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Description
1) Field of the Invention

This invention relates to a permanent magnet material of a bulk shape and, in particular, to an iron-rare
earth metal-boron (R-Fe-B) permanent magnet material with a high coercive force.

2) Description of the Prior Art

Permanent magnets have been used in various applications such as electromechanical apparatus.

Recently, demands for Sm-Co permanent magnets have increased in place of known alnico magnets, fer-
rite magnets, and other conventional magnets, because of the high energy product of Sm-Co magnets. How-
ever, the Sm-Co magnets are expensive because of use of cobalt.

Therefore, various approaches are made for new permanent magnets which are economical and have an
increased energy product.

A possible approach has been directed to a novel intermetallic compound of transition metal (T) and rare
earth metal (R) instead of the Sm-Co intermetallic compound.

However, the intermetallic compounds without use of Co have been considered impossible to produce a
magnet having coercivity which is associated with magnetocrystalline anisotropy because the compounds have
an easy magnetization direction in the crystal phase. A reference is made to K. J. Stmat; |IEEE Trans. Mag.
(1972) 511.

in Appl. Phys. Lett. 39(10) (1981), 840, N. C. Koon and B. N. Das disclosed magnetic properties of amorph-~
ous and crystallized alloy of (Feg g2B6.18)0.9T Do.osLa0.05- They wrote that crystallization of the alloy occurred near
the relatively high temperature of 900 K, which also marked the onset of dramatic increase in the intrinsic coer-
cive force. They found out that the alloy in the crystallized state appeared potentially useful as low cobalt per-
manent magnets.

It is considered that magnetically hard intermetallic compound of R-Fe-B (R = Tb and La) are formed in
the alloy. Reviewing the R-Fe-B (R=Gd, Sn, Nd) ternary phase diagram by N. F. Chaban, Y. B. Kuz’ma, N. S.
Bilonizhko, O. O. Kachmar and N. W. petriv; Dopodivi Akad. Nuk. Ukr. RSR, Ser. A (1979) No.10, P.P. 875-877,
the intermetallic compound R-Fe-B (R = Tb and La) by Koon et al is guessed to be represented by RzFeB,
which is confirmed to be Nd,Fe4B by J. J. Croat et al. Reference is made to J. J. Croat, J. F. Herbst, R. W.
Lee and F. E. Pinkerton; J. Appl. Phys, 55 (1984) 2078.

Therefore, considering the saturation magnetization of an intermetallic compound of R-T as shown in the
above-described reference by K. J. Strnat, it can be guessed that use of Ce, Pr, and/or Nd for R in Fe-B-R alloy
can provide better magnetic properties for penmanent magnets than the Fe-B-La-Tb alloy.

J. J. Croat proposed amorphous (Nd and/or Pr)-Fe-B alloy having magnetic properties for a permanent
magnet as disclosed in JP-A-60009852. Those magnetic properties were considered to be caused by a micro-
structure where Nd,Fe B particles having a perticle size of 20-30 nm were dispersed within an amorphous Fe
phase. Reference is further made to R. K. Mishra: J. Magnetism and Magnetic Materials 54-57 (1986) 450.

However, the amorphous alloy can provide only an isotropic magnet because of its crystallographically iso-
tropy. This means that a high performance permanent magnet cannot be obtained from the amorphous alloy.

Sagawa, Fujiwara, and Matsuura proposed an anisotropic R-Fe-B sintered magnet in JP-A-59046008
which was produced from an ingot of an alloy of R (especially Nd), Fe, and B by conventional powder metal-
lurgical processes. The sintered magnet has more excellent magnetic properties for permanent magnets than
the known Sm-Co magnets.

However, the R-Fe-B sintered magnet has a probiem in considerably low corrosion resistance.

Further, since the R-Fe-B alloy out of stoichiometric compound of Nd,Fe,B is active to oxygen, any care
is necessary so as to prevent the alloy from oxidation. Moreover a surface oxide layer must be machined away
after sintering process. Therefore, the magnet cannot be produced with a high dimensional accuracy.

It is an object of the present invention to provide a permanent magnet material of a bulk shape comprising
R2T44B magnetic compound and having an excellent corrosion resistance.

It is another object of the present invention to provide a method for producing the bulk-shape permanent
magnet material comprising R,T 4B magnetic compound and having an excellent corrosion resistance.

Itis still another object of the present invention to provide a method for producing the bulk-shape permanent
magnet material comprising R,T14B magnetic compound with an excellent dimensional accuracy.

According to the present invention, a magnetic body with a high coercive force for a permanent magnet
can be obtained which consists essentially of a metallic cementing phase and magnetic crystalline particles
uniformly dispersed within the metal cementing phase. The cementing phase is 10% or less by volume of the
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magnetic body and comprises at least one element selected from a first metallic group of Al, Zn, Sn, Cu, Pb,
S, In, Ga, Ge, and Te. The magnetic crystalline particles is substantially balance of the volume of the magnetic
body and is a composition represented by a chemical formula R,T44B, where R is atleast one element selected
from Y and rare earth metals, T being transition metals and comprising Fe 50-100 at% in the transition metals.
Each of the magnetic particles is embedded in the cementing phase to form an interface therebetween.

The cementing phase is inert to oxygen in comparison with Nd and has, therefore, a good corrosion resi-
stance.

The cementing phase may comprise an intermetallic compound of at least one of the first metallic group
and at least one selected from a second metallic group of R, T, and B.

The present invention further provides a method for producing a magnetic body with a high coercive force
fora permanent magnet. The method comprises steps of: preparing an ingot of R-T-B magnetic alloy comprising
a magnetic intermetallic compound represented by a chemical formula of R,T14B, where R is at least one ele-
ment selected from Y and rare earth metals, T being transition metals but comprising Fe 50-100 at% in the
transition metals; pulverizing and milling the ingot to thereby prepare a magnetic powder; preparing a metallic
cementing powder comprising at least one element selected from a first metallic group of Al, Zn, Sn, Cu, Pb,
S, In, Ga, Ge, and Te; mixing the metallic cementing powder of 10% or less by volume and the magnetic powder
of substantially balance to prepare a mixed powder; and forming a bulk-shape body of the mixed powder at an
elevated temperature.

The bulk-shape body forming step comprises steps of; compacting the mixed powder under influence of
a grain aligning magnetic field into a compact body of a predetermined shape; and sintering the compact body
at a temperature lower than a peritectic reaction temperature of the magnetic powder but higher than a melting
temperature of the metallic cementing powder to thereby produce, as the bulk-shape body, a sintered body.

The sintered body may be subjected to a heat treatment at a temperature, preferably, 300-900 °C for impro-
ving the magnetic properties of the sintered body.

The bulk-shape body forming step may be hot compaction process for hot compacting the mixed powder
into the bulk-shape body at an elevated temperature lower than 1,100 °C but higher than a melting temperature
of the metallic cementing powder.

The hot compaction process is a hot-pressing process and alternatively a hot-extrusion process.

Fig. 1 is a schematic view of a microstructure of a bulk-form permanent magnet material according to the

present invention;

Fig. 2 is a view illustrating variation of magnetic properties of a magnet to a volume percent of to

NdsgFespAls, in the magnet;

Fig. 3 is a view illustrating a microstructure of a permanent magnet material of (NdaFe14B)es(NdzoFe40Ala0)s

according to an example of the present invention;

Fig. 4 is a view illustrating a microstructure of a permanent magnet material of (Nd Fe4B)gg5(NdCu2)105

according to another example of the present invention;

Fig. 5 is a view illustrating a microstructure of a permanent magnet material of (Nd;Fe4B)es(Pbegs.6Snz0.4)s

according to still another example of the present invention;

Fig. 6 is a view Iillustrating a microstructure of a permanent magnet material of

(Nd,Fe4B)as(NdsoFexPb2oSna)s according fo yet another example of the present invention;

Fig. 7 is a view illustrating variation of a coercive force of a permanent magnet material in an example to

a heat treatment temperature; and

Fig. 8 is a view illustrating variation of a coercive force of a permanent magnet material in an example to

a heat treatment time period.

The present invention attempts to provide a permanent magnet material with a high coercive force and a
corrosion resistance by making the material to have a microstructure as shown in Fig. 1 where magnetic par-
ticles of stoichiometric intermetallic compound of Nd,Fe,B are dispersed within a metallic cementing phase.
The metallic cementing phase is composed of metallic elements and/or an intermetallic compound or com-
pounds, which are inert to oxygen in comparison with Nd.

In order to realize the microstructure, Nd,Fe,4sB powder and metallic cementing powder are separately
prepared and those powder are mixed. The mixed powder is sintered or hot-formed at an elevated temperature
into a bulk-shape body so that the cementing powder forms a cementing phase to cement the magnetic particies
together.

The metallic element or elements are selected to be ones each having a melting point lower than a peritectic
temperature of the intermetallic compound of Nd,Feq,B, and the elevated temperature is also selected lower
than the peritectic temperature but higher than the melting point of the cementing powder. Therefore, only the
cementing powder melts to form the cementing phase by the sintering process or hot compaction process while
the intermetallic compound of the magnetic powder is not melted but dispersed within the cementing phase.
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Nd is active to oxygen if they do not form any intermetallic compound together or with other metallic element
or elements. Therefore, it is desired that the cementing phase includes no Nd.

However, at the high temperature for the sintering or hot-compaction, Nd and/or Fe diffuse from the mag-
netic powder into the cementing phase so that the intermetallic compound of Nd,Fe,4B is decomposed. In order
to prevent the intermetallic compound of each magnetic particle from decomposition, Nd and Fe are included
in the cementing powder in the form of an intermetallic compound or compounds with other metallic element
or elements. Alternatively, the magnetic powder is prepared as an alloy powder including Nd and Fe in addition
to the intermetallic compound of Nd,Feq4B.

In either use of the former and the latter ways, Nd and Fe are present in the cementing phase of the pro-
duced body. However, Nd forms an intermetallic compound with the other metaliic element or elements. Accord-
ingly, the cementing phase is also excellent in corrosion resistance.

Generally speaking, since a comparatively high temperature is used in the sintering temperature, both of
the former and the latter can be employed. However, since a comparatively low temperature is used in the hot
compaction process, the latter is employed because intermetallic compound of Nd and Fe with the other metallic
element is apt to have a melting temperature higher than the temperature for hot compaction.

The amount of the cementing powder is limited at maximum 10 % by volume of the mixed powder, because
when the cementing powder exceeds 10 vol%, the amount of the magnetic powder is insufficient to obtain a
high remanence.

It should be noted that the intermetallic compound of Nd,Fe,B has a high residual magnetic flux density
but has not a coercive force sufficient for a permanent magnet.

Now, the present invention will be described in connection with examples.

Example 1

An ingot of an intermetallic magnetic alloy represented by NdysFeg;Bg was prepared by the induction melt-
ing in argon gas atmosphere. Purity factors of used start materials of Nd, Fe (electrolytic iron), and B were 98%,
29.9%, and 98.5% or more, respectively. The ingot was pulverized by a crusher fo have a particle size below
24 mesh (Tyler) and, thereafter, finely divided by a ball mill into a fine magnetic powder having an average par-
ticle size of 3 pm.

On the other hand, various metallic powders (Zn, Al, S, In, Ga, Ge, Sn, Te, Cu, and Pb) for the cementing
phase material were prepared, each powder having an average particle size of several tens micron meters and
a purity of 99.9% or more.

Each metallic powder was mixed with the fine magnetic powder to form mixed powder. Each metal was
adjusted at 58 by volume of the mixed powder. Zn, Al, S, In, Ga, Ge, Sn, Te, Cu, and Pb were, by weight, 5%,
2%, 2%, 5%, 4%, 4%, 5%, 4%, 6%, and 7% in the mixed powders, respectively.

After being mixed in a ball mill, each mixed powder was hot-pressed into a desired bulk-shape body under
a pressing siress of 1,000 Kg.flcm? at a temperature of 600°C within argon gas atmosphere for 15 minutes.

Each hot-pressed body was measured as to density d, residual magnetic flux density Br, coercive force
He, maximum energy product (BH)max. The measured data are demonstrated with sample numbers 1-10 in
Table 1.

As a comparative sample, starting materials of Nd, Fe, B, and Al were blended with each other to obtain
an alloy represented by (NdisFe7B7)gsAls and aningot of the alloy was produced by use of an induction furnace.
The ingot was finely ground into a fine powder, which was, in turn, hot-pressed into a desired bulk-shape body
under similar conditions as described above. While, an ingot represented by Nd,sfegBg was prepared in the
similar manner and a hot-pressed body was produced from the ingot under the similar manner as described
above. Densities and magnetic properties of those two hot-pressed bodies are shown with sample numbers
11 and 12, respectively, in Table 1.
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Table 1
Sample Composition d, Br IHC (BH)max
No. (g/em®) (KG) (ROe) (MGOe)
1 (Nd13Fe8136)952“5 7.5 7.1 10.8 9.8
2 (NdlBFeBIBG)SSAls 7.3 7.0 12.6 10.1
3 (Ndl3Fe81B6)9684 7.1 6.8 10.5 9.2
4 (Ndl3Fe81B6)97In3 7.5 6.7 9.9 8.6
5 (Ndl3FeBlBS)96Ga4 7.4 6.9 10.6 9.4
6 (NdlBFeBlBG)QSGe4 7.4 6.8 10.0 8.9
Y 7 (Nd.l3Fe8186)97Sn3 7.5 6.6 10.1 8.5
8 (Ndl3Fe81B6)98Te2 7.4 7.0 7.9 9.1
9 (Ndl3FeBlBG)94cu6 7.6 6.7 9.1 8.3
10 (Nd13Fe8136)98Pb2 7.7 6.7 9.2 8.2
1i* (NdlsFe77B7)95A15 7.2 6.3 9.6 7.5
5 12%* Ndl3Fe81B6 7.5 1 0.2 1

* Sample according to prior art

Table 1 teaches that the samples Nos. 1-10 according to an embodiment of this invention are superior to
comparing samples Nos. 11 and 12 according to the known production method in the magnetic properties, espe-
cially, the maximum energy product (BH)rmax.

Example 2

A fine magnetic powder of Nd;FegBg was prepared and was mixed with metal powders (each having an
average particle size of 20-30 um ) of Zn 5wt%, Al 2wt%, S 2wt%, In 5wt’%, Ga 4wt%, Ge 4wt%, Sn 5wi%, Te
4wt%, Cu 6wt%, and Pb 7wt%, respectively, in the similar manner as described in Example 1.

Each mixed powder was compacted into a compact body of a desired bulk-shape by application of a press-
ing force of 1.5 ton.fiem? under influence of a grain aligning magnetic field of 25 KOe. The compact body was
hot-pressed at 600°C by pressing stress of 1,000 Kg.f/lcm? within vacuum for 15 minutes. Each hot-pressed
body was subjected to measurement of density and magnetic properties. The measured data are shown as
sample Nos. 13-22 in table 2.

For comparing with these samples, alloy ingots of (Nd;sFer7B7)esAls and NdqsFeg, Bg were produced and
were finely ground into powders. Those powders were compacted into compact bodies of a desired bulk shape
and were hot-pressed in the similar manner. Densities and magnetic properties of those hot-pressed bodies
are shown as sample Nos. 23 and 24 in Table 2.
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Table 2

Sample Composition d Br IHC {BH)max
No. (g/cm>) (KG) (KOe) (MGOe)
13 (Nd, ;Feg B) g 0n, 7.5 13.5 11.1 42.0
14 (Nd, jFeg Bg)gsAl, 7.3 14.0 12.9  45.3
15 (Nd, ;Feg Bo) g (S, 7.1  13.9 10.6 41.9
16 (Nd, ;Feg B.) g, In, 7.5 13.6 10.3  40.1
17 (Nd, JFeg B g Ga, 7.4  13.7 11.1 41.2
18 (N4, jFeg By ) g Ge, 7.4 13.7 10.4 39.8
19 (Nd, ;Feg Bc)g,5n, 7.5 13.6 10.6 40.0
20 "(N4, jFeg B)ggTe, 7.4 13.8 7.8 39.1
21 (Nd, JFeg B )g,Cu, 7.6 13.4 9.3  39.6
22 (N4, jFeg,B.) ggPb, 7.7 13.3 9.2  38.7
23*  (Nd, Fe, B.) oAl 7.2 9.8 6.4 22.8
24*  Nd, ,Feg B, 7.5 1 0.2 1

* Sample according to prior art

It should be noted from Table 2 that sample Nos. 13-22 according to embodiments of the present invention
are superior in the magnetic properties to not only comparing samples of Nos 23 and 24 according to the known
producing method but also samples of Nos. 1-10 in Table 1 according to embodiments of the present invention.

Example 3

In the similar manner as described in Example 1, Nd,Fe 4B magnetic alloy ingot was prepared and was
pulverized to have a particle size below 24 mesh (Tyler).

While, for the cementing phase material, start materials of Nd (having a purity factor of 98% or more), Fe
(having a purity factor of 99.9% or more), and Al (having a purity factor of 99.9%) were mixed and melted by
the induction melting in argon gas atmosphere to form an ingot of NdzgFe4gAl;, alloy. The ingot was also pul-
verized into powder having a particle size below 24 (Tyler) mesh.

Both of the powders were blended with each other at various mixing ratios so that NdagFesAlse powder is
0-15% by volume of the blended powder.

Each blended powder was finely ground into a powder of an average patrticle size of about 4 pm. The finely
ground powder was compacted into a compact body of a desired bulk-shape by application compacting stress
of 1.5 ton.f/lcm?2 under influence of a grain aligning magnetic field of 20 KOe. The compact body was sintered
in vacuum at 1,000-1,150 °C for 2 hours. The sintered body was heat treated at 500-900 °C for one hour. Density
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d, residual magnetic fiux density Br, coercive force ;H¢, and (BH)max of the sintered body after heat treatment
were measured are are illustrated in Fig. 2 for various volume percents of NdzgFesgAlg, in the sintered body.

In Fig. 2, the maximum magnetic properties are obtained at 5 vol% of NdzgFeeAlze content. The magnetic
properties are shown as a sample No. 25 in Table 3. The table also has properties of a comparing sample No.
26 which was a sintered Ndq4FegyBg alloy produced from the alloy ingot through milling, compacting in the align-
ing magnetic field, sintering, and heat treating steps according to a conventional powder metallurgy.

Table 3
Sample Composition d Br IHC (BH)max
No. (g/cm3) (KG) (KOe) (MGOe)
. . .0 48.5
25 (Nszel4B)95. 7.4 14.5 15
(NdjgFe 0Bl3g) g
. . 38.0
26%* Ndl4Fe80B6 7.5 12.8 l0.0

* Sample according to prior art

It will be understood from Table 3 that sample No.25 according to the present invention has a considerably
excellent magnetic properties in comparison with sample No. 26 according to the conventional process.

The sintered body of sample No. 25 was cross-sectioned and polished. The microstructure in the polished
surface was observed by a Scanning Electron Microscope (SEM). The observed microstructure is illustrated
in Fig. 3.

Referring to Fig. 3, it will be noted that the magnetic crystalline patrticles (being black) of Nd,Fe4B are cov-
ered with, or embedded in, a cementing phase (being white) of NdzFessAls,.

Then, the No.25 sample was subjected to component analysis of the magnetic particles and the cemented
phase in the sample by use of an Electron Probe Micro Analyser (EPMA). Analysed elements and their amount
(at%) are shown in Table 4.

Table 4
Phase Nd Fe Al B Composition
Cementing 25.2 70.2 4.6 0 Nd(E‘eAl)l_3
magnetic 12.3 81.8 0 6 Nd(FeAl)l4B
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This example teaches us that magnetic properties of sintered Nd,FeB magnet can be considerably
improved by covering and cementing the Nd,Feq,B particles with the Nd(Fe, Al); matrix or the cementing phase.
Fig. 2 shows that the magnetic properties gradually decrease along increase of the cementing phase from
5 vol% through 8 vol%. It is considered that this is because of decrease of the amount of the magnetic particles.

Example 4

Nd,Fe,,B alloy powder and NdaoFe,0Aly alloy powder produced through the similar steps as described in
Example 3 were blended with each other so that NdsoF e4Al powder was 5% of volume of the blended powder.
The blended powder was compacted to a desired bulk shape in the grain aligning magnetic field of 20 KOe by
application of compacting force of 1.5 ton.flcm?2 and produced a green compact body. The green compact body
was subjected fo a hot compaction by hot-pressing the green compact at 800 °C in argon gas atmosphere by
1,000 Kg.ffem? for 15 minutes.

Density and magnetic properties of the hot-pressed body were measured and are described with sample
number of No. 27 in Table 5.

In Table 5, sample No. 28 is a sample produced from a Nd4FegoBs powder through the similar compacting
and hot-pressing steps.

Comparison of sample Nos. 27 and 28 also teach that the Nd-Fe-Al cementing phase improves the mag-
netic properties of Nd,Fe 4B magnet.

Table 5
Sample Composition a Br IHC (BH)max
No. (g/cm3) (KG) (KOe) (MGOe)
27 (Nszel4B)95. 7.5 14.2 16.0 47.5
(Nd3gFe pRlsg)s
*
28 Ndl4Fe8056 7.5 1.0 0.2 1

* ©Sample according to prior art

Example 5

Nd,Fe,B magnetic alloy powder with an average particle size of 3 um was prepared in the similar manner
as described in Example 1. While, NdCu, powder for the cementing phase material having similar particle size
was also produced in a similar producing method. Both powders were mixed with each other so that the amount
of NdCu, powder was about 10% by volume in the mixture, and the mixture was uniformly mixed in a ball mill.
The mixture was compacted into a bulk shape by application of compacting stress of 1.5 ton.flem2 in the grain
aligning magnetic field of 20 KOe. The compacted body was sintered in vacuum at 1,100-1,130 °C for 2 hours.
The sintered body was heat-treated in argon gas atmosphere at 600-800 °C for one hour.

The magnetic properties of the sintered body as sample No. 29 are shown in Table 6 together with its den-

sity.
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Table 6
Sample Composition d Br IHC (BH)max
No. (g/cm>) (KG) (ROe) (MGOe)
29 (NdZFel4B)89.5' 7.5 12.8 9.3 38.5
(NdCuy )14 5

No. 29 sample was then cross-sectioned and polished. The microstructure of the cross-section was obser-
ved by use of an optical microscope. The observed microstructure is illustrated in Fig. 4. In the figure, Nd,Fe 4B
magnetic particle is shown in white and the NdCu, cementing phase is shown in black.

Further, the electron beam X-ray microanalysis was carried out to the magnetic particle phase and the
cementing phase of the sample of No. 29. Table 7 shows analysed elements and their amounts by atomic per-
cent (at%).

In Table 7, the cementing phase comprises two intermetallic compounds | and Il. Compound | is represen-
ted by NdCu, and Compound i is represented by Nd(Cu, Fe),.

Table 7
Phase Nd Cu Fe B
Magnetic 13.1 - 81.8 6.0
I 46 .9 53.1 - -

Cementing

II 31.3 60.8 7.9 -

As being illustrated in Fig. 4, each magnetic particle (shown in white in Fig. 4) is cemented and covered
with the cementing phase (black in Fig. 4).

Example 6

A mixture similar to in Example 5 was prepared.
The mixture was hot-pressed in argon gas atmosphere at 900 °C by application of pressing stress of 1,000

9
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Kg.flem? for 15 minutes.
Table 8
Sample Composition d Br IHC (BH)max
No. 3
(g/cm™) (KG) (KOe) (MGOe)
30 (Nszel4B)89.5' 7.45 12.4 8.5 36.0
(NdCuy) 4.5

Table 8 shows density and magnetic properties of the hot-pressed body as sample No. 30. Table 8 teaches
us that excellent magnetic properties are obtained.

Example 7

Nd,Fe.,B magnetic powder similar to Example 5 was prepared. While, Nd,54Cus; 2215, 4 powder for the
cementing phase was prepared in the similar manner as the magnetic powder. Both of the powders were blen-
ded with each other so that the amount of the Ndj5 4Cus; 2Z2n2, 4 powder was about 10% by volume of the blen-
ded powder. The blended powder was uniformly mixed in ball mill. The mixture was hot-pressed into a body
of a desired shape in argon gas at 600 °C by pressing stress of 1,000 Kg.ffcm? for 15 minutes.

The magnetic properties and density of the hot-pressed body are shown in Table 9.

Table 9
Sample Composition d Br IHC (BH)max
No. (g/cm3) (KG) (KOe) (MGOe)
(Nszel4B)89.4‘
31 (Nd25.4Cu52.2 7.42 12.2 9.5 35.0
Zn33.410.6
Example 8

A molten alloy of NdasFegsB was prepared in the similar way as in Example 1.
While, two Pb-Sn alloys A and B shown in Table 10 were also prepared in the molten state by using start
materials of Pb and Sn each having purity factor of 99.9% or more.



10

15

20

25

55

EP 0 249 973 B1

Table 10
Cementing Alloy Pb Sn
A (at%) 69.6 30.4
B (at%) 26.1 73.9

A powder less than 250 (Tyler) mesh was prepared from each of the molten alloys by atomization. Then,
Nd,¢Fe sBe magnetic powder was divided by ball mill into average particle size of about 3 pm. Each powder of
Pb-Sn alloys A and B was blended with the magnetic powder and was mixed in ball mill. The amount of each
of alloy A and B was 5% by volume of each mixture.

Each powder mixture was compacted into a compact body of a bulk shape in the aligning magnetic field
of 20 KOe by compacting stress of 1.5 ton.f/lcm2. The compact body was sintered in vacuum at 1,000-1,150
°C for 2 hours. The sintered body was heat-treated at 500-800 °C for one hour and was thereafter subjected
to measurement of density and magnetic properties.

The measured data are demonstrated in Table 11. No. 32 sample uses alloy A and No. 33 uses alloy B.

Table 11
Sample Cementing d Br IHC (BH)max
No. Alloy (g/cm>) (KG) (KOe) (MGOe)
32 A 7.5 12.9 11.5 38.0
33 B 7.5 12.8 12.0 37.5

The microstructure of each sample of Nos. 32 and 33 was observed by an optical microscope. Fig. 5 shows
the microstructure of No. 32 sample. In the figure, the magnetic particles are illustrated in white and the cement-
ing phase is black.

While, the microanalysis was performed to the magnetic perticle phase and the cementing phase of each
sample of Nos. 32 and 33. The analysed elements are shown in Table 12 together with their amounts by at%.

Attention should be directed to a fact that the magnetic particle phase consists of the intermetallic com-
pound of Nd,Fe,B. While, Nd and Fe is present in both of the cementing phase. | and Il are analysed data at
different portions of the cementing phase of the sintered body.

1"



10

15

EP 0249 973 B1

Table 12
Sample Phase Nd Fe B Pb sSn formula
Magnetic 12.3 81.7 6 - - Nszel4B
32
I 50.5 26.0 - 17.5 6.0 Nd(Fe,
Cementing
II 53.0 20.0 - 22.0 5.0 <tPrS®)
Magnetic 12,6 8l.2 6.2 - - Nszel4B
33
I 48.5 27.90 - 6.5 18.0 Nd(Fe,
Cementing
Pb,Sn)

II 52.0 34.0 - 5.0 9.0

For sample No. 33, it will be appreciated that the cementing phase is constituted of an intermetallic com-
pound of Nd(Pb, Fe, Sn) where a part of Pb in NdPb is replaced by Fe and Sn. While, the cementing phase in
No. 33 sample is composed of an intermetallic compound of Nd(Sn, Fe, Pb) where a part of Sn in NdSn com-
pound is replaced by Fe and Pb.

That is, Nd and Fe diffuse from Nd-Fe-B particies into Pb-Sn phase so that each Nd-Fe-B particle becomes
a stoichiometric intermetallic compound R,Fe;4B which has ferromagnetism.

If Nd and Fe are insufficiently diffused in the Pb-Sn alloy, excellent magnetic properties are not obtained
because each magnetic particle comprises not only the intermetallic compound of Nd,Fe,B but also non-mag-
netic phase.

This means that it is useful for production of the permanent magnet material to prepare Nd,Fe4B particles
and to mix the particles with cementing phase materials so as to obtain a bulk-shape magnet material having
excellent magnetic properties.

Example 9

The powder mixtures prepared in Example 8 were compacted into green compact bodies in the aligning
magnetic field of 20 KOe by compacting stress of 1.5 ton.flom2. Each green compact body was hot-pressed in
argon gas at 750 °C under application of a pressure 1,000 Kg.flem2 for 20 minutes. Thereafter, the hot-pressed
body was heat-treated in argon gas at 600 °C for 30 minutes.

The magnetic properties after the heat treatment are shown in Table 13. Samples of Nos. 34 and 35 in
Table 13 contain the Pb-Sn alloys A and B in Table 10, respectively.
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Table 13
Sample Alloy d Br IHC (BH)max
No. No. (g/cm>) (KG)  (KOe)  (MGOe)
34 A 7.4 12.5 12.0 36.5
35 B 7.4 12.4 12.5 36.0

in this embodiment, it was also confirmed that Nd and Fe were present in the cementing phase with the
particles becoming Nd,Fe B compound.

Example 10

Nd.Fe.,B magnetic alloy powder similar to Example 3 was prepared.
In the similar producing steps, Nd-Fe-Pb-Sn alloy powders C, D, and E in Table 14 were produced from

Table 14
Cementing Alloy Nd Fe Pb Sn
c 40 20 290 20
D 40 10 30 20
E 40 10 20 30

start materials of Nd (purity of 98 % or more), Fe (purity of 99.9% or more), Pb (purity of 88.9%), and Sn (purity
of 99.9%). Each powder of C-E was prepared to have an average particle size of 3 pm.

These powders C-E were blended with the magnetic powder, separately, and each blended powder was
mixed with each other in a bali mill. Each alloy powder of C-E was 5% by volume of each powder mixture.

Each powder mixture was compacted into a compact body in the aligning magnetic field of 20 KOe by com-
pacting force of 1.5 ton.flcm?, and the compact body was sintered in vacuum at 1,000-1,150 °C for 2 hours.
The sintered body was further heat-treated at 500-900 °C.

Table 15 indicates density and magnetic properties of each sintered and heat-treated body as samples Nos.
36, 37, and 38 which use Nd-Fe-Pb-Sn alloys C, D, and E, respectively.
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Table 15
Sample Cementing o Br He (BH)max
No.
Alloy (g/cm>) (KG) (KOe) (MGOe)
36 o] 7.5 12.9 11.4 37.5
37 D 7.6 12.8 10.9 37.5
38 E 7.5 12.9 11.0 38.5

In comparison with Nos. 32 and 33 samples, Nos. 36-38 samples are nearly equal to them in the magnetic
properties but have a reduced Nd content which is active to oxygen. Accordingly, Nos. 36-38 samples are
superior to Nos. 32 and 33 samples in the corrosion resistance and especially during production and storage
of powder materials.
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Table 16
Sample Phase Nd Fe B Pb Sn

Magnetic 12.2 81.8 6.0 - -
36

Cementing 41.5 18.7 - 21.0 17.8

Magnetic 12.4 81.7 5.9 - -
37

Cementing 40.2 9.3 - 30.8 19.7

Magnetic 12.5 8l.4 6.1 - -
38

Cementing 40.8 10.1 - 20.8 18.3

For each sintered body, the observation of microstructure and microanalysis were carried out. The micro-
structure of No. 38 sample is shown in Fig. 6 (white for magnetic particles and black for cementing phase), and
analysed elements in respective samples are described in Table 16.

It will be understood from Table 16 that not only B but Nd and Fe do not diffuse into the Nd-Fe-Pb-Sn
cementing phase. Pb and Sn nor diffuse into Nd.Fe 4B particles.

Example 11

Each mixture obtained in Example 10 was compacted into a green compact in the aligning magnetic field
of 25 KOe by pressing stress of 1.5 ton.flem2. The green compact was hot-pressed in argon gas at 800 °C by
pressing stress of 1.0 ton.flcm? for 20 minutes. Then, the hot-pressed body was heat-treated in argon gas
atmosphere at 600 °C for 30 minutes.

Tabie 17 shows density and magnetic properties of each hot-pressed body after heat-treated as samples
Nos. 39, 40, and 41.
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Table 17
Sample Cementing d Br IHC (BH)max
No. Alloy (g/cm3 ) (KG) (KOe) (MGOe)
39 c 7.5 12.9 11.0 36.5
40 D 7.6 12.4 9.8 35.0
41 E 7.5 12.5 11i.5 36.0

Nos. 39 and 40 samples have magnetic properties equally to Nos. 34 and 35 samples but have a reduced

amount of Nd.

Next, in order to appreciate of corrosion resistance of permanent magnet material according to the present
invention, samples of Nos. 25, 29, and 32 according to the present invention and No. 26 sample sintered by
the conventional powder metallurgy were subjected to the following tests.

Test 1

A humidity test was carried out onto the test pieces under a test condition of a temperature of 60 °C and

a humidity of 90% for 100 hours.
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Table 18
Sample 90% Humidity Test At 60 °c
No. Time(Hr.) 1 5 10 25 50 75 100
29 G G G X Y Z z
32 G G G G X Y Z
25 G G G G G X Y
26 G X X Y 2 / Z
G ...No change.
X ...White oxide slightly observed.
Y ...Red rust occurred on the surface.

Z ...Red rust presented over the entire surface.

The result of the test is shown in Table 18, which teaches us that the samples according to the present
invention are superior in comosion resistance to the sample according to the conventional powder metallurgy.

Test 2

Test pieces of each sample were coated with surface coatings by electrolytic Ni plating, phosphate treating,
and anti-corrosion resin coating, respectively.

The electrolytic Ni plating was carried out after Cu plating coating of 3-5 um thickness was previously for-
med.

The phosphate treating was performed using a conventional phosphate solution.

In the anti-corrosion resin coating, epoxy resin was dissolved in an organic solvent and then sprayed onto
test pieces. Thereafter, epoxy resin coating was formed by heating at 150 °C.

Those test pieces were subjected to salt spray corrosion test under a condition where salt water solution
(6% NaCl) was sprayed onto the test pieces at 35 °C for 48 hours during which surface change of each test
piece was observed. When the test completed, magnetic properties of each test were measured.

The observed surface change and the measured magnetic properties are illustrated in Tables 19 and 20.

Itwill be noted from Table 19 that permanent magnet materials according to the present invention are excel-
lent in corrosion resistance. The magnetic properties are not degraded by anti-corrosion surface coating as well
be understood from Table 20.
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Table 19

Coating Salt Spray Corrosion Test

Kind Thickness Time Sample Number
{(am) (Hr.) 29 32 25 26
Ni plate 10-20 12 G G G Z
Phosphate 5-7 3 X X G Z
Epoxy resin 15-25 24 G G G Z

G ...No change,

X ...White oxide slightly observed.

Y ...Red rust occurred on the surface.

Z ...Red rust presented over the entire surface.
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Table 20

Coating

Sample Kind Ni plate Phosphate Epoxy resin

Thick. 10-20 am 5-7 nam 15-25 um

Br (KG) 14.1 1l4.2 14.0
. 15.3 14.5
29 IHC (KOoe) 14.8
(BH)max (MGOe) 46.9 47 .1 46.8
Br (KG) 12.8 12.4 12.6
.4 9.0 9.8
32 IHc (Koe) 9
(BH)max (MGOe) 38.5 35.4 36.5
Br (KG) 12.8 12.9 12.6
25 IHC (KCe) 11.0 12.0 11.9
(BH)max (MGOe) 37.0 37.6 36.5
Example 12

Zn, Sn, and Al powders, each having a purity factor of 99.9%, were blended with the Nd;FegBg magnetic
alloy powder obtained in Example 2, respectively, and the blend was mixed uniformly in ball mills to obtain res-
pective powder mixtures.

Added amounts of Zn, Sn, and Al powders were selected to be 5% by volume of respective powder mixt-
ures.

Each powder mixture was compacted in the aligning magnetic field of 25 KOe by pressing stress of 1.5
ton.flem? and formed a green compact of a desired bulk shape. The green compact was heated at 700 °C and
then coated with glass coating by depositing glass powder onto the surface of the green compact. The glass
coated green compact was inserted in a extrusion mould and was moulded into a desired shape by extrusion.

Each extruded body was measured to obtain the magnetic properties. The measured properties and den-
sities are indicated for Nos. 42, 43, and 44 samples in Table 21 together with density.
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Table 21
Sample Composition d Br IHC (BH)max
No. (g/cm’) (KG) (KOe) (MGOe)
42 (Ndl3F681B6)96A14 7.3 13.8 2.9 41.2
43 (Nd13Fe81B6)952n5 7.5 13.4 5.8 37.8
44 (1.\Ic3.l3E‘e83_B6)9.7Sn3 7.5 13.3 7.0 37.0
*
45 (Ndl3Fe81B6)89Alll 7.2 9.8 6.4 22.8
*
46 Ndl3PealB6) 7.5 1.0 0.2 1

*...Sample according to the Prior Art

In Table 21, each of Nos. 45 and 46 samples is a hot-pressed body produced from the alloy ingot through
pulverizing, compacting, and extruding steps.

Magnetic materials according to the present invention can be produced by hot extrusion and has excellent
magnetic properties in comparison with one produced from the alloy ingot.

Example 13
Each of green compact obtained in Example 12 was hot-pressed in argon gas atmosphere at 700 °C by

pressing stress of 1,000 Kg.f/lcm? for 15 minutes. The hot-pressed body was heat-treated in argon at 600 °C
for 10 minutes.
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Table 22
Sample Composition d Br IHC (BH)max
No. (g/cm>) (KG) (KOe) (MGOe)

47 (Ndl Fe 7.3 14.9 10.1 49.7

3Feg1867 96214
After Heat Treatment 7.3 14.1 20.3 46.9

48 (Nd13F88156)952n5 7.3 13.5 6.1 39.8

After Heat Treatment 7.3 13.3 18.9 41.8

. .6 44.2
49 (Ndl3FeBlB6)97Sn3 7.5 13.6 10

After Heat Treatment 7.5 13.4 16.6 -42.4.

Magnetic properties of each hot-pressed body as sample of Nos. 47, 48, and 49 were measured before
and after the heat treatment and are iflustrated in Table 22. It will be found out from Table 22 that the coercive
force H. is improved by the heat-treatment with the other properties being almost unchanged. The improvement
is considered to be caused due to decrease of nucleation sites of reverse domain by the heat-freatment.

In order to confirm influence of heat-treating temperature for the improvement of coercive force, heat treat-
ment was carried out to No. 47 sample at various temperatures. Fig. 7 illustrates measured coercive force to
variation of heat-treating temperature. Fig. 7 shows that the effective temperature is 300-900 °C.

Further, experiment for heat-treatment was performed as to No. 47 sample at various heat-treating time
periods at a constant temperature of 600 °C. Fig. 8 shows residual magnetic flux density Br and coercive force
iHc to variation of heat-treating time period. It will be noted from Fig. 8 that the heat treatment for about 10
minutes is most effective for improvement of the magnetic properties.

Example 14

Aly4Zngg powder and Alg;Cuy7 powder were produced from starting materials having purity of 98% or more.
Each powder has an averaged particle size of 1-10 um.

Each powder and the Nd,sFeg;Bg magnetic powder obtained in Example 2 were mixed with each other at
a mixing ratio of 5 to 95 by volume (which means 4.4 wt% for Alj1Znge and 2.4 wt% for Nd;3Feg;Be) in a ball
mill.
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Table 23
Sample Composition o] Br IHC (BH)max
No. (g/cm>) (KG) (KOe) (MGOe)
) .2 40.8
50 (Nd, Feg Bg)g.- 7.4  13.4 10.2 40
(Al;,Zngglg
. .5 42.3
51 (Nd;,Feg B.)ge- 7.3 13.5 9.5
(algsCuyq)g

The mixture was compacted to a green compact in the aligning magnetic field of 25 KOe by pressing stress
of 1.5 ton.flem2. The green compact was hot-pressed in argon gas atmosphere at 600 °C by pressing stress
of 1,000 Kg.f/cm2 for 15 minutes. The magnetic properties of hof-pressed body of sample Nos. 50 and 51 are
described in Table 23.

it will be understood to obtain improvement of magnetic properties similar to Example 2.

Example 15

AlggFes, powder, AlasNizs powder, AloCogy powder, and Al;sCras powder were used in place of Al11Znge pow-
der and Alg2Cuy7 powder in Example 14, and a green compact was produced from a mixture of each powder
and Nd,,Feg,Bg magnetic powder in similar manner as described in Example 14. The green compact was hot-
pressed similarly, but for 10 minutes.
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Table 24
Sample Composition d Br IHC {BH)max
No. (g/cma) (KG) (Koe) (MGOe)

52 (NQ) ;Feg B, ) g5 7.3 13.2 9.5 39.8
(AlggFesylg

53 (NQ, JFeg B )g, - 7.4 13.0 9.1 39.5
(Al,gNiqg)g

54 (Nd ;Feg Bg) gy 7.5 13.7 9.4 42.3
(A120C080)6

55 (N&, ;Feg By, 7.3 13.6 9.8 42.5
(Al7 Cr

5CT35) 5

Magnetic properties of the hot-pressed body was excellent similarly as in Example 14 and is shown in Table
24 with sample numbers Nos. 52-55 for alloy powders used.

Claims

1. Amagnetic body with a high coercive force for a permanent magnet which consists essentially of a metal-
lic cementing phase and magnetic crystalline particles uniformly dispersed within said metal cementing phase,
said cementing phase being 10% or less by volume of said magnetic body and comprising atleast one element
selected from a first metallic group of Al, Zn, Sn, Cu, Pb, S, In, Ga, Ge, and Te, said magnetic crystalline particies
being substantially balance of the volume of the magnetic body and being a composition represented by a chem-
ical formula R,T44B, where R is at least one element selected from Y and rare earth metals, T being transition
metals and comprising Fe 50-100 at% in the transition metal, each of said magnetic particies being embedded
in said cementing phase to form an interface therebetween.

2. A magnetic body as claimed in Claim 1, said cementing phase comprising an intermetallic compound
of at least one of said first metallic group and at least one selected from a second metallic group of R, T, and
B.

3. A method for producing a magnetic body with a high coercive force for a permanent magnet comprising
steps of:

preparing an ingot of R-T-B magnetic alloy comprising a magnetic intermetallic compound represented
by a chemical formula of R,T14B, where R is at least one element selected from Y and rare earth metals, T
being transition metal but comprising Fe 50-100 at% in the transition metal;
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pulverizing and milling said ingot to thereby prepare a magnetic powder;

preparing a metallic cementing powder comprising at least one element selected from a first metallic
group of Al, Zn, Sn, Cu, Pb, S, In, Ga, Ge, and Te;

mixing a metallic cementing powder of 10% or less by volume and said magnetic powder of substantially
balance to prepare a mixed powder; and

forming a bulk-shape body of said mixed powder at an elevated temperature.

4. A method as claimed in Claim 3, said bulk-shape body forming step comprising;

compacting said mixed powder under influence of a grain aligning magnetic field into a compact body
of a predetermined shape; and

sintering said compact body at a temperature lower than a peritectic reaction temperature of said mag-
netic powder but higher than a melting temperature of said metallic cementing powder to thereby produce, as
said bulk-shape body, a sintered body.

5. A method as claimed in Claim 4, wherein said R-T-B ingot consists of said intermetallic compound of
R2T14B, and said metallic cementing powder comprises an intermetallic compound of at least one element
selected from said first metallic group and at least one selected from a second metallic group of R, T, and B.

6. A method as daimed in Claim 5, further comprising a step of subjecting said sintered body to a heat
treatment for improving the magnetic properties of the sintered body.

7. A method as claimed in Claim 6, wherein said heat treatment is performed at 300-900 °C.

8. Amethod as claimed in Claim 3, wherein said bulk-shape body forming step is a hot compaction process
for hot compacting said mixed powder into said bulk-shape body at an elevated temperature lower than 1,100
°C but higher than a melting temperature of said metallic cementing powder.

9. A method as claimed in Claim 8, wherein said hot compaction process is a hot pressing process for hot
pressing said mixed powder into said bulk-shape body under a pressure of 5-5,000 Kg.flem?2.

10. A method as claimed in Claim 9, said bulk shape body forming step further comprising a step of pre-
viously compacting said mixed powder to form a green compact, said green compact being then subjected to
said hot-pressing process.

11. A method as claimed in Claim 10, wherein said compacting step is performed within an aligning mag-
netic field.

12. A method as claimed in Claim 8, wherein said hot compaction process comprises steps of compacting
said mixed powder to form a green compact, heating said green compact at said elevated temperature, and
then subjecting said heated green compact to extrusion to thereby produce, as said bulk-shape body, an ext-
ruded body.

13. Amethod as claimed in Claim 12, wherein said green compact is coated with a heat insulating material
prior to said extrusion.

14. A method as claimed in Claim 8, further comprising a step of subjecting said bulk-shape body to a heat
treatment for improving the magnetic properties thereof.

15. A method as claimed in Claim 14, wherein said heat treatment is performed at 300-900 °C.

Patentanspriiche

1. Magnetischer Kdrper mit einer hohen Koerzitivkraft fr einen Permanentmagneten, der im wesentlichen
aus einer metallischen Zementphase und gleichmaRig in der metallischen Zementphase verteilten magneti-
schen kristallinen Teilchen besteht, wobei die Zementphase 10 % oder weniger im Volumen des magnetischen
Korpers darstellt und mindestens ein Element aufweist, das aus einer ersten Metallgruppe aus Al, Zn, Sn, Cu,
Pb, S, In, Ga, Ge und Te ausgewahlt ist, die magnetischen kristallinen Teilchen das Volumen des magnetischen
Karpers im wesentlichen ausgleichen und von einer Zusammensetzung sind, die durch eine chemische Formel
R,T.,B dargestellt ist, worin R ein aus Y und seltenen Erdmetallen ausgewahites Element ist, T Ubergangsme-
talle sind und Fe bei 50 - 100 % in dem Ubergangsmetall aufweisen und jedes der magnetischen Teilchen in
der Zementphase zum Bilden einer Grenzfiache dazwischen eingebettet ist.

2. Magnetischer Korper nach Anspruch 1, wobei die Zementphase eine intermetallische Verbindung aus
mindestens einem der ersten metallischen Gruppe und mindestens einem aus einer zweiten metallischen
Gruppe aus R, T und B ausgewahiten aufweist.

3. Verfahren zum Erzeugen eines magnetischen Korpers mit einer hohen Koerzitivkraft fiir einen Perma-
nentmagneten mit den Schritten:

Vorbereiten eines Rohblockes aus einer R-T-B-Magnetlegierung, die eine magnetische intermetallische
Verbindung aufweist, die durch eine chemische Formel R,T4B dargestellt wird, wobei R mindestens ein Ele-
ment ist, das aus Y und seltenen Erdmetallen ausgewahit ist, B ein Ubergangsmetall ist, aber Fe bei 50 - 100
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% in dem Ubergangsmetall aufweist;

Pulverisieren und Zermahlen des Rohbarrens zum dadurch Vorbereiten eines magnetischen Pulvers;

Vorbereiten eines metallischen Zementpulvers, das mindestens ein Element aufweist, das aus einer
ersten Metaligruppe aus Al, Zn, Sn, Cu, Pb, S, In, Ga, Ge und Te ausgewéhlit ist;

Mischen eines metallischen Zementpulvers von 10 % oder weniger im Volumen und des magnetischen
Pulvers zum im wesentlichen Ausgleichen zum Vorbereiten eines gemischten Pulvers und

Bilden eines bulkférmigen Kérpers des gemischen Pulvers bei einer erhéhten Temperatur.

4. Verfahren nach Anspruch 3, wobei der Schritt des Bildens des bulkformigen Kdrpers aufweist:

Verdichten des gemischten Pulvers unter EinfluB eines kornausrichtenden Magnetfeldes in einen ver-
dichteten Kérper einer vorbestimmten Form und

Sintern des verdichteten Kérpers bei einer Temperatur, die niedriger ist als eine peritektische Reaktion-
stemperatur des magnetischen Pulvers, aber hher als eine Schmelztemperatur des metallischen Zementpul-
vers ist zum dadurch Erzeugen als der bulkférmige Kdrper eines gesinterten Koérpers.

5. Verfahren nach Anspruch 4, bei dem der R-T-B-Rohbarren aus der intermetallischen Verbindung von
R,T44B bestehtund das metallische Zementpulver eine intermetallische Verbindung aus mindestens einem Ele-
ment aufweist, das aus der ersten Metallgruppe gewéhlt ist, und eines, das aus einer zweiten Metallgruppe
aus R, T und B ausgewiahilt ist.

6. Verfahren nach Anspruch 5, mit dem weiteren Schritt des Aussetzens des gesinterten Korpers einer War-
mebehandlung zum Verbessern der magnetischen Eigenschaften des gesinterten Kdrpers.

7. Verfahren nach Anspruch 8, bei dem die Warmebehandlung bei 300 - 800 °C ausgefihit wird.

8. Verfahren nach Anspruch 3, bei dem der Schritt des Bildens des bulkformigen Korpers ein warmer Ver-
dichtungsvorgang zum warmen Verdichten des gemischten Pulvers in den bulkfdrmigen Krper bei einer erhh-
ten Temperatur niedriger als 1100 °C, aber hher als eine Schmelztemperatur des metallischen Zementpulvers
ist.

9. Verfahren nach Anspruch 8, bei dem der warme Verdichtungsvorgang ein warmer Pref3vorgang zum
warm Pressen des gemischten Pulvers in den bulkférmigen Kérper unter einem Druck von 5 - 5000 kp/cm? ist.

10. Verfahren nach Anspruch 9, wobei der Schritt des Bildens des bulkfGrmigen Koérpers weiter einen
Schritt des vorherigen Verdichtens des gemischten Pulvers zum Bilden eines Griinlings aufweist und der Grin-
ling dann dem Warm-Pressen-Vorgang ausgesetzt wird.

11. Verfahren nach Anspruch 10, bei dem der Verdichtungsschritt in einem ausrichtenden Magnetfeld
durchgefiihrt wird.

12. Verfahren nach Anspruch 8, bei dem der Warm-VerdichtungsVorgang die Schritte des Verdichtens des
gemischten Pulvers zum Bilden eines Griinlings, Erwdrmen des Griinlings bei der erhShten Temperatur und
dann Aussetzen des erwdrmten Griinlings einem Extrudieren zum dadurch Erzeugen als dem bulkférmigen
Korper eines extrudierten Korpers aufweist.

13. Verfahren nach Anspruch 12, bei dem der Griinling mit einem wérmeisolierenden Material vor dem
Extrudieren beschichtet wird.

14. Verfahren nach Anspruch 8, das weiter einen Schritt des Unterwerfens des bulkformigen Korpers einer
Wirmmebehandlung zum Verbessern seiner magnetischen Eigenschaften aufweist.

15. Verfahren nach Anspruch 14, bei dem die Warmebehandlung bei 300 - 900 °C durchgefiihrt wird.

Revendications

1. Corps magnétique & force coercitive élevée pour aimant permanent, constitué essentiellement d'une
phase de cémentation métallique et de particules magnétiques cristallines uniformement dispersées dans la
phase de cémentation métallique, cette phase de cémentation représentant 10 % au moins du volume du corps
magnétique et comprenant au moins un élément choisi dans un premier groupe constitué des métaux Al, Zn,
Sn, Cu, Pb, S, In, Ga, Ge et Te, les particules magnétiques cristallines représentant essentiellement le complé-
ment a 100 % du volume du corps magnétique et consistant en une composition représentée par une formule
chimique R,T14B dans laquelle R est au moins un élément choisi dans des métaux Y et de terres rares, T étant
constitué par des métaux de transition et comprenant de 50 & 100 % de Fe dans le métal de transition, chacune
des particules magnétiques étant noyée dans la phase de cémentation pour former une interface entre elles.

2. Corps magnétique selon la revendication 1, caractérisé en ce que la phase de cémentation comprend
un composé intermétallique constitué de I'un au moins des métaux du premier groupe et d’au moins un métal
choisi dans un second groupe métallique de R, T et B.

3. Procédé de production d’un corps magnétique & force coercitive élevée pour aimant permanent, procéde
caractérisé en ce qu'il comprend les différentes étapes consistant & :
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préparer un lingot d'alliage magnétique de R-T-B comprenant un composé intermétallique représenté
par formule chimique R;T4B dans laquelle R est au moins un élément choisi dans des métaux Y et de terres
rares, T étant un métal de transition mais comprenant de 50 & 100 % de Fe dans le métal de transition ;

broyer et moudre le lingot pour préparer ainsi une poudre magnétique ;

préparer une poudre de cémentation métallique comprenant au moins un élément choisi dans un premier
groupe constitué des métaux Al, Zn, Sn, Cu, Pb, S, In, Ga, Ge et Te ;

mélanger la poudre de cémentation métallique représentant 10 % ou moins du volume, avec ia poudre
magnétique représentant le complément & 100 % du volume, de maniére a préparer une poudre mélangée ;
et

former un corps en bloc de la poudre mélangée & une température élevée.

4. Procédé selon la revendication 3, caractérisé en ce que I'étape de formation du corps en bloc consiste

a:

compacter la poudre mélangée sous l'influence d’'un champ magnétique d’alignement des grains pour
former un corps compact de forme prédéterminée ; et

fritter ce corps compact 4 une température inférieure a la température de réaction péritectique de la pou-
dre magnétique mais supérieure 2 la température de fusion de la poudre de cémentation métailique pour pro-
duire ainsi, comme corps en bloc, un corps fritté.

5. Procédé selon la revendication 4, caractérisé en ce que le lingot de R-T-B est constitué du composé
intermétallique de R,T14B, et en ce que la poudre de cémentation métallique comprend un composé intermé-
tallique d’au moins un élément choisi dans le premier groupe de métaux et d'au moins un élément choisi dans
le second groupe métallique de R, T et B.

6. Procédé selon la revendication 5, caractérisé en ce qu’il comprend en outre une étape consistant a sou-
mettre le corps fritté & un traitement thermique pour améliorer les propriétés magnétiques de ce corps fritté.

7. Procédé selon la revendication 6, caractérisé en ce que le traitement thermique est effectué 2 300-
900°C.

8. Procédé selon la revendication 3, caractérisé en ce que I'étape de mise en forme du corps en bloc est
un processus de compactage a chaud pour compacter a chaud Ia poudre mélangée de maniére a former le
corps en bloc & une température élevée inférieure & 1100°C, mais supérieure a la température de fusion de la
poudre de cémentation métallique.

9. Procédé selon la revendication 8, caractérisé en ce que le processus de compactage a chaud est un
processus de pressage & chaud pour presser a chaud la poudre mélangée de maniére & former le corps en
bloc sous une pression de 480.103 & 490.108 Pa (5 a 5000 Kg.flcm?).

10. Procédé selon la revendication 9, caractérisé en ce que 'étape de formation du corps en bloc comprend
en outre une étape consistant & compacter préalablement la poudre mélangée pour former un produit compact
vert, ce produit compact vert étant ensuite soumis au processus de pressage & chaud.

11. Procédé selon la revendication 10, caractérisé en ce que I'étape de compactage est effectuée dans
un champ magnétique d’alignement.

12. Procédé selon la revendication 8, caractérisé en ce que le processus de compactage & chaud comprend
les étapes consistant & compacter la poudre mélangée pour former un produit compact vert, & chauffer ce pro-
duit compact vert 4 la température élevée, puis & soumettre le produit compact vert chauffé a une extrusion
pour produire ainsi, comme corps en bloc, un corps extrudé.

13. Procédé selon la revendication 12, caractérisé en ce que le produit compact vert est recouvert d'un
matériau d'isolation thermique avant I'extrusion.

14. Procédé selon la revendication 8, caractérisé en ce qu'il comprend en outre une étape consistant a
soumetire le corps en bloc 4 un traitement thermique pour améliorer ses propriétés magnétiques.

15. Procédé selon la revendication 14, caractérisé en ce que le fraitement thermique est effectué a 300-
900°C.
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