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Electrical conductivity of glasses in the system Li;Cly-Li,0-B,0; was mea-
sured by the complex impedance method over the frequency range of 100 to
20,000 Hz using three-electrode connection of the specimen in the circuit. The
results showed a distinct increase in conductivity and decrease of the activation
energy with increasing content of Li, Cly, while an increase in the content of
Li; O brought about a maild increase in conductivity and a mild. decrease of
activation energy. The effects of Li,Cly and Li,0 on conductivity are digcus-
sed with respect to their function in the structure of the glasses.

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
lithinm-boron glasses. '

The ionic conductivity of pure B,0; is very small ownig to the absence of
mobile charge carriers. Addition of Li,O; causes the conductivity to increase. The
conductivity of two-compouent glasses results from the mobility of the Lit+
ions [2]. The activation energy of the conductivity process decreases with
increasing Li,O content [3].

Considerable attention has been recently paid to-three-component glasses based
on Li,Cl,—Li,0—B,;0; [2, 4—6]. The presence of Li,Cl, in lithium-boron glasses
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 Li,O
and Li;Cl; 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 Li,Cl,—Y Li,0—7 B,0; (by mol), X—Y¥—17 in the abbreviated form.
The investigation was concerned with a series of glasses with varied Li,Cl, content,

X—3—17, X = <0; 3.0
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and three series of glasses with varied Li,O content, 2—¥Y—7; 2.5—¥Y—7;3— Y —T7,;
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 accordlng 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 spemmens 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.

)

"Pig. 1. Srhemanc 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 LiyCl,—Li,0—B;0;.
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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) |Z| and angle ¢ in polar ordinates. The masurements
were carried out at 150°, 130°, 110°, 90°, 70° and 50°C. At each temperature the
impedance was measured at frequencies of 100, 200, 400, 800, 1 000, 2 000, 4 000,
10 000 and 20 000 Hz.

The values of impedance /Z/ and angles ¢ 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 materials (Fig. 2), and their evaluation pro-
vided the resistance of the material R [Ohm]. The resistivity g, [€2cm] of the spe-
cimen being investigated was determined from the equation

d 2
o=t p 1)

EXPERIMENTAL RESULTS AND DISCUSSION

The values of ¢(¢ = 1/0[Q-1em-1]), obtained by evaluation of the impedance
spectra, were plotted as log ¢ vs. 1/7. All of the realtionships fit well the Rasch
-Hinrichsen equation for electrical conductivity of glasses (log ¢ = A—B/T)
(Fig. 3). On the basis of the experimental data, the value of electric conductance
at 25 °C, a5, was calculated by extrapolation for each specimen. The temperature
dependence of conductivity was utilized for determining the activation energy
E; of the conductivity process, using the equation ¢ = ¢y 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. Li,Cl; has obviously a greater effect on conductivity than Li,O. Wheras an in-
crease in Li;Cl, content by 1.5 mol hrought about an increase in conductivity
by one and half order of magnitude, the same increase in Li,O content by
1.5 mol at the same Li,Z content (Li,Z = Li,Cl, 4- Li,0) resulted in an increase
in conductivity by only a half order of magnitude.

The increase in conductivity with increasing Li,Cl, 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 Li,Cl, additions. It is assumed that an addition of volu-
minous Cl- ions stabilizes the [BO,4] 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 Lit+ ions.
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An increase in the content of Li,O likewise brings about an increase in conduc-
tivity, although a smaller one than in the case of Li,Cl,. This fact follows from the
different role played by Li,O in the structure of glass. An addition of Li,O is respon-
sible for changes in the structure of the B—O’ skeleton; at first it is the conversion
of [BOs] groups to [BOs] and at still higher content, the formation of non-bridging
oxygen [15]. A rising Li;O content (a growing O/B ratio) also reduces the molar
volume (Fig. 3in Part IT[14]), i.e. the structure of glass is densified, thus to a cer-
tain degree exerting resistance to the movement of Lit atoms.
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Fig. 3. Temeprature dependence of electrical conductivity of glasses having the composition

X Li;Cl—3 Li;0—17 B;0,
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The effect of the individual components on conductivity is also reflected by the
changes in activation energy due to changes in the content of Li,Cl, and Li,O
(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 Li,Cl; content is responsible for a rapid decrease of activation energy, which
is only mildly reduced by an addition of Li,0. 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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Fig. 4. Log 025 v8. Li,Z content in glasses having the composition X Li;Cl,—3 Li,O
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Fig. 5. Log a5 vs. the OB ratio tn glasses having the composition X Li;Cl— Y Li;0—7 B;0,
(6 —X =2+ — X 25:0—X = 3).
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— [BO4] [16]. A decrease of the jump energy is affected by the presence of Cl-
ions. The voluminous Cl-1 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-1¢cm-1 was achieved with the basic
glass having the composition 3 Li,Cl; — 3.1 Li,O — 7 B;03, which is in satisfac-
tory agreement with the highest conductivities specified by other authors (3.2.
. 1073 Q-tem-1 [17)).
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Fig. 6. By vs. LiyZ content in glusses having the composition X Li;Cly—3 Li,O 7—B,0;.
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Fig. 7. By vs. the O]B ratio tn glasses having the composition X Li,Cl,—Y Li,O—T7 B,0;
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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-lcm-1
[2]. The electron conversion numbers thus attain an order of 10-3 which is indi-
cative of excellent electrolytical properties of boric glasses.

CONCLUSION

A study of the electrical conductivity of glasses in the system Li,Cl,—Li,0O—
B,0; has borne out a strong dependence of conductivity on Li,Cl, content. The
increase in conductivity annciated with growing content of Li,Cl, involves a de-
crease of activation energy. The effect of Li,O 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 Li,Cl, and Li,O 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 activation energy.
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IONOVO VODIVE SKLA V SUSTAVE Li,Cl,—Li;0—B;0;
Cast 111. Elekricka vodivost

Poter Znasik*, Ladislav Sagek, Miroslav Rada

Vysoka skola chemicko-technologickda, katedra technologie silikdtu, Suchbatarova 5, 16628 Praha 6.
*Terajsia udresa: SVST, Chemickotechnologickd fakulta, Katedra chemickej technologic
stlikdtov, Radlinského 9, 812 37 Bratisiava

Na meranie elekrickej vodivosti skiel v sistave Li;Cl,—Li;O— B,0; sa pouzila metoda mierania
komplexnej impedance vo frekvendnom rozsahu 100---20 000 Hz pri trojelektrodovom zapojeni
vzorku v obvode. Merania potvrdili silnd zavislost vodivosti od obsahu Li;Cl,. Zvygenie vodivosti
8 rasticim obsahom Li;Cl; je sprevidzané zni%enim aktivadnej energie. Vplyv Li,O na uroven
vodivosti nie je taky vyrazny, zvy8ujici sa obsah Li;O zvy3uje vodivost mierne, omu zodpoveda
i mierny pokles aktiva&nej energie. Odlisny vplyv Li;Cl; a Li;O na vodivost je uréeny ich odlia-
nou funkeiou v &trukture skiel. Vyznamne sa uplatnuje i meélovy objem pripravenych skiel « fa-
ktory ovplyviujuce vy&si aktivadnej energie vodivostného procesu.

Obr. 1. Nadért usporiadaniu elektrod na vzorke pre meranve elekirickej vodivosti trojbodovou metédou.

Obr. 2. Typické impedaniné spektrum skiel v sustave Li,Cl,—Li,O—B;0;.;

0br. 3. Teplotna zdvislost elektrickej vodivosty skiel zloienia X Li;Cl,—3 LiO--T7 B,0;
* . X=0 AN—X=1 0—X=1,5
N-—-X=2 —X=25 +—-X=3.

Obr. 4. Zavislost log 6,5 od obsahu Li,Z v skldch zlofenia X Li,Cl,—3 Li,0—7 B;0,.

Obr. 5. Zavislost log 635 od pomeru OB v skldch zlofenia X Li,Cl,—3 Li;0—7 B,0; (e—X=2;
+—X=2,6; c—X=3).

0br. 6. Zavislost E4 od obsahu Li,Z v skldch zlofenta X Li,0—3 Li,Cl,—7 B,0;.

Obr. 7. Zdvislost Ee od pomeru OB v skldach zlofenia X Li,Cl,—Y -K,0—7 B,0; (e—2=2;
+—X=2,5 O0—X=3).

HOHHONPOBOIAAMNE CTERJA B CUCTEME }1iCl,—Li,0—1,0;, 11T,
. ICKT PO POBO/(HOCTh

[etep 3uamur*, Jlamcenas Haunter, Mirpocaas Paja

X umuro-mezrnooewneckutl uncmumym, ragicopd mexnosooun cuaukamcs,
Cyxéamaposa 8, 166 28 Ilpaza 6,
¥Cr08aykuli ROAUMETHUNCEKILI WHCIMUMYM, TUMULEO-INCERO0UNCCR UL fakyavmen, kagedpa
EuMUNeCRO Mernodoenn cuankanos, Padawnckoco 9, 81237 BEpamucaasa

J1A MaMepeHHst 3eKTPONPOBOHOCTH ¢Tekoil B cHeTeMe LiCl,—Li0 —B205 nenodkio-
Ba.TH METO;{ A3MEPeHHsH KOMIIIEKCHOI0 HMHICAAHCa B upejlesraX gacToTHoeTil 100—20 000 I'n
NpH TPeXaIeKTPOIHOM HO,KIIOUCHIN B Lemn. HaMeperns oRasa Nt c1IbHYIO 3aBUCHMOUTH
NPOBOAAMOCTH 0T cojlepkanun [.7,Clz. [loBuImeHNe NpoBOIHMMOCTH ¢ PACTYIINM COjlePHia-
HueM Li;(l: conpoBoK;laeT sl HOHIKCHNEM 3HEPIUH akThBalmn. Bansivme Li20 Ha yposews
NPOBO;{IMMOCTH HE ORA3ZHIBACTCH HACTOJHKO PE3KNM. HOBLINIaKONcecs cojeprsaune 11,0 no-
BhINIAET ITPOBOAMOCTL YMOPCHHO M TOMY COOTBETCBYET Jld e YMEPEHHOE IIOHHKeHIIE JHePr N
astuBain.  Orimunreangoe vansHne LizCl; w10 Ha 1HPOBO;UIMOCThL  Olipejie.dsieTs
KX OTJMYATENBHOH (QYHKIAEHd B CTPYKTYPC CTeRol. PC3KOC BINHAC OKA3LIBACT TaKIKC
MOSIBHBIE 00TeM TPHTOTOBMEHIILX CTCKOM H PakTOpby, BIIHIONIHE HA BCMMBHY HHEPIHN
AKTABAIWIT HPOBOMIMOIO TIPpoIecea.
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Crema YnopadoweHus 3aekmpodos Ha npode, npediaiHaueHoli 0.t usMepenius siek-
NLPONPOSOHOCINIL M PETNLONEUIbLAL MENL0BOM,

Tunuwwiic cnexkmp umnedanca cmerea ¢ cucmene 1.iCl,—Li,0—B,0;.

Tesnepamypras 3asucumocmy saexmponpogodiocnmu cmeros cecmacon X LiCla—
—3 l;]z()——’? }32()3:

=0 A —x =1 O—z=1>5
0= 2 e—-t =20 + —w =3

Basucuaocmo 10g aas om codepucanus 1iZ ¢ cmexaax cocmasom X LiCl,—3 Li,0—
—T7 1,0;.

Bavucumocms 102 azs om coomrnowenus O|B ¢ cmeranx cocmacem X LiaClL—Y [i,0—
—TB0; (e—2=2; + —ax =20, O—x =23).
Bacucumocmu Eq om codepucanua Vi 22 ¢ cmeraax cocmasos X LiaClz—3 Li0—7 BaOs

Bacucumocrme Eg om coomnowenua OB ¢ cmeraax coemasosn X LiCl,—Y, Li,0--
—TB03(e—x =2; + —2 =20; o —x =3)l
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