
[Name of Document] SPECIFICATION  (Title of the Invention] A
permanent magnet and a manufacturing method thereof [Field of the
Invention] t.[0001]      The present invention relates to a permanent
magnet and a method for manufacturing the permanent magnet, and more
particularly to a permanent magnet having high magnetic properties in
which Dy or Tb is diffused into grain boundary phases of a sintered
magnet of Nd-Fe-B family and method for manufacturing such a
permanent magnet. [Description of Background Art [0002]      The
sintered magnet of Nd-Fe-B family (the so-called neodymium magnet)
comprises a combination of Fe, Nd and B which are cheap, abundant and
constantly obtainable resources and thus can be manufactured at a low
cost and additionally has high magnetic properties (its maximum
energy product is about 10 times that of ferritic magnet).
Accordingly the sintered magnet of Nd-Fe-B family has been used in
various kinds of articles such as electronic instruments and in
recently adopted in motors and electric generators for hybrid cars. 



[0003]      On the other hand, since the Curie temperature of the
sintered magnet of Nd-Fe-B family is low (about 300C), there is a
problem the sintered magnet of Nd-Fe-B family would be demagnetized
by heat when heated to a temperature exceeding a predetermined
temperature under a certain circumstantial condition in its adopted
articles. In addition there is further problem that the magnetic
properties would be extremely deteriorated by defects (e.g. cracks
etc.) or strains in grains of the sintered magnet which are sometimes
caused when the sintered magnet is machined to a desired
configuration suitable for a particular article. [0004]     For
solving these problems mentioned above, it is known to improve or
recover the magnetizing properties and coercive force by arranging
rare earth elements selected from Yb, Eu and Sm in a processing
chamber under a condition mingled with a sintered magnet of Nd-Fe-B
family, evaporating rare earth elements by heating the processing
chamber, attaching the evaporated atoms of the rare earth elements
into the sintered magnet, and further diffusing the attached atoms
into the grain boundary phases of the sintered magnet in order to
homogeneously introduce desired amount of the rare earth elements
into a surface of the sintered magnet and the grain boundary phases
(Patent Document 1 mentioned below). [0005]     It is also known that
Dy and Tb of the rare earth elements have the magnetic anisotropy of
4f electron larger than that of Nd and a negative Stevens factor
similarly to Nd and thus can remarkably improve the grain magnetic
anisotropy of principal phase. However since Dy and Tb take a
ferrimagnetism structure having a spin orientation negative to that
of Nd in the crystal lattice of the principal phase, the strength of
magnetic field, accordingly the maximum energy product exhibiting the
magnetic properties is extremely reduced. Thus it has been proposed
to homogeneously introduce a desired amount of Dy and Tb especially
into the grain boundary phases in accordance with the method
mentioned above. 



Patent Document ii Japanese Laid-open Patent Publication No.
296973/2004 (e.g. refer to descriptions in claims thereof)
[Disclosure of the Invention] [Problems to be solved by the
Invention] [0006] However as it is a fact that there exist Dy and Tb
on the surface of  sintered magnet manufactured by the method of the
prior art mentioned above (i.e. as there are formed thin films of Dy
or Tb the surface of sintered magnet), there would be caused a
problem that metal atoms deposited on the surface of sintered magnet
recrystallize thereon and thus extremely deteriorate the surface of
the sintered magnet (i.e. deteriorate the surface roughness). In the
method of the prior art in which the rare earth elements and the
sintered magnet are arranged in a mingled condition, it is inevitable
of formations of thin films or projections on the surface of sintered
magnet since rare earth elements melted during heating of the metal
evaporating material are directly deposited on the surface of
sintered magnet. [0007] 



Similarly to the formation of thin films of Dy and Tb on the surface
of sintered magnet, Dy and Tb will be deposited on the surface of
sintered magnet heated during the processing thereof when excessive
metal atoms are supplied on the surface of sintered magnet, and the
melting point near the surface is lowered due to increase of amount
of Dy and Tb and accordingly Dy and Tb deposited on the surface are
melted and then excessively enter into the grains near the surface of
sintered magnet. When Dy and Tb excessively enter into the grains,
since they, as described above, take a ferrimagnetism structure
having a spin orientation negative to that of Nd in the crystal
lattice of the principal phase, it would be afraid that the
magnetizing properties and coercive force cannot be effectively
improved or recovered. [0008]     That is, when thin films of Dy or
Tb are once formed on the surface of sintered magnet, the average
composition of the surface sintered magnet adjacent to the thin films
will be rare earth element-rich composition, and the liquid phase
temperature will be lowered and thus the surface of sintered magnet
will be melted when the surface of sintered magnet becomes the rare
earth element-rich composition (i.e. the principal phase is melted
and an  amount of the liquid phase is increased). As the result of
which a region near the surface of sintered magnet will be melted and
damaged and accordingly irregularity of the surface will be also
increased. Additionally Dy will excessively enter into grains
together with a large amount of liquid phase and thus the maximum
energy product exhibiting the magnetic properties and the remanent
flux density will be further lowered. (00091      If thin films or
projections are formed on the surface of sintered magnet and the
surface (the surface roughness) is deteriorated or Dy and Tb are
excessively entered into grains near the surface of sintered magnet,
a subsequent working process (finishing work to remove the defects)
is required. This would decrease manufacturing yield and increases
manufacturing steps and thus manufacturing costs. (00101 



It is, therefore, a first object of the present invention to provide
method for manufacturing a permanent magnet which can efficiently
diffuse Dy and Tb into grain boundary phases without deteriorating a
surface of sintered magnet of Nd-Fe-B family, effectively improve or
recover the magnetizing properties and coercive force, and eliminate
any subsequent working process. It is also a second object of the
present invention to provide a permanent magnet having high magnetic
properties and strong corrosion resistance in which Dy and Tb are
efficiently diffused only into grain boundary phases of a sintered
magnet of Nd-Fe-B family having a predetermined configuration. (Means
for solving the problems) [0011]     For achieving the first object
mentioned above, there is provided, according to the present
invention of claim l, method for manufacturing a permanent magnet
comprising steps of heating a sintered magnet of Fe-B-rare earth
elements family arranged in a processing chamber to a  predetermined
temperature and evaporating metal evaporating material including at
least one of Dy and Tb arranged in said processing chamber or another
processing chamber; depositing evaporated metal atoms onto a surface
of the sintered magnet with controlling a supplying amount of the
metal atoms; and diffusing the deposited metal atoms into grain
boundary phases of the sintered magnet before formation of thin film
of the metal evaporating material on the surface of the sintered
magnet. [0012]      According to the present invention, evaporated
metal atoms including at least one of Dy and Tb are supplied onto the
surface of sintered magnet heated to a predetermined temperature and
deposited thereon. During which since the sintered magnet is heated
to a temperature at which an optimum diffusing velocity can be
obtained and the amount of Dy and Tb supplied onto the surface of
sintered magnet is controlled, the metal atoms deposited on the
surface can be diffused in order into grain boundary phases of the
sintered magnet before formation of the thin film. That is, the
supply of Dy and Tb onto the surface of sintered magnet and the
diffusion of the sintered magnet into the grain boundary phases are
performed through single process. Thus deterioration of the surface
(surface roughness) of permanent magnet can be prevented and
especially excessive diffusion of Dy and Tb into grains near the
surface of sintered magnet can be suppressed. 



[0013]     Accordingly the surface condition of the permanent magnet
is substantially same as that before the process has been performed
and thus any subsequent working process is not required. In addition
Dy/Tb-rich phases (phases including Dy and Tb in a range of 5%---80%)
are generated by diffusing and homogeneously penetrating Dy and Tb
into grain boundary phases. As the result of which it is possible to
obtain a permanent magnet of high magnetic properties of which the
magnetizing properties and coercive  force are improved or recovered.
In addition if defects (cracks) have been generated in grains near
the surface of sintered magnet during processing of the sintered
magnet, Dy/Tb-rich phases are formed inside the cracks and thus the
magnetizing properties and coercive force can be recovered. [00141
In the present invention it is preferable that the processing chamber
is heated to a temperature in a range of 800 t -,-1050C under a
vacuum condition when the sintered magnet of Fe-B-rare earth elements
family and the metal evaporating material having a primary component
of Dy are arranged in the processing chamber. The setting of the
temperature in a range of 800C^-1050C enables to suppress both the
vapor pressure of the metal evaporating material and the supplying
amount of the metal atoms onto the surface of sintered magnet and
additionally the sintered magnet is heated to a temperature promoting
the diffusing velocity. Accordingly Dy atoms deposited on the surface
of sintered magnet can be diffused and homogeneously penetrated into
the grain boundary phases of sintered magnet before they form a thin
form of Dy on the surface of sintered magnet. (00151      If the
temperature in the processing chamber is lower than 800t, the vapor
pressure cannot reach a level which can supply Dy atoms onto the
surface of sintered magnet so that Dy can be diffused and
homogeneously penetrated into the grain boundary phases. In addition
the diffusing velocity of Dy atoms deposited on the surface of
sintered magnet into the grain boundary phases is decreased. On the
other hand if the temperature exceeds 1050C, the vapor pressure of Dy
is increased and thus Dy atoms in vapor atmosphere are excessively
supplied onto the surface of sintered magnet. In addition it is
afraid that Dy would be excessively diffused into grains and since
the magnetizing properties in grains are extremely reduced if Dy is
excessively diffused into grains, the maximum energy product and the 



remanent flux density are further reduced. [00161      On the other
hand it is preferable that the processing chamber is heated to a
temperature in a range of 900C---1150C under a vacuum condition when
the sintered magnet of Fe-B-rare earth elements family and the metal
evaporating material having a primary component of Tb are arranged in
the processing chamber. Similarly to the effects described above,
this makes it possible that the Tb atoms deposited on the surface of
sintered magnet are diffused and homogeneously penetrated into the
grain boundary phases of sintered magnet before they form the thin
film of Tb on the surface of sintered magnet, that Tb-rich phase is
generated in the grain boundary phase, and that Tb is diffused only
into a region near the surface of grains. As the result of which it
is possible to obtain a permanent magnet of high magnetic properties
having effectively improved or recovered magnetizing properties and
coercive force. [00117]      If the temperature in the processing
chamber is lower than 900C, the vapor pressure cannot reach a level
which can supply Tb atoms onto the surface of sintered. magnet so
that Tb can be diffused and homogeneously penetrated into the grain
boundary phases. On the other hand if the temperature exceeds 1150C,
the vapor pressure of Tb is increased and thus Tb atoms in vapor
atmosphere are excessively supplied onto the surface of sintered
magnet. [00181      Also in the present invention, it may be possible
that the method for manufacturing a permanent magnet comprises steps
of arranging the sintered magnet of Fe-B-rare earth elements family
in the processing chamber and heating the sintered magnet to a
temperature in a range of 800t-1100C; heating and evaporating the
metal evaporating material 



including at least one of Dy and Tb arranged in said processing
chamber or another processing chamber; and supplying and depositing
the evaporated metal atoms onto the surface of the sintered magnet.
This enables to increase the diffusing velocity and to efficiently
diffuse in order Dy and Tb deposited on the surface of the sintered
magnet into the grain boundary phases of sintered. magnet. [00191
If the temperature of the sintered magnet is lower than 800C, it is
afraid that the thin film of metal evaporating material is formed on
the surface of sintered magnet since a diffusing velocity sufficient
to diffuse and homogeneously penetrate Dy and Tb into grain boundary
phase of sintered magnet. On the other hand if the temperature
exceeds 1100C, Dy and Tb enter into grains which is the principal
phase of sintered magnet. This is after all same condition as that in
which Dy and Tb are added during obtaining the sintered magnet and
thus it is afraid that the strength of magnetic field accordingly the
maximum energy product exhibiting the magnetic properties would be
extremely reduced. [0020] Further in the present invention, it may be
possible that method for C. manufacturing a permanent magnet
comprises steps of arranging the sintered magnet of Fe-B-rare earth
elements family in the processing chamber; heating and evaporating
the metal evaporating material including at least one of Dy and Tb
arranged in said, processing chamber or another processing chamber to
a temperature in a range of 800t-1200C after heating and holding the
sintered magnet to a predetermined temperature; and supplying and
depositing the evaporated metal atoms onto the surface of the
sintered magnet. Under this condition, since the metal evaporating
material can be heated and evaporated in the range of 800C-1200C, the
metal atoms of Dy and Tb can be supplied onto the surface of sintered
magnet  



in proper quantities in accordance with the vapor pressure at that
time [0021]      If the temperature of the metal evaporating material
is lower than 800C, the vapor pressure cannot reach a level which can
supply the metal atoms of Dy and Tb onto the surface of sintered
magnet so that Dy and Tb can be diffused and homogeneously penetrated
into the grain boundary phases. On the other hand if the temperature
exceeds 1200C, the vapor pressure of the metal evaporating material
becomes too high and Dy and Tb atoms in vapor atmosphere are
excessively supplied onto the surface of sintered magnet. Thus it is
afraid that the thin film of the metal evaporating material would be
formed on the surface of sintered magnet. [0022]      It may be
possible that the sintered magnet and the metal evaporating material
are arranged apart from each other. This is preferable so as to
prevent melted metal evaporating material from being directly stuck
to the sintered magnet when the metal evaporating material is
evaporated. [00231      In order to diffuse the metal evaporating
material into the grain boundary phases before the thin film of Dy
and Tb is formed on the surface of sintered magnet, it is preferable
that a ratio of the total surface area of the metal evaporating
material to the total surface area of the sintered magnet arranged in
the processing chamber is set in a range of lx 10' x 103. [00241
It may be possible that the supplying amount of the metal atoms is
controlled by changing the specific surface area of the metal
evaporating material arranged in the processing chamber to increase
and decrease the amount of evaporation of the metal evaporating
material under a constant temperature. This makes it possible to
simply control the supplying amount of metal atoms onto the surface
of sintered magnet without changing any 



structure of the apparatus e.g. providing separate parts in the
processing chamber for increasing and decreasing the supplying amount
of Dy and Tb onto the surface of sintered magnet. [0025]      In
order to remove soil, gas or moisture adsorbed on the surface of
sintered magnet before Dy and Tb are diffused into the grain boundary
phases, it is preferable the pressure in the processing chamber is
kept at a predetermined reduced pressure before heating of the
processing chamber containing the sintered magnet. [00261      In
this case, in order to promote the removal of soil, gas or moisture
adsorbed on the surface of sintered magnet, it is preferable that the
temperature in the processing chamber is kept at a predetermined
temperature after reducing the pressure in the process chamber to a
predetermined pressure. 10027]      In order to remove a oxide film
on the surface of sintered magnet before Dy and Tb are diffused into
the grain boundary phases, it is preferable that the surface of the
sintered magnet is cleaned with using plasma before heating of the
processing chamber containing the sintered magnet. 



[0028]     It is preferable that heat treatment of the sintered
magnet is performed at a temperature lower than said temperature
after diffusing the metal atoms into grain boundary phases of the
sintered magnet. This enables to obtain a permanent magnet of high
magnetic properties having further improved and recovered magnetizing
properties and coercive force. [0029]     It is preferable that the
sintered magnet has an average diameter of grain of 1iurn or 7 y m-20
g m. If the average diameter of grain is   larger than 7g m, since
the spinning force of the grains during generation of the magnetic
field is increased, the degree of orientation is improved and
additionally the surface area of grain boundary phases is reduced, it
is possible to efficiently diffuse Dy and Tb deposited on the surface
of sintered magnet and thus to obtain a permanent magnet having a
remarkably high coercive force. [0030]     If the average diameter of
grain is larger than 25g m, the rate in the grain boundary of grains
including different grain orientation is extremely 



C. increased and the degree of orientation is deteriorated and as the
result of which the maximum energy product, remanent flux density and
the coercive force are reduced. On the other hand if the average
diameter of grain is smaller than 5g m, the rate of single domain
grains is increased and as the result of which a permanent magnet
having very high coercive force. If the. average diameter of grain is
smaller than 1 p m, since the grain boundary becomes small and
complicated, Dy and Tb cannot be efficiently diffused. [0031]
It is preferable that the sintered magnet does not contain Co. Co has
been added in the neodymium magnet of the prior art to prevent
corrosion of the magnet. In the present invention, the metal atoms of
Dy and Tb deposited on the surface of sintered magnet can be
efficiently diffused during diffusing at least one of Dy and Tb. This
is because of absence of intermetallic compound including Co in the
grain boundary of the sintered magnet. In addition, since Dy/Tb-rich
phases having extremely high corrosion resistance and atmospheric
corrosion resistance as compared with Nd is formed inside of defects
(cracks) generated in grain near the surface of sintered magnet
during process of the sintered magnet, it is possible to obtain a
permanent magnet having extremely strong corrosion resistance and
atmospheric corrosion resistance.  10032]      For achieving the
second object mentioned above, there is provided, according to the
present invention of claim15, a permanent magnet comprising a
sintered magnet of Fe-B-rare earth elements family and manufactured
by evaporating metal evaporating material including at least one of
Dy and Tb, depositing evaporated metal atoms onto a surface of the
sintered magnet with controlling a supplying amount of the metal
atoms; and diffusing the deposited metal atoms into grain boundary
phases of the sintered magnet before formation of thin film of the
metal evaporating material on the surface of the sintered magnet.
[0033]      In this case it is preferable that the sintered magnet
has an average diameter of grain of 1 gm-5 a m or 7 jt m-20 ji m. 



[0034]     It is also preferable that the sintered magnet does not
contain Co. [Effects of the Invention] [0035]     As described above,
the method for manufacturing a permanent magnet of the present
invention can efficiently diffuse Dy and Tb into the grain boundary
phases without deteriorating the surface of the sintered magnet of
Nd-Fe-B family and effectively improve and recover the magnetizing
properties and coercive force. These effects, in combination with
other effects that the supply of Dy and Tb onto the surface of
sintered magnet and the diffusion of them into the grain boundary
phases can be performed by single process as well as that the
subsequent working process is not required, can exhibit a superior
effect of improving the productivity. In addition the permanent
magnet of the present invention can also exhibit a superior effect of
providing a high magnetic properties and a strong corrosion
resistance. [Best mode for carrying out the Invention]  [0036]
With reference to Figs. 1 and 2, a permanent magnet M of the present
invention can be manufactured by simultaneously performing a series
of processes (vacuum vapor processing) of evaporating metal
evaporating material V including at least one of Dy and Tb onto a
surface of a sintered magnet S of Nd-Fe-B family machined as having a
predetermined configuration, depositing the evaporated metal at,oms
onto the surface of sintered magnet S, and diffusing and
homogeneously penetrating the metal atoms into grain boundary phases
of the sintered magnet S. 



C.  [00371      The sintered magnet S as starting material of Nd-Fe-B
family has been manufactured as following by a known method. That is,
firstly an alloy member having a thickness of 0.05ram-0.5 mm is
manufactured by the known strip casting method with formulating Fe, B
and Nd at a predetermined composition. An alloy member having a
thickness of 5mm may be manufactured by the known centrifugal casting
method. A small amount of Cu, Zr, Dy, Tb, Al or Ga may be added
therein during the formulation. Then the manufactured alloy member is
once ground by the known hydrogen grinding process and then
pulverized by the jet-mill pulverizing process. [00381     The
sintered magnet mentioned above can be manufactured by forming the
ground material to a predetermined configuration such as a
rectangular parallelopiped or a cylinder in a mold with using
magnetic field orientation. It may be possible to further improve the
magnetic properties when performed the vacuum vapor processing on the
sintered magnet if the sintered magnet S has been heat treated to
remove its strain for a predetermined period (e.g. two hours) under a
predetermined temperature (400C-700C) after the sintering process.
[0039]       It is preferable to optimize conditions in each
manufacturing step of the sintered magnet S so that the average grain
diameter has a range of lg m-5 g m or 7g m-20 p. in. If the average
diameter of grain is larger than 7 it m, since the spinning force of
the grains during generation of the magnetic field is increased, the
degree of orientation is improved and additionally the surface area
of grain boundary phases is reduced, it is possible to efficiently
diffuse at least one of Dy and Tb and thus to obtain a permanent
magnet M having a remarkably high coercive force. If the average
diameter of grain is larger than 25i in, the rate in the grain
boundary of grains including different grain orientation in one grain
is extremely increased and the degree of orientation is deteriorated
and as the result of which the maximum energy product, remanent flux
density and the coercive force are reduced. 



[0040]      On the other hand if the average diameter of grain is
smaller than 5g in, the rate of single domain grains is increased and
as the result of which a permanent magnet having very high coercive
force. If the average diameter of grain is smaller than 1 pm, since
the grain boundary becomes small and complicated, the time required
for performing the diffusing process must be extremely extended and
thus the productivity is worsened. [0041]     It is possible to use
as the metal evaporating material V an alloy including at least one
of Dy and Tb remarkably improving the grain magnetic anisotropy of
principal phase. In this case it may be possible to include therein
Nd, Pr, Al, Cu, Ga etc. in order to further improve the coercive
force. In addition the metal evaporating material V is made as a
bulky alloy formulated at a predetermined mixing ratio and heated
e.g. in an arc furnace and then arranged in the processing chamber
described below. (0042) As shown in Fig. 2, a vacuum vapor processing
apparatus 1 comprises   has a vacuum chamber 12 in which a pressure
can be reduced and kept at a predetermined pressure (e.g. lx 10-5Pa)
via an evacuating means such as turbo-molecular pump, cryopump,
diffusion pump etc. There is arranged in the vacuum chamber 12 a box
2 comprising a rectangular parallelopiped box body 21 having an open
top and a lid 22 detachable on the open top of the box body 21. 



[0043]      A downwardly bent flange 22a formed around the lid 22 can
be fitted on the top of the box body 21 to define a processing
chamber 20 isolated from the vacuum chamber 12 (any vacuum seal such
as a metal seal is not between the flange 22a and the box body 21). A
pressure in the processing chamber 20 can be reduced to a pressure
(e.g. 5X 10-4Pa) higher substantially by half-digit than that in the
vacuum chamber 12 by reducing the pressure in the vacuum chamber 12
to a predetermined pressure (e.g. IX 10-5Pa) via the evacuating means
11. (0044]      A volume of the processing chamber 20 is determined
so that the metal atoms can be supplied onto the sintered magnet S
directly or from a plurality of directions after several collisions
in consideration of the average free stokes of evaporated metal
material. The box body 21 and the lid 22 are made of materials not
reacting with the metal evaporating member and their wall thickness
is determined so that they are not deformed by heat when they are
heated by a heating means described below. [0045]     When the metal
evaporating material V is Dy and Tb, it is afraid that Dy and Tb in
the vapor atmosphere would react with Al203 and form products of
reaction on the box 2 when the box 2 is made of Al203 often used in
general vacuum apparatus and atoms of Al would enter into the vapor
atmosphere of Dy and Th. Accordingly the box 2 is made of Mo, W, V,
Ta or  these alloys (including rare earth elements added Mo alloy, Ti
added Mo alloy etc.), CaO, Y203 or oxides of rare earth elements or
structured by heat insulation member on which said elements or alloys
are coated as inner lining. A bearing grid 21a for example of
plurality of Mo wires (e.g. 0.1mm10mm ) is arranged at a
predetermined height in the processing chamber 20 on which a
plurality of sintered magnets S can be placed side by side. On the
other hand, the metal evaporating materials V are appropriately
placed on a bottom surface, side surfaces or a top surface of the
processing chamber 20. 



[0046]      A heating means 3 is arranged in the vacuum chamber 12.
Similarly to the box 2 the heating means 3 is made of material which
does not react with metal evaporating material of Dy and Tb and
arranged so that it encircles the box 2 and comprises a heat
insulation member of Mo on which inner surface is provided with a
reflecting surface and an electric heater formed of a Mo filament
mounted on the inner surface of the heat insulation member. The
processing chamber 20 can be substantially uniformly heated by
heating the box 2 under a vacuum condition with using the heating
means 3 and indirectly heating the inside of the processing chamber
20 via the box 2. [0047]      Then manufacture of the permanent
magnet M with using the vacuum vapor processing apparatus- 1 and
performing the method of the present invention. First of all,
sintered magnets S made in accordance with the method described above
are placed on the bearing grid 21a of the box body 21 and Dy forming
the metal evaporating materials V is placed on the bottom surface of
the box body 21 (Thus the sintered magnets S and the metal
evaporating materials V are arranged away from each other in the
processing chamber 20). After having closed the open top of the box
body 21 by the lid 22, the box 2 is placed on a predetermined
position encircled by the heating means 3 in the vacuum chamber 12
(see Fig. 2). Then evacuating the vacuum   chamber 12 to a
predetermined pressure (e.g. lx 10-4Pa) via the evacuating means 11
(the processing chamber 20 is evacuated to a pressure of half-digit
higher than 1 X 10' Pa) and heating the processing chamber 20 with
actuation of the heating means 3 when the vacuum chamber 12 has
reached to a predetermined pressure. [0048]      When the temperature
in the processing chamber 20 has reached to a predetermined
temperature under the evacuated condition, Dy placed on the bottom
surface of the processing chamber 20 is heated to a temperature
substantially same as that of the processing chamber 20 and commences
the evaporation and accordingly a Dy vapor atmosphere is formed in
the processing chamber. Since the sintered. magnets S and Dy body are
arranged away from each other, melted Dy body does never directly
stick to the sintered magnets S having a melted surface of Nd-rich
phase when the Dy body commenced its evaporation. The Dy atoms in the
Dy vapor atmosphere are supplied and deposited on the surface of
sintered magnet S heated to a temperature substantially same as that
of Dy body directly from Dy body or from a plurality of directions
after repeating collisions and the deposited Dy atoms are diffused
into the grain boundary phases of the sintered magnet S and thus the
permanent magnet M is manufactured. 



10049]     As shown in Fig. 3, if Dy atoms in the Dy vapor atmosphere
are supplied onto the surface of sintered magnet S and. then
deposited and recrystallized thereon to form Dy layer (thin film) Li,
the surface of permanent magnet M is extremely deteriorated (its
surface roughness is worsened). In addition Dy deposited on the
surface of sintered magnet S heated to the substantially same
temperature during its process is melted and excessively diffuses
into grains at a region R1 near the surface of sintered magnet S and
thus the magnetic properties cannot be effectively  improved or
recovered. [0050)      That is, if the thin film of Dy is once formed
on the surface of sintered magnet S, the average composition in the
surface of sintered magnet S becomes Dy-rich and thus the liquid
phase temperature is lowered and the surface of sintered magnet S is
melted (is. the principal phase is melted and the amount of liquid
phase is increased). As the result of which a region near the surface
of sintered magnet S is melted and damaged and thus its irregularity
is increased. Furthermore Dy excessively penetrates into the grains
together with a great deal of liquid phase and thus the maximum
energy product exhibiting the magnetic properties and the remanent
flux density are further worsened. [00511      According to the
example of the present invention, Dy body of bulky configuration
(substantially spherical configuration) having a small specific
surface area (surface area per unit volume) is arranged on the bottom
surface of the processing chamber 20 at a rate of 1--10%by weight of
the sintered magnet so as to reduce an amount of evaporation under a
constant temperature. In addition to that, the temperature in the
processing chamber 20 is set at a range of 800C - 1050C , preferably
900C - 1000C by controlling the heating means 3 when the metal
evaporating material V is Dy (e.g. the saturated vapor pressure of Dy
is about 1X X 10_i Pa when the temperature in the processing chamber
is 900C--1000C). 



[00521     If the temperature in the processing chamber 20
(accordingly the heating temperature of sintered magnet S) is lower
than 800C, the diffusing velocity of Dy atoms deposited on the
surface of sintered magnet S into the grain boundary phases is
decreased and thus it is impossible to make the Dy atoms to be
diffused and homogeneously penetrated into grain boundary  phases of
the sintered magnet S before the thin film is formed on the surface
of sintered magnet S. On the other hand, if the temperature exceeds
1050t, the vapor pressure of Dy is increased and thus Dy atoms in the
vapor atmosphere are excessively supplied onto the surface of
sintered magnet S. In addition, it is afraid that Dy would be
diffused into grains and if so, since the magnetization in the grains
is greatly reduced , the maximum energy product and the remanent flux
density are further reduced. [0053]       In order to diffuse Dy into
the grain boundary phases before the thin film of Dy is formed on the
surface of sintered magnet S, the ratio of a total surface area of
the bulky Dy placed on the bottom surface of the processing chamber
20 to a total surface area of the sintered magnet S placed on the
bearing grid 21a of the processing chamber 20 is set to be a range of
lx 10' --#2 X 10. In a ratio other than the region of lx 10-4--2 X10,
there would be sometime formed a thin film of Dy and Tb on the
surface of sintered magnet S and thus a permanent magnet having high
magnetic properties cannot be obtained. In this case, a preferable
range of the ratio is lx 10-3-1 X 10, and more preferable range is 1X
10- 2---1 X 102. (00541     This enables the amount of supply of Dy
atoms to the sintered magnet S to be suppressed due to the reduction
of the vapor pressure as well as the evaporation amount of Dy and
also enables the diffusing velocity to be accelerated due to heating
of the sintered magnet S in a predetermined range of temperature with
making the average grain diameter of sintered magnet S to be included
in a predetermined range. Accordingly it is possible to efficiently
and homogeneously diffuse and. penetrate the Dy atoms deposited on
the surface of sintered magnet S into the grain boundary phases of
the sintered magnet S before they deposit on the surface of sintered
magnet a and form the Dy layer (thin film) (see Fig. 1). As the
result of which it is possible 



to prevent the surface of permanent magnet M from being deteriorated
and the Dy atoms from being excessively diffused into grains near the
surface of sintered. magnet. In addition since the Dy atoms are
diffused only in a region near the surface of grains, it is possible
to effectively improve and recover the magnetizing properties and
coercive force and thus to obtain a permanent magnet M superior in
productivity without requiring any finishing work. [00551      When
the manufactured sintered. magnet is formed to a desired
configuration by wire cutting as shown in Fig. 4, the magnetic
properties of the sintered magnet would be sometimes extremely
deteriorated due to generation of cracks in grains in the principal
phase of the surface of sintered. magnet (see Fig. 4 (a)). However
since the Dy-rich phase is formed inside of the cracks of grains near
the surface of sintered magnet by performing the vacuum vapor
processing (see Fig. 4 OA, the magnetizing properties and coercive
force are recovered. [0056]      Co has been added in the neodymium
magnet of the prior art to prevent corrosion of the magnet. However,
according to the present invention, since Dy-rich phase having
extremely high corrosion resistance and, atmospheric corrosion
resistance as compared with Nd exists in the inside of cracks of
grains near the surface of the sintered magnet and grain boundary
phases, it is possible to obtain a permanent magnet having extremely
high corrosion resistance and atmospheric corrosion resistance
without using Co. Furthermore since there is not any intermetallic
compound including Co in the grain boundary phases of sintered magnet
S, the metal atoms of Dy and Tb deposited on the surface of sintered
magnet S are further efficiently diffused. 100571 Finally after the
process mentioned above have been performed a 



predetermined period of time (e.g. 4-48 hours), the heating means 3
is deactivated, Ar gas of 10 KPa is introduced into the processing
chamber 20 via a gas introducing means (not shown), evaporation of
the metal evaporating material V is stopped, and the temperature in
the processing chamber 20 is once lowered to 500t. Continuously the
heating means 3 is activated again, the temperature in the processing
chamber 20 is set in a range of 450C-650t, and heat treatment is
carried out to further improve and recover the magnetizing properties
and coercive force. Finally the box 2 is rapidly cooled and taken out
from the vacuum chamber 12. [0058]      In the example of the present
invention, although it has been described that Dy is used as metal
evaporating material arranged in the box body 21 together with the
sintered magnet S, it is also possible to use Tb having a low vapor
pressure in a range of heating temperature (900t -1000C) of the
sintered magnet S enabling to accelerate the optimum diffusing
velocity. When the metal evaporating material V arranged in the box
body 21 together with the sintered magnet S is Tb, the evaporating
chamber may be heated in a range of 900C-1150t. lithe temperature is
lower than 900C, the vapor pressure cannot reach to a level enabling
to supply the Tb atoms to the surface of sintered magnet S. On the
other hand, at a temperature exceeding 1150t, Tb is excessively
diffused into the grains and thus the maximum energy product and the
remanent flux density are lowered. [ 0059]      In the example of the
present invention, although it has been described that bulky metal
evaporating material V having a small specific surface area is used
to reduce the amount of evaporation under a constant temperature,
this is not absolute. For example, it may be possible to reduce the
specific surface area by arranging dish (or dishes) having a recessed
cross-section in the box body 21 and placing thereon bulky or
granular metal evaporating  material V or possible to mount a lid
(not shown) having a plurality of openings on the dish after the
metal evaporating material V has been placed .thereon. 



[0060]      Also in the example of the present invention, although it
has been described to arrange the sintered magnet S and the metal
evaporate material V in the processing chamber 20, it may be possible
for example to provide an evaporating chamber (i.e. other processing
chamber, not shown) separately from the processing chamber 20 and
other heating means for the evaporating chamber, and to construct so
that the metal atoms in the vapor atmosphere are supplied to the
sintered magnet in the processing chamber 20 via a connecting passage
communicating the processing chamber 20 and the evaporating chamber
after the metal evaporating material has been evaporated in the
evaporating chamber. [0061]     In this case, when the primary
component of the metal evaporating material V is Dy, the evaporating
chamber may be heated to 700C-1050C (at this temperature, the
saturated vapor pressure may be about lx 10-4--1 X 10- 'Pa ). If it
is lower than 700C, the vapor pressure cannot reach a level at which
Dy can be supplied to the surface of sintered magnet S so that Dy is
diffused and homogeneously penetrated into the grain boundary phases.
On the other hand, when the primary component of the metal
evaporating material V is Tb, the evaporating chamber may be heated
to 900C-1200C. If it is lower than 900C, the vapor pressure cannot
reach a level at which Tb atoms can be supplied to the surface of
sintered magnet S. On the contrary if it is higher than 1200C, Tb
would be diffused into grains and thus the maximum energy product and
the remanent flux density will be decreased. [0062] When it is
possible to heat the sintered magnet S and the metal   evaporating
material V at different temperatures, it may be possible to heat the
sintered magnet S at a temperature in a range of 800C--1100C and keep
it at this temperature. This enables to accelerate the diffusing
velocity and thus to efficiently diffuse in order Dy and Tb deposited
on the surface of sintered magnet into the grain boundary phases of
sintered. magnet. If the temperature of sintered magnet lower than
800C, since it is impossible to have a diffusing velocity enabling Dy
and Tb to be diffused and homogeneously penetrated into the grain
boundary phases of the surface of sintered magnet, it is afraid that
a thin film comprising the metal evaporating material is formed on
the surface of sintered. magnet. On the other hand, if it is higher
than noot, Dy or Tb would be entered into grains being principal
phase of the sintered magnet and after all it would be same as that
into which Dy or Tb is added during manufacturing the sintered magnet
and thus the strength of magnetic field, accordingly the maximum
energy product exibiting the magnetic properties would be extremely
reduced. [0063] 



In order to remove soil, gas or moisture adsorbed on the surface of
sintered magnet S before Dy and Tb are diffused into the grain
boundary phases, it may be possible to reduce the pressure in the
vacuum chamber 12 to a predetermined pressure (e.g. lx 10'Pa) via the
evacuating means 11 and to keep at its pressure for a predetermined
period of time after the pressure in the processing chamber 20 has
been reduced to a pressure (e.g. 5 X 10-4Pa) higher substantially by
half-digit than the pressure in the vacuum chamber 12. During which
it may be possible to heat the processing chamber 20 for example to
100C by actuating the heating means 3 and to keep this temperature
for a predetermined period of time. [0064]     Furthermore it may be
possible to provide a known plasma generating apparatus (not shown)
for generating Ar or He plasma in the vacuum  chamber 12 and to
perform a preliminary treatment for cleaning the surface of sintered
magnet s by plasma prior to a treatment in the vacuum chamber 12.
When. the sintered magnet S and the metal evaporating material V are
arranged in a same processing chamber 20, it may be possible to
arrange a known conveyor robot in the vacuum chamber 12 and to mount
the lid 22 in the vacuum chamber 12 after the cleaning has been
completed. [0065]      Further in the example of the present
invention, although it is described that the box 2 is structured by a
box body 21 and a lid 22 to be mounted on the top opening of the box
body, such a structure is not absolute and any structure can be
adapted to the present invention if it is isolated from the vacuum
chamber 12 and a pressure in the processing chamber 20 can be reduced
in accordance with reduction of pressure in the vacuum chamber 12.
For example, it may be possible the top opening of the box body 21 to
be covered e.g. by a Mo foil after the sintered magnet S has been
contained in the box body 21. It may be also possible to construct
the processing chamber 20 is tightly closed in the vacuum chamber 12
so that the processing chamber can keep a predetermined pressure
independent of the vacuum chamber 12. 10066]      Since the lesser
the 02 content, the faster the diffusing velocity of Dy and Tb into
the grain boundary phases, 02conthnt of the sintered magnet S itself
may be less than 3000 ppm, preferably 2000 ppm, and more preferably
1000 ppm. 



[Embodiment 1] [0067]     As a sintered magnet of Nd-Fe-B family, a
member machined to a cylinder (10 mm 4, X 5 ram) having a composition
of 30 Nd-1B-0.1 Cu-2 Co-bal. Fe, 0 2content of the sintered magnet S
itself of 500 ppm, and average grain diameter: 3p m was used. In this
embodiment, the surface of the sintered  magnet S was finished as
having the surface roughness of 20n m or less and then washed by
acetone. [00681      Then a permanent magnet M was obtained using the
vacuum vapor processing apparatus 1 described above, depositing Dy
atoms onto the surface of sintered magnet S in accordance with the
method described above, and diffusing the Dy atoms into the grain
boundary phases before a thin film of Dy is formed on the surface of
sintered magnet S (vacuum vapor processing). In this embodiment, the
sintered magnet S was placed on the bearing grid 21a in-the
processing chamber 20, and Dy of 99.9%degree of purity was used as
the metal evaporating material. The metal evaporating material, has a
bulky configuration and the total weight of 1 g of the metal
evaporating material was placed on the bottom surface of the
processing chamber 20. [0069] 



Then the vacuum chamber was once reduced to 1 x 10 -4Pa (the pressure
in the processing chamber was 5>< 10-3Pa) with activating the
evacuating means and the temperature of the processing chamber 20
heated by the heating means 3 was set at 975C. The vacuum vapor
processing was performed for 12 hours after the temperature in the
processing chamber 20 had reached 975C. (Comparative Example 1)
[00701     A film-forming processing was performed against the
sintered magnet S same as that used in the Embodiment 1 using a vapor
deposition apparatus (VFR-200M/ULVAC machinery Co. Ltd.) of a
resistor heater type using a Mo board of the prior art. In this
Comparative Example 1, an electric current of 150 A was supplied to
the Mo board and performed the film-forming process for 30 minutes
after Dy of 2g had been set on the Mo board and the vacuum chamber
had been evacuated to lx 10 'Pa.  [0071]      Fig. 5 is a photograph
showing a surface condition of the permanent magnet obtained by
performing the processing described above and Fig. 5 (a) is a
photograph of the sintered magnet S (before process). It is found
from this photograph that in the sintered magnet S of "before
process" although black portions such as voids of Nd-rich phase being
grain boundary phase or de-grain traces can be seen, the black
portions disappear when the surface of the sintered magnet is covered
by the Dy layer (thin film) as in the Comparative Example 1 (see Fig.
5 (b)). In this case the measured value of thickness of the Dy layer
(thin film) was 40 a m. On the contrary, it is found in the
Embodiment 1 that black portions such as voids of Nd-rich phase or
de-grain traces can be seen and thus are substantially same as those
of the surface of sintered magnet of "before process" In addition it
is found that Dy has been efficiently diffused into the grain
boundary phases before formation of the Dy layer because of the fact
of weight variation (see Fig. 5 (c)). [0072] 



Fig. 6 is a table showing the magnetic properties of the permanent
magnet M obtained in accordance with conditions described above.
Magnetic properties of the sintered magnet S "before process" is
shown in the table as a comparative example. According to this table
it is found that the permanent magnet M of the Embodiment 1 has the
maximum energy product (BH)max of 49.9 MG0e, the remanent flux
density Br of 14.3 kG, and the coercive force ilk of 23.1 k0e, and
thus the coercive force (23.1 k0e) is remarkably improved as compared
with that (11.3 k0e) of the sintered magnet S before the vacuum vapor
processing. [Embodiment 2] [0073]     As a sintered magnet of Nd-Fe-B
family, a member machined to a plate (40 X 40 X 5 (thickness) ram)
having a composition of 30 Nd-1B-0.1 Cu-2   0o-bal. Fe, 02content of
the sintered magnet S itself of 500 ppm, and average grain diameter
of 3g RI was used. In this embodiment, the surface of the sintered
magnet S was finished as having the surface roughness of 20p an or
less and then washed by acetone. [0074]      Then a permanent magnet
M was obtained using the vacuum vapor processing apparatus 1 and the
vacuum vapor processing method described above. In this embodiment, a
Mo box having dimensions of 200x 170 x 60 mm was used as the box 2
and 30 (thirty) sintered magnets S are placed equidistantly apart
each other. In addition Dy of 99.9%degree of purity was used as the
metal evaporating material. The metal evaporating material has a
bulky or granular configuration and the total weight of lg of the
metal evaporating material was placed on the bottom surface of the
processing chamber 20. 



[0075]      Then the vacuum chamber was once reduced to 1 X 10 ' Pa
(the pressure in the processing chamber was 5X 10-3Pa) with
activating the evacuating means and the temperature of the processing
chamber 20 heated by the heating means 3 was set at 925t. The vacuum
vapor processing was performed for 12 hours after the temperature in
the processing chamber 20 had reached 925C. Then heat treatment was
perfornied with setting the treating temperature at 530t and the
treating time period at 90 minutes. Finally the permanent magnet
manufactured by performing the method described above was cut by
wire-cutting as having a cylindrical configuration of 10 mm x 5 rani.
[0076]      Fig. 7 is a table showing the magnetic properties of
permanent magnet when changed the configuration of Dy and the amount
of Dy arranged on the bottom surface of the processing chamber so
that the ratio of the total surface  area of Dy to the total surface
area of sintered magnet S in the processing chamber 20. According to
this table it is found that Dy can be diffused into the grain
boundary phases before the thin film of Dy is formed on the surface
of sintered magnet S if bulky Dy of mm is used and said ratio is in
about ox 10-5-1. However it is necessary to make the ratio larger
than 1x 10'in order to obtain a high coercive force of about 20 k0e.
On the other hand it is found that it is possible to diffuse Dy into
the grain boundary phases before the thin film of Dy is formed on the
surface of sintered magnet S if said ratio is in about 6^-1 X103
although granular Thy of 0.01mm or 04 mm is used and thus to obtain
the coercive force higher than 20 k0e. However a thin film of Dy was
formed on the surface of sintered magnet S if said ratio becomes
larger than 1 x 103. [Embodiment 3] [00771 



As a sintered magnet of Nd-Fe-B family, a member having a composition
of 25 Nd-3 Dy-1B-1 Co-0.2 A1-0.1 Cu-bal. Fe was used and this member
was machined to a rectangular parallelopiped of 2X 20x 40 mm. In this
embodiment, an alloy of 0.05 mm-0.5 ram was made by a known strip
casting method with formulating Fe, B, Nd, Dy, Co, Al, Cu at said
composition C.  ratio and then once ground by a known hydrogen
grinding process and continuously pulverized by the jet milling
process. Then a sintered magnet S having the average grain diameter
of 0.5 it m p m was obtained by sintering the pulverized powder under
predetermined conditions after having been magnetic field oriented
and formed to a predetermined configuration in a mold. The surface of
the sintered magnet S was finished as having the surface roughness of
50 M m or less and then washed by acetone. [0078]      Then a
permanent magnet M was obtained using the vacuum vapor processing
apparatus 1 and the vacuum vapor processing method described   above.
In this embodiment, 100 (one hundred) sintered magnets S are placed
on the bearing grid 2Ia in the Mo box 2 equidistantly apart each
other. In addition bulky Dy of 99.9 % degree of purity was used as
the metal evaporating material and the total weight of 10 g of the
metal evaporating material was placed on the bottom surface of the
processing chamber 20. [0079]      Then the vacuum chamber was once
reduced to 1 X 10 Pa (the pressure in the processing chamber was ox
10 'Pa) with activating the evacuating means and the temperature of
the processing chamber 20 heated by the heating means 3 was set at
975t. The vacuum vapor processing was performed for 1-72 hours after
the temperature in the processing chamber 20 had reached 975t. Then
heat treatment was performed with setting the treating temperature at
500C and the treating time period at 90 minutes. 



W0801      Fig. 8 is a table showing the magnetic properties of the
permanent magnet obtained in accordance with conditions described
above at average values. According to this table it is found that a
permanent magnet having the maximum energy product (BlOmax of 52 MGOe
or more, the remanent flux density Br of 14.3 kG or more, and the
coercive force LW of 30 kOe or more when the average grain diameter
is 1-5 It in or 7-20 p.m. [Embodiment 4] 100811     As a sintered
magnet of Fe-B-Nd family not including Co, a member having a
composition of 27 Nd1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe was used. In
this embodiment, an alloy of 0.05 mm-0.6 mm was made by a known strip
casting method with formulating Fe, B, Nd, Gu, Ga, Zr at said
composition ratio and. then once ground by a known hydrogen grinding
process and continuously pulverized by the jet milling process. Then
a sintered magnet of a rectangular parallelopiped of 3 X 20 x 40 ram
was  obtained by sintering the pulverized powder under predetermined
conditions after having been magnetic field oriented and formed to a
predetermined configuration in a mold. The surface of the sintered
magnet S was finished as having the surface roughness of 20a m or
less and then washed by acetone. (0082] 



Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method
described above. In this embodiment, 10 (ten) sintered magnets S are
placed on the bearing grid 21a in the Mc box 2 equidistantly apart
each other. In addition bulky Dy of 99.9% degree of purity was used
as the metal evaporating material and the total weight of 1 g of the
metal evaporating material was placed on the bottom surface of the
processing chamber 20. [0083]      Then the vacuum chamber was once
reduced to 1 x 10 'Pa (the pressure in the processing chamber was 5 x
103Pa) with activating the evacuating means and the temperature of
the processing chamber 20 heated by the heating means 3 was set at
900C. Then after the temperature in the processing chamber 20 had
reached 900t, the vacuum vapor processing was performed for 2--38
hours at every 4 hour interval. Then heat treatment was performed
with setting the treating temperature at 500C and the treating time
period at 90 minutes and searched for the vacuum vapor processing
hour (time interval) obtainable best magnetic properties (optimum
vacuum vapor processing hour). (Comparative Example 4) [0084]     In
Comparative Examples 4a-1/4-4c, sintered rctagnets each having a
composition of 27 Nd-1 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe
(Comparative Example 4a), 27 Nd-4 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal.
Fe (Comparative Example 4b), and 27 Nc1-8 Co-1 B-0.05 Cu-0.05 Ga-0.1
Zr-bal. Fe   (Comparative Example 4c) were used as a sintered magnet
of Fe-B-Nd family including Co. In these examples, an alloy of 0.05
mm-0 5 mm was made by a known strip casting method with formulating
Fe, B, Nd, Co, Gu, Ga, Zr at said composition ratio and then once
ground by a known hydrogen grinding process and continuously
pulverized by the jet milling process. Then a sintered magnet of a
rectangular parallelopiped of 3 X 20 X 40 mm was obtained by
sintering the pulverized powder under predetermined conditions after
having been magnetic field oriented and formed to a predetermined
configuration in a mold. The surface of the sintered magnet S was
finished as having the surface roughness of 20 a. m or less and then
washed by acetone. Then permanent magnets of the Comparative Examples
4a-4c was obtained by performing the processing described above under
same conditions as those of the Embodiment 4 and searched for the
optimum vacuum vapor processing hour. 



[0085]      Fig. 9 is a table showing the average values of the
magnetic properties of permanent magnets obtained in the Embodiment 4
and Comparative Examples 4w---4c as well as evaluation of the
corrosion resistance. Magnetic properties before the vacuum vapor
processing of the present invention was performed are also shown in
the table (Fig. 9). The 100 hour saturated vapor pressurizing test
(Pressure Cooker Test: PCT) was carried out for the corrosion
resistance test. [0086]     According to this table (Fig. 9), it is
found that since the permanent magnets the Comparative Examples 4a 4c
include Co, generation of corrosion is not visible in the test
despite of performing the vacuum vapor processing of the present
invention. However, although they have high corrosion resistance, it
is impossible to have a high coercive force when the time interval of
the vacuum vapor processing is short and the optimum vapor
processing time interval (hour) will be extended in accordance with
increase of Co content in the composition. [0087]      On the
contrary, in the permanent magnet of the .Embodiment 4, it is found
that no corrosion is visible after the test despite of including no
Co and thus it has high corrosive resistance. Furthermore it is found
that the permanent magnet of the Embodiment 4 can provide high
coercive force of average 18 kOe after a very short vacuum vapor
processing such as 2 hours. 



[Embodiment 6] [0088]     As a sintered magnet of Nd-Fe-B family, a
member having a composition of 20 Nd-5 Pr-3 Dy-13-1 Co-112 Al-bal. Fe
was used. This member had its own 02content of 3000ppm and average
grain diameter of 4 ji m and was machined to a plate of 20 x 40 x 2
(thickness) mm. In this embodiment, an alloy of 5 mm (thickness) was
made by a known centrifugal casting method with formulating Fe, B,
Nd, Dy, Co, Al, Pr at said composition ratio and then once ground by
a known hydrogen grinding process and continuously pulverized by the
jet milling process. Then a sintered magnet S was obtained by
sintering the pulverized powder under predetermined conditions after
having been magnetic field oriented and formed to a predetermined
configuration in a mold. The surface of the sintered magnet S was
finished as having the surface roughness of 20 Lt m or less and then
washed by acetone. [0089]     Then a permanent magnet M was obtained
using the vacuum vapor processing apparatus 1 and the vacuum vapor
processing method described above. In this embodiment, 10 (ten)
sintered magnets S are placed on the bearing grid 21a in the box 2
equidistantly apart each other. In addition bulky Dy of 99.9% degree
of purity was used as the metal evaporating   material and the total
weight of 1 g of the metal evaporating material was placed on the
bottom surface of the processing chamber 20. [0090] 



Then the vacuum chamber was once reduced to 1 X 10- 'Pa (the pressure
in the processing chamber was 5x 1(13Pa) and then the pressure in the
processing chamber was set at IX 102Pa. After the temperature in the
processing chamber 20 reached a predetermined temperature, the
process described above was performed for 12 hours. In this
Embodiment 5, the sintered magnet S and the metal vapor material V
were heated to a substantially same temperature. Then heat treatment
was performed with setting the treating temperature at 500C and the
treating time period at 90 minutes. [00911      Fig. 10 is a table
showing average values of magnetic properties of permanent magnets
when the temperature in the processing chamber 20 was varied in a
range of 750C---1100C together with average values of sintered magnet
when the vacuum vapor processing was not carried out. According to
this table it is found that sufficient Dy atoms cannot be supplied to
the surface of the sintered magnet S at a temperature lower than 800C
and. thus the coercive force iHc cannot be effectively improved. On
the other hand, the maximum energy product (BH)max and the remanent
flux density Br were reduced because of excessive supply of the Dy
atoms at a temperature exceeding 1050 C. In this case the surface of
the sintered magnet was formed with Dy layer. 10092]      On the
contrary, it is found that a permanent magnet of high magnetic
properties having the maximum energy product (BH)max of more than 50
MG0e, the remanent flux density Br of more than 14.3 kG and the
coercive force ilk more than 22 kOe was obtained when the temperature
of the  processing chamber 20 were set at a range of 800C---1050C. In
this case since Dy layer was not formed on the surface of sintered
magnet and there was weight variation, it is found that Dy has been
efficiently diffused into the grain boundary phases before the Dy
layer is formed. [Embodiment 61 



[0093]      As a sintered magnet of Nd-Fe-B family, a member having a
composition of 20 Nd-8 Pr-3 Dy-1B-1 Co-0.2 Al-bal. Fe was used. This
member had its own 0 ,content of 3000ppm and average grain diameter
of 4 ji m and was machined to a plate of 20 X 40 x 2 (thickness) mm
In this embodiment, an alloy of 10 mm (thickness) was made by a known
centrifugal casting method with formulating Fe, B, Nd, Dy, Co, Al, Pr
at said composition ratio and then once ground by a known hydrogen
grinding process and continuously pulverized by the jet miffing
process. Then a sintered magnet S was obtained by sintering the
pulverized powder under predetermined conditions after having been
magnetic field oriented and formed to a predetermined configuration
in a mold. The surface of the sintered magnet S was finished as
having the surface roughness of 20 g in or less and then washed by
acetone. [0094]      Then a permanent magnet M was obtained using the
vacuum vapor processing apparatus 1 and the vacuum vapor processing
method described above. In this embodiment, 10 (ten) sintered magnets
S are placed on the bearing grid 21a in the box 2 equidistantly apart
each other. In addition bulky Dy of 99.9 %degree of purity was used
as the metal evaporating material and the total weight of 1 g of the
metal evaporating material was placed on the bottom surface of the
processing chamber 20. 100951 Then the pressure in the processing
chamber 20 was set at lx 10 'Pa.  After the temperature in the
processing chamber 20 reached a predetermined temperature, the
process described above was performed for 12 hours. In this
Embodiment 5, the sintered magnet S and the metal vapor material V
were heated to a substantially same temperature. Then heat treatment
was performed with setting the treating temperature at 600C and the
treating time period at 90 minutes. 



[0096]      Fig. 11 is a table showing average values of magnetic
properties of permanent magnets when the temperature in the
processing chamber 20 was varied in a range of 850C-1200C together
with average values of sintered magnet when the vacuum vapor
processing was not carried out. According to this table it is found
that sufficient Dy atoms cannot be supplied to the surface of the
sintered magnet S at a temperature lower than 900C and thus the
coercive force iHc cannot be effectively improved. On the other hand,
the maximum energy product (BH)max, the remanent flux density Br, and
also the coercive force ilk were reduced because of excessive supply
of the Dy atoms at a temperature exceeding 1150C. In this case the
surface of the sintered magnet was formed with Tb layer. [0097]
On the contrary, it is found that a permanent magnet of high magnetic
properties having the maximum energy product (BH)max of more than 50
MG0e, the remanent flux density Br of more than 14.6 kG and the
coercive force iHc more than 21 kOe (or 30 kOe according to
conditions) could be obtained when the temperature of the processing
chamber 20 were set at a range of 900C-1150C. In this case since Tb
layer was not formed on the surface of sintered magnet. [Embodiment
7] [0098] As a sintered magnet of Nd-Fe-B family, a member having a  



composition of 25 Nd-3 r1B-1 Co-0.2 A1-0.1 Cu-bal. Fe was used and
machined to a rectangular parallelopiped of 2 X 20 X 40 mm. In this
embodiment, an alloy of 0.05-'0.5 ram was made by a known strip
casting method with formulating Fe, B, Nd, Dy, Co, Al, Cu at said
composition ratio and then once ground by a known hydrogen grinding
process and continuously pulverized by the jet milling process. Then
a sintered magnet S was obtained by sintering the pulverized powder
under predetermined conditions after having been magnetic field
oriented and formed to a predetermined configuration in a mold. The
surface of the sintered magnet S was finished as having the surface
roughness of 20 M m or less and then washed by acetone. [0099]
Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method
described above. In this embodiment, 100 (one hundred) sintered
magnets S are placed on the bearing grid 21a in the Mo box 2
equidistantly apart each other. In addition bulky Dy of 99.9 % degree
of purity was used as the metal evaporating material and the total
weight of 1 g of the metal evaporating material was placed on the
bottom surface of the processing chamber 20. [0100]      Then the
vacuum chamber was once reduced to 1 x 10 ' Pa (the pressure in the
processing chamber was 5 x 10' Pa) with activating the evacuating
means and the temperature of the processing chamber 20 heated by the
heating means 3 was set at 975C. Then after the temperature in the
processing chamber 20 had reached 975C, the vacuum vapor processing
was performed for 1---72 hours. Then heat treatment was performed
with setting the treating temperature at 500C and the treating time
period at 90 minutes. [0101]       Fig. 12 is a table showing the
magnetic properties of the permanent magnet obtained in accordance
with conditions described above at average values. According to this
table it is found that a permanent magnet having the maximum energy
product (BI-)max of 50 MGOe or more, the remanent flux density Br of
14.3 kG or more, and the coercive force Mc of 30 kOe or more (or 36
kOe according to conditions) could be obtained when the average grain
diameter is 1-5 m or 7-20,a m. 



[Embodiment 8] 10102]      As a sintered magnet of Fe-B-Nd family not
including Co, a member having a composition of 28 Nd-1 B-0.05 Cu-0.05
Gail" Zr-bal. Fe was used. In this embodiment, an alloy of 0.05
mm-0.5 ram was made by a known strip casting method with formulating
Fe, B, Nd, Gu, Ga, Zr at said composition ratio and then once ground
by a known hydrogen grinding process and continuously pulverized by
the jet milling process. Then a sintered magnet of a rectangular
parallelopiped of 3 X 20 x 40 mm was obtained by sintering the
pulverized powder under predetermined conditions after having been
magnetic field oriented and formed to a predetermined configuration
in a mold. The surface of the sintered magnet S was finished as
having the surface roughness of 201./ m or less and then washed by
acetone. [01031      Then a permanent magnet M was obtained using the
vacuum vapor processing apparatus 1 and the vacuum vapor processing
method described above. In this embodiment, 10 (ten) sintered magnets
S are placed on the bearing grid 21a in the Mo box 2 equidistantly
apart each other. In addition bulky Dy of 99.9 %degree of purity was
used as the metal evaporating material and the total weight of 1 g of
the metal evaporating material was placed on the bottom surface of
the processing chamber 20. [0104]        Then the vacuum chamber was
once reduced to 1 X 10 Pa (the pressure in the processing chamber was
5 x 10 'Pa) with activating the evacuating means and the temperature
of the processing chamber 20 heated by the heating means 3 was set at
900C. Then after the temperature in the processing chamber 20 had
reached 900C, the vacuum vapor processing was performed for 2-38
hours at every 4 hour interval. Then heat treatment was performed
with setting the treating temperature at 500C and the treating time
period at 90 minutes and searched for the vacuum vapor processing
hour (time interval) obtainable best magnetic properties (optimum
vacuum vapor processing hour). (Comparative Example 8) 



[0105]      In Comparative Examples 8a-8c, sintered magnets each
having a composition of 28 Nd-1 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe
(Comparative Example 8a), 28 Nd-4 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal.
Fe (Comparative Example 8b), and 28 Nd-8 Co-1 B-0.05 Cu-0.05 Ga-0.1
Zr-bal. Fe (Comparative Example Sc) were used as a sintered magnet of
Fe-B-Nd family including Co. In these examples, an alloy of 0.05
mm-0.5 mm was made by a known strip casting method with formulating
Fe, B, Nd, Co, Ott, Ga, Zr at said composition ratio and then once
ground by a known hydrogen grinding process and continuously
pulverized by the jet milling process. Then a sintered magnet of a
rectangular parallelopiped of 3 x 20 x 40 ram was obtained by
sintering the pulverized powder under predetermined conditions after
having been magnetic field oriented and formed to a predetermined
configuration in a mold. The surface of the sintered magnet S was
finished as having the surface roughness of 20 g in or less and then
washed by acetone. Then permanent magnets of the Comparative Examples
8r-8c was obtained by performing the processing described above under
same conditions as those of the Embodiment 8 and searched for the
optimum vacuum vapor processing  hour. [0106]      Fig. 13 is a table
showing the average values of the magnetic properties of permanent
magnets obtained in the Embodiment 8 and Comparative Examples 8a^-8c
as well as evaluation of the corrosion resistance. Magnetic
properties before the vacuum vapor processing of the present
invention was performed are also shown in the table (Fig. 13). The
100 hour saturated vapor pressurizing test (Pressure Cooker Test:
PCT) was carried out for the corrosion resistance test. 101071
According to this table (Fig. 18), it is found that since the
permanent magnets the Comparative Examples 8a Sc include Co,
generation of corrosion is not visible in the test despite of
performing the vacuum vapor processing of the present invention.
However, although they have high corrosion resistance, it is
impossible to have a high coercive force when the time interval of
the vacuum vapor processing is short 'and the optimum vapor
processing time interval (hour) will be extended in accordance with
increase of Co content in the composition. 



10108]      On the contrary, in the permanent magnet of the
Embodiment 8, it is found that no corrosion is not visible after the
test despite of including no Co and thus it has high corrosive
resistance. Furthermore it is found that the permanent magnet can
provide high coercive force of average 18 kOe after a very short
vacuum vapor processing such as 2 hours. [Embodiment 9] [0109]     As
a sintered magnet of Nd-Fe-B family, a member machined to a sheet
(20)< 40 Xi (thickness) mm) having a composition of 20 Nd-5 Pr-3 Dy-1
B-1 Co-0.2 A1-0.1 Cu-bal. Fe and average grain diameter of 7 # in was
used. In  this embodiment, the surface of the sintered magnet S was
finished as having the surface roughness of 20 g m or less and then
washed by acetone. 10110] 



Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method
described above. In this embodiment, 10 (ten) sintered magnets S was
placed on the bearing grid 21a in the Mo box 2 equidistantly apart
each other. The temperature of the sintered magnet itself can be
varied by heating or cooling the bearing grid 21a. In addition Dy of
99.9%degree of purity was used as the metal evaporating material V.
The metal evaporating material has a granular configuration of 2 mm 0
and the total weight of 5 g of the metal evaporating material was
placed on the bottom surface of the processing chamber 20. [01111
Then the vacuum chamber was once reduced to 1 X 10 'Pa (the pressure
in the processing chamber was 5 X 10 'Pa) with activating the
evacuating means and the temperature of the processing chamber 20
heated by the heating means 3 was set at predetermined temperatures
(750, 800, 850, 900C) and the vacuum vapor processing was performed
for 12 hours after the temperature in the processing chamber 20 had
reached a predetermined temperature. [0112]      Fig. 14 is a table
showing average values of magnetic properties of permanent magnets
when the permanent magnet is obtained under the predetermined
temperature of the processing chamber N (accordingly the metal
evaporating material 'V) with varying the temperature of sintered
magnet. According to this table it is found that a high coercive
force iHc cannot be obtained if the temperature of the sintered
magnet is lower than 800C when the temperature in the processing
chamber is 750-900C and on the other hand, if the temperature of the
sintered magnet is higher than   1100C, not only the coercive force
ilk but the maximum energy product (Bli)max and the reman.ent flux
density Br are also reduced. On the contrary, it is found that a
permanent magnet of high magnetic properties having the maximum
energy product (B11)max of more than 48 MG0e, the remanent flux
density Br of more than 14 kG and the coercive force ilk more than 21
r0e (or 27 kOe according to conditions) could be obtained at a range
of 800C ^-1100C. [Embodiment 101 



[01131      As a sintered magnet of Nd-Fe-B family, a member having a
composition of 25 Nd-2 Dy-1 B-1 Co-0.2 Al-0.05 Cu-0.1 Nb-0.1 Mo-bal.
Fe was used and machined to a rectangular parallelopiped of 20 x 20 X
40 mm. In this embodiment, an ingot was made by a known centrifugal
casting method with formulating Fe, B, Nd, Ay, Co, Al, Cu, Nb, Mo at
said composition ratio and then once ground by a known hydrogen
grinding process and continuously pulverized by the jet milling
process. Then a sintered magnet S having average grain diameter of
0.5 u m^-25 g m was obtained by sintering the pulverized powder under
predetermined conditions after having been magnetic field oriented
and formed to a predetermined configuration in a mold. The 0 2content
of the sintered magnet S was 5Oppm. The surface of the sintered
magnet S was finished as having the surface roughness of 50g m or
less and then washed by acetone. [0114]      Then a permanent magnet
M was obtained using the vacuum vapor processing apparatus 1 and the
vacuum vapor processing method described above. In this embodiment,
100 (one hundred) sintered magnets S are placed on the bearing grid
21a in the Mo box 2 equidistantly apart each other. In addition an
alloy of 50 Dy and 50 Tb was used as the metal evaporating material
and granular metal evaporating material of 2 mm ch of the total
weight of 5 g was placed on the bottom surface of the processing
chamber 20. [0115]      Then the vacuum chamber was once reduced to
1)< 10 ' Pa (the pressure in the processing chamber was 5 X 10 'Pa)
with activating the evacuating means and the temperature of the
processing chamber 20 heated by the heating means 3 was set at 975C.
Then after the temperature in the processing chamber 20 had reached
975C, the vacuum vapor processing was performed for 1^-72 hours. Then
heat treatment was performed with setting the treating temperature at
400C and the treating time period at 90 minutes. [0116] 



Fig. 15 is a table showing the magnetic properties of the permanent
magnet obtained in accordance with conditions described above at
average values. According to this table it is found that a permanent
magnet having the maximum energy product (BH)max of 51.5 MGOe or
more, the remanent flux density Br of 14.4 kG or more, and the
coercive force iHc of 28 kOe or more could be obtained when the
average grain diameter is 1-5 p m or 7-20 m. [Embodiment 11] [0117]
As a sintered magnet of Fe-B-Nd family not including Co, a member
having a composition of 21 Nd-7 Pr-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe
was used. In this embodiment, an alloy of 0.05 mm--0.5 mm was made by
a known strip casting method with formulating Fe, B, Nd, Gu, Ga, Zr,
Pr at said composition ratio and then once ground by a known hydrogen
grinding process and continuously pulverized by the jet milling
process. Then a sintered magnet of a rectangular parallelopiped of 5
x 20 X 40 mm was obtained by sintering the pulverized powder under
predetermined conditions after having been magnetic field oriented
and formed to a predetermined  configuration in a mold. The surface
of the sintered magnet S was finished as having the surface roughness
of 20# m or less and then washed by acetone. [0118]      Then a
permanent magnet M was obtained using the vacuum vapor processing
apparatus 1 and the vacuum vapor processing method described above.
In this embodiment, 10 (ten) sintered magnets S are placed on the
bearing grid 21a in the Mo box 2 equidistantly apart each other. In
addition bulky Dy of 99.9 %degree of purity was used as the metal
evaporating material and the total weight of 1 g of the metal
evaporating material was placed on the bottom surface of the
processing chamber 20. 



(0119]      Then the vacuum chamber was once reduced to 1 x 10 'Pa
(the pressure in the processing chamber was 5X 10-3Pa) with
activating the evacuating means and the temperature of the processing
chamber 20 heated by the heating means 3 was set at 950C. Then after
the temperature in the processing chamber 20 had reached 950C, the
vacuum vapor processing was performed for 2-38 hours at every 2 hour
interval. Then heat treatment was performed with setting the treating
temperature at 650C and the treating time period at 2 hours and
searched for the vacuum vapor processing hour (time interval)
obtainable best magnetic properties (optimum vacuum vapor processing
hour). (Comparative Example in [0120]      In Comparative Examples
lla-11c, sintered magnets each having a composition of 21 Nd-7 Pr-1
Co-1 13-0.05 Cu-0.05 Ga-0.1 Zr-bat Fe (Comparative Example 11a), 21
Nd-7 Pr-4 Co-1 3-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe (Comparative Example
11b), and 21 Nd-7 Pr-8 Co-1 B-0.05 Cu-0.05 Ga-0.1 Zr-bal. Fe
(Comparative Example 11c) were used as a sintered magnet of Fe-B-Nd
family including Co. In these examples, an alloy of 0.05 mm-0.5  mm
was made by a known strip casting method with formulating Fe, B, Nd,
Co, Gu, Ga, Zr, Pr at said composition ratio and then once ground by
a known hydrogen grinding process and continuously pulverized by the
jet milling process. Then a sintered magnet of a rectangular
parallelopiped of 5 x 20 x 40 mm was obtained by sintering the
pulverized powder under predetermined conditions after having been
magnetic field oriented and formed to a predetermined configuration
in a mold. The surface of the sintered magnet S was finished as
having the surface roughness of 20 g m or less and then washed by
acetone. Then permanent magnets of the Comparative Examples llar-11c
was obtained by performing the processing described above under same
conditions as those of the Embodiment n and searched for the optimum
vacuum vapor processing hour. [0121] 



Fig. 16 is a table showing the average values of the magnetic
properties of permanent magnets obtained in the Embodiment 11 and
Comparative Examples Ha 11c as well as evaluation of the corrosion
resistance. Magnetic properties before the vacuum vapor processing of
the present invention was performed are also shown in the table (Fig.
16). The saturated vapor pressurizing test (Pressure Cooker Test:
PCT) was carried out as the corrosion resistance test for a
predetermined period of time. [0122]     According to this table
(Fig. 16), it is found that since the permanent magnets the
Comparative Examples 11a-11c include Co, generation of corrosion is
not visible in the test despite of performing the vacuum vapor
processing of the present invention. However, although they have high
corrosion resistance, it is impossible to have a high coercive force
when the time interval of the vacuum vapor processing is short and
the optimum vapor processing time interval (hour) will be extended in
accordance with increase of Co content in the composition.  [0123]
On the contrary, in the permanent magnet of the Embodiment 11, it is
found that no corrosion is not visible after the test despite of
including no Co and thus it has high corrosive resistance.
Furthermore it is found that the permanent magnet can provide high
coercive force of average 20.5 kOe after a very short vacuum vapor
processing such as 4 hours. [Embodiment 12] [0124] 



As a sintered magnet of Nd-Fe-B family, a member having a composition
of 20 Nd-7 Pr-1 B-1-0.2 M-0.05 Ga-0.1 Zr-0.1 Sn-bal. Fe was used and
machined to a rectangular parallelopiped of 20 X 20x 40 mm. In this
embodiment, an ingot was made by a known centrifugal casting method
with formulating Fe, B, Nd, Pr, Al, Ga, Zr, Su at said composition
ratio and then once ground by a known hydrogen grinding process and
continuously pulverized by the jet milling process. Then a sintered
magnet S having average grain diameter of 5 gm was obtained by
sintering the pulverized powder under predetermined conditions after
having been magnetic field oriented and formed to a predetermined
configuration in a mold. Two samples of the sintered magnets were
made one of which is that obtained with being rapidly cooled after
sintering (Sample 1) and the other is that heat treated for 2 hours
in a range of 400C-700Cafter sintering (Sample 2). The surfaces of
these samples were finished as having the surface roughness of 20 jt
m or less and then washed by acetone. [0125]      Then a permanent
magnet M was obtained using the vacuum vapor processing apparatus 1
and the vacuum vapor processing method described above. In this
embodiment, 100 (one hundred) sintered magnets S are placed on the
bearing grid 21a in the Mo box 2 equidistantly apart each other. In
addition Dy of 99.9%degree of purity was used as the metal
evaporating  material V. The metal evaporating material has a
granular configuration of 5 mm q5 and the total weight of 20 g of the
metal evaporating material was placed on the bottom surface of the
processing chamber 20. [0126]      Then the vacuum chamber was once
reduced to 1 x 10 'Pa (the pressure in the processing chamber was 5 X
10-3Pa) with activating the evacuating means and, the temperature of
the processing chamber 20 heated by the heating means 3 was set at
900C. Then after the temperature in the processing chamber 20 had
reached a predetermined temperature, the vacuum vapor processing was
performed for 6 hours. Then heat treatment was performed with setting
a treatinent temperature at a predetermined value and the treating
time period at 2 hours. [0127] 



Fig. 17 is a table showing average values of magnetic properties of
permanent magnets when the permanent magnet is obtained with the
temperature of heat treatment after the vacuum vapor processing being
varied in a range of 400G--700C. In the Sample 1 not heat - treated
after sintering, the coercive force Mc was small (5.2 k0e) and it was
impossible to obtain a permanent magnet having a high coercive force
ilk even though the Sample 1 was heat treated after the vacuum vapor
processing. On the contrary, in the Sample 2 heat - treated after
sintering, it is found that it was possible to manufacture a
permanent magnet having a large coercive force llic (18 k0e) (26.5
kOe according to conditions) when the Sample 2 was heat - treated
after the vacuum vapor processing although its coercive force ilk is
small (12.1 k0e) before the vacuum vapor processing. [Embodiment 18]
[0128]     As a sintered magnet of Nd-Fe-B family, it was used a
member having a composition of 21 Nd-7 Pr-1 B-0.2 A1-0.05 Ga-0.1
Zr-0.1 Mo-bal. Fe and the  average grain diameter of 10 g m and
machined to a rectangular parallelopiped of 20 x 20 X 40 mm. [0129]
Then a permanent magnet M was obtained using the vacuum vapor
processing apparatus 1 and the vacuum vapor processing method
described above. In this embodiment, 100 (one hundred) sintered
magnets S are placed on the bearing grid 21a in the Mo box 2
equidistantly apart each other. In addition Dy of 99.9%degree of
purity was used as the metal evaporating material V. The metal
evaporating material has a granular configuration of 10 mm 05 and the
total weight of 20 g of the metal evaporating material was placed on
the bottom surface of the processing chamber 20. 



10130]     Then the vacuum chamber was once reduced to a
predetermined degree of vacuum (the pressure in the processing
chamber became substantially higher than the vacuum by hall-digit)
with activating the evacuating means and the temperature of the
processing chamber 20 heated by the heating means 3 was set at 900C.
Then after the temperature in the processing chamber 20 had reached
900C, the vacuum vapor processing was performed for 6 hours. Then
heat treatment was performed with setting a treatment temperature at
550C and the treating time period at 2 hours. [0131]     Fig. 18 is a
table showing average values of magnetic properties of permanent
magnets when the permanent magnet is obtained with the pressure in
the vacuum chamber 11 being varied by adjusting the opening of the
evacuating valve and an amount of Ar introduction into the vacuum
chamber. According to this table (Fig. 18), it is found that a
permanent magnet having the maximum energy product (BH)max of 53.1
MGOe or more, the remanent flux density Br of 14.8 kG or more, and
the coercive force ilk of 18 kOe or more could be obtained when the
pressure in the vacuum chamber  11 is 1 Pa or less. [Embodiment 14]
[0132] 



As a sintered magnet of Nd-Fe-B family, it was used a member having a
composition of 20 Nd-5 Pr-3 Dy-1 B-1 Co-0.1 A1-0.03 Ga-bal. Fe and
the average grain diameter of 0.5 25 ju m and machined to a
rectangular parallelopiped of 20 X 20 X 40 mm. The surface of the
sintered magnet S was finished as having the surface roughness of
20/2 m or less and then washed by acetone. [0133]      Then a
permanent magnet M was obtained using the vacuum vapor processing
apparatus (not shown) separately provided with a evaporating chamber
communicating with the processing chamber 20 via a communicating
passage and another heating means heating the evaporating chamber and
the vacuum vapor processing method described above. In this
embodiment, 10 (ten) sintered magnets S are placed on the bearing
grid 21a in the Mo box 2 equidistantly apart each other. In addition
Dy of 99.9%degree of purity was used as the metal evaporating
material V. The metal evaporating material has a granular
configuration of lmm 0 and the total weight of 10 g of the metal
evaporating material was placed on the bottom surface of the
evaporating chamber having same configuration of the Mc box 2. [0134]
Then the vacuum chamber was once reduced to 1 X 10Pa (the pressure in
the processing chamber and the evaporating chamber was lx 10- 'Pa)
with activating the evacuating means. Dy was evaporated with setting
the temperature of the processing chamber 20 (accordingly the
temperature of sintered magnet) heated by the heating means 3 at a
predetermined temperature (750, 800, 900, 1000, 1100, 1150C), and
setting the temperature  of the evaporated chamber at a predetermined
temperature by the other heating means. The processing described
above was performed under these conditions with introducing the Dy
atoms onto the surface of sintered magnet S via the communicating
passage. Then heat treatment was performed with setting a treatment
temperature at 600C and the treating time period at 90minutes. 



[0135]     Fig. 19 is a table showing average values of magnetic
properties of permanent magnets when the permanent magnet is obtained
under the predetermined temperature of the processing chamber 20
(accordingly the sintered magnet) with varying the heating
temperature of the evaporating chamber. According to this table (Fig.
19) it is found that a permanent magnet having the maximum energy
product (BI-1)max of 47.8 MGOe or more, the remanent flux density Br
of 14 kG or more, and the coercive force ilk of 15.9 kOe or more (or
27 kOe according to conditions) could be obtained if Dy is
evaporated, by heating the evaporating chamber at 800C-4200C when the
temperature of the sinters cl magnet is in a range of 800C-1100C.
[Brief Description of Drawings] [0151]     Fig. 1 is a schematic
explanatory view of a cross-section of the permanent magnet
manufactured in accordance with the present invention;     Fig. 2 is
a schematic view of the vacuum processing apparatus for performing
the processing method of the present invention;     Fig. 3 is a
schematic explanatory view of a cross-section of a permanent magnet
manufactured in accordance with a prior art; 



Fig. 4 (a) is an explanatory view showing defects on the surface of
sintered magnet caused by machining, and Fig. 4 (b) is an explanatory
view showing a surface condition of sintered magnet manufactured in
accordance with the present invention;     Figs. 5 (a), (b) and (c)
are photographs each showing an. enlarged surface of a permanent
magnet manufactured in accordance with the present invention;
Fig. 6 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 1 of' the present
invention;     Fig. 7 is a table showing the magnetic properties of a
permanent magnet manufactured in accordance with Embodiment 2 of the
present invention;     Fig. 8 is a table showing the magnetic
properties of a permanent magnet manufactured in accordance with
Embodiment 3 of the present invention;     Fig. 9 is a table showing
the magnetic properties of a permanent magnet manufactured in
accordance with Embodiment 4 of the present invention;     Fig. 10 is
a table showing the magnetic properties of a permanent magnet
manufactured in accordance with Embodiment 5 of the present
invention; 



Fig. 11 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 6 of the present
invention;     Fig. 12 is a table showing the magnetic properties of
a permanent magnet manufactured in accordance with Embodiment 7 of
the present invention; Fig. 13 is a table showing the magnetic
properties of a permanent  magnet manufactured in accordance with
Embodiment 8 of the present invention;     Fig. 14 is a table showing
the magnetic properties of a permanent magnet manufactured in
accordance with Embodiment 9 of the present invention;     Fig. 15 is
a table showing the magnetic properties of a permanent magnet
manufactured in accordance with Embodiment 10 of the present
invention;     Fig. 18 is a table showing the magnetic properties of
a permanent magnet manufactured in accordance with Embodiment 11 of
the present invention; 



Fig. 17 is a table showing the magnetic properties of a permanent
magnet manufactured in accordance with Embodiment 12 of the present
invention;     Fig. 18 is a table showing the magnetic properties of
a permanent magnet manufactured in accordance with Embodiment 13 of
the present invention;     Fig. 19 is a table showing the magnetic
properties of a permanent magnet manufactured in accordance with
Embodiment 14 of the p resent invention;  [Description of Reference
numerals and Characters] (0152j 1vacuum vapor processing apparatus 12
vacuum chamber 2processing chamber 



3heating means sintered magnet M permanent magnet V metal evaporating
material  WHAT IS CLAIMED IS:     1. Method of manufacturing a
permanent magnet comprising steps of heating a sintered magnet of
Fe-B-rare earth elements family arranged in a prooessing chamber to a
predetermined temperature and evaporating metal  evaporating material
including at least one of Dy and Tb arranged in said processing
chamber or another processing chamber; depositing evaporated metal
atoms onto a surface of the sintered magnet with controlling a
supplying amount of the metal atoms; and diffusing the deposited
metal atoms into grain boundary phases of the sintered magnet in a
manner free from formation of a thin film of the metal evaporating
material on the surface of the sintered magnet     2. Method for
manufacturing a permanent magnet of claim 1 wherein said processing
chamber is heated to a temperature in a range of 800C-1050C under a
vacuum condition When the sintered magnet of Fe-B-rare 



- earth elements family and the metal evaporating material having a
primary-I: coniponent of Dy are arranged in the progressing chamber-
, .  ..     3. Method for manufacturing a permanent magnet of claim 1
wherein said processing chamber is heated to a temperature in a range
of 900t-1150C under a vacuum condition when the sintered magnet of
Fe-B-rare earth elements family and the metal evaporating material
having a primary component of Tb axe arranged in the processing
chamber.     4. Method for manufacturing a permanent magnet of claim
1 comprising steps of arranging the sintered magnet of Fe-B-rare
earth elements family in the 'processing chamber and. heating the
sintered magnet to a temperature in a range of 800C-1100t; heating
and evaporating the metal evaporating 



material including at least one of Dy and Tb arranged in said
processing chaMber or another processing chamber; and supplying and
depositing the 'evaporated metal atoms onto the surface of the
sintered magnet.       5. Method for manufacturing a permanent magnet
of claim 1 or 4 'comprising steps of arranging the sintered magnet of
Fe-B-rare earth ielements family in the processing chamber; heating
and evaporating the metal evaporating material including at least one
of Dy and Tb arranged in said processing chamber or another
processing chamber to a temperature in a range of 800t -1200C after
heating and holding the sintered magnet to a predetermined
tenmerature; and supplying and .depositing the evaporated metal atoms
onto the surface of the sintered magnet.       6. Method for
raanufacturing a permanent magnet of any one of claims I. -5 wherein
the sintered magnet and the metal evaporating material are arranged
apart from each other when the sintered magnet and the metal
evaporating material are arranged in the same processing chamber.
7. Method for manufacturing a permanent magnet of any one of claims 1
wherein a ratio of the total surface area of the metal evaporating
material to the total surface area of the sintered magnet arranged in
the processing chamber is set in a range of 1X10-4-2X103.       8.
Method for manufacturing a permanent magnet of any one of claims 1
c--,7 wherein the supplying amount of the metal atoms is controlled
by changing the specific surface area of the metal evaporating
material arranged in the processing chamber to increase and decrease
the amount of evaporation of the metal evaporating material under a
constant temperature.  



9. Method for manufacturing a permanent magnet of any one of claims 1
8 wherein the pressure in the processing chamber is kept at a
predetermined reduced. pressure before heating of the processing
chamber containing the sintered magnet.       10. Method for
manufacturing a permanent magnet of claim 9 wherein the temperature
in the processing chamber is kept at a predetermined temperature
after reducing the pressure in the proceis chamber to a predetermined
pressure.       11. Method for manufacturing a permanent magnet of
any one of claims 1-10 wherein the surface of the sintered magnet is
cleaned with using plasma before heating of the processing chamber
containing the sintered magnet.       12. Method for manufacturing a
permanent magnet of any one of claims 1-11 wherein heat treatment of
the sintered magnet is performed at a temperature lower than lid
temperature after diffusing the metal atoms into grain boundary
phases of the sintered magnet.    13. Method for manufacturing a
permanent magnet of any one of claims 1-12 wherein the sintered
magnet has an average diameter of grain of lg m m or 7y m-20 jim.
14. Method for raanufaCturing a permanent magnet of any one of claims
1-13 wherein the sintered magnet does not contain Co.       15. A
permanent magnet comprising a skitered magnet of Fe-B-rare earth
elements ffloily and manufactured by evaporating metal evaporating 



material including at least one of Dy and Tb, depositing evaporated
metal atoms onto a surface of the sintered magnet with controlling a
supplying amount of the metal atoms; and diffusing the deposited
metal atoms into grain boundary phases of the sintered magnet in a
manner free from formation of a thin film of the metal evaporating
material on the surface of the sintered magnet.     16. A permanent
magnet of claim 16 wherein the sintered magnet .has an average
diameter of grain of 1 p. ra^-5 p In or 7 ft me-20 111.      17. A
permanent magnet of claim 15 or 16 wherein the sintered magnet . does
not contain Co. 


