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65 Pry{C,H.O,)s, red copper oxide (Cu,0), and bismuth citrate (BiCsH;O,). The hydroxides, salts such as
carbonates and oxalates, and peroxides of the metals may aiso be employed.

Experiment has proved that if the proportion of the additive or additives is less than about 0.01 part by
weight, no substantial improvements result in such properties of the electrical components as capacitance,
dielectric loss tangent, and the strength with which the conductive regions adhere to the ceramic bodies

60 against tensile loading. Such properties may also fluctuate considerably from component to component on
mass production if the additive content of the paste is insufficient. If the amount of the additive or additives
exceeds about five parts by weight, on the other hand, then the tensile strength will decrease, and the
dielectric loss tangent in particular willi deteriorate.

Described hereinbelow are Examples of the invention, dealing with specific examples of the zinc paste

65 as actually produced in accordance with the principles of the invention, and the physical properties of the
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ZI nc pas e werd each codted on opp05|te faces of each of séveral discCs of
ceram c sem cogductor mgherial conpsswed principsl |y of strimtiumtitenate,
SrTi 8, and were baked thereon. Figure 2 is a section through each ceranic
CapaC|tor 22 tBus fabrid&@ed, show®™ the ceramflc disc 24 %fd the pat? of
,2| nc- confuct org 26 on itgoopposite faces. A rmrﬁ det ai | ed gd,scussi on, pf the
225 ceram c capacitors and the nmethod of their fabrication follows. The
_ceram c discs 134 of the1mapacitors 2@ were prepared from 2088 xture oi198. 8
ol e%SrTl a3, 0.8 nol e% er mani um di OXI de, [err] and 0.4 m)te% ni obi um
' [®rr], Bdni xed wit pol yvi ny? al cohol as®an or ganic 8 nder. Afer
havi ng been agjst ated, tRlgem Xture wag nol ded i nggd di scs atqy@ pressurggof
approxi mately one ton per square centineter. The disc-like noldings were
baked for thre® hours atof 30 tenped® ure of [e¥r]. in a flbnace, inthhich
there wa¥ a gageous atm% her e of 9?0/ by capaci of nol ec¢d ar nitro
(N2) and 2% by capaC|ty nol ecul a (itydrogen (H2). The ceram c discs thus
‘formed had eackg a di anetsebb of eightsgd || imeterssg{nm) and a1.jéhi cknessi.of 0.4
mm The discs were then coated with a [err] glass paste. The coated ceram c
di scs weffe heat’ed and h®¥I08 at a tendp@®rature of .$eerr] for th¥%e hoursl?
t hereby causi ng di ffusupj%of t he glg%s i ngr edi egy s into the,ceramc {9
insulate its particles.

19 10.00 ' 1.00 61 0.88 1.2
60
20 10.00 5.00 : 54 1.43 1.0




35 For the fabrication of the conductors on the opposite faces of each
eeramc di sc the zinc,paste of the above specified conposition was first
Iprinted" on qne face of the disc t hg 5 g540. 074 nm (200- mesh) Tefl on
Etraderrark screen The coated discs were placed |n a dryl ng furnace for

firyi ng the! le ] for 10 orgs st e vva
fou o8 TR oy 2 e el
Eane man0en.o1 folsn ,pa ﬁels oam&po o‘nﬁ

coat i Ngs swearticlel gzei raﬁgirmdmeah tontlsm nacrbnsnmht dhe af the $a|'\‘ienIeM‘§|e adin Eknawples
goat i ngs 1-60 \U@ﬁ@em"g# with the a&riqwaﬂemgze Oéthpgbove mgsce@ents Hbe mlxtum amtateéfor
Zl nc, for th ezmgg stefs a?etzw 2 j:ﬁfg m rIngI I:Iqéoé?agzc\&%fw Cl f‘:’:‘g
were hel d 24 Eheilo Girer) uft Woréi et ure S Skt ol @%ﬁ’fs@ i zﬂrera A
rai sing ad’lebpl'déw Ihél&sdll‘sﬂt Wil Bsbsétved fdm tiie &bﬁ th&ﬂh@ad«*ﬂdﬁ o EROR In@A fia@ range of

conduct or s pgortiénsFgivps rjwst 25 fagereble Inegsvitsnay dwesl tharadtigon off Pb?O&srimEambla +Hockness

of 15 [err]. As has been explained in ¢conjunction with Figure 1, the

heati ng of _the zinc paste coatings in 4@%& ?msphere as above, causes

oxi dati ops of the zinc parpdselifgedidd® N surrounded by d.ber glpaties NOVEVET,

each zinc particl e wrdergoes—oxi-dationr—only

surface. It has al soPh{}fﬁ%ﬁgg@ml Onﬁ%gt;zoh?t the(bz{l’ nc past eHD@tfecttih; S i gﬂeﬁﬂtﬁl on

i s baked at er at ove t¥ECHMELt | ng 6%""6# zi 988 ke 9

convent i E?‘a 'Fi er_pAR PRI ch P9 PEY at a tEnperature E)(glgﬁ,ow the el ting

poi nt of si I vez1 Thus t g1 unoxi di zeghti nteriors ggf the zingfarticl es1 el t

~and, disrupting the oxide claddings, becone bridged to each 50 ot her.

Dglﬁng such ba?l?l ng of tPR8!coatings ¢We vehicle Bf the zinc'Paste 12

evapor at es. zi nc po r andth | ass frit, on the ot hand, c i ne

as in Fi g5ure 1 by t he bé\tﬁfng to make&up the con %]uct ors. T@cer am c Pyb

capaC| tors wtda the zi neoconduct or ss.gar epared asssabove wer erdsest ed as1.to

capaci tance, dielectric |loss tangent, and the strength with which the

gonduct or s wer® bonded P30t he ceraf® discs 55 ®gai nst pul 1¥ng stresd?

Table 1 # ves dghe resul g5 INn this gpd all the gucceedi ng (flg%bl es each

glsted value i's the average of ten sanples. Also, in all e tables gl ven
erel n, the cagacitanceooé the capardotors repressents the vegues neasused at
frequency of 1 kHz, in nanofarads (nF), and the diel ectrl c |l oss tangent

gz_epr esenfs 100% i nes th&Wal ues med®Wred at 1 K¥z. For the"®tual vallies of

fliel ectric | osgg tangent 444 herefore,ggihe tabul atgd figures ggoul d be 49

bul tiplied by 10-2. 60 Figure 3 explains the nethod adopted for-neasurenent

‘j‘: the strengt¥® with whitdh the zi ncd.Wonductors 6 adhere t®80 he cerakPc

i sc 24 &f each capacitor,  There wey e first prepared two a eaI ed cogger

i res 28 and 3 for eachogapamtor ®ach wire H ing a dia of O

Bnd a length ofy 35.0 mmfach wire ggs bent at g poi nt appgeXi mately14 nm

iromone end, as shown. The bent end of each wire was sol dered to one of
.he, condect or s3826 of eaé0capaci t or0¥i th applic®#ion of ulttasonic 18

xn bration. The wth org%ovm re 28 6@ ({:el d agai ngf novenent °4the ot heg 5Was

pulled slow y Via a spring scale in {

e arrow nmarked direct on, until
® 059 851 eithgy of thesponductors tee of f thesxeram c diaer 24. The1s
teadi ng sn kil ograns (k%) of the spring scale at that nonent is given as
the tensile st¥ength of 38 ch capaci #%. The tab¥ ated results indicatd that
the addition of, [err] i oves all ghe three prgperties inqgglestion t he
capacitors, 'jg in part F@EI ar thei r6d| el ectric I%gss tangentwand tens?ﬁe
strengt hss The seeason fowoebhis seenso.id to be thesi nproved st2ge of thez2
interfaces between the ceram c bodi es and conductors of the capacitors due
to the additi off of [err‘]o Particul at*%ttention PS directed®®® Exanpl &311,
which represengs the zipgopaste congg ning one gart by wei gt of theqgl ass
frlt and gpnre—part—by-weight of [errl . The properiies—of—the

‘Examples 41—80
To 100 parts by weight of zinc powder there were added PhO-B,04-Si0, glass frit of Examples 1—20 in
various proportions ranging from 0.01 to 10.00 parts by weight, and powdered Pr¢O,,, an additive, in
65 various proportions ranging from 0.01 to 5.00 parts by weight, as specified in Table 3. The PrgO,, powder
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t‘ors for med by use of this zinc paste are better than those of the
ntional capacitors with the silver conductors. 10 The proportlorff
shoul d range from about 0.01 t0 @59®@5farts by wei ght, preferably f.

0 1.0 Rahialide mfe'fg,mM éhﬁH vJQerhédﬂioLé M&t Qﬁotéd“in iy a&?A&eﬁ' de
ange dﬁ.:thaﬁ 209 byowdikiht BrelsameVenioR by m He'aBm weragiettd

resulti ﬁgowap@mph@m& tinariy dlﬂm&vmbastbm aeme $ 415160. Capacitorswerefabiicated by us& 6

E 1 Ras‘tf ghep Em;tesntpg)ugh the same procedure as in Exa A28, @pd p pqltp@s dielectric

le strength were measured also by the same meth ?? s 1—20.

- B203- & rmesents the r;slgﬂ? Tt |ll ge seen from this mle that the additio e of 0. .’IFE') ie
3 parts by Welﬂ as favorable ¥é3 Js dbés)the additl Example

fgent strengt Exarrp wei ght part weli g part nF
82 kg 1 0.01 TABLE 3 0.01 55

i 1o - - -
.-;'0 1"1J'3§b Pastelingrfdignt% SU-Ud 0 Ofapacitor%iojbgnies 1. 00
0. 88 Ph0-B,0,-5i0, 1- 3PhO,, 0.01 Dielectric - TaRkile
1. 44 glass frit, 1. taddiGveh Capacitance0. 10loss tangent, steengih,
3 15 Examplps 03 weight part 1. vepight part nf). 10" %1072 0. 10kg
, 0. 98 9 7 U, 10
00 63 ¥ 0. B8 %05 M g}
3 42 58 0.01 1. F) s56l. 7 9 1.28 1. 0f2
20 61 : 0. 86 2.0 40 10 1.00
48 1 00 ol-e 60 2 0 11 086 1$0
64 0. . g1 45 12
4 44 0.01 3 1. .
£ 00 - % 5700 2 0.89 " 1.6"3
: 8 25 45 0. 01 0.10 5@01 58 1.12 1.07 1. 61214
i 3 0. 10 58 1.06 1.7 50 15
46 1 00 010 6210 60 5 71 099 1. 786
47 9-00 949 Pdo 62 1.16  qgs 1. 4495
30 10. 00 0.01 . 56 1.39
£ 1 18 48 10. 00 0.0 05.000 58 56 1.10 14 31
E- 2 19 10. 00 61 0, 88
¥ 2 60 20 4 " 10. 0d° &°5 00 61 54 089 1979 43

Z 0 65 535 0 ep9 851 E)Qébmﬂ es 24-4¢10As specifigd in Tabl eggs, vari ousg
gr oporti ons of PbO B203-Si @2 glass frit of Exarrpl es 1-20, ranging

51 1.00 1.00 0.60 2.1
‘ 52 1.00 5.00 60 . 093 18
“ s 5.00 0.01 57 1.16 15
54 500 0.10 58 1.09 16
w 45 5 5.00 1.00 62 073 g
56 5.00 5.00 . ®m 1.20 15
57 10.00 0.01 55 1.42 1.1

” 58 10.00 0.10 56 1.29 12

59 10.00 1.00 61 0.84 13

55 60 10.00 500 - 54 1.49 o

Examples 61—80
To 100 parts by welght of zinc powder there were added Pbo-Bzo,-sm, glass frit of Examples 1—20 in
60 Various proportions ranging from 0.01 to 10.00 parts by weight, and powdered CuQ, an additive, in various
proportions ranging from 0.01 to 5.00 parts by weight, as listed in Table 4. The CuO powder had a particle
size from 0.1 to 15.0 microns. The various mixtures of the zinc powder, glass frit and CuO powder were
each admixed with about 20% by weight of the same vehicle as used in Examples 1—20. The admixtures
were agitated for 15 hours thereby providing the twenty different zinc pastes of Examples 61—80.
65 Capacitors were fabricated by use of these zinc pastes through the same procedure as in Examples
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|
from{.01 to 10.00 parts by weight, and various proportions of powdered
[err], an additive, ranging fromO0.01 to 5.00-parts by weight, vveret@Fed
to 100 parts by weight of zinc powdeg.pgd@ggserr] powder had a 5 par e
si ze rangi ng ’Erom 0.1 g(_)ta'15.o rriﬁcr ons. _ﬁbouteZQ%ﬂby wei ght of thebsarre
el e L e
above i ngr GifuEiboor pa%ﬁimmzsuﬁgi%dwg"@fr&anf % Sotab S0.0b % S0 o bt lies e
ft venty dif figt entavarbile radaitst £Sdoed the>eadiMOrESE FbloJ4s. in GRenmgldst 0Lz, Were fabri cated
by use of these zinc pastes through the sanme procedure as in Exanples 1-20,
and their capacitance, dielectric |oss Y8hgé&nt, and tensile strength were

measured by the sane neth ﬁﬁ;‘i‘ . fi(arrpl es 1-20. T . £epresents the
results. It will be Pish fgreditheg” bl e_t hat fﬁgﬁaglﬁivﬁ?’gﬁ'% [err] in

the speciofied range BO-ROeP®:ti ons @iOves just as favorabbeletisul t s Teasidoes
the addition of éerr] glass il Exanpladditivel.20. T9sppqitanre,] 5 loss tangent,  strength,

Paste ingre plgs  ~ weight part weight pas o ci t orpr oper ti edWerr] kg

[err] 61 0.0t Dieleggyric Tgnsile glasgqgafrit, 1.4

(additive), Capaci t ance, | oss tangent, strength, Exanples

wei ght part 62 wei ght 0@&rt 0.10 nF 56 [ ert30 11 kg

20. 21 0.01 0. 55 1,41

1.1 22 6 0.01 00 o%o B 57 08 1'329

1.2 25 5 234 0.010. 01 5.00 1. 00gs 141 1.1

0. 84 1.2 24 0.01 5.00 55

1.45 - 6% .1 25 0.0 0. 1%01 539 0. 01 1.03 587

1.05 .7 30 2 0 0. 10 60

olos 6 g 7 010 0. 59 % 1. 00 099 6%’

0.62 67L..9 35 o010 28 1.00 0.10 &2 &edd0 1.8

58 1.08 1.7 29 1.00 0.01

60 6 g7 010 1.9 8% 59. 00 1.04 0. 17

59 0. 80 2.0 ¢ 31 1.00 100
69 1.00 60 0.90 8

64 % > 0.52 2.1 3‘8’ 1. 00 5. 00

60 70 0. 90 1.00 1.9 d® 33 61 50.80 2.1

0.01 58 1.13 1.9 34 5.00

0.10 n 5 100 1M 641535 0% 5. &b

1.00 72 63 100 Og o/ 60 1. 6 50 36qg2 19. 00

5. 00 57 1.17 1.5 37 10. 00

0.01 73 55 5.00 1.d0 581.1 55 11688 1.6

10. 00 0. 10 7 1.28 1.2.39 .

10.00 % 74 1,00 50 B %8 0.g3 0 1.%3 40

10. 00 - 75 5.00 500 0 1.47 og0 - 113 60

1.604
Exanpl es 41-60 To 100 parts by weight of zinc powder there were added [err]
glass frit of Banples 59020 in vari®®s proporti®hs rangi ng’®Yom 0. 010

(0. 00 pafts by_weight, powdered Lerr], an agditive, in variou

%T‘Kport i ons ra?l)é\?ng froﬁ?’ .01 to 5.%é1eparts by \%gi ght, as é’g‘gci fied ﬁr11
Table 3. The [wr] powdmioo 0.10 56 1.30 1.2
50 79 10.00 1.00 60 0.95 1.3

80 10.00 5.00 55 1.45 1.0

Examples 81—100

55 To 100 parts by weight of zinc powder there were added PbO-B;0;-Si0, glass frit of Examples 1—20in
various proportions ranging from 0.01 to 10.00 parts by weight, and powdered CdO, an additive, in various
proportions ranging from 0.01 to 5.00 parts by weight, as set forth in Tabie 5. The CdO powder had a
particle size from 0.1 to 15.0 microns. The various mixtures of the zinc powder, glass frit and CdO were each
admixed with about 20% by weight of the same vehicle as used in Examples 1—20. The admixtures were

60 agitated for 15 hours thereby providing the twenty different zinc pastes of Examples 81—100.

Capacitors were fabricated by use of these zinc pastes through the same procedure as in Examples

1—20, and their capacitance, dielectric loss tangent, and tensile strength were measured aiso by the same
methods as in Examples 1—20. Table 5 represents the results. It will be seen from this table that the
addition of CdO in the range of 0.01 to 5.00 parts by weight provides just as favorable results as does the

65 addition of Pb,0, as in Examples 1—20.




"0 059 851 had a i i

. < particle size fromO0.1 :

Bt ur es . ) .1 to 15. .

sanme \c/)feh}[ Efengg?gslegg-re'ql ents were adm xed wi tg ;nbgL?an%TBe o’ e

09{5 to-prepare the't\lAlgntEi(/amgr%g?Q'zi -rln_ge B e ® Z‘gi efj ?Lr

cito abri ast

edur;sa\évear en fgé?[“lﬁ.cat eEi EX use ofTABHe8e zi ng DagfegftE)r(i.rmLe?hfl;Eo'

ent. and tensi| éPISF;sE?tJ"l-i-;’\ﬁjdiﬂgﬁr*m TNEIrr capacit ggaétor dioﬂérﬁqsfl;,'i CIE Sane

arrpl‘%s 1-20. Tatn] K g e_ﬁeasurpd al so—by—the—sare | 0SS :

bl e fhat the adgk B0 fsﬂ?firesent@d he results. It wi|Pielsem TETHQS as 1n

ovi des iy < fl a0 [ er Kddditive).t he r Capasitanse: 0 0 _ssi W%EEH fikdaginf hi s
éﬁﬁleg Weéightage r eswdight PAR does t e addifiom of Pi”? ky wei ght
O- f—reffr—as 1n

aI’Tp| es_1l- FABEE——76 .
(r)lgielrél eisapbr][] | 0.01 Ler r}x.ﬂg lents g5 140 Chacitor
fength, 182 rE;;,rrpl%%? (aadi t1velo Capa& tance oo te;ﬁ;té'mc
’ wei ght - ’ :
i 2;] g3 kg 41 oo 81@gpa” el 8ht)1par .84 ne
5 1.1 42 : : :
). 28 15 84 1 2 20%%3 : %.091 55 0.10 142 %g
. 86 18 40 0.01 1.0 6
e & Zgo.w . ®.01 8 5 00 Q.01 1574 60
- 5 '
- g6 1.07 0.10 0,10 0. 1Gy 0920.01 19
20 0. 99 1.7 46 0. 10 0. 10
8 o gg O i ?%bg " 63 0.10 0.64 1 6%
88 é ég 0.10 1. 45.00 58 | 08' 10 112 15. 00
. : 0.01
25 g9 61 100 L @°§§ 5061 , 0.84 00 2.0
: .0 51
90 gg 1.00 8,160 61 o 1 5o 079 izgg
. 93 .
91 57 100 19076 es 18 40 53s7 215. 00
30 58 - 1.5 54 : 5. 00
92 1 0o 100 J5-6()%9 60 1.6 45 100 55 13
93 5-00815.00 0.7 57 2: Zg 1.14 1'15?36 gg
5 59 ® 16n 020 00 5.00 0. 1@.1055 58 1.42 1085 171 50
.3 55 6P ' 5.00 1ed00 62 61 0.73 L 219‘6
? 10. 00 5. 00 .84
ge 1- 1 Exampbes 61-80 500 " e7 1.20 04 17
40
97 10.00 0.01 56 _ 1.41 1.4
98 10.00 0.10 56 1.29 12
45 99 10.00 " 1.00 60 0.90 13
100 10.00 5.00 _ 55 1.44 1.2

50 Examples 101—112
These Examples were intended to ascertain the results of the use of two or more of the above

enumerated additives in the zinc paste of this invention. Thus, to 100 parts by weight of zinc powder, there
were added various proportions of PbO-B,0,-SiO, glass frit of Examples 1—20, ranging from 0.01 to 10.00
parts by weight, and 0.1 part by weight each of two or more of the powders of Pb,O., Bi2Oa: PrgO43, CuO and
s5 CdO as additives, as specified in Table 6. The various mixtures of the zinc powder, glass frit and additives
were each admixed with about 20% by weight of the same vehicle as used in Examples 1—20. The
admixtures were agitated for 15-hours to prepare the twelve different zinc pastes of Examples 101—112..
Capacitors were made by use of these zinc pastes through the same procedure as in Examples 1—20,
and their capacitance, dielectric loss tangent, and tensile strength were measured also by the same
60 methods as in Examples 1—20. Table 6 represents the results. As will be understood from the tabulated
results, the use of two or more of the above powdered metal oxides as additives provides just as favorable
results as in the foregoing Examples. Although each zinc paste of Examples 101—112 contain 0.2—0.5 part
2 by weight of the additives, experiment has proved that the total proportion of the additives can be
¢ anywhere between about 0.01 and 5.00 parts by weight. Such experiment is not presented here because
65 the [esults are self-evident from the foregoing Examples 1—100.




;;_.o 100 part’s by wei ght of zinc powder there were added [err] glass frit of
f-xanpl es 1-20 in 60 various proportions ranging fromO0.01 to 10. 00 @ts by -

hei ght, and powdered CuO, an additive, in various proportions rangi from
p. 01 to 5.00 parts-by weight, as |i g ggo ﬁsi'abl e 4. The CuO powder d a
particle size from0.1 to 15.0 mcrons. The various mxtures of the zinc
bowder,. glass frit and CuO powder wer e TABIES adni xed with about 20% by

wei ght vf The sane veni crg as Used TT Exanpres 1-20, The adm XTures were
agitated for 15 hours_t herEBy ¥ SMdi ng t he_t wenty APFF'T BRPEYne pastes of
Exanpl es§61-80. 65 ppo-E,0p$10) t Or sadies f abricat ed by usepigéetdchese Fidife
pastes through the samispfrocedur elEad 0.1n Exalppacitande, Cod338hg8dt] 1-sh@ngtiand
their capacFrammes, divwdgbtpertc | owdohtadlent, an@Ftensile st¥Wehgth werks
measured al'so,fjy The s met ho ag & EXanpl I-20 Tabl,e.V 1represents
the resulots. I"? Wil bg&@ppreci g?"gﬂzfé'brbmthe tg’gul ated prg'%grties ofsl'%t he
capacitors tha2 the addagi on of BP0t he range of 0.01 ®35. 00 parntss by
wei ght provides just as favorabBeluQesults as does the addition of [err] as

45

in Exanples 1;20. TABL Paste_j pgredi ent s Capagj t or
propertigs 101& =Y g;%} F’gj‘ 6 lerr] 0.89 %
Dielectric Tensile glass frit, (additive), Capaci t ance, | oss
‘t angent st n@ngt h, Ex@ompl es Pb,OweBighat part 61 wei ght ogart 1.3 nF
x102 kg 61 ' PROGACUO & 0.01 55
.43, 1.1 15 62 €O 0.01 0.10 56
.1.30 10s1- 1 63 g50 BRoJ& Pr.0,, g1 1.00 0.85 Gl
?0'%_&? 1.2 20 64 0.01 5.00

‘5 106 1. 43 050 . Pre0:166u0 & 620. 10 0.80 0. 08

‘59 . 1.03 £49 66 0. 10 0. 10

60 0.99 7 0. 10 00
'63 7 0.66 >0 tﬂ%"‘aﬁ :‘ff" %0. 10 0.74 5. 0¢

59 . 1.04 1.7 30 69 1.00

'0.01 108 60 5.00 Pb;Qg. BIDs 63 1.8 70 069 1.0
‘0.10 % 61 redo: B & 2.1 71 1.00
11. 00 64 0.59 2.1 35 72 1.00
©5.00 103 60 1000 Pr,0Q- & 2u0 57 1.9 73 o061 5.00
£0.01 - 58 1.16 1.6 40 74
:5.00 % 110 .10 10.00 PbsO,5@10 & 5% 1.10 129 1.% 75
¥5. 00 1. 00 Cdo 6o 0. 90 1.7 76
+5. 00 111 5. 00 40,00 Pb,0,,98,0,, g 1.21 4410 1.6 45 77
~-10. 00 0.01 Cu0O & 860 1.41 1.1 78
£10.00 4o 0. 10 56 1.30 1.2
112 10.00 Pb;O,. Bi,Os, 60 1.06 1.1
3 PrgO4;, CuO &
A Cdo

The foregoing Examples 1—112, concerning the zinc pastes containing additives in ths form of metal
oxides, all employ the PbO-B,0,-Si0, glass frit of the kind used in Examples 1—20, and do not deal with the
glass frits of the other compositions, referenced B to H, listed below:

50 B Pb0-B,0,;-Si0,; softening point (s.p.) 460°C.
C: Pb0O-B,0,-Si0;; s.p. 600°C. -
D: PbO-B,0,; s.p. 415°C.
E:PbO-B;0,; s.p. 430°C.
F: Zn0-B,04-Si0,; s.p. 560°C.
65 G: Zn0-B,0,-Si0,; s.p. 625°C.
" H: Pb0O-B,0,-Si0,; s.p. 500°C.

As has been experimentally confirmed, however, the use of these glass frits B to H in combination with

the metal oxides cited as preferred examples of additives provides results similar to those of Examples
60 1—112.

Admittedly, the conductors formed on ceramic bodies by use of the zinc paste of this invention are less
solderable than the conventional silver conductors. The solderability of the zinc conductors is easy to
improve, however, by covering the zinc conductors with layers of a less ionizable metal such as copper or
nickel by electroless plating. Figure 4 shows at 32 such platings of more solderable metal on the zinc

65 conductors 26 of capacitors. Alternatively such solderable overlayers may be formed by the plating, vapor
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10. 00 1. 00 60
1 3 80 10. 00059 851 5. oo

ht of zinc
poner TR TSR S RSl e T i o
various propo |ons rangi ng rom parts by wei ght, and
povvdered E@dﬁhlesam:iadm tive, in various proportions ranging fromO0.01 to 5.00
parts rE:Q g’;amg%gz;; Ej% %‘h apwcapdlgl %{%ﬂg ﬂg%fh@tﬁg?% o dmhg; ;fggg?e rﬁvg&m 1oclhee
size frof g, %Zﬁéj, NS00 FHE 1o ¢ E‘i"

gl ass 11 ige shmibrehilR exe@etmm 5% bl G108 Nby0p QA B ik XbimgaHes ?a‘&waﬁf
vehi cl e asn0ieehich waxadapd £solution BF pomayrariawrtawmgambadaﬁrragtn&aseﬁs inBldedl 5
hour s tfhe'rtelég 30 o) thel$ re heked wemtreyduuwé famoewtterez Each cpra@tcetsscchuslimwbce&ad a

81- 100 Iﬁ,ez.%';'“é HY‘F? %&,3 ﬁg Nese zinc pastes fhrou Q t he
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enunerated additives in the zinc paste of this invention. Thus, to 100
parts by wei ght of zinc powder, therg e added various proportions of

r] glass frit of Exanples 1-20 gng from0.01 to.10.00 parts by
Wi ght2s and 0.1 part by wei ght each of fwo or nore of the powders of [err]
and 55 CdGoa® @datlite rdatemmeabe strmqﬁfwntbthurh the bheelétroddsaf tharvaduss atiheteloase of
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Exanpl es tH fimé dids reﬁhmshmt&\sﬂestﬁnmdﬂhbﬁsmsﬁé asighes B Tabla g, vpaaetre&aﬁuhé@ug h
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| oss t andert, 4tartl AL ALT19 eeReergh were neasured al.so by the same 60
met hodg, as in Exarrpl es 1-20. TabIe 6 {-@é}_@e,sents the results. As will be
under st ood om alb ed 5 s MO—OF 1D he above
powder ed netal oxi des asZrarddrtrves provr des Jumnsaspfoamsabl e results as in

the foregoi anpl es. P#t¥hough eacW&—p&ﬁre—f——B&emq&t—es—%ﬁ#-?—ﬂ
cont ai Zé‘q%"gxsbart by "W&ght of the*additives, exBerinment has pfbved that
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the results di¢ sel fExemple!eﬂt—Gprom t 8+@regoi ng ERGmBRes 1-100.10-200 059

851 [err] 45 The f orr:e(gr(")"lD £xagr! es. J; 112, concerging,the zinc pastes
‘.qunt ai I’ll ng l
glass frit of the kind used in Exanples 1-20, and do not deal with the
' By way of comparison a silver paste of the composition set forth in connection with Examples 1—20
was coated on ceramic discs, which had themselves been fabricated as in Examples 113—115. The coatings
s0 . were baked at a temperature less than the melting point of silver. Measured by the same methods as
above, the voltage E,, of the varistors averaged 10.5 V, their nonlinearity coefficient a 3.3, and their tensile
strength T 1.8 kg. A comparison of these figures with those of Table 7 will show that the varistors with the
zinc electrodes in accordance with the invention have approximately the same properties as do the
variators with the conventional silver electrodes.

55 Although the zinc paste of this invention is applied only to SrTiO; capacitors and TiO, varistors in the
foregoing Examples, it also lends itself to use in TiO, ceramic capacitors, and BaTiO; ceramic capacitors,
thermistors, and piezoelectric elements, as has been confirmed by experiment. It will of course be seen that
the solderable overtayers 32 of Figure 4 can be formed not only on the zinc conductors of capacitors but
also on the zinc electrodes of varistors.

60
Claims

1. An electroconductive paste to be baked on ceramic bodies to provide capacitors, varistors or the like,

comprising 100 parts by weight of zinc powder in the form of spherical particles, from about 0.01 to 10.00
65 parts by weight of a glass frit, from about 0.01 to 5.00 parts by weight of an additive selected from the class
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50 were baked at a temperature less than the melting point of silver. Measured by the same methods as
above, the voltage E,, of the varistors averaged 10.5 V, their nonlinearity coefficient a 3.3, and their tensile
strength T 1.8 kg. A comparison of these figures with those of Table 7 will show that the varistors with the
zinc electrodes in accordance with the invention have approximately the same properties as do the
variators with the conventional silver electrodes.

55 Although the zinc paste of this invention is applied only to SrTiO; capacitors and TiO, varistors in the
foregoing Examples, it also lends itself to use in TiO, ceramic capacitors, and BaTiO, ceramic capacitors,
thermistors, and piezoelectric elements, as has been confirmed by experiment. it will of course be seen that
the solderable overlayers 32 of Figure 4 can be formed not only on the zinc conductors of capacitors but

also on the zinc electrodes of varistors.

60
Claims

1. An electroconductive paste to be baked on ceramic bodies to provide capacitors,- varistors or the like,
comprising 100 parts by weight of zinc powder in the form of spherical particles, from about 0.01 to 10.00
65 parts by weight of a glass frit, from about 0.01 to 5.00 parts by weight of an additive selected from the class
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t he equat i Qhen EnNelchungspunkt im Bereich von etwa 415° bis 625°C haben

6. Elektrisch leitende Paste nach Anspruch 1, bei der die Verbindungen Oxide sind.

7. Elektrisch leitende Paste nach Anspruch 6, bei der die Oxide Pb,;0,, Bi,O;, Prg0,;, CuQ und CdO
55 umfassen.

8. Verfahren zur Herstellung von Leiterziigen oder Elektroden auf einem keramischen Tréger zur
Erzeugung eines Kondensators, Varistors usw., bei dem auf den keramischen Triiger eine elektrisch
leitende Paste, bestehend aus 100 Gewichtsteilen Zinkpulver in Form von kugeligen Teilchen, aus etwa 0,01
bis 10,00 Gewichtsteilen einer Glasfritte, aus etwa 0,01 bis 5,00 Gewichtsteilen eines Zusatzstoffes der -

60 Gruppe Pb, Bi, Pr, Cu, Cd und den Verbindungen dieser Metallelemente und einem organischen Trager zum
Anteigen des Gemisches aus Zinkpulver und der Glasfritte und dem Zusatzstoff aufgebracht wird, bei dem
ferner die Paste auf dem keramischen Tréger bei einer Temperatur oberhalb des Schmelzpunktes des
Zinkpulvers fiir eine zum Austreiben des organischen Tragers, wobei die Glasfritte zum Unterbinden der
volisténdigen Oxidation der Zinkteilchen wahrend der Brennstufe dient, und fir eine zum Ausdehnen des

65 nichtoxidierten Inneren der Zinkteilchen und Aufbrechen der Oxidhiillen darauf und zum miteinander
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.BaTi O3 cerad'anmmhammlrﬁ:ﬁrs therm stors, and pi ezoel ectric el enents, as has
‘been confirnmed P@se ceoqyetrleermmelectricité swldnlla l@frendngmoeeomb revemsiicationcg; ot In éritte gb vhereab| e
overl ayers ‘&
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e' ect r ocondigft lay ?b@-gzﬁaeetfd@n fitl Z'r@’ ELG] Q ke@%chQmFHoﬁW Héiﬁmoihssement
_capaci t or s, comatis eiterawiom 415 dt i6R82C. corrprl sing 100 parts by weight of zinc

"powder in the6 fPételictw@r'#lewcﬂ@ea*qw g resendication 1, qarsetiisép erpce que leg corRYsds gont
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8. Procédé de formation de conductsurs ou d’'électrodes sur un substrat en céramique de maniére 3
former un condensateur, un varistor ou analogue, qui comprend l"application au substrat en céramique
d'une péate conductrice de I'dlectricité comportant 100 parties en poids de poudre de zinc sous forme de
[ 40 particules sphériques, entre environ 0,01 et 10,00 parties en poids d'une fritte de verre, entre environ 0,01 et
. ' 5,00 parties en poids d'un additif choisi dans le groupe constitué de Pb, Bi, Pr, Cu, Cd et les composés des
éléments métalliques énumérés, et un véhicule organique pour 'empétage du mélange de poudre de zinc
i et de la fritte de verre et de I'additif, et la cuisson de la pate sur le substrat en céramique a une température
S supérieure au point de fusion de la poudre de zinc pendant un temps suffisant pour chasser le véhicule

45 organique, avec la fritte de verre servant & inhiber {'oxydation compiéte des particules de zinc pendant
A-‘r\/ 'étape de cuisson, et pour que les intérieurs non oxydés des particules de zinc dilantent et rompent les
A habillages en oxyde les recouvrant et les fassent fondre les une sur les autres, avec comme conséquence la
‘ création de .corps conducteurs de I'électricité sur le substrat en céramique.
- 9. Procédé selon la revendication 8, ol la poudre de zinc a une dimension moyenne de partccule
50 comprise entre environ 0,1 et 30,0 um.
o 10. Procédé selon la revendication 8, ol la fritte de verre a des particules d'environ 0,043 mm.
B : 11. Procédé selon la revendication 8 ou la revendication 10, ol la fritte de verre a un point de
ramollissement compris entre environ 400 et 800°C.
12. Procédé selon la revendication 8 ou la revendication 10, caractérisé en ce que la fritte de verre est
55 choisie dans le graoupe constitué d'une fritte de verre en Pb0-B,0,-Si0,, d'une fritte de verre en Pb0O-B,0; et
d'une fritte de verre en Zn0-B,0,-Si0,, toutes ayant un point de ramollissement compris entre environ 415°
et 625°C.
13. Procédé selon la revendication 8, ol les composants sont des oxydes.
14. Procédé selon la revendication 13, caractérisé en ce que les oxydes comprennent Pb;0,, Bi,O;,
60 PrgO4y, CuO et CdO.
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