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conductors. We have studied mi\uli L:‘J n\llul:_-‘)- ml,u‘cu.“.wh el ““'ll..w”\ and solid electrvlytes O SHFEERES
emperature range ol superionic ‘L'Omluf 1positions \_)! Lithium and Silver l\ulph;zi_ua in order 1o determine the

b2l s clivity at different mole concentrations of the conslituents, Irom room
emperitiite: &5 l|’;u\j?|l10|1 SRIpCTILUre: The electrical conductivity and the corresponding activation energies have
bl mmpuicd.. I.-nur different compositions have been studied. The mixed cm;xpmmnm rc»unhl critical
concentrations of silver sulphate that enhances electrical conductance. It also showed that doped lithium sulphate is
a4 better conduetor than the pure samples. The thermal cycles on some of the mixed compositians revealed increase

conductivity.

cevwords: Dopig. Lithi SIS SilderiS :
[Leywords: Dopmg. Lithium Sulphate. Silver Sulphate, Superionic conductor.

Introduction

The present energy crises facing Nigeria
justifics the need to develop an electronic
nstitution in the field of the solid state
Physics 1o facilitate  the development of
compact encrgy  sources [0 service the
enerey requirements ol the transport sector,
communications, medicine and the mobile
phone market among others. These could all
he achicved by investing in research on
Solid stale energy sources. i.c. Superionic
conductors. Superionic conductivity is the
phenomenon in which solids that are
insulators at room  temperatures suddenly

become conducting by several orders ol

magnitude.  Their conductivity becomes
comparable o that in the molten state.
Superionic  conductors have high ionic
conductivities  at  high femperatures
compared o that in the melt at room
(emperatures. Typical electrical
conductivities may reach 0 (i) | (S).cm)']
and are a consequence of extreme dynamic
disorder of one or more of the constituent
ionie species [1]. The temperature at which
it oceurs differs from material o matetial
and within the same  class ol malterials,

depending on how it has been prepared,

among others [2].

Different mechanisms lor the sudden
increase of conductivity ol these compounds
have been proposed [3.4.5]. Various factors
have also been found (o affect the
conduction mechanism, such as structural.
ion size, polarisability and the quantity of
charge possessed by the ion [21].

A distineuishing  characier of the
materials is that their conduction is due
mainly to ions, rather than electrons. This is
attributed to the thermal agitation of the
ions, enabling a collapse of the sublattice
that conslitutes the mobile species [6].
Superionic conductors or solid electrolytes
have extensive applications as rechargeable
batteries due to their long cycling life, high
charge density and capacily. among others.
LiCoO; has been used for these purposes but
has environmental problems. cost and
operating temperature against it. LiMnOs is
more suitable. The objectives of this
research and indeed current ones is therelore
(0 find better materials whose conductivity
at ambient and room temperatuic can be
improved, and that is cheap. One method 15
(0 used mixed compositions. by doping. for
example lithium sulphate, @ poor conductor
with silver sulphate. a higher conductor but
expensive, with different concentrations. In
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Experimental

epared at the
he samples were all prept

aining
.0 x
The

Centre for Energy rescarch and l,l
(CERT) Zaria. Nigeria. A pressure of
107 N/m® applied during |u‘llcumum11:)uml
samples were thoroughly wixed ey il:ri'ilt‘
o fine powder with binder of ;]Pp“l&‘\lh
quantity added to enhance L‘t‘ht‘-\“""‘ N
samples  were  analyvtical — reagentis.
sensitive balance was used to measure (]1.cu
masses. Total mass of samples varied
between 1.648¢ and their thicknesses were
=3mm and diameters ~2.5cm. _
Aquadaq paint (Achenson) dilulefi \\'1[h‘
delonized water was painted on both sides of
the sides samples.  Aluminum sample
holders were used. also painted with
aquadaq. Prepared samples were placed in
between wo halves of aluminum which
served as sample holders. Temperature
controller by APLAB India was used with
maximum temperature of 1200°C together
with Copper/Constantan thermocouple as
the sensor. A specially designed ceramic
cylinder served as the oven with Nichrome
tape wound round it. This was constructed at
the Industrial Development Centre IDC,
Zaria. Nigeria. Asbestos rope provided the
thermal shield. D.C. electrical conductivity
measurements were then carried out from
room - iemperature  to  ~600°C. The
compositions studied were a5 follow:

Samples Mole concentrations

L AZ0, - 20w Ag-S0, + 80%Li-S0.
2. A0 - 30% AsySO, 4 70%Li,S0,
5 AS(.J - 50% Ag,S0, + 50%Li-SO s
4AgS <

PBADS0;+25%Li,50,

Results and Discussion
T_he sample A2() hag Cmperature range
30-150°C with average [esistance of SOMZ)
at room temperature and 1,650 at th
630 e
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emperatue, l:‘!ocu@,\,‘ﬁ
\ies\.
\ Mgy
:llwnsidt‘l\‘i- here G s the co e \\i
/T was used. where SRR nd“u“lm\‘-
in place of the conductiy “l‘\_ KT) and T IS the
: h\}uhuc temperature. - This is - shoyy, n
St 1. It has two sharp transitions y 10g°e
;md at the transition (‘“'l“\l\‘l‘“{m fCgion
respectively. The average activation g

maxinum

ivity h
conductivity .
e wenitude  over the emperaw e
nuls

The Archenius plog,

as increascd l‘} NV erul Oy

lop

Gl
for the two regions Was constant a ”-t\‘l;i
Theory has slm\\'l}‘[hal .\'11.\\cr 1008 are
mobile species. lh“‘ unttorm AClivaioy
energy may be :utnl‘wuh?\I o the Righly
Puluﬁsuhle nature of silver jony Which
enables higher mobility and thus Condugy
[71. ;

On reheating this sample 10 about 3001
the average activalion energy reduced o
0.27eV. The two regions merged  gpg
became uniform. Average resistance al oo
temperature also reduced to 3940Q and 1y
-3.00Q at the maximum lemperature, |t j
thus concluded that reheating of samples
(thermal cycling) reduces activation encrey
needed for conduction and thus in\:re:xsi;{s
the electrical conductance. Delocalization of
the silver ions reduces the potental barrer
needed for the conduction

A~

on

as shown in | K.

Sample A30 had much lower average
resistance at room iemperature of 3.0kQ wnd
2.0Q at 550°C. 1t shows that increased silver
concentration results in increased
condpg‘ti\'ity of sample. There is a shot
ransition o Superionic state at 470°C and
dverage activation energy of 1.73eV for the
tWo regions, which implies that there is not
Much  melting ¢ the sublattice of the
conducting species qng thus the presence of
feasonable potential barrier due to e
gf:DUISiVe field of the surrounding ions Fig.

The resuy for the reheated sample, A3
> & Similar decrease in resistance ©

show
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Fiz. 4: Arrhenius Plot for A30-CI showing average activation enerey
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S-Arrhenius Plot for A30 showing the various activation energies
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