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[57] ABSTRACT

Permanent magnetic alloys comprising 11.5-12.5% rare
earth components of which 6.3-12% is samarium and
0.5-6.2% is yttrium; 0.2-2.5% hafnium, [19.5-26.5%]
10.5-26.5% iron, 7-10.5% copper, and 52-70.7% co-
balt, the ranges of the components being in atomic ra-
tios. The alloys are prepared by obtaining 1-50 um.
powders of the components, compacting the powder
after mangetic field orientation sintering the compacted
powders at 1160°-1220° for 1-10 hours, cooling the
sintered body at a rate of at least 1° C./second until the
temperature is about 900° C., and then annealing the
body at 750°-900° C.

7 Claims, 3 Drawing Figures
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RARE EARTH-COBALT SYSTEM PERMANENT
MAGNETIC ALLOYS AND METHOD OF
PREPARING SAME

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

This invention relates to permanent magnetic alloys
and, in particular, to rare earth-cobalt system perma-
nent magnetic alloys.

Among the intermediate substances of RCos and
R3Coy7 intermetallic compounds, those which are com-
posed of R(CoFeCu)z (z=35-85) where the Co or Co
and Fe components have been partially substituted with
Cu are known to be excellent material for permanent
magnets, see, for example, U.S. Pat. No. 3,560,200. In
recent years, rather than the high coercive force (1Hc)
of rare earth-cobalt magnets, high residual magnetic
flux density (Br) is in demand from applied fields. Thus,
the main stream of rare earth magnets is shifting from
the jHc-dominant 1-5 system sintered magnets to Br-
dominant 2-17 system magnets.

It is disclosed in Japanese Patent Application
§2-154207, which is incorporated herein by reference,
that alloys of (Sm, Y) (Co, Fe, Cu)z composition in
which the R component consists of Sm and Y result in
a permanent magnet with a high Br value of approxi-
mately 11KG while maintaining the coercive force of
above 3KOe. However, in the case of rare earth mag-
nets, due to the low value (3-6KOe) of coercive force,
their application is limited by the fact that the maximum
efficiency is obtained when used on the side of rela-
tively high permeance coefficient (B/H=2-5) with
respect to the magnet circuit.

SUMMARY OF THE INVENTION

It is thus a primary object of this invention to provide
{HC upgrading lowering the Br of the magnetic alloy.

Accordingly, it is an object of this invention to pro-
vide for the addition of a trace amount of hafnium (Hf)
to the permanent magnetic alloys described in the
above-mentioned Japanese application so that the per-
manent magnetic alloys of this invention are character-
ized by the fact that the main components are RaTh7
intermetallic compounds composed of rare earth metals
(R=Sm, Y) and 3d transition metals (T=Co, Fe, Cu),
to which a trace amount of Hf element is added.

It is a further object to provide an improved method
for making the above permanent magnet alloys.

Other objects and advantages of this invention will be
apparent from a reading of the following specification
and claims taken with the drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows the dependency of the magnetic char-
acteristics on HF quantity of an illustrative permanent
magnetic alloy in accordance with the invention having
a composition formula of Smyg 9 Yo.1(HfxCoo.72-xFeo.1-
8Cuo.10)7.2.

FIG. 2 shows the dependency of 1Hc on cooling
velocity.

FIG. 3 shows the dependency of {He on annealing
temperature and annealing time.
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. DETAILED DESCRIPTION OF PREFERRED

~ EMBODIMENTS

The permanent magnetic alloy of this invention is
generally manufactured in the following sequence after
weighing the raw material: melting, pulverizing, mag-
netic field orientation, compressive forming, sintering,
and annealing. The melting and the pulverizing pro-
cesses may also be carried out by the direct reduction
method of oxides to manufacture the powder. In cool-
ing to room temperature after sintering, quenching to
900°. C. or lower from the sintering temperature was
found effective. Melting is effective when it is carried
out in an inert atmosphere with a high frequency induc-
tion furnace, electric arc furnace, etc. Pulverizing into
fine powder should be done in an inert atmosphere or
organic solution. There is no great difference in the
performance of various pulverizers. The grain size of
the powder is not as sensitive as in the case of 1-5 sys-
tem magnets, and fairly constant values of coercive
force are maintained in the range of 1-50 um. However,
considering the aspect of grain orientation level, the
grain size of 1-5 pm is desirable. The sintering process
is carried out most effectively in an inert atmosphere or
in vacuum at the temperature range of 1160°-1220° C.,
and the sintering time of 1-10 hours is favorable in the
industrial sense. The range of sintering and sintering
temperature depends on the permissible composition
range of the magnetic alloys of this invention and the
grain size of the powder. The rapid cooling treatment
after sintering is one of the processes required to obtain
the desired magnetic characteristics of this invention.
The cooling velocity should be at least 1° C. per second
until the sintering temperature is lowered to below 900°
C. This process is believed to have a strong influence on
the coercive force increment during the next process of
annealing carried out at 750°-900° C.

The preferred ranges for components of the perma-
nent magnetic alloys of this invention may be limited to
11.5-12.5% in atomic ratios for rare earth components
(Sm and Y), 0.2-2.5% for Hf, 10.5-26.5% for Fe,
7-10.5% for Cu, and 52-70.8% for Co. The 11.5-12.5%
rare earth components should be 0.5-6.2% Y and
6.3-12% Sm. These ranges are related to the magnetic
characteristics. The coercive force increment action of
the Hf component is apparently influenced more
strongly by the mixed state of Smand Y rather than Sm
alone as the rare earth component. However, the coer-
cive force increment is not marked at a Hf quantity of
less than 0.2%. Further, at above 2.5% Hf, although a
magnetic force of 7-8KOe is obtained, the saturation
magnetization is lowered. Thus, the Hf range should be
between 0.2-2.5% with a Sm and Y mixture. Regarding
the rare earth components, when Y is below 0.5%, both
Br and Hc decrease, and the |Hc increase resulting from
the Hf addition is also reduced. At above 6.2%, virtu-
ally no change occurs in the saturation magnetization
compared to the case of Sm because of the increase in
the magnetic alloy of the Y2(CoFe)17 compound with
low anisotropism to begin with, but both Br and 1Hc are
reduced. Thus, the range can be limited to 0.5-6.2%,
and the remaining rare earth component is provided by
6.3-12% Sm. The Fe component contributes the most
to increase the Br value of the alloy as a whole. At
below 10.5%, although the coercive force increases by
about 0.5-1 KOe, high Br value, which is an object of
this invention, cannot be obtained and thus the Fe com-
ponent should be at least 10.5%. At 26.5% or above,



Re. 31,317

3

extreme deterioration of coercive force is caused. Thus,
the effective range of the Fe should be limited to
10.5-26.5%. The Cu component becomes the generat-
ing element for the precipitating action during anneal-
ing and plays an important role in the mechanism to
generate the coercive force. However, sufficient precip-
itating action cannot be obtained at below 7%. At
above 10.5%, the Cu component being a nonmagnetic
element, causes lowered saturation magnetization.
Thus, the Cu range should be limited to 7-10.5%. The
remainder is the Co component of 52~70.8%.

This invention is described in further detail using the
practical, illustrative examples below.

EXAMPLE 1

Five types of the alloy shown in Table 1 having the
composition formula of Smg.oYo, 1(HfxCop.72.xFeo.1-s.
Cuo.10)7.2 and x as the parameter were melted with arc
in Argon (Ar), and ingots were made with a water-cool-
ing copper mold. Next, the ingots were pulverized in
toluene to a grain diameter of approximately 3.5 um
with a vibration mill. After the grain orientation in a
magnetic field of approximately 10 KOe, molding was
done with isotropic compression of 5t/cm2 The
molded pieces were sintered at 1190° C. in vacuum of
approximately 10—3 mmHg for one hour and cooled to
room temperature at a velocity of approximately 10°
C./sec. Next, the sintered metal was annealed at 850° C.
for 30 min. in an Argon(Ar) atmosphere and gradually
cooled to room temperature. The magnetic characteris-
tics of this sample are shown in FIG. 1.

EXAMPLE 2

Three types of the alloy shown in Table 2 having the
composition formula of Smj,;Y(Coo.71Feo.1-s-
Cug.10Hf0.01)7.2 and y as the parameter, wete processed
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as in Example 1, in the sequence of melting, pulverizing, -

magnetic field orientation, compressive forming, sinter-
ing, and annealing, and the final alloy was obtained. The
resulting magnetic characteristics are shown in Table 3.
As is clear from Table 3, the additive effect of Hf on
increasing the coercive force was more pronounced
with the Y and Sm mixture rather than the Sm alone.

TABLE 1
(Atomic Percent) )
X Hf Co Fe Cu Y Sm
] 0 63.2
0005 04 628
0.01 0.9 62.3 15.8 89 1.2 11.0
002 18 614
003 26 606
TABLE 2
‘Atomic Percent
y Y Sm Hf Co Fe Cu
0 0 119
0.1 1.2 10.7 ) 09 625 15.9 8.8
0.3 1.6 8.3
TABLE 3 _
y Br(KG) 1Hc(KOe) (BH)maxMGOe
0 10.7 2.6 17.0
0.1 11.0 45 272
0.3 11.0 4.0 24.5
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EXAMPLE 3

An alloy composed of 10.9 At.% Sm, 1.2% Y, 66.1%
Co, 12.3% Fe, 8.8% Cu, and 0.6% Hf was processed as
in Example 1 to obtain ingots, which were then sub-
jected to pulverizing, magnetic field orientation, and
compressive forming to obtain molded pieces. The
molded pieces were sintered at five temperature levels
of 1220° C,, 1210° C., 1200° C., 1190* C,, 1180° C., and
cooled to room temperature at the velocity of 40°
C./sec after each sintering. Next, after reheating for 30
min. at 850° C. they were cooled in the furnace to room
temperature, and the magnetic characteristics were
determined. The results are shown in Table 4.

EXAMPLE 4

An alloy composed of 10.9% Sm, 1.2% Y, 62.6% Co,
15.8% Fe, 8.8% Cu, and 0.69% Hf was processed as in
Example 3 to obtain compression-molded pieces. Some
of the molded pieces were sintered at five different
levels of temperature, 1210° C., 1200° C., 1190° C.,
1180° C., and 1170° C., and then cooled and reheated as
in Example 3, The magnetic characteristics were deter-
mined as in Example 3, and the results shown in Table
5 were obtained.

TABLE 4
Heat (BH)
treatment Br 1He max
NO conditions KQ) (KOe) MGOe
1 1220° C, 1h 10.8 37 18.0
2 1210°C, 1h 10.8 5.6 26.8
3 1200° C.,, 1h +850°C. 103 6.1 26.0
4 1190° C, th 30 min 10.2 6.2 26.0
5 1180° C,, Sh 10.3 6.5 26.3
TABLE 5
Heat (BH)
treatment Br tHe max
NO conditions (KG) (KOe) MGOe
6 1210°C,, 1h 11.2 4.0 271
7 1200° C., 1h 114 4.8 29.5
8 1190° C,, 1h +850°C., 113 5.6 308
9 1180° C,, 1h 30 min 10.7 6.1 27.8
10 1170° C., 1h 9.6 4.5 20.5
EXAMPLE §

An alioy composed of 10.9% Sm, 1.2% Y, 59.1% Co,
19.3% Fe, 8.8% Cu, and 0.6% Hf was subjected to heat
treatment as in Example 4 and the magnetic characteris-
tics were determined, the results of which are shown in
Table 6.

TABLE 6

Heat {BH)
treatment Br 1He max

NO conditions (KG) (KOe) MGOe
11 1210°C,, 1h 10.4 2.1 85
12 1200° C,, lh 111 36 17.5
13 1190° C, 1h +850°C, 116 3.6 23.0
14 1180° C,, 1h 30 min 116 4.0 28.0
15 N0 C, th - 112 40 26.3

EXAMPLE 6

The compression-molded pieces made in Example 4
were sintered at 1190" C. for one hour, and the cooling
velocity from the sintering temperature to room tem-
perature was varied by methods such as furnace cool-
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ing, draw quenching, gas quenching, liquid quenching,
and 5-step controlled quenching treatment. Each alloy
piece was then annealed at 850° C. for 30 min., and
cooled in furnace (approximately 4 hours from 850° C.
to below 100° C.) to room temperature, and the mag-
netic characteristics were determined. The results that
{Hc is greatly influenced by the cooling velocity from
the sintering temperature. In the composition ranges of
permanent magnetic alloys based on this invention, a
cooling velocity of at least 1° C./sec is preferred as
shown in FIG. 2.

EXAMPLE 7

The compression-molded alloy made in Example 4
was sintered at 1190° C. for one hour, and quench-
treated to room temperature at the rate of approxi-
mately 40° C./sec. The samples were annealed in the
temperature range of 700°~900° C. and the annealing
time was varied from 30-min, 1 hr. and 5 hrs. to examine
the changes in coercive force. The results obtained are
shown in FIG. 3.

As explained above, the permanent magnetic alloys
based on this invention are characterized by the fact
that their chief components are RT)7 intermetallic
compounds with Y and Sm as the rare earth compo-
nents, to which a trace amount of Hf is added to com-
pensate for or increase the coercive force which is low-
ered as the composition significantly changes (espe-
cially the increase in Fe component) to increase Br in
the magnetic alloy. Consequently, the permanent mag-
netic alloys of this invention should be applicable not
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only to the rotary machinery but also in fields where
low coefficient of permeance applies.

What is claimed is:

1. Permanent magnetic alloys comprising 11.5-12.5%
rare earth components of which 6.3-12% is samarium
and 0.5-62% in yttrium; 0.2-2.5% hafnium,
[19.5-26.5%] 10.5-26.5% iron, 7-10.5% copper, and
52-[70.7%3] 70.8% cobalt, the ranges of the aforesaid
components being in atomic ratios.

2. A method of preparing the alloys of claim 1 com-
prising the steps of melting raw material containing said
components, solidifying the resulting melt, pulverizing
the resulting ingot into powders having a grain size of
1-50 um, compacting the powders after magnetic field
orientation thereof, sintering said compacted powders
at 1160°~1220° C. for 1-10 hours, cooling the sintered
body at a rate of at least 1° C./second at least until the
temperature is about 900° C., and then annealing the
resulting bulk at 750°-900° C.

3. The method as in claim 2 where said annealing
occurs at about 850° C. for about § hour.

4. The method as in ¢laim 2 where said melting is
effected in an inert atmosphere with a high frequency
induction furnace or an electric arc furnace.

S. The method as in claims 2 or 4 where said cooling
is effected by quenching the sintered body.

6. The method as in claim 2 where said grain size of
the powders is 1-5 pm.

7. The method as in claim 2 where the sintered body

is cooled to room temperature.
* % ® ¥ 8



