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Superprotonic conductors with high ionic condutgivin
middle range temperatures (>2Q) are an area of
interest to researchers due to their applicabikty
membranes in fuel cells. A relatively new idea mst
field are glassy composite membranes with condactio
mechanism allowing proton conduction even in low
humidity regime which can be realized through the
application of e.g. phosphate glasses.

The 30RBOs-70SiQ glassy electrolyte prepared by the
accelerated sol-gel process [1] can be modifiesiewgral
kinds of polymer additives which can cause chariges
mechanical properties of the glasses (e.g. flaggbdnd
stability). The series of glasses with PVA (polyin
alcohol)) or PEO poly(ethylene oxide)) additive teen
synthesized and studied with a set of complimentary
methods. Another modification of the base glasslasted

to doping it with TiQ additive in the form of nano-
powder or nano dispersion obtainédsitu in the sol—gel
processes to improve the chemical stability of the
membrane.

FT-IR studies show that the process can be tailamed
such a way that none of the additives influences th
progress of the hydrolysis reaction and the y@fdhe
product. On the other hand, SEM testing constit@es
proof that additives decrease the number of craic
fractures on surface of the resulting membrane.

Thanks to the Arhenius-like behavior it was alssglole

to determine Diens temperatures from the Meyer-Nede
rule [10] for the samples. The value of this terapare
corresponds to the temperature of the order-disorde
transition occurring in the ionic lattice. In thisise, the
temperature is equal to 430£20°C. This value lays
between temperatures of the melting point for two
polymorphs of the phosphorus pentoxide (340 andG42
for standard and the so called “O” polymorph
respectively), and is consistent with values ofeord
disorder temperatures found for various ionically
conductive phosphates [2]. The increase of theinTl
comparison with pure s (in its basic form) can be
explained either by additional immobilization of
phosphorous sublattice due to its interactions \tité
silicate part or to partial formation of the “O” lgmorph.

It must be stressed that the geometrical arrangeofen
the “O” polymorph is similar to that observed ilicsites,
thus, the formation of this type structure can bammwted

by the presence of the silicate sublattice. It isoa
important to notice that this temperature lays iicinity
(within the experimental error) of the previously
unidentified endothermic transition observed in INEA
traces.

In the next step an analysis based on Jonschewesrsal
power law of dielectric response [3] was used tnlgthe
correlation between dielectric properties of thengle
and its morphology. The most pronounced differemneas
be observed between samples ZWF70SIO, + 0,5%
PVA + 5% TiG, (TEOT) and 30FOs-70SiG + 0,5%

PVA where a significant increase in the condudfivit
value and an increase of two orders of magnitudien
specific surface area are correlated with the Bugmit
decrease of the power factor n (see Table 1). dlitiad,

the latter (and better conducting) sample exhibite
times higher effective concentration of charge iessr
This parameter varies in its temperature dependesce
well. In the first case, it is monotonically decsery with

the increase of temperature, while in the seconehitains
constant. In the case of 3@R-70SiG, + 0,5% PVA + 5%
TiO, (nanopowder) the n values are placed between the
ones for the first two samples. This can be easily
correlated with the intermediate value of spedficface

for this system. The temperature-induced decrefisieeo

k value is similar to the 3QPs-70SiG, + 0,5% PVA +
5% TiO, (TEOT) sample allowing us to correlate this
phenomenon with the presence of titanium in théesys
This observation can be attributed to the formatibthe
Ti-O-P moieties according to scheme P-O-H + Ti-G-H
Ti-O-P + HO decreasing the number of mobile protons.
The equilibrium of chemical reaction of this kind i
shifted to the right by water evaporation upon imgat
Taking into consideration the 38B-70Si0, +0,5% PVA
(Ultras.) sample, we can observe that the n vaduew
similarly to the one for the other titanium-free eon
30R0:-70SIQ, + 0,5% PVA). The value of charge
carriers concentration is the highest among allr fou
samples which correlates with the highest overall
conductivity.

The correlation between the value of the parametend

the surface area of samples can be based on t®ifra
dimensionality of the porous sample. If the homagen
sample is taken into consideration, the condugtivit
occurs in the bulk. Thus, the dimensionality of finecess
equals 3. In the opposite situation when condugtiis
predominantly a surface phenomenon (e.g. grain
boundaries, surfaces of pores) the  dimensionality
ascribed to it is equal to 2. In all the interméeliaases
the process has a mixed character depicted by the
presence of fractional dimension (in range betw2amd

3). As was stated previously n can be correlatetl di
This stays in agreement with the fact that samples
lower surface area exhibit more bulk conductivitiile

the high surface area ones are characterized oitbrin,
and thus, dimensionality values.

Table 1 Dielectric relaxation parameters of glasses

Sample n K AK upon
heating

30P0s-70Si0+0,5% | 0,99- | 8,4x10° | -14%

PVA+5% TiO, 1,02

(TEOT)

30P,0s-70SiQ, +0,5% | 0,77- | 1,4x10" | 0%

PVA 0,79

30RP05-70Si0+0,5% | 0,90- | 3,05x10 | -27%

PVA+5% TiO, 092 |’

(nanopowder)

30P,05-70Si0;+0,5% | 0.78- | 6x10’ +10%

PVA (Ultras.) 0,80
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