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ABSTRACT

The thermostable resistor was made by using P. T.C R-N. T.C.R. ceramics. In this study BaTiO type F.T.
C.R. ceramics and SnOsSbs(e type N.T.C.R. ceramics were cocrystallized in one body and electrical resistance
was stable under the temperature variation between 25°C~400°C

The ceramics showed the most stable electrical resistance for the theImal variation when the composition was

0.62. T.C.R. BaTiOs 0.45n0; and 0.01 ShyOs.
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Fig. 1. Temperature raising curve for silver conting.
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Table 3. Batch composition of Ra0-TiQs-Si0-Al
Oz (B series)

Specimem Composition

A-0 160 BaCO3+100 TiQ,

A-l 99 BaCOa+89 TiOs+1 Si0;
A-2 98 BaCO3+-08 Ti0:+2 Si0;
A-3 97 BaC0:+-97 Ti0y+3 Si0,
A4 96 BaCO3+86 TiCy+4 5i0:
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Table 4. Batch composition of BaO-TiC%-(AlCy -
Si0g - Ti(h) system. (C—series)

Sepecimen Composition

C-1 | 97 BaCOs+97 TiOs+2/3 AlOs+

3/8 51021-21/8 Ti0s
C-2 | 97 BaCOs4 67 TiOp+2/3 AlOs+

3/4 Si02+9/4 TlOg
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3/2 SIOE:—3/2 TiOE
C-4 |97 BaCOs+97 Tilpt2/3 AlDst
6/4 GiDy+3/4 TiOs
C-5 | 97 BaCOy+07 TiOx+2/3 AlOs+

3 8iC; (B-2)

{121 )



g4 . o)gEl . Pg
I [ Y
7
5 L \D . o r . El‘a‘_)/u/c
! o , g ;40
- L
& \o (':: 105 L /o "/
= i PR
0, AN : = cE /
20" | N K 3 e o4
4 \O/ z 10 ‘0?05%00;/
[nel $ D“ﬁ—_u/a
o p = -4
10 F
1 ; - ,
¢t C-2 C-z G2 G5 0 100 200 300 400
Spec men NQ. Temperature (°C)
Fig 4. Electrical resistivity of BaO-TiOp-{AlOs, Fig. 6. Electrical resistivityof BaO-TiOg-({Al:05-5i
8i0y. Ti(Q;) sintered at 1380°C 03-Ti0y) syslem sintered at1380°C with
temperalure.
A—3i—
B—2 ~—— \
e N T B
e,
g E I \ R 2
o 8] ] ' " A
= 5 L : | [ L \ \ ‘-\/‘. )
o I \ N ; ,t
=t = i N
g 3 : = Q° \-. n
ch o 'E 3 \. /
o] i \~.__°l"
s [ ‘\ : i
oL ., oo L
i AT
[ 300 1350 MO0 1320 1350 1400
Firing Temperatur ()
Tig. 5. Waler absorplion and electrical curve of the fired bodies
C-Series = 1380°C 2 G- EEiLE HEY 9= F Takle 5. Batch composition of P.T.C.R. BaTiOs-
RS WA !FE;L" Fig. 6 5} 2}, o 74 e Sn0s-Sholz system.
srebe] olg A& 120°C ¥ FH E—;%'ﬁﬁ‘ﬂ Specimen Composition
FAE sk P.T.C.R o] BRI HEE Al dg Ne. Ctoalomad SCY 20500
gech P.T.C.R-N.T.C.R. fi&@e] #[% P.T.C. -1 50 No. C-4{ca C]l.l]e at 1100°C) +-505n0;
L _ D-2 50 Mo. C-4(caleined at 1100°C) 50
R.BaTiOs = 9 $iHHESR No.C-4 2 A9 ok Sn0p+0.1 Shes
52, P.T.C.R e N.T.C. R 58] #HEAR D-3 50 Me. C—cl((éalé:)ined at }S%DOOOC)-{-SO
B O
~1.¢]4] @< P.T.C.R. BaTiOsel SnOz ShyOp & nOs 0.3 9
o o N D-4 50 No. C-4(ealcined at 1100°C) 4-50
Fmeol GISFELEEE 2t N.T.CRE EEA Sn0p+1 5he0s
7 #ghe = ZegEdl EHRES dza g9 PT.C D5 50 No. C-4(calcined at 1100°C) 450
R. BaTiOs Mol A 223 C-42 AAWE 1380°C $n0: 78 56:0s
E et A5 1400°C 2 EiE $EE wERE B
olojibm]l @z BHAT MHECl 2 %o} BaTi0z 7} £ She(s & Table 523} 2o F{H&Es] A5 Sz &
mE S WEfEEE e 1100°C 4 #2R P T.CR & gtz 4ok o AfHS 1400°C = Hd

BaTiO; % {lifgsld=}». P.T.C.R BaTiO;o] 5n02 %}

e mg B AT R

T Fig. 75 2] Sby0s

29394



PT.CR-NT CR BaZ FIMA mitgy

whivity (2 —cm)
6!4
|

& -
oL ., . .
D1 3-2 ©-3 D-4 D=5
Specimen 1MO.
Tig. 7. Electrical resistivity of NO.C-4Sn0s-She(

system sintered at 1400°C

11
< ¢ : RN 1 (e
g ol ™, ! e
= = b y Y =
: } ' ) ! ot =
a @ =
T i . o
s ! E
F oL . 2 :
250 1300 (30 1400

n

red

el

temprefure °0)

TMig. 8. Waler absorption and electrical resistivity
curves of the [ired D-4 body.

2 && imole HENSES W el THRER 71
A ogtgkom] eolw) EAGREEE FEal] 9ehe 1300°C~
1400°C #47] 4pial $ERS Fig, 8= ko] 1400°C Q)
e A B JLWJ] R 2ol BREES 1400°C R
Eshe] EES f7ekgcl PT.CR—N.T.C.R &4
£~ %8 Batch Composmon— Table. 6 =} %}.L

2w

=

H00°C 9] BERERLE RIGS)H AN°CAR) SEAIGHUE
o #5 MED FERE Fie oo 2 222 o) i3

-1
peas) ] s #IEE AR 17 fEbe XREIT SR
& #Red Fig10o] vensh

Fig. 9ol A vield whob Ze! 20mole SnOp 8 1 mole
2] Sby0s 717 ERin= ¢l Ll &(E-1, E-2) P.T.C. R4
tEYE ez slvl o]E BaTiOp gk Sn0p 8 X
ez 4 5 2= Ba(Ty,Sn)0: = P.T.CR &
FE e E-1. -2 7 el Al REIEHR
g Hime Curie Point 8] KTz HAez Azd
2, 20mole #172] FERE X-@al 53‘7&’ RS v =
‘3]'04 3wl BaTiOy & Peak Intensity 7} #inzlz glo
= oFzb¥ Shift 53 gl 22 9 4 gtk o]& Ba(Ti

n28n )0 8 el Egse] - i SHe]4 Ba

FiA N

9lE A

184 A 2 5 (1981)

Bl 7%

Table §. Batch composition of P.T.C.R. BaTiOy-
Sn0p-8be02 system

Specimen Composition

E-1 90 No. C—4(calcinad at 1100°C) 4-10
Sny 4-18by0g

E-2 80 No. C4(Calein at 1100°C) -20
Sn0a-+15h:05

E-3 70 No, C-4{calcined at 1100°C) +20
SnQ0a+-1 ShzOg

E-4 60 No. C-4(calcined at 1100°C) 40
SnOg+1 Sha04

E-5 50 No. C-4(calemed at 1100°C) 50
Sn0;--1 SheOy

E-6 40 No. C—4(calcined at 1100°C) +G0
5n0:+1 SbaOg

7 E-2

1o e fe-a

5 P / ;'F

ré Ho s ,c/ / /f

- i/ !

= /° /"

et ~n

R RO O iy Bt SO B

@ g —a 0 O

5 L 1—\0 .]_0010‘ 1__‘,:\0‘501_0“0 c_1

i ~—

10 T s -z
| L L L i L 1
9 100 200 300 400

Tempera-ure (°C)

Fig. 9. Temperature dependence of resistivity of E-
series sintered at 1400°C.

TiCs 8] Peak Intensity 7F Mlysl= 9Fxd  shifc = ¢
etz AeE Alag Fig. 10 o4 2l
7 gk Snd Ti 8] Afoz Sie Fz] TGt
S et Tetragonal 532, & o] £ Sn(h 7
S5n0z (Sn-THO; fERE Btz g2 Aes
A, 30mole s Sn0p 9t 1mole SheCart =Y
W = REESC] 10°Q-cm o] o 2 ghpets] W
Bridge 2+ MITY & g3,

40mole ©] A #Ehrsl E-4, E-5, E-§, = Fig.9 ¢4
= ulel 2a B4 £ il A 40000 7 h,:zL"cﬂ
w2 REABHEIE 10°0 om B 22 Vel Sns o
Kia *’E’Uﬂ/‘lf’l E-5, E6% Mlelsd WRELEE
E4xq Fou Bt LHP4 Fe miie
Aol A% N.T.C.REHSE Vel g o < aldo)
LRRE SRR XM odFE u) a2l

™ ﬁ].

5
N

T o
o 3

heaston

KR 54l 4 = Sn0, 8] Peak 7 vepiis] gr=s
22 Bof Sn0)p2] HEo] BaTiDss} A 5Hdhe] Ba

(Th-Sn) 05 7} &= Aom wejel, o7& Fig.od

=i

(123 )



293

LMJK.JLH\MJ 3

ol - ALl

wy 34
"
2,
£

AhA-/\M__,J'\.AwJ_J (‘\N_HA__\/ N \\W,_E;a__,,‘

i ﬂ

&WAJ\-AM.J \‘\M_.M S '\\ : —;

“
L_M/kJQ\,

BaTi Da

[ ——Y

) 6 e ) -’%0
(A8

45 it} '5 50 &5

Fig.10. X-ray diffraction patterns of E-series

A} 7o BT.C.R & vhepilz 9o -39 X
4ol 5n0p 8] Peak 7+ 1ieh}7] lf’:‘fl‘ﬁ}‘ﬁ“ﬁ]
o]= 0mole SnQ; %} tmele SbyOs o TN £ Sn0y
7+ A% 2823 0mole Sn0p & 1mele She0z E ¥

gt 29l = BaTi: 9 Tish Sng = #e] &9 o
@]L};ﬂl::]'lﬂ— 1R T} Sn02 5 ‘?:E]Félg—] Hgha] ‘IE:]D] J:TE'

WEke s aniwl TiOs (So-TD0:9 #H&Ee) £
IIQJ g2 Aoz Azdd o9 Be{Tia 5] 0:
2o 7 Curie Point & BT R Fil42 &
el B4 Winste s N.T.C.R & 2% Snls
B2y BRMHEA 4 938 FH EFzz HiEdA
WS WED o gldd Ae® AdEe EA,
E-5, E-6 X-fEifra#rels £ 3n0:28] #idh
AR WiEls )= wb BaTiCs 9] fEse g4
2 gl&E o ¢ ogleh old FEdlE #StHaRs
P.T.C.R& 4 2t Ba(Ti_Sn 0% N.T.C.R
8 kg 75 Sn0s Tils (Sn-Ti10:7F A= HiE
(0 fEPrsie e MEke 1090-m W RR #e] RED
FHEE el AL Fig oo Ad nialed 2ol B4
oln] Sn0; 8 8BS EnFed =t E-5 E-64A= A
A N.T.C.R8 =7% #siA ez gl=,

A% P.T.C.R. & HE 2= Ba(Ti .Sn)0s st N

il ;HITD

o
:

(124 )

0 %fe.ﬁ‘ui— e 2l T
ggod A4 s ST EREE WL
& E4olgoh

4 ¥ W
# e PT.C.RA NT.CRY @FEals o=
o ol BET BIET 97 98 WEE G o
9 B ET e
1. BaTiQ; o o¥lE 2/3 AlOgp 9/4 SiDy 3/4 Thle
=2 ,?‘*}[a] ',‘ﬁg CT/% 1022-om 8 P.T.C.R
BaTiO; & &
3. C-4¢) P.T C.R BaTiOs 60mole < 40male £] S0
2} 1mole 8 Sbe0s & FEMAEE FiEelA 400°C

A R (1~3) <1082 em 8] Bhel ZET
s 4 <+ AR
AR
1. T 23 J\E #i “BaTi0s 7 WEEiEEO P
T.CADER" =17 ro=F =53 £330,
. 3040, (1873)
2, [k e v FEEE 1B LWL
24384



“1

PT.CRMNT.CR #EiEd

pl. ~86, 367~358 (1978)

Osman Saburl. “Properlies of semiconductive Barium
Titanate”, J. Phws. Sec. of Jap. 14(9), p. 1159
~1174 (1959}

Victor J. Tamnary and Ralph L. Cook, “Investi-
gation of Rare-Earth Doped Barium Titanate”.
J. Am. Ceram. Soe., 44(4), p.187~94 1551)

H.A. Sauer J.R. Fishar. "Processing of Positive
Temperature Coefficient Thermistors” J.  Awm.
Ceram. Soc.. 43(8) p.207~301 (1950) 11.
Ozaman Saburi, “Semiconducting Badies in the 12
family of Barium titanares” J. Am. Ceram. Soc..
44 (%), p.54~63 (1961) 13.
“p— x==b ewF 44 1951—15855,

A184 A 2 5 (1981) (123 )

FRE EHRES Y R

ic.

{1961)

J7.R. Hensler and E.C. Hemry, “Electrical resisla
nce of some retractory oxides znd their mixtures
in the temperature range 600°C o i500°C", J.
Am. Ceram. Sve., 36(3) p.Té~83 (1963)
Edwaward Henry, “Flectrical Ceramic” Company
Ine. New York, p.92, 101~105, (19G9)

o} 633, “Zho] ZzaEdt Ceramic Resistor & f@ike]
BeE prae” A<EL 12(2) p.15~20 (1975}
Hisayash, Uecka, U.S. DPatent 4622716 (1976)
=y bw sy R “BeTily
REDRR", p.35~40 (1973)

uh =5, “BaTiOs sRERiges &A™, &5 12
(2) p.10~14 (9775)

R S



