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Mixing Effects on Properties of NTC
Thermistors in Mn-Co-O System.

Sang-Sik Yoon

Department of Electronic and Electrical Enginneering
Graduate School of Industry

Cheju National University

Supervised by Professor Kyung-Sik Kim

Summary

Mixing effects on properties of NTC thermistors having Mn-Co-O
spinel crystal structure system are analyzed by a mixing rule in case
of mixed types and layered types between CuO and Al:O; added
compounds.

With adding CuO and Al:Os3, The compounds form completely solid
solution and their resistance and B constant are changed due to the
vanation of conduction electrons by their ionic substitutions. The
properties of mixed NTC thermistors are depended on the logarithmic
mixing rule by a dispersed phase and they show slightly lower values
due to the lattice mixing effect compared with calculated values.

The resistance of layered NTC thermistors is depended upon the

-1 -



series mixing rule containing the value of an interface layer and
effected by the variation of its thickness, and it is changed rapidly to
the logarithmic mixing rule by the connection between two layers with
increasing the interface layer.

Their effect could be available to develop a new NTC thermistor

having large varnation of the property.



B2 ¢ A4 (NTC : negative temperature coefficient) WUl AE & HlE
Ag 83 A2 2z YdFoF FHXEY W E AAs 1 WH
o] M7|AHgo] AA3] Wst= EURAE AFAE L FrHMacklen, 1979
; Fagan ¥ Amarakoon, 1993). gut¥ o2 NTC A 9|28+ Mn, Ni, Co,
Cu 59 Holg&Yxrs TS FHAUISIERZ AxHy o5 zzty 4
JEL AFgo] e =AW M2 ZFHPH 2A1d Fx9 AES FA 6
A HE Xl 2 a7t Al del(Verwey, 195000 o3 M =d =7}
YAl e A A S JEuA doh

NTC Au|2HE Aggo] A A LEAFIE AN 2% HE
EAo] vfg Sty AAIWSE A5 R alo] bAEy] wjEell 7hd
2 AF3st 71719 2= A AlAM, AEa 2 A7) 5 RERY Y
SEA LA, AATAAA, F&5 L FEAA agn A7 RY FHF
WA s Fog2 dey AHEEH T ATHE T, 1993 5 &, 2001).

NTC #Auj2ge 7|2 EAMLS 7|2a1&(Fagan ¥ Amarakoon, 1993)
ok olye} H7FA(Singh 5, 1982 ; Caffin, 1987 ; Metzmacher %,
2000), 2~ Z7A(Meguro, 1988 ; Yokoyama, 1983) Sol w&}x =LA #H3}
5 ol A FZ(Legros %5, 1995 ; Fritsch, 1998) ¥ F4 o]2E 9]
A7 ¥ sk(Hosseini, 2000)9} 2a49] A A (Gyorgyfalva, 1999 ; Caffin,
1987) 5 A& 7k AAEe] &) I9FE wE e HusHu .

a2y 7IZ2AEE Abolol A &Rt &) o] Fojx= ZEAR] 24 W



sH(Y, 1999)ell #F ATE A9 o] FoiA A Fagow Hu2Eo £
walol o AWUTZ) AAA EY sotHA Fonw Hul2E YR
AAC Al A

mepd ¥ A7 S8zA4e 1 BA

o

o 54 HHE At CrOs%t ZnO7t 23 H7kd Hol2H 24
B &, 1998 712 2oz st ALOs & CuOE ZHZh 3wt% H7thst
o AFggd BRFE ADs] ¥ F o] F Ao M2 EFE 7
ot Zaoz Adg Ao e vehbe 549 RAskE 2ol o
18§38t A stdch
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1. 4uj2~H 9 F+F

M o] A€ (thermistor) @ WEHE &3

¢

o
ol
rlo
[
2
1o
e
ol
o
Mo

thermally sensitive resistor?] <& olu], F2xo] WHIE ARt

Wie) "rlAao] @A3 Wast: AU AFAE WA TAD

>

2ol t}(Macklen, 1979).

AdurH el AFAAME 250 I AH3ge] Werp A 3 LEASF
7b #Ze AE oldH oz HutsA| Rk Mul2HAE 2 B3 o] onlst
o2 Ao 2xAFv 7t & AS a7 doh dirAHd A
v AEe ZBH) Edeoze AFE, AT Fie A7) agx
FH ol

o] FolM Mg&} 2xAF F5e Av|od Wt NulAHe FFE
TR + ded, Fig. 194 2 upel o] 439 2271 45T o
a1 A7|A o] @A 7ZAdE NTC(negative temperature coefficient)
Mol ~ee} &% Asd o 2 AVIAE grel @A FUheke
PTC(positive temperature coefficient) M P 2E, 1 9] o= EH L% g
HolA A7IHFge]l FAZ WIE CTR(IALE AHZA : critical

o)

temperature coefficient resistor)® ¥ HF& 4 Ui 5, 1993 ; &,

2001). 94714 NTC Avu|2g 9 EAL 2271 Eatzol wet Hdst e



ole] Fx7t Frtete] Aol Aadte WwEAY dwAHA EA4oA Rt

roL
iy
Aim
<t
dm

2

PTC 4ul2Hs CTRS S4& 249 24 Holo| 71913
o]t}

108 -
‘ r'd
)4
. CTR ,
. !
104 | \NTC H /
: ! erC
{Tc = 130%¢)
1
a3 10° - 'l
Py |
(&) ]
g {
- []
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b [}
a Il
ol ) TS S&gs
100 | |

1 !
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Temperature [T])

Fig. 1. Typical resistance-temperature response for

various sensor materials.

2. NTC Avl2H 9 Ax7|F

G2 HEA o2& o8t U3E WAl AEIAFE 4WE 7
(B}

Aot SSFFEH MmOy 24 289 7% oA g3 2ol e
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el MnsOss 9502 AEAate] o] Ao WAzl Yo} e

oltt.
ghob Ni7k MmOl H7hs® Niel 9% (Ni)7h 3k 2ol Ni'2
A87) 4

A B-siteoll A@s o] Eoj7kA "rh mebM A7) A
AME e o] Mn¥e YE7F Mnt'E Aste] Wart dojuA Aot

o]
?6515‘2 "‘T

(Macklen, 1979 ; Verwey, 1950).

.2 4 3+
Nix” Mny"" Mnz 2 O3

3+ 4
Mn” = Mn" + e

Ao 5z 23129 Mnp'ol NiZ'2 x3gozH
doFA o w2t Mn30s9

she} UEpA B

SRR L
BAAA SRl WE

EHAAL B-sited 597l Nigo] o &
. ol Cu

£ Mn3Osol CuZb H7bHHE =dAol v F7lsiA €4
A 2 < W Eg G

7} B-siteoll 2% =o] Cu'2 Ao 2M Ni“' 7l X35 AL
Zolgta & = Qlth

S 23} go] Fuje) Mn ol o] HA4HY| o

4+ 3
Cux’ Mnz" Mnzs Oz



289 Fxo] & o]2Fo] ANFH E7HA HE Pl 7oqs=
A o wishedt ofyel Fol2E e AP ¥ 2N HEd
e 43t Ay 7 st g mets BeE Hotd o8 AEE
wek ojdet Ao AT 2HE 4 Utk n¥ NTC £FAA 7

2te] A Eel 93] YeEl= hopping 71 7ol o$ =HE&(0 )2

q7]4, N & o3 AxNgolsoli, ¢ v HAY Astzoln, p =
EHkzte] o] F X (ent/V-sec)olth. N & B-sitedl ME HAE AAAA
28 18% F Ue FEFPHEMAN Y& ol Ugd F A
(Macklen, 1979).

Stro

o2

B = kT

A71M 4= HZH B-site Fol 2+ Aol v & FIHF Ao
o, ¢ ¥ hopping 7179 #8438 oly=o]i, k& Boltzmann 4=olH,

T & A% (K)ot}



LA E(0 )& B-site7t AF donor ©]&(Ni*, Cu')oll 9J3f A& A
o] ojyu g H2E FF3IE acceptor S0l 9& BAHoF 3
PaE BAHEol acceptor &°]&°] X3d FEolzt sz A(5), (6), (NE
Z%sd oS3 o] Yerd &

2 42 _
0 =g pg Lo exDloglkD) (8)

~Ud RN g = 4%‘21 olmz A(8)e sl &a

» 2 e’v exp(—g/kT)
0 = Pa Pd kT (9

of Hu}, exel e EHEY W ASPrHor dojumz o
g3 ol U &

0 =0-exp(—q/kT) -——----------- - (10)

A7 g.E FEHLEANMY THEE L o] FolAr},

_ 2dvy

Hu| 2Bl e A E(p)o] EHE&(o)RT AEHQ gojmz



- 1 _ kT
£ 0w Pa Pd 2 ey (12)

0 = p- explg/kT) ———--------——---——~ (13)

2 Yed £ i

3. NTC Au|2g 9] 54

NTC Mvl2Ee dusog Alg exo me ded, 324 2 ne
go2 U=
o Holgd ABHEL 2~4FF EFstel Az, F28100~400T)

AT}, F28(-45~120C)2 2+ Mn, Ni, Co, Fe, Cu &

B

-~

2 T28(600~1000C) 22 ZrOz, Y203 MgO, Cr0s AbO; 5& F4
TOoR 2~-3FF &8l dAHS Fega JFI ¥ 1200~1500C Y n-&
ANM AZAF EFAsEe (& F, 1993).

428 Hulxele] E4og2E HEgol 10~10°Q - cmolx, BEF7}
1000~20000 °Kelw, EHA85-(k7F 0~10mW/C, a8l IAAHSF
AE 71208 §

3 3t

(7)== 1~30sec

Jm

1) A% - &5 54
NTC Aul2HE &g 2%A57F S(negative) 0.2 33 21, A

- % 542 wEA BHEM g 4o uehd & glth(Macklen,
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1979 ; &, 1996).
R = Roexp B (1/T-1/To) —————---"-"-~ (14)

7)ol R 2@ Ro= 27 €% T 2 To PKIY e Hagte vt
T, Toe 9ty o g 298 15K(25T)E 7|Fo2 3te Wit B

A14)elH InR 2 1/TE Fig. 201 Uebd vlel go] A4BAES 23,
e Pujst BSol Aol B e o Aoz Jed & gk

(& &, 1993).

- hR-IlnRkR,

oA714, Ro, RE 27 % Tp, TAM 2% AFAE vepdch Lt

doz BHSE ARASAL o, A%-LE SHIA Podo F L%

)
|

el Mg wstel A8 deult AFRH LR 35S o

Zrheln Mg 24 % Az 2d0 get & Aozt ok BYSs} A

o

Ae 2ol W@ Ag Was acks RS ovlstn, WEY Aol

rie

£ % 25T 50TAbel9) gor FAT
aen ATIZHY AFLEAS ok Bg ol daA Feldn

2
rlr

- 1 ,dr _ __ B _____
a = R dT T2 (16)

delel % Tl Mulzee] Aol 1TF o= HE v gz W3
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72 Uehe ASEA 9t %/C2 ®ASD o7ldA RS 3

des TPKlMe A4gge dehin, Be doe F exztel 43

walel 2718 Uehls BASolt mebA, Fig. 2014 B v} o)

LEAF BH ok AF FHoAA Tl JaA A W, ALo)
3

AT (a)7t A

1/T [x1073K"")
108 1.4
x -B8/1000
104 «4 1.2
S 108 <4 1.0
a
%‘ 102 108 o
= ~
k7] R
§ 10" 406 ©
10° 404
107 402
10-2 o
®© 15001000 500300200 100 50 O -50

Temperature [T

Fig. 2. B constants of various thermistors.

2) 483 A+

Mol Ao AFE E5E Jouledd galir %7} A5t olnf A
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m2E e HEE TIKI FH42% Tol°K] 2 A2u¥jd8g WmWIiete

Apolol & Thgm e BAZE ATH(E, 2001).
W=V-l=KT- T —-=--mmmmmmmmm- (17)

_ W _ I*r
k = T— T, — T -1, (18)

A7l Ve A Ie dRelH, k€ WA deetn @ o] I
4 Ars d9E AHAA AT dd g AulxEe 2xE 1T A
sA7l=d ded HdES guidn. I A5 g An=EY ¥
& 293, F9 A FF S oA AAEG. dRiHoZ Mo
A F39 10008 o]do] He F&x ol FHLE 25Tl A FH
A7) EEdte] 5C/AA 22E oA o B HAYFE 50C(4T)

2 Y gtez AHodo

3) AN

Mul2e o] &S H, 8 Z4E k&t &1, Mr2EHE 2% T
AN T.2 ¥zZHe A5, 49 via A7 dtS] Atelell k(T - Ta)dt9
ANAZ 7} &vlH 3, o] Axt Hul2Ee] 2% Wert dTe 34 o A

o] dojX(F T, 1993).

-HdT = k(T -Tadt -------— - (19)
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rg

T - Ta=(To - Ta) exp(-t/7) —————~--~ (20)

ol gt} A7|dM t& Az, ¥ Hk Te AvLHY 228 Ygd

o E=3, t =r 2 83, o]me] Nu|aEe] X8 Tq2t 3td

(Ta - Ta) / (To - Ta) = 1/e = 1-0632 -———-(21)

Tu = Ta + 0632To - Ta) ~—--- -~ (23)

%, Fig. 3914 Aul2El7F Tooll M T.2 ¥z o) Toot T.oe] 2x4
9] 632%% Wz e shdsted A% AIZHTq = Tt 571744 9
A& MRS g FH o] AT E FHRXEY AUul2He 52
= AF7F 438 HHEHAS W 2 wstol] diafA et we] Ak
o] MslHYEertE YEI = Aol
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Temperaturel °K]

Timel[sec]

Fig. 3. Temperature response for thermistors.

4. NTC Av]2H9 §&
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1) 2xAA

Rul2E 2EAME ZE 2okl 23 248 7171 % B8 & &

ulzEsh f8 B9 Arl2E PEol:,
2% Aolx uel ¥AaAY R, 4 Foz BYshs

¥y 29& FeozA dgststn 3o

At Fa T FAxA] AT oA AEHe 2EAME

oM 1% 7]&o] "Basich Table 1o HEAHS &8& A& HE

(& &, 1993).

Table 1. The applications of the temperature sensors

Thermistor A=A}

< & 7 7

258 med

Hgaay

TAAZ7171, A8717]

AR g} &, AHF Aol o] &

Wan o Fazv
AF7 &
LEHAA, 7hAAZF
AeA, Tx717)
g 2pe] A A,
By F
7FA - BA7)7)

52 - OA - AHd7171 5

ER e BTl

HA 2R, F4717]

Agare] Eof vl

b ML)




2) T5A, AEA R AWA AN

Wul e o] A e FH WA TR 2 =W, dE &9 ¥
& AFe, B2 wA(F7], A 2 Tl o3 2 Foz WY
1A o] FAE o] &ate] MulxE e ©hAp Hdjbe] WEE HER
TE A, ATE 24 3 449 YA 5o dM2 S8+ 4
(&, 2001). HUl=E & g A Mo HEHA 2 7hEY EA
M7E o o]l A2 AEAe] A WA ol FEHo JtEdY IFS
HEdto] Fzo o) FE Uetlle HU2HERN 2= L2245 o]
M, 7hEd F719 @A Aol v7E of 1087 Hx=E HAH
At

3 3z R AFAT 2%

Mol g 7] 7EEAI7IA] B2 FddAM O AF - 2EEAHS o
g3l 3lzazzH SEHE 25 HAE v 2Es) Ao ol &
Hog fxaay Azrt olgH1, EAX2EH ¢ 1 FEIIZ 5L HY
Y T A 2= J¥E AR HT Ao ¢ Ao 2EHE &
7] 7FEAA TUF 5HE o] &3 AR ATAAZ SEHT JE AFY
# o] 2 (power thermistor)7} Atk i@ o2 A= 238 22471 §
o] o] 851, switching Mot} TV HU3Z] HHFE AAsE

S&=1 .
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B AgA A AV Fig 49 U FEA QM AZHY
o,

1) 9523

% AYoAM AR " =4 E AT Table 20] Yeld nvie}l zro] &g
Blste] B 7 2 Mn0s(43wt%) 9} Cos04(47wt%)E 712 o2 3tn &
4 FE 89 CrO(dwt%)t ZnOBwt%)E  H7He 24 Eo
CuOBwt2%) 3 7tgt RAold, =4 E Bt 22 712 ZAEd CuOdAld
ALO3(3%wt) & H7FgE Aol

Ed 248 224 273 232EE R4S 817) Aol 2%

b

AMZ Bix0sE 2% Hrbstgloh olm AMEF d8E SE7F 99%0] 4
dEzte FAALY] LS Atgsigon zt dEE Hos P F Z
glolddl Foll milling media2™% <83 223U} E(zirconia ball)L,
A EA A AdFS AIEEY YE B QB FANE 13
27F HA st FHo2 B millingS 12417 33 H QBN AxsY
0 AxAZ EFETE SFuY &7 ¢ A 7] (Carbolite,

England)ol 4 stastdch. olwf 3fA 21-& 800ToA 242 A8 &



Mn304, Co304

Raw Materials

Cr:03, Zn0O,

—

Mixing

L
Mixed Type

Shrinkage
SEM

l

Mixing

l

Calcination

Weighing

y

Forming

l

Sintering

l

Ag Electroding

l

Measurements

CuO, AlLO;

Ball mill, 12hrs.

800C, 2hrs

Materials A, B

1000kg/cm”
(Lavered Tvpe)

1120C, 11407,
2hrs

800C, 30mins

Rost, B constant

Fig. 4. Flow chart of experimental procedures.
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2usth 2201 sta® HUE A RHE ¥ F 7UAD

A&

o

HA &

A7) 93t AA=Z PVA(poly vinyl alcohol) 10%84& H7tste] 2

el uhe} o]

4 gt

- 20 -

He 5l WUrE olgstedl 250m AE EHAA ZHE Ash BE Fu)
3T FHlE 22 THY AH A ZAHE A XA E BE FF
Hl 2 75:25, 50:50, 25:757F S A3 RE2EI2E o] &3t oA G¢FE &
oA 2 22 TS AT
Table 2. Composition of specimens
Composition (wt%%)
No.
Mn304 Co304 Cr:03 Zn0O CuO AlO3
A 43 47 4 3 3 0
B 43 47 4 3 0 3
2) 48 9@ 424
THlE BT 7ol 10mme ZHHE 2€ AMEHYNE ALEEA
1000kg/cm’9] ¢t S 78] Jaasgozs HEsn
THE AEE Y F AH FA7E dmmrt S A AFEgen, 24
d AHES FAZE Smm7t HA ZAE A ZAE BY sog
T3t AdFo]l AHHEE HYEy)o ¥ F ¢FHL 7hsto] Fig. 59



as

0 layers 1 layers 3 layers 5 layers oo Jayers

(Seperated type) (< Layered type —) (Mixed type)

Fig. 5. Schematic view of specimens with various types.

HAEE AHEL SIC #dAME A& M7 Z(Carbolite, England)ol A

0

145 Aol # A 2ASAT. olm 27 £EE 1120T 9

X
ot

1140C = 7}7z} g3 o, $& £5+= 10C/minE 8ty 2417 42 A7)

5 2y,

4% 5437 sl AL SiC paper(#1200)
2 gES # duistdd. dutd AJES F MMt silver paste
(Metech Inc)& 234 dHPez AIFS FAAZ F 800TColA 30

s dAste ZAE AUE AFeA
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2. B4 £A

1120T 9 1140CANA AZF " AHLS vernier callipers& o] &3ld 4=
2 SAHAYOY ojg o] &3 A v}y )

St © +% & (Percentage of fired linear shrinkage)
Dg : 438 3A 7 (Green diameter)

D; : 2427 (Fired diameter)

2) 2714 54
229 AW NgH BUSE 2Hety] At & E(Paraffin oil
bath)l 4 25T Aaa 50T A< 7zt ZQsigdon, ofef Yoz

_ In Rsoc —In stc ______________
B = 1/323 =1/ 298 (25)

3) XA JAEA A 4Tz 23
add Al g AAE ARTFZRE syl HaM X4 A



¥4 7](MAC Science, Japan)& °]&3l¥tt old AL&d WL 40kV,
30mAA Cu Kae(Ad = 154056A)E target® AF&3tth. T3+ oA+
Z BFE A8 &7 AW grinding ¥ polishing$ 3t 2w, 1000C ll
A 3087t € AZ4E & F FAAAER A (Leica, England) &2 ¥4 3}
Act.
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V. 43 ¢ 3%

L. £33 Av ¥ 54

Table 3& 712 ZAE A% BE 1120TC ¢ 1140CAA ZHzt A2AAIZ

ARl e SHE RAFE Ao

o
4

%8S 13% AEZ T AlH Al
A= 05~1.0%9 ztol& Ye lom, AL B L2H 2T}
T7hol meb ot Zaste 548 YEidzn

Table 3. Properties of sintered materials A and B

NO sintering shrinkage(%) | resistivity(Q - cm) | B constant
temp(T)
1120 13.0 284.5 3750
N 1140 14.0 278.1 3727
1120 125 17845 4470
. 1140 13.0 1762.9 4459

718 2402 AFEF MnsOs9b Co304= Mnol 40wt% olAtd ZH ¢
CoMn:0s =¥ 313}ES FAEA =1 H7HA Cro0s9 ZnOE A 1
ot 74 o259 BEE UEHWYE 93 ZH(Legros T, 1995 ;
gk 1990 ; Levin, 1969).

-24_



(Co”, Zn*. Mn*) o™, Mn*. ) -—- (26)

A-site B-site

@2tA Mn™ o] 29 YR} Mn'ol2o g HWatatEA 4 B)elA BE
ol AYE W= Azt o) WA 548 YellA "o

A MM CuOSt ALO;= 242t A £33 B 2™ Ags]o] Sojrt
Al = Cuol29 %9 B-sitedl Cu'2 @50 Ag)oHe 2ol AE
AAE oL Zo] AYAPozN AL 7434 "ot

Ale] &9 7% B-sitedl A2 A8 ® Zolma AR Mn? o]0
A-site®) Mn*o]20o2 W@o] dojupd Sz hgat go] AxAxE

2EANZoEA AFELS FIisHA Doh(e, 1990).

3 Fig. 60l detbd XRD B4l ® B 5 %o 248 A} B 1
g3 ABE EFA Agol diste B57F 29 x2S b )
ou, A&l wE ko] peak®¥ 3t ol oW FE HE FAstA

& #% & Atk wed CuOost ALOSl H7bel we mawishi

&2

N

A gholl o3 W AAE F7b w = aAoa YElhd Axte My
EH 7 A (Singh 5, 1982 ; Legros 5, 1995).
Lol wet 549 zol7t YElUE ol & Fig. 79 A& u] A Az

oA 2 5 Aol AP A7) Frkel s nAGA AA Fast 9



¥& 4 th(Fagan o Amarakoon, 1993 ; Hosseini 9 Yasaei, 1998).

@B1D

(11311222 G511
(111D 5
202 400 (115340 4) material B
)
% material A
=
@
[=
o
£ material (A+B)
1 1 1 1 1 1 1 1 J
s} 10 20 30 40 50 60 70 80 90

20

Fig. 6. XRD patterns of sintered materials A, B and Mixed(A+B).

Material A Material B

1120C

1140C

Fig. 7. SEM photographs of material A and material B sintered
at 1120TC and 1140TC.
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Fig. 82 7|224% Acdl BE Zt% 25 50 ¥ 75 wiz2 E#sto
1120°C 9} 1140CAA 2zt 427N B A& vng 3t FA7}
35mm7} HA BAHF F 0T 8T AtololA Wstste AdghE Yed
adold.

YA AHES AYZL 2ALEr Tt e BAgS & F
Adch = AALTo wE AFgge zole A Fou, 2AHE BY

Fol Frhatel weh Matgkol TS ¢ & Atk

1000 E —0— B 25% 1120°C

] —O0—B 50% 1120°C
4 —O0— B 75% 1120°C
1 —a— B 25% 1140°C
1 —e— B 50% 1140°C
. \ —A— B 75% 1140°C

Resistance (ohm)
3
aal
//
o

T v T v T v T v T d )
20 40 60 80 100

Temperature(°C)

Fig. 8. Resistances of mixed type thermistors as a function of

temperatures.
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Fig.

9¢ Fig. 102 71224 E A9 BE wt%Z E§3sto 1120C 9

1140Co Mzt 24X A A& 25T A&ga BP9 Wies e

W aggoln,
2YelA e wbst ol EFY AW 4eI BAFE 24% BY
Fol Z7hl wet ASFLHoR FAYE & & Yon ol 54

of Wt dwHe g WA s 43 Y & A

Resistance(ohm)

Fig. 9.

1200 -

o 1120C
1000 - ® 1140C

800

600 .

400 -

T v T T T T T v T
0 20 40 60 80 100

Amounts of material B (wt%)

Resistance of mixed type thermistors at 25°C as a function

of compoisition in each sintering temperature.
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Tabl 4. Composition of the calculated and measured values on Rzt and
B constants of A(50wt%) and B(50wt%) mixed system

Rast(ohm) B constant(°K)
Sintering 4B
ARt
Temp(T) | calculated | measured calculated | measured | constant
value value value value
1120 429.2 396 332 4092.6 4043 496
1140 423 394.3 28.7 4067.2 4021 46.2

Table 44 8@ EGgaol @ Astgto] A ZAZ¢un g2 ¥
A dehtn ot a gel: 3x gom tE FF ZAAAE 2 F
o7 © #A vepde}
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