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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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The advent of high voltage microscopes with penetrating power higher than 
that of conventional microscopes and development of ion-milling techniq~e for 
preparing ceramic specimens have opened up the field of microstructural 
characterisation of ceramic materials. The present paper describes the 
electron microscopy of the early stages of precipitation in ferrimagnetic 
lithium ferrite (LiFe

5
o

8
) spinel. These materials are of interest for appli

cations in electronics 1ndustry. Thin slices (30~m in thickness) from a 
slightly lithium deficient lithium ferrite single crystal are aged at 1200°C 
in air for a sequence of times. Specimens for examination in HU 650 HVEM 
operating at 650kV are prepared from the center of these slices by mechanical 
polishing followed by ion-thinning. 

Fig. l(a) shows the microstructure obtained after the shortest aging time 
(-10 minutes at 1200°C) and Fig. l(b) shows its symmetrical SAD pattern in 
(110) orientation. The redial diffuse intensity distribution around the 
diffraction spots in the plane of the pattern is apparent. The area imaged in 
Fig. l(a) comes from a region approximately one extinction distance in thick
ness (-lOOOA) and particles with an average diameter of 2dO'A are seen to be 
dispersed in the bulk of the specimen. Detailed contrast analysis shows that 
these particles exhibit strain contrast characteristic of isotropic symmetry 
(1). It is very likely that the radial diffuse intensity distribution around 
the diffraction spots in Fig. l(b) is a result of the isotropic strains. The 
bright field micrograph in Fig. 2(a) is obtained from a specimen aged for 
about 25 minutes in air at 1200°C. This picture is taken from a particularly 
thick region of the foil (about 5 extinction dist~nces thick) where absorption 
can be utilised to 'detect any strains around the particles. As can be seen 
in the figu~e, th~r~ i~ no noticeable strain contrast around the large parti
cles (-2000A in size). These particles are octahedra with faces parallel to 
{111} planes. Fig. 2(b) shows the (110) projection of an· octahedron. The 
measured values of the angles and ratio of the diagonals in the micrograph 
correspond to that in Fig. 2(b). Thickness fringes at the inclined faces of 
the octahedron are visible in Fig. 2(a). Interestingly enough, it has been 
noticed that the particles are in best contrast in bright field when imaged in 
a systematic diffracting condition with s = 0 rather than s I 0. Electron 
metallography of subsequent stages in the precipitation reaction has shown 
that the particles in Fig. 2(a) are lithium ferrate (LiFeo

2 
-a paramagnetic 

phase) although the available phase diagram (2) does not suggest any such 
phase transformation at the temperature and composition examined. 

De Jonghe and Thomas (3) have reported the formation of cuboid shaped 
precipitates in the early stages of precipitation in cobalt ferrite spinel. 
Also Bansal and Heuer (4) have suggested that the pre-precipitates in non
stoichiometric magnesium aluminate spinel are nearly spherical in shape. 
These results along with the current findings indicate that formation of nearly 
spherical nuclei (small cuboids or octahedra) is favoured in a spinel structure 
which is to be expected if the strain energy is small. The possibility of 
obtaining higher coercive force in ferrimagnetic ceramic magnets by a disper
sion of nonmagnetic particles as in the present system is currently being 
investigated. 

The author gratefully acknowledges the continued guidance and encourage
ment of Prof. G. Thomas. This research is sponsored by the U.S. Energy 
Research and Development Administration through the Lawrence Berkeley 
Laboratory. 
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Fig. l(a ) bright field image showing 
strain contrast from small particles 
in lithium ferrit e spinel (10 min. at 

Fig . 2(a) octahedral shaped LiFeO 
precipitates in athick region of the 
foil imaged near (110) pole. 

Fig. l(b) SAD from the same area as (a) 
(110) foil orientation radia l haloes 
exist around the diffraction spots. 

Fig. 2(b) sketch of (110) projection of 
a regular octahedron with {111} faces. 
Ratio of the diagonals in the figure 
is ff. 
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This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Energy Research and Development Administration, nor any of 
their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately 
owned rights. 
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