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The Electric Conduction in mixed Cation Glasses of the
Ag,0-Na,0-B.0; System

By
Kazumasa MATUSITA, Masuo ITO, Kanichi KAMIYA and Sumio SAKKA
(Faculty of Engineering, Mie University)

The electrical conductivities of glasses in the Ag,0-B,0,, Na,0-B,0, and Ag,0-Na,0-B,0,
(Ag,0 + Na,O = 27.4mol9% in average) systems have been determined over the temperature
range from room temperature to about 400°C using both d.c. and a.c. measurements. The
temperature dependence of the electrical conductivities of the glasses could be described by the
Rasch-Hinrichsen equation:

o=0,exp (-4dH/RT)

The Ag,0-B,0O; glasses showed higher conductivity and lower activation energy for conduction
than the Na,0-B,0, glasses did. The mixed cation effect was observed in the Ag,0-Na,O-B,0,
system; a minimum in the electrical conductivity and a maximum in the activation energy
were found around the Ag/(Ag+Na) ratio of 1/5 on the property-composition curves. A
minimum in the dielectric constant was also found. The magnitude of the mixed cation effect
in the silver-containing system was, however, considerably smaller than that found in
mixed-alkali glasses involving Li, Na, K or Cs ions.

The electrical conductivity was much greater and the activation energy was smaller for
the Ag,0-Na,0-B,0; glasses of the composition range of Ag/(Ag+Na)>1/5, in which Ag*
ions are dominant current carriers, than for the single cation Ag,0-B,0; glasses of the same
Ag,0O content. This indicates that the mobility of Ag™ ions is increased on addition of Nat
ions in contrast with that of the alkali ions in mixed-alkali glasses which remains the same
or is decreased on addition of alkali ions of the other type. Such behavior of the mobility
of Ag* ions was discussed by assuming the formation of Ag* ion clusters which results in the
shortening of the jump distances required for the migration of Ag* ions.
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Fig. 1. Schematic representation of the apparatus for
measuring electric conduction.
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Fig. 2. Time dependence of direct current in 25 Ag,O-
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Fig. 3. Electrical conductivity versus frequency for

25 Ag,0-75 B,0; glass (No. 4).
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Table 1. Compositions and dielectric constants of

glasses used in the experiment.
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Glass Compositi’o\n (mol%) Dielectric
Batch Analysis constant
No.
AgO0 NaO B0, Ag0 Na,O B,O5+ a1 MHz
1 10 90 11.1 88.9 6.58
2 15 85 15.6 84.4 7.05
3 20 80 18.7 81.3 7.66
4 25 75 22.3 77.7 9.61
5 30 70 25.8 74.2 10.9
6 35 65 29.3 70.7 _—
7 10 90 6.21
8 15 85 6.38
9 20 80 —_—
10 25 75 8.27
11 30 70 8.89
12 4 26 70 2.2 26.5 71.3 8.31
13 6 24 70 4.0 24.5 71.5 8.14
14 12 18 70 8.5 18.7 72.8 8.22
15 15 15 70 10.5 15.7 73.8 8.50
16 16.5 13.5 70 13.6 14.0 72.4 8.65
17 18 12 70 14.1 12.6 73.3 8.92
18 24 6 70 20.6 6.3 13.1 10.0

*The average of the B;O; contents in Ag,0-Na,O-B,0,
glasses : 72.6 mol%
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Fig. 6a. Temperature dependence of electrical con-
ductivities of xAg,0-(30-2) Na,0-70 B,0O,
glasses.
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Fig. 6b. Temperature dependence of electrical con-
ductivities of xAg,0-(30-z) Na,0-.70 B,O,
glasses.
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Fig. 7. Electrical conductivities at 250°C versus
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Fig. 8. Electrical conductivities versus composition
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12 <&FB., LichoT Ay A F BTV IAF T
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LEXFTBILIIRES. L, A 4 A RESTH
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EAFVOBBEIL T HEROEEL Agt 25
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ZMCEETH Y, K 17~20 iIgkicie S hizfEo 8]
BEIROEICE S FHEIR X > TERLZDOT
5. FEOBEMIENFhOIF 4L BICHOSHERE
%, HEENIEEE O logo ¥, H—h 5+
FATIREHN T AV BIHOEERE, EREY T
FUHTATRIEONF 4+ BILHOEREEDPRFH %
100 72 HZE LBV AN T 2 gk (B0, £72ik
Si0,) nEBELES.
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FZH 52D 100°C & 300°C OBHEEFRLIZLDOTH
5. BEWFALFD Ag,0+Na,0 D& 27.4mol%
Thb. @b, Nafllcizfl—» Na §FEIZZwL
BEDFA L H T2 (Ag,0-Na,0-B,0, %) LH—b
v H 5% (Na,0-B,O; 3R) » logo DEIKIZIEF—E
FTBDIL, Ag il (z& 213, Ag,O SFEMN,
8~20mol% D) TREEVIF AL HFIFTAD loge
BH—BFALH T2 (Ag,0-B,0; K& ® loges kD
ZLARECZ b5, Thbb, BO, O—EH
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Fig. 16. Comparison of electrical conductivities of
mixed cation Ag,0-Na,0-B,0, glasses
with those of single cation Na,0-B,0; and

Ag,0-B,0; glasses.
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-—eL 150°C —e—— No,0-K,0-B,05
*~. (Na,0+K,0:27%)
_8_ \X\ J — Nuzo-stos ’

--0-- - K,0-8,04

Fig. 17. Comparison of electrical conductivities of
mixed cation Na,O-K,0-B,0; glasses with
those of single cation Na,0-B,0; and K,O-
B,O; glasses. Curves were obtained by
arranging the data by Mazurin et al.?®> and
Meissner et al.?®>.
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3Io T i ?
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B
\ 2 2v3
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Fig. 18. Comparison of electrical conductivities of

mixed cation Li,O-K,0-B,0; glasses with
those of single cation Li,0-B,0O; and K,O-
B,0O; glasses. Curves were obtained by
arranging the data by Mazurin et al.®® and
Meissner et al.?®.

Na,0 TE#ENT Agt 2% Nat piifFi 5L, Agt
DBBEX, BIMTHEETD LI bRTELLIKE
. BRI TERbT L, 1000C kBT, BEZR
T Ag,O ## 9moly SHTSH T2 (9Ag,0-18.4
Na,0:72.6 B,O;, 75 2) pr+EEELH—DF 4
HIRATERTDDITIE, Ag,O % 25D 18mol9,
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Fig. 19. Comparison of electrical conductivities of
mixed cation Na,0-K,0-Si0, glasses with
those of single cation Na,0-Si0, and K;O-
Si0, glasses. Curves were obtained by
arranging the data by Mazurin et al." and

Hakim et al®®,

—— Na,0 mol%
29 10 (?
T
21 350°C —e— Na,0-Cs,0-810,
(Na,0+Cs,0=16.7%)

—x-— N0,0-$i0,
o= C8,0~8i0,

b -6F
o
2
-8k :\
RN
=10} e \x
-2 1 ] !
O 10 20
Cs,0 mol %—
Fig. 20. Comparison of electrical coductivities of

mixed cation Na,0-Cs,0-Si0, glasses with
those of single cation Na,0-Si0, and Cs,O-
Si0, glasses. Curves were obtained by
arranging the data by Terai®*® and Hakim
et al.?®,
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FRERDA AL OBBIOERILT XV X —ERb T
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21 1% Ag,0-Na,0-B,O, RoOEMLzxVX—%
Ag.0-B,0; %3 LU Na,0-B,0Os HDEZh&HBEL
LOTHD. AgO-Na,0-B,0, I FxDiEM L= RV
¥ —i1 Nafll GERKOEED Tk Na,0-B,Os 7 A D
FhiELyORE VL, Ag fil GEED TR AgO-
B,O, #5ANFhIVELIE. TOZ LT AL D
BEEE) B,O, # NaO CE#®RTHZ Ltk o TKE
{BBHLCHFHEOFREREZFHL T D.

®22 3 X0 E 23 xEhEN, NaO, KO &5k
RN 5 AR LU Na,O, Cs,0 R ELEEEREN 7 ALK
B¥3 b0 THS. wEhOEicE Ty, Bk
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FrHIFAPIYVIRECT LHBDPS.
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Thbb, AgTDEBZECEBEOERB LT R LE—
ZBWTY, Na, K, Cs DEBZECEREY, o F
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Fig. 21. Comparison of activation energies for electric
conduction of mixed cation Ag,0-Na,0-B,0;
glasses with those of single cation Na,O-
B,O; and Ag,0-B;0, glasses.
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Fig. 22. Comparison of activation energies for elec-
tric conduction of mixed cation Na,0-K,O-
SiO, glasses with those of single cation
Na,0-Si0, and K,0-SiO, glasses. Curves
were obtained by arranging the data by
Mazurin et al.!® and Hakim et al.?®,
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Fig. 23. Comparison of activation energies for elec-
tric conduction of mixed cation Na,0-Cs,0-
Si0, glasses with those of single cation
Na,0-Si0, and Cs,0-SiO, glasses. Curves
were obtained by arranging the data by

Terai?® and Hakim et al.?®,
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Fig. 24. Jump distances of cations in Ag,0-B,0,
and Na;0-B,0, glasses.
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Fig. 25. Observed and calculated activation energies
for electrical conduction in Ag,0-B,0,

glasses.
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Fig. 26. Observed and calculated activation energies
for electrical conduction in Na,0-B,0, glasses.
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Ag,0-Na,0-B,0; glasses as a function of

cation ratio.
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Calculated activation energies for movement
of Ag*t and Na* ions and observed activa-
tion energies for electrical conduction in

Ag,0-Na,0-B,0, glasses.

Fig. 28.
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Pressureless Sintering of Silicon Nitride with
Addition of MgO, ALO, and/or Spinel

Hideyuki MASAKI and Osami KAMIGAITO

(Toyota Central Research & Development Laboratories, Inc.)

1. Introduction
A densified silicon nitride has been made by pres-
sure sintering. The process, however, is not suitable
“for producing a body with complex shape. Develop-
ment of sintering under ambient pressure is, thus,

needed.

A significant effect of MgO addition on the densi-
fication of silicon nitride in the pressure sintering
is well known. But for pressureless sintering, its
addition is not so effective?®, except under pres-
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