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ABSTRACT

Crystallographic shear phases of mixed rutile-type oxides Ti_ _,Cr,0 -1 have
been prepared for the first time from the thermal decompogigiorg ?Dq’ mixed
oxyhydroxides Ti]-xcrx02—k(0H}x wWwith the InDOH-type structure.

INTRODUCTION

The thermai decomposition of solids is usually an interesting route to
prepare mixed oxides. well known examples are the preparation of mixed Ca-Mn
oxides with the mixed carbonates as precursors (1}. When the ngrmal oxidation
states of both cations are different, it is seldom possible to have a common
structure for the precursors. ‘However, in the case of the Ti-Cr system the
formation of a mixed oxyhydroxide of titanium {IV) and chromium (IIl} have
allowed us to arrive, at relatively low temperatures, to mixed crystallegraphic
shear phases based on the rutile structure.

EXPERIMENTAL

The starting oxyhydroxides have been prepared by high pressure synthesis
from T1'C|2 and Cr‘D2 heated at 1000 °C and €0 kbar in a Belt-type apparatus. Full
details of the procedure are given in reference (2). The obtained materials
have been characterized by X-ray powder diffraction using a Guinier camera with
manganese-filtered FeKOI radiation, Electron diffractinn. and microscapy were
performed on a Siemens Elmiskop 102 microscope operated at 100 kV. T.G.A.
experiments were realized in a 551 Dupont Thermogravimetric Analyzer.

RESULTS AND DISCUSSION

All samples can be fitted to the formula Ti;_ Cr 0, ({OH) with 0 <x<0.3.
They all show a X-ray pattern characteristic of the InOOH type structure (3},
Figure 1 shows the evolution of the unit cell parameters as a function of the
composition. It can be observed that while the ¢ parameter, Fig. 1b, remains
almost constant, the orthorhombic distortion, as given by a # b, increases
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in a practically linear way with the value of x. This is a clear reflection
af the way in which the hydrogens intervene in the distortion. These hvdrogens
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Fig. 1. Evoluticn of the unit cell parameters as a function of the composition.

are situated within the tunnels that, parallel te¢ the ¢ axis, exist in the
rutile type structure (5.G. Pmrm){4). With the hydrogen in position {3,0,3),
hydrogens bonds are formed between central octahedra and corner octahedra.
Jue to this bonging the octahedra tilt around an axis parallel to the c axis of
the unit cell.(See Fig. 2).
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Fig. 2. (a) Projection of the rutile»ktype structure along the c¢ axis of the
tetragonal cell., (b) Projection of the InOOH type structure along the ¢ axis
of the orthorhombic cell.
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Thermal decomposition of these samples at 1000C in air, using a heating rate
of 2°/min, indicates a weight loss around 700C whose values are summarized in
Table I. As can be seen they show good agreement with the calculatec ones for a
water loss according the reaction:

4+ 3+ P
Tiq_(Cry Op_y (0K} ——edTly L Oro O,y p * X2 H0 (D)
TABLE 1
Thermogravimetric analysis of the mixed oxyhydroxides.

X W% exp.) Wi% ca‘.c.}t Final composition
G.1¢ 1.09 1.12 TiO.QOCFO,IDD1.95
0.15 1.62 1.07 T10.85tr0.1501.925
0.26 2.20 2.22 T10'50Cr0-2001‘9G
C.25 - - Tg.7550.26% .85

*
Calculated according to eqn {IJ),

X-ray powder diffraction of the resulting phases gave very complex patterns
characterized by groups of Tines located arounc the normal rutile reflections,
incicating that all these solids are superstructures of the rutile structure {5}.

To gain a deeper information electron microscopy anc electron diffraction
were performed on the same samples. Figure 3a shows the pattern corresponcing
te the TiO.SCFO.ZD].QO sample. Two I1C-fold superstructures along 5121 give
inccuivecel zvicence of the family of cristallographic shear phases {c.5.)p . ba-
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Fig. 3. (a) ED pattern of the x = 0.2 sample showing two 1G-fold superstructu-
res along Ji2y- {b) Corresponding electron micrograph.
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Fig. 4. [a) ED pattern of the x = 0.1 sample along [201_}r 2one axis. [b) lorres
ponding electron micregraph.

sed on the rutile cell and whose composition can be expressed by the gemeral
formula Tin—ZCFZOén-I where n = 2/x. (x being ths value given above for the
chromium content)}. The correspending electron microscope image. Figure 3b,shows
that the two superlattices occur aperiodically in a twinned fashion. When the
amoynt of chromium was of the order of x = C.1 the corresponaing C.S. nlanes
although are all parallel to the {132) nlanes -in analogy with what happens in
recucing TiC, (6}- they appear disordered as shown by the streaking observed
along the 9132 vector in reciprocal space, Figure da, anc indeed in the
electron microséope image, Figure 4b.

The thermal decomposition of the mixed oxyhydroxides is then an interesting
route to prepare C.3. phases of the mixed rutile-type oxides,
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