‘1{(5”6] *14.88 0.163 eror}of 4 iy
31[err] 34 errt o 08 95 [err] "+2 +95 14
112 100.0 1.76 0.20 0.04 0.954 0.414
113 100.0 4.4 0.50 | 0.10 0.954 0.414
TABLE 4
Sample VlmA/mm 0 ;mAa 1ma Rate of change Rate of change
No. (V) in DC loading  in surge
AVimaVima(® A Vypa/Viga (%)
111 8~20 6~11 -25 ~ -16 -50 ~ -40
112 13~23 10~18 -22 ~ -17 - =25 ~ -16
113 15~25 8~ 15 —Zﬂ ~ =16 -22 ~ -14

According to the zinc 'oxide varistor produced by the z‘inc
oxide ceramics according to the p#ior art as shown in Tables 3
and 4, VllmA was consideraﬁly'-decreaged 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 al:é_oiute value of
_the rate of change in surge exceed's. 10% so that reliability was

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



106 26[err] 29 28[err] 34 -1 [err] O -2

[err] +1 107 25[ err] 27 29[ err] 35 -3 [err] -2
-1 [err] +2 108 26[ err] 29 30[err] 34 -3 [err] -1
-2 [err].+1 109 - As is apparent from Tables 1 and 2, the zinc

oxi de varistor. produced fromthe zinc_oxide ceram cs which were obtained
by the method according to the present37nvention had a | ow threshol d

“vol tage apg igheatbsol ute value of the rate of change [err] / [err] of the
threshold voltage [err] was 5%or less for long-tine 34 DC | oadi ng and

surge so that 1geeqhrifliAPidd Mecouhd DRapRiA esq’ice)ﬁgfggerflofhes?i € oo- 101
havi ng 0.2 -part by wei ght .of the synthetic powder of bisnuth oxide,

titani umpd 48 ndNdx a8k | PG 4 9%0 f8e8 Hd cE3AG c8; 5506 Aﬁatﬂg %he.
8 V@en ? e

characteristics within the lots had smal |~ vari ati ons. i nc oXi de

vari stor- gyasPaeduged {EaNdNeRGRM 8L Coa Plad i 16X IR Sord NG chaNgEs 10
I , S fy toﬁﬁ1

el ectric characteristits between | ots was sma im|ar e"€lectric

charact-er] it isgSwi 1R Pa 1€ 4 Ot & ?‘gﬁt hat VQ%%%CI{%@&%I d was consi derably

.enhanced, which Is not shown in | e 2. € anodmh mm-Terrﬁ synt hetic

Do AR EEE AL 8EA DL ke R0 1Y el O of

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



measur enent coul d not be perfornmed (sanple No.109). Accordingly, it is
preferred that the anmount of [err] synthetic powder to be added is 0.5 to
20 parts by weight for 100 parts by weight of ZnO powder. (Conparative
Exanpl e 1) In the same manner as in Exanple 1, three kinds of zinc oxide
vari stors using a sintered body were produced by the nethod in which the
m Xed powder of bismuth oxi de powder, 88tani um oxide fine powder and

ant | Tonye K1 1% BONEr o1 PoOle MUNSY £80:2CE0TAO% L0 LS PRLETEAIL. ZiNC

. ° . inhe .
oxi de €r, "blI'snu oxi powder , ari um oxi Terr] fine

pouter UL, ek S POV ERML A R RnET 2

nanganes%IOX|de I 0 of 100 : O.88

0.10 : 0.02 .: 0.954 : 0. 4 | No. 112 00 1.76.- 0.20 0.04 :
0 554 - eraiEis RovaeR, (THo4S Hh irdgs  Baby tRtoustl ) 32550680 scxpany,

| No.113). T bl ded powd i d d th t t hod.
T e rwes, S RE ERe P ok Lr e S0 o R aRYal e e T

was produced in the sane nner as in ExagBLgcél The ground Emder t hus

obt ai ned*$BRETRAYHES, “An8ORGnpt eEpnghdr 2 with and automabic

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 , 850C, 900C, 950 , 1000C, 1050C ,

. 1100%2, and 1150°C . Thereafter, the temperature; éf the molded
" body were lowered at a speed of SQTl/hr so that'respective

sintered bodies were obtained. Each sintered body had a



mol ded into a disk. Simlarly to Exanple 1, the tenperature of the nol ded
body was raised at a speed of 50[err] /hr in the air. Then, the nolded body
was held for 13 hrs. at a tenperature of 950[err] . Thereafter, the
tenperature of the nol ded body was | owered at a speed of 50[err]/hr so that
a sintered body was obtained. The sintered body had a thickness of 1.2 nm
and a dianeter of 14 nm In the sane ner as in Exanple 1, a zinc oxide

vari st or s Meskn¥deeq. 2fhcagd estdidmetaar a¢t ehjgt i cs of the zinc oxide
vari stor are evaluated. Table 3 shows sanple conpositions, and Table 4

shows the respldss lee¥§hHaékfﬁb(Uaﬁﬂy%o%|%ribﬁoéﬁﬁ&ﬁCt@%bséhéétric 36

TABLE 3 Sanpl e [err] [err] .lerr] CoO [err]
_No. (9ﬁ££aé&b£ﬂ¥%ﬂbsb¥f(9§ﬁé J&&ééﬁv&fiQ¥o£p§£é éb%ﬁd&%éa byT&GiQhﬁ)
wei ght) wei ght) weight) weight) weight) 0 10

8.834 -shgwgiﬁéFgff3cgméaébéiéés, anﬁogﬁgle 6 sﬂoé@ the réguggs of t% 954

0.414 TA@%E&uaé%HHﬂ&% the[giéétrlc[éﬂggacte$§g@iQLLChange Rate of. change

TABLE 5
Sample Sintering Zn0 B1203 Ti0,- 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 Bi,0;, : Ti0, : Sb,0, = 81 : 9 :

273

10 (weight ratio)



No. (V) - in DC | oadi ng in surge [err] [err]
111 8[err] 20 6[err] 1l -25 [err] -16 -50
[err] -40 112 13[err] 23 10[err] 18 -22 [err] -17

-25 [err]. -16 113 15[ err] 25 8[err]15 -28 [err] -16
-22 [err] -14 According to the zinc oxide varistor produced by the zinc
oxi'de ceramics according to the prior &0 as shown in Tables 3 and 4, [err]
was consi derably decreased after DC | oading of 0.2W and the absol ute val ue
of the rate of change in DC |oading [err] was 10% or nore. In
addition, the absolute value of theqggafg f change in surge exceeds 10% so
that reliability was very poor. As shown in Table 4, the variation within

the lots 37 was great. The variation in electric characteristic between
the lots of the zinc oxide varistor produced by the-ceram cs according to
the priorgart, was greater than t vari a & otsR m@Hﬁg i% ot-
shown in§ﬁ§§¥§ ghmAémm f(hdmwgfémé h k&fﬁ‘df1dﬂé gE = g h are

smal ler t valueséﬁgown in Table 4. gﬁgnﬁ;ﬂﬁql?ccoEﬁlggri O the prior
art, a si ing te rature of 950[err] uction of

the zinc oxide varistor. When the conventAlgnaI ‘per a(q;l)csAa{,e Nnt &t) a
: 1mA

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 40~46 -4 ~ =2 -3 ~ #1
205 210~230 %40~48 . -2~ 0 | -3 ~ +1
206 205~220 40”50 -2~ -1 -2 ~ 42
207 200f215 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 VlmA was 5% or less for long-
time DC loading and surge so that great reliability could be
obtained. As shown-in Table 6, the variation ofriﬁe electric
characteristics within lots was small. The zind oxide varistor

obtained by siniering at a temperature of 1150°C or more also has



hi gh tenperature, for exanple, 1250[err] , a varistor having very good
characteristics cah be obtained. As apparent fromthe conparison between
Exanpl e 1 and Conparative Exanple, it was proved that the zinc oxide
vari stor_produced by sintering the zinc oxide ceram cs of the present
invention at a | ow tenperature is superior to the zinc oxide varistor
produced by the ceranics according to t4d prior art in initial electric

char act erd,3td1Ggne " eta@mtéé%tleed tsatl b 06 P RGN becghad agf eristic
within and between lots. (Exanple.2) The blending and heat treating

‘tenperat Wiedht BB?Q F? é{ﬁd%ﬂ%%“ﬁﬁrﬁﬁ&aflﬁééf{hé'B% SR ARING1AS 1 N

Exanple 1. First smuth oxidé [err] powder, titanium oxide [err]

fine powq%%eggg a%B QR#%e ﬂﬁﬁh &% ibQ@r@ wder were mxed at a wei ght

ratio of 8 er was eat treated 38 for 5 hrs. at

a tenperaturegf., Sgﬂ%eﬂxlc'&it c 'r&stgpdwég %dg%&hﬂﬁesﬁﬁé‘ éiil&iesrmth

oxi de/ ti t ani um oxi ant|mony oxi de synthetl 0Sé particles pass

through 2325 1%%5?cé8£§§£% ATl L 4 | XePaydey g eated by

heat ‘at " a 1 erature o round T n advance an automatic

mortar, c‘%f@@% tgcgoywkween QOQ% ggl MaPPt§Hﬂ¥T%fa§ %%tbhé Fariation

within lots so that the yield was considerably enhanced, which is
not shown in Table 6.
(Example 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 obteined. If the mixed powder heat

- treated at a temperature 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/antimony 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,



grinding of each powder. Then, zinc oxide powder, bisnuth oxide/titanium
oxi de/ ant.i nony oxi de synthetic powder, cobalt oxide powder and manganese
oxi de were bl ended at a weight ratio of 100 : 3.5 0.80 : 0.40, m xed and
ground by the .wet nethod. The ground powder was dried, and m xed with an
alum numnitrate solution which contains 0.0013 part by weight of al um num
oxide for 100 parts by weight of ZnO by err] conversion. In order to

eval uate electric characteristics, the sintering tenperature is changed to
produce andimixesXiwiehvani stoninum tniig reaee sohnnion ashiagh Eoanplies 10.H st of
all, zinc oxide ceram cs which contain alum num oxi de are conpressed and
nol ded | papt dyivedghtheft ebel minrf>roflobheards dieyl waihhtwas eahsesk tde a
speed of 50[err] /hr. Then, the nol ded body was held for 15 hrs. at

t enper at by esl 38ﬁﬂ®e&élon.850[err] , 900[err] , 950[err] , 1000[err],
1050[ err] 1100[®err] , and 1150[err] . Thereafter, the tenperatures of the
nmol ded body v eddederededhlvatspadit @flee@i@er thahdictseridtdics, esprRet i ve
sintered bodi es were obtained. Each sintered body had a 39 thickness of
1. 2mm angx gdéli edRinfilcsOvhiémtodtielh dlgisuiCoRXadewydd Ixrdspecvase Py oduced.
The el ectric characteristics of zinc oxide varistor are evaluated. Table 5

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 2inc 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




shows sanpl e conpositions,
of the electric characteristics.

CoO [err] [err] No. t enperature Synthetic fine
([err] ). particles (*) (part (part by wt) (part (part
(part by wt) by wt) by w) by w) 201 - 800
100.0 3.5 0.80 0.400 430.0013 202 850 100.0
3.5 0.80 0.400 0.0013 203 900 100.0 3.5
0.80 0.400 0.c®igh2d4 950 10@efght) weight) weight)0.80
0.400 0.0013 205 .1000 100.0 3.5 0.80 0.400
0. 0013 206 1050 Bi,000.10, Sb,8,5 0.80 0.400
0. 0013 207 1100 100.70 375 0.80 0.400
0.0013 208301  .11300.0 0.200.®.1 0.03.5 0.50 00580 0.el0013
0.0013 (*) Heat treatnment of a mxture [err] : [err] ferr]= 81 : 9 10
(wei ght ralfd) 400TABLED 65 Sanfl.ea 0.0Rerr]0.5¢err] 0.50Rate of.@jwenge
Rat e of change No. (V) ’ , in DC | oadi ng in surge
- 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 10.6 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 0.5 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
_ AVima/Vima(®) A Vipa/Vipa(®)
301 15~21 11~16 -14 ~ -5 -28 ~ -15
302 23~26 18~23 -4 ~ 0 -4 ~ +1
303 - 24~28 21~24 -3 ~ 41 -3 ~ +1
304 - - - -
308 84~95 25~36 -22 ~ -8 -30 ~ -18

TABLE 5 Sanple Sintering:

and Table 6 shows the results of the eval uation

Zn0  [err]




[err] '[err]'201 330[ err] 380 10[ err] 30 -40

[err] -30 -22 [err] -18 202 250[ err] 300 35[err] 45

-4 - -1 -4 - +1 203 220[ err] 240 38[err]44 -4
[err] -1 -4 - +2 204 215[ err] 230 40[ err] 46 -4
[err] -2 -3 Jerr] +1 205 44 210[ err] 230 40[ err] 48

-2 [err] O -3 [err] +1 206 205[ err] 220 40[ err] 50

-2 [err] 5%6 -2 [err] +2 207 200- 215 40[ err] 50

-3 [err] = 101~119 [ orr]4%415%0 ~4 190ferr]205 ~4 Z0F&rr]50
-3 [err] -§ -4 [err] +2 As a result of sintering at a

t enper at uP@’of 850 tP~TP50[ err]1&s23hown i7Tabréd 5 and 6-25he zPnc oxi de

vari st or grgduced fromthe ceram cs according to the present invention had
a | ow t hr é2fol d vol t23jé%nd t hel®p&dl ute valud of the rate -6 chadfe [err]
[err] / [err] in threshold voltage ierr] was 5% or less for long- tinme DC

| oadi ng anf®surge sPXHAOC great49et4 ability3coutrd be obtained ~ A4 shown in
Table 6, the variation of the electric characteristics within [ots was :
smal | . TA&%zi nc ox43fe 248 i st or2®¥bimi ned by2stntéring at a-fl@nperadure of
1150[ err] or nore al so has 41 excel l ent characteristics, but is not
preferred because an el enent body is deformed during sintering or elenents

stick together so that the yield is |lowered. _ _
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 parts 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



When the zinc oxide varistor was produced by the zinc oxide ceramcs
according to the present invention, the electric characteristics between
lots was small simlarly to the variation within lots so that the yield was
consi derably enhanced, which is not shown in Table 6. (Exanple 3) The

bl ending and heat treating tenperature are changed to produce ceramcs in
the sane manner as in Exanple 1. First 48 all, bisnuth oxide powder,

titani umoxide fine powder and antinony oxide fine powder were mxed at a
~ wei ght ra!f%tssr‘n’dmeﬁﬁhfhéméo}‘lﬂn?a&ftss?m ket st Mo r*#dBr e9994 The i xed
powder was. heat treated for 5 hrs. at a tenperature of 500[err] in the air,
and t hen ‘ﬂ‘??é‘rdrcoﬁﬁargﬁt?ﬁﬁ?tjrﬁ%lﬁﬂ"i"‘rdo??d@ﬁ?ﬂ%ﬁﬂum oxi de/ anti nony oxi de
synt heti c, powder was obtained. If the m xed powder heat treated at a
t enper at uf a(5"?91§06[)err] is ground in advance with an automatic nortar, the

synt hetic powder can be easily obtained as with the grinding of each
powder. Then, BAXR® gXide b%v&fé’re,d dobibe sxnteeblmurawderpagdnthe kedtde
powder and bi snmut h oxide/titani um oxi de/ anti nony oxi de synthetic powder
wer e bl entfetftdinga tREPERRL YA | kF shangednimapredycing aefamigsginubke Banehe

wet nethod. The ground powder was dried, 42
manner as in Example 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
screen) wére blendéd at a weight ratio of 88 : 9 : 2 : 1. fThe
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 at'a weight ratio
of 100 : 0.2 to 20.0 : 0.954 : 0.414 while changihé the amount of
the bismuth oxide /.titanium oxide / antimony oxide /_boron oxide

synthetic powder. - The blended powder was mixed and ground by the



and mxed with an alum numnitrate sol ution which contains 0.0013 part by
wei ght of alum numfor 100 parts by weight of zinc oxide by Al 203
conversion. -In order to evaluate the electric characteristics, zinc oxide
ceram cs. whi ch contain al um num oxi de were respectively conpressed and
mol ded into a disk in the sanme nannerlﬁf in Exanpl e 1. The tenperature of
t he nol ded body was raised at a speed 100[err] /hr. in the air. Then,

t he nol ded bodg s held for 2 hrs, at a tenperature of 10500 . Then, the
t enper at 4F& BF ?%%’nﬂﬁﬁb§r8889 PREe bW drdeda speed of 100[err]/hr so
that respective sintered bodi es were obtained. Each sintered body had a
thi ckness of 1 HShd % eyrdRaterebfcumifmchpragterhet Yesc tde @dndari st or
was produced in the sane manner as in Exanple 1. The electric

char act ePFLEP cEabkstHe shiowa 4Ri Bi9val ilst drrogueedy an ubre csamPapRangrsasws
sanpl e conpositions, and Table 8 shows the results of the evaluation of the
el ectri ciBhBra®R® iktics. TABLE 7 Sanple ZnO [err] CoO

[err] [err] No. Synt hetic powder (part by (part by

wei ght) (partT %Wiqg,yweﬁgrgomressmg 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 characteristics. The numeric

values which show the results of evaluation of the electric

characteristics are minimum and maximum values within lots.



wei ght) wei ght) wei ght) wei ght) [err] [err]

[err] 2 3 2 2 3 301 100.0 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. gg 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. 507ABLE 9 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 0.5 2.5 0. 50 0.50 0.0013 310

100.0 2. gamp1e0.5 2205

Bi;0,-T9020sb.0.,-B.0.D cof- 0013 TAR 8 Sanpl e
20\

[err] [err] [erT] Rai_é_éf__da.%ageuaa%_éof change No.

in DC | oadiyag - Arsusge theti d sy [errba3Plp p 5|io§rr]21
11[err]16 — ‘%1‘1_%( rer [@’n e er(28)[ rr(f=1 2 {p2

23[err] 26 weB ﬁ{f]23 t bydwd £4Kd ight ‘%J Wil +1 303
24[err] 28 —ZI%ETT] 24 B2L ¥dw[gérj)+l welght) . 11 304
- 305 121 84l egpd 9% 25[ gry] 36 -2 .b8yr] -8 0.414
-30 [err] -18 _ '

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

o o, : :
(*) Heat treatment of Bi,O0, : TiO, : Sb,0, : B,0,

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

TABLE 10 -

Sample vlmA/mm 0.1mAa% 1ma  Rate of change ° Rate of change

No. (V) . in DC loading in surge
AVina/Vima () A Vina/Vipa (®)




44 306 101[err] 110 42[err]50 -4 [err] +2 -4

+2 307 20- 70 12[ err] 25 -17 [err] -10 -25
[err] -5 308 25[err] 40 15[ err] 25 -11 [err] -6
-35 - -20 309 120[ err] 140 40[ err] 52 -3 [err] +2

" +2 [err] +4 310 150[ err] 210 22[err] 35 -12 [err] -6

6i?&£e221 -;gsAg?o:ﬂing tgeLPeiﬁigc px#ﬁe vari stor p%ogrced frog1themzinC'

t he annun??gf bisnutﬁTngde conté?géao?naﬁgﬁf?wg;ﬁ?he?ice;dﬁﬁgf ﬁgg O.Sn

G cat andiPHe. absol utE 45 ue of BPr&Srate of Lhande i n the ¢ hreahold vol t age
ol abi |89 300l d belBb i ned. PP he amouriz af “the synthet| @ povder Lo be

added eXCaEe 10 PR 1ol O (S © M. 800, the ol ded padis are
the amountiZ8t 11 tant &% 2ki de. coraPRed i n Biemuth oxidel titan tm™ o
o) delant jony oxi de,gygiiiel c ugugr 1o be pddgg ves 0L Lo 2.0 gRrts bY
oxTdel Ui t aH7um oxi deP4TET mony ot synt het T4 pouler t o be aaiéd as 0. 02

to 2.5
128 24~27 31~35 -2 ~ =2 -2 ~ 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,’



45 parts by weight for 100 parts by wei ght of zinc oxide, good electric
characteristics could be obtained. (Exanple 4) Boron oxide is added to the
synt heti c powder and the heat treating tenperature is changed in producing
ceram cs. in the same manner as in Exanple 1. First of all, bisnuth oxide
(Bi 203) powder, titaniumoxide [err] p er, antinony oxide [err], and
boron oxide [err] (whose particles pass through a 200-nesh screen) were

bl ended at. a ight rgéio of 88 : 9 : 2 : 1. The bl ended powder was heated
at a tenp ‘%Pﬁgé of OBOB[ RS rqnhagiced fpasidamabhen Jfsimndbe aBOWR: tHat
synthetiéyromd%r was. obt ai ned. The synthetic powder which is grepared from
bi smut h SKia¥e TtPeafiPafs S¥MPetdd RAVARBNYC ¢ RAded @xceedesi d0nRarts

oxi de/titaniu xi de/ anti nony oxi de/ boron oxi de synthetic powder. If the

bl ended ﬂﬁMd@gbﬁﬁFcﬁaﬂa%e%mﬁ£¥q$ré&ﬁé&hﬁy feathat Nepsuremsatatenid gfot
600[err] .is ground in advance by means of an automatic nmortar, it is not
very har @& #eF5CEPA: fBamBAR MX-il@%owder in a manner similar to the -
grinding of each powder. Zinc oxide powder, bisnuth oxide/titani um

oxi de/ ant {GRORRT% LY./ BEa®RLsd)de synt hetic powder, cobalt oxide (CoO)
powder, and manganese oxi de (Nhg%? powder were bl ended at a weight ratio of
100 : 0.2 to 2y ysing stuterey bpdig havingnthesante compesitbéns as in

Example 4, three kinds of zinc oxide Qaristors were brodﬂced by a
method in which the synthetic 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

0.88 : 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.Q5 : 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
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 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



the bismuth oxide / titaniumoxide / antinony oxide / boron oxide synthetic
powder. The bl ended powder was m xed and ground by the 46 wet net hod.
The ground powder was dried. In order to evaluate electric characteristics,
the zinc. oxide varistor showmn in Fig. 1 is produced in the sane manner as
in Exanple 1. The ceram cs were conpres®ed and nol ded intd a disk. The

mol ded product thus obtained was heated at a speed of 50[err] /hr in the

ai r, hel diinderd Body s adtaTReEat Ufke Of i RN bbagnHa&ap!ed ckhedsspeed of
50[err]/hr. Consequently, sintered products were obtained. The sintered
product had amt Bhgkaestantek dsMyapd. a dianeter of 14 mm Then, al um num
was sprayed on the both sides of a sintered body 11 to form an al um num

llayer (not shewnine T&@ib ofeRRRE’ a¥aSn SEE¥AMSE AN Bhe s Ak UsE MY N8k ok0 form
an electrode 12. Alead wre 13 was bonded to the electrode 12 by a sol der.

Then, thgaR0pkbaRse®f tHe @le@@gigogﬁ§§a@égﬁrstti!&§nokh@lﬁé hoVigh§ gd3 were

~coated so that the zinc oxide varistor was obtalined. The electric

CharaCtE”Ué?ﬂs%%raggeté&hﬂﬁaﬂeﬁbil&Eﬂléofl[%ﬁéd%aggﬂglgfE&&EB&Qﬂy%n Xi

ge

. n

vari stor thus obtai ned were evaluated In e sane manner as in anp?e 1.
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 0.1mA% 1ma Rate of change Rate of change

No. {*") in DC loading in surge-




Tabl e 9 shows sanpl e conpositions, and Table 10 shows the results of
evaluation of electric characteristics. The nuneric val ues which show t he
results of evaluation of the electric characteristics are m ni num and

maxi mum val ues within | ots. 47 TABLE 9 Sanpl e Zn0 . J[err]

CoO - [err] No. (part by ynt heti c powder (*) (part by
(part by weight) (part by wei ght wei ght )~ wei ght) 121
100. 0 0. 0. 924y v 14 A182 .0
0.5 0. 954 0.414 123 1"‘1\/ S Tmn/ 1mA1(%Q7

0. 954 0.414 124 100.Q ;4 28 ~ -19 0 -46 ~ -39.954
0 424 125'3% 100, 0519 ot 2.0 0. 954 0.414 126
100.0 N . 954, . . 0.414 1244 ~ -1400.0
10. 0 132 ] %14 128 % - 1090 0 15. 0

0. 954 0.414 129 100. 2 _28 ~ _14.954
0.414 (*) 1?—13ea trea'gl%en of [erriill[‘ler_r] ferr = 8 9 2% 1 é()wei ght

rati o) TABLE 10 Sanpl e Terr] Rat e of change
Rat e of change '

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 and a values whicﬁ are smaller than the values shown in

lmA/mm

Table 12.

In the method according to the prior art, a_sintering
temperature of 950°C, is.too low for the produetionfof the zinc
oxide varistor. When the conventional cerémics are burnt at a

high temperature, f~r example, 1250°C, a v&ristor having very



[err]-No. (V) ’ in DC | oadi ng in surge [err]

[err] 48121 7[err] 15 9[err] 15 -28 [err] -18
-39 - -32 122 - 24[err] 28 20[ err] 26 -4 [err] -1

-4 [err].-2 123 - 26[err]31 30[err] 34 -2 [err] +2
-2 [err] +1 124 24[err] 29 31l[err][34 -2 [err] +1
-3 -0 125 22[err] 26 30[ 3fr] 34 | -2 [er;][o o
-1 [err ' rd.26 err] 35 - err

-2 %err} q§§q%%§araCter122 igr%aééb? Obtaié%%érh]34 -3 [err]

1
-1 [err] +2 128 ;¢ appagez‘l{t?rf’:] { the ﬁ;gﬁpg%’:[%;xg]nbgaﬁ_f&ent ﬁ:«ecafgglé &f ng 2

-2 [err] +2 129 As Is apparent from . . _ nChOXI e
ooy o RIS ORI 2 05 O EELAT OSSR IR bOMS REERRY
oo’ g B Lng'o Ll SRR GnEL B9 ALY RIS LSSl L0
Crvont | o AR L IR AR08, BAPhsP LW Hh) ML et e o
in Table p%'odgarc]:%del)gc{ﬁé Cmé:tqlagf‘ cftoerr Ipsf:gliﬁcsz ir\{\é ttﬂ'ien zI icr)ltcS op:ilge Sggxl'almics
‘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 +



variations. \Wen the zinc oxide varistor was produced by the zinc oxide
ceram cs according to the present invention, the electric characteristics

bet ween | ots
.not shown in
consi derabl y.
exceeded 20

coul d noL be performed (sanpl e_No. 109;
bom 8

sintered

of zinc oxid
powder 0P§B?

had smal|l variation simlar to the variation in lots, which is
Table 10. As a result, 49 the yield could be enhanced
When t he anount of [err£3synthetic powder to be added
parts by weight, sanples”Stuck together so that neasurenent
). (Conparative Exanple 2) By using
HIAHEOTRE SXLEe ORIt ioROVES Ti R EXARA A - t RfebbRi nds
vari stors were produced by a nethod in which the synthetic

FtBPHe T ohiGhabrs Peemfiafh Sreatefi Ak HotulamPexatrEsngfoxi de

powder and horon oxide is not prepared according to the prior art. Zinc

oxi de poQﬂg ,
oxi de powder,

{ﬁsﬂﬁﬂq?qo%Pdédﬁéﬂﬂ%rPYtW%%ﬂﬁ @h 8Ri aBteraelpRFdar. ahti A®ny
boron oxi de, cobalt oxide powder and nmanganese oxi de powder

were bl eRAEAVEXY hagd §ixt obkpin the 1:nthieddc powder: ip ymannerpsimipagsy -
0.414 (sanple No.131), 100 1.76 : 0.18 : 0.04 : 0.02 : 0.954 : 0.414
(sanpl e KB. ¥B2)9r ngn@f: each powdeps. : 0.1 : 0.05 : 0.954 : 0.414 (sanple

No. 133).

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 of 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 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.

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 1150°C . Thereafter, the temperatureé of the

molded body were lowered at a speed of SOTi/hr so that respective

sintered bodies ﬁere 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.

The electric characteristics of the zinc oxide varistor were

evaluated. Table 13 shows sample compositions, and Téble 14



The bl ended powder was m xed and ground by the wet nethod in the sanme
manner as in Exanple 4 except that the bl ended powder was not synthesized.
The powder material thus obtained was dried. The powder thus obtained was
conpressed and nolded into a disk. The tenperature of the nol ded body was
raised at a speed of 50[err] /hr in the air. Then, the nol ded body was
held for 13 hrs. at a tenperature of 9§6[err] . Thereafter, the tenperature
of the mol ded_bady was .l owered eed of 5 rrl, /hr .so.that _a 50
sintered ngysm%}sélorbetsé’ilﬁgd.c’f %as?-%tizog‘eﬁ%bgdﬁcgggcaé? ]i’acci}r?ersis“g?sl. 2 mm and
a dianeter of 14 mm In the sane manner as in Exanple 1, a zinc oxide

vari stor was produced. The electric characteristics of the zinc oxide

vari stor are evaluated. Table 11 shows sanple conpositions, and Table 12
shows the results of the evaluation of the electric characteristics. TABLE

11 Sanpl e Zn0 | [err] [err] [q{r 1[3err] CoO [err] No.
(part (part (part (part (part t (part by by
by - by by by wt) " Wt ) Wt ) W) Wt ) Wt )
wt) 131 100.0 0. 88 0. 09 0.02 0.01 0. 954 0.414
Sample Sintering ZnO (81203—T102—8b203) Co0 Mno,, A1203
No. temper- +(B120373203)
ature Synthetic fine
(C) (part particles (part (part (part
by Bi,0,-Ti0, Bi,0;-B,0; by by by
wt) F—Sb203 wt) wt) wt)
Synthetic = Synthetic
fine fine
particles particles
(part by (part by
wt) (%) wt) (**)
221 700 100.0 3.0 0.3 0.80 0.400 0.0013
222 . 750 100.0 3.0 ' 0.3 0.80 0.400 0.0013
223 800 .100.0 3.0 0.3 0.80 0.400 0.0013
224 200 100.0 5.0 0.3 0.80 0.400 0.0013
225 1000 100.0 3.0 . 0.3 0.80 0.400 0.0013
226 1050 100.0 3.0 0.3 0.80 0.400 0.0013
227 1100 100.0 3.0 0.3 - 0.80 0.400 0.0013

228 1150  100.0 3.0 0.3 0.80 0.400 0.0013



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 Sanple
[err] [err] 1mA Rate of change Rat e of change No.

in DC | oadi ng in surge 51 [err] (9 [err] 131

9[err]19 7[err] 14 -~ -28 [err] -19 -46 [err] -33 132
11[err] 25 8lerr]17. -23 [8%r] -19 -24 [err] -18 133
l4[err] 25 8[err]14 -28 [err] -18 -28 [err] -12

According to the zinc oxide varistor produced fromthe zinc oxide ceram cs
according {ot pr.i.ar shgW 4 1ot @81 gs 1lppid 1%y, err] was

consi derabk y) ecrteatsr%gtgl%bféséf)é]l oac_}idr}réE of 2032W am¥ t he 2aBsol ute val ue of
the rate of change in DC loading [err] was 10840l 406, [|Bi8A Fi t he
absol ute value of the rate of change in surge -gxc'eede'd 15‘% soatﬁat &1b)

reliabili tx* y\fsﬂé'/ahr ){r%%g&{éneso%h%\qﬁi&[ 'L_agl.eolzz LF variation within the
eat . e

lots was g e variatlion ween e T@t8 inal®ctric characteristics

of the zinc oxide varistor produced fromthe_zjnc, oxi agi ccordi ng
to the prior art was greater than the variati o!r)lglwi ?ﬁiﬁ'?etiﬁgﬁ'l g]f‘g?oa/ni ch is

not shown in Table 12. A lot of varistors had

TABLE 14

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

«

No. V) in DC loading in surge |
AV na/Vima(®) A Vina/Vips (%)

221 310~370 12~28 -25 ~ -11 -27 ~ -15
222 280~330 35~46 -4 ~ -1 -3 ~ +1

223 260~280 37~43 -3~ 0 -4 ~ +1
224 255~285 38~44 T -4~ -1 -4 ~ ;2

225 240~270 31~45 -3~ 0 -3~ 41
226 215~235 40~55 -2~ 0 -3~ 0

227 210~225  45~50 -3 ~ -1 =2 ~ 43

228 195~210 45~58 -3~ -1 —3 ~ 42

As a result of sintering at a temperature of 750 to 1150C
which'i.s shown in Tables 13 and 14, the zinc oxide varistor .

produced from the zinc oxide ceramics according to the present



[err] and a values which are snmaller than the values shown in Table 12. In
the method according to the prior art, a sintering tenperature of 950[err]
is too low for the production of the zinc oxide varistor. Wen the
conventional ceramcs are burnt at a high tenperature, for exanple,
1250[err], a varistor having very good characteristics can be
obtained. As is apparent fromthe con% ri son between Exanple 4 and

Conpar ati,ve % t the zingc o varis roduced
by e ziseeBkRaR tad mow" Sh-BRBSES ctaladd et FBr A ooy, BafsePhr ur o
sintering.is su erlor to the. zinc oxide varistor produced by the nethod for
pr oduci nghfehé'aﬁ f hawec gé{rrmas/agm dithd o L@ﬁ&%?f@ vetagen Vit i al
electric characterlstlcs reliabilit and, variations in electric

char act eM28t PEsOhi 1§55 ZoTd LoBEREERE | %$31°%q%&%nﬂn 8 8YIER ¥ Batygrratadded
for the bl ending of synthetic Qomder In additign, two kinds of synthetic
powder art&l ﬁPBbg? Qaqﬁeﬁp PFBS?rngAﬁéﬂﬁ@?hﬁﬂr@apéech%mdéﬁ to produce

ceranmics in the sane nanner nfle 1. First of all, bisnuth oxide
X

powder , tW%ﬁ&ﬁF&ﬁPo&?d%?%ﬁ%fignFPﬁﬁﬁﬁt% %R§Q|Wﬁ§hﬂﬂmﬂ@Fsmﬁﬁ%aﬁﬂQéﬂdedTQF a
zinc oxide varistor obtained by sintering 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 betwaen 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-treating temperatufe is changed in producing
ceramics in the same manner'as in Example 1. Firat of all,
titanium oxide fine powder, bismuth oxide powder and antimony

10.

oxide fine powder were mixe§ at a weight ratio of 81 : 9
The mixed powder was heat treated for 5 hrs. at a temperature of
550°C . 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



wei ght ratio of 81 : 9 :.10. The bl ended powder was heat treated for 5 hrs..
at a tenperature of 550[err] to prepare a first synthetic powder. Further,
bi smuth oxide fine particles and boron oxide fine powder were blended at a
wei ght ratio of 93:7. The bl ended powder was heat treated for 5 hrs. at a
tenperature of 550[err] to prepare another kind of synthetic powder. These
two kinds of synthetic powder were bl ehbled at a wei ght ratio of 10:1 and

bi st h BT He/ S tur Bt ) Ar 1 oy ottde & 75 53 b uth: gkt HT Bor on
heat trohtir 4> fhe enber 820r o off S0P For 8 Dr ot AT ZAVANEE N means
'n & manferou i ket of AErmIRo P aent bEARET AT B REORK de”
D1 amat h SO/ DATTGR B PBURRTon GGHAR SHRENEL bR Snd FaRBERLRSA b de
B bl et i S st Foresene or b, g ™
powder was dried, and m xed with an alum numnitrate sol uti on which

cont ai nsIE°BRA s th AdvanFe BY gReant of @R AYAPBRFYS mortar, the synthetic

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 Alzo3 conversion.

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 ghickhess of 1.2mm and a diameter of i4mm,

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



for 100 parts by weight of ZnO by Al 203 conversion. The zinc oxide ceramcs
t hus obtained were conpressed and nolded into a disk. The tenperature of a
nol ded body was raised at a speed of 50[err] /hr in the air. Then, the

nol ded hody was held for 15 hrs. at tenperatures of 700[err] , 750[err] ,
800[err] , 900[err] , 1000[err] 1050[err] , 1100[err], and 1150[err]
Thereafter, the tenperatures of the noldfed body were | owered at a speed of

50[err]/%esglggghé es ective &_gggr eg &Odi 8s er e obt ai ned. Each sintered

body had & thi CRNess Of f omt and s At arist &St CXAfdf YAREH% RES2i nc oxi de

vari st or 1. ip Fig.. .1 was produced.. The el ectric characteristics of the
zi nc oxi Z’%ﬁ?f'%?br 'l{?\a/el)r;ee g\%a 88{'3d_sal‘}%b‘? ecﬁogﬁf&fd@ngan%?i ?gﬂﬁoéisti ons, and
B R A Y LA
t enper - Serr] ature Synthetic fine ([err])

(part Charﬁgf’?rﬁ?tejsé :

(part (part (part by [err] [err]
by by wt) [err] Wt ) Wt ) wt) Synthetic
Synt heti c '

TABLE 15
Sample Zno (B1203—T102~Sb203) _ggg' MnO,, Al,0,
No. - +(B1,0,-B,0,) '
Synlhetic fine
(part | particles (part (part (part
by Bi,0,-TiO, | Bi,0,-B,0, by by by
wt) ~8b,04 | 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) 0.50. 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



fine fine particles particles (part by (part by wt) (*)

w) (**) 221 700 100.0 3.0 .3 0.80 0.400
0. 0013 222 . 750 100.0 3.0 0.3 0.80 0.400 0.0013
223 . 800 .100.0 3.0 0.3 0.80 0.400 0.0013 224
900 100. 0 3.0 0:3 0.80 0.400 0.0013 225 1000
1000 3.0 : 0.889 0.400 0.0013 226 1050 100.0
3.0 0 400 0,0 00 00. .0
0.3 %es0 B4TH o Oglg $39-8 11%(150 ]T%foéz 0. %& °'sj° 8.0013 3
0.80 O. 0. 55 ( ) tre a.
[err] = é%g 99%0 (weig éF?o& (** Pea?hﬁ% xPu?éE;
[err] = 7 ratl ABLE 14 S &6 [e _ e
Rat e of gﬁgnge Sw@e@e of ¢éh é§°nbf ﬂ?? %‘O) 5.;0 0.50 B'?hhﬁc
| oadi ng in surge [err] [err] 221 310[ err] 370
12[err] 28 -25 [err] -11 -27 [err] -15

(*) Heat treatment of a mixture 31203 : Tio2 : Sb203 = 89 : 8 :3

(weight ratio)
(**) Heat treatment of a mixture Bi,O, : B,0, = 93 : 7 (weight

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



222 280[ err] 330 35[err] 46 - -4 Jerr] -1 -3 [err]
-4

+1 223 260[ err] 280 37[err] 43 -3 [err] O

[err] +1 224 255[ err] 285 38[err] 44 -4 [err] -1

-4 [err] +2 225 240[ err] 270 3l[err] 45 -3 [err] O

-3 [err] +1 226 215[ err] 235 40[ err] 55 -2 [err] O

-3 [err] 0 227 210[ err] 225 695[err]50 -3 [err] -1

-2 [err] +3 228 , 195[err] 210 ~45[ err] 58 -3 [err] -1

-3 [err] +2 ACTUELG toothg; %"t‘é‘f Nt v [‘tiéﬁ%ﬁr%’f?ﬁ‘ﬁ’et?f fTSB tBe1astf err

which is shown in Tables 13 and 14, the zinc oxide varistor_ produced from
the zi ncOBXFUS TN SSc 8 athsr BFEREY o IYENSLaReAf Showy ii"n\'}'éhﬁf*ﬁnl?la‘l‘f‘% | ow
t hreshol d vol tage and the_absol ute value of the rate of change err] /
[err] inlPhedt 3¢ yeitage ierghangesd sepspdirgson dihe gagieife DC .

| oadi ng and surge so that great reliability could be obtained. As shown in
Tabl e 14P1ERELR %ige/6d trRiercexidey/ aridmeatePrife csxtthaticl spydanrsardml | .
The zinc oxide varistor obtained by sintering at a tenperature of 1150[err]
or nore RisBUHh L GeLPraan exbfactehsiEdded-pulfi sheoaticerapged Hremuse an
el ement body is deforned during sintering or elenents stick together so
that the?9i el 0 it® |13wdr ed87vRer t e jard dex vasigher st avdsvwprodtiege from

the zinc oxide cerami cs according to the present invention, the variation
" 1is 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

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

1mA

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



in electric characteristic between lots was small simlar to the variation
in electric characteristics within lots so that the yield was consi derably
enhanced, which is not shown in Table 14. (Exanple 6) The blending is
changed to prepare two kinds of synthetic powder, and a heat- treating
tenperature is changed in producing ceramcs in the sane manner as in
Exarple 1. First of all, titanium oxi délfine powder, bi:snmuth oxi de powder

and anti mpny oxi i ne_.powder i xed weight ratio of 81-: 9 : 10.
The ni xe p(ﬁawél’grrg(E ge%e%lfo‘ﬁ edt ?%i’ﬁsmé-hr@f.“mg’t“ué“ t%é)%g?a'tlhsr e70f 550[err] .
Furt her, isn;thdoxidg ginetﬁgrticleg ang gor n Jﬂ%% L%ne powder were

m xed. THESFOREEpdRaEIC R HEALS PR t 8% ko) St °4 Tenperature of :
2S00 e11) enHSSEELE. M et g, ELAL qrorshd 2upReEhndd St 2rd BandsS o
: 20.0 and fine ground so that eight kinds of bisnuth oxide/titanium
oxide/antq%nﬁﬂye Ade + bismuth oxi de/ bor on oxi de synthetic powder are

obtained. If the nixed powder treated by heat, at a tenperature qof 550[err]
is ground in &Gv&ﬁé%eb9fnﬁﬁﬁ39(ﬂXiQﬁ'aBP%hﬁt?%?iaﬂaﬁé%FnBﬁﬁgééhﬁfﬁgﬁ c powder
can be easily obtained as in the grinding of each powder. Then, zinc oxide
powder, b} iGx PABART t ani um

(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



oxi de/ anti nony oxi de + bisnmuth oxi de/boron oxide synthetic powder, cobalt
oxi de powder and nmanganese oxi de powder were bl ended at a weight ratio of
100 : 4.0 : 0.50 : 0.50, and mixed and ground by the wet nethod in the sane
manner as in Exanple 1. The ground powder was dried, and mixed with an
alum numnitrate solution which contains 0.0013 part by weight of al um num
oxide for 100 parts by weight of ZnO 53 [err] conversi on. Consequently,

zinc OXHQF %ngn1cs we obt |nedf §bg1la6l J%$%nplg ds4 thq)%]qc oxi de
dlék

ceram cs Were conpresse nﬁﬁ& 'nto he tenperature 19t the

o e g 1o A B, SR LR AP A7y i ure o the
2‘.0L?E?'etég»b%dm“f‘eawé?ﬁ?3%252%%@@31"0@3%‘)%@3% Cetp il RavaeE | clfoss of 1. 2nm
ot odlucods Lendash SPHESE] Kas T iech drd BEPPERI B W1e (4R ZPREORKI dPSar | stor are

eval uated. Table 15 shoms sa : ositions,_and Table 16 shows the
o T o by AR bR e Atred 11 TPEE: F?Bcc%%t%ag’?FﬁsWeﬁBLE 15

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°C
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 evaluated

in the same manner as in Example 1. Table 17 shows sample



Sampl e

Zn0O

[err]

[err] Synthetic fine (part
(part [err]

w ) .ow)
particles (part
3.9°(97.5) 0.
(95.0)

0.3 (7.

[err]

wt) Synthetic

CoO [err]

particles
[err] by wt)

by (part by wt)

(ﬁg
1 (2.5 0.50 0.563 0.0013 322

oS Lot ay Mpigol8tape Tpgsdgiiee dPe aygigptidngdf )

Synthetic fine

[err] No.
(part

-[err]

wt )

fine particles

(**) 321

100.0

100

(part

.0
3.8

050 0188 PHeebnhS cHurdgtlstéticqy, i numeryojvppbddicn, sop, big,

0.50  0.50
0.50 0.566%

0. 0013 (
(wei ght

*) Heat
PéFiE?Xi

t reat nent of

mum vggaes witgig1fots.

Sample Zno Bi,0,~Ti0,-Sb,0,

No. (part by Synthetic powder (*
.weight) (part by weight)

141 100.0 ¥ 0.2

142 100.0 0.5

143 100.0 0.7

144 ©100.0 1.0

145 100.0 2.0

146 100.0 5.0

147 100.0 -10.0

148 100.0 15.0

149 100.0

(*) Heat treatment of Bi

ture [err]:

TABLE 17

)

20.0

273

= 88 :

2

0, : TiO2 : Sb,0

9

3

3e38F Svalfegon'8P b pragrit Clgdeentalied Bpedpunifugy

[err] [err] ~ 89 :
Co0 MnO2

(part by (part by
weight) weight)
0.954 0.414
0.954 0.414
0.954 0.414
0.954 0.414
0.954 0.414
0.954 0.414
0.954 0.414
0.954 0.414
0.954 0.414
: Cr203
: 2 1.(weight ratio)

8

03



(**) Heat treatnment of a mxture [err] : [err] = 93 : 7 (weight ratio)

TABLE 16 Sanpl e [err] Rat e of change Rat e of
change [err] [err] No. (V) in DC | oadi ng in
surge [err] [err] 321 11[err] 16 15[ err] 27

- 4 Jerr] -2 -3 [err] 0 322 - 22[err] 25 25[err] 31
-4 Terr] O -3 [err] +1 3284 24[ err] 30 25[err] 30
-3 [err] -1 -3 +1 324 E 18 36[err]42 . 35[err] 40

-2 [err] 0 1 [err] +2 35 80[ err] 96 45[ err] 52
-1 [err] 43 - -3 [err] -1 326 94[ err] 112 50[ err] 60
-4 [err] -2 -4 [err] 0 327 108[ err] 115 50[ err] 60

-17[err] - -4 [err] -1 328 25 err ¢ 55] err] 65

-11 [err]—’éL VimA/mm-4 pelmd - oma &3—%@%#&*%9—% t%e—z—r—ﬁe—%&—ﬁ%%e <

vari stor produced fr t he zinc oxide cera 190 4 he preﬁgnt i nvention as

shown in TEBtes 15 16, a withstand véﬁgége—gg—iﬁ%nged-@eﬁgﬁgﬁng on the

rati o of bismuth oxide/titaniun1oxide/an5&nnny OXId géhetl om?e{ and
Yug8

bi smut h oxi de/ boron oxide to be added. |f /Xumm gihmé
12.5 : 87, 5 a zinc OXIde varlstor for a Iom1vo|tage

11 5~ 10~ -25 -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 ~ 1

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 ~ 41

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

~ the rate of change A V in the threshold voltage V

ima 7 Vima 1ma

. was 5% of 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

10 to



I's obtained. If the amount of bisnuth oxide/titani um oxi de/antinony oxide
synthetic powder is larger than that of bisnmuth oxi de/boron oxide, the zinc
oxi de varistor for a low voltage is obtained. If the anount of bismuth

oxi de/ boron oxide is greater than 87.5 : 12.5, a zinc oxide varistor for a
high voltage is obtained. In any casegesa values are great and the absolute.
value of the rate of change [err] in'the threshold voltage [err] is 5% or
| ess forydong-idde DC | oading and surge, so that excellent reliability
could be obtained. In particular, two kinds of synthetic powder are

obtained to RERALGHE! Den! OF: I 1GR62MLES - Tir &fé)rb‘ip tR¥CRetlod! Nt Ering

Is perforned at a | ow tenperature of 750[err the Iiquid phase reaction

can be CQ@ééﬁii'rﬁgd &k fe! {;Ls& qu%en@aﬁequﬁgtwnai?annqnoag&m' st or

havi ng ZnO particles uni y grown can be produced. The ratlo of bisnuth

oxi de/ti L) i Oxid9capLE FROY Y AGa3Y BhASL £1.0P rt&‘lhg'é dg{ boron

oxi de synthetic fine particles are shown 1 n parentheses int e col um of

Synthet | g oc ik (a3 BRLLL 6L £2 QVMalsnlg Ta0Le dfae AUy coamnents are

di ssol ve artlc es an donor o sem ¢ uct or

Consequegéﬁgaaéiyafy %%BEhSe&esﬁéiéH“¥% btZBfH%R8Mn Table 18. When the

amount of bismuth oxide/titanium oxide/antimony oxide 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 (ZnoO) 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 qxiaé (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 0.65 : 0.954 : 0.414

{sample No.153). The blended powder was mixed and ground by the



be I owered. In place of boron oxide, boric acid may be used for the
synthetic powder.. (Exanple 7) Chrom um oxide is added to synthetic powder
to produce ceramics in the sane manner as in Exanple 1. First of all,

bi snut h.oxide [err] powder, titanium oxide (Ti Q) powder, antinony oxide
[err] and chrom um oxide [err] (V\/nosecﬁoarticles pass through a 325-nesh
screen) were mixed at a weight ratio df688 9 2 The m xed powder

o 1.
was heat t e rature.of 600[err]. for hrs,_ angd then_fi.ne ground so
that a sﬁg%ﬁhé 1\l’t(’;am%o‘o er \%ﬁg‘siep%“éc(r? %gheu]ss f))%%g?f‘ﬁr o‘ﬂ% éj%ieer§2§9flresh screen)

T ant une R ERT oS b BERRENER e STV LB ERBPFEURTel TR B fied™
Syt het | EORBAIRS TehF B 2 BUFEET Svired By oshe I+ an URPanEPRC mor tar
o ol chPB R bR, RER3! Fo™ phhddrs ASodl FBRPERETOOOF Sofdor, and.
nanganes-'el'\‘hgéiagfet i?,r rt]hep?_végnggr\é\gﬁge of Gt%-xe 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 evaluated. 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



bl ended at a weight ratio of 100 0.2 to 20.0 0. 954 0.414 while
changi ng the anobunt of the bisnuth oxide/titanium oxide/antinony

oxi de/ chrom um oxi de synthetic powder. The bl ended powder was m xed and
ground hy the wet nethod. The ground powder was dried so that zinc oxide
ceram cs were obtained. In order to evgéuate the electric characteristics
and the reliability upon DC | oading, t zinc oxide varistor shown in Fig.
1 was produced. First of all, the ceggﬁﬁ%§zwere conpressed and nolded into
a disk. The tenperature of the nolde ody was raised at a speed of 50[err]
fhr in the air, held for 13 hrs. at a tenperature of 950[err] and cool ed at
a speed of 50[err]/hr. Consequently, a sintered body was obtained. The

sintered bQQX ﬂgd a.t hi ckness of 1d2 nn1agqtg g'agggenaof 14enn% Then
al umi num WA RE ayed low/me bot tmas’ dews of Rat8. of dnange dy REEC 81+ ShaNdS,
al um num | ayer (not S wn) . Then, copper %%s ép2a§§& on the algninun1layer

to form an etectrode as shown in Fig. el nded to

the electrode 12 by a solder. Then, the part.ions,_of e | ded hodi es, ot her
than the lead wire 13 were coated so thatQX&QmA?XBmD&QHqughha(gn %)
obt ai ned. el ectri aracteristics and the reliability upgn DC | oadi ng
of the zinIngide var%§§§r t hus o%i%ﬁned were evallated in fﬁg Sant? manner

as in Exany%g 1. Tabu%~%g shoms'fgﬂﬁge

-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, V as

1ma w
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



63 conpositions, and Table 18 shows the results of the evaluation of the
electric characteristics. The nuneric val ues which show the results of
evaluation of the electric characteristics are m ni num and nmaxi mum val ues

within lots. TABLE 17 Sanpl e ZnO [err] , CoO
[err] No. (part by Synthetic powder (*) (part by (part by
wei ghit ) (part by weight) weibnt ) - weight) 141 100. 0

8:354 temqsriig %4%f 950(316% g%é %ég for tﬁéxégﬁfuction of the %§ %54

gbglg 144’oxide vggisaoa. When burningoa55% high tque%fiﬁ%ﬁB for erﬁﬂ§£4 145
3'854 1250°C 41% %%gistor rwg'nélée]fézwgood cl'il'aorioqocqtfrlstics can belg 854
0.414 149 0.414 (*)

Heat treat%ﬁﬁlnggof’grf’fe methad ]acco[rg?p? to e ]prjgg ag% 2 :1 (weight

rati o
) As apparent from- the comparison between Example 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 HEtween lotis.
(Example 8) |

Chromium oxide is blended and a heat treating temperature'

- was changed in producing ceramics 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 550C .  Further, bismuth oxide
fine particles and chromium oxide fine powder (whose particles
pass through a 325—mesh sereen) were mixed at a weight ratio of
93:7. The mixed powder was treated by heat for 5 hrs. at a
temperature of 550C . ?hese two kinds of synthetie powder were

- blended at a weight ratio of 10:1 and fine greund to obtain

bismuth oxide/titanium oxide/antimony oxide + bismuth oxide/boron



64 TABLE 18 Sanple - [err].- [err] Rate of change Rate of

change No. (V) . I n DC | oadi ng In surge [err]
[err] 141 ' 5[err]12 10[err] 14 -25 [err].-15

-35 [err] -30 142 - 21[err] 25 15[ err] 24 -4 [err] -2

-4 [err] -1 143 22[err] 26 6930[err]33 -1 - +1

-2 [err] +1 144 24[ err] 28 30[err] 35 -1l [err] +1

-3 [err] oxidak48ynthetic 3Riweidd 2Qhose partid B [pds t.hrough 1t_k{eer3r2]5 Qlesh

-2 [err] +2 146 26[err] 29 - 28[err] 34

-2 [err] sthkebdV. 1f theHeAt k2éating ter%&éﬁﬂﬂx%’s is increas?éd erd’r]lnazng
-1 [err] +2 148 26[err] 29 O[err] 34

-2 [err] islnb48er to perforeS IS apparent from Tables 17 and 18_ the zinc.
oxi de vari'stor produced by the method according to the present invention

had a | ow thr esbal dz med t&g%eag@whla@ ai9§9fwé1? déé' gtﬁzia&bﬁnrate of change
[err] / [err] in the threshol voltage err] % or less for the

I -t t 4 . bt ai ned,
n 1| e s L s

oxi de/ ti taxlaeMpewase! %Eﬂm%x%bdgé%‘éi’ 'E&H“n%‘g%eﬁxr‘&{éﬁé C[:ho[evgi Flre
shown in Table 18, the electric characteristics Wt
blended at a weight ratio of 100 : 3.3 : 0.80 : 0.40, mixed and
ground by the wet method. The ground bowder 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 Al.0O

273

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 700C .
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 vari'stor
was produced. The electric characteristics of the.-zinc oxide

varistor were evaluated similarly to Example 1. Table 21 shows

sample compositions, and Table 22 shows the results of the



65 variations. Wien the zinc oxide varistor was produced by the nethod
according to the present invention, the variation in electric
characteristic between |lots was snmall. simlar to the variation in electric
characteristics within lots so that product yield was considerably
enhanced, which is not shown in Table 18. Wen the anmount of bisnuth

oxi de/ titani um oxi de/ anti nony oxi de syfheti'c powder to be added exceeded
20 parts i , sappl es. st t t measurenent could not be
per forne (%Sggﬁggkhﬁflgg%.gkﬁﬁﬁﬁiarggggéggégﬁéhégga By using a sintered body
havi ng the sanme conpositions as in Exanple 7, three kinds of zinc oxide
varistors were produced by a nethod in which the synthetic powder of

bi smut h oxi de powder, anti nony oxi de powder and
Zi nc

titani um oxi de ngg ? wder
chrom um oxi de powder is not preparea ording to the prior art.
bi snuth oxide [err] powder,
[err] chrom um oxide [err] powder,

oxi de (ZnO powder,
powder, antinony oxide [err] powder,

titaniumoxide [err] fine

.cobal t oxj de owder and anese. oxide [err] powder were bl ended at
vl ght Jaligls GiheBatnsiagd’ "HHIGRIIR S 0a 1| 0P8R HR03 4" (lutly

No. 151), 100 : 1.76 : 0.18 0.04 .02 ; 0.954 0.414 (sanple No.152),
and 200 NEw : t8MBETs 01 o 05 %(%8,0535r8s U1
ature Synthetic fine
() (part particles (part (part (part
by Bi,0,-Ti0, Bi,0,-Cr,0; by by by
wt)  -8b,0, W) owt)  wt)
§yn£hetic Synthetic
fine fine
particles particles
{part by = (part by
wt) (*) wt) (**)
241 700 100.0 3.0 0.3 0.80 .400 0.0013
242 ) 750 100.0 3.0 0.3 0.80 .400 '0.0013
243 800 100.0 3.0 0.3 0.80 0.400 0.0013
244 900 100.0 3.0 0.3 0.80 .400 0.0013
245 1000  100.0 3.0 - 0.3 0.80 0.400 0.0013
246 1050 100.0 3.0 0.3 | 0.80 .400 0.0013
247 1100 100.0 3.0 0.3 0.80” .400 0.0013
© 248 1150  100.0 3.0 0.3 '0.80 0.400 0.0013



(sanpl e No. 153). The bl ended powder was m xed and ground by the 66 wet
net hod. The m xed powder thus obtained was dried, and conpressed and nol ded
into a disk. The tenperature of the nol ded body was rai sed at a speed of
50[err] /Jhr in the air. Then, the nolded body was held for 13 hrs. at a
tenperature of 950[err] Thereafter, the tenperature of the nol ded body was
| owered at a speed of 50[err] /hr so tHat a sintered body was obtained. The
sintered body had a thickness_ of 1.2 nm and. a di@rrgetqrs f 14 mm In the
sane nmannet*)adledy Exgaprenty of & mHEtYxFdB a3 i 5toP mds gﬂ8aluced. The

el ectric characteristics of the zinc oxide varjstor,.ar e\(al ila%ed. tTa le 19
shows sanpl e conpositions, and Table 20 shows $he' resul P98k H4i%ati on

of the electric characteristics. TABLE 19 Sanpl e Zn0O [err]
[err] (1'9r Heat  treatmeplp of F alxtugg Bi,@pat tC¥pP3 part by (part by
(part by (part by (part by weight) weight) weight) weight) weight) weight)
151 100. 0 0. 88 0.09 0. 02 ooy 7 “’8?2%1 %%‘2“’
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

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



67 TABLE 20 Sanpl e [err] [err] Rat e of change Rat e of change No.

(V) i n DC | oadi ng In surge [err] [err]
151 8[err]20 6[err] 1l -25 Jerr] -16 -50

[err] -40 152 13[err] 23 . 10[err] 18 -22 [err] -17

-25 [err] -16 153. 15[ err] 25 8[err]15 -28 [err] -16

-22" [err] -14 According to the zinc o%#de vari stor produced by the nethod

accor di ngof; 0t f ASHY IO Kot hg@Sadl oML idbdAll8SvaPudndk 3Bhe raCkr beWas -
consi derably decreased after DC |-oading of 0.2W and the absol ute val ue of

‘the rate a in | oagly r % Oy mor I i{dan, the
absol ut eceérll%% (&)]gp kmde /Pgtlé‘Aog h %‘%S‘e@eﬁ hs?&\f’ggﬁ‘g%@e%d‘@dwgﬁ%ssg*?ﬂgtié&n

reliabil i‘fgﬁairf@’g‘%‘r@i%%cp%sdhﬁ ﬁ}f%ﬂg% li%b'tﬁagoe:féﬂe_x\éél&ia%&hﬁeyi n

el ectric c eristics wt S wds great. erring to the zinc oxide-

var| StOrFBLPSF‘S@%}Q%&Q%.WLQO&%&F%W $16026Ne RLT AU Al ol B Variation
e et

in the electric characteristics ween | ots.was nmuch greater than the

variati 0@1Lgtf%cgcgjqaixfac%%%g@e&%;@%@ﬁ ]Vf'otJy WabOkiia1 1! Glhe 9,401 oRf1guN 1

Tabl e 20. vari sfors a val ues which are snall er

than the vakgséa S el TFOLEneeidd 4G TRHBELaATEE SE N 5% L8E RELLT

va
art, a si nferl n

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



68 tenperature of 950[err] is too low for the production of the zinc oxide
varistor. Wen burning at a high tenperature, for exanple, 1250[err] , a
vari stor having very good characteristics can be obtained by the nethod
according to the prior art. As apparent fromthe conparison between Exanpl e
4 and Conparative Exanple, it was proved that the zinc oxide varistor
produced by sintering the zinc oxide c& amics of the present invention is

superi or p dhe zincegxpde yayi SOk B gdyceds by | g Betgdsaccps ding to the

prior art™ 1 i'nitial "éfectric 'characteristics, reliabi’lity, an

vari ati onyd 1 el S5t Coghar acker st 5 gnd JFyes: |dts. SLELAIIe B

Chrom um oxide i'$bl'endéd and a ‘héat réatin tenperaturg was change

Fl Fani um Sha1 FRe oRoREEPS O atiaen Gk rabuT: Fhr iR astngy Shify oxi de
A, POl i8St U S El i pindhy HRped BofLIEL PO |
oxi de fine particles and_ chromi um oxi de fine powder (who particles pass

t hr ough & -éhiﬂ*gicFegﬁ§7$ﬁ§Eaﬁﬁ%ﬁﬁ? af*§ ﬂﬁféﬁﬁLézu}g% 3?89§§%@ The mi xed
powder Wat?réarteia}ltgeq_e?n eggggré Ofs 5:lnrclzrrsé'as%td,agrinding 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.



tenperature of 550[err]. These two kinds of synthetic powder were bl ended
at a weight ratio of 10:1 and fine ground to obtain bisnmuth oxide/titanium
oxi de/ anti nony oxi de + bisnuth oxi de/boron 69 oxi de synthetic powder
(whose particles pass through the 325-nesh screen). If the heat treating.
tenperature is increased, grinding is harder to perform Then, zinc oxide
powder, bismuth oxide/titani um oxi de/ &% i nony oxi de synthetic powder +

bi smut h i.de/ ¢chrom um oxi po - |t i p nganese

oxi de. povkfln et ShPERGRimare RREREx s F0RE; i iy <P A Gho R HIFNOTTES:

m xed and_grqund hy.the we thod, T I jed, and m xed
with an aﬁqﬁﬁ%mo%i f'lE‘ﬁt %V%%f%t?jioé'n o\flmtgﬁ g%%%r??%@%&fg@g%%i% wei ght of
al um num oxi de for 100 parts by weight of ZnO by [err] conversion. |n the
sane manner as in Exanple 1, the zinc oxide ceram cs were conpressed and
nol ded into a disk. The tenperature ﬁﬁgiﬁengldEd body was raised at a
speed of 500 /hr in the air. Then, the nolded body was held for 15 hrs. at
tenperatures of 700[err] 750[err] , 800[err] , 900[err], 1000[err] ,

1050[ err] 1100[err] , and 1150[err] . Then, the tenperatures of the nol ded

body wer es.clmc‘)g\)/\ieer ed aztn(')a sp?Beflz_g;‘_TSiO zgrsg]zogpr SO thatCO% Si ntﬁrrlggl bockllz\g%s

No. +(B1203—Cr203)

Synihetic fine

(part = particles (part (part (part
by Bi,0,-T10, B1,0,-Cr,0, by by by

o
wt —Sb203 . wt) wt) wt.)

Synthetic Synthetic

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



obtai ned. The sintered body had a thickness of 1.2nm and a di aneter of
14mm I n the sane nmanner as in Exanple 1, a zinc oxide varistor was
produced. The electric characteristics of the zinc oxide varistor were
evaluated simlarly to Exanple 1. Table 21 shows sanpl e compositions, and

Tabl e 22 shows the results of the 70 evaluation of the electric
characteristics. TABLE 21 Sanple Si ntiex | ng ZnO ([err]

CoO Jerr] [err] No. t enper - + [err] ature

Synthetic fine ([err]) (part particles (part (part
(part by e '[56” er

W) ﬁﬁ%‘} %‘Ft"it bt aSﬂ'}rﬁﬁ%ﬁ Ei%e lg)y )MO él%zorﬁe particles
partlcles (part by (part by wt) (*) _

100.0 3.0 0.3 0.80 0.400°" G\QI 033 422"8]19“756*-9“100 0
3.0

(**) HegtStreatment of a’ 4th_ure %01% : 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
AVyn/Vima®) A Vinn Vg (%)

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 ~ +1
345 80~95 30~ 45 -4~ -1 -3~ 0
346 95~115 - 40~55 -3 ~ -1 -4~ 0
347 130~145  45;52 -2 ~ +2 -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 9_0 : 10, i.e.,(A) is greater than 90 , a zinc oxide



243 800 100.0 3.0 ‘ 0.3 0.80 0.400 0.0013 244

900 100.0 3.0 : 0.3 0.80 0.400 0.0013 245 1000
100.0 3.0 0.3 0.80 0.400 0.0013 246 1050 100.0
3.0 . 0.3 0.80 0.400 0.0013 247 1100 100.0 3.0
0.3 0.80 0.400 0.0013 248 4350 100. 0 3.0 0.3

0.80 0.400 0.0013 71 ( ) Heat treatnent of a mixture [err] [err]

=81 9: 10 t * * t t _of t
5] < Saeretae i el Pt e i BP0 Pl

of change in DC | oadi ng
in surge°ﬁéPF(tgﬁﬁpi“m °£i§§y%8FFT%%b édee:ﬁﬂﬂ%PFféﬁ powder (3 t@rr] -30
-4212 [err%/_j}.gmuth ox%{ 1%150 olﬁsgeBg?)erq,s??&fsrsr ﬁgn 81 5 3 11% [serrli.e. v o4
+2 244 215[ err] 230 ~_40[err] 46 -3
+1 245 (B) izlef%ﬁ‘}-'zéé‘an 12. &@[ér?;ﬁ% oxide Varéskei‘r]f% a high -3
+1 246 205[ err] 220 40[ err] 50 -2 [err] -1 -2

[err] 2‘@}7396 can RR[RyFIPeS . In ARY 739%0 @ values. 3rg gxgat,pand

-2 [err]

the absolute value of the rate of change A v in threshold

1mA/v1mA

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

1mA
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 aé&ording to the

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

so that power consumption can be reduced and a furnace material



248 190[ err] 205 40[ err] 50 -3 [err] -1 -4 [err]
+2 As a result of sintering at a tenperature of 750 to 1150[err] which is
shown in Tables 21 and 22, the zinc oxide varistor produced by the nethod
according to the present invention had a 72 |l ow t hreshol d vol tage and

t he absolute value of the rate of change [err]/ [err] in the threshold
vol t age [err] was 5%or less for long-tine DC |oading and surge so that

t Ligbilit |d b b d. sh Tabl e t h ati [
0152 T LR A PO 25, BRIARae (i T oFPAT  AtEp2Le 1

obt ai ned b§ glnterufg at a tenperature of 1150[err] or nore al so has
excel | enf®8haFattEiTstics, but is not preferred because an el enent body is

def or med dur| tering enents stick.togethe t thesieldis

| ower ed. V%en é&qﬁ:tﬁkﬁgé 9% Y&t FMRE §8u885t£§ qﬁﬁ?ﬁgd accor di ng
to the present nventlon the variation in the eIectrlc characteristics

bet ween FEPENGLLEC BRI PAEFFNFRUG et RA AR TERPI ACEPRRL r i SOhdPatRPRri sti cs
within lots so that the yield was -consi derabl enhanced whi ch is not shown

in Tabl e€28€ YE&EﬁwﬁQ§SRFrfﬁﬁlﬁlﬁnEﬁr&f|3¥qﬂ¥§ ged ?o'pP%ﬁkﬁ9§eFmBaEFnds of

ynthetlc pomder and a_heat treatln erature i s changed in produ0|ng
through a 30-mesh screen, nc o ide varistor having good

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 the air, and then fine g;ound by means of the
ball mill-with the monomalon pot using stabilizing zirconia
balis. Consequently, a synthetic power (whose particles pass
thrdugh the 325-mesh screen) was obtained. The synthetic powder
which is prepared from biemuth 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



ceramics in the same manner as in Exanple 1. First of all, titanium oxide
fine powder, bismuth oxide powder and anti nony oxide fine powder were m xed
at a weight ratio of 81 : 9 : 10. The m xed powder was treated for 5 hrs.

at a tenperature of 500[err] Further, bismuth oxide fine particles and
chrom um oxi de fine powder were m xedg The mxed powder was treated for 5
hrs. at a tenperature of 550[err]. These were bl ended at a weight ratio of

73 97.5 ox?id%{b8§og oxil.sdsp’sﬁ%,h%tic péw%gp Ocobalid: Qxi@é- Bowadr: Gendiy O

15.0, 82.5: , -and 80.70 20. 0 and fine ground so that five Kkinds of

bi smut h hika | S C um oxi de
synt hetrcﬁglq'q 16k %%ge&g*adﬂﬁfqggngggsﬁéiroug 3 té"gﬁ"géhggér%%%g are

obt ai ned. aw'fde&hqwnsg; BASALITGL (RURCL ALY, | end NRARE SOELOR i de harder
to perfornr Then, zi nc oxi e po th oxide/titani um oxi ant i nmony

d
0xi de SYMislied § ewger%i%nsram ol Qeéchr%ae% O de Synbbgt | o ppuder,

ganese oxi de po r were bl'ended at a viei ght

ratio of de AaRgind: A% ‘alyfl: candslhied qrebgraiad by the vet method

The groun m xe umnumnitrate solution

V\’hl ch COP&%%S/ant?gég pgx{de chr In&tﬁn 8Iciéeybn2>{']<ynmoox)&|d%e s&%ih&@f’c pg%vséerby

wei ght o err CONVErsi
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 bsdy 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 sistered
.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 prodused.

The electric Characte;istics of the zinc oxide varistor thus
obtained are eva;uated. As initial elestric characteristics,

1mA/mm (a voltage / lmm thickness between terminals obtained

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

(a value obtained by V1mA and V )} were measured.

0.1mA% 1ma 0.1ma’

The reliability for DC loading was evaluated. DC 1oad1ng of 0.2W
was applied for 500 hrs. in the high-temperature atmosphere of

80°C and the rate of change A vlmA / Vv in a varistor threshold

1mA



Simlarly to Exanple 1, the zinc oxide ceramcs were conpressed and nol ded
into a disk. The tenperature of the nolded body was raised at a speed of
50[err] /hr. Then, the nol ded body was held for 12 hrs. at a tenperature of
950[err]. . Then, the tenperature of the nolded body was | owered at a speed
of 50[err] /hr so that a sintered body7%as obt ai ned. The sintered body had
a thickness of 1.2mm and a di aneter of 14nm In the sane manner as in

Exanpl e 1, the zinc oxi | st duced. The el ectri
A hot et Sinand 9P nEots. tfo VAMDEL BF DR HHI el SuBEBYE Mt el

characteris 568 ofmah as’
24 shows’ THETRIZUTE SPMEABLEVAT B GR=3F FRE STBRTE cndr ReCrief Ber  ©
[orr] SyrfhBrE f T1EREpUPE SPTies tuttgieogna the rate 'oF Changgl | (Do
W e/ Vi SPRCRREH 0T tEaRheRAvPTiRTe Vi, (tBE Rete or ST
change in surge) was determined. Table 25 shows the composition
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 Bi,0,-Ti0,-Sb,0, 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



particles barticles (part by (part by w) (*) w) (**) 341

100. 0 3.9 (97.5) 0.1 (2.5 0.50 0.50. 0.0013 342 100. 0
3.8 (95.0) 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 (90.0)
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  8fo.0 3.4 (85.5) 0.6 (15.0)
0.50 0.50 .. 0.0013. 34 100. 0 3.3 (82. 5) 7 (17.5),., 0. 50
0.50 0.0d1% 34 fo¢ %o 0 3.3%80.0) °(389 ‘2414 0. 50

0. 0013 75 (*) Heat treatnent of a nrxture [err] [err] . [err] = 88: 9
3 (weight ratio) (**) Heat treatment of a mixture [err] : [err] = 93 .

(wei ght ratrg) TABLE 24 Sa
of change :
[err] (9 [err] 341 13[§rr]
[err] +1 ' . -2 [err] -1 37288

-3 [err] O -4 [err] O

TABLE 26

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

No. ' V) in DC loading  in surge
AV A/Va(®) AV V(%)

401 5~10 " 9~15 -18 ~ -10 -40 ~ -30
402 . 18~22. 16~25 -4~ -1 -3~ 0

403 19~23 30~34 e ~ 41 -2 ~ 0

404 19~23 30~35 0~ +2 -3~ 0

405 20~25 32~35 11 -3 ~ +1

406 21~25 31~35 -1 ~ +1 -3 ~ +1

407 20~24 30~3¢ -2~ 0 -2~ 41

408 21~25 32434 -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 AV, in the threshold voltage VlmA was. 5%

ma 7 Vima

7

nEat Exfgsment of 51,0, € blo, [-e#z]% foliofly - B3ds curge
26k ér 358°5¢ ‘W‘lé‘gtteﬁa]"}@’ *



343 22[err] 26 20[err] 24 : -2 [err] +2 -3

[err]0 344 _ 30[err]38 .. 25[err] 35 -3 [err] O-
-2 [err] -+1 345 80[err]95 30[err] 45 -4 [err] -1
-3 [err] O 346 95[-err] 115 40[ err] 55 -3 [err] -1
-4 [err] 0 347 130[ err] 145 8145[err]52 -2[err]+2
-2 |err] 0O 348 _ 180[ err] 205 48[ err] 62 -2 [err] +1
-3-0 [ f. B | ti tsan] 00Xl ntJ oxi de
synthetygﬁg%%%%fﬁ%%fgp _B?géﬂy%hg§%§g7cﬁpgngggg%x%%gﬁ%%)%Fgggyeater t han 90
10, i. . 4 reater.th a zi oxj.de 76 vari.st a |l ow
- vol tagla g?ﬂ#ﬁ%liosttygic%g&fa ?%egé]té?gl%edo'f eé‘:cs% tt ﬁng?%f"eglﬁ tﬁéﬁidﬁ)?n gé‘l’%’% ant i nony

xi de sygthepi.c, ARG ok Cubl ST A AThE D IO 8B 1ol P55 ¢ han

87.5 : 1 I's greater a zinc oxl arrstor for a

hi gh volta n be obtained. |n any, case Lues are great, and, the
Abeol ut O PR Ao PR B8 rot A £ B e ke i o BT P ] 1

7o o R8O R ERLL R A 0T SR o

are obtaine? tflgroduce the ZnO ceram cs. Therefore, even if sintering is
per f or red®5t2H YW t enperature of 750[err] , liquid phase reaction can be

controll ed nore effectively. nsequently, a ZnO vari stor
When the zinc gxigg vaéﬁstor'¥as produceé 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



-having ZnO particles which are uniformy grown can be produced. According
to the zinc oxide varistor produced by zinc oxide ceram cs of the present
i nvention, the synthetic powder having proper conpositions is used so that
ZnO part- cl es have the average particle size which is optionally sel ected
within the-w de range at a small partb | e size distribution. Mre -
specifically, it is possible to produ the zinc oxide varistor having

excel | ent, el Lc.ch teristic dreliabiJity . in high yield. The zinc
oxi de’ var“‘u°§‘t"§§%§‘ﬁ%‘g xgaqnéecrsaﬁncgﬁ éggotrlzﬁ n“?gli"te(fJ il egtﬁ?lgl"}’r\}é‘nf’ix&ﬁecan be
sintered dgrlogﬁggggﬁg%} re of gSO[errJ S0 that, .power _.consunpti on can be

r educed 5% a furnace natgﬁﬁglpow G0 MY W CXLREr PAYEE Ko | THATEEY ed.
Thus, b d. A di to. th b | e,
(he part Cage" BPeaSE R Hreh oRT a8 Pt o3 oL gHPERES S8 mch scr ben
Chrough o g0- Ra8e "Oflde PWAdRE ! LELRaEn “Selde BiaeSe! hit St Ghiges or | o) cs

through a 30-iiEsh Stiee ngefrn. N che o] f
can be obtalned.aég¥£ggyezx%%£ Bi squt h oxi de powder, titani um oxi de powder,

antinDnyggypaé' 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. Table

27 shows example compositions, and Table 28 shows the results of

evaluation of the electric characteristics.

TABLE 27

Sample ZnO 81203 '1‘102 Sb203 Cr203 8203 Co0 Mno2
No. {part {part (part (part (part (part (part (part
by by by by by - by by by

weight)weight)weight)weight)weight)weight)weight)weight)



(whose particles pass through 200-, 325- and 200-nesh screens
respectively), chrom um oxi de (whose particles pass through the 325-nesh
screen), and boron oxide (whose particles pass through the 200-mesh screen)
were bl ended at a weight ratio of 88 8.52: 1: 0.5 The blended powder
was heated at a tenperature of 500[err] for 1 hr. in the air, and then fine
ground by neans of-the ball mll wth83he nonomal on pot using stabilizing

2|rcon|a Ils. nsequent |y, synt het j ower (whos articles p

t hr ough f 3251(??@ scPeéR) vvag %@? ai rf;ec?onV@ éntﬁe&f% dv%g 2&‘?1 is

pr epar ed fron1b|snuth oxi de, titanium oxide, antlnDny OX|de chron1un1oxide
and bor oft1éxi de!9¢-¢al | dd 7[§| smuP ht bxi d? 194 anPuftf ox? o} antl- r?éﬁy :

oxi de/ chrom um oxi de/ boron oxi de synthetic pomder Zi nc_oxi de powd

(havi ng &A3aver X bart idcite si28'6¥ F% 1 H 95ni Enldh dkﬁaé/tptéﬁfum

oxi de/ anti nony oxi de/ chrom um 78 OX|de/boron oxi de synthetic powder,
cobalt oxi de powder (whose particles pass .through the 325-nesh screen),
manganese oxi de powder (whose particles pass through the 200-nmesh screen)
were bl ended at a weight ratio of 100 : 0.2 to 20.0 : 0.954 : 0.414 while
changi ng the amount of bisnmuth oxide/titani um oxi de/anti nony OX|de/chron|um
-oxi de/ boron oxi de synthetic powder. 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 reliabiliiy 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



The bl ended powder was m xed and ground for 12 to 18 hrs. with stabilizing
zirconia balls and the nonomal on pot so as to pass through the 325-nesh
screen. The powder was dried, conpressed and nolded into a disk. The
tenperature of a nolded body thus obtained is raised at a speed of
S0[err]/hr in the air, held for 2 hrs. ft a tenperature of 950[err] ‘and
cool ed at a tenperature of 50[err] /hr8 Consequently, a sintered body was

obt ai ned. T e 1§' nt It & ¢ eq,ag? Qad A foll lgﬁe’%sriofw hgrgn@nd d| %geter of 14

mm  As de88ri B2 abdve Zinc ox1de var P5PTENRER Ym

d d. T I h t th t h
Pt ned 1 Sgéa% LarSASMERLET ot et %ﬁé'wﬁﬁf-% dflev?'[se?f»]if;s-
voltage / _1lmm hIC ness .bet ween tern1 S ob urrent of 1mA
(P owe) - anBEaVROA iHind: S BLrELaR LTRRIAL "[r&f# bRE% aTS b 388t PPrcd by

d d. Th lit DC | gadi

CHIETXEH NGRS, R
hi gh-t enperature atnosphere of 80[err] and the rate of change [err] in a

vari stor PRI8EndfY: 79 voltage [err] (the rate.of change of DC | oadi ng)

was neasured. Further, the reliability for surge was eval uated. A pulse of -
8 x 20[err] seks %FEﬂBRaW§§taﬁﬁ??eHh? EPariFoPnRetHeer xRl gl 0aand

Comparative Example 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, reliability, 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 (whose particles pass tﬁrough
a 325—mesh screen), and antimony oxide pow&er_(whose particles
~pass through the 200-mesh screen) were blended,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 fine
particles (which pass through the 200-mesh screen) and chromium
oxide fine powder (whose particles pass through the 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



[err] in the varistor threshold voltage [err] (the rate of change in surge)

was determ ned. Table 25 shows the conposition of sanples, and Table 26
shows the result of the evaluation of the electric characteristics. The

val ues indicative of the results of the evaluation of the electric

- characteristics are maxi num and m ni ng.g_,m values in the lot. TABLE 25 Sanpl e
.ZnO [err]

[err] No. (part by
[err] b nt heti.c_powder (*)
wei ght) Partl"l‘?ﬁe. %‘58?59% ?ﬂ E@é%fg ) ‘tﬁ%‘y iea"2b"% 0.2
8 3?4 40gelg ﬁ%éxg%? : 7. Theqy-fhe blended mafﬁﬁﬁﬁg was tre@t%§4 404
100.0 . . 414 405 100.0
2.0 at a temgggﬁ§yre of 606C4lgpquk9 mins 166.bhe air. These t%r%p
0. 954 0.414 407 ~100.0 10.0 0. 954
0. 414 408roductﬂd@ar@ nixed at a ratign (?f 3.0+ 0.3 009?5,4 and fineo 414 80
409 - 100. 0.414 (*) Heat

treat rrenﬁre\“n‘?e‘?lf]"—he wet ’“ef-B?‘P]f”[]ear mrs- Péfr F‘fanf fF ]2 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), Bi 03/T102/Sb203/Cr203/B synthetic powder, cobalt oxide

203
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 welght of zinc oxide. Then,
a material thus obtained was compressed and moldedlinto a disk.
The temperature of the 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 .



= 88 8.5 2 : L 0. 5 (wei ght ratio) TABLE 26 Sanple

[err] [err] Rate of change Rat e of change’ No. (V)

in DC | oadi ng in surge [err] (9 [err] 401 5[err]10
9lerr] 15 -18 [err] -10 -40 [err] -30 402 18[err] 22 .
16[err] 25 -4 [err] -1 86 -3 [err] 0 403 ‘ 19[err] 23
30[err] 34 O f[err] +1. -2 [err] 0 404 19[err] 23
30[ err] 3%hen, the Qenyratutres of the molded pely]wlrdOowered at28| €5ddS
32[err]35 -1 [err] 1 -3-[err] +1 406 - 21[err]25
3l[err] 3mf 150°C /hd derthjat+tespective sintdrparbddids 4bke obtaingdd[err] 24
30[err] 34 -2 [err] O -2[err] +1 408 21[err] 25 -

32[ err] 34ach sintered @iddy Bad a thickness Jf[ 8L Rhm+@ndtQO diameter of
- As is apparent from Tables 25 and 26, the zinc oxide varistor usihg the
zi nc oxi demeer am cs according to the present exanple had a | ow threshold
vol tage and the absolute value of the rate of change [err] [/ [err] in
the threshol dinolieigaanee mahneWoss FPoamp1?l 10, tRESzIMY dxQ@e- LaPEs{¥r | 0adi ng
and surge so that great reliability could be obtained, except for sanple
No. 401 hawisngréavcdmr t cdmé web gt 1 OfcHad chies 1Yt b %d flald tzanbuahae
oXi de/ anti nony

varistor are evaluated similarly to Example 10 Table 29 shows

sample compositions, and Table 30 shows the results of evaluation

of the electric characteristics.

*  TABLE 29
.Sample Sintering 2ZnoO Bi O3 TiO2 Sb O Co0 Mno2 A1203
No. temper- Cr203 B203
ature Synthetic fine
(C) (part particles part (part (part
by (part by weight) by by by
wt 31203 31203 31203 wt) wt) wt)
—T:I.O2 -Cr203 —3203
=5b,0, |
(*) (*t) (***)
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



oxi de/ chrom um oxi de/ boron oxi de synthetic powder. As shown in Table 26,
the electric characteristics wwthin lots had small variation. Wen the zinc
oxi de varistor was produced fromthe ceram cs of the present exanple, the
variation in electric characteristic between |ots was snall simlar to the
variation in electric characteristic within lots, which is not show in
Tabl e 26. According to an exanpl e usi 8 conventi onal conpositions which has
a standarghq ange obo 7 % pfo V 3.0and gsznot ty.eated. Py heafo aopheesgss
capability index was changed from1.0 to 1.333.. As a result, while the
yiel d of 4w exangpbe usi nghgonyegti ongl; conp@sisti ogSgghighig S §oholgeat ed
by heat is 90 % the yield is 95 % according to the present exanple. Wen

the amoungo@f [enpbosynthgjg c pogder §ozbe agdad eycggdegl 20 pParbs1hy
wei ght, sanples stuck together so that neasurenent coul d not be perfor med

(sanpl e NgyA09) . 1Aggordi ngdyy, i3t ol S pgeierreq shat ol B agment @fobhs
"synthetic powder to be added is 0.5 to 20 parts by weight to 100 parts by

ei ght of 5ZnO powdep. ( Coppr abiye Exgnpl e 4) Threg khnds @f zpngopxi de

varistors using a sintered body mhlch has the ‘Same conposition as in
Exanple 1 are produced by 82

(*) Heat treatment of a ﬁigture Bi,05 : Ti0, : Sb,0,

=81 : 9 : 10 {(weight ratio)
{**) Heat tfeatmgnt of -a mixture B1203.:_Cr203

= 76 : 24 (weight ratio)
(***) Heat treatment of a mixture Bi,O, :'3203
= 93.: 7 (weight ratio)

TABLE 30

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

No. V) | N in DC loading  in surge

| AVima/Vima(® A Vina/Vipa(®)
501 450~700 10~ 40 -40 ~ -30 - -45 ~ -10
502 410~430 70~75 -4~ -2 -4~ 41
503 .3207350 60~ 65 _3 - -1 4~ 0
504 220~230 55~ 60 -3 ~ -1 . 23~ 0

505 205~220 55~60 : -2~ 0 . -3 ~ +1



conventional ceramcs in which the m xed powder of bisnuth oxi de powder,
ti'tani-.um oxi de powder, antinony oxi de powder, chrom um oxi de powder and
boron oxi de powder is not synthesized. Zinc oxide powder, bisnmuth oxide
powder, titanium oxi de powder, antinony oxide powder, chrom um oxi de
powder, boron oxide powder, cobalt oxide powder and nmanganese oxi de powder
were bl ended at a weight ratio of 10088.88 : 0.085 : 0.02 : 0.01 0.005 :
0.954 : O0.4g¢4 (sanpheoNoadgll), sk0@g: 1.76 -3Q.3H7 : 0.04 0.0 ~ @.010

0.954 : 0.414 (sanple No.412), and 100 : 4.4 0.425 : 0.1 0.05 : 0.025 :
0.954 : 0.4dA (sanphesNe;413). 54TBe bl endeds powder was m xed andiground by
the wet nethod for ‘18 hrs. by neans of a nonomal on pot with stabilizing
zirconia bedd s. I n yleg.sppe Mmanrreksgas i n Exanplg 10, a sinteyed,jody having
a thickness of 1.2 mmand a dianeter of 14 mm was obtai ned so that the zinc
oxi de varistor was produced. Then, the ‘electric characteristics of the zinc
oxi de varistor are evaluated. Table 27 shows exanpl e conpositions, and '

Tabl e 28 showgd he rreéwttéf %r&\é@iuat hPNa oierﬁa&a%%et 6f07@d18¢roaqt1%r§t ics.

TABLE 27 Sanple 2ZnO lerr] [err] [err]. [err] [Jerr] CoO [err]
BS' (p@ﬁfch i@pgﬁhwn(9§r$abﬁa%a5b a£8356 Kﬂﬁa an(Bﬁi&e &5¥¥g£oqy by

WEIght)wBbggﬁQégﬁ QQ%%“@thééﬂﬁﬂﬁ%QtL@@bgéiﬁawidJQ%LWS&eééﬁt invention had

a high threshold vo}tage 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



83 411 100.0 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 Sanpl e [err] .
[err] . Rat e of change Rat e of change No. :

in DC | oading in surge e[rr] 411 g4 6[err] 18 8lerr]14

-21 [err] -15 -50 [err] -35 412 10[err] 21 12[err] 18
-18 [err]compbsitions whidld isehbl t28a¥d® by heat 12[€0r4d,2Qhe yielalPferr] 20
-21 [err] -14 -25 [err] -14 According to the zinc oxide varistor

produced farcR@eactamns s aceording 6 the dreisehtaihvéstidiawn in Tabl es 27
and 28, [err] was considerably decreased after DC | oadi ng of 0.2W and the

absol ute Malapief 18he rate of change in DC | oading was 10% or nore. The -
absol ute value of  the rate of change in surge.is 10% or nore so that

reliability Wa3smdEhYoRRR podetNPWhosd PethliR128, phbe dtddudhi an2ubt hin the
| ots was great. The variation in electric characteristic between |ots of

the zinc udniecaesy di O dhl uHOBREEA! pYwad AmmRbe e 4p¥RS: N pakgat Rfoldtan the
variation in electric characteristic in lots, which is

a 325-mesh screen), 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.662), 4.5 : 0.1 : 0.4
(sample No.603), 4.4 : 0.4 : 0.2 (sample No.§04), 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), énd

mixed and fine ground by the wet method for 18 hrs. by means of



84 not shown in Table 28. A lot of varistors had [err] and a val ues whi.ch
are smaller than values shown in Table 28. It is proved that a sintering
tenperature of 950[err] is too low to produce the zinc oxide varistor in
the nethod according to the prior art. As is apparent fromthe conparison
bet ween Exanpl e 10 and Conparative Ex |l e 4, the zinc oxide varistor using
a |l ow tenperature sintered body according to the present exanple is

superior $0. the mhN6n Oxd 06, MY isthBk 1 8£E£08 A iNGon@at BE1PE] OlasaRt reBuldj ti al
el ectric characteristics, reliability, and the variation in electric

char act erdpld 618,980 BerdEN hobs) LR(ORLR: bbhaBLsMUibRX pde Lpever

(whose partd & es pass2tHrogl a22 mesh screen), titani um oxi de powder

(whose particl@soRaRsthlr ftlhedn320:8Bs) SFdeQRkinabds aiddwRy oXi de powder
(whose pgéétélsgltesopgsstt roughet he 260- rrgsh scr eensl were bl ended at a wei ght

ratio of Blysemhin 881adfes fladed.RAVASE: Hithyl GRakeY AL dimer ature of

800[ err] m ns. the air. Further, bi'smuth oxide fine particles

(whi ch Pags dRAR b 2ORTES NI EhGER) oIk HUBRT U8 @ Ad ne powder

(whose particl’es pass through th -mesh screen) were bl ended at a wei ght
rati o of 8 4 The bl ended material was treated at a tenperature of
600[ err] Tor mns. inthe air. In addition, bismuth oxide fine particles

(which pass thy,Quol, 18 Z0%dPIRa9hee0N AR 9a-exXLEe diRe J2oydsy (whose
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 100°C /hr 86 that a sintered body

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



85 particles pass-through the 200-nesh screen) were m xed at a weight ratio
of 93 © 7. Then, the blended material was treated at a tenperature of
600[err] for 10 mins. in the air. These three products were nixed at a
ratio of-3.0: 0.3 : 0.3, and fine ground by the wet nethod for 18 hrs. by
means of a nonomal on pot with stabilizing zirconia balls. Consequently,
[err] synthetic powder (whose particl ekl pass through the 200-nmesh screen)
‘that condiisineteflr pEbiswmut h oxi de/titani um oxi de/ antinony oxide) + (bisnmuth
oxi de/ chrom um oxi de) + (bisnmuth oxide/boron oxide)] was obtained. Zinc

oxi de powder (havhagsae avainRkge apatkhmpee Size tak Q13Eeskladharkstsl

synt heti c.powder, cobalt oxide powder (mhose particles pass through the
325- nesh waer pebiuasd. NENEARASR t X Ed8h PENEES ricWieECopal hd Céﬁx% B§§§et hr ough

t he 200-nesh screen) were bl ended at a weight ratio of 100 : 0. 80
0.40, m xadigndrgassnévdnlatkd Bisi1by1} Mo WelanpeENSE. bwm@%loéh&%

mononmal on pot with stabilizing zirconia balls. The powder thus obtai ned was

dried andafipiedcBinbds B cHMaRdMrAbis 3£ 4l kAE whieh LY @j,as 0. 0013
part by weight of alum num oxide by Al 0 conversion for 100 parts by wei ght

of zinc @¢adQatIBRNof 2hd electric characteristics.

TABLE 31 -
Sample 2n0 . 31203 TJ.O2 Sb203 . Co0 MnO2 A1203
No. ~Cx")03-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 _B203
—Sb203
(*) {**) (***)
601 100 4.5 l0{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 0.0020

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



- a material thus obtained was corrpressed and nolded into a disk. The
temperature of the nol ded body was rai sed at a speed of 50[err] /hr. Then,
t he nol ded body was held for 15 hrs. at tenperatures of 700[err] ,

720[err]-, 800[err] , 900[err] , 1000[err] , 1050[err] 1100[err] , and

115Q[ err] 86 Then, the tenperatureg of the nolded body were |owered at a
speed of 150[err] /hr so that respective sintered bodies were obtained.
Each sinte7ed bodgohad a thixkness.ef 1.2nmmiand a dpasgt erg @l 14mpp24n the
same manner as Exanple 10, the zinc oxide varistor was produced. The

el ectric engaract @odstics of.3t he zpngsoxi de \ari storgase evalsgat gdogegni 1 arly
to Exanple 10. Table 29 shows sanpl e conpositions, and Table 30 shows the
results of evaluation of the electric characteristics. TABLE 29 Sanpl e

Sintering ZnO [err] CoO Jerr] [err] No. t enper -

-[err] aturq Heat treatmentSWH Behifthides{]errlkio, (Palo, particles
part (part (part (part by weight) 2o)}"wt [err]
[err]  [err] wt) wt) w) [err] =L@irl o . 1d hlelight 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 23~26 . 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



[err] (%) (**)  (***) 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 - 87 504 900 100 3.0 0.3 0.3 0.80 0.40

0. 0Q13 505 1000 100 3.0 4.3 0.3 0.80 0.40 0. 0013
506 1050 100 3.0 0.3 0.3 0.80 0.40 0. 0013 507
1100 10@s i8. Opparéht3 from Tabl8s 3D.d8Hd 3Q2.,40ocr OhdFihHB&ide 1150
100 3.0 0.3 0.3 0.80.0.40 0.0013 (*) Heat treatnent of a.

m xt ure BraXi3torTu&Png 2@ ramBés: a&érdﬂdw Rt poésent (Examphieat
treatment of a mxture J[err] : [err] 76 : 24 (weight ratio) (***) Heat

t r eat mentwhzfn ahei xixieg [Livilo oEer(blsmuuQ?oxiﬁe(/\t\&It_ehluxﬁ adstiQe /BABLERCRP Sanpl e
[err] [err]1lmA Rate of change Rat e of change No. (V)

in DC | oashidg), (bbssullgei@e/bhromium oxideQl BhaS@Bismuth o0x43a@)/86Ed: 00

10[ err]40 -40 [err] -30 -45 [err] -10
oxide) of bismuth oxide/titanium oxide/antimony oxide/chromium
oxide/boron oxide synthetic powder is changed, a threshold
voltage can be changed greatly. More specifically, zinc oxide
varistors for low and high voltages can be obtained. 1In any
case, the @ value was great and the absolute value of the rate
of change A VlmA/VlmA in the threshold voltage vlmA is 5 % or

less for long-time DC loading and surge.



502 —410ferr}430———70[err] 75 -4 [err] -2 | -4

[err] +1 50 350 60[ err] 65 p—. -3 [err] -1

-4 [err]: O r] 230 55[err]wa,33HEETHSlJJ S

-3 [err} O r] 220 55[err] 50 REBLAC -1 0 .

-3 [err] +1 88 506 200[ err g0 e+ -3flerr] O
-3 [err] 0 507 195[ err] 215 54[err]59 -3 [err] -1

-2 [err]waplr 3@8cLAIMED X} err] 210 55[err]59 -2 [err] -1

-3[err]+1 As a result of sintering at a tenperature of 720 to 1150[err]
whi ch i s shown i pidabdeisie?Lerafidsd, pitduddd®GyOxideny ag i Btter 2pr pduced from
the ceram cs according to the present invention had a high threshold

vol tage mnarelilzht absoh Wynthalye pbwade vwialeh Qfs phapgeed [18f Meat/ [err] in
"the threshold voltage [err] was 5%or |less for long-tinme DC | oading and

surge saddadlingxachited povldeaboli by Teddd HiemakhabRede, AStahewh bridabl e -
30, the variation in electric characteristics within Iots was small. The

zinc oxififa watiisbRy Sbid neddby.$i bé o i Pt sabyerpegd We aef 14450 err]
al so has excel | ent” characteristics, but is not preferred because an el enent

body i's siaf UETRELEYE | Sl BhAr hRAgRe s MRS $hi Eh0tSARINE, Ga1ghat the
yield is. | owered. Wen the zinc oxide vari stor was manufactured from the
ceram Co0fz1hbi Sx 4@ & nlall® ¥8Rb&k&MN. in electric
" 2. The zinc 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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characteristic between lots was small sinilar to the variation in electric
characteristics wiwthin lots, which is not shown in Table 30. According to a

sanpl e usi ng conventional conpositions which has a 1 “I % of
[err] and is not treated by heat, a process capabiﬁ“‘“ﬂm m‘mﬂ anged
from1.0 to 1.33. As a result, while the yield of the exarpl & using

conventi onal 89 conpositions which9bs not treated by heat is 90 % the

yi el d i s thRCh8a8R it iHIT sYnACTOaEH Nthd @1t Borpeesend dnavebirbAntr{dxagyml e 12)
Bi smut h -oxi de powder (whose particles pass through a 200- nesh screen),

titani um oxi dg. poyierz i Q%8 apass &S PRESrENAUEH ALadabipeshese©en), and
anti nony oxi de fine powder (whose particles pass through the 200-nesh
screen) wekesbhensded: Howaeweiighhadéd it of pdder matdihallhavibhgngate powder
was heated at a tenperature of 550[err] for 5 hrs. in the air. Further,

bi smuth Qxijde hiNendafdsinC lcBmpbibh € NS ilhr evgbaike RA@oseshosgreen) and
chrom um oxi de fine powder (whose particles pass through the 200- nesh

screen) uwene BlLepdeth@lom aehdfthifidh | nfoneBt £8P 100 BaRepgedergier i al

was treated at a tenperature of 500[err] for 1 hr. in the air. In addition,

bi smut h 'q?ngi5§a&gugy Gheg (WhLed - Pass through the 200-nmesh screen) and
boron oxi de fine powder 273 7

9. The zinc oxide ceramics according to claim 1, wherein a

synthetic powder prepared by heat treating a mixture of bismuth
oxide and boroﬂ oxiée 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 prepargd
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-




(whose particl es—pass—through the 200-nmesh screen) were bl ended at a wei ght
ratio of 90 : 10._ Then the bl ended nateri al s.lreated at- a tenperature
of 450[err] forcﬂwnm jl IUH |Iu These t hr ¢q1%8 SREET SABBEENO} ended at "a
ratio ok 4.5 : O.FFEC O My No. 601), 445 : (RE:WACEQ- 25 (panpl e
No.602), 4.5 : 0.1 : 0.4 (sanple No.6§g), 4™ e | e No. 604),
4.4 . 0.3 0.3 (sanple No.605), 4.4 : 0.2 : 0.4 (sanple No.606), 4.3 :
0.55 0. lordsamy @an804rindily 4 hixt@réSof Biskmut(s axplbe, Noi6dH)um and m xed
and fine ground by the wet nethod for 18 hrs. by neans of 90 the

nmononal ofx e, akitlimonlyabkldd) NthromiGANbR18&ldrid bdTon bRSE: [ ,arf@nrl synt hetic
powders (whose particles pass through the 200-nesh screen) that include 8
ki nds of 5[ hisrnst Byowkdeht i dAnituMeaxtd8hanss BybA1eX bilede taddirtiighhese

oxi de/ chrom um oxi de) + (bisnmuth oxide/boron oxide)] are obtained. Zinc
oxi de poykifde (tRAMiD0TpaPt AVISY 388 Al birCkensi a1 powdberr] m, [err]

synt heti c powder which includes (bisnmuth oxide/titanium oxide/antinony

oxi de synt hetix, pewder)nd &:PidNdchanXtdeieds RNy eXLlg1 sy hehibgepaWder) +
(bi smut h oxi de/ boron oxi de), cobalt oxi de powder (whose particles pass

through {he 3%%a3esPasti&fd)s1 AN MRt dPoRavEe]s (MBS0 104

m.
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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particles pa ou h the 200- mesh screen) were bl ended at a wei glht ratio
of 100 : \‘XEd and ground for 18 hrs. by the wet nethod

by neans of t wmmm th st abi | ETG94 | s. The powder
t hus obtai nedq 3] my ed with an Zﬁwt%%ﬂ ?E sol ution which
contai ns O. 0020 pért‘by"v\e% ght of al ugignu onver si on.

Then, a material thus obtained was conpressed and nol ded into a disk. The
t enper at ure afourite ofohdenr&wiyn Wasipoaesedtatbe sjgead 1ef 01064 era Jo./500. in
the air. Then, the nolded body was held for 1 hr. at a tenperature of
1000[err]>artle§erv&a‘.fgh&r fokheo o epasabyr @edght hef nmindedxhadybyvacs Joower ed at a
speed of 100[err] /hr so that a sintered body was obtained. Th I ntered
body hadcentéigidciess of 1.2mm and a 91 dianeter of 14mm In the sane
manner as Exanpl e 10, the zinc oxide varistor was produced. The electric
characteri stize. offhleh@intNéx D¥d dRradicst aEcAr@imy alouall@imsSin) lwvidne iho
Exanpl e 10. Table 31 shows sanpl e conpositions, and Table 32 shows the
resul ts ehetaifoitalofabi Poréh dditbodlent! tbChe d@s Qisi 91003 td ABlID031 Sanpl e
Zn0O [err] CoO Jerr] [err] No. [err]
part by weight for 100 parts by weight of zinc oxide by 3203

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.
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Synthetic fine (part particles (part- (part (part

(OF e e ey T ﬁﬁiﬂirmmuuﬂlﬂugoo“? “s

0. 40 ~ 0.10 0. 50 0.50 O. 0020 602 0.25
0. 25, 0. 50 0.50 0.0020 603 100 0.10 0. 40.
0.50 0.50 0.0020 604 100 98 4 0. 40 0. 20 0. 50
0.50 0.0020 685 The W¥thoa accoﬂdﬂng to dal® 23, wReB®in the QtéQ of 0. 50
0. 0020 606 100 4.4 . 0.20 0. 40 0. 50 0.50 0.0020

92 607, prngQing syntﬁ%éﬁc powdgr5ébmprisé% ¥5ste8 of Oadfing Bo29c QCQQZO 608
100 50 0.0020 (*) Heat

treat ments Qfy @o@lét%ﬁi [aEHJ ]IJ:Lsmu{ﬁrcSiide [}:Fe"i"n]g b18hded gintolc.t\i‘m\@e' ght ratio)

(**) Heat treatnent of a m xture [err] [err] = 50 (wei ght
ratio) (“papribedt hhealdmnt Lhiaam xture [err] ; [err] = 90 10 (weight
rati o)

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




TABLE 32 Sanple  Jerrf———— J[err] Rat e of changé Rat e of

[err]

C_| oadi-pg————i-h—S4 '
?Zang_ell\zoz | ”mm II MEWNHIII 15[err]ngH!S SHEET 1HASs BEEN rge-ge”]ﬂ

*23tery 18[err] 23 REPBAGHD ] O
-4 [err] 0 603 24- 28 21[ 8Pr] 24 =2 ferTi 2
-3 [err] Q 604 ?aglerr 25[err] 35 -3 [err] O
-2 [err]b;fngeg powder ofgbdsmuth oxidmy- Adtanium oxigfq,e@ntimdny oxide -3
- 0 606 101J err] 110 42[ err] 50 -2 [err] +2 -4
- 0 607 and chiyopiummxide. 45.53 -2 - -1 -2 - 0 608
180- 200 50- 62 -2 [err] -1 -3 [err] O 93 As is

appar ent fron?%abl®e Iethpd 8ocording e riladmox3? devhexeist bhe usiew dthe
ceram cs according to the present exanple, when the mxing ratio of

(bi smut h PERPREIRY tSHItinetd i Beydex IQﬁﬂP}'i@@ISdé)—ePfé I 5 raftdid ngx cledrchmoni um
oxi de) andhébl snmut h oxi de/ boron oxi de) of bisnmuth oxide/titanium

oxi de/ anPg¥

changed,

Ay hpatdd/relatdnouandxd digidimgon bkevded ynuvdetri of poiwiartt s
a threshol d-vol tage can be changed greatly. Mre specifically,

zi nc oxi @&ider ithtemiuopxides amdl dritgmonyl pagés, il heasbt aésethg landany

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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case, the a val'ue was great—and-the absolute value of the rate of change

[err] [err] ﬂn ’ l.tage [err] is 5 %or less for long-time DC
| oadi ng and sur(b m, &mﬁ% CLAIMED |'S: I o N eF ﬁ:h'mefswhi his

producedv by addi Ag ts by wei ght a Sﬁ
prepared by heat treating a m xed powder of at HT h de
titani um oxi de and antinony oxide, is ¥®ated in advance at a tenperature

of 450[err] tp.8Madiflgl kadBdsPnihd O gdwvlakt 8oby YsIHY mat elal 8asicone of
cobalt oxi de and manganese oxide, to 100 parts by weight of zinc oxide as a

MRi N CONRORAEAns % inH@xAHACA 8%k 06y LAY %ﬁénéﬁf}%ﬁ’d i tl%agltabﬁ% Log | V"her ein
boron oxide is further added to the m xed powder . he zinc oxid

ceram cscagsof hiiGid Angl AbAydne I &S:8id2 QRN Q”&Q&%ﬁ'c&ﬁ- o%em‘.'r eéﬂe%%@%ﬂ to
al

the m xed powder. 4. The zinc oxide ceram cs accor gto c erein
t he annuaheo$1éhdads@uhaegonpg@ent to be added is 0.3 to 10.0 parts by
wei ght for 100 parts by melght of zinc oxide by Bi 203 conversion. 5. The

zi nc oxide Ceééﬂﬂﬂg%fagﬁgﬁglQgh{é&f%;@lW]l wherein the anount of a titanium
conponent to be added is

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
sxnthetic 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
composition which contains bismuth oxide and boron oxide is heat

treated and ground to prepare a third synthetic powder, and
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parts by weight for 100 parts-by weight of zinc oxide by [err] conversion.
he zinc oxide ceranics according to claim1,~w n_the anount of an

6.
antlm)ny co U mﬂ dis 0.02to 2.5 p 100 parts
by wei ght om“m “I{ uﬂ rr] conversion. 7. ’

bram cs
according to cIa|n12 mhereln 95 th oron o

e of
boric acid and boron trioxide. 8 The Zinc oxide ceranmncs accordlng to

claim 1, dmelaf%gttb@ éyﬂ&e;ynfeheewggow&ﬁdqef@ h@x8a P elaqlmt €61 ghe havi ng

zinc oxide as the main conponent and which contains 0.00062 to 0.372 part

by wei ght o%eanméwm@yreocqmnené b QndQD oabs BY 3@ @ileq0! zi nc oxide by

Al 203 conversion. 9. The zinc oxide ceram cs according to claiml1l, wherein

a synthetic pgwerTﬂé %Pé%rrf‘o% QY% cBERE nd MEAd NG v 351 Xhb & Ofufhggut h oxide and

boron oxide is added to a synthetic powder prepare by heat treating a

m xed POup:Qked! hEaN eI UBALRKI 6i0ddd AR B0 mﬂepmdbgnsyn G de.

The zI nc oxl de ceram cs accor Ing to claiml erern etic

po""der pra%P% gﬂim(mh@érﬁrﬁix{e%t '¢89 i?‘oé“%ér}e{;sgrb dekéﬂyt& RIHLE oFDe Y OM UM

oxide is ad et1 ¢ powder

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.

_—
This Sheet Has Been R,

N



by heat treating a m xed powder of at |east bisnuth oxide, titanium oxide
and antinony oxide. 11. The zinc oxide ceram cs according to claiml1,
wherein a synthetic powler prepared by heat treating a m xture of bismuth
oxi de and.-chrom um oxi de and a synthetic powder prepared by heat- treating
t he m«ture of bisnuth oxi de and boron | de are added to a synthetic
powdér prepared by heat treating a nixé@ﬁbomder of at least titanium oxide
and antinony oxi-de. 12. Zinc oxide ceram cs produced by adding 0.5 to 20.0

parts by weigle oX1ok LHNAMICSC ARDVIRTHOD ﬁbxi prODBENEITHE SgAk- 96

treating and grinding a mxture of bisnmuth oxide, titanium oxide, antinony
oxi de, chrom um oxi de and boron oxide, is treated in advance at a
tenperature of 450[err] to 850h§rr and 0.1 to 5.0 parts by weight of at

| east one ABSTBAGT 1 OB Hfe PISGLREWRENese oxide to 100 parts by wei ght of

zi nc oxide powder. 13. The zinc oxide ceram cs according to claim 12,
wherein the avefipe Palde Gegawice A thdedPREhEPT cPFRMEINT 4he. BIMe Are
10[err] m 14. The zinc oxide ceram cs according to claim12, wherein the
manganese ®fPYéded whereldspzipfeodtidanaristiorF 4R8 1@y rand 19ghTNRLIYAGRS oxi de

ceram cs according to claim 12, wherein
having excellent electric characteristics and high reliability

upon DC loading and surge can be obtained in high yield by low-
temperature sintering. 0.2 to 20 parts by weight of a mixed
powder of bismuth oxide, titanium oxide and antimony oxide is
treated in advance at a temperature of 850C or less. The
synthetic powder thus ﬁbtained is added to 100 parts by weight of
‘Zn0 material powder to produce ceramics. By using the ceramics
for a zinc oxide varistor, a zinc oxide varistor for a low or
high voltage can be produced in high.yield, which can be sintered
at a low temperature and is excellent in electric characteristics
and reliability upon DC loading and surge, Aluminum is sprayed
on both sides of é sintered body (11) so that an aluminum layer
is fo;med. Copper is sprayed on the aluminum layer so that an
electrode (12) is formed. A lead wire (13) is bonded to the
electrode (12). Then, pbrtions of the molded bodies other thah
the lead wire (13) are coated and insulated so that the zinc

oxide varistor can be obtained.

FIGURE 1



the cobalt oxide is at |east one of CoO and [err]. 16. The zinc oxide
ceranics according to claim 12, wherein the amount of a bisnuth conponent
to be added is 0.3 to 18.0 parts by weight for 100 parts by weight of zinc
oxi de by~[err] conversion. 17. The zinc oxide ceranics according to claim
12, wherein the amount of a titanium conmponent to be added is 0.03 to 2.00
part$ by weight for 100 parts by weight ,of. zinc oxide by [err] conversion.
18. -The zi nc oxide ceram cs accordi ng t&/&lain112, wherein the anount of an
anti nony conmponent to be added is.0.005 to 1.000 part by weight for 100
parts by weight of zinc oxide by Sb203 conversion. 19. The zinc oxide
ceram cs according to claim 12, wherein 97 the anount of a chrom um
conponent to be added is 0.005 to 0.500 part by weight for 100 parts by
wei ght of zinc oxide by Cr203 conversion. 20. The zinc oxide ceramcs
according to claim 12, wherein the anobunt of a boron conponent to be added
is 0.002 to 1.000 part by weight for 100 parts by wei ght of zinc oxide by
B203 conver si on.

FIlG. 1



21. The zinc oxide ceramcs according to claim 12, wherein the boron oxide
is at |east one of boron oxide and boric acid. 22. _:% TIC - oXige—eerayyi cs
according to cl aim-t2—whereim 0. 00062 to 0.37200 paft“ r‘%'lﬁ’gﬁf SOEERN

al um nurh conpone ' 0 parts by weight jjof. zi o)
conversion. 23. ;\Mﬁmjgﬂmﬁ“m cing zinc oxide c éﬁ?c?@oﬁ&ﬁjig@i
steps of: addi ng '0i cZ0npast s* by wei ght of a synthetic powder p
by heat treating a m xted powder of at |east bismuth oxide, titanium oxide
and antinony oxide is treated in advanc at a tenperature of 45[err] to

850[err] and 0.1 to 5.0 garts by wei ght of at |east one of cobalt oxide and
manganese oXHH® ¥H CIAGMBEY 1% by wei ght of zinc oxide, and perfornming

sintering. 24. The nethod according to claim ein,t S of
prepar i ng synt hetic Zdé’\ﬁdBf‘i‘E%rﬁﬁ‘??g?apE?% ce(ﬁf%i’{e\?qggi?%aq{'i;ngoaggnp&aer “powder
of bismuth oxide, titagniumoxide, anti.non i de and b oxi.de. 98 25.
The net hod X&¢cBELTHy 4 oacf"?i?ﬁ'ezts",c \ﬂ?gPSFn‘y}fﬁcé’ stseBroPa%%‘g% r?gﬁggsynt hetic
powder Co”prtifggﬁa,gﬁsafﬁ g%;ai'ﬁ(gv‘?'é}g o*%?%itc1@&&9;bi%?nhqhb%i&e,afdﬂaﬁ@dm bi,srgyt h

oxi de bei ng

and antimony oxide, is tmated in advence at a temperature of 450 C to 850°C,

and 0.1 to 5.0 parts by weilght of at least one of cobalt oxide and

manganese oxide, to 100 parts by weight of zinc oxide as a main
component .

2. Tﬁe zinc oxide ceramics-accbrding to élaim 1, wherein
_boron oxide is further added to the mixed powder.
3.. The zinc oxide ceramics according to claim 1; whgrein
chromium oxide is further added to the mixed powder.-
4. The zinc oxide ceramics ;ccording 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,O

273

conversion.

5. The zinc oxide ceramics according to claim 1, wherein
the amount of a titanium component to be added is 0;1 to 5.0
parts by weight for 100 parts by weight of zinc oxide by T_io2
conversion. |

6. The zinc oxide ceramics 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 oxide by szo3
conversionr

7. The zinc oxide ceramics according to claim 2, wherein



particles and heat treated. 26. The nethod according to claim23, wherein
the step of preparing synthetic powder conprises a of addi ng boron

oxi de, said boron oxid bei ng bl e ﬁ?ﬁ@:ﬁm‘:ﬁﬁcl es

pl LD, TTie=
and heat treated. 27. m rding to claim 2%, PUPEFEENT EnsEst p of
preparing synthetic po gﬂay @ H'!t)s of addin Lic | b
treating and grinding a bl'e ,* bi smuth o L “JM and

anti'nony oxi de, and heat treating and grinding a bl ended powder
oxi de and boric acid, and the step of adding the synthetic powder to zinc
oxi de conprises a step of adding the two kinds of powder which are
prepared. 28. The nmethod according t@gcl aim23, wherein the step of
preparing synthetic powder conprises steps of addi ng boron oxide, heat
treating gpdagfrig@naggridaiesdedniztwderobbismath axide; deltapitBni ym oxi de and
antinony oxide, and heat treating and grinding a bl ended powde asaut h
oxi de and ok@aepartimdey oxides hehmﬂépmo?x’eﬁﬁ:liaﬁﬁg’f‘?@“sﬁﬁf‘#e't ?s(:%er- to zinc

oxi de conprises a.step ddi the two ki pd VB Nediicht POFWERS 18R5€N
are pr eparaéciw}fg%?%%%%cﬂﬁi%g‘ t"&-(ezl'gi%rt%B,{'V\herggi n the step of
prepar i ng anenPRetdhalpondide eodprirgesese Rxddeotohtdt partathnyedght oy zinc

oxide poﬁder.

13. The zinc oxide.ceramics according to claim 12, wherein
the average particle size of the synthetic pdwder is 0.05 to ;Ou
m.

14. The zinc oxide ceramics according to.claim 12, wherein
the manganese oxide is at least one of MnoO, ano3 and Mnoz.

15. The zinc oxide ceramics according to claim 12, wherein
the cobalt oxide is at least one of CoO and Co,0,.

16. The zinc oxide ceramics according to claiim 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 81203
conversion:

17. The zinc oxide ceramics accoxding to claim 12, vwherein
the amount of a titanium component to se added is 0.03 to 2.00
parts by weight for 100 parts by weight of zinc oxide by Tioz
conversion.

18. ?he zinc oxlde ceramics according to claim 12, wherein

the amount of an antimony component to be added is 0.005 to 1.000
part by weight for 100 parts by weight of zinc oxide by szo3
conversion.

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



bl ended powder of bisnuth oxide,. titanium oxide, antinony oxide and
chrom um oxi de. 30.- thod according to clai q23—=wherein the step of

preparing symthetic Mr i ses steps of add| RErchcemieNPRXJe] heat
treating and g \“\‘\“\ “ ) powder of bisnutH] oxide, titani um ofi de and
anti mony oxidex wireating and grinding a Demdéﬁé@@ﬁ@?ﬁgyf i smut h

oxi de and chro_m"Umcoxi de, and the step of adding rto
zi nc oxide conprises the step .of adding the two kinds of synthetic powder
which are prepared. 31. The nethod according to claim 23, further
conprising a step of adding an alum nh conponent after the step of adding

0 2/ b BT Do T L AR RP S o

wherein an €l ongate e

subm cronphLdsy idli&ﬁi?‘k&:‘?'10‘|N'yi>'élrngrf_vfe%g%t0£fzﬂl& Wade yiat . Tne.

particles of a“zinc oxide po ryst I ne "substance in crys 4 de
particl es g ogpdrdicsgut h, titanium and antinony conponents which are sintered
at a low tenperature are contained in the defect. 33. A nethod for

producing zi nC2@Xi 4§eCeiAM £8 deORBEARL AW ddRraiRgStOfc1aln DEAlRALI NY and
grinding a conposition which contains bisnuth oxide, titanium oxide,

anti mony @xedgmowdt &F HNbOXdH @omBEnERE Olb BE daabe P& QP02 o SYNYowet i C
powder; ‘This Sheet Has BeenRel aced

part by weight for 100 parts by weight of zinc oxide by 3203
conversion.

21. The zinc éxide ceramics accoréing to claim 12, wherein
the boron oxide is at least one of bogon oxide and boric acid.

22. The zinc oxide ceramics according to claiﬁ 12, wherein
0.00062 to 0.37200 part by weight of an aluminum component is
added for 100 parts by weight of zinc oxide by Aléoa conversion.

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

adding 0.2 to 20 parts by weight of a synthetic powder
prepared by heat treating a mixted powder of at least bismuth
oxide, titanium oxide and antimony oxide ﬁstnaﬂeiinadwnoeata
te@mhmufmocmaﬁofc,-and 0.'1 to 5.0 parts by weight of at least
one of cobalt oxide and manganese oxide to 100 barts by weight of

zinc oxide, and
performing sinteriné.
24. The method according to claim 23, wherein the step of
preparing synthet}q powder comprises a step of heat treating a

mixed powder of bismuth oxide, titanium oxide, antimony oxide and

boron oxide.



100 B. adding said synthetic powler to a powder material which contains
zinc oxide as a first conponent and at |east one of cobalt oxide and
nmanganese oxide as a second conponent to prepare the bl ended powder; and C
perform'ng sinter4 accor ding to claim33, wherein said

met hod for prepari - ‘conprises, in plac 'fﬁ=+¢mcﬁﬁigg:A_-
steps of heat treagﬂmg mﬁgl 03|t|on whi ch cont aijn t%‘r‘s{?ﬁ}ﬁirhpggdﬁr
titani um oxi de, antly sand boron oxide to prep etfl c

powder, heat treating a second conposition which cont
chrom um oxi de to prepare a second synthetic powder,

first "and second synthetic powders. 35. dfe nethod according to claim 33,
wherein said nethod for preparing synthetic powder conprises, in place of

the step Ap18h&es piwditddbs LIS DA dakl, ltaIP D) M GldngOBkEES

bi snmut h oxide, titanium oxide and antinony oxide to prepare a Tirst

synt heti c pawdehrodaat dxt@ati Ng a second conposition which contains bisnuth
oxi de, chrom um oxi de and boron oxide to prepare a second synthetic powder,

and grinding sasd. fimse rptloacaorskdiny ol clapaVeRr whexein the step of

- preparing synthetic powder comprises steps of adding chromium
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 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 according to claiﬁ 23, further comprising a
step pf adding an aluminum component after:the step of adding the
synthetic powder to zinc oxide.

32. The method according ;o claim 23, wherein.an elongated
high-density defect is formed in the micron or submicron range in
parallel with the c_face_of zinc oxidg crystalline pa;ticles of a
zinc oxide polycrystalline substance in crystalline particles,
and bismuth, titanium and antimony components which are sintéred
at a low temperature are contained in the defect.

33. The method according to claim 23, further adding

chromium oxide and boron oxide to prepare a synthetic

powder.



36. The nethod according to claim33, wherein a third conposition which
contains bisnuth oxide and boron oxide is heat treated and ground to
prepare a third synthetic powder, and 101 the first to third synthetic
powders- are m xed and added to the powder material so that the bl ended
powder is adjusted. 37. The method accordi ng to cljaFr33=whteh-fturther
conpri ses the step of adding 0.00062 to 0.37200 pdr BEBYAQBUGRT sekzan

al um num conponent for 100 parts by wei ght of zing| oxi de by
conver si on. . according to claim 34, @Eegéﬂﬁﬁﬁﬂgﬂhnd

conposition ' aaiggey’ Mol or nore of chr ' art by
nol of bisnuﬂ | “ﬂ Hhﬂ‘ met hod according to claim 36, wherein the
nolar ratio S oxl de to-boron oxide of the third conposition is 80

20 to 20 : 80. 40. The nethod accordigﬁ to claim 33, wherein the boron
oxide is at |east one of boron trioxide~and boric acid. 41. The nethod
according to claim 33, wherein the heat- treating tenperature is 450 to
800[err] 42. The nethod according to claim 33, wherein the heat- treating

time is 10 mnsut.o Oeh‘.{ei

hod according to claim 33, wherein said method
for preparing synthetic powder éomprises, in place of the step A,
steps of heat treating a first'composiiioﬁ which confains bismuth
oxide, titanium oxide, antimony oxide and borqn_oxide'to prepare
a first synthetic powder, heat treating. a second composition
which contains bismuth oxide and chromium oxide to prepare a
gecond synthetic éowder, and grinding said fifst and second
synthetic powders.

35. The method according to claim 33, wherein said method
for preparing synthetic powder compfises, in place of the step A,
steps of heat treating a first composition which contains bismuth
oxide, titanium oxide and antimony oxide to prepare a first
synthetic powder, hea'_:. treating a second composition which
contains bigmuth oxide, chromium oxide and boron oxide to prepare
a second synthetic powder, and grinding said first and second
synthetic powders.

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

treated and ground to prepare a third synthetic powder, and



43. The nethod according to claim33, wherein the step of formng the
bl ended powder conprises a step of adding the synthetic powder to the

e

101

the first to third synthetic powders are mixed and added to the
powder material so that the blended powder is adjusted.

37. The method according to claim 33, which furthér
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 to 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 boric acid.

41. The method according to claim 33, wherein the heat-

£reating tiﬁe is 10 mins. to 10 hrs.

42. The method accordihg to claim 33, wherein the step of

forming the blended powder comprises a step of adding the

synthetic powder to the powder material and then grinding the

blended powder.



