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XAS investigation of Al .O.-coated nano- to form a homogeneous powder and subsequently pressed to a
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. pellet.
composite VAL® 2 The XAFS experiments have been performed on BM29 at the
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o ~ 3. Results
In order to complement the structural characterisation by high

resolution electron microscopy and perturbed angular correlation
spectroscopy (PAC) of AD; coated nano-composite ZyO 3.1 X-ray Absorption Near Edge Structure (XANES)
XAFS spectra have been acquired and analysed. The electr

micrographs showed fringes of a well ordered lattice and weiﬂ

defined crystal faces of the as-produced powder whereas the PAG, 1 The general XANES features of the nano-composite and

spectra indicated a strongly distorted short range order. the reference compound are similar indicating that the overall
On the basis of the XAFS data, a structural model for the ZrQ, P 9

fth ” @l.0x with I ordered Z structure is similar. A strong shoulder at 17.997keV is observed
core of the nano-composite Zfal; s With a well ordered Zr \ pich js attributed to a 1€id transition. This feature is strong in
lattice and a sevenfold, strongly distorted nearest ne'ghbo%rompounds with a non-centrosymmetric Zr environmenteLi

ox%ger: sheII_ 'j. p;_opos;ad. A srr]noothttem?eratutre depentdengf,:’ 1993). A characteristic splitting of the first peak at 18.003keV
lN' ou tan |r]1 7'8%;(02 obr ap as? drans ormation up 10 35 gpserved for the yttria stabilised reference compound whereas
emperature o as been revealed. this feature is smeared for the nano-composite.

e fine structure at threshold of the reference compound and the
no-composite ZriPAl,O; at room temperature is displayed in
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1. Introduction

Nano-particles often crystallize in different structures than bulk
materials. A typical example is ZgOcrystallizing monoclinic as

bulk material at room temperature. Nano-particles with sizes
around 5nm are — depending on the production route - found in
the cubic or tetragonal phase. Zf&1,0; coated nano-particles
were prepared by the microwave plasma process. This synthesis
method allows the production of nanocrystalline particles with
core and coating in a two-step process (Vollathal, 1997).
Within the range of accuracy, electron-diffraction and
-microscopy revealed a possibly cubic cation lattice. The results
from PAC measurements of the electric quadrupole interaction of
18'T3 on Zr sites indicate a highly disordered oxygen environment
of the nano-composite in the as-prepared state (Fakex,
2000). Upon annealing, an oxygen environment around Zr cations
of perfect tetragonal symmetry is observed above 500K but the
phase transformation to monoclinic symmetry is completely
suppressed up to a temperature of 1400K. This disorder-order 0.0 . .
transformation is partially reversible. In addition, a decrease of : — — —

the vibrational amplitudes with decreasing particle size was 17.95 18.00 18.05 18.10
observed. photon energy [keV]

XAFS studies have been reported for zironia compounds (Tuilier

et al, 1987; Liet al, 1993) and of zirconia particles located in

grain boundaries af-alumina (Loudjani and Cortes, 1997).
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Figure 1
2. Experimental Ngrmalised spectra at room temperature at threshold of Xeg®; nano-
composite (lower) and the Zs(¥,0; reference compound (upper, shifted
The nano-crystalline Zr@Al,O; (particle size approximately by a constant offset of 0.2).
5nm) and the coarse-grain, cubic stabilised reference material
Zr0,:Y 505 (20mol% Y,03 used as obtained) was mixed with BN
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3.2 Extended X-ray Absorption fine structure (EXAFS) shell distance is shorter, the Zr-Zr distance longer than for

Zr0,:Y,0s. It cannot be excluded that the coordination humbers

re too small due to interference of closely lying shells. An
edge appears to be damped compared to the coarse gr .
Zr0,Y ;05 stabilised reference compound (Fig. 2). The EXAFS%QA‘FS refinement of two closely separated Zr-O shells for

. . " O; stabilised Zr@ has been reported (Barret and Berthet,
was analysed using established methods. Deviation from A2o3 : . .
Gaussian ypair distr?bution function is accounted for by the%g?)' Attempts to fit the peaks of the Fourier transform with a
application of the cumulant expansion. The data analysis progra) t. of up to three Zr-O shells gave rse to coordination numbers
WinXAS (Ressler, 1998) has been used. Theoretical phase alt 'Ch. are closgr to the crystallographic value_s but these resulis
backscattering functions which have been calculated using e difficult to interpret due to strong correlation of parameters
multiple scattering code FEFF (Mustre de Lestral, 1991) on and are not discussed in further depth here.
the basis of model compounds are included.

The EXAFS amplitude of ZrédAl,O; nano-composite above the
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Weighted EXAFSx(K) k® of ZrO,/Al ,O; nano-composite (lower) and the [
ZrO,:Y ;03 stabilised reference compound (upper). 20.05L
Tt Zro,/ALO,

A refinement of the experimental data to the EXAFS formula [

including the % cumulant parameter and using the calculated 20.10L ) . ) . ) . ) ,

FEFF functions has been performed. After Fourier transformation o 2 4 6 3

over a wavenumber range k 258 14A' and a Bessel window,

each shell has been fitted individually in R space (see Fig. 3). For

both the nano-composite and the yttria stabilised,Ztize first

prominent peak at 1.7A c’%\n be fitted using a single Zr-O Sheufigures

the prominent peak at 3.3A by a single Zr-Zr shell. Two furthe . ) 3
. urier transform of the weighteg(k)k® of ZrO,:Y,Os; (upper) and

peaks at larger distances (4'.77A and 6'77A) are. remarkabgozmlzm (lower graph). Exp?arim}i-(nt)al data (?z)nt?nljom(JspII)ine)) and fit

stronger for the nano-compOSIte than for th(_e yttria Stab'l'se_ sults for the magnitude (dotted) and the imaginary part (dashed) are

compound. These intense next-nearest neighbour scatterig@played for both the Zr-O and zr-zr shells.

signals have been reported to appear due to multiple scattering

specifically for the tetragonal structure of Zr@ecause of 33 Temperature dependent XAFS analysis of the nano-

colinear arrays of the cation lattice (et al, 1993). The fit  composite

results are summarised in table 1.

R+A [A]

The sample has been submitted to a temperature ramp up to a
Table 1 maximum temperature of 800K. XAFS spectra have been
Result of the EXAFS refinement of the 2 prominent peaks in the Fourieacquired at regular temperature intervals. The results of a single
transform FT{(k)k®) of the nano-composite Zp@l,Os; and of the shell EXAFS refinement of the Zr-O shell are given in table 2.
reference compound Zp(¥ :0s. No indication for an abrupt phase transformation is observed.

ZI'OQ/A'QO:-, Zr02:Y203
Shell Zr-O Zr-Zr Zr-0 Zr-Zr Table 2
D'Stzr_‘cet_R [);’\\]‘ N 24111 36'645 25'14? ioﬁg Results for the Zr-O shell XAFS refinement of nano-composite
cooraination No . . . .
@ [A2* 10°] 56 8.0 76 101 ZrO,/Al,O; at elevated temperature.
A [ev] 15 14 e 34 -(rtir:r%?r::l?ijc:ﬁ r[:l(J]mberN 4:13:; 552 5472
* . . .
3rd cumulant [*18] 0.8 0.2 1.0 0.2 Distance R [A] 217 218 218
o? [A?* 107 86 9.1 96
The coordination numbers for the nano-composite,/AQ0sare  AE, [eV] -1.3  -1.0 -09
. . . d
damped due to the finite crystal size. Compared to the coarsgzcumulant [16] 14 16 16

grained ZrQ:Y,0O; reference compound, the nano-composite
exhibits smaller coordination numbers for both shells. The Zr-O
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4. Discussion function is characterised by a large number of closely spaced
coordination shells leading to a strongly damped FT magnitude.
%he zr-O shell is composed of 7 oxygen atoms scattered at radial
distances between 2.05A to 2.28A with a mean distancef R

2.16A, the nearest neighbour Zr shell is composed of 12 Zr atoms

(ICSD) entry No. 4275), monoclinic F2 (ICSD entry No. at d_lztasnl(':&(\es’\g_elx;t)an5|vely scattered from 3.33A to 4.03A
6184)) have been performed. Distances to neighbours up to 5_é'§a,zr— ' P

and up to four leg multiple scattering paths have been taken intﬂ1e experimental Fourier transformed )k?) of the nano-

account. Each of the crystallographic models give rise to X
pronounced features in the Fourier transformed XAFS data whic?OmpOSIte ZIgAlI:0; and the Zr@Y 0, reference compound

should serve to differentiate between them (Fig. 4). see Fig. 3) does not show multiple scattering signals via
intermediate oxygen atoms. This absence rules out an eight-fold

oxygen coordination of cubic symmetry. The strong splitting of
two distinct Zr-O shells which should be evident in case of a
[ tetragonal structural variety is observed neither. The measured
051 Zr-O distance for the nano-composite is comparable to the
' ZrO, Fm3m monoclinic form of ZrQ and implies an oxygen coordination
ool number 7, assuming a damping of the refined value due to the
! AV U ARAY, small crystallite dimensions.
L The Zr-Zr shell of the nano-composite does not show a broad
distribution of distances and a resemblance to the crystal structure
| . | | . | of monoclinic ZrQ can be ruled out. The small coordination
' ' number may be explained by the small particle size or a partial
incorporation of Zr cations into the A&, shell. The nearest
ZrO, P4,/nmc neighbour Zr shell signal and the signal at long distances point
towards a cubic or tetragonal arrangement of cations.

In order to interpret the results of the refinement of the nan
composite Zr@Al,O;, model calculation of the three model
structures for Zr@ (cubic space group Fm3m (Antoniat al,

1994), tetragonal BAmc (Inorganic Crystal Structure Database
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5. Conclusions

o
a1
T

The nano-composite ZgAl,O; seem to crystallise in a well
' ; ' ; ! ordered cation lattice but with a deficiency in nearest neighbour
oxygen coordination number and a stochastic occupation of non-
zro, P2 /c cubic lattice positions. This model would explain the observed
lattice fringes of the electron micrographs (Vollathal, 1997),
0.0 \/ | \/ Y the strong local disorder of the oxygen shell (Foeteal, 2000)

o
(V)
T

and the results of the XAFS refinement presented here.
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