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Electrical conductivity of glasse8 ·in the system Li2ClrLi20-B20.1 was mea
·•ured by the complex impedance method over the fre,que.rwy range of 100 to 
20,000 Hz using three-electrode connection of the specimen in the circuit. 'l'he 
reRnlts ,•howed a di.•tinct increase in condttctivity and decrease of the activation 
energy with increasing content of Li2 Ct2, while an increase in the content of
Li2 0 brought about a mild increase in conductivity and a mild de.crea8e of
activation energy. 'l'he effect8 of Li2C/2 and Li20 on conductivity are discus
sed with respect to their function in the structure of the ylas,•es.

INTRODUCTION 

There are several glassy systems with a high concentration of alkali ions which 
exhibit high ionic conductivity. This, jointly with the possibility of changing the 
composition in a continuous way and the simple preparation of complex and thin
-walled shapes (films and capillaries) make the materials advantageous for special 
applications in electrochemical apparatus [1]. This group of glasses also includes 
lithium-boron glasses. 

The ionic conductivity of pure B203 is very small ownig to the absence of 
mobile charge carriers. Addition of Li203 causes the conductivity to increase. The 
conductivity of two-component glasses results from the mobility of the Li+ 
ions [2]. The activation energy of the conductivity process decreases with 
increasing Li20 content [3]. 

Considerable attention has been recently paid to three-component glasses based 
on Li2CI2 -Li20-B203 [2, 4-6]. The presence of Li2Cl2 in lithium-boron glassea 
has a considerable effect on increasing the ionic conductivity. It also reduces the 
activation energy of the conductivity process [5]. On assessing the effect of Li20 
and Li2Cl2 on the conductivity level one should take into account, apart from chan
ges in the concentration of conductive ions, also other factors such as the structure, 
molar volume, and others [7]. 

EXPERIMENTAL 

The chemical composition of the glasses being studied can be expressed by the 
formula X Li2Cl2 -Y Li20-7 B203 (by mol), X-Y-7 in the abbreviated form. 
The investigation was concerned with a series of glasses with varied Li2Cl2 content, 

X-3-:7, X = <O; 3.0)
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and three series·of glasses with varied Li20 content, 2-Y-7; 2.5-Y-7; 3-Y-7; 
Y = <3.0; 4.5). 

The electrical conductivity of the glasses was measured by the complex impe
dance method [8-11] using three-electrode connection of the specimen in the mea
suring circuit. The arrangement of electrodes on the specimen is shown schemati
cally in Fig. 1. The size of the electorde, that of the annulus and the specimen 
thickness were chosen according to the recommendation of Czechoslovak Stan
dard CSN 72 5042. The specimens were 2.0-2.2 mm in thickness. Platinum elec
trodes were applied on to the smooth and glossy surface of the specimens by the 
method of high-frequency cathodic deposition. 

The measuring apparatus consisted of the following main components: a resist
ance furnace with a chamber for placing the specimen, an autotransformer for 
controlling the heating rate, a digital thermometer, and the TESLA BM 595 RLCG 
bridge. 
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· Fig. 1. Schematic diagram of the arrangement of electrodes on the specimen for measuring
the electrical conductivity by the three-point method. 
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Fig. 2. Typical impedance spectrum of glasses in the system LiiC!i-Li,O--B203• 
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The connecting wires and the contacts were all of platinum, so that there were 
no undesirable contact resistances. The specimen was fitted in a teflon holder and 
placed in the furnace chamber. The automatic digital RLCG bridge indicated auto
matically the value and the dimension of the quantity being measured, i.e. imped
ance (its absolute value) I Z I and angle <p in polar ordinates. The masurements 
were carried out at 150°, t:l0°, 110°, 90°, 70° and 50°0. At each temperature the 
impedance was measured at frequencies of 100, 200, 400, 800, l 000, 2 000, 4 000, 
10 000 and 20 000 Hz. 

The values of impedance /Z/ and angles <p in polar ordinates were recalculated 
to rectangular coordinates, thus obtaining the values of real Z' and imaginary Z" 
components of the impedance. These were plotted in a complex plane (negative 
imaginary component vs. the real one). Joining of the measuring points yielded 
curves characteristic of this type of mater-ials (Fig. 2), and their evaluation pro
vided the resistance of the material R fOhm]. The resistivity (!v [0cm] of the spe
cimen being investigated was determined from the equation 

- (d + g)2 

R (!- 4h 

EXPERIMENTAL RESULTS AND DISCUSSION 

(1) 

The values of a(a = 1/e[Q-lcm-1]), obtained by evaluation of the impedance 
spectra, were plotted as log a vs. 1/T. All of the realtionships fit well the Rasch 
-Hinrichsen equation for electrical conductivity of glasses (log a = A-BIT)
(Fig. 3). On the basis of the experimental data, the value of electric conductance
at 25 °C, a25, was calculated by extrapolation for each specimen. The temperature
dependence of conductivity was utilized for determining the activation energy
Ea of the conductivity process, using the equation a= u0 exp (-E/RT).

Evaluation of the dependence of conductivity and activation energy on chemi
cal composition was based on chemical analyses of the glasses prepared [12]. 

The effect of chemical composition of the glasses on the value of their electrical 
conductivity at 25 °C can be assessed from the relationships plotted in Figs. 4 and 
5. Li2Cl2 has obviously a greater effect on conductivity than Li20. Wheras an in
crease in LiiCli content by 1.5 mol hrought about an increase in conductivity
by one and half order of magnitude, the same increase in Li20 content by
1.5 mol at the same Li2Z content (Li2Z = Li2Cl2 + Li20) resulted in an increase
in conductivity by only a half order of magnitude.

The increase in conductivity with increasing Li2Cl2 content is due to several 
factors. First of all, one has to consider the higher concentration of condutive ions 
in the system. An important role is played by facilitated jumps of Li+ ions in the 
proximity of Cl- ions [7]. It is also necessary to take into account the structural 
aspects associated with the Li2Cl2 additions. It is assumed that an addition of volu
minous CI- ions stabilizes the [B04] groups by creating larger structrual aggre
gations (diborates) [13]. This phenomenon likewise affects favourably the conduc
tivity. A comparison of the dependence of molar volume (Fig. 2 in Part II [14]) 
and conductivity (Fig. 4) on the chemical composition of the glasses indicates 
a clear correspondence of the two relationships. An increase in molar volume thus 
facilitates the migration of Li+ ions. 
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An increase in the content of Li20 likewise brings about an increase in conduc
tivity, although a smaller one than in the case of Li2Cl2 • This fact follows from the 
different role played by Li20 in the structure of glass. An addition of I.i20 is respon
sible for changes in the structure of the B-0' skeleton; at first it is the conversion 
of [B03] groups to [B04] and at still higher content, the formation of non-bridging 
oxygen [15]. A rising Li20 content (a growing 0/B ratio) also reduces the molar 
volume (Fig. 3 in Part II [141), i.e. the structure of glass is densified, thus to a cer
tain degree exerting resistance to the movement of Li+ atoms. 
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Ionically Conductive Glasses in the System Li2CZ2-Li20-B203 - Ill. 

The effect of the individual components on conductivity is also reflected by the 
changes in activation energy due to changes in the content of Li2Cl2 and Li20 
(Figs. 6 and 7). It may be pointed out that the relationships of activation energy 
and chemical composition correspond to the conductivity relationships. An incre
ase in Li2Cl2 content is responsible for a rapid decrease of activation energy, which 
is only mildly reduced by an addition of Li20. The activation energy is determined 
by dissociation energy and the energy of jumps in the structure of glass. The disso
ciation energy increases in the sequence Li-Cl (Li-non-bridging oxygen(Li 
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- [B04] [16]. A decrease of the jump energy is affected by the presence of Cl
ions. The voluminous Cl-I ions expand the structure of three-component glasses,
thus creating the conductive paths favourable for the jumps of Li+ ions [7].

The maximum conductivity of 3.13 . 10-3Q- 1cm-1 was achieved with the basic 
glass having the composition 3 Li2Cli - :3.1 Li20 - 7 B203, which is in satisfac
tory agreement with the highest conductiYities specified by other authors (3.2 . 
. 10-3 Q-Icm-1 [17]). 
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Ionically Conductive Glasses in the System Li2CZ2-Li20-B20;i - III. 

The share of electron conductivity in the total conductivity of the glasses in 
question is a criterion for assessing the applicability of these materials as glass 
electrolytes. The electron conductivity of boric glasses is lower than 10- 12 Q-1cm-1 

[2]. The electron conversion numbers thus attain an order of 10-3 which is indi
cative of excellent electrolytical properties of boric glasses. 

CONCLU SION 

A study of the electrical conductivity of glasses in the system Li2Cli-Li20-
B203 has borne out a strong dependence of conductivity on Li2Cl2 content. Tlw 
ill'irease in conductivity annciated with growing content of Li2Ch involves a de
crease of activation energy. The effect of Li20 on the level of conductivity is not 
so substantial; its increased content raises the conductivity mildly, also mildly 
reducing the activation energy. The different effect of Li2Cl2 and Li20 on conduc
tivity is given by their functions in the structure of glass; also the molar volume 
of the glasses plays a significant part, together with the factors influencing the va
lue of activatfon energy. 
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Cast III. Elekricka vodirnst 

Peter ZrniAik*, Ladislav 8asek, MiroslaY Rada 
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,silikatov, Radlinskelw 9, 81:! ,17 Brati.,tava 

Na meranie elekrickej vodivosti skiel v sustave Li2Cl,-Li20--B203 sa pouzila rneto<la uwrauia 
komplexnej impedance vo frekvencnom rozsahu 100---20 000 Hz pri trojelektrodovom zapojeni 
vzorku v obvode. Merania potvrdili silnu zavislost vodivosti od obsahu Li2Cl,. Zvysenie vodivosti 
s rastucim obsahom Li2Cl, je sprevadzane znizenim aktiYacnej energie. Vplyv Li20 na urover1 
vodivosti nie je taky vyrazny, zvysujici sa obsah Li20 zvysuje vodivost mierne, comu zodpoved,, 
i mierny pokies aktivacnej energie. Odlisny vplyv Li2Cli a Li20 na vodivost je urceny ich odlil!i
nou funkciou v /ltrukture skiel. Vyznamne sa uplatnuje j molovy objem pripravenych skiel a fa. 
ktory ovplyvnujuce vf·ssi aktivacnej energie vodivostneho procesu. 

Obr. 1. Nacrt usporiadania elektrod na vzorke pre meranie elektrickej vodivo .. ti trojbodot•ou rnctodou. 
Obr. 2. Typicke irnpeda11c11c .,pektrurn skiel v svstave Li2Cl2-Li20-B203 .; 
Obr. 3. Teplotna zavislost elektrickej vodivosti skiel zlozenia X Li2Cl2-3 Li,0-----7 B203 

* -X=O L,,-X=l 0-X=l,5 
O ---X=2 e-X=2.5 +-X=3,

Obr . 4. Zavi,Jlost log ,;25 od ob11ahu Li2Z v sklach zlounia X LiiCl2-3 Li20-7 B202 • 
Obr. 5. Zavi11loaf log ,;25 od pomeru 0/B v aklach zlozenia X Li2Cl,-3 Li,0-7 B203 (-X=2; 

+--X=2,5; o-X=3). 
Obr. 6. Zavi,Jloaf Ea od obsahu Li2Z v sklach zlo!enia X Li20-3 Li2Cl,-7 B203• 
Obr. 1'. Zcivisl�t Ee od pomeru 0/B v 8klach zlozenia X Li2Cl2-Y -K20-7 B203 (e-2=:!; 

+-X=2,5; O-X=3). 

IIOHHOIIPOHO,.T(Hll(IIE CTEI-.JIA B CHCTEME J.i,C)z-Li,O-B203 IIJ. 

;J. rn1apoupoeoj\HOl'TL. 

XuMU1t:o-ni,x1-to.1.o?,,tt.t!cHuil Lu1<·111Lu11yn,, Jirufir'dpd 1n1',1'1lo:1u<lll-l f'll/lUKrU1?<'6, 
Cyx6a111apoe11 ,'i, 166 28 llprwa (i, 

*C.we11.1{1-uii nu,iume.r:1tU'lffh'llii 1utc11wmy111. xu.1iww-11icxHo.,u,,•11•t1'fli'Ut1 !fia1,y,11,me111, h·r.uftci!pa
x11,11,u,iec1.01, 1m·J·1w.w,•1111 c1J.11u;a111oc, l'1iiJ.w1wh·u;,u !I, SI:! 37 B pa11111c.,aua 

.J,:rn H3MepeHI!H ;i,1e"Tpo11poeo;1,HOCTl! l'T('J{Oil B t'IH'TOMC Li2Ch-Li2( l--B20a llt'TIOJ!h:JO
Ba;rn M0TOj\ IIJMepemrn HOMll.:tei,,·Horn l!MHC/\;\Hrn B upej\e:rax 11,1t'TOTI!Ol'TII 100-20 l)()l) I'u 
np11 rpexa.:1e1,TpOAHOM mqi;:1104CH111I B 11em1. lla�1Cpem111 �\OHaaa:111 \'11:ll,HYIO JaBUCl1MOl',TI, 
npoeo;1,n�w,·T11 or co;1epmamrn Li,C:li. noer.1mcH11c npoao;1,11MorT11 ,. fHH'T�'lllllM ro;1cpn;a
m1eM Li 2Cl2 l'OUpoeom;1aeTt'H UOHII,IICHIICM ;mcprnu a1;T11Ba111rn. Jl.:111m111e Li20 Ha Y_POBCHJ, 
npoBOi\llMOCTH He On/UhIBaCTl'll HacTO!Ib!W pcJKIIM, IIOB!,llllilKHIICCt'H ro;iepnrnmw L120 no
BbJUlaeT np(JBO;\HMOt'TI, ptPpeHHO H TOMY COOTBCTl'ByeT name yMepeHHoe IIOIIHiHl'HIIC ;JHCJJl'lf11 
ai;rnm•.111111. 0T,Ili'UIT0;JJ,IJ0() D, IHHHll(J LizC)z II J ,i 2U Irn llflOBO;\IIMOt:Th Oil pe;(C,IHCT(')I 
.11x 0T.111'111Te1n,uoe cf>yHm�neii B CTPY"Type cTc1;0;1. l'ca1wc BJI11111111e 01;a:lJ,LBaCT Ta KlKc 
?,{O;lhHhiii 11(>1,CM np11rOTOB,Tf0HITl,IX CTC!iO.rI If <{HlliTOJlbl, B,'JIIH!Oll!IIC Ha BC.'lll'IIIHY :mepnrn 
aKTHBill\111! 11pnao;111Mo1·0 Ilf)Ol\l'C('/1, 
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Puc. 1. 

Puc.:!. 
Puc. 3. 

Ionically Conductive Glasses in the System Li2CZ2-Li20-B203 - III.

Cxc.ua !JIIOp.'lfJO'{C/tU,'i JJielimpoi)oe IUI npo6e, npcihw,l/la'{CltHOii fJ.1:1 1/d,lfPJWIIIIR J,/P/;:
mpo11poenfJ1wnnll mpexmo'{C'{/tbi.lt ,.uemoiJo.«., 
T11rtu'{11.1,1i1 ,·11e1rn1p 11.Mneoa11cn ,·11zelio.� 6 c11ct1U'Me l,i 2Ch-Lii0-.Jl,(),. 
Te.11nep11111yp1w.,i aauun1.1toc1111, 
-:J LiiO-7 Jh03: 

*--.r =O 6-x=1
0 ---- ;i; = 2 • -- .r = 2,;i

.1.ielimponpucoi'Jnocmu cme1,o.i cocnuwu.ii X Li,(�!,-

0 - X = J,;i 
+ -.t' = :i. 

Puc. 4. :Jae11c11.iiucmb log a2, olll cofJepJ1Canu.,i Li2Z u 1·11ie1,.1ax cocma60,11, X LiiCh-3 LhO
-i B20,. 

Puc. 5. :J,wucu.,wcmb Jog a2, om r:oomnoutenuR 0/B u ct1WliJutX cocmaBo.« X LhCh-YLii0-
__ 7 B20, (• - X = 2; + - X = 2,;i; 0 -- ;C = 3). 

Puc. lj, :Ja,111c11.11vcmu Et1 om coiJe p.Hca1-tu,,i I .i 2 Z u 1·nw1,.M1.x cuc11uwv.u X LhCl,-3 Li20-i 1h03 
P,_u·. 7. :Ja,11,cuMocmb Et1 om cuo1111wuie1tu.'l 0/B u c11tc1.oiax cocma110.1i X Li2C'2-Y. LiiO-

--7 B2(h (• - X = 2; + - X = 2,;,; 0 -- X = 3).1 
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