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2 o AR AAY NdE 95 Agl-AgsS:SO, system 5-& ghge] ole i AVAEE
22 A Q¢ g 2 F2EF 2489}, X-ray powder diffraction method 2 20mole$% AgsS:SO
Agl system 8] F27F GAMAAIR-E T3 = DTA method 2 3% ] & st 4pro-
be method 8 HEAA AV AZEE S48 A3 20mole¥% AgyS;SO;-Agl system o] 43 Agt
o] 24 conductor ¥-& ¥¥ 71 A,

ABSTRACT. For the development of new type cell, a study on new electrolyte, Agl-AgsS;S0;
system has been carried out by using electrical conductivity measurement, DTA and X-ray powder
diffraction method. From both X-ray powder diffraction and DTA method, it is clearly known
that 20mole% AgeS;S0,-Agl system forms single phase, having monoclinic structure. It is also
found that 20mole% AggS;50,~Agl system is purely Ag* cation conduction from results of condue-
tivity measurement by applying 4-probe method.
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9lor Hirsch! = Ag,SO, 9 AgS & o] §-013
Pl AgsS;S0, 7+ ¥ A Agt cation conductor
gz »o3tgel

AR 717 Agl-AgsWO,2, Agl-AgsPO 5 B
& Agl-silver oxcysalt system¢] o]l B
QAT Azgel rase] Aot Agl-AgsS:SO;
system o] F¥ AFAAE pudsrt g &
A= o] o] purely ionic conductor 8} x R 3%
oA Agl9} AgS;S0 & o] &3t FH b
ZAAN DAY FH A S ZE AZE solid
electrolyte & ~fdted] =z 52& F2 9l
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S;S0, = Hirsch 7} 223 npet e A4 9
W ERAgae] AgSeot AgSO & 31 £
greted @A e By 27k & A LAAA A
239, ARAPL ApNOs(Johnson and Matt-
hey, Co. $X% 99.99%), Na;$,SO((Merck, 5
FALE Fol 3ty ZRGo) ¥ 474 0.1
M, 0.01M §94& gh5x o] F84L& AHA
AE Aol A AAE EFAA ohF, 4847
Bt A% stirring A71HA 2R ol
A ARAAE FHAAFA 8 25—
2 £90.025M) & A7AAFEH,

AR AL ASFTolE AHS3tq A7
Z EFR5E AAY AYAAFE, A49 249
AL 60°Col A A2A7t e}, £{ AgeS(Joh-
nson and Matthey Co. <5 99.99%) Ag.S0;
(Johnson and Matthey £ 99.9%) o+2 4 &
o] 3:19] mole Bl & | FAF I3 BZH
o} acetone FAWelq nEA 4 7S 10
tonfem? ¢ 2 2 pelleting 35t} Al £%E pel-
let & quartz tube ¢Foll @32 Np gas & F3
g o8 quartz & -3 240°C o4 120 A7
%ol sintering 3l 1°C/min. 7FH o= 255
uzimA deez Aysich, Azd Ass
2AE e go xEFAFEH EYdez W
Asie R4 3E oA EZA
A ok FRAVY 22 6.62g/cm’ A-F ¢
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H#c. Az" 47l Ar9 X-ray diffraction
pattern & dZkE3 oo d 33l intensity 5
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gonal F2E& 22 2t AgsS:S0,9¢ &P
7+ 2t
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of mEA FAAAY, ol FAALE AR
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N; gas & FAAAF %& 538 ohg A7 24
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A85E 1°C/min. 8] A2 3°CE LEF
W& o thA 4 A7k £ A 1 Fel 1°C/min,
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7} 7FA 2 99 colour &+ AH t}hE pinkish-red
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Ag B4 Qens A8E) FEEHLE F
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Agste] A g2 X-ray photographd ¥,
Itos o] WS A 4AA TEEAE ot

4) Ho|dxze 873

ionic conductor 8] HA7IAEE FF-& FoF
A2E a4 ZA3E a.c method(impedence
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d.c method 27} BF38 7t 2k ac
method &= 27|17} & A B v A&7 7t £l
A 251321617 d ¢ method & electrode £} elect-
rolyte ~1o] 2] polarization effect = o =43
electrode material & A= eksls FAHE 7}
Az At
SR A ARE 3L MgAFer ¢fq
o] Ahg-5le ]l Ag-Hg amalgam 331218193
A&35te] 4 probe method & AEAAAN FA3}

b, ols} opge] 1kHz o =39 Fo5E o -

43 a.c method & A& &35 #®g ¥z
[ AF A2 FAAEE 29 FATE, d.c me-
thod o] A &=, electrode &} electrolyte 8} contact
ol ARE FHe] 2 JFT FAHEE £ 4Y
A Geller® 50| AgylaWiOi system 2} 3

EX 2404 AL W& ALt g
2748 A3 Aol contact JF 3 WHEY] 2
A9 A& Pt Spring & A3, A58 E
o] electrode & A &4]7]% spring method®- 22
£ E839 7 409 AF5E A5 AFA7
A}, 2o 2749 A3 electrometer (Keit-
hlay model number 610C multielectrometer) v 3
9} 272 AL potentiometer{Keithlay model
number 610C multielectrometer)of] 78 7+
2 SYPH o A5t A8 9% <
A4 ¢ YA A5 z2E A5 HEe
A E 7 APr)§ AR 2ENA R E
g reversing switch & 3 dtd A7 #P&
upitel 7l A FAHE2AH polarization & F
A Ff, &3] electrode & electrolyte A}o] 2
A& A3l 98 non-ohmic behavior 7} A
& E 4 771 A%t Pt electrode & ¥ 74
g AFez Ass AAY AVAEEE &3
o] Agt o] &9 e A
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Fig. 1. Electrical conductivities in the system Agl-
AgsS:S0, vs. ‘the composition of AgsS;SO, at room

temperdture‘
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Fig. 2. Electrical conductivities of the system of Agl-AgeS;S0y vs. the reciprocal of

the absolute temperature,

A5E AMNA=2, Ag powder £ cathod ma-
terial 2 28] I, C, Ag-Hg amalgam & §7
o], 1:8:1 8 EFF EHEL anode material &
Apeste AA AAES A9 open circuit
voltage ¥ (0.c.v) &Rt ofw WEAY
o] 10830} o] kel Multi electrometer § AF2-8}
<« o.c.vE A}

3. oEi@y

(1) AgsS:S0; 2] mole §-go wg Aol
Agl-AgsS:SO, system 52| A1 HEE ¥ 3}
§ Fig. 191 =A%, 80mole¥% Agl-
AgsSsSOy system o] 7HF §& A7IHEA
& Vel 2ASE A

(2 A7 AzEY = EFLE v e
Arrhenius 4] ¢ 2 el 4 it}

o=0, exp (—E,/RT) 1)

20°C A2 &8 &4 531 3
ZIAESE 42  Arrhenius plotd ZHAAE
Fig. 29 =A%,

(3) Agl-AgeS:SO, systemE°] DTA ZH#A4E
Fig. 39 =A35c}, 80mole¥ Agl-AgeS;
SO, system & 147°C oA F2 Peak 7} gl
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Table 1. Silver cation transport number of the vari-
ous Agl-AgsSsS0, systems

System Open circuit Ag* transport

voltage number(#4.*)
10mol % AgsS;S0,-Agl 0.674 0.98
20mol % AgsSS0,-Agl (. 680 0.99
30mol % AgsSSOy-Agl 0.678 0.99
80mol % AgeS3S04-Agl 0. 681 0.99
90mol % AgeS;50,-Agl 0.673 . 0.98

o, OE systemBE ALF 2EAA
peak & 2% ¢ 4 A3k

(4) Agl-AgsS;SO, systemE9 20°Ce]A9
Agt o129 s ge heen FEF
7 Qlek,

V meas.

theory

bagt=

2

214 Vaewwed = 53 E open circuit
voltage ©] 2, Vipporw = A Ak o] A o] 24
3l voltage Frofct. FAH o.c.v o} A d
tagt HES Table 19 +F35

(5) 80 mole% Agl-20 mole% AggS;S0, system
o AZIAEEY 2= AEYE ov] Bm
o]zl o} & Agl-based ionic conductor 9}
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Fig. 3. DTA curves of the system Agl-AggS:S0, in the heating process in the tempes-

ature range of 20°—330°C.

o mated Fig. 40 =ABEC 147°CAA
AAREES FAF Wit wolA &<
FE 4
gomole% Agl-20mole% AgsS:S0; system
o] A¥HAd @A calculated JFES AR
85z, Table 20| ¢53gch, ol &4 #
Zo] AYAH o T kEF F AL
RNog ¥E 80mole% Agl-20mole% Ags
$:S0; system -& 2=16.202, b=15.346, c=
8.353¢] lattice constant Zt¥ $=88.5° <1
monoclinic structure 5 #e-& & 5 St
cell volume & t+-&-4 & ol &3] F3I5ieh,
V=abc sinfi 3

80mole% Agl-20mole% AgsS:S0 system
©] X-ray study 2 58 fe]AE 4¥AHA
A}E 7179 Agl-based solid electrolyte
Z3} ], Table 39) £53H9 . A= o
2 JPEL Fx A8e & T AR+h

3989} chemical formula® ¢ (ne
ofef o} 7 AL ol g3t FE F o,
p=% (4)

ot &A% density, V& X-ray study 2

Cleciricat conductiviiy Ltog ¢ (fi-cml

Fig. 4. Electrical conductivity vs.
solid electrolytes.

—_—
0 :
- ,
: 80 Agl—-20 Aﬂasa5°4
—21 « ! —

-5

A L
i5 3.0

woost (K7}

1/T for various

He Fi 9], M %A, AT Av-
ogadro o[ ¢}, Z ¥ unit cell §-2] chemical
formula 8] <o)t} toluene & o] &3}

Journal of the Korean Chemical Society



aA JdAE ol g% Az AAG FT AT 505

Table 2. The result of indexation for corresponding experimentally obtained interspacing d values

P.N. d . deate (hkl) P.N. doge. deal. (hk1)
1 16. 2066 16. 2028 (-1 00) 26 4. 3202 4. 3252 (230
2 15. 3465 15. 3462 (0-10) 27 4. 3036 4, 3022 (-3-1-1)
3 abs. 11. 1418 (1-1 06} 28 3.5938 3.5953 (12 -1)
4 8. 3552 8. 3521 (00D 29 3.5740 3.5721 (212
5 8.1238 8. 1009 (200 30 3. 5604 3.5599 (122
6 7. 6661 7.6731 (020 31 3.274 3. 2694 (31-2)
7 7.5326 7.5402 (10-1) 32 2.5932 2.5937 (123
8 7.3697 7.3459 (101) 33 2.5486 2. 5499 (601)
9 7.3360 7.3078 { 0-1-1) 34 2. 5459 2.5472 (620
10 7.1420 7. 1640 (210 35 2.5264 2.5264 (1609
11 6. 9558 6. 9347 (210 36 2. 5162 2.5154 (611

12 abs, 6.7414 (1-1-1) 37 2. 5069 2. 5085 {223
13 abs, 5.8926 -201) 38 2.5038 2.5031 (432
14 abs, 5. 6505 (021 39 2. 5006 2.5014 {303
15 abs. 5. 4006 (-309) 40 2. 4763 2. 4755 (540
16 5.3761 5. 3766 (-2-1-1) 41 2.2851 2. 2821 (631
17 5. 3553 5. 3650 (12-1) 42 2.2396 2. 2383 (14-3)
18 5. 2350 5. 3062 (121) 43 2. 1966 2.1979 (-6-2 2)
19 5. 0554 5.0944 (310 44 2.1136 2.1134 ( 2 6-2)
20 abs. 4. 8780 (130) 45 2. 0698 2. 0690 (01-4)
21 4. 5965 4. 5902 (30D 46 2. 0662 2. 0659 (513
22 4. 4563 4. 4819 (301 47 2. 0525 2.0526 (632
23 abs. 4. 4164 (-3-2 0 48 2. 417 2, 0406 (153
24 4. 4025 4. 3977 (31-1) 49 1.9789 1.9791 {651)
25 abs, 4. 3622 (031 50 1.7888 1.7883 (-3 6-3)
(abs. : absent},

3}‘{‘. » Vmeas. =6, 32’ Vxheory=6-40 0] %\-?- unit
cell 3 Z& 403t

4. 1 #

AgsSsS0; mole fraction W3 e =2 32
A2 Agl-AgsS;SO, systeme] AAAEE #s}
EF vellle Fig. 12 BE, 80 mole% Agl-
AgsS:80, system ©] maximum conductivity &
e AL ¢ 471 Ak, RbAgl, KAgl, 5
BB silver cation conductor 7} 80mole%
Agle) E¥-¢5 2 system B0 AR
W%l nol, ol At st Ag
& 7 A wetA o) j A¥Ag] 232
35 A & A71AEAS 1A interme-
diate compound 7} ZA| gchz Arg 7} Arh,
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5735 AL system ] AV|HEE7L o] A
AZIARE AAE AZAs7] A% 1009 &
Aol W A} Table 16 &8 gt}
Table 14] FE=5o] glFo] RE system 9]
tagt 70l 19 Z17ME %L AAA Heuz 23
HAARER o] o]y AVAxxgd e F
Qlstget,

ANAEES TEIAEYE Yeb: Fig. 2
2 %FE 10mole%, 30mole% AgsS:S0,0 £
A system 5= Aol obd S o 5] 9]
t}, & 10mole, 30mole% AgsS:SO,7} So|Q
T system & Agle S-a transition tempera-
tureql 147°CE AFE A A7 FA3
F78tE whdol 20mole®% AgsSiSO;-Agl sys-
tem & 190°C 7}A] linear 314 =715}k, Geller?
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Table 3. The powder data for containing20mol%
AgsSsSO,y and comparison with the tabulated data for
some known compounds

This system | S-Agl* a-Aglt a-AgsSI® AgpS;S04
d value d value dvalue dvalue dvalue
4. 5965 5.14
4. 4563 4.18
4. 4025 3.61
4. 3036 3.22
3.5938 3.98 3.58 2.9
3. 5740 3.75 7.23
3. 5604 3.5 3.53 2.552
3.2734 2.402
2.5932 2.731 2.279
2.5486 2.53 2.172
2.5451 2.083
2.4763 2.296 2.497 2.001
2. 1966 1.8616
2. 0698 2. 066 1. 8010
2.0417 1. 989 2.038 1.7497
1. 9789 1. 959 1. 6995
1.7888 1.9228 1.788 1.765 1. 6569
1. 3657 1.7574 1.353 1.57% 1. 6106
1. 5570 1.442 1.5732
1.3258 1. 355 1. 5358
1. 248 1. 5060
1.177 1.4721
1. 4400
1. 4150

«adopted from ASTM card. ?adopted ref. 11.

£ AVIAEE €3o] unreacted Agl A8 &
A 7 e F AYPYo) A9 g vt
et whehA ol 3 ARHEINE K5 20mole¥
AgeS:S0,-Agl system o] @R 4& 1A E &
7} slet,

A7R8] Al EEe] single phase 54 ] F&H
< DTA analysis & &3¢ &1 4% A7E
AL 71 lek, Fig. 3414 & & Q1% 10,
30mole% AgsS:S0,-Agl system B¢ Agl9 S«
transition off 3 33}= endo peak 7} w3}
20mole% AgsS;S0,~Agl system-& A L5959
ol 4 peak 7} A3 LA gen, = A
Fe AVNAEE §40.2 ¥ 4 A9 o

AFE dolz ek oA g 20mole® Ags
5;804Agl system gto) 53§ mixture 7} o}y,
single phase & ©ol§& & 47 vk X-ray
powder diffration method 2 <& interspacing
d values & H-§-A7 ozl lattice constant £}
angle & ©] £33} calculate 8 45 Table 2
ol 4539 c}t. Bragg angleo} F71¥+% 2
AA G AAXE A AFTE 2T 92 9
g AE HE 20mole® AgsS:S0~Agl sys-
tem & monoclinic structure & 7} < 57}
g, 4" Yx 6.32g/em* = o] EHe R
6.40/cm® % F 9 3 | & ¥o)lx 9o}, monoclinic
structure 5 Zr Agl-based solid electrolyte €1
AgylisWiOse system® o] ofu] .z e}a s}
et 20mole¥% AgsS:S0,-Agl system® d
value & 71749 Ag compound 8} ¥z &3}
Table 3€ Avins £ AQA T3 d values
7} B-Agl, a-AgIS 222 AgS;S0, 9 val-
uesSHe HE HE e 2ol Jev, a-
Agl otz W =¥ RAES Bolx vy, Agle
147°C o)3}e] ex9ggelqe f-formE Zx
147°C o] Foll A& a-form & 2=t AR =Y
of F4 X3 ALFQolA &A= p-form
hexagonal structure 2 424 on silver
iono] g+ B&o) o 2ol facesharingo] £A)
3l= iodide ion 2] polyhedra & 2] sl id] S
£ iodide ion 2] polyhedra face 7} face sharing
€ 3} body centered cubic structure & 7}l &=
a—form BT Agro|ge HAxAo] rjmrlwm
Raleigh® o] 2]3}e R wsojdr}, =g Taka-
hashi? 3= Agl-based solid electrolyte 7} Ab-20]
Al Ag* o] 2] AxAel F7 AN foreign
anion o] Agl$] immobile lattice & o] & I-
ion #} incorporated ¢ iodide ion polyhedra
9] face sharing & a-Agl$] face sharingo] =
T AHY F7HA Folok frtm Raddch
£3], $*, SO»2 9 & polarizability 7} &
anion 9] 47l I"ion polyhedra 2] face sharing
€ Z7HA £ 2aE oM, AgS.SO,
* ¢|8) %t highly polarizing ion-5-¢ X3z
9l7] wFel| I-ion polyhedra®] face sharing &
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Table 4. Comparison the separate formula unit vol-
ume withreal volume

Chenical Separate formula unit Real volume
formula volume (A)? (A)?
a-Agl{ref. 9) 68.2 .
24, 13W4015 3231 (32Agl + 2Agg 2982
(gref. 20) LT
2Agg5350, 529.95
(ref. 11)
4Ag17145:80, 2153(16A gl + 2067
{this system) 4A25S,504)

Z27140A Fr24 Agt ion9 transport & £9)
A St webA 20mole® AgeS;SO; Agl
system 2 A 2QAE a-Agl 9} Z2& face shar-
ingell 2J¥F Ag" o]-2¢) mobile ¥ 4 ¢4 con-
duction passage way = HA3}7] =l £l A&y
FAAE A/NAERS 24 718 A4, &
3] Agl-based solid electrolyte & a-Agl2}
B =%t W 0 8 conduction passage way 5 3
A3 dFol a-Aglo A8 w&E JFEE
EP3t2 LS Table 3404 HAY 47} 9l
t} Geller® & Agl-based solid electrolytes 7}
ul & e Agl =& AHE-3 dopant o] F=9
ol FRE MAYEE, FALAE Aol
distanice &= W Ao]| 7} gl7] wif-oll, Agl$} do-
pant A3 ¥-3| & o| &3l 3 separate vol-
ume 7 AA 1A & real volume Alojef i= & )
o] 7} g3 face sharingo] Z7+E 9L 7 $ellat
t}4 real volumeo] ZFojErtm ¥ w3},

Table 40 7149 Ag* ion conductors 2] 20
mole% AggS:SO~Agl system €] separate volu-
me, real volume & v 24339}, 20mole%
AggS3S0-Agl system € 41# ¥ =] real volume
o] separate volume ¥¥} i A L& ¢ &7
sieh, o123 Ao 20mole¥% AgsSiSO.-Agl
system o] ] face sharingol 93] Ag* ion 9
conduction passage way 7} &3 e E
t}. high ionic conductivity & ~}3]= solid ele-
ctrolyte & TH& 2714 TH| 2 & GrEA A of
B30 AA, AGH site R} ¢ BE ione] &
AY 4 = sub sites TE T ok Ho, EA,
o2 gt site A}o19| energy barrier 7} Zolof §h

Table 5. Concentration of mobile species in some

ionic conductors at roomtemperature (a : calculated
assuming every Ag* ion mobile)
. n4, {mobileAg* funit
Formula cell) 102cm™9

a-Agl-(ref. 9) 1.57
RbAgylse (ref. 9) 1.13
PysAgislo (ref. 7) 0.89
AgCle(ref. 9) 1X107%
B-Agl*(ref. 9) 1x10-2
Ag121i5380, (this system) 2. 32

1}, Agl-based solid electrolyte £-& 0.1~0.3eV
A}o) 2] activation energy & g oz nw
o] vk, =3 o]efgt 22 activation energy
7} conductivity value A4 3. v} fast ionic con-
ductor & #9333 ] 22 A7) 5 v)z Geller
of 23t g3A vk Aok AVAExeY ex
&g o7 BE 20mole¥% AgsS:SO-Agl system
9| activation energy & (.17eV & d& %
o}, @epA] o] 2] 3} activation energy = E¥ 20
mole¥% AgsS;SO,-Agl system o] Ag* fast ionic
conductor 91 & ¢ 47} glch, YukA o 2 ionic
conductor 8] A7) AE ¥ charge carrier 8] ¥
% (n) mobility()9} A AAQ dARAAE
guA feh, o]led AJArEE ot 7o)
YER o},
c=ney (5)
Amstrong? 5-& A2 charge carrier 8] ¥
=EF 44 33T 4+ de e s Rez
B3 3oy, 32 Geller* %o 93t sin-
gle crystal & o] &8 X-ray study & E3lo] 3
A 7497 ARE A4 W=E4 mobile
# T A YA ion®) ¥EF T Ao
B3 geigr}, 28y B AFeAE single
crystal € ©] 2%t X-ray analysis & 3}3] 239
eg AAMoE mobile I F gt Agt ol
9 B2 F¥ 4% Usich. Amsrtong® 5o
EE Agh ol 20 24Y F ok AR del F
3+ Ag* ion 9| concentration & A Az} o
g £ FAo)E JehiA feviz nadgo
2E Agt ol 2] AU vE A ¥ g
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H 932 20moleX AgsSySOs-Agl system ]
Agtd & ofv] <¢HA dE GE Agt o)
conductor ¢+ ¥ ¥ 4 Q)

Table 528 ¥ 20mole% AgsS;50,~Agl
system 4 A fast ion conductor 2 ¢33 A+
system 5% A & order$] Agt o] 2§
ARz 98-8 o F v}, AAZ silver fast
ijon conductor ol = A =L charge carrier 7}
thermally activated processo] &3t 3=
tormz oA activation energy = -2 bot-
tle neck & 484 = Az 94g Fid
polyhedra 7} Z+38t = sharing face & E33
@ 4 238 squeezing energy & 5-B 7]Q0¥ 1R
gz @A e RbAgdy systemol e I-
polyhedra 7} AgslisW4016® system o 4] = I-po
Iyhedra @ I-O polyhedra >} ¥z =) 9iv}, o]&l
ZAAS2 w|Fo] Hol 20mole¥% AgyS;S0,-Agl
system ¢ A4} &= I-polyhedra, S—polyhedra, =g
2 IO polyhedra 7} EA& 4+ =z 2] o]
28 A& ©+& -0 polyhedra, I-polyhedra, S
polyhedra E¢] Z§3}4 5 sharing facer}
Ag" iong] transport 3+=4] bottle net work 2
ZA8& &7 activation energy + T2 o8
bottle neck & 533t cnl Fod energy B AF
B Ho]Ar}, 20mole¥% AgsS;504-Agld A=
& ov 4HA R AgxlisWi0i®, RbAg,
I26 system Brt= 7order A% 2}, Geller
7} B323l A3l conduction passage way 7}
2dts ARErE AVAEZ L o5 Fo
Atz 33§ e v|Fo xRol 20moled
AgeS:80,-Agl system 2
way 7} ©FE system £ conduction passage way
2ok o 5487 WEd Ve %2 2y
Ak,

conduction passage

5.2 £
Arg AAY ALds 943l Az GE Ags
590, T H-4-& &= Apgl-AgS;S0; system
52 4% Axx 33, AT 4 2%
A& & 23, DTA Study 2 BEH 20mole¥
AgyS:80,-Agl system 2 gt Agl 9} AgeS;

SO; 9 EFEe) old A2 AFE L&Y T
elow  X-ray diffraction method & <] system
o] 10%/em® /] 9 mobile Ag*el L& wAHEA T
24¢ FEIAD. AXEFH o 25F 20mole
% AgeS;SO;-Agl Systemo] A=AHE A&
&4 Ag* ion conductor & € ¢ A9t}

ol 4% e AFAEEZ HE 20mole% AgsS;
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