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ABSTRACT

b-Bi.O3 compositions were prepared to evaluate the effect on properties of
usng mixed dopants. Basdine compostions containing 28 mol% of the dkaine
earth oxides CaO, SO, or BaO were used for comparison. When the dkaline
earths were combined in pairs to dope the bismuth oxide, the resulting properties
were intermediate between the basdine end members.  Utilizetion of additiona
additives having different ionic 9ze or vdence charge compared to the dkaine
earths resulted in no observed property changes that could be attributed to the
additive done.  The mog important varigbles influencing the conductivity leve
and phase transformation temperature of b-Bi,O3 were the type and amount of the
akaline earth dopant in the compogition.

INTRODUCTION

Doped b-Bi,Os; exhibits oxygen ion conductivity thet is much higher then
yitria-Stabilized ZrO, a lower operaing temperatures The conductivity
increases by nearly tenfold due to a subtle phase change in the temperature range
of 565°C to 745°C, depending upon the dopant used to form the b phase and the
amount of dopant in the composition.® At the transformation temperature, the
low-temperature b, phase transforms to the high-temperature by phase. The b
phase of Bi»,Os3 is formed by partid subdtitution for the bismuth aoms by divaent
dkdine eath ions such as cacium, grontium, and barium. The generd chemica
formula for b-Bi203 is Bi(l-X)MXO(3-X)/2 where M = Ca S, or Ba The divaent
cation subgtitutions change the dructure and properties of Bi.Osz through the
cregtion of oxygen-ste defects and lattice distortions due to charge and ionic Sze
effects. For such subgitutions, it has been shown that the resulting single phase,
randomly oriented ceramic is a very good ionic conductor with conductivities that
are higher than wel-known dectrolytes such as zrconia at temperatures below



565°C. Above the phase trandformation temperature, the ionic conductivity is
increesed by an order of magnitude. In the binary oxide systems, the
transformation temperature depends both on the amount and type of solute ion. >4
In the present study, mixed dopants were added to evauate the effect on
conductivity level and transformation temperature.

EXPERIMENTAL

Basdine compostions containing a sngle dkdine eath oxide dopat were
prepared. The phase diagrams for the binary systems Bi;O3; — CaO, Bi,O3 — SrO,
and Bi,O3 — BaO were examined to identify a sngle dopant level which would
form b-Bi;O3 in dl three systems®* The range of b-Bi,O3 solid solution in these
gysemsisshownin Tablel.

Tablel. Therange of beta-phase solid solution for alkaline earth doped bismuth oxide.

Alkaline Earth Dopant Solid Solution Range®
X* mol. % wt. %
Ca0 0.120-0.183 21531 3251
SO 0.093-0.274 17-43 44-144
BaO 0.146-0.170 255-29 10.1-11.0

*Generd Formula: Bi(1.,9MxO(z.x2 (M =Ca, Sr, or Ba)

A dopant level of 28 mol% was chosen for this sudy. Mixed dopant
compositions were dso prepared. The akdine earth oxides were combined in
pairs and added in equal molar amounts, again with a tota of 28 mol% dopant.
Additiona compostions were prepared in which the ionic Sze of the additive was
gndler (Mg) or where the Sze was dmilar to the akaine earths but the vaence
charge was greater (L@). Also, compostions containing a lower mol% akdine
earth were made for comparison. The compositions that were prepared and the
darting raw materids are shown in Table Il. The sarting powders were milled in
a gndl dtritor usng 3-mm ytiria-sabilized zirconia milling media and isopropyl
dcohol as the solvent.  After milling, the durry was poured through a Seve into a
glass tray and dried under low heet to evaporate the dcohol. The dried cake was
crushed into loose powder using a mortar and pestle.  The powder was then
placed in a crucible and heated to 625°C for 12 hr. to decompose the carbonate
and hydroxide raw materids and to react the condituents to form the desred
compounds. The calcined materiad was again crushed to form a loose powder.
Samples were faoricated by uniaxidly pressng the cacined powder into disks
and bars. The pressed shapes were then sintered at 700°C for 48 hr. to fully react
the condtituents and to densify the samples.



Tablell. Compositions of the samplesevaluated in this study.

Composition Raw Material Addition, Wt.%
Mole % Bi,O; | CaCO; | SCOs BaCO; La(OH)3 MgCOs

Bi, O3 28Ca0 9229 7.71
Bi,0O; 2850 80.03 10.97
Bi,O; 28Ba0 85.86 14.14
Bi,O3 14Ca0 1450 90.66 3.86 549
Bi, O3 14Ca0 14BaO 89.08 3.86 7.07
Bi, 03 14Sr0O 14Ba0O 87.45 549 7.07
Bi, O3 25.6Ca0 1.4La,03 91.66 6.91 143
Bi, O3 25.650 1.4La,03 88.74 9.87 139
Bi, 05 23.250 2.8La,03 88.46 8.78 2.76
Bi,0O3; 21Ca0 7MgO 9257 5.80 163
Bi,O; 21SrO 7MgO 90.09 8.33 158
Bi, 03 22Ca0 .29 571
Bi,O; 1850 9350 6.50

Powder and sntered samples were examined by x-ray diffraction andyss
(XRD) to determine the phases present. Both room temperature and eevated
temperature measurements were made usng Cu Ka radiation. Selected samples
were cycled through the phase transformation temperature to examine the
revershility of the phase changein air.

Differentid thermd andyss (DTA) messurements were made on a smdl
fragment of sntered ceramic. Data were recorded while the samples were hested
from room temperature to 800°C at a rate of C/min. Data were aso recorded
on cooling from the peak temperature, again at arate of 5°C/min.

The DC conductivity was measured in both 4point and 2point mode using a
Hewlett Packard 4194A Impedance Andyzer. Smal bars, which measured
goproximady 38mm long by 4mm by 3mm, were used for the conductivity
measurements.  The conductivity of the samples was measured over a temperature
range from ambient to 700-900°C, depending upon the composition.

RESULTS AND DISCUSSION

All of the compostions formed the sngle-phase compound b-Bi,O3 after
cdcining and gdntering.  The latice parameters of the compounds varied with
dopant addition due to the differences in the ionic radii. XRD data taken & high
temperatures showed an abrupt change in the lattice dimensions that is associated
with the b,-b; phase trandformation. This transformation was dso observed in the
DTA measurements, which showed hyderess in the transformation temperature.
A sample of the DTA characterization is shown in Fig. 1. The bi—to-b, phase
transformation (cooling) aways occurred a a lower temperature than the bo—to-bq



trandformation (heating). The phase trandformation temperatures varied with
sample composition and are tabulated in TablellI1.
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Fig. 1 DTA/TGA resultsfor Bi,03-28 mol% BaO showingthereversibleb2-b1 phase
transformation. Theendothermic transformation on heating (upper curve) occursat a
higher temper atur e than the exother mic transfor mation on cooling (second curve).

Tablelll. Transformation temperaturesdetermined by differential thermal analysis(DTA).

Composition Transformation Temperature, °C Temperature

Mol% Heating Cooling Difference, °C
28 CaO 750.8 725.3 255
2850 708.0 674.2 338
28 Ba0 565.0 518.8 46.2
14Ca0/14 SO 730.8 707.8 230
14Ca0/ 14 BaO 655.2 624.4 308
14 S0/ 14Ba0 637.8 600.0 37.8
256Ca0/ 14 La,03 7714 751.6 19.8
256 S0/ 1.4 Lay,03 729.7 695.8 339
23.250/2.8Lay0s3 742.0 706.0 36.0
21 CaO/7MgO 7318 700.6 31.2
2150/ 7MgO 692.8 662.0 30.8
1850 664.0 625.8 38.2

The conductivity of the basdine samples as a function of temperaure is
shown in Fg. 2. The conductivity of yttria sabilized zirconia (YSZ) is shown in



the figure for comparison. As seen in the figure, the three b-Bi,O3; basdine
compogitions show an &brupt increase in conductivity a the b2-bl phase
trandformation temperature.  The conductivity increases by approximady an
order of magnitude and is substantidly greater than that of Y SZ.
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Fig. 2. Conductivity measurementsfor the baseline samples (28 mol% alkaline earth
dopant). Thestep increasein conductivity occursat the b2-b1 phase transformation
temperature. Theplot for yttria stabilized zirconia (Y SZ) is shown for comparison.

The conductivity of the mixed akaine earth compogtions is shown in Fg. 3.
The shgpe of the curves is smilar to the basdine compostions. Comparison of
Fig. 2 and Fg. 3 reveds that for the mixed par compostions both the phase
transformation temperature and the pesk conductivity are intermediate between
the two basdline end members.

The phase trandformation temperature and the peek conductivity of the
compositions containing La and Mg are shown in Table IV. While mogt of these
compostions exhibit an increase in conductivity over the basdine samples, the
increase cannot be attributed to the presence of the additivess. Compostions
amply having a lower amount of akdine earth dopant (22 mol% CaO and 18
mol% SYO) dso show the higher conductivity values. The reason for the increase
in conductivity a lower dopant levels is not yet understood. Tedts of these
materias are continuing in an effort to darify the conduction mechanisms.
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Fig. 3. Conductivity of the mixed alkaline earth compositions showing transfor mation
temperaturesand conductivity valuesthat areintermediate between the basdine
alkaline earth doped end members.

TablelV. Summary of the effect of additives on the phase transfor mation temper ature and
CondUCtiVity of b-Bi,Os3.

Additive and Amount Temperature for Conductivity After

Complete Transformation Complete Transformation
mol% °C S/cm
28 Ca0 765 0673
280 725 0429
28 BaO 590 0.164
14Ca0/14 S0 760 0573
14Ca0/ 14 BaO 675 0404
1450/ 14Ba0 660 0.330
256Ca0/14La05 785 0.789
256 S0/ 14 La,05 765 0.527
23.250/28Lay,03 770 0.598
21 CaO/7MgO 750 0.780
21Sr0/7Mgo 720 0.392
22 Ca0 755 0.930
18S0 685 0.662




CONCLUSIONS

b-Bi,O3 compositions were prepared to evaluate the effect on properties of
usng mixed dopants. Basdine compostions containing 28 mol% of the dkdine
earth oxides CaO, STO, or BaO were used for comparison. When the dkaline
earths were combined in pairs to dope the bismuth oxide, the resulting properties
were intermediate between the basdine end members.  Utilization of additiona
additives having different ionic sze or vadence charge compared to the dkaine
earths resulted in no observed property changes that could be atributed to the
additive done.  The mos important variables influencing the conductivity leve
and phase transformation temperature of b-Bi,O3 were the type and amount of the
akaline earth dopant in the compaostion.
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