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Summary

Electron optical studies of the oxidation of iron shows a wide
variety of localized oxidation processes occur. Long oxide
whiskers, blade shaped and rounded oxide platelets form
depending on the environment, metal structure and stress.
Selected area electron diffraction was used to determine the
structural features of the several a-Fe,O; crystals and their
mechanisms of growth.
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Introduction

The discovery of oxide nucleil:2 and of oxide whisk-
ers® 4 and platelets® in the oxidation of metals came as
a surprise to many workers. The then-accepted model of
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Table III. Summary of Data on Rounded Oxide Platelets

. Thickness ~150 A
Widths up to 2 x 105 A
. Lengths up to 1.5 x 105 A
. Density — 10%/ cm?
. Weigth = 3.1 x 10712 g for platelet 2 x 10° A long, and
1.5 x 10 A wide
6. Crystal structure — hexagonal a-Fe, 0,
7. Site area — 3 X 107° cm? for platelet 2 X 105 A wide and
1.5 x 10° A long
8. Percent of surface covered for 108/ cm? = 0.3%
9. Conditions — O,, metal in stressed conditions, impurities in metal
10. Reaction site — line site on metal, grows with time
11. Thickness — nearly independent of time
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these unusual twins, the composition plane is a twist
grain boundary. So far, four twist angles have been
identified in the patterns: the twist angle 13.174° = 2
arc cosec ‘/% is common. One example with the twist
angle 21.787° = 2 arc cosec V§§ hasbeen identified. These
two angles have a special geometrical significance in that
they rotate lattice rows in the basal plane into coinci-
dence. One example each of 26.66 + 0.2° and 35.22 +
0.2° has been identified. Because no definite geometrical
significance has been attached to these angles, the
measured values are given with estimated error limits.
Itis ofinterest tonote that13.174° - 13.174° = 26.348°
and 13.174° 4 21.787° = 34.961°.

It is possible that the twist angle varies slightly over
the face of an individual platelet. Also, two apparently
arbitrary angles were found which suggests that the set
of all twist angles which may occur may include one or
more broad continuous ranges of angles.
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Growth Mechanisms and Conclusions

Taxacr has shown that whiskers and blade-like plate-
lets grow from the tip.* All the growths appear too per-
fect to have been extruded. In the temperature regions in
which the growths have been observed, the lattice
diffusion coefficients of iron and oxygen!® are so small
that only negligible lattice transport could add to the
growth. Surface diffusion rates are limited by sintering
measurements!® to values several orders too small to
provide the iron diffusion necessary for the observed
growth rates of up to 10-100 A s2. This and other
arguments!>12 favor internal diffusion mechanisms in
which the iron is transported along the screw dislocation
core of a whisker and along the mirror twin and twist
twin composition planes of the two types of platelets.

Rapid diffusion along the blade length and slow
diffusion across the blade width are consistent with the
crystallographic symmetry of the blade, and can explain
the growth shape. Similarly, the surface diffusion coeffi-
cient for a twist grain boundary on the basal plane
should be isotropic. It is likely, however, that the un-
known structures at the bases of all these growths deter-
mine their breadths. Thicknesses are probably deter-
mined by the growth mechanisms at the growth sites,
which are at the growing tips and edges.

Short-circuit diffusion in gas-metal and solid state
reactions in general must be all-important at tempera-
tures where lattice diffusion rates are small. The a-Fe,0,
growths illustrate dramatically the unexpected extremes
to be expected where short-circuit diffusion paths are
involved.
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