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Abstract: Cu" conducting glasses were prepared in theOEMoO;-P,05 system. These glasses, known for their high
ionic conductivity, are promising in applicatiorts golid state batteries and other energy storagieeteThe amorphous
state of the samples has been confirmed throughyXtiffraction. The electronic conductivity was reeeed by means of
the Wagner polarization method. Colloidal graplhites been used in order to maintain a reducing medngcessary to
stabilize the copper at the lower state of valefide variations of the conductivity, activation emeand transference
number vs. the graphite amount has been investigatee records show a constant rise until 1 % vapkite. Once this
amount has been exceeded, the conductivity drdfmsibthat of the sample without graphite.
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1. Introduction The ionic transfer number was obtained by means of
the Wagner polarization method. The electrical
measurements were conducted in open air, at 238iKg

Molten glasses usually exhibit good ionic condubtiv .
g y g ot the electrochemical cell:

but in the solid state they are rather poor cormsctEven
so, it was found that by using the rapid coolinghteques
a special fast ion-conducting glass (FIC) coulgptepared. () Cul glass| Ag (+)
These materials have been studied for several yeigins
the intention to use them as solid electrolytesviarious
electrochemical solid state devices such as reehbig ~
batteries and chemical sensors [1-3]. These glas¥gcuum deposition. _ o
electrolytes have no grain boundaries that may eaus 1he cell was polarized by applying a dc potentral i
problems for the transport of ions and their coritims e range of 1-10 V across the evaporated Cu (ivegat

within a glass-forming region can be changed almo&nd évaporated Ag (positive) electrodes.
continuously. Alternating current conductivity, conductance G and

Cu' is mentioned to be a fast conducting ion in &€ capacitance C, were measured in open air, uming
number of glass systems [4, 5]. Although silver kdum  IMPedance bridge in the frequency range of 10 @ Kidz
ion conducting glasses have been studied extegsivél lemperatures between 298 - 323 K. The silventreldes
during the last decade, copper ion conducting gtassWere applied by vacuum deposition. The sample

having comparable conductivities and lower cosisgtnot  t€mperature was measured with a Pt-Rh thermocouple
received much attention. placed above the glass sample. The measuremertexista

after the sample temperature had equilibrated.
The dc conductivity of the glasses was determined
using the complex impedance analysis [6]. The (&3l

) . and the imaginary (2 of the complex impedance (Z*)
The investigated glasses from the ternary systeRjere calculated using the relations:

where Cu and Ag are the reversible and blocking
electrodes, respectively, applied to the two par#dices by

2. Experimental

60Cyp0O-30M00;-10R,0s containig x ( =% wt) graphite, G

(x = 0; 0,25; 0,50; 0,75; 1,00; 1,25; 1,50; 1,7% &00) 7 = 5 5

were prepared by the melt-quench method, using the G*+w'C

following analytical grade reagents: £y (NH;)¢M070,,, oC

(NH,),HPO, and colloidal graphite as starting materials. B

The melting process (at a 10 grams scale) wasedaot G"+a’C (1)

at 1073 K for 1 hour in an electrical furnace. Didlaped

samples for conductometric studies were prepared khere w=2rf is the angular frequency of the electrical
guenching liquid drops between two cold stainletels signal.

plates. In order to relieve the samples of any raricial The bulk conductivity was obtained from the relatio
stress, they were annealed for 2 hours at 433 k Th d1l

amorphous state of the samples has been confirmed ZEE

through X-ray diffraction (Cuk). 2)
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where R is the dc resistance, obtained from thepten creating a reducing medium in the melt, using ¢d#db
impedance plots, d is the sample thickness and tBeis graphite;

effective electrode area. The amounts of colloidal graphite added to thetistar
The temperature dependence on the conductivity wgkass composition: 60G0 - 30MoQ - 10ROs are
studied using the Arrhenius equation: presented in Table 1.
All the glass samples were black and transparesk (d
w shaped with thickness under 1 mm). Starting with fifth
o=0,. KT 3 sample (1,25 % wt graphite), graphite residuumaiesd
®) on the crucibles walls.

where o, is the pre-exponential factor, T is therag|E 1. Amounts of graphite added to the 60Cu,0-30M0O;-
thermodynamic temperature, and k is the Boltzmanpp,o, glass matrix

constant and W is the activation energy.

Sample no graphite (% wt)
1 0,25
3. Results and Discussion 2 0,50
3 0,75
4 1,00
The starting composition: 60gD-30Mo0;-10R,05 5 1,25
(molar %) corresponds to the maximum amount ofCCu 6 1,50
that allow the synthesis of vitreous samples bpida 7 1,75
quenching in our experimental conditions. Duringlting 8 2,00

in open air, a large quantity of Cions is oxidized to Cii
in the presence of LOat high temperatures. The usual

method to avoid this undesirable process is theuwac Figure 1 shows complex impedance plots for thesglas

melting, but the present study had in view the ibtzion 60CLO-30MoO-10P0O- with different araphite amounts
of the copper ions at the lower state of valenceugh by at 36123 K. < as grap

AC conductivity measurements
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Figure 1. Complex impedance plots for various art@ohgraphite at 303K
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Figure 1 shows the real (Z') versus imaginary (Z") A constant rise of the conductivity up to 1 % wt.
parts of the complex impedance data for the 60Cu graphite can be observed. Once this amount has been
30Mo00;-10R,05 glass. The bulk impedance is attributed t@xceeded, the conductivity drops bellow to thattlod
the semicircle observed at each temperature, amslttie sample without graphite. A correlated variation the
bulk resistance is identified as the intersectiompof the activation energy (& upon the graphite amount,
semicircle with the real axis. The bulk conductivivas calculated using the Arrhenius equation (3) is @nésd in
calculated using the bulk resistance and the samflg. 3b.
dimensions. Similar results were obtained for thkeo

glasses. The inclined straight line at the low tieacy DC conductivity measurements
region could be the effect of mixed electrode and
electrolyte interface. The global conductivity of the investigated glasses

The variation of the dc conductivity vs. reciprocawas measured in DC current using a standard two
temperature for the same samples is showed in€fi@ur electrodes method by constructing the followingetypf
The plots indicate an Arrhenius behavior for alle thcell: (-)Ag/Glassy Electrolyte/C(+), where C is ghéte
samples. used as a blocking electrode, and Ag is silver ws®d

The variations of the conductivity and the aciimat non-blocking electrode. The schematic diagram for
energy vs. the graphite amount at room temperadoee measuring the electronic conductivity is shownidn 4.
presented in Figure 3 (a, b).
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Figure 2. The variation of the dc conductivity keciprocal temperature for the 600430M0oG;-10R0s glass matrix for various amounts of graphite
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Figure 3. Variation of conductivity (a) and actieat energy (b) vs. graphite amount at the room tratpre for the 60G®-30MoQ:-10R.0s glass
matrix.
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Figure 4. Schematic diagram for measuring the D@&laotivity

The DC conductivities reflect both the electroard
ionic conduction in the glass. The importance @ iibnic
conduction upon the total conduction is expressgdhle
transport number (4) [2]:

O ac

JDC

t :—O-AC =

Uglobal

(4)

The values of the transport number, very close niyu
shows the major contribution of the ionic condutyivn
these glasses. The electronic contribution is géué; Cu
ions moving through the conduction pathways are the
charge carriers for the conduction process. Thecetf the
reducing environment created by graphite is favierap to
1%, where the higher transport number was readbedr
that value, the transport number drops, but noeud0,
confirming the ionic mechanism of charge transgort
these glasses.

4. Conclusions

The investigated glasses from the ternary 6QCu
30Mo00s-10R05 system are fast ion conducting, the charge
transport is carried out by Cuons moving through the
conduction pathways.

Using graphite as reduction medium in order tdt shi
the redox equilibrium: Cu= CU* to the lower state of
valence, enhancing the ionic conductivity was fatde for
up to 1 wt %. The corresponding transport numb£93,
very close to unity reflect the higher proportiohQu" in

The dependence of the transport number upon tfigeses glass compared to the glass without graptaiténg

graphite amount is reflected in figure 5.
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Figure 5. Variation of the transport number upoapgite amount for the
60Cw0O-30M0G-10R,0s glass matrix

the transport number 0.94.
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