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ABsTRACT

X-ray diffraction study, together with magnetic measurements, was made on liquid-
phase sintered permanent magnets of the RCos type (R = Sm, Smo.s Pros, or MMo.s Smo.s).
It was found that the sintered samples invariably possessed a skin Jayer of about
0.3 mm in thickness. This layer and the eore of the sample, therefore, had tc be studied
separately, magnetic measurements being made only on the core. In comparison with the
core, the skin layer proved to have a more complex structure. As far as composition is
concerned, the skin material had a higher R-content and a lower Co-content. At an over-
all Co-content of about 63% by weight, the sintered core had a maximum intrinsic co-
ercive force and exhibited only a single metallic phase, i.e, the RCos-type intermetallie
compound with CaZns strueture. No evidence for thc presence of any R:Cor or R:Coir
phase was detected in the diffraction patterns. The relative amount of the liquid-phase
sinlering aid in the mixed powder before sintering was varied in order to obtain a series
of compacts of different overall Co-contents. Sintcred cores from powder compacts of
overall Co-contents different from the optimum (63 wt.9%) generally showed the presence
of &« second metallic phase. As soon as a second phase appeared, whether it was ReCors
or ReCoi;, the magnetic properties of the sintered core became inferior to those of a
sample of the optimum ecomposition. Moreover, the mugnectic parameters of the sintered
core varied monotonically with the relative content of the second phase. On the basis
of these findings, a model of the mechanism of liguid-phase sintering is tentatively sug-
gested. It is pointed out that absence of the R:Co; phase in the sintered core possess-
ing the maximum coercive force i8 in obvious disagreement with the epitaxial shell
model recently proposed by Strnat and co-workers.

INTRODUCTION

It is now well known that consolidated powders of rare-earth-cobalt alloys of RCos
type (R = La, Ce, Pr, Nd, Sm, ete.) belong to a group of permanent magnets far
superior in certaln important respects to the best conventional permanent magnet
materials. In recent years, these permanent magnets have been widely prepared by a
liquid-phase sintering technique, The mechanism of this kind of sintering process
and the changes in the phase constitution of the alloy during the proecess, the correla-
tion between the phase constitution and the magnetic properties of the sintered sample,
and the mechanism that gives rise to high coercive force are problems of recent in-
terest, to which a great deal of work has been devoted.

Benz and Martinl!), studying the volume shrinkage and the development of high
coercive force during sintering, have postulated a model for the mechanism of
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shrinkage, on the basis of which it is conceived that the high coercive force structures
achieved in these alloys would be those with a relatively high concentration of cobali-
vacancies in the grain boundary regious. Their optical and electron microscopie
observations showed, however, that the grain boundary regions of the sintered alloys
were largely free from defects. The defective struetures which cause wall-pinning
at the grain boundary regions are, therefore, presumed to be of atomic level. They
have not considered the direct effect of the presence of a second magnetie phase on
the average magnetic properties of the sintered alloy.

Strnat and co-workers23 have studied the variation of the coercive foree with
the sintering or annealing temperature and, in interpreting the results obtained, have
suggested that during liquid-phase sintering a highly defective epitaxial layer of the
R.Co; phase forms on the surface of the quite perfect single-domain grains of the
matrix RCos phase. The wall-pinning sites reside in the epitaxial shell. Aeccording to
this model, the development of a high coercive force should depend upon the presence
of a considerable amount of the second magnetic phase R.Co,.

The present work aims mainly to obtain correlations between the phase constitu-
tion and the magnetic properties of liquid-phase sintered alloys of various compositions
by making X-ray diffraction studies and magnetic measurements on the same sam-
ples. It is hoped that the results of such a study will be beneficial to the improve-
ment of the preparation technology and of the magnetic properties of this type of
permanent magnets.

EXPERIMENTAL

Three kinds of permanent magnet alloys have been studied, namely, SmCo;,
Sme.s Pres Cos, and MM,.s Smo.s Cos (MM denotes cerium-rich miseh metal). The com-
positions of the base alloys are nearly stoichiometrie in accordance with these formulas
and that of the liquid-phase sintering aid is 60% Sm and 40% Co by weight for all
three kinds. Both base alloys and sintering additive were prepared in an inter-
mediate frequency vacuum induction furnace. The ingots were crushed and milled
into powders of 1~10,m particle size. Each of the base alloy powders was then
blended in different proportions with powders of the sintering aid, so that a series
of powder mixtures of overall Co-contents of 57, 59, 62, 63, 65, and 67% by weight
was obtained. Cylinders of ?¥8.5 mm X 6 mm were compressed from these mixed
powders in a magnetic field, sintered under an argon atmosphere at about 1100°C for
30—60 min, and subsequently cooled in vaecuum or aleohol. The sintered samples thus
obtained invariably had a skin layer of about 0.3 mm in thickness. A line of division
between the skin and the core on the end of a eylinder could be distinctly discerned
by naked eye. The skin material was carefully taken off the core, which was used
first for magnetic measurement. Subsequently, both the skin material and the core
were pulverized into particles of micron order for X-ray diffraction study. Powder
patterns were taken by an Enraf-Nonius Guinier Type-II camera, using Co-K, radia-
tion and an exposure of 4—9 hr.

In order to evaluate the relative variations in the contents of alloy phases in the
samples, the (202) line of the R.Co, phase and the (111) line of the RCo; phase were
recorded simultaneously by a diffractometer, using a 214°-2°-0.2° slit system, a
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scanning rate of 0.5 degree/minute, Cr — K. radiation, and vanadium filter. The
relative content of a phase is thus represented by the ratio of integrated intensity of
an appropriate line.

However, the (202) line of R.Co: and the (111) line of RCos; are partly over-
lapped, so that successive approximation by a method of asymptotic plotting was
employed to separate them. This was carried out as follows: Let (6) and f(8— X)
denote the intensity functions of the true lines respectively., Draw lines from the
vertices of the two peaks in the diffraction pattern perpendicular to the g-axis. Re-
grading these lines as the axes of symmetry of the respective lines, zero order approxi-
mations ecan be obtained from the “unoverlapped” halves in the pattern (the lines
are, of course, assumed to be symmetical). Denoting these by ¢.(8) and fo(68 — X,)

respectively, we obviously have
®o(8) > @(6) and fo(0 — X,) > f(6 — X).

’sing the zero order approximations as a beginning, higher order approximations can
be sucecessively plotted out, such that

fi+1(6 + Xip) = fo(6 — Xy) — cp,-(@),
Pin(0) = @, (8) — ,(6 — X,).

Thus two series of intensity functions are obtained, satisfying

fu>fz>f4"‘>f2n>f>f2n+1>“‘fs>.f3>f17
Qo= Q2= Pyttt D Pay P Poggg 7 0 Ps = Pa @y

The plotting continues until the axes of symmetry of the plotted lines no longer move
and the curve plotted from the sum @(8) + f(8 — X) become equal to the recorded
pattern.
The sintered cores used for magnetic measurements were of 8.5 mm diameter and
6 mm length. They were first magnetized in a pulsed field of over 10° oersteds and
their second-quadrant demagnetization curves were traced out by a de hysteresigraph.
Compositions of alloys and sintered materials were analyzed by X-ray fluore-

scence,

REesuvts

As optimum magnetic properties were obtained in the cores of sintered samples
of 63 wt.% overall Co-content for all three kinds of alloys, we shall first describe the
results obtained from samples of this overall Co-content as a group. Eight Guinier
patterns are grouped together inm Plate I for comparison. The first four patterns are
from the MM,.; Smo.s Cos base alloy, an MM, Smo.s Cos liquid-phase sintered core, the
powder mixture of MM, Smes Cos base allov plus Sm-Co sintering aid before
sintering, and the Sm—Co sintering aid, respectively. Patterns from liquid-phase
sintered cores of the Smos Pres Cos and the Sm Cos kinds are given as ¢ and f
respectively. Patterns from the skin materials of liquid-phase sintered samples of all
three kinds of alloys are nearly identical and, therefore, only a pattern from the
skin material of a sintered MM,.; Sm,.; Cos sample is shown, which is designated Pat-
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tern g. A portion of a powder mixture of MM,.; Sme; Cos plus Sm—-Co sintering aid
was burnt completely in air at 1095°C and a pattern was obtained from the residue;
this is Pattern h of Plate I. The purpose of obtaining this last pattern will be seen
in the following.

Plate 1I is a comparison of Guinier patterns from Iliquid-phase sintered Smy.s
Pro.s Cos cores of different overall Co-contents. Note that the base alloy alone has an
overall Co-content of 67 wt.%.

Plate IIT shows the variation of the recorded diffraction lines from liquid-phase
sintered Sme.s Pros Cos cores with the composition of the sample. Plate IV shows the
recorded diffraction lines from a part of the samples seen in Plate 111 after anneal-
g at 900°C.

Data derived from patterns of Plate I for the RCo; phases in sintered cores of
optimum composition are listed in Tables 1 to 3. Also, data for three phases identi-
fied in Pattern a of Plate II are llisted in Table 4; and those for two phases identified
in Pattern e of Plate II in Table 5.

Table 1
Powder Pattern Data of Liquid-Phase Sintered MMy.;8mo.;Cos Core
Overall Co-content of powder compact: 63 % by weight
Sintering temperature: 1095°C
Guinier II camera, 5 hrs. CoK,
CaZns type structure: @ = 4.95A, ¢=23.94 A, ¢/a =0.80

(hxet) sin’ fcatcq Sin® 8 pteas Treas
100 0.0437 0.0432 w
001 0.0575 0.0514 w
101 0.0952 0.0955 w
110 0.1311 0.1308 M
200 0.1748 0.1746 S
111 0.1826 0.1826 VS
002 . 0.2058 0.2061 M
201 0.2262 0.2262 w
112 0.3369 0.3372 M
211 0.3574 0.3588 M
202 0.3806 0,3824 M
300 0.3933 0.3968 w
301 0.4448 0.4477 M

Results of magnetic measurements are presented only for the sintered Smo.s Pros
Cos magnets, since the results for the other two series of alloys are quite similar. The
magnetic parameters are plotted as functions of the overall Co-content in Fig. 1.
They are plotted as funetions of the relative content of the R,Co, phase in Fig. 2
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Table 2

Powder Pattern Data of Liquid-Phase Sintered Smo.sPro.sCos Core

Overall Co-content of powder compact: 63 % by weight

Sintering temperature: 1130 °C
Guinier II camera, 5 hr. CoKq4
CaZns type structure:

a=4.994, ¢ =3.96 4, ¢/a=10.79

(D) sin® Ocated 8in? @ Meas TMeas
100 0.0431 0.0432 w
001 0.0512 0.0510 w
101 0.0943 0.0945 S
110 0.1293 0.1290 M
200 0.1724 0.1720 S
111 0.1805 0.1813 VS
002 0.2048 0.2061 M
201 0.2236 0.2233 w
112 0.3341 0.3339 M
211 0.3529 0.3538 M
202 0.3772 0.3790 M
300 0.3879 0.3892 w
301 0.4391 0.4425 M

Table 3
Powder Pattern Data of Liquid-Phase Sintered SmCos Core
Overall Co-content of powder compact: 64 % by weight
Sintering temperature: 1160 °C
Guinjer camera, 5 hr. CoK,4
CaZn;s type structure:
a=4.994, c=3.99 A, c/a=0.80

7)) sin? Ocatca 8in® O meas Iheas
100 0.0429 0.0425 w
001 0.0502 0.0498 w
101 0.0931 0.0930 S
110 0.1287 0.1284 M
200 0.1716 0.1719 ]
111 0.1789 0.1786 VS
002 0.2008 0.2018 M
201 0.2218 0.2218 w
112 0.3295 0.3306 M
211 0.3505 0.3521 M
202 0.3724 0.3739 M
300 0.3861 0.3892 w
301 0.4363 0.4408 M
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Table 4
Powder Pattern Data of Liquid-Phase Sintered Smao.sPre.sCos Core
Overall Co-content of powder compact: 59 % by weight
Sintering temperature, 1130 °C; sintering time, 1 hr; cooled in aleoho]
RCo, phase: CaZn, type structure a =4.98 &, ¢ =3.69 A, ¢/a = 0,79
R:Co; phase: @ =5.00 A, ¢ = 22.96 &, ¢/a = 4.60
RCos modification: a = 9.85 &, ¢ =7.94 A, ¢/a = 0.806
ik gin’ € yeas IMeas RiCor
hil sin? Ocatca sin® Ocaicq Rkl
—_—
100 0.043 0.045 Vw
001 0.051 0.051 vw
101 0.094 0.094 ]
300 0.101 0.101* w
301 0,111 0.109* W
003 0.114 0.115* w
0.127 S 0.128 110
110 0.129 0.129 M
0.170 S 0.170 200
200 0.172 0.172 M
0.176 \L 0.176 202
111 0.180 0.180 \'E
0.196 w 0.195 204
002 0.204 0.204 VW
201 0.223 0.223 W
112 0.333 0.335 W
211 0.352 0.354 w
202 .376 0.378 w
300 0.387 0.390 W
0.435 w 0.439 306
301 0.438 0.442 M

* After Ref. [4].

and of that of the RCos phase in Fig. 3. The values of these relative contents are
derived from the ratio of integrated intensities of the diffraction lines, as has been
mentioned above. Note that these are normalized values, taking the content of the
R.Co: phase in the 57 wt.% Co sample and that of the RCo; phase in the 63 wt.%
Co sample as unity.

The relative contents of both the R,Co; and RCos phases in the as sintered cores
changed after annealing at 900°C. This is illustrated in Fig. 4.
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The salient points brought out by the experimeﬁtal results described above can

be summarized as follows.

(1

When optimum magnetic properties are obtained in a liquid-phase sintered
core of the RCo; type, it contains only a single metallic phase, ie.,, the RCo, inter-
metallic ecompound of hexagonal CaZns type structure (see Patterns b, e, f of Plate I;

Table 5

Powder Pattern Data of Lignid-Phase Sintered Smq.sPro.sCos Core*

Overall Co-content of powder compact: 67 % by weight

Sintering temperature, 1130 °C; sintering time, 1 hr; cooled in alcohol
RCos phase: CaZn, type structure ¢ =4.99A, ¢ = 3.97 A, ¢/a = 0.79
R.Coi; phase: Th.Zn,, type structure ¢ = 8.4019 A, ¢ = 12.2807 A, ¢/a = 1.4557

RCos RCo,*
sin® Ocaicq I Meas
17D sin? Ocarca sin® Ocateq D
100 0.0426 0.0432 VW
001 0.0509 0.0506 vw
101 0.0935 0.0935 Vs
0.0954 W 0.0936 113
0.1017 VW 0.1009 104
0.1114 VW 0.1114 211
110 0.1278 0.1296 M '
0.1367 M 0.1363 030
0.1464 M 0.1462 024
200 0.1704 0.1706 M
111 0.1787 0.1786 vs
0.1813 M 0.1816 220
0.1840 M 0.1843 033
0.1949 W 0.1944 205
002 0.2036 0.2033 M
201 0.2213 0.2248 w
0.2306 M 0.2298 293
0.2439 vw 0.2475 401
112 0.3314 0.3306 M
211 0.3491 0.3530 M
0.3672 vw 0.3660 143
0.3706 VW 0.3684 217
202 0.3740 0.3774 M 0.3744 226*
300 0.3834 0.3883 VW
301 0.4343 0.4425 M

* After Ref. [5].
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Pattern ¢ of Plate 1I; the recorded line from the 63 wt.% Co sample in Plate III; and
Fig. 1.). No lines of any other phase are detected in its Guinier pattern. This holds
for Sm Cos and MM,.; Sm,.s Cos as well as for Sms.; Pr... Cos.

(2) Diffraction lines from the liquid-phase sintering aid can be seen clearly in
Pattern ¢ of Plate I for the mixed powder before sintering, but no traces of these
lines remain after the powder has been sintered. No new lines are detected from the
as sintered sample either.

(3) Pattern g of Plate I shows that the skin material of a sintered sample is
considerably more complex than the core material. It was thought that the skin
material consisted mostly of oxides, so that a portion of the powder mixture of 63 wt.%
overall Co-content was burnt in air at 1095°C for a sufficiently long time and a
diffraction pattern was taken of the residue. Comparison of this pattern (& of
Plate I) with Pattern g of Plate I indicates that the latter contains some extra lines
besides those of the oxides of the completely oxidized powder. However, the number
of these extra lines is too few to enable us to identify their origin. Chemical analy-
sis gives the composition of the skin material as 58 wt.% Co, 21.8 wt.% Sm, the rest
being MM. This indicates that compared to the core, the skin has a lower Co-content
and a higher total rare-earth content.

(4) When the overall Co-content of the mixed powder is varied from the
optimum (63 wt.%) by varying the proportion of the liguid-phase sintering aid
added, a second alloy phase generally appears in the sintered core, as is evidenced
by Plate II. The appearance of a second alloy phase is accompanied by a deteriora-
tion of the magnetic properties of the sintered core (see Fig. 1).

(5) When the overall Co-content of the mixed powder is below optimum, the
second alloy phase that appears in the sintered core is the R.Co; phase (see Plate
III). As the overall Co-content decreases and the relative content of the R,Co; phase
increases, the magnetic parameters of the sintered core decrease monotonically (Plate
III and Fig. 2). On the other hand, with inereasing Co-content and increasing rela-
tive content of the RCos phase, the increase of the magnetic parameters is also
monotonie. Similar results are obtained in the cases of the Sm Cos and MM,..:Sme.s
Cos magnets,

(6) When not enough or none of the liquid-phase sintering aid is added to the
mixed powder (e.g., the samples of overall Co-content 65 wt.% and 67 wt.%), an
R:Co:; phase appears in the sintered core, and this is also accompanied by a deterio-
ration of the magnetic properties. (Plate II).

(7) When the cores of the sintered Sm,.s Pro.;Cos magnets are annealed at
900°C, the magnetic properties of the cores deteriorate rapidly. Irom a eomparison
of Plates IV and III, it can be inferred that this is caused by a general increase or

appearance of the R.,Co; phase.

Discussions

(1) From the first three points summarized in the last section, it is evident
that during sintering the liquid-phase sintering aid disappears and a layer rich in
rare-earth forms at the surface of the sample. When the final constitution of the
sintered core is approximately a single RCo; phase of Ca Zns-type structure, all three
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magnetic parameters reach their maximum values. The following picture of the
sintering process probably explains how all this oceurs.

During powder preparation, the alloy particles must be oxidized at the surface
and become wrapped in a rare-earth oxide shell. Immediately inside the shell, the
alloy becomes lower in rare-earth content than in the inner part. Oxygen is also
adsorbed on the surface of the particles to a certain extent. At the sintering tem-
perature, the Sm-rich liquid-phase sintering aid becomes molten and a part of its Sm-
content goes to react with the oxygen freed from adsorption. In the meantime, the
oxide shells on the base alloy particles break and another part of the samarium
content of the liquid phase goes to replenish the rare-earth depleted surface of the
base alloy particles. This probably takes place by some mechanism such as the reaec-
tion diffusion.

‘While all this proceeds, the samarium content of the liquid phase decreases and
the melting point of it raises steadily. When a sufficient degree of supercooling is
reached, precipitation by epitaxial growth on the surface of base alloy grains begins.
The solid phase that forms from the liquid phase is probably closer to Sm Cos than to
Sm, Co; or Sm Cos; at first, but as sintering goes on, transformation may continue by
reaction diffusion, The end products (single-phase RCos or its mixtures with R,Co
or R.;Co:.) of the sintering process obviously depend upon the relative oxygen-content
in the sample and powder mixtures of overall Co-contents. Unfortunately, oxygen
analysis of our samples is not available at present, so that no attempt has been made
to caleulate the amounts of the various phases in specific cases.

Since the crystallization process has in itself a purifying effect, most of the im-
purities and oxides would probably move through the network of grain boundaries as
sintering goes on, and would pour onto the surface of the sample. In the same time,
the tendency toward equilibrium causes the grains in the inner part of the sample to
grow to more perfection. This is evidenced by Benz and Martin’s observations men-
tioned earlier.

(2) Inasmuch as the intrinsic coercive force of a grain depends on its size as
well as the conditions of its surface, one cannot in general exclude the possibility
that the sintering process affects changes in the average coercive force of a sample
through changes in average size as wel as average surface conditions of the grains
of the main magnetic phase. However, in case where a second phase of different
magnetic properties is present to considerable proportions, the simple effect of
“mixing” is likely to become dominant.

In the case of the alloys studied in the present work, since the sintering tem-
perature is well below the peritectic temperature of the base alloy and the sintering
time is not very long, the grains of the base alloy should not be greatly affected
structurally. Furthermore, it is known that the coercive forces of the rare-earth-
cobalt intermetallic eompounds are intimately connected with their anisotropic fields
and that the magnetic anisotropy of the RCos phase is greater than either that of the
R.Co; phase or that of the R.Cosx phase. For these reasons, it may be concluded that
the variation of the magnetic parameters with the composition or the phase-constitution
of the sample shown in Figs. 1—3 is a direct consequence of the presence and the
variation of the amount of a second magnetic phase. For overall Co-contents less than
63 wt.%, it is clear from Plates IT and III that the second magnetic phase is R.Cor.
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For the samples of 65 wt.% and 67 wt.% overall Co-content, the second magnetic
phase is R.Co,,. But, owing to the existence of a mnarrow homogeneity region
around RCos at high temperatures, an R,Co.,; phase may not precipitate out in the
65 wt.% Co sample at the sintering temperature; and when its small amount precip-
itates during eooling, it is probably highly dispersed. For this reason, we observe
in Pattern d of Plate II only a shift of the diffraction lines. However, for the
67 wt.% Co sample, the diffraction lines of the R.Co.,, phase are quite clear in
Pattern e of Plate II.

(3) According to the more recent versions of the phase diagram of the Sm—Co
system, there is a narrow homogencity region around SmCos at high temperatures
which tapers off to the SmCos line at lower temperatures. At the sintering tempera-
ture, the stable composition of the base alloy may extend, say, from RCo;-, to
RCos+x. An as sintered sample may consist mainly of an alloy phase RCos— (X < X1),
which has not come to equilibrium. When the sample is annealed at an elevated
temperature below the sintering temperature, this phase may break up into an RCos
and an R,Co, phase, i.e.,

&RCOj_x - ﬂRCO; + ’)’R2007 .

This is probably just the situation that occurred to the sintered Sm,.; Pro.s Cos
sample of 63 wt.% overall Co-content on annealing at 900°C. A comparison of Plate
IV with Plate III shows indeed that on annealing the as sintered samples at 900°C,
there is in general some more of the R,Co, phase precipitating out from the main
phase (RCos-y).

(4) According to the epitaxial shell model of liquid-phase sintering of the
SmCo;-type magnets proposed by Strnat and co-workers!23, the wall-pinning sites are
located in the highly defective epitaxial shells of R.Co, on the surface of the RCos
grains. This requires a considerable amount of the R,Co, phase to precipitate out
before the coercive force of the sample reaches a maximum. This is in disagreement
with the experimental findings of the present work.

SUMMARY

(1) The ligquid-phase sintered RCos-type permanent magnets studied arve found
to have a thin skin layer which is comparatively rich in rare-earth and low in cobalt.
Optimum magnetic properties are obtained in the sintered core when it -consists
essentially of a single RCo; phase of CaZns-type structure. This requires that a right
proportion of liquid-phase sintering aid be present in the powder mixture before
sintering, but this proportion also depends on the oxygen content in the powder
mixture,

(2) When the liquid-phase sintering aid present in the powder mixture is either
too much or too little, a second alloy phase (R.Co: or R.Co) generally appears in
the sintered core. The presence of a second alloy phase causes the magnetic prop-
erties to deteriorate. The magnetic parameters vary monotonically with the relative
content of the second alloy phase in the sample.

(83) When as sintered Smg.s Pros Cos magnets are subjected to annealing at
900°C, appearance or increase of a second alloy phase (R.Co; or R.:Coi;, depending
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g—Skin layer of the liquid-phase sintered MMo.sSmo.sCos magnet (ecomplementary to b); h—Residue of mixed
powder of MMo.s8mo.sCos base alloy and Sm-Co liquid-phase sintering aid burnt in air at 1095 °C.
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PLATE II. Guinier diffraction patterns of liquid-phase sintered Smq.sPro.sCos cores from powder
compacts of various overall Co-contents.

a—>59 % Co (by weight); b—61% Co; e

63 % Co; d—65 % Co; e—67 % Co.
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PLATE IIT. Recorded diffraction lines of liquid-phase sintered Smo.sPro.5Cos
cores from powder compaets of various overall Co-contents.
a—59 % Co (by weight); b—59 % Co; ¢—61% Co;
d—62 % Co; e—63 % Co.
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PLATE 1V. Recorded diffraction lines of a part of the samples used to
obtain Plate IIT after the samples are subjected to annealing
at 900 °C for 8 hrs.

a—59 % Co; b—61% Co; ¢—63% Co.

PL IV
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on the composition of the sample) results, with an accompanied deterioration of the
nmagnetic properties. This is probably due to the existence of a narrow homogeneity
regionn about the stotchiometric composition RCo, at high  tewmperatures. The imain
alloy phasee of composition RCo;-, or RCo;.,, which is preserved in the sintering
process, breaks up on annealing to form RCo; and R.Co, or R.Coy.
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