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The following corrections were allowed under Section 76 on 6 July 1979: 

Page 1, heading (72) Inventors: for TERUHIKO OHIMArazd TERUHIKO OJIMA 

THE PATENT OFFICE 
22 August 1979 Bas 70747/10 

an improvement ot a permanent magnet material consisting, apart irom impurities, oi 
intermetallic compounds of the general formula of R2C017, wherein the R component is at 
least one rare earth metal excluding radioactive elements and the Co component is cobalt, 

10 as well as to a suited process to produce the permanent magnet material according to the 10 
invention. 

The prior art of the rare earth cobalt permanent magnets includes U.S.P. 3,421,889 and 
U.S.P. 3,560,200. The former U.S. Patent discloses a basic composition of the rare earth 
metal and cobalt. The latter U.S. Patent discloses incorporation of copper, in an amount 

15 greater than 1.7 atomic percent to less than 71.5 atomic percent, into the basic compositions 15 
of the rare earth metal and cobalt, thereby improving coercive force of the magnet (page 1, 
column 2, lines 9 through 21, of the official gazette of the patent specification). The thus 
obtained coercive force of the magnet varies within the range of between approximately 
2KOe and 30KC)e, depending on the ratio of Cu to Co (Fig. 2 attached to the above-

20 mentioned patent specification). A typical energy product value of the magnet disclosed in 20 
U.S.P. 3,560,200 is in excess of 9 million G. Oe with regard to the preferred composition of 
the magnet. 

The prior art further includes Japanese Patent Application Laid Open No. 49-104192, 
which teaches to adjust the Cu content in the RCo type permanent magnet to create the 

25 energy product of 17MG.Oe. 25 
It is also known from the Summary of the 74th Lecture of the Japan Institute of Metals, 

1974, page 175, and Japanese Patent Application Laid Open No. 50-94498 that both the 
contents of Cu, which is added to the R2Con type permanent magnet, and Fe are adjusted 
from a view point of securing excellent magnetic properties of the RCo type magnet. 

30 According to the statements in the above-mentioned Summary, the coercive force of this 30 
alloy steeply decreases below 2KOe with an amount of Cu decreasing from 10% by weight 
and, thus, the Cu content should be from 10 up to 12% by weight of the alloy. In addition, 
according to the Japanese Patent Application Laid Open No. 50-111599, the Cu, which is 

40 added to the ternary alloy system of Sm-Co-Fe, exerts, with the increase in the Cu content, 
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(54) PERMANENT MAGNET MATERIAL AND 
PROCESS FOR PRODUCING THE SAME 

(71) We, TDK ELECTRONICS, CO., LTD., a Company organized and existing 
under the laws of Japan, formerly of 14-6, Uchikanda 2-chome, Chiyoda-ku, Tokyo, Japan, 
and now of 13-1 Nihon bashi 1-chome, Chuo-ku, Tokyo, 103 Japan, do hereby declare the 
invention for which we pray that a Patent may be granted to us and the method by which it 

5 is to be performed to be particularly described in and by the following statement:- 5 
The present invention relates to a permanent magnet material and, more particularly, to 

an improvement of a permanent magnet material consisting, apart from impurities, of 
intermetallic compounds of the general formula of R2C017, wherein the R component is at 
least one rare earth metal excluding radioactive elements and the Co component is cobalt, 

10 as well as to a suited process to produce the permanent magnet material according to the 10 
invention. 

The prior art of the rare earth cobalt permanent magnets includes U.S.P. 3,421,889 and 
U.S.P. 3,560,200. The former U.S. Patent discloses a basic composition of the rare earth 
metal and cobalt. The latter U.S. Patent discloses incorporation of copper, in an amount 

15 greater than 1.7 atomic percent to less than 71.5 atomic percent, into the basic compositions 15 
of the rare earth metal and cobalt, thereby improving coercive force of the magnet (page 1, 
column 2, lines 9 through 21, of the official gazette of the patent specification). The thus 
obtained coercive force of the magnet varies within the range of between approximately 
2KOe and 3QKOe, depending on the ratio of Cu to Co (Fig. 2 attached to the above-

20 mentioned patent specification). A typical energy product value of the magnet disclosed in 20 
U.S.P. 3,560,200 is in excess of 9 million G. Oe with regard to the preferred composition of 
the magnet. 

The prior art further includes Japanese Patent Application Laid Open No. 49-104192, 
which teaches to adjust the Cu content in the RCo type permanent magnet to create the 

25 energy product of 17MG.Oe. 25 
It is also known from the Summary of the 74th Lecture of the Japan Institute of Metals, 

1974, page 175, and Japanese Patent Application Laid Open No. 50-94498 that both the 
contents of Cu, which is added to the R2C017 type permanent magnet, and Fe are adjusted 
from a view point of securing excellent magnetic properties of the RCo type magnet. 

30 According to the statements in the above-mentioned Summary, the coercive force of this 30 
alloy steeply decreases below 2KOe with an amount of Cu decreasing from 10% by weight 
and, thus, the Cu content should be from 10 up to 12% by weight of the alloy. In addition, 
according to the Japanese Patent Application Laid Open No. 50-111599, the Cu, which is 

40 added to the ternary alloy system of Sm-Co-Fe, exerts, with the increase in the Cu content, 
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contrary effects on the magnetic property of the alloy, such that the coercive force increases 
and the residual magnetization decreases with the increase in the Cu content. It was, 
therefore, impossible to attain a high, excellent energy product, by the aid of the addition of 
Cu, because the coercive force decreases but the residual magnetization increases with an 

5 increase in the Cu content. Still further, the partial replacement of Co with Fe, thereby 5 

obtaining the quarternary alloy system of Sm-Co-Cu-Fe, contributes to the enhancement of 
the residual magnetization Br, however, the inclusion of Fe in excess of 6% by weight leads 
to the reduction, of the coercive force of the alloy. It was, therefore, impossible to obtain 
high, excellent magnetic properties with the aid of inclusion of Fe, because the residual 

10 magnetization increases but the coercive force decreases/with an increase in the Fe content. 1 0 

In summary, it was previously impossible to obtain high coercive force with the composi-
tions of low Cu and high Fe having high residual magnetization, so that magnetic properties, 
especially energy product, were not enhanced. 

Embodiments of the present invention seek to provide an improved permanent magnet of , 
15 rare earth cobalt type with addition of Cu or both Cu and Fe, in which the magnetic 

properties are superior to those of alloys containing Cu or both Cu and Fe. 
Embodiments of the present invention also seek to increase the coercive force of an RCo 

permanent magnet with an addition of from 10 to 12% by weight of copper, wherein the R 
component is at least one rare earth metal, and the Co component is cobalt or both cobalt 

20 and iron, which replaces a part of the cobalt until the iron content amounts to 6 % by weight 
at the maximum, the contents of the R and Co components being the balance, preferably, 
from 24 to 28% by weight and from 56 to 70.8% by weight, respectively. 

Embodiments of the present invention further seek to provide a permanent magnet 
material having high coercive force and, thus, high energy product with regard to the 

25 compositions of low Cu and high Fe, which previously provided the magnet with only high 
residual magnetization but not the high coercive force. 

In all of the above-mentioned embodiments, the intended energy product should be 
achieved in the enlarged composition ranges of Cu and Fe. 

Embodiments of the present invention also seek to provide a process for providing alloy „ 
30 compositions according to the present invention with the optimum magnetic properties. 

According to |he invention there is provided a permanent magnet consisting, apart from 
impurities, of from 24 to 28% by weight of at least one rare earth metal, excluding radioac-
tive elements, from 56 to 70.8% by weight of cobalt, from 5 to 12% by weight of copper 
and from 0.2 to 4% by weight of niobium. 

35 According to the invention there is provided a permanent magnet consisting, apart from 
impurities, of from 24 to 28% by weight of at least one rare earth metal, excluding radioac-
tive elements, from 56 to 70.8% by weight of cobalt, from 5 to 12% by weight of copper 
and from 0.2 to 4% by weight of vanadium. 

According to the invention there is provided a permanent magnet consisting, apart from 
40 impurities, of from 24 to 28% by weight of at least one rare earth metal, excluding radioac- 4 0 

tive elements, from 56 to 70.8% by weight of cobalt, from 5 to 12% by weight of copper 
and from 0.2 to 4% by weight of tantalum. 

According to the invention there is provided a permanent magnet consisting, apart from 
impurities, of from 24 to 28%, by weight of at least one rare earth metal, excluding 

45 radioactive elements, from 55 to 70.8% by weight of cobalt, from 5 to 12% by weight of 4 5 

copper and from 0.2 to 5% by weight of zirconium. 
According to the invention there is provided a process for producing a permanent magnet 

of rare earth cobalt excluding radioactive elements, comprising the steps of sintering the 
powders having the required composition for the magnet and tempering the sintered bodies, 

50 producing powders such that these powders consist, apart from impurities, of from 24 to ^0 
28% by weight of at least one rare earth metal, from 56 to 70.8% by weight of cobalt, from 
5 to 12% by weight of copper and from 0.2 to 4% by weight of niobium, and; performing 
said tempering by step tempering. 

According to the invention there is provided a process for producing a permanent magnet 
55 of rare earth cobalt excluding radioactive elements, comprising the steps of sintering the 55 

powders having the required composition for the magnet and tempering the sintered bodies, 
producing powders such that these powders consist, apart from impurities, of from 24 to 
28% by weight of at least one rare earth metal, from 56 to 70.8% by weight of cobalt, from 
5 to 12% by weight of copper and from 0.2 to 4%. by weight of vanadium, and; performing 

60 said tempering by step tempering. 60 
According to the invention there is provided a process for producing a permanent magnet 

of rare earth cobalt excluding radioactive elements, comprising the steps of sintering the 
powders having the required composition for the magnet and tempering the sintered bodies, 
producing powders such that these powders consist, apart frotn impurities, of from 24 to 

65 28 % by weight of at least one rare earth metal, from 56 to 70.8 % by weight of cobalt, from 65 
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5 to 12% by weight of copper and from 0.2 to 4% by weight of tantalum, and; performing 
said tempering by step tempering. 

According to the invention there is provided a process for producing a permanent magnet 
of rare earth cobalt excluding radioactive elements, comprising the steps of sintering the 

5 powders having the required composition for the magnet and tempering the sintered bodies, 5 
producing powders such that these powders consist, apart from impurities of from 24 to 
28% by weight of at least one rare metal, from 55 to 70.8% by weight of cobalt, from 5 to 
12% by weight of copper and from 0.2 to 5% by weight of zirconium, said cobalt being 
replaced with up to 15% by weight of iron based on the weight of said magnet, and 

10 performing said tempering by step tempering. 10 
It has thus been found by the Inventors that an additional metallic element illustrated 

hereinbelow brings about the basic improvement of the ternary R-Co-Cu system, perma-
nent magnet. 

The additional metallic element, according to the present invention, is niobium, van-
15 adium or tantalum in an amount from 0.2 to 4%, or zirconium in amount from 0.2 to 5%, 15 

preferably 0.5 to 4%, or zirconium in amount from 0.2 to 5%, preferably 0.5 to 2.5%, by 
weight of the alloy. The added Nb, V, Ta or Zr prevents both the reduction of the coercive 
force of the rare earth cobalt permanent magnet, due to the inclusion of Cu at less than 10% 
by weight thereinto, and the reduction of coercive force due to the inclusion of Fe at more 

20 than 6% by weight. According to this additional element, the lower limit content of the Cu 20 
can be reduced to 5% by weight, without inducing adverse effects on the magnetic proper-
ties of the permanent magnet. The cobalt can be replaced with iron in an amount higher 
than previously possible and can, therefore, be replaced with up to 15 % by weight of Fe 
based on the weight of the permanent magnet. 

25 Without the addition of the element, according to the present invention, the coercive 25 
force steeply decreases with an increase in the Fe content. However, according to the 
present invention, the coercive force is maintained at almost same value over a wide range 
of the Fe content and is still high at the upper limit thereof, depending upon the kind of 
additional element, so that the energy product is considerably increased without adverse 

30 effects on the magnetic properties of the permanent magnet. 30 
The present invention is further illustrated with regard to the chemical compositions of 

the permanent magnet according to several embodiments thereof. 
The rare earth metals according to the present invention can include, in addition to Sm, 

such elements having equivalent chemical properties to Sm as, Y, La, Ce, Pr, Nd, Eu, Gd, 
35 Tb, Dy, Ho, Er, Tm, Yb, Lu, but excluding radioactive elements. 35 

According to one embodiment of the present invention, a permanent magnet consists, 
apart from impurities, of from 24 to 28%, preferably 25 to 27%, of at least one rare earth 
metal from, 56 to 70.8%, preferably 61.5 to 67.5%, of cobalt, from 5 to 12%, preferably 7 
to 9%, of copper, and from 0.2 to 4%, preferably 0.5 to 2.5%, of niobium, all percentages 

40 being by weight. When the Nb content exceeds 4% by weight the coercive force is reduced 40 
and when the Nb content is below 0.2% the energy product is reduced. Within the range 
from 0.2 to 4% by weight of Nb, it is possible to provide a permanent magnet with an 
energy product of more than 17MG.Oe and a coercive force more than 3KOe. 

According to a modification of said one embodiment, the cobalt can be replaced with up 
45 to 15%, preferably 8 to 15%, more preferably 10 to 14%, by weight of iron based on the 45 

weight of the permanent magnet. The energy product can be enhanced to approximately 
more than 24MG.Oe or 26 MG.Oe. 

According to another embodiment of the present invention, a permanent magnet con-
sists, apart from impurities, of from 24 to 28%, preferably from 25 to 27%, of at least one 

50 rare earth metal, from 5 6 to 70.8%, preferably 61.5 to 67.5%, of cobalt, from 5 to 12%, 50 
preferably 7 to 9%, of copper and from 0.2 to 4%, preferably 0.5 to 2.5%, of vanadium or 
tantalum, all percentages being by weight. The copper content can be from 5 to less than 
7% by weight. When the V or Ta content exceeds 4% by weight the coercive force is 
reduced, and the V or Ta content below 0.2% leads to the reduction of the energy product. 

55 According to a modification of this embodiment with the addition of V or Ta, the cobalt 55 
can be replaced with up to 15%, preferably 8 to 14%, more preferably 10 to 13%, by 
weight of iron based on the weight of the permanent magnet. The energy product can be 
enhanced to approximately more than 24MG.Oe or 26MG.Oe. 

According to still another embodiment of the present invention, a permanent magnet 
60 consists, apart from impurities, of from 24 to 28%, preferably from 25 to 27%, of at least 50 

one rare earth metal, from 55 to 70.8%, preferably from 61.5 to 67.5%, of cobalt, from 5 to 
12%, preferably 7 to 9%, of copper and from 0.2 to 5%, preferably 0.5 to 2.5%, of 
zirconium, all percentages being by weight. When the Zr content does not fall within the 
range of from 0.2 to 5 % by weight, both the coercive force and energy product are too low. 

65 According to a modification of said embodiment with the Zr addition, the cobalt can be 65 
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replace'd with up to 15%, preferably 10 to 15%, more preferably 13 to 15%, by weight of 
iron based on the weight of the permanent magnet. The energy product can be enhanced to 
approximately more than 26MG.Qe or 28MG.Oe. 

In all the permanent magnets, when the content of rare earth metal or metals exceeds 5 
5 28% by weight, the residual magnetization is reduced, and its content below 24% leads to 

the reduction of the coercive force. 
Permanent magnets according to the present invention can be produced by melting the 

required ingredients, solidifying the obtained molten metal in a mold, and crushing and 
pulverizing the obtained ingot, so as to subject the obtained powder to sintering. The 10 

10 ingredients can be pure Nb, Zr, V, Ta etc. or their alloys with Fe. The pulverizing is 
performed to produce powders having an average grain size of from 3 to 5 microns, by using , 
a vibrating mill or, preferably, a jet mill. The employment of a jet mill enables the coercive 
force and the energy product to be increased. In the alloy compositions of the present 
invention, the coercive force and the energy product are increased by approximately 0.5 to 15 

15 IKOe and 1 to 2MG. Oe, respectively. The best magnetic properties of the R-Co-Cu-Fe-Zr 
alloys produced by the steps including the pulverizing by the jet mill, the hereinbelow 
illustrated solution treatment and step tempering are 11.1KG of the residual magnetization, 
6.7KOe of coercive force and 30MG.Ge of energy product. 

The powder is then pressed at a pressure, typically 1.5 ton/cm2, in a magnetic field, 20 
20 typically lOKOe, to produce green compact bodies. The green compact bodies are sintered 

at a temperature of from 1160 to 1230°C. The sintered bodies are cooled and, then, 
solution treated at a temperature from 1160 to 1250°C over a period of from 0.5 to 3 hours, 
typically one hour, under a vacuum- or inert-atmosphere. When the replacing amount of Fe 
is zero or low, the sintered bodies can be directly subjected to the following tempering. 25 

25 The solution treatment is followed by rapid cooling. Subsequently, the sintered article is 
tempered at a temperature of from 400 to 900°C, over a period of 0.3 to 24 hours. The 
preferable tempering process is a step tempering, wherein the tempering temperature is 

. stepwise lowered from a beginning temperature of 750 to 900°C down to a final tempera-
ture of 400°C. The more the number of steps, i.e. a temperature at which the sintered article 30 

30 is maintained for a certain period time, the better will be several of the magnetic properties 
of the sintered article. The number of steps should preferably be not less than two. When 
this number is increased to an infinite value, the tempering is performed by continuously 
cooling the sintered body from the beginning to final temperature. The tempering time at 
each step should preferably be not less than 24 hours. The step tempering increases the 35 

35 coercive force, for example as much as twice the ordinary tempering at a particular temper-
ature. 

The processes according to the invention provide, the advantages of enhancing the recov-
ery of the produced alloys having stable magnetic properties, in addition to enhancing the 
magnetic properties of the alloys. 40 

40 The invention will be understood more readily by reference to the following Examples; 
however these Examples are intended to illustrate the invention and are not to be construed 
as limiting the scope of the invention. 

Example 1 45 
45 The required ingredients for the alloy compositions No. 1 and No. 2 as illustrated herein-

below in Table 1 were dosed and the alloy mixtures were melted in an induction furnace 
under an argon atmosphere. The melt was cast into an iron pan to produce ingots. The 
ingois were roughly crushed in an iron mortar and finely crushed to powders having an 
average particle size of approximately 5 microns by using the vibrating mill. The powders 50 

50 were pressed and shaped under a magnetic field of lOICOe and the so produced green 
compact bodies were sintered at a temperature of from 1230 to 1250°C over a period of one 
hour. The cooled, sintered bodies were heated in a temperature range from 800 to 900°C 
over a period of one hour and, subsequently, at a temperature of 500°C over a period of five 
hours. 55 

55 The permanent magnets, which were produced by the above-mentioned procedure, were 
subjected to measurement of magnetic properties, i.e. the residual magnetization, coercive 
force and energy product designated in the following Tables as Br, iHc and (B.H) max, 
respectively. 
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Table 1 

Specimen 
No. 

Sm 

Composition of Alloys 
(wt.%) 

Co Cu Fe 

iHc (B.H) 
max 

Nb (KG) (KOe) (MG.Oe) 

10 

15 

20 

25 

1. (control): , 26.5 60.5 8.0 5.0 0 9.2 3.0 12.0 

2. (invention) 26.5 59.5 8.0 5.0 1.0 9.1 5.7 20.0 

10 

The Cu contents of the specimens Nos. 1 and 2 were determined to be 8.0% lower than 15 
that Cu content which has hitherto been believed to decrease the iHc. The Nb addition into 
the specimen No. 1 with low Cu content, considerably increased the iHc to 5.7KOe, so that 
the remarkably increased energy product (B.H) max of 2QMG.Oe could be provided 
despite the low Cu content. 

Example 2 
Specimens Nos, 3 and 4, having the compositions shown in Table 2, were produced in 

accordance with the procedure described in Example 1. 

Table 2 
Composition of Alloys (wt. %) 

20 

25 

30 

The Fe contents of these specimens were changed in the ranges shown in Table 2. 
35 The influence of the Fe contents on the coercive force is illustrated in Fig. 1, in which 35 

reference numerals 3 and 4 represent the specimens 3 and 4, respectively, and the abscissa 
and ordinate represent the iron content and coercive force, respectively. As is clear from 
Fig. 1, specimen No. 3 containing Nb exhibits a high iHc up to 15% by weight of Fe, 
although in the specimen No. 4 without Nb the iHc decreases with the increase in the Fe 

40 content. 40 

Specimen No. Sm Co Cu Fe Nb 

30 3. (invention) 26.5 balance 8.0 0-15 1.0 

4. (control) 26.5 balance 8.0 0-10 0 

45 

50 

Example 3 
The specimens Nos. 5 and 6 illustrated in Table 3 were produced in accordance with the 

procedure described in Example 1. 

Specimen 
No. 

Table 3 

Composition of Alloys Br iHc (B-H) 
max 

Sm Co Cu Fe Nb (KG) (KOe) (MG Oe) 

55 5. (control) 26.5 56.5 12.0 5.0 0 9.0 6.0 19.5 

6. (invention) 26.5 55.5 12.0 5.0 1.0 8.8 6.6 19.0 

45 

50 

55 

60 60 
The Cu contents of the specimens Nos. 5 and 6 were determined to be 12.0%, which 

content has hitherto been believed by metallurgists to be necessary for excellent magnetic 
properties of a rare earth cobalt permanent magnet. As seen in the Table 3, the iHc of 
specimen No. 6 is superior to that of specimen No. 5, which exhibits high iHc due to the 

65 high content of Cu. 65 
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Example 4 
The specimen No. 7, having the composition shown in Table 4, was produced in accor-

dance with the procedure described in Example 1. 

Table 4 

Specimen Chemical Composition of Alloy 
1 0 No. (wt.%) 

Sm Cu Fe Nb Co 

15 1 26.5 8 10 0 - 4 bal 15 

20 

25 

The Nb content of this specimen was changed in the range shown in Table 4. 
The influence of the Nb content on the coercive force is illustrated in Fig. 2. As seen in 20 

Fig. 2, the iHc is improved by the Nb addition from 0.4 to 4% by weight, preferably from 
0.5 to 2.5% by weight, the most preferably being approximately 1% by weight. On the 
other hand the addition more than 4% of Nb reduces the iHc. 

Example 5 25 
Specimens Nos. 8, 9 and 10, having the compositions shown in Table 5, were produced 

using the same procedure as described in Example 1 except that the sintering and heat 
treatment conditions illustrated hereinbelow were used. 

30 30 

Table 5 

Specimen Composition of Alloys 
35 Mn fwt 3 5 No. (wt.%) 

Sm Cu Fe Nb Co 

8. (invention) 26.0 8.0 0 - 15 1.0 bal 

9. (control) 26.0 8.0 0 - 10 0 bal 

10. (control) 26.0 11 0 - 10 0 bal 

40 8. (invention) 26.0 8.0 0 - 1 5 1.0 bal 40 

45 . 45 

The green compacts of the specimens Nos. 8 through 10 were sintered at temperature 
from 1180 to 1250°C, in a vacuum or inert atmosphere, and subsequently, after cooling to 

50 room temperature, were solution treated at a temperature from 1170 to 1230°C, followed 50 
by cooling to room temperature. The tempering was performed by a step tempering from 
800 to 400°C. The temperature was decreased stepwise at each 100°C. 

The influence of the Fe contents, shown in the abscissa, on the magnetic properties i.e. 
iHc, Br and (B .H) max, shown in the ordinate, is illustrated in Fig. 3, in which the reference 

55 numerals 8 through 10 indicate the specimens No. 8 through 10, respectively. It is possible 55 
to conclude the following from Fig. 3. (1) Specimen No. 8 containing both Nb according to 
the present invention and conventional Cu in a low amount, which is desirable for providing 
the rare earth cobalt alloy with a high Br, increases its iHc with the increase in the Fe 
content. (2) The (B. H) max of specimen No. 8 containing Nb, is higher than that of 

60 specimens Nos. 9 and 10, when the Fe content is adequately determined, for example from 60 
8 to 15%, preferably from 10 to 14%. 

Example 6 
Specimens Nos. 11 through 13, having the compositions shown'in Table 6, were produced 

65 in accordance with the procedure described in Example 1. 65 
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Table 6 

15 

20 

25 

Specemen Composition of Alloys (wt. %) Br 

(KG) 

iHc 

(KOe) 

(B-H) 
max 

(MGOe) 
No. 

Sm Co Cu Fe V Ta 

Br 

(KG) 

iHc 

(KOe) 

(B-H) 
max 

(MGOe) 

11. (control) 26.5 60.5 8.0 5.0 0 0 9.2 3.0 12.0 

12. (invention) 26.5 59.5 8.0 5.0 : l .o 0 9.1 6.2 20.3 

13. (invention) 26.5 59.5 8.0 5.0 0 1.0 9.1 5.6 20.0 
The Cu contents of the specimens Nos. 11 through 13 were determined to be 8%, which 

has hitherto been believed by metallurgists to be too low to provide the Sm-Co-Cu-Fe 
quaternary system alloy with desirable coercive force. As is clear from Table 6, the addition 
of V or Ta considerably improves the iHc of the quaternary system alloy, with the result that 
the (B.H) max is remarkably enhanced. 

Example 7 
Specimens Nos. 14 through 16 having the compositions as shown in Table 7, were 

produced in accordance with the procedure described in Example 1. 

Table 7 

10 

15 

20 

25 

30 

40 

Specimen Composition of Alloys (wt.%) 
No. Sm Cu Fe V Ta Co 

14. (invention) 26.5 8.0 0 - 1 5 1.0 0 bal 

15. (invention) 26.5 8.0 0 - 1 5 0 1.0 bal 

16. (control) 26.5 8.0 0 - 1 0 0 0 bal 

30 

35 

40 The Fe contents were changed with in the ranges shown in Table 7. 
The influence of the Fe contents upon the coercive force is illustrated in Fig. 4, in which 

the reference numerals 14 through 16 indicate specimens Nos. 14 through 16, respectively. 
It is possible to conclude from Fig. 4 as follows. (1) Specimens Nos. 14 and 15, containing 

one of V or Ta, exhibit increased iHc compared with the control specimen No. 16. (2) A 
high iHc can be obtained in the specimens Nos. 14 and 15 with up to 15% by weight of Fe. 

45 (3) A preferable Fe content for iHc is from 8 to 14% by weight. 

Example 8 
Specimens Nos. 17 through 19, having the compositions as shown in Table 8, were 

produced in accordance with the procedure described in Example 1. ^q 

55 

60 

Specimen 
No. 

Table 8 

Composition of Alloys (wt. %) Br iHc (B.H) 
max 

Sm Co Cu Fe V Ta (KG) (KOe) (MG.Oe) 

17. (control) 26.5 56.5 12.0 5.0 0 0 9.0 6.0 19.5 

18. (invention) 26.5 55.5 12.0 5.0 1.0 0 8.9 6.7 19.5 

19. (invention) 26.5 55.5 12.0 5.0 0 1.0 8.8 6.5 19.0 

55 

60 

65 
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The Cu contents of 12% by weight in specimens 17 through 19 has been believed by 
metallurgists to be necessary for excellent magnetic properties of a rare earth cobalt perma-

^ nent magnet. However, as seen in Table 8, the addition of V or Ta improves iHc. ^ 

Example 9 
Specimen Nos. 20 and 21, having the compositions shown in Table 9, were produced in 

accordance with the procedure described in Example 1. The V or Ta contents were varied 
within the ranges shown in Table 9. 

10 6 10 

Table 9 
Specimen Composition of Alloys (wt. %) 

No. 
1 5 -— Sm Co Cu Fe V Ta 1 5 

20. (invention) 26.5 bal 8.0 10.0 0 - 5 0 

2 Q 21. (control) 26.5 bal 8.0 10.0 0 0 - 5 2 Q 

The influence of the V or Ta contents on the coercive force is illustrated in Fig. 5, in which 
the reference numerals 20 and 21 indicate specimens 20 and 21, respectively. As is clear 
from Fig. 5, the iHc arrives at the maximum value at approximately 1 % by weight of V or 
Ta. The iHc is too low when the V or Ta content exceed 4% by weight. The iHc is extremely 

25 high at a V or Ta content of from 0.5 to 2.5% by weight. 25 

Example 10 
Specimens Nos. 22, 23 and 24, having the compositions shown in Table 10, were pro-

duced using the same procedure as described in Example 1, except for the sintering and 
30 heat treatment conditions as illustrated hereinbelow. 30 

Table 10 

35 . . 35 
Specimen rt.%) 

No. Sm Co Cu Fe V Ta 

22 26 bal 8 0 - 1 5 1 0 

23 26 bal 8 0 - 1 5 0 1 

24 26 bal 8 0 - 1 0 0 0 

40 i i cai s u - 1 5 i u 40 

45 45 

The green compacts of the specimens Nos. 23 and 24 were sintered at temperature of 
from 1160 to 1250°C, in a vacuum or inert atmosphere, and subsequently, after cooling to 

50 room temperature, were solution treated at temperature of from 1140 to 1230°C, followed 50 
by cooling to room temperature. The tempering was performed by a step tempering of from 
800 to 400°C as in Example 5. 

The influence of the Fe contents, shown in the abscissa, on the magnetic properties, i.e. 
iHc, Br and (B .H) max, shown in the ordinate, is illustrated in Fig. 6, in which the reference 

55 numerals 22 through 24 indicate specimens Nos. 22 through 24, respectively. It is possible 55 
to conclude the following from Fig. 6. (1) Specimens Nos. 22 and 23, containing V and Ta, 
respectively, according to the present invention, and conventional Cu in a low amount, 
which is desirable for providing the Sm-Co-Fe-Cu quaternary alloy with a high Br, maintain 
high iHc with the increase in the Fe content. (2) A high iHc can be obtained in the 

60 specimens Nos. 22 and 23 with up to 15% by weight of Fe. (3) A preferable Fe content for 60 
(B.H) max is from 8 to 14% and 10 to 13%, by weight. 

Example 11 
Specimens Nos. 25 and 26, having the compositions shown in Table 11, were produced in 

65 accordance with the procedure described in Example 1. 65 
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Table 11 

Specimen Composition of Alloys (wt. %) Br iHc (B.H) 
No. max 5 

Sm Co Cu Fe . Z r . . (KG) (KOe) (MG.Oe) 

25. (control) 26,5 60.5 8.0 5.0 0 9.2 3.0 12.0 

26, (invention) 26.5 59.5 8.0 5.0 1.0 9.1 6.5 20.5 
10 io 

As is clear from Table 11, the addition of Zr considerably improves the iHc of the 
15 quaternary system alloy, with the result that the (B. H) max is remarkably enhanced. 1 5 

Example 12 
Specimens Nos. 27 and 28, having the compositions as shown in Table 12, were produced 

in accordance with the procedure described in Example 1. 
20 2 0 

Table 12 „ 
Composition of Alloys 

25 Specimen (wt.%) \ 25 
No. Sm Co Cu Fe Zr 

27. (invention) 26.5 bal 8.0 0 - 1 5 1.0 

30 28. (control) 26.5 bal 8.0 0 - 1 0 0 30 

The Fe contents were changed with in the ranges shown in Table 12. 
The influence of the Fe contents upon the coercive force is illustrated in Fig. 7, in which 35 

the reference numerals 27 and 28 indicate the specimens Nos. 27 and 28, respectively. 
It is possible to conclude the following from Fig. 7. (1) Specimen o. 27, containing Zr 

exhibits increase iHc compared with the control specimen No. 28. (2) A high iHc can be 
obtained in specimen No. 27 with up to 15% by weight of Fe. 

40 Example 13 
Specimens Nos. 29 and 30, having the compositions shown in Table 13, were produced in 

accordance with the procedure described in Example 1. 

40 

45 Table 13 4 5 

Specimen Composition of Alloys Br iHc (B.H) 
No. (wt.%) max 

50 Sm Co Cu Fe Zr (KG) (KOe) MG.Oe) 

29. (control) 26.5 56.5 12.0 5.0 0 9.0 6.0 19.5 

55 30. (invention) 26.5 55.5 12.0 5.0 1.0 8.9 6.7 19.7 

The Cu contents of 12% by weight in specimens 29 and 30 has been believed by metal-
lurgists to be necessary to provide the quaternary system alloy with a high iHc. As seen in 

60 Table 13, the addition of Zr also improves iHc at the high Cu content. 

50 

55 

60 

Example 14 
Specimen No. 30, having the composition shown in Table 14, was produced in accor-

dance with the procedure described in Example 1. The Zr content was varied within the 
65 ranges shown in Table 14. 
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Table 14 

Specimen Composition of Alloys (wt.%) 

No. Sm Co Cu Fe Zr 

30 26.5 bal 8.0 10.0 0 - 6 1Q 

The influence of the Zr content on the coercive force is illustrated in Fig. 8. As is clear 
from Fig. 8, the iHc arrives at the maximum value at approximately 1% by weight of Zr. 
The iHc is too low when the Zr content exceeds 5% by weight. The iHc is extremely high at 

15 the Zr content of from 0.5 to 2.5% by weight. 15 

Example 15 
Specimens Nos. 31 through 33, having the compositions as shown in Table 15, were 

produced in accordance with the procedure described in Example 1, except for the sintering 
20 and heat treatment conditions. 20 

Table 15 

25 Specimen Composition of Alloys 25 
No. (wt.%) 

Sm Co Cu Fe Zr 

30 31. (invention) 25.5 bal 8.0 0 - 1 5 1.1 

32. (control) 25.5 bal 8.0 0 - 1 0 0 

33. (control) 26.5 bal 11.0 0 - 1 0 0 
35 35 

The Fe content was changed within the ranges shown in Table 15. The Cu content of 
specimen 33 was such that the highest (B. H) max was obtained without the addition of Zr. 

The green compacts of specimens Nos. 31 through 33 were sintered at temperature of 
from 1170 to 1250°C, over a period of approximately one to two hours, and subsequently, 

40 after cooling to room temperature, were solution treated at temperature of from 1170 to 40 
1230°C, followed by cooling to room temperature. The tempering was performed by a step 
tempering of from 850 to 400°C. 

The influence of the Fe content on the magnetic properties i.e. iHc, Br and (B.H) max, is 
illustrated in Fig. 9, in which the reference numerals 31 through 33 indicate specimens No. 

45 31 through 33, respectively. It is possible to the following conclude from Fig. 9. (1) Sped- 45 
men No. 31 containing Zr according to the present invention and conventional Cu in a low 
amount, which is desirable for providing the Sm-Co-Fe-Cu, quaternary alloy with the high 
Br, maintains high iHc with the increase in the Fe content. (2) the (B H) max of the 
specimen No. 31 is higher than that of No. 32 and even higher than that of No. 33, when the 

50 Fe content of specimen No. 31 is adequately determined, up to 15%, preferably from 10 to 50 
15%, more preferably 13 to 15% by weight. 

Example 16 • 
Specimen 30 of Example 14 was produced by the same process as described in Example 

55 14, except that the crushing was performed by the jet mill. The obtained maximum values 55 
were: B r = l l . l K G ; iHc=6.7KOe, and; (B.H) max=30MG.Oe. 

WHAT WE CLAIM IS:-
1. A permanent magnet consisting, apart from impurities, of from 24 to 28% by weight 

of at least one rare earth metal excluding radioactive elements, from 56 to 70.8% by weight 
60 of cobalt, from 5 to 12% by weight of copper and from 0.2 to 4% by weight of niobium. 60 

2. A permanent magnet according to claim 1, wherein said cobalt is replaced with up to 
15% by weight of iron, based on the weight of said magnet. 

3. A permanent magnet according to claim 2, wherein the replacing amount of iron is 
from 8 to 15% by weight. 

65 4. A permanent magnet according to claim 3, wherein said replacing amount is from 10 65 
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to 14 % by weight. ~ 
5. A permanent magnet according to claim 1, wherein said rare earth metal, cobalt, 

copper and niobium are included from 25 to 27%, by weight from 61.5 to 67.5%, by weight 
from 7 to 9% by weight and from 0.5 to 2.5% by weight, respectively. 

5 6. A permanent magnet consisting, apart from impurities, of from 24 to 28% by weight 5 
of at least one rare earth metal excluding radioactive elements, from 56 to 70.8% by weight 
of cobalt, from 5 to 12% by weight of copper and from 0.2 to 4% by weight of vanadium. 

7. A permanent magnet according to claim 6, wherein said rare earth metal, cobalt, 
copper and vanadium are included from 25 to 27% by weight from 61.5 to 67.5% by weight 

10 from 7 to 9% by weight and from 0.5 to 2.5% by weight, respectively. 10 
8. A permanent magnet consisting, apart from impurities, of from 24 to 28% by weight 

of at least one rare earth metal excluding radioactive elements, from 56 to 70.8% by weight 
of cobalt, from 5 to 12% by weight of copper and from 0.2 to 4% by weight of tantalum. 

9. A permanent magnet according to claim 6 or 8, wherein said cobalt is replaced with 
15 up to 15% by weight of iron, based on the weight of said magnet. 15 

10. A permanent magnet according to claim 9, wherein the replacing amount of iron is 
from 8 to 14% by weight. 

11. A permanent magnet according to claim 10, wherein said replacing amount is from 
10 to 13% by weight. 

20 12. A permanent magnet according to claim 8, wherein said rare earth metal, cobalt, 20 
copper and tantalum are included from 25 to 27% by weight, from 61.5 to 67.5% by weight 
from 7 to 9% by weight and from 0.5 to 2.5% by weight, respectively. 

13. A permanent magnet consisting, apart from impurities, of from 24 to 28%, by 
weight of at least one rare earth metal excluding radioactive elements, from 55 to 70.8% by 

25 weight of cobalt, from 5 to 12% by weight of copper and from 0.2 to 5% by weight of 25 
zirconium. 

14. A permanent magnet according to claim 13, wherein said cobalt is replaced with up 
to 15% by weight of iron, based on the weight of said magnet. 

15. A permanent magnet according to claim 14, wherein the replacing amount of iron is 
30 from 10 to 15% by weight. 30 

16. A permanent magnet according to claim 15, wherein said replacing amount is from 
13 to 15% by weight. 

17. A permanent magnet according to claim 13, wherein said rare earth metal, cobalt, 
copper and zirconium are included from 25 to 27% by weight from 61.5 to 67.5% by weight 

35 from 7 to 9% by weight and from 0.5 to 2.5% by weight, respectively. 35 
18. A process for producing a permanent magnet of rare earth cobalt excluding radioac-

tive elements, comprising the steps of sintering the powders having the required composi-
tion for the magnet and tempering the sintered bodies, producing powders such that these 
powders consist, apart from impurities, of from 24 to 28% by weight of at least one rare 

40 earth metal, from 56 to 70.8% by weight of cobalt, from 5 to 12% by weight of copper and 40 
from 0.2 to 4% by weight of niobium, and; performing said tempering by step tempering. 

19. A process for producing a permanent magnet of rare earth cobalt excluding radioac-
tive elements, comprising the steps of sintering the powders having the required composi-
tion for the magnet and tempering the sintered bodies, producing powders such that these 

45 powders consist, apart from impurities, of from 24 to 28% by weight of at least one rare 
earth metal, from 56 to 70.8% by weight of cobalt, from 5 to 12% by weight of copper and 
from 0.2 to 4% by weight of vanadium, and; performing said tempering by step tempering. 

20. A process for producing a permanent magnet of rare earth cobalt excluding radioac-
tive elements, comprising the steps of sintering the powders having the required composi-

50 tion for the magnet and tempering the sintered bodies, producing powders such that these 5 0 

powders consist, apart from impurities, of from 24 to 28% by weight of at least one rare 
earth metal, from 56 to 70.8% by weight of cobalt, from 5 to 12% by weight of copper and 
from 0.2 to 4% by weight of tantalum, and; performing said tempering by step tempering. 

21. A process according to one of claims 18,19 and 20, wherein said cobalt is replaced 
55 with up to 15% by weight of iron, based on the weight of said magnet. 

22. A process for producing a permanent magnet of rare earth cobalt excluding radioac-
tive elements, comprising the steps of sintering the powders having the required composi-
tion for the magnet and tempering the sintered bodies, producing powders such that these 
powders consist, apart from impurities, of from 24 to 28% by weight of at least one rare „ 

60 earth metal, from 55 to 70.8% by weight of cobalt, from 5 to 12% by weight of copper and 
from 0.2 to 5% by weight of zirconium, said cobalt being'replaced with up to 15% by weight 
of iron based on the weight of said magnet, and performing said tempering by step temper-
ing. 

23. A permanent magnet according to claim 1, 6, 8 of- 13 substantially as herein ,„ 
65 described with reference to the Examples. 
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24. A process according to claim 18, 19, 20 or 22 for producing a permanent magnet 
substantially as herein described with reference to the Examples. 

For the Applicants, 
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Chartered Patent Agents, 5 
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