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e o Az AA Mg At Agl-AgeS;SO4 system & b0l old dig AVAE=E
24, A4 97 9 2 F25 2489, X-ray powder diffraction method 2 20mole% AgsS;SO.~
Agl system 8] 27 A ALY S FE39 2 DTA method & 5+ -2 o] 52 &9 3ty e} 4pro—
be method & ALAA AVNAEEE =438 ZAH 20mole% AgeS;SO,~Agl systemo] £43 A
o] 24 conductor & ¥3 7} AT

ABSTRACT. For the development of new type cell, a study on new electrolyte, Agl-AgsS;SO;
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% AggS:SO,—Agl system forms single phase, having monoclinic structure. It is also
found that 20mole% AggS;SO4~Agl system is purely Ag*t cation conduction from results of condue-
tivity measurement by applying 4-probe method.
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9 gde] HZHEE FFE AT F7F U4
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Fig. 1. Electrical conductivities in the system Agl-
AgeSsSO, vs. the composition of 'AggS3SO; at room
temperature.
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Fig. 2. Electrical conductivities of the system of Agl-AggS;SO; vs. the reciprocal of

the absolute temperature.
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terial 2 28] 3 I, C, Ag-Hg amalgam -& %7
Hl, 1:8:1 2 %3 £F-EL anode material
AHg-ste] A AR S A ZFsle] open circuit
voltage & (o.c.v) ZA3Act o« WEAZY
o] 1018Q) o] Ae]l Multi electrometer & A}-2-3}

o] o.c.vE S4B 8,

3. AgzEn

(1) AgsSsSO4 2] mole ol g 2o
Agl-AggS;S0, system 59] A7l A5 w3}
§ Fig. 1°] A3tk 80mole% Agl-
AggSsSOy system o] 7t £ A7 A=A
& vele A3E IR0

2) A7IAEES] & EHL 933 e
Arrhenius 4] ¢ & JtelE 4= gl

0=0¢ exp (—E,/RT) 1)

20°C Aoz 225 &2 349 A
71AE% zrE& Arrhenius plotd A&
Fig. 20 =A3HA )
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Table 1. Silver cation transport number of the vari-
ous Agl-AgeS;SO, systems

Open circuit Ag* transport

System

voltage number (¢4,*)
10mol 9 AgsS3;S04-Agl 0.674 0.98
20mol % AgeS.S04-Agl 0. 680 0.99
30mol % AggS:;SO.;—AgI 0.678 0.99
80mol % AgeS3zSO4-Agl 0. 681 0.99
90mol % AgsS3S0,-Agl 0.673 . 0.98

o, BHE systemES 44T LEolA

peak & B¢ & F dLTh
(4) Agl-AgeS:SO, system 52 20°C o] A 9]

Agr 029 PuFEE deNeE TR S

7+ A
’ Vmeas.

theory

tAg+=

2

AP A Viewsured = =A% open  circuit

voltage ©] 32,  Vipeory &= 7AlAbE 0] o] 24

Ql voltage gtoltt. &A= o.c.v $F AAH
tagt ES Table 1] &34t}

(5) 80 mole% Agl-20 mole% AgyS;SO; system

g ANAEEY 25 &AL o8 Bm

5lo] ] ©}E Agl-based ionic conductor £}
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Fig. 3. DTA curves of the system Agl-AgsS;S0y in the heating process in the temper-

ature range of 20°—330°C.
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#& dgth
g0mole% Agl-20mole% AgsSsSO; system
o] A&AQ 47 calculated d7e AR
v, Table 20 F53tgch ol &84 &
Zo] A¥H oz TG FEFL A LA=HE
Aoz BB 80mole% Agl-20mole% Ags
S,S0, system & a=16.202, 5=15.346, c=
8.353¢] lattice constant ¥ B=88.5°
monoclinic structure & Z&-& & 5 ok
2498 ol g5l Foseh.
V=abc sinf 3)
80mole% Agl-20mole% AgsS;SO, system
o] X-ray study 2 HE dojA & A¥Hql
A#}E 717 e Agl-based solid electrolyte
S5} vl w, Table 30| 5534 A= o
2 dFEL Z2 S & F A%
%9593 chemical formula®] + (&
ot e A olgelel TE 4 ATk
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Fig. 4. Electrical conductivity vs,
solid electrolytes.
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formula 9] o]t} toluene & o] &3l F
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Table 2. The result of indexation for corresponding experimentally obtained interspacing d values

P.N. dobee dar (hkl) P.N. ops- deal. (hkD)
1 16. 2066 16. 2028 (-100) 26 4. 3202 4.3252 (230
2 15. 3465 15. 3462 (0-10) 27 4.3036 4. 3022 (-3-1-1)
3 abs. 11.1416 (1-1 0 28 3.5938 3. 5953 (12 -1)
4 8.35562 8.3521 (001 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 3.2734 3. 2694 (31-2)
7 7.5326 7.5402 (10-1 32 2.5932 2.5937 (12-3)
8 7. 3697 7. 3459 (101D 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 (160)
11 6. 9558 6. 9347 (210 36 2.5162 2.5154 (611
12 abs. 6.7414 ( 1-1-1) 37 2. 5069 2.5085 (22-3)
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 -300) 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 (121 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 (26-2)
20 abs. 4.8780 (130 45 2. 0698 2. 0690 (01-4)
21 4. 5965 4. 5902 (301 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. 0417 2. 0406 (153)
24 4.4025 4.3977 (31-D 49 1.9789 1.9791 (651
25 abs. 4.3622 (031 50 1.7888 1.7883 (-3 6-3)

(abs. : absent),

ﬁ}tﬂ s Vmens. =6. 32, Vtheory:6- 40 0] 93\.7— unit
cell B Z= 40]Qrh,

4. 01 #H

AgS:S0; mole fraction W3}o] W& AL
A9] Agl-AggS:SO, system ¢ ArlAx® #s}
£ YellE Fig. 12 HE, 80mole% Agl-
AggS;S0, system ©] maximum conductivity &
e A& ¢ 71 Aok RbAgl, KAgl, 5
f H-E9] silver cation conductor 7} 80mole%
Agld] BH-g5 ZE system 5|3t AR
ul o] wol ol#g AFrt Egdte AL
& 57t ek wEtA olEE AgA A=
FH oA & AVAEHE 71 interme-
diate compound 7} EA gheb s Al ket 71 vk,
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245 AAY systemd AZHAEZ 7} o].&4
AZIAEE AAE AGAT] A7 15,09 &
Aol WG ATE Table 16| £55)0] 9t
Table 1°] sE=o] gl%Eo] BE system 59
tt 30l 10 AR e AAA Hmz 34
g AZARE o] o] 24 AVAxRzde F
I3kl et

AVNAEES 2EIENE VelE Fig. 2
2 FE 10mole¥%, 30mole% AgsS;90,0] Eoj
9 system $£ DAl U T 57 9
. % 10mole, 30mole% AgsSsSOq7} 509l
T system B2 Agle] B-a transition tempera-
tureq] 147°CE AFE AJAxms F43
Z7Fste ubge] 20mole% AggS;SO,Agl sys-
tem & 190°C 7}#] linear 314 <718}, Geller?
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Table 3. The powder data for containing20mol%
AggS;S04 and comparison with the tabulated data for
some known compounds

This system | S-Agl® a-Aglt a-AgsSIF  AggS;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 3.61 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 1.579 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.

= AVY|AE% &Ho] unreacted Agl EAE &
A% Ae FL AP Az o vt

Qo mebA olE g AFAAZ EH 20mole%
AgeS;S0,-Agl system gro] G A& 73S &
7+ At

AME A 5E5°] single phase 5& o] FEX]

+ DTA analysis & £3}o] Zv] $43 A3}

£ 71 9lvk. Fig. 3ol4 & & Q%o 10,
30mole% AgsS;SO-Agl system E-2 Agl 9] f-a
3] 338l endo peak 7} wHA S
20mole% AgsS;SO,Agl system 2 A £53 Y
ol A] peak 7} A3 HAA] g, olF 2
Ie AVAEE o2 ¥ 42 A o

transition of]

Age 2oz et whebA A 20mole% Ags
S3S04~Agl system qte] ©}4=3F mixture 7} ok,
single phase & | §& ¢ 471 Urh X-ray
powder diffration method 2 -2 interspacing
d values & F-8-A]# do]A lattice constant &}
angle & o] £3}¢] calculate 3t d 35S Table 2
of #E&3tHr}, Bragg angleo] F71¥4E &
AR ARAE A dAFE BAF2 Q3 o
23t A7z HE 20mole% AgsS;SOAgl sys-
tem 2 monoclinic structure & 714 g & 7}
ek 248 U 6.328/em® = o] EF
6.40/cm® 3+ & < 25 & ®o) 7 g}, monoclinic
structure & zti= Agl-based solid electrolyte €1
AgylisW,0i6 system® o] ojuj w w0} npr}
A}, 20mole¥% AgsS:S0,~Agl system®] d
value & 7]A 9] Ag compound 9} ¥ 7 +E%
Table 3& A¥us B A4 3 4 values
7} B-Agl, a-AgIS 13 3 AggS;S0, 9 val-
ues &= A3 B PEL Bz o, a-
Aglohe v5% BES Holz goh Ad:
147°C o]3te] £xgd o= fform & zx
147°C o] Aol A & a-form & Z+&th, A71A =4
o] £+ Xg A2 G4 EAse f-form-2
hexagonal structure 2 ¢#A o] silver
iono] %X B&E= 6 24l face-sharing o] £A|
&+ iodide ion &} polyhedra & zt7| o F-of =
£ iodide ion 9 polyhedra face 7} face sharing
€ 3} body centered cubic structure & 7}3] =
a~form BT} Agto]l&9 AxAe] vimirtis
Raleigh® o] 93}l nwFojglt}, =& Taka-
hashi?* = Agl-based solid electrolyte 7} AF-&9j]
A Agt o] 22 "Ax4e] F7] A A= foreign
anion ¢] Agl9] immobile lattice & o] F&
ion 3} incorporated = ¢] iodide ion polyhedra
9] face sharing & a-Agl2] face sharingo] &
= AW Z/AA Folof dohx wasgrh.
5, $%7, SO& 9 72
anion £9¢] 47 I"ion polyhedra 9] face sharing
FIHA Fo= is—ﬂﬂ%‘l‘:}“ AgsSsSO,
0131‘6]- highly polarizing ion58 2 &3}z
7] W §-¢] I'ion polyhedra®] face sharing &

4 o

polarizability 7} &

L aly f“l°
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Table 4. Comparison the separate formula unit vol-
ume withreal volume

Chemical Separate formula unit Real volume
formula volume A) 3 (A)3
a-Agl(ref. 9) 68.2 .
2Ag96115W 4015 3231 (32Agl+-2Agg 2982
(ref. 20) W4Os)
2Ag853504 529. 95
(ref. 11)
4Ag15145;50, 2153 (16Agl+ 2067
(this system) 4Ags5350y)

27t A Fr24 Ag® ion 9 transport & £-0]
A &, webA 20mole¥% AgeS:S0, Agl
system > Ao A % a-Agl & 7+2 face shar-
ing ol 2§ Ag" ©]-2¢] mobile ¥ 4 gli= con-
duction passage way 3 3 A 3}7] o] Fo AL
ol E A7 AR} 2A F7k8HA "k &
3] Agl-based solid electrolyte & a-Agl 9
¥ =3} ¥ o & conduction passage way & §
48] W Foll a-Aglet A8 wxd JPgES
Z¥ez YSS Table 3914 AT 571 9
o}, Geller®® &= Agl-based solid electrolytes 7}
vl & Ao Agl =& A8-3l dopant o] Fz¢}
Holgt T2EF MY R, FHLAE Alold
distanice = ¥ &Fo]7} g7 =&, Aglgt do-
pant #H) 8] X3 E o] &3} T3 separate vol-
ume 7+ A A 7}7] & real volume Alo]el = 2 =}
o] 7} gl 3 face sharingo] Z7}5g& # $ollnt
t}4 real volumeo] Zo]EThvy ¥ w3l )

Table 4] 7172 Ag" ion conductors®] 20
mole% AggS;SO.-Agl system @] separate volu-
me, real volume & ¥ 7423, 20mole%
AggS:S0~Agl system -2 A# 27 real volume
o] separate volume XMt} thi HL8 o Ft
Atk o2 AF}E 20mole¥% AgsS:SO,~Agl
system ol 4] face sharing ] 9]‘?5]1 Ag* ion &
veEpE
o}, high ionic conductivity & 713 = solid ele-
ctrolyte = & 27H4] FH[2A L wbEA Ak
P, A, AfH site 2oh o] B2 jono] &
Ad F 3+ sub sites B VMR oF HH, Ea,
o] 2] g} site A}¢]2] energy barrier 7} #F-o}of 3t

conduction passage way 7} &A|¥&

Table 5. Concentration of mobile species in some
ionic conductors at roomtemperature (a : calculated
assuming every Ag* ion mobile)

Formula n},c(é?sbiiggg;/_gnit
a-Agle(ref, 9) 1.57
RbAg,Is*(ref. 9) 1.13
PysAgiglas(ref. 7) 0.89
AgCle(ref. 9) 1X107°
B-Agle(ref. 9) 1Xx10-2
Ag121S380,(this system) 2.32

t}. Agl-based solid electrolyte 5-& 0.1~0.3eV
Ato] 8] activation energy & Zg Aoz uw
ol glvh, =3 ]2 &L activation energy
7} conductivity value A}#) 3.t} fast ionic con-
ductor & 982 o] €2 Ax ) H ko Geller?
of g3t @A v gk, AJA=ES Lx
S} EA o 2 FH 20mole% AgeSsSO,~Agl system
9| activation energy &= 0.17¢eV & d& % ¢
v}, w2bA] o]} activation energy = B 20
mole% AgeS;SOs~Agl system o] Ag* fast ionic
conductor ¥-& & 7} 9t dukH o 2 ionic
conductor & A7) AL %= charge carrier 9 &
% (n) mobility()9 HAA ddaAE o}
ElAl ", o)A AV AEEE thes 7o)
veha e,
g=nep (5)
Amstrong® 5-& A A & charge carrier 8 %
E% 474 34% 4 Uk Pie d: Aez
B3 3G o}, 2ol Geller® o] &]3le sin-
gle crystal & o] 23} X-ray study & E3}o] 2
A 74949 Aslg A4 A== mobile
e ge AA i FEE T Ao
B3 selglet, 28y B A A= single
crystal & ©]-83F X-ray analysis & 3}%] £3}g
ong AAA 02 mobile ¥ 4 gt Agt o]
9 F=E 7% & 997 Amsrtong® 5
EE Agf o] &o] $Ad F siohE AR sl T
gt Ag* ion 9 concentration & AA A9 2
B} 2 Ao A drthn wasgs
REE Agh ool A vE A se] T 2
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9 H¥do] 20mole% AggS;SOs-Agl system &
Agtd) S5 olv] @AA = THE Agh ol e
conductor &+ ] w8 4 it}

Table 502 H-E 20mole% AggS;S0,~Agl
system < A] fast ion conductor & <& Y&
system &3 A9 & order & Agt o] &5E
ARz PLL & g gk, AAE silver fast
ion conductor o Al= A B charge carrier 7}
thermally activated processeol] 93te] &A= X
o2 do]X activation energy &= & bot-
tle neck 2 A&3p7 Hie A= o FHd
polyhedra 7} -3} sharing face & F3T
o 3 938 squeezing energy 2 F-H 7]l o)A
. g A gler RbAgds” systemol A& I-
polyhedra 7} AgylisW4046® system o] 4] &= I-po
Iyhedra ¥ I-O polyhedra 7} ¥ .3 = giv} o0&}
AFA}ER 1] Fo] Mo} 20mole¥ AgsS;SO+Agl
system o] A= I-polyhedra, S-polyhedra, 28]
3 I-O polyhedra 7} &4 4 = =28l 3 o]
238 A& & I-O polyhedra, I-polyhedra, S-
polyhedra §9¢] 5314 =+ sharing face”}
Ag*t ion @] transport 3=t bottle net work =
&85 3l activation energy & F2 o]#F+
bottle neck & E33l&r] H 23 energy 2 A}
5 HolAtt, 20mole% AgsS;SO-Aglé] HAx
EE o" 4#HA AE AgyulisWiOi®, RbAg,
152 system R Tt= 1order A X P2} Geller®
7} B3¢ A<}l conduction passage way 7}
et 7 ErE AV AR v Fot
Atz Bag ZeZ vl Fo] Mol 20moled
AgsS;S04~Agl system 9
way 7} & system £2] conduction passage way
2ok o 534317 el JdE e 2942 2y
Ak,

conduction passage

54 g
Aze AAY AFE ool AZ e Ag,
S50, E5--82 =383 Agl-AggS;S0, system
58 A% Axx34, AHIFF 2 =%
A5 3 A3, DTA Study = HE 20mole%
AgsS;S04-Agl system & ©Hrdk Agl 9t AgsS;

SOs8] £3-E0] okl A= AFEAE L T
9lom X-ray diffraction method & ©] system
o] 10%2/cm3 7] ¢ mobile Ag*e] ¢l& TALAA
29 ¢ FE8E T AREEF o 25H 20mole
% AgsS;SO4~Agl Systemo] AXAHE 7+
-8 Ag® ion conductor ¢J-& ¥3 4 9l 9lth.

o| A3 7o AMEE HEH 20mole¥% AgsSs
SO,~Agl System ©] cello] A3 + & 74
A A=A F4& Ad A= sdFEolzte
AES HE F7F A

B dTE s5dE “AaAdAd A7 A
ol 93l ol Fojxlor FFHETEA LA el
e =23,

=
g

g
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