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(54) IMPROVEMENTS IN AND RELATING TO ELECTRICAL
- RESISTORS

- (M)
company, - of 1006 Kadoma, Osaka Japan,

do- hereby declare the invention, for which

we-pray that a patent may be granted to us,
andthemeﬂwdbywh:chxt:stobepa—
formed, to be particularly described in and

by the follawmg statement:—
. This invention relates to non-linear resis-
_,mrsofﬂ:etypemwlnchﬂ!emsmncevanes _
- with the applied voltage due to the bulk pro-.

- perties of resistance material. Such non-linear

m1smrs,orvanstms,canbeusedforsmge
suppression in electrical eqmpmem and for
voltage stabthsauon.

The invention includes from one aspect a
of zinc oxide
(ZnO) and, as an additive, 0.01 to 10.0 mol
percent bismuth oxide (Bi,O;), 0.01 to 10.0

mol percent cobalt oxide (Co.0,, 0.01 to.
: . 3.0 _mol percent boron - trioxide (B,;0,) and

001to$0molpetcentofatleastomof
magnesium ~oxide (MgO), calcium oxide

(Ca0), barium omde (BaO) and strontivm -
oxide - (SrO) : .
-+ The invention mcludes from another aspect -
- a gintered material consisting of zinc oxide

(ZnO) ‘and, as an additive 001 to 3.0 mot

 percent bismuth oxide (Bi.0,), 0.1 to 3.0°

mol - percent cobalt oxide' (Co,0;), 0.01 to

" boron trioxide (B,0,) and
001w50molpercmtofatleastoneof
magnesium oxide (MgQ), calcium oxide

* (Ca0), barium oxide. (BaO) and strontiom

oxide (Sr0),. with a further additive.

. Said- addmvecanbf-om 1o 3.0 mol percent

o
“can be 0.01 to 3.0 mol manganese
- oxide (MnO). with 0.05 10 .3.0 miol percent -
. of. antimony oxide (Sb.0;) or 0.1 to 3.0

of

mol - percent titanium oxide (TiO,). Said
addmve can ‘be 0.1 w0 3.0 mol

[Prwe 33p]
Thn

Beice /2B

. -We, MATSUSHITA ELECTRI-_
CAL INDUSTRIAL CO. LTD., a Japanese

- since this"

~oxide ( MnO) Said _additive

percent of manganese oxide (MnO) 10~
getherwxﬂ101t030molpercentoftmmum
oxide (TiO.) and 0.01 to 3.0 mol .

percent of nickel oxide (NiO).

-of ;.
Chromlum 0x1de (Cl'zoa) or Ol m 3.0 ml REEEEN

35"

The electrical characteristics of a- waristor .-

canbeexpmwdbyﬂlcrelauon—

. .I=(.—)

.

w!mV:sﬂnevolmgeacrossﬂxermmr, -
1 is the current flowing through the ‘resistor,

staconsmntconespondmgmthevolmge"

at a given current, and the exponent » has a-
numerical value greater than 1. The value

of n is calculated from the equanon—
| N' Iogio(Ta/l)

: log,,(Vg/V;)

where V, and V, are the. volmges across the

‘varistor at specified currents I, and I,, re-

spectively. The suitable value of C depends

upon the nature .of application to which the -

55

2

resistor is to be put. It is ordinarily desirable ‘-

thatlhevalueofnbeaslargeaspowble
t determines the extent to
whxchthevanstmsdepartfromahnear or
ohmic, characteristic.

65

nembodxmentsofthemvmmontobedcs’:

scribed, varistors are provided ‘which have'
high n-values, high power dissipation’ when
‘subjected . to surges, and good direct current

70

(d.c.) stability even when ‘used for current _

densities of less than 0.1mA/cm®. :
“Features and advantages of the invention

wﬂlappearﬁmnﬂtefollowmgdescnpnonof

embodiments thereof given by way of ex-

ample, and from the accompanying drawmg,_ '



and the nethod by which it is to be per- The el ectrical characteristics
of a varistor forned, to be particularly described in and can be expressed
by the relation:- by the following statenent:- This invention relates to
non-linear resis- 10 tors of the type in which the resistance varies

[err] with the applied voltage. due to the bul k pro- [err]
perties of resistance material. ‘Such non-linear resistors, or varistors,
can be-used for .surge ~where V is the voltage atross t he resi stor, _
suppression jn el ectri cal eqw prent - andlfmf344l i's the current rovm ng _ _2

t hrough t he VOl tage Stapr I TsarTom. L, s

const ant corr.esj:hé)‘ﬁg7 .lmﬁ'BmF‘FRS PO eragreectiandl i o GSJ .

A "‘;i aWE‘F"HX‘J : )
aspect a at a z‘m,m%myemon_ oo &WE 1 aI e
consi sting of wa% t ORUATEvaTistoa | congitt i a,mwm L ~—

(ZnO and, as aus:tadﬁw&clmmgt,ﬂsmedhndstwh@mol ﬂte@ﬂduﬁoerqf]uwnwncxuidcddv&atsew €y om e

- 1 ;
t he equat i on: O.F‘@ tema,omﬂl‘%_gﬂ“ﬂ ] B Lo 10, .Om?l per-cel -t cobab&-_

OX|de([err] fed in a manner to X:] §a

[err] and -
of at
(Cag ,
vol t ages ‘acros

The sintered body of the varistor has @ jum oxide - (TiO,), at least one- §0 -
composition comprising zinc oxide (ZnO) as of 001 to 3.0 'mol chrom- :
the mdin constituent, and as an additive, 0.01  jum oxide (Cr,0;) and 0.1 to 3.0 mol per- g
to 10.0 mol percent bismuth oxide (Bi;Os); cent nickel oxide (NiO), and .0.01 to 5.0

20 . 0.01 to 10 mol percent cobalt oxide (C0:0s), mol percent of at least ome of .magnesjum
0.01 to 5.0 mol percent boron trioxide (B,Os)  oxide (MgO), calcium oxide (CaO), barium 85
and 0.01 to 5.0 mol percent of at least one of  ogide (BaO) and strontium oxide (SrO). = - ;
magnesium - oxide (MgO), ' caloium The sintered body can be prepared by a

~ oxide - (CaO), barium  ozide (BaO), known ceramic technique. The starting mater-

25 and strontium oxide (SrO). . Such * jls of appropriste composition'.and propor- .
a sintered material exhibits non-linear  tions are mixed. in a wet mill to produce @ - 9o
resnstancepropemesduewﬂxeblﬂkpropm'- homogeneous mixture. The mixture is dried :
ties of the material; accordingly, a desired  4p4 moulded under pressure into a suitable

. C-value for a Varlstor Can be obtamed by . sbam, uslng a4 Presgure from 50 to 500 Kg/

30 selecting an appropriate dimensiori between * cm? The pressed body is sivtered in-air at- _
the electroded surfaces of the varistor, with--  1000° to 1450°c for 1 to 20 hours, and then 95 . :
out effecting the n-value. Varistors so madé fymace cooled to.room temperature, that i, - -
‘can be given a high n-value, and exhibit good 15 about 15°C to 30°C. The mixtures can -

. stability in d.c. load conditions. be first calcined at 700° to: 1000°C and then

35 " Improved esults, as to d. and SUgE  cruhed 1o facilitate the subsequent pressing
stability can be obtained byusmg additives - step. - The mixture to be- prased can- be 100
consisting of 0.1 to 3.0 mol percent bismuth iy with o suitable binder such as water
.oxide (Bi;0s), 0.1 to 3.0 mol percent cobalt . polyvinyl alcohol, The sintered body cat’
0x1de (C?o-;), 001 1o 5 .0 mol pereent borm be hmﬂi on lts opwsed m’or surfam, :

40 trioxide (B,O;) and 0.1 to 5.0 mol percent using an abrasive powder such as silicon car-
of at least one of magtiesium oxide (M2O),  pide of a mean particle size of 50x to 10 105
calcium oxide (CaO) barium oxtde (B20)  diameter. Electrodes are provided on' the op- :
and strontium oxide (SrO). - posed: surfaces by any suitable method, ‘such _
 Higher n-values and - further mlproved- as silver ‘painting, vacuum evaporation; or . -

45 stability can be obtained by ‘using addmves_ flame. spraymg of ml such as Al, Zn or
censisting of 0.1 to 3.0 mol percent bismuth g, 110
oxide (Bi,0:), 0.1 to 3.0 mol percent cobalt The nonlinear properties of ‘the body are .
oxide (Co.0,), 0.01 to 5.0 mol percent boronr .- significantly affected by the type of elec-
trioxide (B,0;), 0.01 to 5.0 mol percent of  ¢roges” yoed, but can be varied by varying -

50  at least one of magnesium oxide (MgO), ¢l e Gimension of the sintered body between
cium oxide (Ca0), barium oxide (BaO) and the electroded surfaces: the C-value of -the 115
strontium_oxide (S10), and 0.1 to 30 mol resistor -varies in proportion to the thickness -

 percent of manganese oxide (M“O) of the sintered bodies, but -the rn-value. is -

Still further im ts in n-value and - substantially independent of thickness. . This’

55 stability can be obtained and C-value con- indicates that the ‘voltage-nonlinesr property
trolied by using additives consisting:of 0.1 ©0  j5 due to the bulk characteristic of the mater-- 120
3.0 mol peércent bismuth oxide (Bi;05), 0.1 jal, and it is not duc 0 ﬂ,e ‘nature” of the

h to 3.0 mol percent . cobalt oxide (C,0,), 0.01 electrode contact.
to 5.0 mol percent boron' triozide (B:Os) and Lead wires can be attached w0 the electrodes o

60 o001 to 5.0 mol " percent of at least one of any manner, for example - by ‘ordinary.
magnesium _oxide '(MgO), calcium. oxide . solder, but ‘it is convenient to use for this 125 =~

bari um o¥irgjlsa

at specifi ed c%n?gﬁi%flyjﬁ@ﬁ

“of any suitable shape, such as

gacged conduc-

solder or the like conductive matenal

(Ca0), barium oxide (BaO) and strontium
oxide (SrO), 0.1 to 3.0 mol percent of man-
ganese oxide (MnO) and one of 0.05 to 3.0

g Wgnvari-\\p

0.1 to 3.0 mol percent manganese oxi
(MnO), 0.01 to 5.0 mol percent boron tri-

oxide (B,0;), 0:1 to 3.0 mol percent titan- .

. purpose & conductive -adhesive - compr:smg: .
.silver powder and resin in an organic solvent. .
~ Varistors can be made in. ﬂle manner de-

| east lone,-ueﬂar, rectangular oersqdarerTRigie eformu M asahd dﬁn dsyitent maj s:smdafwe@)aide

réo:-[o mol. pﬁmtﬁgﬁcﬁlg?r(g‘o:%%fl gfor



The invention includes from another aspect spectively. The suitable val ue
of C depends 60 a sintered material consisting of zinc oxide wupon the
nature of application to which the (ZnO and, as an additive 0.01 to 3.0
mol resistor is to be put It is ordinarily desirable percent bisnmuth oxide
[err] 0.1 to 3.0 that the value of n be as |arge as possible 30 nol
percent cobalt oxide Jerr], 0.01 to since this exponent determ nes the
extent to_ 5.0 nol- percent boron trioxide [err] and .. which the varistors
depar§ froma. l'inear, or 650. qubg¢5 0 nol percent of at Ieast;nmaof

'ohm L, L,[I Ll d L£ SLIT C. magriest UXI 0] \ V Cal L,FUHI UXI ue -
el mrﬁ R
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- i ssrﬁoa@m@nﬁmm@arf@amﬂ nDthergloumeopsisting of subj ected to

sunges, hJaiHedas; § 7@*9@65%%%%%1&%% E% Sai d. .
addi P vEaso o F;n ot il e i 01,50 3.0 mol
per Cént opf ﬂﬂ'afl'ﬁse—values of thedmstmsr es of - han [err] “oxi de (I\/hO) with

- 0. 051% oaﬁf@un&mot thmqtoanst m@&@u S - and advanE
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" cent zinc oxide, 1.0 mol -
. oxide, 1.0 mol percent cobalt oxide, 0.5 mol

tance to humidity and other effects the resis-
torsmnbeprotedhedbyaresmcoanmgor

© by encapsulation, using & ‘fesin such as epoxy

of phenol resin in known manner.

. The followmg are given as. mmples of the
invention.

el

Smmng material comprising 97.0 mol per-
¢ bismuth

percent boron trioxide and 0.5 mol percent

-magnesium oxide were mixed in a wet mill

for 24 hours. The mixture was dried and
moulded under pressure inte discs 17.5 mm
in diameter and 7 mm ﬂnck, using a pressure
of 250 Kg/cm?.

The pressed bodies were sintered. in air
in conditions set out in Table 1, and then

furnace-cooled to room temperature. The

sintered body was lapped on its. opposed
major surfaces using silicon carbide abrasive
having a mean particle size of 30 in dia-
meter, until the body was reduced in thick-

" pess to that given in Table 1. The lapped

surfaces of the sintered body were then pro-

. vided with electrodes by spray. metalising an

aluminium film in known manner.
The electric characteristics of -resultant

sintered bodies were measured and are- shown
in Table 1; the results. show that the C-value -
- varies approximately in - proportion to the
'ﬂncknessofﬂlesmtetedibod while the. »-
- value is essentially mdependmt of the thick-

50

ness. From this it can be inferred that the

- voltage nonlinear property of the sintered.

body is attributable to the brulk characteristics

'.__oflhematenal

' Example 2.
ch oxide, togethu' with the addmves as

-given in Table 2, was fabricated into varistors
by the process ‘described in Example 1. The

thickness of the sintered body was 1.0 mm.
The électrical characteristics of the sintered

_ bodies were measured and are given in Table

2; the conditions at currents of 0.lmA and
1mA- were taken in determining the n-values.
The d.c. load test was carried out by apply-

tage changes of C.and n—values following

- load and surge tests are.also given in Table

3. The surge tests consisted in applying 2 :

_ impulses of 8x 20y sec, 500A, and the dic.

load test was as described in Example 2,
Table 3 shows that the further addition of
manganese oxide results in the higher n-values
and smaller percentage changes of characteris-
tics, compared with the materials of Example
2.

‘Example 4
Zinc oxide, with additives as in Table 4,
was  made into -varistors as in Example 2.

The -electrical d!aractmsnw were measured -

and are given in Table 4, and these show

8

that the further addition of ome member -

selected from the. group consisting of anti-
mony oxide and titanium oxide results in
higher n-values and smaller percentage
changes compared with Example 3. The
percentage changes of C and n-values after
dc.loadandsurgetests,camed out as in
Example 3, are also given in Table 4.

5.

Zinc oxlde, thh additives as in Table §,
was made into varistors as in Emmple 2
The electrical characteristics of the varistors
were measured and are given in Table §,
which shows the further addition of nickel

95

100

105

oxide -and ‘chromium oxide results in the

higher values of n» and smaller percentage
changes than the varistors of Example 4.
The percentage shanges of C and #-values
after d.c. andsurgetestsasmExampleS
are also g1vcn in Table 5.

Example 6. - '
The varistors made in Examples 2, 3, 4,
andSwerenemdmtempemturecyclea

110

PR

‘115

humidity tests of a kind suitable for electronic -
components. The temperature cycle test con-

sisted of 5
held at 85°C ambient temperature for 30
minutes, cooled rapidly to —20°C and’ then

kept at the latter temperature for 30 minutes. -

The humidity test was carried out at 40°C
and 95 % relanve humndnty for 1000 hours.

cycles in which the varistors were -

120



2 1, 400, 344

2 which is a diagrammatic, part cross-sectional nol percent of antinony
oxide [err] and 65 view through a varistor. 0.1to 3.0
nol percent of titanium oxide The Figure shows diagrammatically the

[err] The addition of antinony oxide in- basic arrangenent of a varistor
conprising, creases the Cvalue of the resultant varistor;-5 as its
active elenent, a sintered body 1 having the addi‘tion of ti tani um oxi de
lowers the g . electrodes 2 and 3 neki nﬂ,mggmc contact to. -value. ° 4-__ ' _
70 its oppost - - e ' o
i nprovenent inT 1%5%%%% %‘fl"éﬁ'g?s 8- "?P“‘a5r‘f¥9t‘7ﬁéh“t‘lﬁw | \./ o
stability is oftdIAbE arl were o bed, can be of any -
sui t abl e shape, such as- sint ered body conprising.zinc oxide (ZnO 10

circular, rectangul ar. or square pl ate fRABLR l.as the main constituent and, ‘
as additives, 0.1 Wre leads 4 and 5 for c’bnnectlng the vari- to 3.0 m)I. :
percent bi srruth OXi G _ Z5—st-of—tgexterpal—eif-cut-s—are e*tached R
conduc- 0.1 to-3.0]|nol cobalt oxi de ler s.}uenhgcz@hymﬁo the \w-
el ectrodes 2 and 3, |r @siplets ve| y, to 3. Ofmpr—perpent—TEngagese oxi de’
by connection neans 6. &) 7 (Q:‘H‘Eﬂn be® ( OT":“‘I’@.-O ‘B"ﬁ"ﬁ)‘ | percent .
boron tri- 15 sol dér ,.Qk tﬁsﬁ | ond;ctl péc2l OXI de [err] 0.1
. 1 Al 557 :
to 3.0 nol percent i {ng{rlﬁ' - B | n?ered & %ﬁe .(’sarl'stor hasja ium
oxi de. [er : I east - 2onef 86 co oszntl bn -gonpr| si ng, zi ncjoxi de (ZnO)
as of of - {0 ol pefcent chiom 3th{= mai n cpnstituent] and as an .
addi ti;ve, 0. 01 |umgOX| de [lerr at? 0.1 t&33 3.9 moi pef- to 10.0fno! percent
bi snuth oxide [err]J centosickel @xi de ( I\ng) and 0.P1 tq, 5.0 ' e
. Imual Ol 1 600 24 mseec. | 1
. ’ 2 240 24 T 9y ) . 9
: RN TR - B ’
os foeo o 23 | L S |
mitisl 5 | 80 | 23 .| 1000°c. 20
2 2 S BT A S I



20 0.01 to 10 nol percent cobalt oxide [err], nol percent o
of magnesium 0.01 to 5.0 nol percent boron trioxide [err] ox
cal cium oxide (CaQO), barium 85 and 0.01 to 5.0 nol percent

of oxide (BaO) and strontium oxide (SrO. nagnesium oxi de
cal ci um The sintered body can be prepared by a oxide

bariun1 - oxide (BaQ, known ceramic technique. The starting
and - strontium . oxi de . *(SnO. Such ials, of appropriat

and  ps opor- a

snntered naterlahAmEMhlblts

non-rinear

~tion

f at | east one

ide (MO,

of at | east one

(MO,

(GO,
mat er- 25

e conposition

s -aBde nmxed in

a wef mTT

To.produce a_

-honpgeneous nlxture The nlxtunﬂABLEmled tles of the naterlm

90 resistance properties due to the bul k proper-

- . accordi C . - sujtable Cval ue
for a v d b)ecmcﬁfﬁp&mew ngthanggrrescmsga from_ 50 to 500
» Kg/ 30 . selectlng an . appropr|auﬁRémnﬁmSh@nubetmeenﬁurﬁanr] The pressed
body i s| si ntAsidisiyes fwohfet at t He—etT oJe[s OB SOTf[AaCes o T e var stor, wth-
[€try tpofardl~far o204 - 94 9960 ffedtigo fhe
[e¥F]-v IBLf6 \F(ILIBE 3)31’2 g og%m conl ed 1 rgnm tlenper th_ur e, that
'i's, canjb Pglvgg a hbgh [gsrTF valgg and exhlblt gqqﬁ -4.3 , to
'iabout [,fT,_ e—-e+i} Fhe—fd-t-es—ear-stabi--ty—+n—e-te—+topd condi ti ons.
be firsg caIC|med #ﬁoberrpﬁt_ [errp and |t han. 35 -2arpr dveelirpsults, as to
-d.c. angrsurge ustreq—toflacr T tate—f{rhe—sgbsegquent {ressihg stability
-can be pbt-fir Boby ufiSn 9édifive§3 stepl. %he |m xt e td bé3plessed can be
100 congisting,f 4.1 tc 0 nDI rcent] bismjyth _ nmxeq w,th|la suitable
"-bi nder r_ih 93 \%a'r ar il)(;jXJ dgsr f'%&‘l 1o R gs |__per (‘Pnr_,;c_&:rg_l_, S oor
pol'yvin hoglcoggl. Thg S |ﬂgered bpdy canl oy dg [enLdgo di_49 p. 0 nol
- per cent. Fher-aq—be- dd—or--t-s—oppose-Aafg—sttased———
S 1:30 o001 | 05 ] 05 69 18 ~4.8 -4.5 .
| 30 Jor | 05 | 05 1 '125'1' 20 -2.4 -2.2
e | o 0.5 | 0.5 129 2 =24 -2.3°
F30 L3o | os |os 137 20 - =27 ~2.6
| 30 f100 | os | o5 158 19 ) -a9 |-s0 |
tse e f oo foes |- 17 25 F =29 |25 |
'#710j;30- 0.1 | 6.5 . 125 23 -27 | -24
F30 [0 | 10 ] os 123 % -23- | -2.4
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40 trioxide [err] and 0.1 to 5.0 nol percent wusing an abrasive powder
such as silicon car- of at |east one of magnesi um oxide (MO, bide of a
nmean partile size of [err] to [err] 105 calcium oxide (CaO barium oxide
(BaO di anmeter. Electrodes are provided on the op- and strontium oxi de
(Sro. posed surfaces by any suitable nethod, such Hi gher
[err]-values and further inproved- as silver painting, vacuum
evaporation, or 45 stability can be obtained by using addltl,ves flame
sprayi ng. of ngtal such as A, Zn or consi@bgﬂg of 0.1'to 3.0.nol -percentg

bi snut h - -Sn. . —Trooxrde {erT- 0. I 10 3.0
nol per_cen_t' cobal t : The nonl i near prmﬁlr& 2eComgiugdhe . body are OXI de [err]
0.01 to 5.0 m)l pereent—beror—not—sigr-Hecantty—afFeetet—bhy—the—typp of
elec- trioxide fferr], 0.01 to- 5.0 nol | pEleceirnl Brbperdeso esCiusgdPertrntageal be
vari ed by varyirg 50, at 1east one of rrabh@'sltmﬁﬁwﬂdfe (MyOpfteichast  t hp
di mensi on of thq_sj 8 HEes iy \%)b=tvm1 Cl ym oxi (Ca@, - bapi um OX|He (BaO)
and t he -el ect oﬂgﬁs_a@g;@gc eg,0, t P&ab- Yal @er mh) t 1‘15 Std’tQmﬁlnLAm o_)_qg_n_de-._ \,w
(SrO, and 0.1 fo—3—6nor—jresrsfor—varres—n pl portrTomr—to—the ._'rll(,RIESS" S
percent of mangdnd@dd bx3Be (M)} 05 . S8f the $9tdred tbi es] Bat{the
[err]-value is JC1LTT Jurthgr 1opfovengnts 1n [er ]-va'l ue and. sjubta |aIIy
i ndependent of 4hi®dknks B 'Ogrp_‘%ﬂsst_i |1y can &l onkt ai net an tzga ue -
con- indicates |that ggvcl tegel panl n_ear13-4pr ope t)éztrol I ed, py usLQ%
addi ti ves consi ti-rg—b lo—4s dug Lo lha b oo et ,“-.";.h_e :
mater- 120 3.0 Hrol3 (pe cg;,nt_ bigssuf v.50x a:ml It --a snpt due
to the nature offthe—to 3t moi—perce oo OF r] 00— =teT]rode
contact. to 5.0 {n9? p hri’:@nt ot oh %% i (5XI dé&*y err1 'aﬁ%_i- 1 1=hb Wi k&4-3chn be
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2. A material according to claim1, where- 7. A sintered materi al
substantially as de- in said additive consists of 0.1 to 3.0 nol per-
scribed herein. cent bisnuth oxide [err] 0.1 to 3.0 nol 8. A varistor
conprising a body of sin- 15 percent cobalt oxide [err] 0.01 to 5.0
tered material in accordance with any of the nol percent boron trioxide

[err] and 0.01 preceding clains and el ectrodes on said body. 40 to 5.0

mol percent .of at |east one of mag- 9. A varistor .substantjally as . _
described with nesium oxide (MO, calciuypaxide (CaQ, reference to thg
acconpanyi ng= frgs—be e B2 Or—ama—strontToummroxTrde—20 —Sror 3
A material according to claim2, .but . TABLEA "A.. THORNTON & CO. , m)di.fi\e-J'
by the inclusion of _0.1.t0 3.0 nol. Charted Pafent Agents,. percent -of
manganese oxide (MO. - . | ° - Pariapesl.and House, 4. Ajmateri.al
according-to claing 3, but — _303:305#@%. ;:%ﬁe{h, 2e—wpdi-Hed by ~
the inclusion of O 05'to 3. mMeiting Cycle Test Lopdon, HWiGylTesPri nt ed|{for Hers " .
Maj esty's Stati Oﬂﬁ;g O ficefby —CourTer —Preys, —teammgtomSpa, 1975, w
Publ i shed by 't he eNyf{ce, 45 Sdut haMbton|Buil®f ngs| LoAdon, 4 1AY,
from which copieslmg&mpgjpb1ain§gg.-=* 265 | -s2 ) -es R
. Elj{é_'mple 3 ] _. —-2.'8'_ ‘-_5.7 -37 -5.4 |
| Exampie 4 | -1 -3.9 -1l 37
| Exampte s | -1.0 2.5 -0.8 ~22

'WHAT WE CLAIM IS:— . .
1. A sintered muaterial ‘consisting of zinc
oxide (ZnO) and, as an additive 0.01 to 10.0

mol percent’ bismuth oxide  (Bi;0;), 0.01 to

-10.0 mol percent cobalt oxide (Co.0;), 0.01
to 5.0 mol percent boron trioxide (B.Os)

10

and 0.01 to 5.0 mol percent of at least one’

of magnesium oxide (MgO), calcium oxide
(Ca0). barium oxide (BaO) and strontium
oxide (SrO). - ST _

" 2. A material according to claim 1, where-
in said additive consists of 0.1 to 3.0 mol per-

" . cent bismuth oxide (Bi,Os), 0.1 to 3.0 mol

15

. percent cobalt oxide (Co:05), 0.01 to. 5.0

mol perceiit boron trioxide (B,Os) and 0.01

to 5.0 mo} percent of at least one of mag-

nesium oxide (MgO); calcium oxide (Ca0), -

" barium oxide (BaO) and strontium - oxide

(SrO). -

3. A material according to claim 2, but =

modified by the inclusion of 0.1 to 3.0 -mol
percent of manganese oxide (MnO).
4. A material according to claim 3, but

modified by the inclusion of 0.05 to-3.0 mol -

percent of antimony oxide (Sb.0;)-or 0.1-to
3.0 mol. percent titanium oxide (TiO;).
"~ S. A material according to claim 3, but

modified by the inclusion of 0.01 to 3.0 -mol -
- percent of titanium oxide (TiO:) and 0.01 to
3.0 mol percent of chromium oxide (Cr,Os) -

or 0.1 to 3.0.
(NiO0). "~ - R
6. A sintered material of. a-composition in
accordance with any of the examples herein.
7. A sintered material substantially as- de-
8. A varistor comprising a body of sin-
tered .material - in accordance with any. of the
preceding claims and electrodes on said body.

mol percent .of . nickel - oxide

9. A varistor substantially as describéd with -

reference to the accompanying’ drawings. _
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modified by the inclusion of 0.05 to 3.0 mol -
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' | TABLE 6 L.
, Percentage Change
‘Heating Cycle Test . Humidity Test
" Sample No. Ac ' An Ac . An
Example 2 ~4.9 -6.5 -5.2 -6.8
=X
Example 3 - ~2.8 =5.7 -3.9 -5.4
Example 4 -1.8 -3.9 -1.1 -3.7
Example 5 ~1.0 - =25 ~0.8 -2.2
WHAT WE CLAIM IS:— . percent of antimeny oxide (Sb.0,) or 0.1 to
1. A sintered material ‘consisting of zinc 3.0 mol percent titanium oxide (TiO,).
oxide (ZnO) and, as an additive 0.01 to0 10.0 S. A material according to claim 3, but
S  mol percent bismuth oxide (Bi,O;), 0.01 to modified by the inclusion of 0.01 to 3.0 mol
10.0 mol percent cobalt oxide (Co20s), 0.01 percent of titanium oxide (TiO,;) and 0.01 o 30
to 5.0 mol percent boron trioxide (B.Os) 3.0 mol percent of chromium oxide (Cr;Os)
and 0.01 to 5.0 mol percent of at least one¢’ or 0.1 to 3.0 mol percent of nickel oxide
of magnesium oxide (MgO), calcium oxide (NiO).
10  (CaO). barium oxide (BaO) and strontium 6. A sintered material of a' composition in
- oxide (SrO). . accordance with any of the examples herein. 35
2. A material according to claim 1, where- 7. A sintered material substantially as de- -
_ in said additive consists of 0.1 t0 3.0 mol per-  scribed -herein. : .
cent bismuth oxide (Bi.Os), 0.1 to 3.0 mol 8. A varistor comprising a body of sin-
15 percent cobalt oxide (Co,0;), 0.01 to 5.0 tered material in accordance with any of the .
. mgl percent boron trioxide (B.Cs) and 0.01 preceding claims and electrodes on said body. 40
to 5.0 mol percent of at least one of mag- 9. A varistor substantially as described with
nesium oxide (MgO), calcium oxide (CaQ), - reference to the accompanying drawings.
* barilum oxide (BaO) and strontium oxide _
20 (8r0). :
3. A material according to claim 2, but A. A. THORNTON & CO,,
modified by the inclusion of 0.1 to 3.0 mol - Chartered Pifent Agents,
percent of manganese oxide (MnO). Northumberland House, -
4. A material according to claim 3, but = _ 303~306 High Holborn,
“London, W.C.1.~




