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Correlation between Electrical Conduction and Dielectric
Relaxation in the Glass System Cul- Cu:S - Cu:0 - M0O;

o BTH

O

(Jae-Hyung Lee*Kee-Joe Lim)

Abstract— The glasses were prepared in the system Cul—Cu,S—Cu,0—Mo0O; by rapid quenching
technique. These glasses have high ilonic conductivities at 20°C in the range of 107[S/m], and
the conductivities increase with increasing Cul and Cu,S content. The value of activation energy
for dielectric relaxation is nearly identical with that for conductivity. The Cole —Cole parameter 3
for representation of the distribution of dielectric relaxation times varies the range from 0.92 to
0.96. This parameter has a weak dependence on the composition of glass, and is independent of
temperaure. The correlation factors P for the glasses shows from 1.1 to 1.7.

Key Words : Copper Ionic Conductor, Glass

.M E

¢ AsA nAE A7) A=/t F2 ol Lol
o dte] o] FolAlE AIRA AL mA AN A,
AA, 71da=, dgdz, A7|dARs o
Wizt Wl e Afsolrd o] oo o
Aoz Ao dgtez Ar|ge A
Halas Fakasgy d4E Hsld 7FE
Aalel 715 AT & Y& A A=
A 8o wet o Fuksl AFsie] %
, B—dFuivz disles AR z4
sl dol F2 AT Ao1] H& -
Tl Ao o]&d Axal: 19731 Kunze
e Moo wnd o F[2], e s
5o} gony, Agv, Cut, Li*, Na-, F~ 5o
A Az Ao Azol2Foz odujy gl
[3] AE7A F21d dEA A=7]T 9 S
A3 we dFs AP gew{4-6], Tay-

XN 41 oo
o fr o

o

3

2 2 o o 2
fr S
2
bt
bri
r

2

o b

IE & R AOER KB ERDER LR
IE g R RJEK TXK CERIBR s 1M
BESSHT 19944 45 31H

1 MBI © 19944 64 281

1152

sshe] AE oAl Ao dAPE DI
AR fASs 54 e 2

a:] o| 01 =

s47e 4BAL ARG 2u[9lAE o
o) Eo] AN &g WolFI glofA ke
of dhaol Mz Yk & AFolME ¥ o] &
Ars 2E Cu'Asal 28 Azste] A7E
4o zAen AsldEel GRS E43i
AnAde naaleln.
2.4
2.1 AMH RE

Al ekg 2 Cul, Cu0, Mo0;, Cu,S 5& % 19
z2A 3} o] molv| 2 F3dtsted, A L7t §97)
o 4 600°Ce LE&F 247 Eof 2§37 F, T+
2|3t Atololl Roja Fullde WA ez FA L

2mme] bulk Aj#H-E& A2 F, F4 0.6mmE




RERE ML 438 7 1904%F 78

detetx, dwE AF bmmef UdFor (sl
ver paste) & et HF AlHE Alzsiolch

22 &8
Ax %+ Impedance & Gain—Phase Analyz-
er(HP, model 4194A)% Ful52} x| uz)
olgze] A4y, d48E 2 sl A
ovl, $HYLN E4E 5A8 HulE ol Hahol
& A% ZHse ARas
¢ Azdelch o @) 2ALES Fos W
z 2 K, 10 kHz ~ 40 MHz o]t}.
oo 231078 w} 3l

op
)
i}
Ho
A
X,
N

3 #7dx: §Y
a3 1¢ HAx
Fapgol wEg Hadddsd 4o
2 ¥ 19 19 A9
adelA 952 s A

55
< g E dEbE Aok b o) Al

[e]

43 9oda 39 wFolrh12]. 234 w

oubst ol 2l Feld4E wbde R4

A4zel sy % buk AF@e Foba 1

Aot 4 ABe) 4EEg 20T buk Agge
23 Adtol T 1o vy

23 2 19 $H 59 felel dsiy A4

ir

LY
k-

i

E  1Cu A= AVEA4

2
— 4+1253K
C <« 263K
« 273K
% 283K
o 293K
|
3 4

M

gl 1l 25 B frje B4 dagda(Nol
o]
9

Fig. 1 Complex Impedeance Plot for Glass at
Various Temperature(No.1 Glass).
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Table 1 Electrical Properties of Cu* Conducting Glasses.

Glass Cul Cu,0 Mo0O; Cu,S a(20C) Eq Es B P
No. [ mol ratio ] [S/m] rev [eV]
1 1.5 4.0 4.0 0.5 2.6 x107? 0.153 0.147 0.92 1.1
2 2.0 375 375 05 5.3x10? 0.145 0.145 0.92 1.7
3 2.5 3.5 3.5 0.5 8.4x107* 0.143 0.147 0.93 14
4 3.0 3.25 325 0.5 1.3x107! 0.138 0.140 0.96 1.1
5 3.5 3.0 3.0 0.5 1.7 x10 ! 0.128 0.125 0.94 1.1
6 1.5 375 375 1.0 4.6x107? 0.153 0.157 0.94 1.4
7 2.0 3.5 3.b 1.0 7.5%x10 ¢ 0.147 0.138 0.96 1.2
8 2.5 3.25 325 1.0 1.2x10°! 0.140 0.142 0.94 1.3
9 3.0 3.0 3.0 1.0 1.7 x107! 0.133 0.141 0.96 1.1
10 3.5 275 275 1.0 3.1x10! 0.129 0.133 0.93 1.7
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Table 2 Cu* Particles and Pre—exponent of Cu* Conducting Glasses.

Glass| Composition(mol ratio) Cu*[ particles/mol | Pre-exponent
No. | Cul Cuw0O MoO; Cu,S |Cu*(Cul+Cu;0) | Cu* (Cul+Cu,S) | Cu* (Cu0+Cu,S) | 6,[S/m]
1 1.5 4.0 4.0 05 22849 x 10 6013 x 10 21646 x 101 11.3
2 2.0 375 3.75 05 23090 x10'¢ 7292 x 10" 20660 x 10 14.4
3 25 35 35 05 22161 x 10" 8165 x 10 18662 x 10" 25.2
4 3.0 325 3.25 05 22204 x 10'® 9349 x 10" 17529 x 10'® 31.0
5 35 3.0 30 05 22748 x 10' 10776 x 10 16762 x 10'¢ 27.8
6 1.5 375 3.75 1.0 21851 x 10 8498 x 10'® 23065 x 10'® 19.5
7 20 35 35 1.0 21596 x 10" 9598 < 10 21596 x 10 25.4
8 25 325 325 1.0 21387 <10 10694 x 10'® 20199 x 10 30.7
9 30 3.0 30 1.0 20976 x 108 11653 x 10 18645 x 101 34.4
10 3.5 275 275 1.0 21060 x 10 12870 x 10" 17550 x 10'® 49.2
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Fig. 4 Temperature Dependence of Frequency at
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