DENSIFICATION BEHAVIOUR OF NANO-SIZE CO-DOPED CERIA SOLID SOLUTIONS
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Electrical conductivity increases If the missmatch between the ionic radii of host and the dopant ions Is kept as low as possible [1]. Consequently it would be of interest to keep the lattice

parameter of ceria solid solutions as close to pure seria as possible. Com
unchanged in comparison with pure CeO, and thereafter synthesized. T
Nanosized co-doped ceria powders were then synthesized by modified g
methods. In this part of the study, powder properties and the densification

Experimental

nositions of solid solutions containing three and six dopants were calculated with the intention to keep lattice parameters
‘0 calculate larttice parameters of the solid solutions defect model introducing anion vacancy radius was applied [2].
ycine nitrate procedure(MGNP) [3]. The synthesized powders were characterized by XRD, BET, TEM, SEM and EELS
nehaviour were followed depending on starting composition.

Nanosized undoped and co-doped ceria powders were syntehesized by modified glycine nitrate process (MGNP) [3]. The ashes obtained after burn up, were calcined at 800°C, 4 h. In all samples independent of the
number of dopants x was kept constant (x=0.2). The following compositions were prepared: Ce, sSMg 1:Gdy 01 Y0 18025 (B), CepgNdy 5:SMg 015Gdg 025DV 04 Y005 Y P0.0602.5 (C) and pure CeO, (A) for comparison. Dilatometric studies
of green pellets were performed in oxygen atmosphere at different heating rates up to 1500°C, using high temperature dilatometer (THETA Industries, USA).

It was shown [4] that electrical conductivity of co-doped ceria increased by 30% In
comparison with single doped material. For that reason we co-doped our powders. At the same time
we Intended to keep lattice parameter of ceria solid solution as close to pure ceria as possible.
Compositions of powders with chosen values of lattice parameters were calculated using defect
model introducing anion vacancies radius [2], I.e.

a= 4IN3 * [xry3* + (1-X) re2t + (1-0.25x) rg2- + 0.25xr,,] * 0.9971

Calculated starting compositions with different number of dopants are given in Tab.1 together with
given values, as well as with values of lattice parameters measured after calcination. It can be seen

Table 1. Calculated compositions after [2]

Lattice parameter | Lattice parameter
Powders composition (R) (A)
Calculated Measured
Cey gNdj 0:5M§ 01560 025PY0.04 Y0.05 Y P0.06C2.5: C 0.411 0.413
CeygSm; 4,Gd; 0, Y 18055 B 5.412 5.412
CeO,, A 5.411 5.412

that calculated and measured lattice parameters agree very well (Tab.1) and are very close to lattice
parameter value of pure ceria.

The EELS analyses confirmed the presence of all the dopants as

IS illustrated for sample C (Fig. 1).
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Fig.1. EELS of CeqgNdg 4:SMg,015Gdg.025PY0.04Y0.05YP0.0602-5
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solid solution.

X-ray patterns of the three powders showing single phase composition independent of the number of dopants, are given

In Figs. 2, 3 and 4, which means that introduced dopants entered ceria lattice.
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Fig.2. X-ray pttern of pure ceria
(A), calcined at 800°C, 4 h.

In Table 2. specific surface area and crystallite size are given. Specific surface area
Increases with doping, while crystallite size and particles size as shown in Fig.5,
tend to decrease with increasing number of dopants. The data clearly show that
particle size of the obtained powders is In nanometric range.

Table 2. Pro

perties of the nano powders

Composition | V(A7) | CYstallite | Microstrain | Specific Surface
A 158.601(3) | 168.60(9) 11.842(6) 38.26
B 158.670(7) | 100.84(3) 34.305(7) 49.44
C 158.665(5) | 100.66(1) 34.084(9) 48.38

(B), calcined at 800°C,

Fig.3. X-ray pttern of composition

Fig.4. X-ray pttern of composition

4 h. (C) calcined at 800°C, 4h.

50 nm

Fig.5. TEM micrographs of A- CeO,, B
C- CeygNdg 91SMg 515Gdg 025DY0.04Y0.05YP0.0602-5-

- CeggSMg 0;Gdg 01 Y0.180,.5 and

Green pellets were obtained by isostatic pressing under 250 MPa of powders into cylinders of @ 5 mm and 10 mm high. Sintering was performed at different heating rates (5 and
10 °C/min) in an oxygen atmosphere as found earlier [5]. The shrinkage vs. temperature curves are presented in Fig.6. It is obvious that with doping shrinkage degree increased under the same
heating conditions. In addition, with increasing heating rate, dilatometric curves got shifted towards higher temperatures, which was expected. However, with higher heating rate sintered density

tends to decrease (that can be seen from Table 3), although the difference is not too big.
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Fig.6. Shrinkage curves at different heating rates: A- CeO,, B- CeysSmy :Gdj 01Y0.1505.5:

Polished surfaces of the samples are shown in Fig. 7. High densification
degree was achieved In the case of doped samples independent of the
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Fig.7. Polished surfce of the A, B and C samples sintered at the heating
rate of 5 °/min.

Fig.8. SEM micrograph of the etched surface; A- CeO,,
C- CeqgNdg 035M 015G d g 025DY0.04Y0.05YP0.0602.5-

Table 3. Green and sintered densities of A, B and C samples

Composition / heating rate (°C/min) (O/ZC'II'ID) (c;;d_l_SD)
CeO, A /5/ 58.40 90.59

CeO, A /10/ 57.71 91.15

Cey Yy 14Gdy 0;SM 0,0, < B /5/ 60.63 91.99
CeyY156d,0,SM,,,0, 5 B /10/ 56.16 91.84
Ce5Ndg,01Y0,05YP0.06PY0,0450,0255M0,01502 5 C/5/ 57.93 96.41
Ce,5Ndg,01Y0,05YP0.06PY0,0450,0255M0,01502 5 C/10/ 58.08 93.37

*di- green density, ds- sintered density

In fig.

Conclusion
' Nanometric ceria doped powders were synthesized with lattice |

| parameter value very close to that of pure ceria. It was shown that |
| all six dopants entered solid solution. Sintering in an oxygen |

| atmosphere resulted in highly dense ceramics (up to 96%TD).
| Mean grain size of the sintered co-doped ceria was about 100 nm. |

8, etched surfaces of A and C samples are shown,

obtained at a heating rate of 5 °/min. Measured average
grain size Iin both samples is about 100 nm. This is of
Interest especially in doped samples [6], because beside
high density small grain size is also important for a material
Intending to be a good electrolyte. Properties of these and
other doped and co-doped compositions will be measured as
continuation of this work. The results will be compared with
Gd doped ceria which
conductivity in spite of larger difference in lattice parameters
than in our case.

IS known after its high ionic
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