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A pronounced development of the superstructure in slightly reduced y-Fe,0;, particles has been ob-
served with the aid of high resolution electron microscopy. The model of superstructure formation as
a result of vacancy ordering has been proposed on the basis of computer simulation images. Twins of

the (110) type have also been detected.

vy-Fe, 04 is well-known to be a component
of some catalysts for selective oxidation re-
actions (I). It is widely used in magnetic
recording media. There is a suggestion that
the reactivity (2) and magnetic properties
(3) of y-Fe,O; may be attributed to the real
structure of their particles. However, little
is known in detail about the defect structure
versus the stoichiometry of this material.

According to Ref. (4) the basic structure
of y-Fe,0; is closely related to that of the
inverse spinel Fe;0, with a statistical distri-
bution or regular ordering of the octahedral
cation vacancies. These data, obtained with
the aid of X-ray powder diffractometry (5)
and the neutron diffraction method (6), cor-
respond to mean values and therefore are
not reliable. This method of high resolution
electron microscopy (HREM) has made
possible direct imaging of the atomic struc-
ture of solids. We report here on HREM
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studies of the y-Fe,0, structure. The instru-
ment used for work described below was
a transmission electron microscope JEM-
100B with a specially constructed top entry
specimen stage and an objective lens with
spherical aberration C; = 1.2 mm. The in-
strumental resolution of this machine oper-
ated at an accelerating potential of 100 kV
approaches 3 A.

The specimen of y-Fe,0, was prepared
from acicular spinel Fe,O, (the starting ma-
terial was a-FeOOH) by its oxidation in O,
at low (~250°C) temperature. The as-pre-
pared sample was then reduced in microre-
actor to the stoichiometry Fe,0, o, by pulses
of 0.3% CO in He at 227°C or by the treat-
ment at 400°C in He (oxygen admixture ~5
ppm). Both as-prepared and reduced speci-
mens were identified as y-Fe,O; by X-ray
powder diffraction method.

Figure 1 shows a bright field image of the
as-prepared particles viewed down the [110]
direction. A corresponding electron diffrac-
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F1G. 1. High-resolution micrograph of as-prepared sample of y-Fe,0, oriented into [110] zone axis. A
corresponding electron diffraction pattern is situated at the top. Computer image based on idealized
Fe;0, is included in the micrograph (see text for further discussion).

tion pattern is situated in the inset. No dif-
ference in the HREM images of as-prepared
specimen and spinel is observed, as seen
from computer simulation image based on
Fe,0,, which is included in Fig. 1. There-
fore a statistical distribution of cation vacan-
cies seems to be obtained for stoichiometric
v-Fe,05. A space group of this specimen
appears to be Fmmm.

By inspection of the micrograph of the
reduced sample (Fig. 2) one can see a pro-
nounced development of superstructure
along the a axis with a period equal to 3a.
The crystal is oriented into the same zone
axis as in Fig. 1, i.e., [110]. The electron
diffraction pattern is shown at the top of the
micrograph. We have proposed a model of
superstructure formation based on the or-
dering of Fe vacancies distributed on octa-
hedral and tetrahedral sites in the spinel lat-
tice with a threefold unit cell along a axis.
This model was used for image calculations

based on the multislice method. Such com-
puter simulation image fits in with the exper-
imental micrograph (see inset in Fig. 2).
Other models based on statistical or ordered
distribution of octrahedral vacancies only
were not in good accord with experimental
observations. Though no space group could
be derived from the bidimensional diffrac-
tion patterns our results indicate that non-
stoichiometric y-Fe,0,_, possesses atetrag-
onal unit cell.

Thus, the data gained in the present inves-
tigation show the superstructure develop-
ment in y-Fe,0;-reduced specimens. Be-
sides the superlattice, several features of
the structural arrangement are also evident
from the micrographs. For example, the
arrow A in Fig. 3 indicates the crystal parts
in a twin relationship. In this case the crystal
is oriented along the [001] zone axis. The
electron diffraction pattern (see inset in Fig.
3) shows that the twin plane is (110) type.
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FIG. 2. The structure of the reduced y-Fe,0; particle imaged into [110] projection. There is a strong
evidence of the formation of superstructure with a threefold unit cell.

F1G. 3. Micrograph of the reduced y-Fe,0; particle. Twin boundaries (A) and incoherent stacking of
the crystalline blocks (B) are arrowed.
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These twins are a prominent defect in re-
duced y-Fe,0, specimen. One can also see
areas that approach incoherent stacking of
the crystalline blocks (as shown by B).

The present observations are the first pub-
lished HREM images of the structure of y-
Fe,0, prepared from synthetic Fe,O, crys-
tals. This HREM study has revealed the
presence of the superlattice and structural
imperfection for y-Fe,O, specimens. Ac-
cording to Refs. (7 and 8) the high activity
and selectivity of y-Fe,0, in oxidative dehy-
drogenation of butene appears to be associ-
ated with a possibility of an easy cation ex-
change between the bulk and the surface
structure of the catalyst particles. The for-
mation of superstructure and other ex-
tended defects in the structure of y-Fe,0,
may promote such cation migration.

It seems also likely that our results can
provide indispensable information for fur-
ther improvement of the magnetic recording
media based on y-Fe,0;. Thus, saturation
magnetization is a function of the cation dis-
tribution. Therefore, according to our data,
this parameter will depend upon stoichiome-
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try determined by processing conditions.
The coercivity is influenced by the morphol-
ogy and microstructure of the particles and
will be greatly affected by twin boundaries
normal to (110) easy axis of the material.
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