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Solid solutions of Ceg e Yo o RE Oy 5 (RE=Pr,Th) with x = 0.02
and 006 were synthesized by coprecipitation technigue to study
the effect of Proand Th additions on the microstructure  and
electrical conductivity of vitria-doped ceria (YD) electrolvie. For
comparison purposes, the solid solution CegesYo 13PromOas was
prepared by mixing Prg(yy 1o the precipitated gel of ceria-viiria.
Redoctions in the average prain size and in the full width at half
maximum height of the grain size distribution curve were obtained
with increasing praseodvmium additions 1o ceria-vitria. In contrast,
Th additions to vitria-doped ceria do not result in any signi ficant
microstructural change. Although an increase in grain conductivity
with small amounts of Pr was observed at 300°C, both co-dopants
exert a deleterions effect on the electrical conductivity of YDC at
tvpical opemtion temperatures for solid oxide fuel cells.

Introduction

Solid electrolvtes exhibiting high oxygen-ion conductivity are of special interest for
applications  in electrochemical devices such as oxypen sensors, oxygen sepamtion
membrznes and solid oxide fuel cells, SOFCs ( 1,2). Solid solutions of ceria and other rare
earths have been memnded as promising elsctmlvies for intennediate temperature (IT)
SOFC operation because of their high ionic conductivity (3-6). The major msiriction
associated to these electrolyvies is the increase of the electronic conductivity at high
temperatures and low oxvgen partial pressures due 1o the reduction of Ce** w Ca™, One
approach o overcome this problem is the wse of a co-dopant. In principle, the minority
dopant should be able to enlarge the electrolvtic domain and/or 1o increase the ionic
conductivity of ceria-based solid solutions. A few rare earth cations have altracted
specific atlentions (3,7-11).

In previous studies, the solid electrolvies were prepared by different methods like the
solid state reaction (8,1 1), coprecipitation (12), and the hydrothermal method (10), which
can give nse o different microstructures, In this work, solid solutions were synthesized
by coprecipitation to verify the effect of prasecdwnium and terbium co-additions on
microstructural and electrical properties of of vitria-doped ceria solid electrolytes.

Experimental

Cerium nitrate hexahvdrate (99.99%, Aldrich), vitrium oxide (99 994, Sigma Chem.
Co), prasesdvmimm oxide (9992, Aldrich), and terbium nitrate (99.9%, Alfa Aesar)
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were used as starting materials, The concentration of stock solutions of the corresponding
metal nitrates was determined by gravimetric analvsis. The hydroxide coprecipitation
method was vsed o swithesize CeossYo 10 Prale s and Ceo Yo s s ThaOzs with x = 0.02
and 0.06 solid solutions and CesssYo 900y solid electralyvtes. For comparison purposes,
CeanaYo 13P a0 5 was prepared by mixing PrgOy, to the coprecipitate of ceria-vilria.
Further details on the hydroxide coprecipitation method may be found elsewhens (13, 14).
Culindrical pellets were prepared with caleined powderss by imiaxial pressing and
sintering at 1450°C for 4 h.

The apparent density of sintered pellets was determinad by the immersion method.
Raman spectroscopy (Renishaw Raman Microscope Svstem 3000) was used for stuctumal
chamcterization. The momphology of polished and  thermally etched surfaces was
observed by scanning electoon microscopy (Philips, XL30). Semi-quantitative elemental
analysis on selected micro-regons of sintered pellets was performed by energy dispersive
spectroscopy (EDS). The mean grain size was estimated by the intercept method.
Electrical conductivity measurements were carried outl by impedance speetroscopy using
t low-frequency impedance analveer (HP £1924) in the 5 Hz to [3 Mz frequency range.
Silver was used as the electode material.

Results and Discussion

All sintered pellets had relative densities higher than 95% independent of co-dopant
tvpe and content. There fore, no corrections for porosity were carried oul,

Influence of the Method of Svnthesis

Raman specira were recorded at several micro-regions of sintered pellets for
structural characterization. Fig. | shows typical Raman spectra. Pellets prepared from
coprecipitated powders (Fig. [a) exhibit a high intensity Raman band centered at ~ 467
cm™, which is characteristic of the cubic structure. Tn addition, two superimposed low
intensity bands in the 500 w 650 cm™ spectral range are assigned 1o the oxveen vacaneies,
created as charpe compensating defects. Fig | (b) and (¢) are Raman spectra of sintered
pellets preparsd by mixing PreOy to the ceria-vitria mixed hydroxide powder. Some
micro-regons (designated A) have a spectrum similar o that of Fig. la. One of them is
shown in Fig. | b. However, other micro-regons (designated B) exhibit 2 Raman
spectrum like that in Fig. lc. In this case, the Raman band with maximom amplituds at ~
570 cm™ mav be identified as that characteristic of the solid solution formed between
cerinm oxide and praseodvimium oxide (15) This msult evidences that praseodymium
oxide segregated during the processing of powders and reacted with cerium oxide during
sintering to form a prassodvimium rich solid solutions,

Fig 2 shows the EDS spectmum of one micro-region corresponding to the segrepmied
phase. It is worth noting the relative low content of yiriumm in the segrepated phase. The
average contents of Ce, Y and Pr determined in several micro-regions are listed in Table
I. These results showed that the dispersion of the co-dopant was not uniform for powders
preparad by the conventional method, resulting in lack of chemical homogeneity in the
sintered pellets. This effiect, in tum, may be responsible for microstructure dependence of
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the electrical comductivity. Fig. 3 shows the Arthenius plots of the electrical conductivity
of pellets preparad by different methods and for Ceg e o 1000 pdesignated as standard.
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Figure |. Raman spectra of sintered pellets prepared from coprecipitated (CF) (a), and
mixing of oxide (MP) powders (b and ¢).
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Figure 2. EDS spectrum of the segrepated phase.

Table L Elemental analvsis determined by EDS on sintered pellets prepared by
coprecipitation (CP) and mixing of powders (MP).

Element CF pellet MP pellet MP pellet
(at.%) (at.%) (aL.%)
Ce 543 846 a5
Y 138 14.1 <1
Pr 19 13 ~ 54

) sepregated phase,
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Figure 3 An Arthenius plot of grain (2) and grain boundaries (gh) conductivities (o) of
CeoeYoraPrm s prepared by different methods and CeassY ai a0z (standard ) pellet.

Ag shown in Fig. 3, the grain conductivity is almost maffected by the method of
svnthesis, Moreover, the grain conductivity of pellets conlaining Proas co-dopant is
slightly higher than that of vira<doped ceria. The grain boundary conductivity, i
contmst, greatly differs in these samples. The higher grain boundary conductivity of the
pellet prepared by mixing of powders is probably related o an increassd electronic
conductivity due to the ceria-praseodwnia segrepated phase,

Influence of Co-Dopant Tvpe and Content

To study the effect of co-dopant type and content, all samples were prepared by the
coprecipitation method to ensure the chemical homogeneity of sintered materials, Table
IT shows the caleulated mean grain size (G) for the studied compositions. Increasing Pr
additions produces a decrzase in the mean prain size of sintered pellets, whereas for Th
additions the grain size is almost unchanged. Values of the apparent activation energies
for grain and grain boundary conductivities are also listed in Table IT. Tt can be seen that a
decrease in activation enemey with incrasing co<dopant content. Fowever, at the
temperature range of measurements where the ionic component is predominant, the small
decrease of the activation energy for the grain component may be related to a beneficial
effect of Pr in the micmstructural homogeneity.

Table I, Values of mean grain size (G) and apparent activation energy (E) for grains
() and grain bonmdaries (gh).

Parameter standard 0.02 Pr 0.06 Pr 002 Th 006 Th
(G () 1.6 14 1.1 l.4 1.5
E;(eV) 0.87 0.84 0.74 0.87 0.79
Egs (£V) 0.94 0.9] .85 092 0.84
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Figure 4. Estimated values of grain and prain boundary conductivity at 650°C for Pr co-
additions.
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Figure 5. Estimatad values of gram and grain boundary conductivity at 650°C for Th co-
additions.

Fig. 4 shows estimated values of grain and grain boundary conductivity at 650°C, a
pissible opemtion temperature for IT S0FCs. It can be seen that the grain conductivity
decreases with increasing Pr content, in contrast to what was oblained at 300°C, Fig. 5
shows that Th co-additions remarkably decrease the grain conductivity, Therefore, both
Pr and Th co-dopants have a deletenons effect al intermediate temperatures,

Conclusions

Chemically homogeneous solid electrolvies of yitda-doped ceria containing small
additions of Pr and Th were obtained by the hvdroxide coprecipitation method. These co-
dopants have a deleterious effect at intennediate temperatures. Small Pr additions mayv be
valuable for SOFC operation at low temperatures.
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