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LEGAL NOTICE

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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THE ORDER—DISORDER REACTION IN LITHIUM FERRITE
O..Van der Biest an& G. Thomas
Inorganic Materials Research Division, Lawrenée Berkeley Laboratory and
Department of Materials Science and Engineering, College of Engineering
University of California, Berkeley, California 94720
Lithium ferrite,(LiFe508) is)a férrimagnetic ceramic with spme

interesting technological broperties. It has an inverse spinel structure
(general forﬁula A B204) with Fe3+ on tetrghedrally coordinated sites
(A-sites) and a 3:1 mixture of Fe3+ and Li+ on the octahedral sites (B-
sites). Below 750°C the cations are ordered. Some important properties
éf thé material (e;g. the ferrimagnefic resonance linewidth (Denton
and Spencer, 1962), and the d.c. electrical resisticity (Van Aulock,
1965), show a marked dependence onlthe degrée of order. IIn this paper,
the domain stfucfurg resulting from the order-disorder reaction will
Bé descéibed and some observations on the kinetics of the reaction will
béipre;ented;

| Whén disordered lithium ferrite orders, its space group.symmetry
is lowered from Fd3m to P4132 or its enantiomorph P4332 (Braun, 1952).
A projection of the configuration of the Li and Fe ibns on the octaﬁe—
' dréllsites in both the lefthanded (f4332) and the righthanded arrange-
ment is given in Figure 1. Within each épacegroup tﬁe ordered structure
can be described as an alternation of three iron ions and one lithium
ion along <110> rows. Hence, the set of octahedral sites can be
divided into four éubsets, bne of which contains only lithium ioné and
the other three only iron ions; When ordering sets in, the lifhiuﬁ ions
éan occupy any of these four subseté, After orderiﬁg, the single
crystél is fragménted into domains, in é way similar to that found in

ordered metallic phases. Within each domain, the lithium ions will

K



i

-2-

occupy oﬁly one subset and at the boundary betwéeﬁ doméins they will
be out of phase. These boundaries can be desqfibed by a %-<110>
type vector, which is a lattice vector of the)disofdered structure.
Hence, a'tfénslation of the ordered struéture-ovér'this ?ector does
ﬁot affecf the oxygen ions nor the iron ions oﬁ-tétrahedrél sites but
it does'tranéfer the Li ions from one subset tp another. ~This
holds for either one of the spacegroups. So théfe:are actually eight
different subsets out of the 16 octahedral sites‘which the Li ions
can occupy and it is possible tQ have a boundary”ﬁétween any pair of
these.' dné,cou1d have a total of 28 bouhdaries’bétween.the eight
possible arrangements. However, only seven boundaries,.distinct in the
geometrical operations characterising them can,éécuf. These are
indicated échematicaily in Figure 2. The ordeféd variants 1L and 1R
of Figure 2 are pictured in Figure 1. These havé arbitrarily been
chosen as,ﬁﬁasic" arrangements for P4332 and PﬁlBZIrespectively. The
other arfangéments ére derived from these by a translation of the Li
ions over a %—<110> vector. The two 'basic" arrangements can be
brought into coincidence with one another by an inVersion through the
pointv(5/8, 5/8, 5/8) and the bduhdary-between.these two will be
- called an inQersiOn boundary. Among the seven ppssible boundaries
indicated‘iﬁﬂFig. 2, there are three t;anslatiop boundaries, one inver-
sion bouﬁdary and three boundaries described by an inversion and a
translation.

Two different methods of analysis have beeﬁ,ﬁsed to verify this

domain structure (Van der Biest and Thomas, 1974): (i) the boundaries

themselves can be imaged as o fringes (see Chapter 1) with o = 2ﬂ§.§



for translation boundaries. For the boundaries involving an inversion

o = aé - a; where aé and aZ are the phase angles in the structure factor

expressions F§‘= IFZI exp(iaZ), and F; = lFZ lexp(i dg), calculated with

respect to the same origin. The following table gives the value of o

for the seven boundaries and some selected. reflections:

".g Tl ' T2 T3 I I+Tl I+T2 ’ I+T3
012 om0 m /2 -m/2 /2 -m/2
110 - 0 T m m T 0 0
oir w7 o 0 u 0 0 m
101 m 0 m T | ‘0 T 0

(i1). In the second method,'one takes advantage of the violations in
Friedel's law iﬁ‘non—centrosymmetric crystals. This means that +g

and -g do not have the same intensity even when the excitation errors
are the same. At én invérsion boundary, when +g is opefating in one:
part of the cfystal, -g is operating in the inverted part with exactly
the saﬁe excitation. According to Serneels et al (1973) Friedel'sv

law does not.hold for the dark field in a multiple beam orientation when
the crystal is oriented with the electron beam parallel with a zone

axis along which the projected structuré does not show an inversion
point. Under these conditions one may expect differences in background
intensity at a boundary where an inversion takes place. These two methods
of analysis are used in Figure 3 to analyse the domains in the same
area; In Figures 3a-3d, we havé a two beaﬁ condition, or at least a

systematic row of reflections is operating. The boundaries can be
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identified from their visibility or invisibilit;‘in different diffraction
conditions, dsing the table given above. The rgsuiés_aré'indicated
in Fig. 3é,Lwheré the configuration of éne domain wé$ angmed. From
the identlfications of the boundaries, all thélqgherldomains'can be
labelled iﬁ.a»self consistént manner. Figures 3e.a§dv3f.we£e taken
with the diffractibn conditions shown.in Figuré 3g, and illustrate the
second methqd of analysis. The fringesvih Figu;é 3§; rﬁnning from
right to left are thickness fringes. They remain cohtinuous across
the boundarieé in the bright field picture. 1In dark’fiéld, thever,
(Figure Bf); these fringes change éontrast at some'boundéries (e.g. at’
the boundéries marked a and c but,remain contingqus across othefs
(e.g. at j and g.). Comparison with Figure 3a shows that the latter
ones are translation boundaries, whereas thevfirst ones are inversion
_bodndaries. |

Figure 4 summarises a few results on the kinetics of the reaction.'

All specimens were annealed for 30 minutes at 950fcvaﬁd subsequently
water quenched. They were then annealed for various times: Figures
ba, 4b and 4c at 743?C for 1 minute, 10 minutes, 100 minuteé respectively,
figures 4d, 4é, 4f at 650°C for 1 minute, 10 minutes, 100 minutes
respectively. At 743°C after 10 minutes (Fig. 4b) domains are nucleating
in the disordered matrix. After 100 minutes (Fig. 4e) the reaction is
still not cémplete as there is still some disorderéd material left.
However, meanwhile the domains have substantially. coarsened, as is
evidenced by the large difference in number of particles per unit volume.
At 650°C the formation of long range ordered domains is preceded by a

substantial sharpening of the superlattice reflections (Fig. 4d)
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although these remain much weaker than iﬁ the fully ordered structure.

In the imagés domains are only clearly resolved after 10 minutés, e.g;

in Figure 4c. Long range ordered domains have nucleated and.growﬂ till
_they touch each other and anti-phase domain boundaries have formed.

After 100 minutes (Fig. 4f)-the:d6mains have coarsened fhrough annihilation
of énti;phase domain boundaries. A more detailed study of the kinetics

of the reaction wili be published shortly.
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FIGURE CAPTIONS

Projection of the two ordered variants on the (100) plane.

Only the octahedral sites are shown.

Schematic representation of the seven different boundaries in
ordered lithium ferrite.

An identical area in an ordered crystal photographed under
five different diffracting conditions.

Study of the kinetics of ordering in lithium ferrite.
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FIG. 4
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