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‘ELECTRON MICROSCOPY OF SOME RARE EARTH-COBALT ALLOY MAGNETS

Raja K. Mishra and G. Thomas
Department of Materials Science and Mineral Engineering
and Materials and Molecular Research Division, Lawrence
Berkeley Laboratory, University of California, Berkeley,
. California 94720

ABSTRACT

Transmission electron microscopy is being used to
characterise the microstructural features in some 1:5
and 2:17 RE-Co magnets. In 2:17 compounds containing
Fe and Mn, lamellae of hexagonal and other polytypic
regions embedded in the rhombohedral matrix are ob-
served. It is shown that the interface between the
hexagonal and rhombohedral phases can be described as
a stacking fault with fault vector normal to the in-
terfacial plane. APB's parallel to the prism planes
in the rhombohedral structure have also been identi-
fied and characterised. In contrast, no planar faults
have been observed in the 1:5 materials containing
misch metal as the major rare-earth component. In
these alloys extensive twinning and precipitation of a
2:17 rhombohedral phase are the major microstructural
features observed. The influence of these microstruc-
tures on the magnetic properties are discussed.

INTRODUCTION

It is now accepted that, if the methods of pro~
cessing, resulting microstructure, and corresponding
properties can be correlated, a firm basis can be
established for the design of materials with optimum
properties. The primary role of microstructural char-
acterisation in development work is the specification
of those structures which result in the best process
route~property relationships, and this implies also
that detrimental microstructural (chemical) features
have to be identified. ‘

In recent years, a new class of magnets, based on
rare-earth cobalt (RE-Co) alloys with very high in-
trinsic coercivities (Hey) and maximum energy products
[ (BH) max] have emerged. The study of their micro-
structures has received considerable attention
in the last few years. Although much progress has
been made in the understanding of microstructure-
magnetic property relationships in some of the RE~Co
magnets, most of the microstructural features (such as
stacking faults, twins, second phases and interfaces
etc.) have not been well-characterised, and their
possible roles in the materials' properties have vet
to be established. 1In the present paper, an attempt



has been made to discuss and identify a few of the de-
sirable and undesirable wicrostructural features in
some complex RE-Co alloys, with special emphasis on
thelr characterisation. One of the alloys chosen for
the present study is an economically produceable

(1:5 RE:Co) magnet containing misch metal (mm) as the
major rare earth component. Microstructural investi-
gations of some 2:17 alloys contalning Fe and Mo will
also be discussed.

EXPERIMENTAL

Several sintered magnets were provided through
the courtesy of Dr. D. Fry of General Motors Research
Center, Warren, Michigan. One set of magnets had nom-
inal powder composition mm,6gSm, 9Cog with misch metal
(mm) composition 53% Ce, 25% La, 13% Nd, 5% Pr and
4% others. A second set of magnets had the compo-
sition Smpy (Co gFe 1Mn 1)17. These were prepared by
sintering the magnetically aligned pellets for one
hour at 1060°C and 1135°C vespectively and were fur—
nace cooled. The average grain size and densities
were ~2,5 ums. and 8.26, 7.82 gms/cc respectively.
The remanences and intrinsic coercivities determined
by R.W. Lee of General Motors Research Lab. were 7.5kG
and 14kG for the 1:5 alloys and 8.5kG and 5.8kC for
the 2:17 alloys rvespectively. _ ,

For microstructural characterisation, 3mm discs
were spark-cut from the sintered pellets. These were
mechanically thinned and then ion milled until elec-
tron transparent. Thin folls were examined in a
Hitachi HU~650 high voltage electron microscope oper-
ating at 650kV. Some in situ hot stage observations

were also made in a Philips EM-301 microscope.
RESULTS AND INTERPRETATION

a) Microstructure of Smy <CO,8FQQIMH51)17 mag-
nets. The grains in the sintered material were ob~
served to have a ThoZnyy type rhombohedral structure.
As shown in Fig. 1 vegions of hexagonal (ThypNiyy
structure type) material were quite often present.

The boundary between these two phases can be described
by a fault in the rhombohedral lattice with a fault
vector normal to the boundary. By orvienting the spec~
imen so that the diffraction vector lgeg parallel to
the edge-on boundary (i.e. such that g.R = 0), the
contrast from the phase boundary can be made to dis-
appear as shown in Fig. 1(b). This boundary has a
fault vector = a/3 [000Q1], which corresponds to one
basic building block mismatch in the crystal
structure.
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Another kind of stacking fault in the rhombo-
hedral structure is shown in Fig. 2. The fringe
contrast in Fig. 2(a) arises due to a phase change of
T in the electron beam as it crosses the fault.

These faults are found to lie on the prism planes of
the crystal and go out of contrast for diffracting
conditions (7) such that §,§ = (0 or an integer. The
fringe contrast appears only when a systematic row
with a higher order reflection (n 2 4) has been ex-
cited. Sgch contrast is consistent for faults having
a 1/4 <1010> displacement vector. Dynamical contrast
calculations for the fringe profiles confirm this re-

sult. Such a fault can form due to impingement of

. . . .
vegions nucleated in diffevent stacking sequences and

may be looked upon as an antiphase boundary (APB).
Structurally, this planar fault disturbs the position
of both Sm and ""Co" atoms (unlike the faults in fer-—
vimagnetic spinel ferrites where only cations are dis-
turbed <7)9 which must affect the magnetic interac-
tions locally. :

Apart from these structural defects, the materi~
als contain numerous inclusions as in Fig. 1. Fur-
thermore, these inclusions are dispersed non uniformly
in only certain regions of the material.

Another common feature of the microstructure is
shown in Fig. 3., in which a grain of the 2:17 phase
contains periodic faulting. This striated micro-
structure (8) may be due to the presence of several
polytypes (9) of the 2:17 phase as evidenced in the
selected area diffraction patterns. Lattice imaging
studies of these polytypes are currently in progress
in order to establish the basic structures.

b) Microstructure of (mm) ,hgSm 9Cog magnets:

This material, unlike the 2:17 compounds, does not
contain stacking faults of the type discussed earlier.
Instead, these alloys contain a number of twinned
grains. Part of such a grain is shown in Fig. 4.
Twins are growth twins and the basal plane is the twin
plane. It is believed that these occur upon recrys—
tallisation during sintering. Oun heating the speci-
men in the hot stage of a Philips EM-301 microscope

at 860°C, the twins are observed to grow in thickness
in those grains.

As can be seen in Fig. 4(a) the resulting micro-
structure contains two different phases in the twinned
and untwinned regions of the twinned grains. Careful
analysis of the diffraction patterns from these re-
gions shows that the microstructure consists of a
2:17 (rhombohedral) phase which has precipitrated from
the 1:5 matrix. Upon continued annealing (in the hot
stage of the EM-301}, the second phase grows and a
cellular microstructure (Fig. 4b) similar to that
reported by Livingston and Martin (3)9 results. In



grains where no twinning has occurred, small precipi-
tates of hexagonal 2:17 phase form in the 1:5 matrix
as shown in Fig. 5. These particles have a very slow
growth rate and remain essentiallv unchanged in size
during heating at 860°C. 1In view of the 1:5 overall
composition of these magnets, these observations can
be explained if one assumes local composition differ-
ences between different grains.

DISCUSSION

The coercivity of the mm-containing 1:5 magnets
is much higher than that of the Mn, Fe doped 2:17
magnets. Our results of the microstructural inves-
tigation show that the 2:17 magnets contain predomi-
nantly the hexagonal 2:17 phase and other polytypic
phases embedded in the rhombohedral matrix. These
structures also contain planar defects such as APB's,
stacking faults, interphase boundaries etc. which are
known to act as preferential sites for reverse domain
nucleation. Magnetisation data confirms that in
these magnets, coercivity is in fact controlled by
domain nucleation.

In the 1:5 magnets containing misch metal, the
intrinsic coercivity is quite high. This is believed
to be due to domain wall pinning by precipitates of
the 2:17 phase (3) even when thev are quite small in
size. Also the occurrence of twins probably contri-
butes to high coercivity (10). 1n order to invest-
igate these proposals, further aging experiments are
in progress so as to change the microstructure (dis-
persion of second phases) of the complex 1:5 magnets
(mmGSSmQZCOS); The peak aged properties have not
been determined yet, but use of mm instead of pure
rare ecarth elements to prepare magnets with compar-
able properties is certainly attractive from an eco-
nomical viewpoint.

The effect of alloying elements (such as Mn in
this case) on the microstructures and magnetic prop-
erties of RE~Co alloys is beginning to receive some
attention (2:11), 1Ipn the present study, the role of
Mn could not be ascertained precisely, although pro-
lific faulting and polytypic transformations are ob-
served. These features must be a consequence of the
specific alloying additives used. Work is in progress
to evaluate the vole of some other alloying elements
and establish the optimum amounts of alloying addi-~
tiong, as well as the accompanying heat treatments
for best results.
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1. B.F. image of sintered (Co,gFe 1Mn 1);7Smy show-
ing regions of hexagonal 2:17 phase (H) 1in rhombo~
hedral 2:17 matrix. The interfaces (A) correspond
to faults in the rhombohedral structure and are

out of contrast in (b) (g.R = 0). Note the pre-
sence of inclusions B, scattered nonuniformly.

2., a) B.F. image of 7 faults in the rhombo-
hedral 2:17 phase. The associated fault vector
R = %<QJ;O>Q. Faults are out of contrast in (b)
where g.R = 0,

3. Striated microstructure in 2:17 compounds.
The corresponding SAD pattern is shown in the
insert.

4. (a) Matrix dark field image of (Mn) gSm 9Cojy
magnets showing twinning and 2:17 precipitate
phase. (b) B.F. image of the microstructure of
1:5 magnets [as in (a)] upon annealing. The
2:17 precipitates grow and impinge giving rise
to the cellular microstructure.

5. B.F. dimage of isolated precipitateé of a
2:17 phase in the (Mn)ugSmazcoS matrix.
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