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The phase diagram of the Bi, 03—Er, O; system was investigated. A monophasic f ¢ ¢ structure was
stabilized for samples containing 17.5-45.5 mol% Er, O;. Above and below this concentration range
polyphasic regions appear. The fcc phase showed high oxygen ion conduction. The ionic transference
number is equal to one for specimens containing 30 mol% Er, O; or less, while an electronic component
is introduced at low temperatures for specimens containing 40~60 mol% Er, O; . Between 673 K and
873 K a maximum in the conductivity was found at 20 mol% Er, O3. (Bi;03)¢20(Er203).40 is found

to be the best oxygen ion conductor so far known. The conductivity at 773 K and 973K is 2.3 Q™ 'm"~

1

and 37 Q7 'm™! respectively. These values are 23 times higher than the best oxygen ion conductor
reported for substituted Bi, O3 systems and 50-100 times higher than those of stabilized zirconia
(Zr04)6.015 (Y203)00s85 at corresponding temperatures.

1. Introduction

In the search for new inorganic compounds which
exhibit predominantly oxygen ion conduction
within a broad temperature range at lower tem-
peratures, Bi, O3 was found to be a promising
material. In the §-phase (face centred cubic, or
fcc), which exists between the transition point at
about 1003 K up to the melting point at 1097 K
[1-5], the electrical conductivity is about

100 27 'm™ [4, 6]. In the cooling direction this
highly conductive phase may be extended down to
about 918 K [2-8]. The conductivity in the
a-phase (monoclinic [2, 4, 9-11]) which exists
from ambient temperature up to the transition
point is at least three decades lower [4, 6]. The
ionic transport number was found to be equal to
one in the §-phase [6];in the a-phase an ionic
contribution to the conductivity could be detected
only near the a—>§ transition [4].

The temperature range at which the materials
can be used as a solid electrolyte can be extended
by substituting Bi, O;. Takahashi et al. investi-
gated the electrical properties of Bi, O3 with
several substituents [6, 12~19] . The region of
highly ionic conductive §-phase (fcc) can be

extended to room temperature with a composition
of 25-43 mol% Y,05 [13], 35-50 mol% Gd,0,
[16],25mol% W03 [12], 15-25 mol% Nb, O
and 18-25mol% Ta, 05 [19]. The conductivity of
these solid solutions is lower than that in the
&-phase of pure Bi, O3. However, the region of the
highly ionic conductive phase is extended to room
temperature and the sudden volume change at the
phase transition is avoided, which is important for
practical applications. The conductivity of
stabilized bismuth sesquioxides is one decade or
more higher than that of stabilized zirconias at the
same temperature. However, at higher tempera-
tures these stabilized bismuth sesquioxides show a
tendency to be reduced under low oxygen
pressures [6, 14] . At the moment practical appli-
cations can be realized in the form of oxygen
gauges and oxygen pumps [20] .

From the correlation we found between the
ionic radii of the substituents and the amount of
substituted M(IIT) ions necessary to stabilize the
6-phase at room temperature we can conclude
that Bi, O3 substituted with Er, O3 should be a
promising system.

The occurence of the §-phase at room tempera-
ture in the system under consideration for higher
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Ery 04 concentrations was reported for
3Bi, O * Er, 03 by Datta and Meehan [22] and
was suggested for Bi, Oy * Er, O; by Nasonova ef
al. [23]. No other results concerning the phase
diagram are reported in the literature. From these
points of view the authors have investigated the
oxygen ion conduction in sintered oxides of the
Bi, O3-~Er, O3 system.
The specific purpose of these investigations in
the Biy O3-Er, Q5 system is to find a high oxygen
.ion conductor as electrolyte for ‘second
generation’ oxygen sensors for automotive control
(e.g. the device developed by Heyne [21]).

2. Experimental
2.1. Preparation and analysis of the specimens

Bi, O3 (Merck, very pure) and Er, O; (Serva,
99.9%) were thoroughly mixed and pre-fired at
1020-1120 K for 16 h, finely ground and iso-
statically pressed at about 400 MPa, sintered in air
for 65 h and cooled down to room temperature at
0.5K min~. As shown in Table 1, the sintering
temperature required to reach densities of > 94%
increased as the content of Er, 05 was increased.
After the synthesis the composition of the samples
was checked using X-ray fluorescence; the
accuracy of this determination is 0.1%.

The starting materials and two specimens were
analysed spectroscopically for small amounts of
aluminium and silicon. The amount of aluminium
and silicon is important because of their influence
on the electrical conductivity, especially in
connection with grain boundary effects.

Si was analysed according to the method de-

Table 1. Sintering temperature and density of the
specimens

Composition xT in Temperature Densityi
(Bi,0,), x(Er,0,)x X

0.025 ~ 0.125 1063

0.15 ~0.175 1123 96%
0.20 ~0.25 1198 96%
0.30 ~0.35 1273 94%
0.40 ~ 0.455 1323 94%
0.50 ~ 0.60 1373

T % x 100 = mel%
% Density is given as a percentage of the theoretical
density based on defect fluorite-type lattice

veloped in our laboratory [24]. For the analysis of
aluminium a new method was developed (see
Appendix). The detection limits of these analyses
are 0.005 wt% Al and 0.001 wi% Si.

The crystal structures of the specimens were
identified with a Philips PW 1370 diffractometer.
CuKa radiation was used with a Ni filter. The
lattice parameters were calculated from diffraction
angles in the 60-120° (26) region, obtained at a
scanning speed of 0.25° min™! using Pb(NO;), as
the internal standard.

High temperature X-ray experiments were per-
formed with a Guinier-~Lenné camera (heating
rate: 5K h™'). The Pt gauze of the sample holder
served as a standard, since internal standards could
not be used due to the corrosive nature of Bi, 0;.

Differential thermal analysis measurements
were performed with a Dupont 990 Thermal
Analyzer (heating rate: 10 or 15K min™'). A
Dupont 951 Thermogravimetric Analyzer was
used for investigating various features of defect
chemistry. The expansion as a function of tem-
perature was measured with a Leitz dilatometer
UBD (heating rate: 1 K min~!) on sintered rods
having a diameter of 4 mm and a length of 10 mm.
The densities of the samples were measured at
298 K by the standard Archimedes method using
mercury.

2.2. Measurement of the ionic conduction

The ionic conductivity was examined by measuring
the electrical conductivity and the e.m.f. of an
oxygen concentration cell, Porous platinum elec-
trodes were sputtered onto the specimens.

The electrical conductivity was measured on
cylindrical rods (3 mm x 4 mm) with a Wayne—
Kerr Universal Bridge B221 using the two-probe
method. A frequency of 10 kHz was used because
the conductivity was nearly frequency independent
in the range of 1 kHz-1 MHz. This means that in
this case grain size effects play a minor role. This
can be expected if the grain size is larger than
20 um and the impurity concentration is relatively
low.

The jonic transference number was examined by
measuring the e.m.f. of an oxygen gas concen-
tration cell:

0, (Poz-a)’ Pt | specimen disc (10 mm x 2 mm) | Pt,
02(P02,b) (1)
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Table 2. Concentration of the aluminium and silicon
@) impurities in the starting materials end specimens
9 ® Sample wt% St wt Al
O
o ®  Bi,0, <0.og; g.g;
@ E0, 0.0 .
e} (B1,03)0.50 (E1,04)0.30 0.008  0.03
o \ @ (B1,03)0.545(Er,05) s 0.010 0.02
air air
8]
O t\\\ \\\/\ o> \ ] 9 calculated composition and the measured compo-
o ® sition (X-ray fluorescence) of the specimens was
m m (3  0.2% or less. The colour of the specimens changed
O 0, 0, from orange for 2.5 mol% Er, O, through vellow
O for 15 mol% Er, O3 to brown for the specimens
o O] with 30-60 mol% Er, O;. Quenched specimens
5 8  were orange in most cases.
® Table 2 gives the concentration of the alu-

Fig. 1. Construction of the concentration cell,
1 specimen; 2 porous Pt-electrode; 3 Pt-lead; 4,8 quartz
tube; 5,6 Pt/Pt, 10% Rh thermocouple; 7 furnace wall.

where Pg, 5 = 0.21 atm (air) and Pg, 3, = 1.00 atm
{(pure oxygen).

If the conduction is purely ionic the e.m.f. Fy
of this cell is given by

By = 5L 0o, »)Poys) ()

In a mixed conductor the e.m.f. is lowered due to
the electronic conduction and the average ion
transference number is given by:

0j E
- )
[ + [4F8 E 0
where oy is the fonic conduction, o, the elecironic
conduction and £ is the measured e.m.f.
Fig. 1 shows the construction of the concen-

tration cell (a vertical apparatus), a detailed figure
will be given by T. v. Dijk et al. [25].

fiz

3. Results and discussion
3.1. Samples prepared

As shown in Table 1 the densities of the specimens
after sintering were 94-96% of the theoretical
density. The average grain size of all the samples
was about 30 um. The difference between the

minium and silicon impurities of the analysed
samples, It is easy to see that the aluminium im-
purities in the specimens are found in the starting
materials whereas the silicon impurities are mainly
introduced during the synthesis; possibly the
grinding procedure.

The strength of the ceramic samples containing
15-25 mol% Er, O is relatively low, possibly due to
strain.

3.2, Structural aspects

Table 3 gives a survey of the existing structure(s)
if the specimens are subjected to different heat
treatments. In the ‘quenching’ procedure the
samples were suddenly removed from the furnace
and cooled to room temperature by natural con-
vection with the result that the high temperature
structure may be retained. This can be avoided by
cooling down the specimens very slowly

(0.5K min~!). In order to ensure that the high
temperature structures are retained during cooling
down by 0.5 K min~! the specimens were annealed
for 250 h at 898 K.

The monophasic fec structure was observed at
low temperatures for samples containing
17.5-45.5mo1% Er, 05. As shown in Fig, 2 the
lattice constants of the specimens decrease with an
increase in the content of Er, Q5. Vegard’s rule
holds in this composition range, which means that
over this range an fcc solid solution is found. Be-
low 17.5mol% Er, 05 and above 45.5mol% Er, 04
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Table 3. Survey of the structural data of the Bi ,0,—Er,0, system

xin

Temperature treatment

{Bi, 0.} x(Er,0,)x

‘Quenched’ from the Cooled down Annealed for
sintering temperature by 05K min™* 250h ot 898K
0.025 a+pid 8 a+p
0.05 8 8 x+ g
0.075 8 8*8 a+3
0.10 g* g* a+s
0.125 5" &* x+6+89
0.15 8 8 a+5+pte
0.175 ~ 0.455 8 5 8
0.50 ~0.60 & + Er,0, & + Er,0, s + Er,0,

+ The g-phase has a tetragonal structure [2,4, 9, 7]

1t The structures shown in bold appear in minor concentrations

$ An asterisk means that the structure is distorted

4 In this table ¢ denotes the rhombohedral structure

polyphasic regions appear. Further study is necess-
ary to determine the exact location of the phase
boundaries and the temperatures of the phase tran-
sition in these regions. In this study these regions
are not investigated in detail.

These results agree with the observation of
Datta and Meehan [22] who reported the
existence of the fcc phase for 3Bi, O3 * Ery O,
while the existence of the fcc phase for
Bi, O4 * Er, O3 as suggested by Nasonova et al.
[23] is not confirmed by our study.

As a result of this study we did find that the
percentage of Er, O necessary to stabilize the fcc
structure of Bi, O; at low temperatures is the
lowest percentage substituent known in literature
for valence (IIT) lanthanides as substituents
[6, 13—16]. For valence (V) substituents 15 mol%
Nb, O; and 18 mol% Ta, Os is necessary to
stabilize the fcc phase [19].

Theoretical densities of these materials have
been calculated from the measured lattice con-
stants (see Fig. 2), making use of three possible
models:

1. all cations occupy their normal sites in the
fluorite structure and there are two vacancies to a
unit cell, i.e. Big;-xy Erg s Og 0.

2. all cations occupy their normal sites in the
fluorite structure and the vacancies are occupied

by oxygen ions:
0, +20->20% + 4h* @

where h* denotes a hole; i.e. Bigq-y) Ers,Os

3. all Bi** ions occupy their normal sites in the
fluorite structure and the Er’* ions occupy ifter-
stitial sites, i.6. Bis Erax/(1-2)O6s01-2)-

Comparing the calculated densities and the
observed densities, as given in Fig. 3, we can see
that model 3 is quite improbable. SEM photo-
graphs showed that the specimens had only a
slight porosity, so model 2 is incorrect. Model 2
appeared to be incorrect because concentration
cell measurements showed oxygen ion conduction
and no hole conduction (see Section 3.4). Further-
more with a thermobalance a negligible weight in-
crease was detected during the solid state reaction
of Bi, O3 and Er, O3 on heating in air. Conse-
quently model 1 is the most likely.

3.3. The conductivity of the sintered specimens

The conductivity of the sintered Bi; O3-Er; O3

05504

lattice constant (nm}

0540

i
i
b
I
l

T T T, T 015

% in (BizOsk_x (EraOslx
Fig. 2. Lattice constant of the fcc phase of the specimens
cooled from the sintering temperature by 0.5K min™* to
room temperature.
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Fig. 3. Observed densities and calculated densities for
various crystal models: (1) for model Bi, ¢, yBr,, 08,5
(2) for model Bi, (- x)Er,: 0y (3) for model

Bi,Er, 0 _x)06 q1-x)- The open circles represent the
measured densities.

specimens measured in air is shown in Figs. 4 and
5 as Arrhenius plots. In these figures the conduc-
tivity of pure Bi, Os (Takahashi ez al. [6]) is given
as a reference material. Table 4 gives the values of
the activation energies £, and the pre-exponential
terms o, for the Arrhenius plots of the conduc-
tivity, while the deviation is given in the 90%
reliability interval.

3.3.1. Conductivity of the samples with 15 and
17.5mol% Er, O3, The specimens containing 15

1000 800

108 =\ -

10l

d
%
e o e

s

conductivity (Q77m™)
g

162

167

T T T T T T T t

10 12 14 15 18
1000/ T{K™

Fig. 4. Conductivity of (Bi, 0,), . (Er, ;) in air.
e x = 0.15;0, x = 0.175. The broken line represents the
conductivity of pure Bi,0,.

and 17.5mol% Er, 05 at (738 £ 10) K show a
change in the activation energy of the conductivity

and at (878  10)K there is a sudden increase in
the conductivity (see Fig. 4). In the cooling

Table 4. Activation energies and pre-exponential terms for the Arrhenius plots of the conductivity of

the fee phase

xin High tempergture range Low temperature range
(Bi, 04 o(Er,05)5 >873K < 823K

log o, (07 'm™) Eq (k¥ mol™) log o, (7 'm™Y) E, (k mol™)

0.15 4.8 =0.1 56 2 7.0 =027 104 =3t
0.175 54 =07 68 £ 10 8.1 +0.3% 118 +4%
0.20 4.9 £0.2 62+ 3 8.11 £ 0.04 114.6 £ 0.5
0.25 5.25 = 0,04 72: 4 7.90 + 0.06 117 =1
0.30 6.93 = 0.09 108+ 1 6.93 £ 0.09 108 =1
0.33 6.7 0.2 109+ 2 6.7 =02 109 =2
0.40 6.1 =01 111 2 6.1 0.1 111 22
0.435 6.3 0.2 117+ 3 63 +0.2 117 =3
0.50 6.3 £0.2 120 3 6.3 +0.2 120 =3
0.60 6.3 0.2 124+ 3 6.3 £0.2 124 =3

T Between 748-873 K these values are: log 0, = 6.40 £ 0.04 Q7 om™, E, = 84 = 1k mol~!;the
deviation of these values is given in the 65% reliability interval.
1 Between 748—873K these valuesare: log 0, =62 12 om™, E, = 87 + 10kJ mol™ ; the deviation of

these values is given in the 65% reliability interval.
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Table 5. Survey of the results of the investigations performed on specimens containing

15 and 17.5 mol% Er,0,
Method 15 mol% Er,0, 17.5 mol% Er,0,
&) X)
Conductivity (1)
.change in £, 730+ 10 730+ 10
sudden increase in o 878+ 10 878 + 10
Conductivity (1)
strong decrease in o 800 — 740 830 — 770
HT Guinier (1)
broadened reflections 750 — 840 750 — 840
§—g 841+ § 843+ 5
[ 878 5 883+ 5
Thermal expansion (1)
decrease in « 763+ 10 778+ 10
region of temperature- 849+ 5 841+ 5
dependent « 880+ § 869+ 5
Thermal expansion (1)
region of temperature- 776+ 5§
dependent « 743+ 10 803+ 10

direction changes appear with a large hysteresis.
For the sample containing 15 mol% Er, O3 these
effects cannot be ascribed to phase segregation
(compare Table 3) because this process is too slow
in order to take place during the conductivity
measurements. This temperature behaviour was
also investigated with high-temperature Guinier
(HT Guinier), thermal expansion and differential
thermal analysis (DTA). A survey of the results is
given in Table 5.

During heating with HT Guinier a broadening
of various reflections was observed, however, the
(hhh) reflections are not broadened. At about
840 K these broadened reflections transform to
distinct lines which are typical for a tetragonal
distortion (8*). This indicates that the broadened
reflections are due to a tetragonal distortion which
is too small (less than 0.2%) to be measured with
HT Guinier. This distortion becomes larger with
increasing temperature.

At about 880K the §*-phase transforms into an
fcc-phase (8%), which has a larger lattice constant
than the §-phase.

In the cooling direction no X-ray recording was
performed due to Pt-contamination from the
gauze at high temperatures of about 900 K. After
heating to 950 K we determined about 2% Pt in
our specimen (X-ray fluorescence) and this Pt-

contamination may greatly influence phase tran-
sitions [4].

The thermal expansion of the specimen con-
taining 15 mol% Er, Q3 is shown in Fig. 6. The
shapes of the curves are identical to those of the
specimen containing 17.5 mol% Er, O;, but the
measured effects are smaller.

In the heating direction a decrease in the ex-
pansion coefficient « (see arrow) was observed for
both samples. In the temperature region of about
845-875K the apparent value of « is strongly
temperature dependent, while at higher tempera-
tures the value of a is again constant (Fig. 6,
Table 5), and has about the same value as in the
low temperature region. In the cooling direction
the changes in the o—T curve appear with a large
hysteresis.

DTA revealed no heat effects, which means that
they are either very small or are smeared out.

Comparing the data on structural effects with
that on conductivity measurements we notice that
the temperature region of 730-878 K in which
there is a change in E, agrees well with the region
of 750-880 K measured by HT Guinier and the
region of 763-875 K measured by thermal ex-
pansion. Arguments are the overlap of different
temperature intervals with coinciding high-
temperature boundaries and the continuous
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T(K)

conductivity (Q'm™

T T T T T T T T

10 12 14 16 18
1000/ T (K1)

Fig. 5. Conductivity of (Bi,0,),_, (Er,0,), in air. o, x =
0.20; X, x =0.25;4,x = 0.30;v,x = 0.35; 0, x = 0.40;
o x = (0.455;4,x = 0.50;v,x = 0.60. The broken line
represents the conductivity of pure Bi,0,.

(smooth) character at the low-temperature side.
The electrical measurements suggest that the tetra-
gonal distortion already starts at 730 K, which
could not be measured with HT Guinier and
thermal expansion. At 840 K the value of the
tetragonal distortion is large enough to be

EXpansion (arbitrary units)

TCK)

Fig. 6. Heating-up and cooling-down curves as measured
with a dilatometer for (Bi,0,),,s(Er,O

3)0-15 .

measured and increase strongly with temperature,
which agrees with the thermal expansion data (see
Table 5).

The sudden increase in the conductivity at
878 K is caused by the structural change from a
tetragonal to a cubic phase and at this temperature
the value of the expansion coefficient o becomes
temperature independent.

The strong decrease in a in the cooling direction
can be correlated with the region having a tem-
perature dependent a measured by thermal
expansion.

3.3.2. Conductivity of samples containing
20mol% or more Er, 0s. The sintered oxides con-
taining 20 mol% or more Er, O3 show no jump in
the conductivity in the whole range of tempera-
tures examined. However the samples containing
20 mol% and 25 mol% Er, 05 showed at about
870K a knee in the Arrhenius plot, this corre-
sponds to a change in the activation energy and
the pre-exponential term, as can be seen from
Fig. 5 and Table 4. Takahashi et al. found such a
knee at about the same temperature for the
samples containing 25-33 mol% Y, 05 [13],
35-40mol% Gd, 0, [16], and 15 mol% Nb, O,
[19]. Bauerle ez al. [26] and Casselton [27] re-
ported a knee in the Arrhenius plot of yttria
stabilized zirconia at about 1070 K; they ascribe
this knee to a changing conductivity mechanism.
The activation energy changed from 112.8kJ
mol™ to 65.8 kI mol™ [26]. The absolute values
as well as the change in activation energy corre-
sponds with our values and the values measured by
Takahashi [13].

Our HT Guinier experiments on Bi, O; based
systems revealed that at this temperature the fcc-
phase &, transforms to an fcc-phase with a larger
lattice constant. The increase of the lattice con-
stant for (Blz 03 )0_30 (EI’2 03)0,20 is in the order
of 1.5%95. We observed the same phenomena for
(Bi203)0.75(Er203)9 25 and (Bi203)9.25
(Y5043)p25 , however the increase in lattice con-
stant was too small to be measured accurately.
Therefore we can conclude that the change in
activation energy is correlated to a change of the
lattice constant.

An increase in the lattice constant of the
thombohedral phase in the system (BiyO3); -
(Sr0), with x = 0.18-0.43 is reported by
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Guillermo et al. [28] at about 950-985K and in
the system (Biy O3 );.., (C20), withx =
0.22-0.31 by Conflant et al. [29] at about
1000-1010 K. Takahashi ef al. {6] measured a
sudden increase in the conductivity for samples
containing 20-40 mol% SrO at about the same
temperature as the increase in the lattice constant.

An increase in the unit-cell volume of the cubic
fcc phase with constant oXygen ion concentration
suggests the possibility of a decrease in the contri-
butions of the local strain component during the
passage of oxygen ions through the lattice which
leads to a decrease in the activation energy. Before
firm conclusions on these aspects can be drawn
more has to be known about changes in the order-
ing of oxygen in the lattice. Details of this subject
are under investigation.

In Fig. 7 the oxygen ion conductivity in the
Bi, 03-Er; O3 system is plotted against the Er, O3
content at different temperatures. The conductivity
of (31203 )o, 5 (Y203)035 [13] is given asa
reference.

At 573 K and 973 K the logarithm of the con-
ductivity decreases almost linearly with the Er,O;
content, whereas between 673K and 873K a
maximum appears in the conductivity at 20 mol%
Er,0;. Such a maximum in the fcc-phase region

1 1 1] | 1 |

2
104 . -
(BidOy Y203 55
(5}
: .4
E
g ) o |
c
{4) o2} -
>
s
S (3)
3 .R2 R
ETO«
8 el
p (2) o
4
m_ —
{1}

T T T T T T

04 08
% in (BigOg)‘]_x(ET’a 03))(

Fig. 7. Conductivity versus composition at different
temperatures. The conductivity of (Bi,0.);.s (Y,0:),.0
is given as a reference. (1) 573 K; (2) 673K; (3) 773K;
{4) B73K;(5) 973K.

has never before been reported in the literature for
investigations on the Bi,O5 system [6, 12-19].
To understand this maximum it is necessary to
know more about the discontinuities in the con-
ductivity of the samples containing 15-25 mol%
Er,0;. Possibly the nature of this maximum can
be related to the maximum in the conductivity in
the Zr0,~Y,0; system at concentrations of about
7 mol% as reported,by several authors [30].
Finally it should be mentioned that (Bi,03)o.50
(Ery03)g.20 is the best oxygen ion conductor yet
found. The conductivity at 773 K and 973 K is
23Q7'm ™ and 37 Q7 'm™?! respectively. The
best conductors found by Takahshi were
(Bi203)0.75 (Y203 )05 and (Biz03)0.55 (ND203)o.15,
the conductivity at 773 Kis 1.2Q 'm™* and
1.1 27 'm™ respectively and at 973K 16 @ 'm™!
and 19 Q" 'm™ [13, 19]. The conductivity of
(Biz03)o.50 (Er03)0.20 is about 50-100 times
higher than the conductivity of {Zr0; )o.01s
(Y303)0.085 at the same temperatures.

3.4. lonic transport number measurements

In order to determine the charge carriers in these
conductors, measurements were performed with
an oxygen gas concentration cell. Table 6 shows
the ratio of the measured e.m.f. to the theoretical
e.m.f, of cell 1. These results indicate that the
electrical conduction in the specimens can be al-
most wholly attributed to the oxygen ion. For the
specimens containing 40 mol% or more Er,0;
there is an electronic component at low
temperatures.

4. Conclusions

High oxygen ion conduction is found in sintered
oxides of the Bi,03~Er,05 system. The ionic
transference number was found to be equal to one
for samples containing 17.5-30 mol% Er,0;.
Samples containing 4060 mol% Er,0; showed an
electronic component at low temperatures.

The highly conductive f ¢ ¢ phase was stable at
low temperatures for substituent concentrations
between 17.5-45.5mol% Er, O3 . The lower
boundary of this region is the smallest percentage:
valence (III) substituent known in literature which
can stabilize the fec structure at low temperatures.

Between 673873 K a maximum in the conduc-
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Table 6. Ratios of the measured e.m.f. E to the theoretical value E of the following cell:
0,(0.21 atm), Pt | (Bi,0,),.x(Er,0,)x | Pt, O, (1 atm) at different temperatures

EJE,

X 773K 823K 873K 923K 973K 1023K 1073K
0.175 - 0.98 0.99 1.00 1.01 1.02 1.00
0.20 0.98 1.02 0.98 0.99 0.99 0.99 0.97
0.30 - 0.99 1.02 1.03 1.04 1.03 1.02
0.40 - - 0.93 0.96 1.00 1.01 1.01
0.50 0.87 0.92 0.95 0.96 £ 0.97 0.97 0.97
0.60 - 0.95 0.95 0.96 0.98 0.98 0.98

tivity was found at 20mol% Er,03. The most
desirable composition in this system is (Bi»O3).s0
{Er,03)0.20, since the fece phase is stable at low
temperatures and has the highest conductivity over
a wide range of temperatures. The conductivity of
this specimen is about 2 to 3 times higher than the
conductivity of the best oxygen ion conductors
reported for Bi,O3-based solid solutions and is
about 50-100 times higher than the conductivity
of stabilized zirconia (Zr0;)o.15{Y203)0.085 at
the same temperature.

We can conclude that sintered oxides of the
Bi,0;-Er,0; system are promising materials for
oxygen gauges and pumps.

Appendix

Small amounts of aluminium were analysed in the
following way.

A 100 mg specimen was dissolved in 25 cm®
hydrochloric acid (1 : 10) and transferred into a
50 cm?® volumetric flask. 25 cm® of the diluted
solution was added to a column (the cation-
exchange column is pre-treated with 100cm® 6 M.
hydrochloric acid and afterwards with 60cm?®
0.5 M hydrochloric acid) and the bismuth eluted
with 5 x 10 cm?® 0.5 M hydrochloric acid. Subse-
quently the resin bed was washed,with 125cm? of
3 M hydrochloric acid in 50% ethanol and this
eluant was collected in a 500 cm® volumetric flask.
The aluminium in this solution was then deter-
mined [34].
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