
EP 0 358 323 B1 Description The present invention relates to voltage
non-linear type resistors composed of zinc oxide as a main component. 5
It is widely known that resistors composed mainly of zinc oxide and
containing small amounts of additives such as [err]    and [err] exhibit
excellent voltage-current non-linearity. Such resistors are used for
lightning arrestors or the like, Reference is made in this respect to
EP-A-24/150, which however does not discuss choice of specific phases of
bismuth oxide. In particular, when the resistor of the above type is used
for a lightning arrestor and if excessive current 10  is passed
therethrough by lightning strike, current is earthed through the voltage
non-linear resistor which ordinarily functions as an insulator and which
acts as a conductor when a voltage greater than a rated voltage is applied
thereto. As a result, accident due to the lightning strike can be
prevented. EP-A-115 149 describes control of the ratio of the [err] and
[err] phases of [err] to improve life of the resistor. 15     As
crystalline phases of the voltage non-linear resistors, bismuth phases of
an a type, a [err] type, a [err] type and a [err] type as well as a
pyrochlore phase exist as intergranular layers in addition to a crystalline
phase of zinc oxide. However, depending upon their contents or ratios, a
change rate of [err] after application of surge current increases or a
change rate of a V-I characteristic increases with temperatures. in either
case, the characteristic against repeated strike of lightning may be
damaged. Further, when the 20  [err] change rate is great, there is risk of
thermal runaway in the case of a gapless type lightning arrestor, and
follow current cannot be interrupted in the case of a gap type lightning
arrestor. Further, recent investigations have revealed that depending upon
the contents or the ratios of the bismuth places of the a, [err]  and [err]
phases or the pyrochlore which exist as the intergranular phase besides the
crystalline phase of zinc oxide mentioned above, variations in
characteristics such as a voltage non-linearity index or a leakage 25
current ratio becomes greater, and that hygroscopicity of the resistor
deteriorates. It is an object of the present invention to overcome the
above-mentioned problems, and to provide voltage non-linear resistors which
exhibit good characteristic against repeated lightning strike. It is
another object of the present invention to overcome the above-mentioned
problems, and to provide voltage non-linear resistors which have smaller
variations and good hygroscopicity. 30     According to a first aspect of
the present invention, a voltage non-linear resistor is provided as set out
in claim 1. According to a second aspect of the present invention, a
voltage non-linear resistor is provided as set 



out in claim 2. According to a third aspect of the present invention, a
voltage non-linear resistor is provided as set out 35  in claim 3. The
first aspect of the present invention has been accomplished based on the
discovery that the voltage non-linear resistor of which the crystalline
phase contains at least the [err] type crystalline phase and the a type
crystalline phase in the specified ratio range has a small change rate of
[err] after application of surge and small change in the V-I characteristic
with temperature, as is clear from experiments mentioned 40  later. As a
result, the voltage non-linear resistor having good surge-withstanding
capability, good char- acteristic against repeated thunderbolt strike, and
good use life with being free from thermal runaway can be obtained. Turning
now to effects obtained by each of the phases, the [err] type crystalline
phase mainly functions to decrease the [err] change rate after application
of thunderbolt surges. It also functions to improve the 45
surge-withstanding capability. The [err] type crystalline phase mainly
functions to decrease the change ratio of the V-I characteristic with
temperature, and its function is further improved under coexistence with
the [err] type crystalline phase. Only the [err] type crystalline phase
unfavorably deteriorates the use life. Although a [err] type crystalline
phase improves use life, it adversely affects other characteristics than
mentioned above. Thus, the [err] type crystalline phase is preferably not
more than 0.5 wt% at the maximum. It is preferable that 50  no pyrochlore
phase is contained. In addition, 0.01 to 0.03 wt% of a glass frit is added
in the production of the resistor. Further, it is preferable to add silicon
oxide in the state of an amorphous phase, because an intergranular phase is
stabilized therewith. It is preferable that 70 [err]  + ) x 100 [err] 80,
because the effects attainable in the present invention 55 becomes more
conspicuous. The second aspect of the present invention has been
accomplished based on the discovery that the voltage non-linear resistor in
which the crystalline phases of the bismuth oxide in the resistor include
at least the a type crystalline phase, the [err] type crystalline phase,
and the a type crystalline phase has small 2    EP 0 358 323 B1 change rate
of [err] after application of surge and small change rate of V-I
characteristic with temperature, 



as is clear from experiments mentioned later. As a result, the voltage
non-linear resistor which has good surge-withstanding capability, good
resistance against repeated lightning strike and long use life while being
free from thermal runaway can be obtained. 5      Turning now to effects of
the phases, the [err] phase mainly functions to decrease the [err] change
rate, and also functions to improve the surge-withstanding capability. The
a and [err] phases mainly have an effect to decrease the change rate of the
V-I characteristic with temperatures. If the a phase or the [err] phase
singly exists, the above effect is small, and the use life is shortened. If
the a phase and the [err] phase fall outside the range in the present
invention, the effect is small. Furthermore, although the [er] phase
prolongs the use 10  life, the phase adversely affects the other
characteristics mentioned later. Thus, the [err] phase is preferably not
more than 0.5 wt% at the maximum. Further, it is preferable that no
pyrochlore phase is contained. In producing the resistor, 0.01 to 0.03 wt%
of glass frit is preferably added. In addition, silicon oxide is preferably
added in the state of an amorphous phase, because the intergranular phase
is stabilized. It is preferable that the contents of the a, [err] and [err]
crystalline phases satisfy the following inequalities, 15 because the
effects of the invention become more conspicuous. [err] 20 25 30     The
third aspect of the present invention has been accomplished based on the
discovery that the voltage non-linear resistor in which the intergranular
phase is partially made amorphous by the incorporation of bismuth into the
sintered body and the content of bismuth in the amorphous phase and that in
the [err]- [err] phase are controlled to the respectively specified ranges
has small variations in the characteristics such as voltage non-linearity
index, the change rate of [err] after application of thunderbolt surge,
limit 35  voltage ratio, and leakage current ratio as well as good
hygroscopicity of the non-linear resistor, as mentioned later in
Experiments. As mentioned later, the voltage non-linear resistor can
appropriately be obtained by selectively combining the kinds of and
addition amounts of raw materials, final firing conditions, cooling rate
and thermally treating conditions after the final firing. 40     Use of
glass frit containing silver or boron in the raw material is preferable,
because the frit improves the characteristics. Boron advances the diffusion
of additive components, and promote the uniformization of the
characteristics over the sintered body, and the glass frit stabilizes the
intergranular phase. Silver suppresses movement of ions due to charging,
and stabilize the intergranular phase. As an example, borosilicate bismuth
glass containing silver is preferably added. It is preferable that the
addition amount of 



45  the glass frit is 0.01 to 0.3 wt%, the contents of [err] and [err] in
the glass frit being both 10 to 30 wt%. Further, it is preferable that
pyrochlore which is conventionally confirmed in the intergranular phase is
not contained. For a better understanding of the invention, reference is
made to the drawing, wherein: Fig. 1 is a diagram showing a charging
pattern with respect to the relationship between the leakage so    current
and time. In order to obtain a voltage non-linear resistor composed mainly
of zinc oxide, additives such as bismuth oxide, cobalt oxide, manganese
oxide, antimony oxide, chromium oxide, preferably amorphous silicon oxide,
nickel oxide, boron oxide, and silver oxide are mixed to a zinc oxide raw
material in given mixing amounts. All of the additives and the raw material
are adjusted to respectively given particle sizes. In 55  this case, silver
nitrate and boric acid may be used instead of silver oxide and boron oxide,
respectively. Preferably, bismuth borosilicate containing silver is used.
In such a use, a given amount of an aqueous solution of polyvinyl alcohol
is added to the powders of these materials. Preferably, a given amount of a
solution of aluminum nitrate is added as a source of aluminum oxide. The
mixing is effected by using an 3    EP 0 358 323 B1 emulsifying machine.
Next, a mixed slip is obtained by deairing in vacuum under a reduced
pressure of preferably 200 mmHg or less. It is preferable that the content
of water and the viscosity of the mixed slip are 30 to 35 wt% and 100  50
cp, respectively. Then, the thus obtained mixed slip is fed to a spray
drier to produce 5  granulated powder having the average particle diameter
of 50 to 150 [err], preferably 80 to 120 [err], and the water content of
0.5 to 2.0 wt%, preferably 0.9 to 1.5 wt%. Next, the granulated powder
obtained is shaped in a desired shape under a shaping pressure of 800 to
1,000 [err] in a shaping step. Thereafter, the shaped body is fired under
conditions that heating and cooling are effected at a rate of 50 to  [err]
(heating rate and cooling rate) in a temperature range from 800 to [err]
and the shaped body is held at 10  [err] for 1 to 5 hours (a keeping time
of 1 to 5 hours). It is preferable that a binder contained is removed off
by heating and cooling the shaped body at a rate of 10 to [err] in a
temperature range from 400 to [err] while holding it at [err] for a keeping
time of 1 to 10 hours before calcination. Next, an insulating covering
layer is formed on a side surface of a calcined body. In the present 



invention, an oxide paste in which ethyl cellulose, butyl carbitol, or
n-butyl acetate is added, as an organic is  binder, to given amounts of
[err]  ZnO, and/or [err] is coated onto the side surface of the calcined
body in a coated thickness of 60 to 300 [err]. Next, the coated body is
fired under conditions that the coated body is final fired at the heating
and cooling rate of 20 to [err]/hr in a temperature range from 1,000 to
1,300 C, preferably 1,100 to [err], while being kept at the maximum
temperature for 3 to 7 hours. A glass paste in which ethyl cellulose, butyl
carbitol or n-butyl acetate added, as an organic binder, to a glass 20
powder is coated onto the insulating covering layer in a thickness of 100
to 300 am, which is thermally treated at a heating and cooling rate of 50
to [err] in a temperature range from 400 to 900 C while being kept at [err]
for a keeping time of 0.5 to 2 hours to form a glass layer. Thereafter,
opposite end faces of the thus obtained voltage non-linear resistor are
polished with an abrasive #400 to 2000, such as SiC, [err] or diamond
powder by using water or oil as a polishing liquid. 25 Next, after the
polished surfaces are washed, a metalicon electrode is formed on each of
the polished opposite surfaces with an aluminum metalicon, for instance, by
metallizing, thereby obtaining a voltage non- linear resistor. The
crystalline phases of bismuth oxide have the following characteristics. A
great amount of the a phase is produced when the addition amount of
amorphous [err] is small and 30 the cooling rate in the final firing is
low. With respect to the [err] phase, a great amount of it is produced when
the addition amount of amorphous [err] is small and the cooling rate in the
final firing is great. The [err] phase is produced by thermal treatment
after the final firing, and particularly the production thereof is
conspicuous when the thermal treatment is effected at 600 to [err]. With
respect to the [err] phase, a great amount of it is produced when the
addition amount of amorphous [err] is great and the cooling rate in the
final firing is 35  relatively small. According to the present invention,
the contents of the crystalline phases of bismuth oxides are controlled
mainly based on the above criteria. In the above-mentioned producing
process, the voltage non-linear resistor according to the present
invention, which include at least the [err] crystalline phase and the [err]
crystalline phase in the 40  specified ratio range, or which includes the
[err] crystalline phase, the [err] crystalline phase, and the [err]
crystalline phase in the specified ratio range in the sintered body, or
which includes the [err] crystalline phase and the amorphous phase
containing bismuth in the intergranular layer of the sintered body in the
specified ratio range, can be obtained by variously combining the kinds of
the raw materials, the addition amounts, the final firing conditions, the
cooling rate in the final firing, the thermal treatment 45  conditions
after the final firing, and the like. Thus, the voltage non-linear resistor
having the good [err] 



change rate, the change rate of the V-I characteristic against
temperatures, and/or the voltage non-linearity can be obtained. In the
following, with respect to voltage non-linear resistors falling inside or
outside the scope of the present invention, various characteristics were
actually measured, and results thereof will be explained. 50 (Examples)
Experiment 1 55     According to the above-mentioned method, sample Nos.
1-1 through 1-7 according to the present invention and Comparative sample
Nos. 1-1 through 1-3 were prepared from a raw material consisting of 0.1 to
2.0 mol% of [err]  and [err] 0.001 to 0.01 mol% of [err] 0.01 to 0.3 wt% of
a bismuth borosilicate glass containing silver, 0.5 to 3.0 mol% of
amorphous SiO2, and the 4    EP 0 358 323 B1 balance being ZnO. Each of the
samples had a diameter of 47 mm and a thickness of 22.5 mm, and a
crystalline phase shown in Table 1. With respect to the resistors thus
prepared according to the invention samples and Comparative samples,
temperature characteristic, [err] reduction rate, thunderbolt
surge-withstanding capability, and on- 5  off surge-withstanding capability
were measured, and charge use life pattern was determined. Results are
shown in Table 1. In this experiment, the temperature characteristic was
determined as change rates of [err] and [err] at [err] relative to those at
[err], respectively. As compared with [err] and [err] at [err], the [err]
lowers and the [err] increases at [err]. The reduction rate of [err] was
determined by values of [err] before and after applications of electric
current of 30 kA in the form of 8/20 [err] electric current waves ten 10
times. As to the thunderbolt-withstanding capability, those which were
broken and not broken upon application of electric currents of 130 kA and
150 kA in the form of electric current waves of 4/10 [err] twice are shown
by X and O. respectively. With respect to the on-off surge-withstanding
capability, those which were broken and not broken upon applications of
electric current of 800 A and 1,000 A in the form of electric current of 2
ms twenty times are shown by X and 0, respectively. Further, the charge
pattem was 15 determined based on the relationship between the current and
time in Fig. 1. In Fig. 1, A, B, C denote most excellent samples, good
samples which were restored without being thermally runaway, and those
which 



were thermally runaway, respectively. The amount of each of the crystalline
phase was determined by an internal standard method in X-ray diffraction.
20 25 30 35 40 45 50 55 5    EP 0 358 323 B1 [err]    EP 0 358 323 B1 As
understood from the above explanation, since the voltage non-linear
resistor according to the present invention contains at least the [err]
phase and the [err] phase at the specific ratio, the change rate of [err]
due to application of thunderbolt surge is small and change in the
voltage-current characteristic relative to the temperature change is small.
Thus, good resistance against repeated thunderbolts as well as good surge-
5  withstanding capability, use life, and other characteristics can be
obtained. Experiment 2 According to the above-mentioned method, sample Nos.
2-1 through 2-9 according to the present 10 invention and Comparative
sample Nos. 2-1 through 2-10 were prepared from a raw material consisting
of 0.1 to 2.0 mol% of each of [err] and NiO, 0.001 to 0.01 mol% of [err]
[err]  0.01 to 0.3 wt% of a bismuth borosilicate glass containing silver,
1.0 to 3.0 mol% of amorphous [err], and the balance being ZnO. Each of the
samples had a diameter of 47 mm and a thickness of 22.5 mm, a crystalline
phase shown in Table 2, and a varistor voltage [err] of 200 to 230 V/mm. 



15     With respect to resistors thus prepared as the invention samples and
Comparative samples, tempera- ture characteristic, [err] reduction rate,
thunderbolt surge-withstanding capability, and switching surge-
withstanding capability were measured, and charge use life pattern was
determined. Results are shown in Table 2. In this experiment, the
temperature characteristic was determined as change rates of [err] and
[err] at 150 C relative to those at 25 C, respectively. As compared with
[err] and [err] at  [err] 20  lowers and [err] increases at 150 * C. The
reduction rate of [err] was determined by values of [err] before and after
applications of electric current of 30 kA in the form of 8/20 [err]
electric current waves ten times. As to the thunderbolt-withstanding
capability, those which were broken and not broken upon application of
electric current of 130 kA and 150 kA in the form of electric current waves
of 4/10 [err] twice are shown by X and O, respectively. With respect to the
switching surge-withstanding capability, those which were broken 25 and not
broken upon application of electric current of 800 A and 1,000 A in the
form of electric current waves of 2 ms twenty times are shown by X and O,
respectively. Further, the charge pattern was determined based on the
relationship between the leakage current and time in Fig. 1. In Fig. 1, A,
B, C denote most excellent samples, good samples which were restored
without being thermally runaway, and those which were thermally runaway,
respectively. The amount of each of the crystalline phases was 30
determined by an internal standard method in X-ray diffraction. 35 40 45 50
55 7    EP 0 358 323 B1 [err]    EP 0358323 B1 [err] 



55  least the a phase, the [err] phase and the [err] phase have better
temperature characterisitic [err] reduction rate, and other characteristics
as compared with Comparative Examples. Although the life pattern on
charging of the resistors according to the present invention are not of the
A type (best), there is no fear of thermal runaway. Since a gap-provided
type lightning arrestor is always 9    EP 0 358 323 B1 charged, no problem
occurs even when it is of the B type. As understood from the above
explanation, since the voltage non-linear resistor according to the second
aspect of the present invention contains at least the a phase, the [err]
phase and the [err] phase at the specific ratios, small change rate of
[err] due to application of thunderbolt surge, small voltage-current
characteristic 5  relative to the temperature change, and good resistance
against repeated application of surges can be obtained. Thus, good
resistance against repeated thunderbolt as well as good surge-withstanding
capability, use life, and other characteristics can be obtained. Experiment
3 10 According to the above-mentioned method, sample Nos. 3-1 through 3-8
according to the present invention and Comparative sample Nos. 3-1 through
3-8 were prepared from a raw material consisting of 0.1 to 2.0 mol% of each
of [err]  and NiO, 0.001 to 0.01 mol% of [err] [err] 0.01 to 0.3 wt% of
bismuth borosilicate glass containing silver, 1.0 to 3.0 mol% of amorphous
15 SiO2, and the balance being ZnO. Each of the samples had a diameter of
47 mm and a thickness of 20 mm, and a varistor voltage [err] of 200 to 230
V/mm. With respect to resistors thus prepared as the invention samples and
Comparative samples, voltage non-linear index, [err] reduction rate due to
application of thunderbolt surge, limit voltage ratio, and leakage current
ratio were measured, and hygroscopicity of elements was examined. Results
are shown in Table 3. 20  In this experiment, the voltage non-linearity
index a was determined from the ratio between [err] and [err] according to
I = [err] in which I, V, and K are current, voltage, and a proportional
constant, respectively. The reduction rate of [err] due to application of
thunderbolt surge was determined by values of [err] before and after
applications of electric current of 40 kA in the form of 4/10 [err]
electric current waves ten times. The limit voltage ratio was determined
from the ratio between applied voltage and the varistor voltage necessary 



25 for flowing current of 10 kA in the form of 8/20 ms current waveform.
The rate of the leakage current was determined from the current ratio of
[err]  hour with lapse of 100 hour charging immediately after the charging
when the element was charged at the charging rate of 95% at a surrounding
temperature of 130 C. Further, the amounts of the crystalline phases and
the ratios thereof were determined based on the internal standard method in
the X-ray diffraction. Furthermore, hygroscopicity was determined by a 24
hour 30 immersing process in a fluorescent beam scratch-detecting liquid
under application of 200 [err]. In Table 3, samples which underwent
impregnation and those which did not undergo impregnation are shown by X
and O, respectively. 35 40 45 50 55 10    EP 0 358 323 B1 [err] 55    EP 0
358 323 B1 [err]    EP 0 358 323 B1 above-mentioned requirements. As is
clear from the above explanation, according to the voltage non-linear
resistor of the present invention, the intergranular phase of the sintered
body is partially made amorphous, and the content of 



bismuth in the amorphous phase and the content of the bismuth in the [err]
phase are controlled to 5  respectively specified values. Thus, excellent
electrical properties can be obtained together with excellent
hygroscopicity without suffering variations in characteristics. Claims 10
1. A voltage non-linear resistor which is composed mainly of zinc oxide and
contains at least bismuth oxide, antimony oxide and silicon oxide as
additives, characterized in that crystalline phases of said bismuth oxide
present include at least a [err] type crystalline phase and a [err] type
crystalline phase, and [err] and [err] satisfy the following inequalities:
15                                        [err] in which [err] and [err]
are contents of the [err] type crystalline phase and the [err] type
crystalline phase, 20     respectively. 2. A voltage non-linear resistor
which is composed mainly of zinc oxide and contains at least bismuth oxide,
antimony oxide and silicon oxide as additives, characterized in that
crystalline phases of said bismuth oxide present include at least an a type
crystalline phase, a [err] type crystalline phase, and a [err] 25     type
crystalline phase, and a, [err] and [err] satisfy the following
inequalities: [err] 30 35 40     in which a, [err] and [err] are contents
of the a type crystalline phase, the [err] type crystalline phase, and the
[err] type crystalline phase, respectively. 3 A voltage non-linear resistor
which is composed mainly of zinc oxide and contains at least bismuth oxide,
antimony oxide, and silicon oxide as additives, characterized in that the
resistor contains at least 45     a [err] crystalline phase and an
amorphous phase containing bismuth, and the content of bismuth in said
phases satisfies the following inequalities: (1)   [err] so     (2)   [err]
in which A, B and C are the total content of bismuth in a sintered body of
the resistor, the content of bismuth in the [err] type crystalline phase,
and the content of bismuth in the bismuth-containing amorphous phase,
respectively. 55 13  



EP 0 358 323 B1 above-mentioned requirements. As is clear from the above
explanation, according to the voltage non-linear resistor of the present
invention, the intergranular phase of the sintered body is partially made
amorphous, and the content of bismuth in the amorphous phase and the
content of the bismuth in the [err] phase are controlled to 5  respectively
specified values. Thus, excellent electrical properties can be obtained
together with excellent hygroscopicity without suffering variations in
characteristics. Claims 10 1. A voltage non-linear resistor which is
composed mainly of zinc oxide and contains at least bismuth oxide, antimony
oxide and silicon oxide as additives, characterized in that crystalline
phases of said bismuth oxide present include at least a [err] type
crystalline phase and a [err] type crystalline phase, and [err] and [err]
satisfy the following inequalities: 15 [err] in which [err] and [err] are
contents of the [err] type crystalline phase and the [err] type crystalline
phase, 20     respectively. 2. A voltage non-linear resistor which is
composed mainly of zinc oxide and contains at least bismuth oxide, antimony
oxide and silicon oxide as additives, characterized in that crystalline
phases of said bismuth oxide present include at least an a type crystalline
phase, a [err] type crystalline phase, and a [err] 25     type crystalline
phase, and a, [err] and [err] satisfy the following inequalities: [err] 30
35 40     in which a, [err] and [err] are contents of the a type
crystalline phase, the [err] type crystalline phase, and the [err] type
crystalline phase, respectively. 3. A voltage non-linear resistor which is
composed mainly of zinc oxide and contains at least bismuth oxide, antimony
oxide, and silicon oxide as additives, characterized in that the resistor
contains at least 45     a [err] crystalline phase and an amorphous phase
containing bismuth, and the content of bismuth in said phases satisfies the
following inequalities: (1)   0.10 [err] B/A [err] 0.40 



50     (2)   0.05[err] C/A[err] 0.30 in which A, B and C are the total
content of bismuth in a sintered body of the resistor, the content of
bismuth in the [err] type crystalline phase, and the content of bismuth in
the bismuth-containing amorphous phase, respectively. 55 13    EP0358323B1
PatentansprUche 1. Nichtlinear spannungsabhgngiger Widerstand, der
hauptsachlich aus Zinkoxid besteht und zumindest Wismutoxid, Antimonoxid
und Siliziumoxid als Additive enthalt, dadurch gekennzeichnet, daB die 5
kristallinen Phasen des genannten vorhandenen Wismutoxids zumindet eine
kristalline Phase vom ,- Typ und eine kristalline Phase vom 5-Typ enthalten
und # und B den folgenden Ungleichungen entsprechen: 10
60 5       S X 100 5 90 + 8 worin ,B und B Gehalte der kristallinen Phase
vom 0-Typ bzw. der kristallinen Phase vom 5-Typ sind. 15 2. Nichtlinear
spannungsabhangiger Widerstand, der hauptsichlich aus Zinkoxid besteht und
zumindest Wismutoxid, Antimonoxid und Siliziumoxid als Additive enthalt,
dadurch gekennzeichnet, daB die kristallinen Phasen des genannten
vorhandenen Wismutoxids zumindest eine kristalline Phase vom a- Typ, eine
kristalline Phase vom fl-Typ und eine kristalline Phase vom 5-Typ enthalten
und a, 8 und B 20     den folgenden Ungleichungen entsprechen: 15 ;    +
X 100 5 50, a+ p+ 25 255 ;S            X lio  S 60, und 30 10 5
X 100 5 40, a + p+ & 



35     worin a, a und B Gehalte der kristallinen Phase vom a-Typ, der
kristallinen Phase vom ,B-Typ bzw. der kristallinen Phase vom 5-Typ sind.
3. Nichtlinear spannungsabhingiger Widerstand, der hauptsichlich aus
Zinkoxid besteht und zumindest Wismutoxid, Antimonoxid und Siliziumoxid als
Additive enthlilt, dadurch gekennzeichnet, daB der 40     Widerstand
zumindest eine kristalline A-Bi209-Phase und eine amorphe Phase enthilt,
die Wismut enthalt, und der Gehalt an Wismut in den genannen Phasen den
folgenden Ungleichungen entspricht: (1)  0.10OS BIAS 0.40 45     (2)  0.05
S C/A S 0.30 worin A, B, und C der Gesamtgehalt an Wismut in einem
Sinterkorper des Widerstands, der Wismutgehalt in der kristallinen Phase
vom B-Bi203-Typ bzw. der Wismutgehalt in der wismuth~ltigen amorphen Phase
sind. 50 Revendications 1. R6sistance non lineaire d6pendant de la tension
qui se compose principalement d'oxyde de zinc et qui contient au moins de
l'oxyde de bismuth, de l'oxyde d'antimoine et de l'oxyde de silicium comme
55     additifs, caracterisee en ce quo les phases cristallines dudit oxyde
de bismuth present comprennent au moins une phase cristalline du type 8 et
une phase cristalline du type, B, et A et B satisfont aux inegalit6s
suivantes: 14                   | 11111|| ||B 1|||| |||| 111111 * C   L   M
S*    EP 0 358 323 B1 60  4    -           x 100 4  90 + 5 oO 6 et a sont
les teneurs de la phase cristalline du type , et de la phase cristalline du
type 5, respectivement. to  2. Rdsistance non lineaire ddpendant de la
tension qui se compose principalement d'oxyde de zinc et qui contient au
moins de l'oxyde de bismuth, de l'oxyde d'antimoine et de I'oxyde de
silicium comme additifs, caract6risde en ce que les phases cristallines
dudit oxyde de bismuth present comprennent au 



moins une phase cristalline du type a, une phase cristalline du type A et
une phase cristalline du type 5 et a, fi et 5 satisfont aux inegalites
suivantes: 15 15 4      0t         x 100   50, 20 254       /3         x
1004   60   et il+ 25 104                  x 100 4  40, <+4 30    oO a, A
et 5 sont les teneurs de la phase cristalline du type a, de la phase
cristalline du type 6 et de la phase cristalline du type 5, respectivement.
3. Resistance non lineaire dependant de la tension qui se compose
principalement d'oxyde de zinc ot qui contient au moins de I'oxyde de
bismuth, de l'oxyde d'antimoine et de l'oxyde de silicium comme 35
additifs, caracterisee en ce que la resistance contient au moins une phase
cristalline de A-Bi20s et une phase amorphe contenant du bismuth et la
teneur en bismuth dans lesdites phases satisfait aux inegalites suivantes:
(1)   0,10S B/AS 0,40 40 (2)   0,05 S C/A S 0,30 od A, B et C sont la
teneur totale en bismuth dans un corps fritte de la resistance, la teneur
en bismuth dans la phase cristalline du type 5-Bi2203 et la teneur en
bismuth dans la phase amorphe contenant du 45     bismuth, respectivement.
50 55    


