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ABSTRACT

In oder to obtein electrode layers stable at high temperaiu-

res in electrochemical devices with solid electrolytes, layers of
uaterials with mixed electron-ionic conductiivity possessing good
polarization properties were suggesied. X-ray and derivatographi-
cal investigations of Bi,_ _Tb_O and Bi, _Pr O systems showed
that solid phase reactioﬁ & §i$p§e oxideg §eg§né’§nly at tempera-
ture higher 950 K. 'In Bi,__Tb_0O system beginning from x=0, 15

me found a formation of lugicxfiﬁérite phase withing the whole
investigated temperaiure range 29841100 L. In %3, Pr O, - system
in the whole range of compositions we found a ph&sé tﬁaﬂéftion at
100041040 X from low temperature rhombohedral to high temperature
cubic structure. TG and DTG dlagr&g; showBQ weight loss with tem-
perature rise. VWhich is due to Tb' —e Tb transitions. kieasure-
mencs by e.m,f. method confirmed the presence of a considerable
electronic conductivity in all systems investigated.

INTRODUCTION

Oxygen 1on conducting solid electrolytes are perspective
materials for producing high-temperature fuel elements, oxygen
sensors and pumps. Stabilized zirconium oxide used in most of the
practical devices has a very low dissociation pressure (< 10-25
Pa at 1000K) and can be used up to high temperatures (> 1600 K).
However, its condustivity does not exceed 1 oha w1 at temﬁera—
tures lower 900 K and a sintering itemperature is rather high
( >.2000 K). Besides thet, for electrolytes based on zirconium oxi-
de an againg effect is observed and as = consequénce its"conducwi-~
vity decreases at long-term operataon [1]. 411 that caused an in-
terest in other oxygen 1on conduccin, solid electrolyies. In che
lasv decade the physico-chemical properties of both pure bismuth
oxide and solid solucions on i1ts basis being syscetically and
completely investigated [2]. Solid electrolytes based on bismuth
oxide are characterized.by a high oxygen 1on conductivity which
18 almost two orders higher then & conduciivivy of stabilized zir-
conium oxide so that they can be produced in the form ol dense ce-~
ramics. Pracvical field ol use of soliad electrolytves based on
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B:‘\.01’5 i$1lim1ted by oxygen partial pressure >1074 Pa at 1173 K
and »>107"" Pa at 773 K because of their easy reduction{4]

Using compound conductors based on B:LO1 5 @8 electrode mate-
rials in electrochemical devices with solid elecrolytes 18 rather
perspective., If bismuth oxide high temperature phase 1s stabilized
by adding metal oxides with & variable valency then & compound ion
and electronic conductor can be produced. A high oxygen ion and
electronic conductivity was found in ]3101’5 - ‘1‘}301,75 and B101’5 -
Pr01’833 systems [4-5]. Using oxide compositions with & compound
conductivity as an electrode material makes possible to reduce con-
giderably 1ts polarigation resistance and thus to extend applica-
tion range of electrochemical devices with solid electrolytes.

The purpose of thas paper consisted in invesfigatlng the pro-
duction conditions of materials with a compound electron-ion con-
ductivity in basmuth oxide - praseodymium oxide and bismuth oxide
- terbium oxide systems and in physicochemical analysis of produ=-
ced solid solutions of given systems.

MEASURING METHODS

Investigaced samples of the following compositions :
B11_beXO1’5(x=0,025+0,375) and B11_xPrXO1’5(X=O,OYS+O,31O) weire
obtained by means of solid phase reaction in air al 110U+1200 K
Tor 20-25 hours. Compound phase formasions in 1nvesilgacted syStews
were observed by means of Ge~deriva.ograph(® - LOM,Hun,ary). Physi-
co-cheiical analysis ol sauples obiained was done by meens of G-
derivatograph in air and in cempereature range of 30041100 h ai
heasing and cooling speed of 5 K/min.

An indication of x-ray patverns ob.ained with the help of the
soniometer HoG(Freibery GDR) was conducted by using special tables
Tor cubac and tetragonal plattice indication.

RESULTS AWD DISCUSSION
Invesilgatlions have showed thau solid phase rescion of
B1, Xﬂ‘oXO1 5 and 311 vIL‘{O1 5 formation besins only a. teuperatu-
res higher 950 L. ¥or xu=0, 023 houmogeneous phage formacion wes not
observed 1n B:.1 XTb O ,5 system. §~phese formation of B101 5 &t
993 K aand 1ts meltlng at 1097 K were found, s0 as ihe melulnb or
Bi ~ Tb - phase was observed a. 1123 K. Beginning with x=0,075
phase transitions were not observed in B1 TbX 1,5 system 1n all
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temperature ranges investigated. According to x-ray siructural
analysis a cubic fluorite phase formation was determined in this
case. Lattice constant does not decrease unifomly that is determi-
ned by a different ion retio of Tb+3/’l‘b+4 in samples. Phase tran—
gition from low temperature rhombohedral to high teuperasure cu-
bic structure of fluorite type was found in Bi1_xPer1’5 system
at 100041040 K and for all composition range investigated. At
temperature of 973 K and higher 1093 K negligible peaks were ob-
served on DTA curves which disappear with increasing of x. They

are caused by a fine structural change at 973 XK which demands a
detail study, and by melting of the secondary phase consisted
chiefly of bismuth oxide at temperature higher 1093 K. Determi-
ned rhombohedral phase in Bi1_xPer1,5 gystem 1s an accordance
with Esaka et al. data [5]. TG and DTG diagrams indicace weight
loss with temperature rise, which 1s due to Tb+3 — Tb+4 and
Pr+3.-o Pr+4 transitions.

Investigations by e.m.f method showed a considerable elect-
ron conductivity in studied Bi1_bexO1’5 system and in a less
degree in Bi1_x1>rx01 5 which was caused by the pre:siense of
Tb+4(or Pr+4) ions in the structure and by electron transitions

between To™4(pr*4) and m*T3(pr3).
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