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Description

FIELD OF THE INVENTION

[0001] This invention relates to an R-Fe-B permanent magnet provided with an anticorrosive coating, exhibiting high
magnetic characteristics, outstanding resistance to salt water spray, acid resistance, alkaline resistance, wear resist-
ance, and adhesion, and relates more particularly to an anticorrosive permanent magnet, and fabrication method there-
for, which has exiremely stable magnetic characteristics that exhibit little deterioration from the initial magnetic
characteristics, while exhibiting outstanding resistance to salt water spray.

BACKGROUND ART

[0002] R-Fe-B permanent magnets have already been proposed (in Japanese Patent Laid-open No. S59-
46008/1984, in gazette, and Japanese Patent Laid-open No. S59-89401/1984, in gazette) which have B and Fe as their
main components, using light rare earth elements such as Nd and Pr which are plentiful resources, which contain no
high-cost Sm or Co, and which offer new high-performance permanent magnets that greatly exceed the maximum per-
formance of conventional rare earth cobalt magnets.

[0003] The magnet alloys noted above have a Curie temperature ranging generally from 300°C to 370°C. By replacing
some of the Fe with Co, however, an R-Fe-B permanent magnet is obtained having a higher Curie temperature (Japa-
nese Patent Laid-open No. 859-64733/1984, Japanese Patent Laid-open No. S59-132104/1984). Also proposed (in
Japanese Patent Laid-open No. S60-34005/1985) is a Co-containing R-Fe-B rare earth permanent magnet that exhibits
a Curie temperature that is at least as high as the Co-containing R-Fe-B rare earth permanent magnet noted above,
and a higher (BH)max, wherein, in order to enhance the temperature characteristics, and especially to improve the iHc,
at least one heavy rare earth element such as Dy or Tb is contained in some of the R in the Co-containing R-Fe-B rare
earth permanent magnet wherein such light rare earth elements as Nd and Pr are primarily used as the rare earth ele-
ment (R), whereby, while maintaining an extremely high (BH)max of 25 MGOe or greater, iHc is raised higher.

[0004] There are problems, however, in that the permanent magnets noted above, which are made from R-Fe-B mag-
netic anisotropic sintered bodies exhibiting outstanding magnetic properties, have as their main component an active
chemical compound composition containing rare earth elements and iron, wherefore, when they are built into a mag-
netic circuit, due to oxides that are produced on the surface of the magnets, magnetic circuit output decline and varia-
tion between magnetic circuits are induced, and peripheral equipment is contaminated by the separation of the oxides
from the magnet surfaces.

[0005] Thereupon, a permanent magnet has been proposed (in Japanese Patent Publication No. H3-74012/1991)
wherein the surface of the magnet body is coated with an anticorrosive metal plating layer, by either an electrolytic or
non-electrolytic plating method, in order to improve the anticorrosion performance of the R-Fe-B magnets noted above.
With these plating methods, however, the permanent magnet body is a porous sintered body, wherefore, in a pre-plating
process, acidic solution or alkaline solution remains in the pores, giving rise to fears of degradation over time and cor-
rosion, and the chemical resistance of the magnet body deteriorates, wherefore the magnet surface is corroded during
plating so that adhesion and anticorrosion performance are impaired.

[0006] Even when an anticorrosive plating layer is provided, in anticorrosion tests in which samples are exposed to a
temperature of 60°C and relative humidity of 90% for 100 hours, the magnetic characteristics proved to be very unsta-
ble, exhibiting 10% or greater degradation from the initial magnetic characteristics.

[0007] For this reason, it has been proposed (in Japanese Patent Publication No. H5-15043/1993) that, in order to
improve the anticorrosion performance of R-Fe-B permanent magnets, an ion plating method or ion sputtering method
or the like be used to coat the surfaces of the magnets noted above with AIN, Al, TiN, or Ti. However, the AIN and TiN
coatings have crystalline structures, coefficients of thermal expansion, and ductilities that differ from those of the R-Fe-
B magnet bodies, wherefore adhesion is poor and, although the adhesion and anticorrosive properties of the Al and Ti
coatings are good, their anti-wear performance is poor.

[0008] In order to resolve these problems, it has been proposed (in Japanese Patent Laid-open No. S63-9919/1988,
in gazette) that the surface of the R-Fe-B permanent magnet bodies be coated with laminated Ti and TiN films. How-
ever, the crystalline structure, coefficient of thermal expansion, and ductility of the Ti and TiN coating films differ, so
adhesion is poor, peeling occurs, and anticorrosion performance declines.

[0009] For these reasons, the inventors, for outstanding anticorrosive permanent magnets exhibiting outstanding
adhesion with the foundation, proposed (in Japanese Patent Laid-open No. H6-349619/1994) an anticorrosive perma-
nent magnet wherein, after forming a Ti coating film having a specific film thickness as the foundation film on the surface
of an R-Fe-B permanent magnet body, by a thin film forming method, an N diffusion layer wherein the N concentration
increases as the surface is approached is formed in the specific film thickness of the surface of the Ti coating film, by a
thin film forming method, while introducing a gas mixture of Ar gas and N> gas under specific conditions, after which a
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TiN coating film of a specific film thickness is coated on, in N, gas, by a thin film forming method such as ion plating,
and (in Japanese Patent Laid-open No. H7-249509/1995) an anticorrosive permanent magnet having an Al coating film
of a specific film thickness as the foundation film.

[0010] However, while the anticorrosive permanent magnets noted above exhibited outstanding anticorrosiveness in
anticorrosion tests at a temperature of 80°C and relative humidity of 90%, in severe anticorrosion tests such as salt
water spray tests (spray tests with 5% neutral NaCl solution under JIS Z2371 test conditions at 34°C to 36°C), the anti-
corrosive performance was inadequate. Thus magnets are needed which will be resistive to salt water spray and exhibit
adequate anticorrosiveness even in salt water spray tests, for use, for example, in undulators exposed to the atmos-
phere.

DISCLOSURE OF THE INVENTION

[0011] An object of the present invention is to provide an R-Fe-B permanent magnet, together with a fabrication
method therefor, that exhibits outstanding adhesion with the R-Fe-B permanent magnet foundation, anti-wear proper-
ties, and stably high magnetic characteristics, together with extremely little deterioration from the initial magnetic char-
acteristics even in such severe anticorrosion tests as salt water spray tests (JIS Z2371) using 5% neutral NaCl solution
in a temperature range of 34 ~ 36°C, anti-wear properties, and resistance to salt water spray.

[0012] The inventors conducted various investigations on methods of forming AIN coating films, TiN coating films, or
Tiq,AlyN coating films on permanent magnet surfaces, for the purpose of realizing an R-Fe-B permanent magnet exhib-
iting stable magnetic characteristics, because of the anti-wear properties and resistance to salt water spray of an
applied anticorrosive coating film exhibiting outstanding adhesion with the foundation, and wherewith the time until cor-
rosion occurs when subjected to salt water spray of 5% neutral NaCl solution in a temperature range of 34 ~ 36°C can
be lengthened. As a result, they discovered that, when the foundation coating film is only the Ti coating layer or the Al
coating layer noted earlier, whereas the electric potential of the R-Fe-B magnet overall is "superior,” portions exist
locally inside the magnet, where Nd is present, etc., which are very "inferior,” wherefore corrosion readily occurs
through very small pin holes in the AIN coating film, or the TiN coating film, or the Tiy_,Al,N coating film.

[0013] Thereupon, the inventors conducted further investigations on methods of forming AIN coating films, TiN coat-
ing films, and Tiy_,AlN coating films. As a result, they discovered that by first providing a Ti coating film layer on the
surface of the permanent magnet, and then providing an Al coating film layer, as a foundation for the AIN coating film,
or TiN coating film, or Ti{_,Al,N coating film, the Al coating film layer acts as a sacrificial coating film for the Ti coating
film layer, because of the fact that Al is electrochemically slightly "inferior” to Ti, whereupon, even if corrosion occurs
from very small pinholes in the AIN coating film, or TiN coating film, or Ti;_,Al,N coating film in the surface layer, it does
not immediately penetrate the foundation film as far as the base material of the magnet body, and, so long as the Al
coating film is present as an intermediate layer between the Ti coating film in the foundation layer and either the AIN
coating film, or TiN coating film, or Ti{_Al,N coating film, the R-Fe-B permanent magnet body that is coated by the Ti
coating film in the foundation layer is protected.

[0014] The inventors discovered two more things that led to the perfection of the present invention. Firstly, they dis-
covered that by generating an AIN coating film on the Al coating film, AINx is produced at the interface between the Al
and AIN, making it possible to sharply improve the adhesion between the Al coating film and AIN coating film. Secondly,
they discovered that by forming either a TiN coating film or a Ti;_ Al,N coating film on the Al coating film, a complex
coating film of Ti, Al, and N constituting Tiy_,Al,Ng (where 0 < a < 1 and 0 < p < 1) is produced, the composition and
film thickness whereof vary, depending on the substrate temperature, bias voltage, film formation speed, and Ti;_, AN
composition, etc., so that, as a consequence, AIN, is produced at the interface between the Al coating film and either
the TiN coating film or the Ti;_,Al,N coating film, and the adhesion between the Al and AIN coating films can be sharply
improved.

[0015] More specifically, the present invention is a permanent magnet, and fabrication method therefor, which is
resistant to salt water spray, wherein a Ti coating film having a film thickness of 0.1 to 3.0 um is formed, by a thin film
forming method, on the cleaned surface of an R-Fe-B permanent magnet, the main phase whereof is a tetragonal lattice
phase, after which an Al coating film having a film thickness of 0.1 to 5 pm is formed on the Ti coating film, and an AIN
coating film, TiN coating film, or Tiy_,Al,N coating film (where 0.03 < x < 0.70) is formed at a film thickness of 0.5 to 10
um on the Al coating film.

BEST MODE FOR CARRYING OUT THE INVENTION

[0016] A detailed description is now given of an example, in the present invention, of a method of fabricating a per-
manent magnet resistant to salt water spray, characterized in that a Ti coating film layer is formed by a thin film forming
method on the cleaned surface of an R-Fe-B permanent magnet body the main phase whereof is a tetragonal lattice
phase, after which an AIN coating film layer is provided, via an Al coating film layer formed on the Ti coating film layer.
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1) Using an arc ion plating apparatus, for example, after evacuating a vacuum vessel to an attained degree of vac-
uum of 1 x 10" Pa or below, the surface of the R-Fe-B magnet body is cleaned by surface sputtering with Ar ions
at an Ar gas pressure of 10 Pa and -500 V. Next, with the Ar gas pressure at 0.1 Pa and the bias voltage at -80 V,
the target Ti is evaporated, and a Ti coating film layer having a film thickness of 0.1 to 3.0 um is formed on the sur-
face of the magnet body by arc ion plating.

2) Next, with the Ar gas pressure at 0.1 Pa and the bias voltage at -50 V, the target Al is evaporated and an Al coat-
ing film having a film thickness of 1 to 5 um is formed by arc ion plating.

3) Then, using Al as the target, under conditions wherein the substrate magnet temperature is held at 250°C, an
N, gas pressure of 1 Pa, and a bias voltage of -100 V, an AIN coating film layer of a specific thickness is formed on
the Al coating film layer.

[0017] Next is given a detailed description of an example of a method of fabricating a permanent magnet resistant to
salt water spray, characterized in that, after forming a Ti coating film layer on the surface of the R-Fe-B permanent mag-
net, a TiN coating film layer is provided via an Al coating film layer formed on the Ti coating film layer.

1) Using an arc ion plating apparatus, for example, after evacuating a vacuum vessel to an attained degree of vac-
uum of 1 x 10°® Pa or below, the surface of the R-Fe-B magnet body is cleaned by surface sputtering with Ar ions
at an Ar gas pressure of 10 Pa and -500 V.

Next, with the Ar gas pressure at 0.1 Pa and the bias voltage at -80 V, the target Ti is evaporated, and a Ti coat-
ing film layer having a film thickness of 0.1 to 3.0 um is formed on the surface of the magnet body by arc ion plating.
2) Next, with the Ar gas pressure at 0.1 Pa and the bias voltage at -50 V, the target Al is evaporated and an Al coat-
ing film having a film thickness of 1 to 5 um is formed by arc ion plating.

3) Then, using Ti as the target, under conditions wherein the substrate magnet temperature is held at 250°C, an N5
gas pressure of 1 Pa, a bias voltage of -100 V, and arc current of 100A, a TiN coating film layer of a specific thick-
ness is formed on the Al coating film layer.

[0018] Next is given a detailed description of an example of a method of fabricating a permanent magnet resistant to
salt water spray, characterized in that, after forming a Ti coating film layer on the surface of the R-Fe-B permanent mag-
net, a Tiq_,AlLN (where 0.03 < x < 0.70) coating film layer is formed via an Al coating film layer formed on the Ti coating
film layer.

1) Using an arc ion plating apparatus, for example, after evacuating a vacuum vessel to an attained degree of vac-
uum of 1 x 10°® Pa or below, the surface of the R-Fe-B magnet body is cleaned by surface sputtering with Ar ions
at an Ar gas pressure of 10 Pa and -500 V.

Next, with the Ar gas pressure at 0.1 Pa and the bias voltage at -80 V, the target Ti is evaporated, and a Ti coat-
ing film layer having a film thickness of 0.1 to 3.0 um is formed on the surface of the magnet body by arc ion plating.
2) Next, with the Ar gas pressure at 0.1 Pa and the bias voltage at -50 V, the target Al is evaporated and an Al coat-
ing film having a film thickness of 1 to 5 um is formed by arc ion plating.

3) Then, using Tiy_,Al,N (where 0.03 < x < 0.70) as the target, under conditions wherein the substrate magnet tem-
perature is held at 250°C, an N5 gas pressure of 3 Pa, and a bias voltage of -120 V, a Tiy_,Al,N (where 0.03 < x <
0.70) coating film layer of a specific thickness is formed on the Al coating film layer.

[0019] Inthe presentinvention, in terms of the method of forming a Ti coating film layer, Al coating film layer, AIN coat-
ing film layer, or TiN coating film layer, or, alternatively, a Ti;_,Al\N coating film layer that adheres to the surface of the
R-Fe-B permanent magnet body, a known thin film forming method such as ion plating or vapor deposition may be suit-
ably selected. However, for reasons of coating film fineness, uniformity, and coating formation speed, etc., the ion plat-
ing and ion reaction plating methods are preferable.

[0020] It is desirable that the temperature of the substrate magnet be set between 200°C and 500°C during coating
formation. At temperatures below 200°C, the reaction adhesion with the substrate magnet is inadequate, while at tem-
peratures exceeding 500°C, the temperature difference with room temperature (+25°C) becomes great, fine cracks
develop in the coatings during post-process cooling, and partial peeling away from the substrate occurs. Hence the sub-
strate magnet temperature is set in the 200°C ~ 500°C range.

[0021] In the present invention, the reason for limiting the thickness of the Ti coating film on the surface of the magnet
body to the range of 0.1 ~ 3.0 um is that adhesion with the magnet surface is inadequate at thicknesses below 0.1 pm,
while at thicknesses in excess of 3.0 um, although there is no problem in terms of effectiveness, the cost of the founda-
tion layer rises, becoming both impractical and undesirable. Thus the Ti coating film thickness is made 0.1 pm to 3.0
pm.

[0022] In the present invention, moreover, the reason for limiting the thickness of the Al coating film formed on the
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surface of the Ti coating film to the range of 0.1 ~ 5 pm is that, at thicknesses below 0.1 um, it is hard for Al to adhere
uniformly to the surface of the Ti coating film, and the effectiveness as an intermediate layer film is inadequate, whereas
at thicknesses in excess of 5 um, although there is no problem in terms of effectiveness, the cost of the intermediate
layer film becomes large, which is undesirable. Thus the Al coating film thickness is made 0.1 umto 5 um.

[0023] The reason for limiting the thickness of the AIN coating film, tin coating film, or Tiy_,Al,N (where 0.03 < x < 0.70)
to the range of 0.5 ~ 10 pm is that, at thicknesses below 0.5um, the resistance to salt water spray and the wear resist-
ance of the AIN coating film, or TiN coating film, or Ti_,Al,N coating film are inadequate, whereas at thicknesses in
excess of 10 um, although there is no problem in terms of effectiveness, the fabrication cost is increased, which is unde-
sirable.

[0024] The reason for limiting the value of x in the Tiy_,Al,N coating film is that, when that value is below 0.03, the
performance desired in the Tiy_,AlLN coating film (resistance to salt water spray, wear resistance) is not elicited,
whereas at values exceeding 0.70, no enhancement in performance is realized.

[0025] The rare earth element R used in the permanent magnet in the present invention accounts for 10 atomic % to
30 atomic % of the composition, but it is desirable that this contain either at least one element from among Nd, Pr, Dy,
Ho, and Tb, or, in addition thereto, at least one element from among La, Ce, Sm, Gd, Er, Eu, Tm, Yb, Lu, and Y. Ordi-
narily, it is sufficient to have one of the R elements, but in practice, it is possible to use a mixture of two or more elements
(misch metal, didymium, etc.) for reason of ease of procurement. This R need not be a pure rare earth element either;
there is no problem with it containing impurities as may be unavoidable in manufacture, with a range as can be procured
industrially.

[0026] R is a mandatory element in the permanent magnets noted above. At lower than 10 atomic %, the crystalline
structure becomes a cubic crystal system having the same structure as a-iron, wherefore high magnetic characteristics,
especially high coercive force, are not obtained. When 30 atomic % is exceeded, the R-rich nonmagnetic phase
increases and residual magnetic flux density (Br) declines, wherefore a permanent magnet exhibiting outstanding char-
acteristics is not obtained. Thus the range of 10 ~ 30 atomic % for R is desirable.

[0027] B is a mandatory element in the permanent magnets noted above. At lower than 2 atomic %, a rhombohedral
structure becomes the main phase, and high coercive force (iHc) is not obtained. When 28 atomic % is exceeded, the
B-rich nonmagnetic phase increases and residual magnetic flux density (Br) declines, so that outstanding permanent
magnets are not obtained. Thus the range of 2 ~ 28 atomic % is desirable for B.

[0028] Fe is a mandatory element in the permanent magnets noted above. Below 65 atomic %, the residual magnetic
flux density (Br) declines. When 80 atomic % is exceeded, high coercive force is not obtained. Thus a range of 65 ~ 80
atomic % is desirable for Fe. By replacing some of the Fe with Co, the temperature characteristics can be improved with-
out impairing the magnetic characteristics of the magnets obtained. When the amount of Co replacement exceeds 20%
of the Fe, on the other hand, the magnetic characteristics deteriorate, so that is undesirable. When the amount of Co
replacement is 5 to 15 atomic % of the total quantity of Fe and Co, Br increases as compared to when there is no sub-
stitution, and high magnetic flux density is realized, which is desirable.

[0029] In addition to the R, B, and Fe elements, the presence of such impurities as is unavoidable in the course of
industrial production is allowable. By substituting at least one element out of C, P, S, and Cu for some of the B, namely
C at 4.0 wi% or less, P at 2.0 wi% or less, S at 2.0 wi% or less, and/or Cu at 2.0 wt% or less, for example, such that the
total amount of the substitution is 2.0 wi% or less, it is possible to improve permanent magnet productivity and reduce
costs.

[0030] Itis also possible to add at least one element out of Al, Ti, V, Cr, Mn, Bi, Nb, Ta, Mo, W, Sb, Ge, Sn, Zr, Ni, Si,
Zn, and HF, to the R-Fe-B permanent magnet material in order to improve coercive force or the rectangularity of the
demagnetization curve, or to reduce costs. As to the upper limit of the quantity of such additives, Br must be at least 9
kG or greater in order to get (BH)max of the magnetic material above 20 MGOe, so it should be within a range wherein
this condition can be satisfied.

[0031] The permanent magnets of the present invention are characterized in that the main phase is made a com-
pound having a tetragonal crystalline structure wherein the mean crystal grain diameter is within a range of 1 ~ 80 um,
containing a non-magnetic phase (excluding oxide phase) within a volume ratio of 1 ~ 50%.

[0032] The permanent magnets according to the present invention exhibit coercive force iHc = 1 kOe, residual mag-
netic flux density Br > 4 kG, and maximum energy product (BH)max = 10 MGOe, with a maximum value of 25 MGOe
or higher.

EMBODIMENTS
Embodiment 1

[0033] A commonly known cast ingot was crushed and finely pulverized, and then subjected to molding, sintering,
and heating processes to yield a magnet body test piece having the composition 14Nd-0.5Dy-7B-78.5Fe, with a diam-



10

15

20

25

30

35

40

45

50

55

EP 0 923 087 A1

eter of 12 mm and a thickness of 2 mm. The magnetic characteristics thereof are noted in Table 1.

[0034] A vacuum vessel was vacuum evacuatedto 1 x 1072 or below, surface sputtering was conducted for 20 minutes
in an Ar gas pressure of 10 Pa, at -500 V, and the surface of the magnet body was cleaned. Then, with the substrate
magnet temperature at 280°C, Ar gas pressure at 0.1 Pa, and bias voltage at -80 V, a target of metallic Ti was subjected
to arc ion plating to form a Ti coating film layer of thickness 1 um on the magnet body surface.

[0035] Then, with the substrate magnet temperature at 250°C, Ar gas pressure at 0.1 Pa, and bias voltage at -50 V,
an Al coating film layer of thickness 2 pm was formed on the surface of the Ti coating film by arc ion plating, using metal-
lic Al as the target.

[0036] Next, with the substrate magnet temperature at 350°C, the bias voltage at -100 V, and N, gas pressure at 1
Pa, an AIN coating film layer having a film thickness of 2 pm was formed on the surface of the Al coating film, subjecting
a target of metallic Al to arc ion plating for 2 hours.

[0037] Then, after cooling, the permanent magnet obtained with the AIN coating film on its surface was subjected to
salt water spray testing (JIS Z2371) with 5% neutral NaCl at a temperature of 35°C, and the time until corrosion ensued
was measured. The results are noted together with the magnetic characteristics in Table 2.

Comparison 1

[0038] Using a magnet body test piece having the same composition as the first embodiment, a Ti coating film layer
of 3 um was formed on the magnet body test piece, under the same conditions as for the first embodiment, after which
an AIN coating film layer was formed to the same film thickness (2 pm) and under the same conditions as for the first
embodiment, after which salt water spray tests were conducted, under the same conditions as for the first embodiment,
and the time until corrosion ensued was measured. The results are noted together with the magnetic characteristics in
Table 2.

Comparison 2

[0039] Using a magnet body test piece having the same composition as the first embodiment, an Al coating film layer
of 3 um was formed on the surface of the magnet body, under the same conditions as for the first embodiment, after
which, under the same conditions as for the first embodiment, an AIN coating film layer of the same film thickness was
formed, after which salt water spray tests were conducted, under the same conditions as for the first embodiment, and
the time until corrosion ensued was measured. The results are noted together with the magnetic characteristics in Table
2.

Embodiment 2

[0040] A commonly known cast ingot was crushed and finely pulverized, and then subjected to molding, sintering,
and heating processes to yield a magnet body test piece having the composition 15Nd-77Fe-8B, with a diameter of 12
mm and a thickness of 2 mm. The magnetic characteristics thereof are noted in Table 3.

[0041] A vacuum vessel was vacuum evacuatedto 1 x 1072 or below, surface sputtering was conducted for 20 minutes
in an Ar gas pressure of 10 Pa, at -500 V, and the surface of the magnet body was cleaned. Then, with the substrate
magnet temperature at 280°C, Ar gas pressure at 0.1 Pa, bias voltage at -80 V, and arc current at 100 A, a target of
metallic Ti was subjected to arc ion plating to form a Ti coating film layer of thickness 1 pm on the magnet body surface.
[0042] Then, with the substrate magnet temperature at 250°C, Ar gas pressure at 0.1 Pa, bias voltage at -50 V, and
arc current at 50A, an Al coating film layer of thickness 2 pm was formed on the surface of the Ti coating film by arc ion
plating, using metallic Al as the target.

[0043] Next, with the substrate magnet temperature at 350°C, the bias voltage at -100 V, the arc current at 100 A, and
N, gas pressure at 1 Pa, a TiN coating film layer having a film thickness of 2 um was formed on the surface of the Al
coating film, subjecting a target of metallic Ti to arc ion plating for 2 hours.

[0044] Then, after cooling, the permanent magnet obtained with the TiN coating film on its surface was subjected to
salt water spray testing (JIS Z2371) with 5% neutral NaCl at a temperature of 35°C, and the time until corrosion ensued
was measured. The results are noted together with the magnetic characteristics in Table 4.

Comparison 3

[0045] Using a magnet body test piece having the same composition as the second embodiment, a Ti coating film
layer of 3 pm was formed on the magnet body test piece, under the same conditions as for the second embodiment,
after which a TiN coating film layer was formed to the same film thickness (2 um) and under the same conditions as for
the second embodiment, after which salt water spray tests were conducted, under the same conditions as for the sec-
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ond embodiment, and the time until corrosion ensued was measured. The results are noted together with the magnetic
characteristics in Table 4.

Comparison 4

[0046] Using a magnet body test piece having the same composition as the first embodiment, an Al coating film layer
of 3 um was formed on the surface of the magnet body, under the same conditions as for the first embodiment, after
which, under the same conditions as for the second embodiment, a TiN coating film layer of the same film thickness
was formed, after which salt water spray tests were conducted, under the same conditions as for the second embodi-
ment, and the time until corrosion ensued was measured. The results are noted together with the magnetic character-
istics in Table 4.

Embodiment 3

[0047] A commonly known cast ingot was crushed and finely pulverized, and then subjected to molding, sintering,
and heating processes to yield a magnet body test piece having the composition 15Nd-1Dy-76Fe-8B, with a diameter
of 12 mm and a thickness of 2 mm. The magnetic characteristics thereof are noted in Table 1.

[0048] A vacuum vessel was vacuum evacuated to 1 x 1072 or below, surface sputtering was conducted for 20 minutes
in an Ar gas pressure of 10 Pa, at -500 V, and the surface of the magnet body was cleaned. Then, with the substrate
magnet temperature at 280°C, Ar gas pressure at 0.1 Pa, and bias voltage at -80 V, a target of metallic Ti was subjected
to arc ion plating to form a Ti coating film layer of thickness 1 pm on the magnet body surface.

[0049] Then, with the substrate magnet temperature at 250°C, Ar gas pressure at 0.1 Pa, and bias voltage at -50 V,
an Al coating film layer of thickness 2 pum was formed on the surface of the Ti coating film by arc ion plating, using metal-
lic Al as the target. Next, with the substrate magnet temperature at 350°C, the bias voltage at -100 V, and N5 gas pres-
sure at 1 Pa, a Tiy_,AlyN coating film layer having a film thickness of 2 pm was formed on the surface of the Al coating
film, subjecting a target of Tig 45Alg 55 alloy to arc ion plating for 2 hours. The composition of the coating film produced
was Ti0_45A|0_55N.

[0050] Then, after cooling, the permanent magnet obtained with the TiN coating film on its surface was subjected to
salt water spray testing (JIS Z2371) with 5% neutral NaCl at a temperature of 35°C, and the time until corrosion ensued
was measured. The results are noted together with the magnetic characteristics in Table 5.

Comparison 5

[0051] Using a magnet body test piece having the same composition as the third embodiment, a Ti coating film layer
of 3 um was formed on the magnet body test piece, under the same conditions as for the first embodiment, after which
a Tig 5Alp 5N coating film layer was formed to the same film thickness (2 um) and under the same conditions as for the
first embodiment, after which salt water spray tests were conducted, under the same conditions as for the third embod-
iment, and the time until corrosion ensued was measured. The results are noted together with the magnetic character-
istics in Table 6.

Comparison 6

[0052] Using a magnet body test piece having the same composition as the third embodiment, an Al coating film layer
of 3 um was formed on the surface of the magnet body, under the same conditions as for the first embodiment, after
which, under the same conditions as for the first embodiment, a Tiy sAlp 5N coating film layer of the same film thickness
was formed, after which salt water spray tests were conducted, under the same conditions as for the third embodiment,
and the time until corrosion ensued was measured. The results are noted together with the magnetic characteristics in
Table 6.

TABLE 1
Magnetic Characteristics Prior to Salt Water Spray Resistance Test
After Aging Treatment After Surface Treatment
Br(kG) | iHc (kOe) | (BH)max (MGOe) | Br(kG) | iHc (kOe) | (BH)max (MGOe)
Embodiment 1 11.2 15.2 30.1 111 151 30.0
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TABLE 1 (continued)

Magnetic Characteristics Prior to Salt Water Spray Resistance Test
After Aging Treatment After Surface Treatment
Br(kG) | iHc (kOe) | (BH)max (MGOe) | Br(kG) [ iHc (kOe) | (BH)max (MGOe)
Comparison 1 11.3 15.3 30.2 11.3 15.2 30.1
Comparison 2 11.2 15.3 30.1 11.2 15.2 30.0
TABLE 2
Salt Water Magnetic Characteristics
Spray Test IM
50 Hours After Salt agnetic Characteristiq
) Water Spray Test Degradation Ratio (%)
Time Until
Corrosion iHc | (BH)max iHc | (BH)max
Ensues (hr) [ BT | 46001 mcoe |B™® | koe)| aicoe
Embodiment 1 50hr 11.1 | 14.9 29.9 <1 2.0 <1
Comparison 1 5hr 9.3 110.9 25.3 17.7 | 28.8 16.2
Comparison 2 15hr 10.1 |13.3 26.6 10.8 |13.1 11.6
(Magnetic Characteristics _ (Magnetic Characteristics
After Salt Water Spray Afte .
. r Aging)
Magnetic Characteristic __ Resistance Test)
Degradation Ratio (%) —

(Magnetic Characteristics After Aging)

TABLE 3

Magnetic Characteristics Prior to Salt Water Spray Resistance Test

After Aging Treatment After Surface Treatment
Br(kG) | iHc (kOe) | (BH)max (MGQOe) | Br(kG) | iHc (kOe) | (BH)max (MGOe)
Embodiment 2 11.2 17.3 30.5 111 17.3 30.5
Comparison 3 11.3 17.4 30.5 11.3 17.5 30.5
Comparison 4 11.2 17.3 30.5 11.2 17.2 30.5
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TABLE 4
Salt Water Magnetic Characteristics
Spray Test lM
50 Hours After Salt agnetic Characteristiq
) Water Spray Test Degradation Ratio (%)
Time Until
Corrosion iHe | (BH)max iHe | (BH)max
Ensues (hr) | BT&® | 6001 icoey | B D | 06y | MGoe)
| Embodiment 2 50hr 111 {171 30.1 <1 1.2 <1
Comparison 3 10hr 9.7 (134 25.6 14.2 {23.0 16.1
Comparison 4 15hr 10.1 |14.8| 27.6 9.8 [14.5 9.5
(Magnetic Characteristics _  (Magnetic Characteristics
After Salt Water Spray Afte -
. r Aging)
Magnetic Characteristic _ Resistance Test)
Degradation Ratio (%) —

(Magnetic Characteristics After Aging)

TABLE 5

Magnetic Characteristics Prior to Salt Water Spray Resistance Test

After Aging Treatment After Surface Treatment
Br(kG) | iHc (kOe) | (BH)max (MGQe) | Br(kG) | iHc (kOe) | (BH)max (MGOe)
Embodiment 3 11.2 16.0 30.0 11.1 16.0 30.0
Comparison 5 11.3 16.1 30.1 11.3 16.0 30.0
Comparison 6 11.2 16.0 30.0 11.2 16.0 30.0
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TABLE 6
Salt Water Magnetic Characteristics
Spray Test lM ]
50 Hours After Salt agnetic Characteristic
Water Spray Test Degradation Ratio (%)
Time Until
Corrosion iHc | (BH)max iHe | (BH)max
Ensues (hr) | BTE® | 4 00| mcoe) |BTP | 0e)| aiaoe)
Embodiment 3 50hr 11.1 {159 29.9 <1 <1 <1
Comparison 5 10hr 98 |13.4| 258 13.3 | 16.1 14.3
Comparison 6 20hr 103 |146| 27.8 8.0 | 94 7.3
(Magnetic Characteristics (Magnetic Characteristics
After Salt Water Spray Afte .
) r Aging)
Magnetic Characteristic _ Resistance Test)
Degradation Ratio (%) —

Claims

(Magnetic Characteristics After Aging)

1. An anticorrosive permanent magnet wherein:

an Al coating film layer is made an intermediate layer, via a foundation Ti layer, on the surface of an R-Fe-B

magnet; and

either a TiN coating film layer, or AIN coating film layer,
or Tiy.xAlyN coating film layer (where 0.03 < x < 0.70) is coated on the outermost surface.

2. The anticorrosive permanent magnet according to claim 1, wherein outstanding resistance to salt water spray is

exhibited.

3. The anticorrosive permanent magnet according to claim 1, wherein thickness of said foundation Ti layer is 0.1 pm

10 3.0 um.

4. The anticorrosive permanent magnet according to claim 1, wherein thickness of said intermediate layer Al coating

filmis 0.1 um to0 5.0 pm.

5. The anticorrosive permanent magnet according to claim 1, wherein thickness of said TiN coating film layer, AIN

coating film layer, or Tiq_,Al,N coating film layer that is said outermost surface layer is 0.5 um to 10 um.

6. The anticorrosive permanent magnet according to claim 1, wherein a
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Tiy.,Al,Ng layer (where 0 < a < 1 and 0 < B < 1) is formed at interface between said intermediate layer Al coat-
ing film and said outermost surface layer TiN coating film.

The anticorrosive permanent magnet according to claim 1, wherein an AIN, layer (where 0 < x < 1) is formed at
interface between said intermediate layer Al coating film and said outermost surface layer AIN coating film.

The anticorrosive permanent magnet according to claim 1, wherein a Tiq_,Al,Ng (where 0.03 < a<1and 0 <f <
1) layer is formed at interface between said intermediate layer Al coating film and said outermost surface layer Ti,_
xAlLN coating film.

A fabrication method for an anticorrosive permanent magnet wherein:

surface of an R-Fe-B magnet body comprising a tetragonal phase as main phase thereof is cleaned;

a Ti coating film layer is formed by a thin film forming method as a foundation layer;

an Al coating film layer is formed by said thin film forming method as an intermediate layer;

and either a TiN coating film layer, AIN coating film layer, or Ti4_ Al,N coating film layer (where x = 0.03 t0 0.70)
is formed by a thin film forming method at the outermost surface.

The fabrication method for an anticorrosive permanent magnet according to claim 9, wherein outstanding resist-
ance to salt water spray is exhibited.

The fabrication method for an anticorrosive permanent magnet according to claim 9, wherein said thin film forming
method is ion plating.

The fabrication method for an anticorrosive permanent magnet according to claim 9, wherein thickness of said
foundation layer Ti coating film is 0.1 pum to 3.0 pm.

The fabrication method for an anticorrosive permanent magnet according to claim 9, wherein thickness of said
intermediate layer Al coating filmis 0.1 pm to 5.0 pm.

The fabrication method for an anticorrosive permanent magnet according to claim 9, wherein thickness of said TiN

coating film, AIN coating film, or Tiy_,Al,N coating film (where x = 0.03 to 0.70) of said outermost surface is 0.5 um
to 10 pm.

11
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