
SPECIFICATION VACUUM VAPOR PROCESSING APPARATUS [Field of the
Invention] [0001]        The present invention relates to a vacuum
vapor processing apparatus suitable for performing a processing
(vacuum vapor processing): in which, while heating an object to be
processed inside a processing chamber, evaporated metal atoms are
caused to be adhered to, and deposited on, a surface of the object to
be processed to thereby form a metallic film; and in which, in
addition thereto, in case the object to be processed has a crystal
structure, the metal atoms are caused to be diffused into the grain
boundaries at the same time as the adhesion thereof to the surface of
the object to be processed. [Background Art] [0002]      This kind of
vacuum vapor processing apparatus is used to improve the magnetic
properties of, e.g., a Nd-Fe-B (or a Nd-Fe-B system) sintered magnet,
and there is known one which is constituted by a hermetically sealed
vessel made up of glass tube, and the like and an electric furnace.
In this vacuum vapor processing apparatus, an object to be processed
which is the Nd-Fe-B sintered magnet and a metal evaporating material
which is rare earth metal selected from the group consisting of Yb,
Eu, Sm are contained, in a mixed state, inside the hermetically
sealed vessel. The pressure inside the vessel is reduced to a
predetermined pressure by means of a vacuum pump or the like and
sealed and, thereafter, the above materials are contained inside the
electric furnace and are heated (e.g., to 500C) while this
hermetically sealed vessel is rotated. 



[0003]        Once the hermetically sealed vessel is heated, the
metal evaporating material evaporates to thereby form a metal vapor
atmosphere inside the hermetically sealed vessel. The metal atoms in
the metal vapor atmosphere get adhered to the sintered magnet that
has been heated to substantially the same temperature In addition, as
a result of diffusion of the adhered metal atoms into the grain
boundary phases of the sintered magnet, the metal atoms are
homogeneously introduced in a desired amount into the surface of the
sintered magnet and the grain boundary phases, whereby magnetization
and coercive force are improved or recovered (patent document 1 and
patent document 2). Patent document 1: JP-A-2002-105503 (see, e.g.,
Fig. 1 and Fig. 2) Patent document 2: JP-A-2004-296973 (see, e.g.,
Claims) [Disclosure of the Invention] [Problems to be Solved by the
Invention) [0004)      As a material for a heater and wall to be used
in an electric furnace, there is conventionally used carbon
considering the ease of workability and cost. It is known, however,
that the point of sublimation of carbon lowers under vacuum
conditions (e.g., iO4 Pa). Therefore, if this kind of electric
furnace is used for evaporation of Dy and Tb that must be heated to a
temperature of 900`C or more in vacuum, there occurs a problem in
that the furnace is contaminated by the sublimation of carbon, or
that Dy and Tb react with carbon, resulting in poor reproducibility
of the reaching temperature due to rapid leaning of the heater
itself, and the like. In addition, if the sealed vessel for
containing therein the metal evaporating material and the object to
be processed is constituted by a material such as glass tube and the
like that has a possibility of reacting with the metal evaporating
material, reaction takes place with the metal atoms in the vapor
atmosphere, resulting in formation of product of reaction on the
surface. 



There is a further possibility in that the atoms penetrate into the
vapor atmosphere of Dy and Tb, and that the recovery of the metal
evaporating material becomes difficult. 100051      In order to
further improve the coercivity after having performed the
above-described processing particularly to an object of a
predetermined shape such as parallelepiped, it is preferable to
perform in succession heat treatment at a predetermined pressure and
temperature. However, in the above example, since the pressure in the
hermetically sealed vessel changes during processing, in order to
perform heat treatment after processing at a predetermined pressure,
it becomes necessary to once take the hermetically sealed vessel out
of the electric furnace and, after pressure reduction, to return it
once again to the electric furnace. The handling is therefore
troublesome. Further, in order to introduce metal atoms in a desired
amount into substantially the entire surface of the sintered magnet,
a driving mechanism to rotate the hermetically sealed vessel is
required, resulting in a complicated apparatus constitution and a
higher cost. Further, since the metal evaporating material and the
object to be processed are disposed in a state of mixing them
together, there is a disadvantage in that the melted metal evaporated
material may get directly adhered to the object to be processed.
I0006]      Therefore, in view of the above points, a first object of
this invention is to provide a vacuum vapor processing apparatus in
which the object to be processed and the metal evaporating material
can be heated to a high temperature with a high reproducibility in a
simple construction without contamination on the inside of the
apparatus, and in which, when the vapor atmosphere is formed, the
other atoms can be prevented from entering. 10007)  



A second object of this invention is to provide a vacuum vapor
processing apparatus in which the processing chamber can be reduced
in pressure at will and which has a simple construction. [Means of
Solving the Problems] [0008)      In order to solve the above
problems, the vacuum evaporating apparatus of the invention
comprises: a processing furnace; at least one processing box disposed
inside the processing furnace; a heating means for heating the
processing box; and an evacuating means for evacuating the processing
furnace and the processing box to a predetermined pressure in a state
in which an object to be processed and a metal evaporating material
are disposed in the processing box. The heating means is operated at
a reduced pressure to heat the object to be processed to a
predetermined temperature at which the metal evaporating material is
evaporated so that the evaporated metal atoms are supplied to the
surface of the object to be processed. [00091      According to the
invention, the heating means is operated to heat the processing box
at a reduced pressure. When the metal evaporating material inside the
processing box has reached the predetermined temperature, evaporation
of the metal evaporating material starts. Then, the evaporated metal
atoms move to the object to be processed either directly or from a
plurality of directions by repeating collisions and get adhered to,
and deposited on, the object to be processed. In case the object to
be processed has a crystalline structure, the metal atoms that have
been adhered to the surface of the object to be processed that has
been heated to substantially the same temperature as the metal
evaporating material, are diffused into the grain boundaries of the
object to be processed. [0010] According to the invention, preferably
the processing box is free to be put 



into, or taken out of, the processing furnace, and comprises: a box
part which is open on an upper surface and a lid part which is
detachably mounted on the open upper surface, wherein the processing
box is depressurized as a result of depressurization of the
processing furnace by operating the evacuating means. According to
this arrangement, when the processing furnace is evacuated and
depressed until the processing furnace has reached a predetermined
pressure, the inner space of the processing box that constitutes the
processing chamber is depressurized through the processing furnace to
a higher pressure than that of the processing furnace. Therefore, the
inside of the processing box that constitutes the processing furnace
in a simple construction can arbitrarily be reduced in pressure.
[0011]       Further, there is arranged, in the processing furnace,
the processing box containing therein the metal evaporating material
and, the object to be processed, in a batch system so as to be freely
put into, and taken out of, the processing furnace. Therefore, there
is no need of a mechanism and the like for putting and taking the
object to be processed into, or out of, the processing box inside the
processing furnace. The apparatus itself is of a simple construction.
In this case, if an arrangement is made such that a plurality of
processing boxes are housed inside the processing furnace so as to
process them at the same time, it can cope also with a mass
production. In addition, since the inner space can be reduced to a
predetermined pressure accompanied by the pressure reduction in the
processing furnace, there is no need of the evacuating means for the
pressure reduction of the processing box. In addition, even after the
evaporation of the metal evaporating material has been stopped, the
inside of the processing box can be further reduced in pressure
without taking out the processing box. Further, the processing box
itself can be made simpler in construction and, in addition, by
taking out the lid part, one surface of the box part can be left
open. In this manner, the  taking the metal evaporating material and
the object to be processed into and out of the processing box become
easier. [0012]     According to the invention, preferably the heating
means and the processing box are formed of a material that is free
from reaction with the metal evaporating material or are made of a
constituting element having formed an inner lining film of a material
that is free from reaction with the metal evaporating material. Then,
if the metal evaporating material is adhered to the wall surface of
the processing box and the like, the material does not react with the
wall surface. Therefore, when the metal vapor atmosphere is formed,
the other atoms can be prevented from entering, and the recovery of
the metal evaporating material adhered to the wall surface becomes
easy. This is particularly effective in case the metal evaporating
material is Dy and Tb that are scanty as natural resources and stable
supply cannot be expected. 



[0013]     Preferably, the material that is free from reaction with
the metal evaporating material is Mo. [0014]     Preferably, the
heating means comprises an insulating material enclosing the
circumference of the processing box and a heat generating member
disposed on the inside of the insulating material, wherein the
insulating material is made by laminating plural numbers at a
predetermined distance from one another. According to this
arrangement, the inside of the processing box is indirectly heated
through the wall surface of the processing box, it is possible to
substantially uniformly heat the inside of the processing box with a
good reproducibility In addition, the processing box is heated by the
heating means disposed inside the processing furnace under reduced
pressure. Therefore, the thermal efficiency becomes large  and the
speed of increasing the temperature in the processing chamber can be
made faster. Further, if at least the insulating material on the
inside of the processing furnace is made of the above-described
material, the cost can be lowered. 100151      Further, in this
invention, the vacuum evaporating apparatus further comprises a
setting part capable of placing thereon the object to be processed at
a predetermined height from a bottom surface of the processing box.
If this setting part is constituted by disposing a plurality of wire
members, only by placing the metal evaporating material on the bottom
surface of the processing box, the object to be processed and the
metal evaporating material can be disposed at a distance from each
other in a simple construction. In case the object to be processed is
sintered magnet and the metal evaporating material is rare earth
metals, the melted rare earth metals will not be directly adhered to
the sintered magnet whose surface Nd-rich phase is melted. In
addition, the metal atoms evaporated from the metal evaporating
material positioned on the lower side of the object to be processed
are supplied either directly or from a plurality of directions by
repeating collisions to substantially the entire surface of the
object to be processed. Therefore, there is no need of a rotating
mechanism to rotate the object to be processed, whereby the
construction of the apparatus can be simplified and the cost can be
lowered. 



[0016]      On the other hand, there may be provided, inside the
processing box, a holding part which is capable of holding therein
the metal evaporating material so that the object to be processed can
be disposed at a distance from the metal evaporating material. In
this case, depending on the area of opening in the holding part, the
amount of evaporation of the metal evaporating material can
advantageously be adjusted.  [0017]      The holding part may be
disposed on a side wall of the processing box in a manner to enclose
the object to be processed. [0018]      On the other hand, the
holding part may be positioned between objects to be processed that
are disposed in the processing box. [0019] 



The heating means comprises a plurality of communication passages,
and gas passages in communication with the communication passages are
provided between the heating means and an inner wall of the
processing furnace, and the gas passages are connected to an
air-cooling means comprising a fan and a heat exchanger. Then, by
circulating the gas in the space on the inside of the heating means
that has been heated to a high temperature, the object to be
processed inside the processing box can be cooled at a desired
cooling speed. [0020]      In this invention, the object to be
processed is a Fe-B-rare earth sintered magnet and the metal
evaporating material is at least one of Dy and 'Pb. It is thus
suitable to cause the metal atoms to adhere to the surface of the
sintered magnet by adjusting the amount of supply of the metal atoms
of Dy, Tb in the vapor atmosphere of Dy, Tb to the sintered magnet,
and to diffuse the metal atoms into the grain boundary phases of the
sintered magnet before a thin film made of the metal evaporating
material is formed on the surface of the sintered magnet. [Effects of
the Invention] [0021]      As described hereinabove, according to the
vacuum vapor deposition apparatus of this invention, there can be
attained effects in that, in a simple construction, the reduction in
cost can be obtained, that the object to be   processed and the metal
evaporating material can be heated to a high temperature with a good
reproducibility that the apparatus is not contaminated inside thereof
and, when the vapor atmosphere has been formed therein, other atoms
can be prevented from entering therein, and that the processing
chamber can be appropriately reduced to a desired pressure. 



[Best Mode for Carrying Out the Invention] [0022]      With reference
to Figs. 1 through 4, a vacuum vapor processing apparatus 1 of the
present invention is suitable for performing the processing (vacuum
vapor processing) in which an object to be processed is heated in a
processing chamber to evaporate the metal evaporation material, so
that the evaporated metal atoms are adhered to, or deposited on, the
surface of an object to be processed, thereby forming a metallic
film; and in which, in addition, in case the object to be processed
has a crystalline structure, the metal atoms are diffused into the
grain boundaries at the same time as the adhesion to the surface of
the object to be processed. The apparatus 1 is used for improvement
in the magnetic properties, e.g., of a Nd-Fe-B sintered magnet.
(0023)      The vacuum vapor processing apparatus 1 has a hollow
columnar processing furnace (vacuum chamber) 11. The processing
furnace 11 is supported on its longitudinal both sides by two leg
pieces 12 disposed on the floor, and opens on one side of a circular
shape as seen in side view. This open surface has mounted thereto a
dome-shaped open/close door 13 in a manner to be capable of being
opened and closed. When this open/close door 13 is closed, the
processing furnace 11 is hermetically sealed through a sealing means
(not illustrated) which is disposed on an inner periphery thereof. On
an outer periphery of the processing furnace 11, there is provided a
connection pipe 14. The other end of the connection pipe 14 is
connected to a vacuum exhaust means (not illustrated) such as a turbo
pump, cryo-pump, diffuser pump, and the like. By operating the vacuum
exhaust means in a position at which the open/close door 13 is
closed, the processing furnace 11 can be reduced to a predetermined
pressure (e.g. lx 10-5Pa) and kept at the pressure. [00241 



The processing furnace 11 is provided inside thereof with a heating
means 2 which is made up of insulating material 21 enclosing the
periphery of the processing box to be described hereinafter, and a
heating means 2 constituted by a heat generating element 22 which is
disposed on the inside of the insulating material 21. The insulating
material 21 is made up of: a first part 21a which is hollow and
circular in shape and is disposed coaxially with the processing
furnace 11 with a circular one side surface, as seen in side view,
left open; and a second part 21b which is mounted on an inner surface
of the open/close door 13 and is designed to close the opening
surface of the first part 21a in a closed position of the open/close
door 13. A space 23 enclosed by the insulation material 21 is thus
defined inside the processing furnace 11. The first part and the
second part 21a, 21b are respectively formed as reflecting surfaces
enclosed by the insulating material 21 inside the processing furnace
11. The heat generating element 22 is an electric heater which has a
plurality of annular filaments 22a arrayed in the longitudinal
direction of the processing furnace 11 at an equal distance to one
another. Each of the filaments 22a is supported by a plurality of
projected pieces 22b which are formed on the inner wall of the first
part 21a in a manner to be projecting radially inward. [0025)
The processing furnace 11 is provided with a supporting member 15
which enables to support a setting table to be described hereinafter.
The supporting member 15 is made up at eight supporting bars 15a
which are  projected in two rows from the bottom surface of the
processing furnace 11 through the insulating material 21; and four
supporting plates 15b to bridge over the front ends of the two
supporting bars 15a that lie next to each other in the longitudinal
direction. [0026)      The setting part 3 to be placed on the
supporting plate 16b is made of a plane plate having an area
sufficient to place a plurality of processing boxes which are to be
described hereinafter. The placing surface is provided with an
opening 31 in honeycomb structure so as to have sufficient strength
while enabling to heat the processing boxes from the entire
circumference. In this case, the setting table 3 is freely put into,
and put out of, the processing furnace 11 through a fork-shaped
transfer unit T as the transfer means having a known construction
(not illustrated). [00271 



As shown in Fig. 4, the processing box 4 to be placed on the setting
table 3 is a box which is made up of a box part 41 which is
rectangular parallelepiped with the upper surface left open, and a
lid part 42 which is capable of being attached to, and detached from,
to upper surface of the open box part 41. Inside this processing box
4 there are placed a metal evaporating material V to be appropriately
selected depending on the desired vacuum vapor processing and the
object to be processed S. On an outer periphery of the lid part 42, a
flange 42a which is bent downward is formed over the entire
circumference. When the lid part 42 is mounted on the upper surface
of the box part 41, the flange 42a is fit into the outer wall of the
box part 41 (in this case, vacuum sealing such as metal seal is not
provided) to thereby define a processing chamber 40 which is isolated
from the processing furnace 11. Then, when the processing furnace 11
is reduced to a predetermined pressure (e.g. 1 X 10 - 5 Pa) via
evacuating means, the processing chamber 40 is reduced to a pressure
that is higher by half a digit  (e.g. 5)< 10 ' Pa). Therefore, an
additional evacuating means is not necessary, and the processing box
4 can appropriately be reduced to a predetermined vacuum pressure. In
other words, even after the evaporation of the metal evaporating
material V has been finished, the processing chamber 40 can be
reduced to a predetermined pressure without taking out the heating
box 4 at all. [0028]      The volume of the processing chamber 40 is
set such that, taking into consideration the mean free path of the
metal evaporating material V, the evaporated metal atoms are supplied
to the sintered magnet S directly or by repeating the collision from
a plurality of directions. The thickness of the wall of the box part
41 and the lid part 42 is set such that they are not thermally
deformed when heated by heating means to be described hereinafter.
The box part 41 has formed therein a bearing grid 41a which is made
by disposing a plurality of wire members (e.g., cb 0.1 to 10mm in
diameter) into grid at a given height from the bottom surface. A
plurality of objects S to be processed are put in position on the
bearing grid 41a. [0029)      According to this arrangement, only by
placing the metal evaporating meterial V on the bottom surface of the
box part 41, the object S to be processed and the metal evaporating
material V can be placed separate from each other. In addition, the
metal atoms evaporated from the metal evaporating material V located
on the bottom side of the object S to be processed are supplied
substantially to the entire surface of the object to be processed
either directly or by repeated collisions from a plurality of
directions. Therefore, the processing box 4 need not be rotated.
Further, since the processing box 4 is constituted by the box part 41
and the lid part 42, the construction of the processing box 4 itself
becomes simple. When the lid part 42 is removed, the upper surface is
left open. As a result, the metal  



evaporating material V and the object S to be processed can be easily
put into, and taken out of, the box part 41. In this case, a batch
system is employed in which at least one box 4 containing therein the
metal evaporating material V and the object S to be processed is put
into, and taken out of, the processing furnace 11. Therefore, there
is no need of a mechanism for putting, or taking, the object S to be
processed into, and out of, the processing box 4 (i.e., box part 41)
within the processing furnace 11. The vacuum evaporating processing
apparatus 2 itself can thus be made simple in construction. In
addition, if an arrangement is made so that a plurality of processing
boxes 4 can be housed, a large amount of objects S to be processed
can be processed at the same time, thereby attaining a high
productivity. [0030)      By the way, when Al208 which is ordinarily
used in a vacuum apparatus in general is employed as the processing
box 4, there is a possibility that Dy in the vapor atmosphere and
.41203 react with each other to thereby form a reaction product on
the surface thereof and that the Al atoms enter the Dy vapor
atmosphere. In addition, in order to evaporate Dy and Tb, it is
necessary to heat to a temperature of 900t or more in vacuum.
Therefore, if carbon is used like in the conventional electric
furnace, there is a problem in that the furnace is contaminated
inside by sublimation of carbon, that metal evaporating material V
such as Dy, Tb, Si anti the like reacts with carbon, or that water
and hydrogen coming out of the object S to be processed react with
carbon, whereby the reproducibility of the attained temperature
becomes poor due to the heater's own rapid getting thinner. [0031)
In the example of the present invention, all the constituting parts
present inside the processing furnace 11 such as the parts to
constitute the processing box 4, the insulating material 21 and
filament 22a to constitute the heating means 2, and the setting table
3 inclusive of the supporting  members 15, are made of Mo. According
to this arrangement, when the processing box 4 is heated to thereby
evaporate therein the metal evaporating material V, the other atoms
can be prevented from entering. On the other hand, since the
processing box 4 is of a simple construction. (substantially sealed
construction) in which the lid part 42 is placed on the upper surface
of the box part 41, there is a possibility that part of the
evaporated atoms leak into the outside through a clearance between
the box part 41 and the lid part 42. However, since the insulating
material 21 and the setting table 3 are made of Mo, they will not
react with the metal evaporating material, the recovery of the metal
evaporating material V adhered to the insulating material 21 becomes
easy. This is particularly effective with metal evaporating material
of Dy and Tb that are particularly scanty as natural resources and
cannot expect stable supply. [0032] 



Further, since the filament 22a is also made of Mo, even when the
processing chamber 40 is heated to a high temperature of above 1000C,
there is a high reproducibility of the reaching temperature. Due to
the fact that the thermal efficiency becomes high by heating the
processing box 4 by operating the heating means 2 after the
processing furnace 11 has been reduced in pressure, and due to the
fact that the processing chamber 40 is indirectly heated through the
wall surfaces of the processing box 4, the processing chamber 40 can
be substantially uniformly heated at a short time with a good
reproducibility. [0033]        In the example of the present
invention, although the constituting parts are made of Mo, any
material will be acceptable if the processing box can be heated with
good reproducibility and does not react with the metal evaporating
material. For example, it may be made of an alloy containing at least
one of stainless, V, Ta or Mo, V, Ta (including rare earth elements
added  Mo alloy, Ti added Mo alloy, and the like), CaO, Y203 or
oxides of rare earth elements. They may be constituted by a product
in which a film of these materials is formed on the insulating
material as an inner lining. [0034]      The insulating material 21
may be constituted by placing a plurality of insulating materials at
a given space therebewteen. In this case, by making only the
innermost insulating material to be of Mo make, the cost can be
lowered. Further, a foil of Mo make or a plate of Mo make for
preventing the adhesion may advantageously be mounted on the inner
wall of the processing furnace 11. In the example of this invention,
a description has been made of an example in which the lid part 42 is
fit into the upper opening of the box part 41. However, without
limiting to the example, there may be employed an example in which
the upper opening of the box part 41 is covered by Mo foil so as to
define a processing chamber 40 that is isolated inside the processing
furnace 11. [0035] 



In case the vacuum vapor processing apparatus 1 is constituted as
described above, the speed of temperature drop in the space 23
enclosed by the insulating material 21 is low and, therefore, it
takes time to take out the processing box 4 that has been processed.
As a solution, there is provided a cooling means inside the
processing furnace 11. This cooling means is made up of a motor 52
which is disposed inside a housing chamber 51 formed in a projecting
manner on the side opposite to the open/close door 13 of the
processing furnace 11; a fan 53 which is of a known construction and
which is mounted on a rotary shaft 52a of the motor 52; and a tubular
body 54 which is elongated from the housing chamber 51 to the
neighborhood of one side surface of the first part 21a of the
insulating material 21, while enclosing the circumference of the fan
53. In this case, it is so arranged that a coolant (cooling water)
can be circulated along the wall surface of the tubular body 54.  The
tubular body 54 serves the purpose of a heat exchanger. [0036]
In the first part and the second part 21a, 21b of the insulating
material 21 there are formed a plurality of square openings 55a in a
manner to lie opposite to each other. On an outer periphery thereof
there are formed a plurality of communication passages 55b at an
equal distance to one another. Each of the communication passages 55b
is in. communication with gas passages 56 which are disposed between
the inner wall of the processing furnace 11 and the insulating
material 21. One end of the gas passage 56 is connected to the
tubular body 54 and the other end of the gas passage 56 is left open.
According to the arrangement, the gas can be circulated in the space
23 by operating the motor 52 to rotate the fan 53, whereby the
processing box 4 can be arbitrarily cooled. [0037]      Therefore, it
becomes possible, for example, to perform anneal processing by slowly
cooling the object S to be processed after processing it at  a high
temperature, or to perform quench processing of the object S to be
processed by rapidly cooling after heating to a predetermined
temperature. In case a square opening 55a is provided in the
insulating material 21, there is a possibility that the heating
efficiency becomes poor and that part of the evaporated atoms are
emitted into the processing furnace 11. As a solution, the square
opening 21c is provided with a reflector plate 21c which lies in
close proximity thereto and which has an area larger than the square
opening 55a. The reflector plate 21c is also made of Mo with a
reflecting layer formed on the inner surface. [0038) 



The processing furnace 11 is provided with a gas introduction means 6
which enables rare gas such as Ar and the like to be introduced
therein. The gas introduction means 6 is in communication with a gas
supply source and  has a gas pipe 61 with a mass flow controller
interposed therein. The gas introduction means 6 is used when a
predetermined amount (e.g., 10 kPa) of Ar gas is introduced after the
vacuum vapor processing has been performed for a predetermined period
of time, to thereby stop evaporation of the metal evaporating
material V. If the processing furnace 11 is reduced in pressure by
using the vacuum evaporating means after the evaporation of the metal
evaporating material V has been stopped, the processing chamber 40
can be reduced in pressure to a pressure which is higher than the
processing furnace 11 nearly by half a digit. [0039)      In the
example of this invention, a description has been made of an example
in which the lid part 42 is fit into the upper opening of the box
part 41. However, without limiting to the example, there may be
employed an example in which the upper opening of the box part 41 is
covered by Mo foil so as to define a processing chamber 40 that is
isolated inside the processing furnace 11. [0040)      In the example
of the invention, a description has been made of an example in which
a bearing grid 41a is provided in the processing chamber 40. Without
limiting thereto, another example may be employed in which the object
S to be processed and the metal evaporating material V are disposed
apart from each other within the processing chamber 40 so that the
metal evaporating material V can be prevented from getting adhered to
the object S to be processed and so that the evaporated metal atoms
can be supplied to most of the surface of the object S to be
processed. In addition, although a description has been made of an
example in which the heating means 2 is provided inside the
processing furnace 11, anything else is acceptable as long as it can
heat the processing box 4 to a predetermined temperature; the heating
means may be disposed on an outside of the processing box 4.  



[00411      Further, as shown in Figs. 5 through 7, in order to
arrange that the specific surface area of the metal evaporating
material V is small so that the amount of evaporation of the metal
evaporating material can be reduced, holding parts 431, 432, 433
which are recessed in cross section are provided inside the
processing box 4, thereby holding therein bulk-form or granular metal
evaporating material V. The first holding part 431 is disposed in at
least two in number at an equal distance in the circumferential
direction of the side wall so as to be positioned around the objects
S to be processed that are disposed on the bottom in parallel with
each other (see Fig. 5). In this case, they may be formed into an
annular shape so as to extend over the entire inner wall of the box
part 41. The second holding part 432 is disposed on the bottom in a
plurality of numbers at a predetermined distance to each other, and
the objects S to be processed are disposed therearound (see Fig. 6).
Further, the third holding part 433 is suspended from the lower
surface of the lid part 42 (see Fig. 7). In this case, slit-like
openings 433a are provided on an outer periphery of the holding part
433 so that the evaporated metal atoms can be supplied to the objects
S to be processed. In this arrangement, the amount of supply can
advantageously be adjusted depending on the area of the opening.
[00421      Now, with reference to Figs. 1 through 4 and 8, a
description will be made of an improvement in the magnetizing
properties and coercive force of the sintered magnet S by the vacuum
vapor processing using the above-described vacuum vapor processing
apparatus 1. The Nd-Fe-B sintered magnet S which is the object to be
processed is manufactured in the following manner. That is, Fe, B,
Nd, Co are mixed at a predetermined composition to obtain an alloy of
0.05mm-0.5mm by the known pre-cast method. Alternatively, an alloy of
about 5mm thick may be made 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. [00431      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 by 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 (in the region of 400t--loot) after the sintering
process. 



[0044]     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 1 IL m-5 Urn or 7 m-20 m. If the mean grain
diameter is larger than 7gm, 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 mean grain diameter is
larger than 25 IL m, 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. [0045]      On the other hand, if the
mean grain diameter is smaller than 5 gm, the rate of single domain
grains is increased and, as a result, a permanent   magnet having
very high coercive force can be obtained. If the mean grain diameter
is smaller than 1 urn, 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. As
the sintered magnet S, the smaller the amount of oxygen content, the
larger becomes the speed of diffusion of Dy and Tb into the grain
boundary phases. Therefore, the oxygen content of the sintered magnet
S itself may be 3000 ppm, preferably below 2000 ppm, and most
preferably below 1000 ppm. [0046)      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
bulk-form alloy formulated at a predetermined mixing ratio and heated
e.g. in an arc furnace and then arranged in the processing chamber
described below. 



[0047)      Then, the sintered magnet S manufactured in the
above-described method is placed on the bearing grid 41a of the box
part 41, and the Dy which is the metal evaporating material V is
placed on the bottom surface of the box part 41 (as a result, the
sintered magnet S and the metal evaporating material V are disposed
apart from each other in the processing chamber 40). In this state,
the lid part 42 is mounted on the open upper surface of the box part
41 and is then placed on the setting table 3. By operating the
transport means the setting table 3 is housed by means of the
fork-shaped transport part T into the predetermined position in which
a position in which the setting part 3 is supported by the supporting
members 15. Then, when the open/close door 13 is closed, the
processing furnace 11 is hermetically sealed. The processing box 4 is
positioned in the space 23 to be enclosed by the  insulating material
21 inside the processing furnace 11 (see Figs. 1 and 2). [0048)
Then, the processing furnace 11 is evacuated to a predetermined
pressure (e.g. lx 10-5Pa) via an evacuating means (the processing
chamber 40 is evacuated to a pressure that is higher by half a
digit). When the processing chamber 40 has reached a predetermined
pressure, the heating means 2 is operated to heat the processing box
4. When the temperature inside the processing chamber 40 has reached
a predetermined temperature at reduced pressure, Dy disposed on the
bottom surface of the processing chamber 40 is heated to
substantially the same temperature to thereby start evaporation. A
vapor atmosphere is thus formed inside the processing chamber 40.
When Dy starts evaporation, since the sintered magnet S and Dy are
disposed at a distance from each other, there is no possibility that
the melted Dy directly gets adhered to the sintered magnet S. Then,
Dy atoms in the Dy vapor atmosphere are supplied, directly or through
collision, toward the surface of the sintered magnet S that has been
heated to substantially the same temperature as Dy from a plurality
of directions, and get adhered thereto. The adhered Dy is diffused
into the grain boundary phases of the sintered magnet S, thereby
obtaining the permanent magnet M. [0049)      In vacuum vapor
processing, in order to improve the magnetic properties and
production efficiency, it is preferable to attain a uniform diffusion
into the grain boundary phase of the sintered magnet before the
formation of the thin film on the surface of the sintered magnet S.
For this purpose, it is preferable to dispose Dy in bulk state
(substantially spherical) which is small in surface area per unit
volume (specific surface area) at the bottom of the processing
chamber 40 so as to reduce the amount of evaporation at a
predetermined temperature. In addition, it is preferable to control
the heating means 2 to set the temperature inside the processing  



chamber 20 to 800C-1050C, preferably 900C-1000C (for example, at the
temperature inside the processing chamber of 900t7-1000t, the
saturated vapor pressure of Dy becomes about 1X 10- 2 "lx 10- 'Pa).
[0050]      If the temperature in the processing chamber 40
(accordingly the heating temperature of sintered magnet S) is lower
than 800C, diffusion 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. [0051]       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 40 to a
total surface area of the sintered magnet S placed on the bearing
grid 41a of the processing chamber 40 is set to be a range of 1X 10-4
-2 X 103. In a ratio other than the region of 1 X 10-4--2 X 103,
there are cases where a thin film of Dy and Tb is formed 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-- lx 103, and more preferable range is
1X 10-2-1 X 102. [0052] 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 diffusion
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 the
sintered magnet S into the grain boundary phases of the sintered
magnet S before they deposit on the surface of the sintered magnet s
and form the Dy layer (thin film) (see Fig. 8). As a result, 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, it is
possible to obtain a permanent magnet M in which excessive diffusion
of Dy atoms into grain boundaries near the surface of the sintered
magnet is restrained, which has high magnetic properties with
effective improvement in magnetization and coercive force with
Dy-rich phase (a phase including Dy in the range of 5-80%) in the
grain boundary phases and, in addition, which is superior in
productivity without the need of finish working. [0053)     When the
manufactured sintered magnet is formed to a desired configuration by
wire cutting, 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.
However since the Dy-rich phase is formed inside of the cracks of
grains near the surface of the sintered magnet by performing the
vacuum vapor processing, the magnetizing properties and coercive
force are recovered. [0054)      Cobalt (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 the sintered
magnet S, the metal atoms of Dy and Tb deposited on the surface of
the sintered magnet S are further efficiently diffused. [0055] 



Finally, after the process mentioned above have been performed a
predetermined period of time (e.g. 4-48 hours), the operation of the
heating means 2 is stopped, Ar gas of 10 KPa is introduced into the
processing furnace 11 through a gas introducing means 6, evaporation
of the metal evaporating material V is stopped and, at the same time,
the motor 52 is operated to cool the processing furnace 11 and the
temperature in the processing chamber 40 is once lowered to 500C.
Continuously the heating means 2 is operated again, the temperature
in the processing chamber 40 is set in a range of 450C-650C, and heat
treatment is carried out to further improve the coercive force
Finally after the processing chamber 40 is rapidly cooled
substantially to room temperature and the heat the processing furnace
11 is vented, the open/close door 13 is opened and the setting table
3 is taken out by the transporting means. [0056)      In the example
of the present invention, although it has been described that Dy is
used as metal evaporating material V, it is also possible to use Tb
having a low vapor pressure in a range of heating temperature (900C--
1000 t) of the sintered magnet S enabling to accelerate the optimum
diffusion velocity. Otherwise, an alloy may be used which includes at
least  one of Dy and Tb. When the metal evaporating material V is Tb,
the evaporating chamber may be heated in a range of 9O0t'-1150C. If
the temperature is lower than 900r, the vapor pressure cannot reach a
level enabling to supply the Tb atoms to the surface of the 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. [0057]      In the
example of the present invention, description has been made of an
example of improving the magnetic characteristics of the Nd-Fe-B
sintered magnet as an applicable example of the vacuum vapor
processing apparatus 1. It is, however, not limited thereto but the
vacuum vapor processing apparatus 1 of the present invention may be
used in manufacturing, e.g., a hard metal material, hard material and
ceramic material. [00581 



In other words, the hard metal material, hard material and ceramic
material to be manufactured in powder metallurgy is made up of a
principal phase and a grain boundary phase (binder phase) that
becomes a liquid phase at the time of sintering. The liquid phase is
generally manufactured by grinding the entire amount in a state of
being mixed with the principal phase to thereby obtain raw meal, and
then by sintering the raw meal after molding it in a known molding
method. In case the above materials are manufactured by using the
above vacuum vapor processing apparatus 1, only the principal phase
(in this case, liquid phase may partly be contained) is first ground
to obtain raw meal. After molding the raw meal in a known molding
method, the liquid phase composition is supplied by the above vacuum
vapor processing before sintering, during sintering, or after
sintering. [00591 According to this arrangement, by subsequently
supplying the molded   principal phase with the liquid phase,
peculiar grain phase composition can be obtained due to shortened
time of reaction with the principal phase and due to
high-concentration demixing or segregation into the grain boundary
phase, and the like. As a result, it becomes possible to manufacture
a hard metal material, hard material and ceramic material having
mechanical strength, particularly having a high toughness value.
[0060]       For example, SiC powder and C powder (carbon black) of
average particle size of 0.5 ii m are mixed in molar ratio of 10:1 to
obtain raw meal. The raw meal is then molded in a known method to
obtain a predetermined shape of molded body (principal phase). Then,
this molded body is made to be an object S to be processed and also
Si is selected as a metal evaporating material V. They are contained
in the processing box 4 and the lid part 42 is mounted on the opened
upper surface of the box part 41. Thereafter, the processing box 4 is
placed in a predetermined position in which the circumference is
enclosed by the heating means 2 inside the processing furnace 11.
[0061i 



Then, the processing furnace 4 is depressurized by evacuating via an
evacuating means until it reaches a predetermined pressure (e.g. 1X
10-5Pa) (the processing chamber 40 is evacuated to a pressure that is
higher by about half a digit). When the processing furnace 4 has
reached a predetermined temperature (e.g., 1500r-1600C), the Si that
is disposed on the bottom surface of the processing chamber 40 starts
evaporation as a result of heating to substantially the same
temperature as the processing furnace 40, whereby the Si vapor
atmosphere is formed in the processing chamber 40. If this state is
maintained for a predetermined period of time (e.g., for 2 hours),
the liquid phase component which is Si is supplied together with the
sintering of the principal phase which is the molded body, thereby
manufacturing the  silicon carbide ceramic. (0062]      The silicon
carbide ceramic manufactured in the above-described method has a
bending strength exceeding 1400 MPa and its fracture toughness is 4
MPa  na3. In this case, it can be seen that this product had a higher
mechanical strength as compared with the one that was obtained by:
mixing SiC powder and C powder (carbon black) of an average particle
size of 0.5 ii. m at a molar ratio of 10 : 2 to thereby obtain raw
meal; molding the raw meal in a known method; and then sintering it
to thereby obtain the product (bending strength: 340 MPa, fracture
toughness: 2.8 MPa  m3). It is to be noted that a mechanical strength
equivalent to the above can also be obtained in case silicon carbide
ceramic is obtained by: sintering a molded body under predetermined
conditions (1600C, 2 hours); and then supplying the composition of
the liquid phase material which is Si by using the vacuum vapor
processing apparatus 1. [Example 1] [0063]      As a Nd-Fe-B sintered
magnet, a member machined to a cylinder (10 ram ch X 5 ram) having a
composition of 30Nd-1B-0.1Cu-2Co-bal.Fe, content of the sintered
magnet S itself of 500 ppm, and average grain diameter of 34m was
used. In this example, 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. 



[0064]      Then, as shown schematically in Fig. 9, a processing box
4 was housed inside the vacuum chamber 10b which has connected
thereto an evacuating means 10a and a vacuum vapor processing
apparatus (experimental apparatus) 10 which is arranged to heat the
processing box 4 under a predetermined pressure and temperature. Dy
atoms were caused to be  adhered to the surface of the sintered
magnet S in the method as described above and were diffused into the
grain boundary phase before the thin film is formed on the surface of
the sintered magnet S, thereby obtaining a permanent magnet M (vacuum
vapor processing). In this example, the sintered. magnet S was placed
on the bearing grid 41a in the processing chamber 40, and Dy of 99.9
% degree of purity was used as the metal evaporating material. The
metal evaporating material is of a bulk configuration and the total
weight of 1 g of the metal evaporating material was placed on the
bottom surface of the processing chamber 40. [0065]      Then the
vacuum chamber was once reduced to 1 X 10' Pa (the pressure in the
processing chamber was 5 X 10 Pa) by activating the evacuating means
and the temperature of the processing chamber 40 heated by the
heating means 2 was set at 975C. The vacuum vapor processing was
performed for 12 hours after the temperature in the processing
chamber 40 had reached 975r. (Comparative Example 1) [0066] 



A film-forming process was performed against the sintered magnet S
same as that used in the Example 1 using a vapor deposition apparatus
(VER-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 1X 104Pa.
10067)      Fig. 10 is a photograph showing a surface condition of
the permanent magnet obtained by performing the processing described
above and Fig. 10 (a) is a photograph of the sintered magnet S
(before processing). It is found from  this photograph that in the
sintered magnet S of "before processing" 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. 10 (b). In this case the measured
value of thickness of the Dy layer (thin film) was 40 m. On the
contrary, it is found in the Example 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 processing?. 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. 10
(c)). [0068]      Fig. 11 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 (or before processing)" is shown in the table as a
comparative example According to this table it is found that, while
the coercive force was 11.3 KOe with the sintered magnet S before
vacuum vapor processing, the permanent magnet M of the Example 1 has
the maximum energy product of 49.9 MG0e, the remanent flux density of
14.3 kG, and the coercive force of 23.1 k0e, and thus the coercive
force can be seen to be remarkably improved. [Brief Description of
the Drawings] 



[00691     Fig. 1 is a perspective view schematically explaining the
construction of a vacuum vapor processing apparatus;     Fig. 2 is a
sectional view explaining the construction of a vacuum vapor
processing apparatus; Fig. 3 is a front view explaining the
construction of a vacuum vapor  processing apparatus; Fig. 4 is a
sectional view explaining the processing box;      Fig. 5 is a
sectional view showing a modified example of disposing an object to
be processed and a metal evaporating material; 



Fig. 6 is a sectional view showing still another modified example of
disposing the object to be processed and the metal evaporating
material;      Fig. 7 is a sectional view showing still another
modified example of disposing the object to be processed and the
metal evaporating material;      Fig. 8 is a figure schematically
explaining the section of a permanent magnet manufactured by using
the vacuum vapor processing apparatus of this invention;      Fig. 9
is a sectional view schematically explaining the construction of the
vacuum vapor processing apparatus used in Example 1      Fig. 10 is
an enlarged surface of the permanent magnet manufactured by using the
vacuum vapor processing apparatus of this invention; and      Fig. 11
is a table showing the magnetic properties of a permanent magnet
manufactured in accordance with Example 1 of this invention.
[Description of Reference numerals and Characters] [0070] 



1vacuum vapor processing apparatus 11processing furnace 2heating
means 21insulating material 22heat generating element 3setting table
(setting part) 4processing box 40processing chamber 



41box part 42lid part  54 heat exchanger 55bcommunicating passage
56gas passage Sobject to be processed V metal evaporating material 



CLAIMS -      1. A vacuum evaporating apparatus comprising: a
processing furnace;  at least one processingbox disposed Side the
processing furnace; a. heating means for heating the processing box;
and    an evacuating means for evacuating the processing furnace to a
predetermined pressure in a state in which an object to be processed
and. a metal evaporating material axe disposed in the processing box,
wherein the processing box is free to be put into or taken out of,
the processing furnace, and. comprises: a box part which is open on
an upper surface; a lid part which is detachably mounted on the open
upper surface; and a flange which is bent downward and formed on an
entire outer periphery the lid. part such that, when the lid. part is
mounted on the upper surface of the box part, the flange is fit into
an outer wall of the box part, thereby defining a processing chamber
isolated from the processing furnace, wherein the processing box is
depressurized as a result of depressurization of the processing
furnace by operating the evacuating means,     the vacuum evaporating
apparatus further comprising a setting part capable of placing
thereon the object to be processed at a predetermined height from a
bottom surface of the processing box, wherein the setting part is
constituted by disposing a plurality of wire members, 



wherein the heating means is operated at a reduced pressure of the
processing furnace and processing box to heat the object to be
processed to a predetermined temperature at which the metal
evaporating material is evaporated so that the evaporated metal atoms
are supplied to the surface of the object to be processed.     2. The
vacuum evaporating apparatus according to claim 1, wherein the
heating means and the processing box are formed of a material that is
free from reaction with the metal evaporating material or are made of
a constituting element having formed an. inner lining film of a
material that is free from reaction with the metal evaporating
material.    3, The vacuum evaporating apparatus according to claim
1) wherein the material that is free from reaction with the metal
evaporating material is Mo.    lk.; The vacuum evaporating apparatus
according to any one of claims 1, and 3 wherein the heating means
comprises an insulating material enclosing the  circumference of the
processing box and a heat generating member disposed on. the inside
of the insulating material, wherein the insulating material is made
by laminating plural numbers at a predetermined distance from one
another.    S. The vacuum evaporating apparatus according to any one
of claims 1, 2 through 4, further comprising a holding part which is
capable of holding therein the metal evaporating material.    6. The
vacuum. evaporating apparatus according to claim 5; wherein the
holding part is disposed on a side wall of the processing box in. a
manner to enclose the object to be processed. 



The vacuum evaporating apparatus according to claim 51, wherein the
holding part is positioned between objects to be processed that are
disposed in the processing box.    %, The vacuum evaporating
apparatus according to any one of claims t 5 through wherein the
heating means comprises a plurality of communication passages, gas
passages in. communication with the communication passages are
provided between the heating means and an inner wall of' the
processing furnace, and the gas passages are connected to an
aircooling means comprising a fan and a heat exchanger.    9. The
vacuum evaporating apparatus according to any one of claims 1, 2
through+, and 5 through %, wherein the object to be processed is
Peon-rare earth sintered Magnet and wherein the metal evaporating
material is at least one of ny and Tb,  




