
Description Field of tyhe invention and backgrond The present invention
relates to a process for Producing novel rare earth magnets and more
Particularly to high performance   permanent magnents based on FeBR systems
which do not necessarily contain  relatively scare rare earth metals such
as Sm,and are mainly composed of Fe and relatively abundant light rare
earth elements . particularly Nd and  Pr, which may find less use.
Permanent magnets are one of the important electric and electronic material
used in extensive areas rang- 10  ing from various electrical appliances
for domestic use to peripheral terminal devices for large scaled comput-
ers. There has recently been an increasing demand for further upgrading of
the permanent magnets in asso- ciation with needs for miniaturization and
high efficiency of electrical equipment. Magnet materials having h coercive
forces have also been required in many practical fields such as, for
instance, those for motors,gen- erators and magnetic coupling. 15
Typical of the permanent magnets currently in use are alnico[err], hard
ferrite and rare earth/cobalt magnets Among these, the rare earth/cobalt
magnets have taken the place of permanent magnets capable of meeting high
magnet properties now required. However the rare earth/cobalt magnets are
very expensive due to the requirement of relatively scare Sm and the
uncertainsupply of Co to be used in larger amounts. To make it possible to
use extensively the rare earth magnets in wider ranges, it is desired to
mainly use 20 light rare earth elements contained abundanly in ores as the
rare earth metals and to avoid the use of much In an effort to obtain such
permanent magnets R-Fe2 base compounds, wherein R is at least one of rare
earth metals, have been investigated. Regarding the following parts of the
specification , it is  to be mentioned that the unit "1 G" is to be
replaced by [err], the unit "1Oe" is to be replaced by "O.0796k A/m" and
the unit " 1 MGOe " is to be repplaced by 7.96 k . j/m[err]. A E. Clark has
discovered that sputted amorphous TbFe[err] has an energy product of 29.5
MGOe at 4.2K, and shows a coercive force Hc=3.4 kOe and a maximum energy
product (BH)max=7  MGOe at room temperature upon heat-treated at 300-5000C.
Reportedly,similar investi- gation on SMFe[err] indicated that 9.2 MGOe was
reached at 77[err]. However, these materials are all obtained by sputtering
in the form of thin films that cannot be generally used as magnets for,
e.g., speakers or motors. It 30   has further been reported that
melt-quenched ribbons of PrFe base alloys show a coercive force Hc of as
high as 2.8 kOe. In addition,Koon etal discovered that with melt-qunched
amorphous ribbons of ([err]) Hc of 9 kOe was reached upon annealing at
627[err] (Br=5 kG).However , (BH)max is then low due to the un-
satisfactory loop  squareness of the magnetization curves (N.C. Koon et al,
Appl.Phys. Lett 39 (10) , 1981 35   pp. 840-842). Moreover, L Kabocoff et
al reported that among melt-quenched ribbons of [err] ic ratio), certain
ones of the Fe-Pr binary system show Hc on the kilo oersted order at room
temperature. In  JP-A-52.50598  a process  for producing rare earth-cobalt
magneets consisting mainly of Sm, Co and an additional   element by
compacting and sintering at elevated temperatures is described, whereby the
magnetic 40   properties have been improved. In addition, JP-A-56-47538
discloses an improvement of the magnetic propreties by adding Cu, Hf and B
to the low rare earth (mainly Sm and/or Ce)cobalt-type permanent magnet
alloy. The folowing European Patent Application documents are only to be
considered under the aspect of nov- elty (Art 54(3) EPC). In EP-A-101552 an
alloy is disclosed which contains at least one stable compound of the
ternary Fe-B- R-type having a tetragonal structure and can be magnetized to
become a permanent magnet at room temperature or above. EP-A-1 06948
discloses a magnetic material comprising Fe, B, R and Co having a major
phase of Fe-Co- 



B-R intermetallic compound of the tetragonal crystal structure. In
EP-A-108474 high energy product melt-quenched rare earth transition metal
magnet alloys are dis- closed having high values of coercivity,remanence
and energy product.The magnetic alloys are characterized by amorphous to
very finely crystalline microstrutures. Melt-quenched ribbons or sputtered
thin films are not practical permanent magnets (bodies) thet can be used as
such . It would be practically impossible to obtain practical permanent
magnets from these ribons or 55   thin films. That is to say, no bulk
permanent magnet bodies of any desired shape and size are obtainable from
the conventional Fe-B-R base melt-quenched ribbons or R-Fe base sputtered
thin films. Due to the unsatisfactory loop squareness (or rectangularity)
of the magnetization curves, the Fe-B-R base ribbons heretofore reported 2
This is the replacement sheet Date: 13/02/93    EP 0126 802 B2 are not
taken as the practical permanent magnet materials comparable with the
conventional, ordinary mag- nets. Since both the sputtered thin films and
the melt-quenched ribbons are magnetically isotropic by nature, it is
indeed almost impossible to obtain therefrom magnetically anisotropic
(hereinbelow referred to "anisotrop- ic") permanent magnets for the
practical purpose. 5 Summary of the invention An essential object of the
present invention is to provide processes for the production of FeBR based
per- manent magnets, for which relatively scarce rare earth elements such
as Sm are not necessarily used, and 10  which may not contain a great deal
of components which may pose problems of resources. Another object of the
present invention is to provide a process for the preparation of permanent
magnets having satisfactory magnet properties at room temperature or
elevated temperatures and showing improved loop rectangularity of their
magnetization curves. A further object of the present invention is to
provide a process for the production of permanent magnets 15  in which
relatively abundant light rare earth elements can effectively be used.
Astill further object of the present invention is to provide a process for
the preparation of permanent mag- nets which can be formed into any desired
shape and practical size. Astill further object of the present invention is
to provide a process for the preparation of novel permanent magnets free
from Co. 20      Other objects of the present invention will become
apparent from the entire disclosure given hereinafter. The invention is
indicated in the independent claim 1. To attain the aforesaid objects,
intensive studies were made of improvements in the magnetic properties of
permanent magnets comprising alloys based on FeBR systems. It has been
found that their magnetic prop- erties upon sintering, especially coercive
force and loop rectangularity or squareness of demagnetization 25  curves,
can be improved considerably by forming and sintering alloy powders having
a specific particle size and, thereafter, subjecting the sintered bodies or
masses to specif ic heat treatment or the so-called aging treat- ment.
According to the present invention, the permanent magnets based on FeBR
systems are prepared through a succession of steps of providing a sintered
body having a composition comprising, by atomic percent, 8 to 



30  30% R representing at least one of rare earth elements inclusive of Y,
2 to 28% B and the balance being Fe and subjecting the sintered body to
heat treatment at a temperature lying between the sintering temperature and
350[err]. The sintered body may be typically prepared by compacting a
metallic powder having said composition, and sintering the compacted body
at 900 to 1200C. 35     In the following discussions, % wil mean at %
unless otherwise specified. The alloys based on FeBR systems may include
those based on FeCoBR systems in which the Fe of the FeBR systems is partly
substituted with Co, FeBRM systems in which specific element(s) M is (are)
added to the FeBR systems, and FeCoBRM systems in which the Fe of the FeBR
systems is partly substituted with Co and specific element (s) M is (are)
added further. 40      From other alloys based on the FeBR systems, viz.,
those based on the FeCoBR, FeBRM and FeCoBRM systems, the permanent magnets
can be prepared essentially in the same manneras used with the FeBR base
alloys. In the permanent magnets comprising the alloys based on the FeCoBR
systems, a part of the Fe of the compositions based on the FeBR systems is
substituted with 0 (exclusive) to 50 (inclusive) % Co. 45     In the
permanent magnets comprising the alloys based on the FeBRM systems, the
compositions based on the FeBRsystemsare added withoneormoreofthefollowing
elements M in theamountsorlessas specified below, provided however-that,
when two or more elements M are added, the combined amount of M should be
no more than the highest upper limit of those the elements actually added,
provided that M is not zero. 4.5% Ti, 8.0% Ni, 5.0% Bi, 9.5% V, 12.5% Nb,
10.5% Ta, 8.5% Cr, 9.5% Mo, 9.5% W, 8.0% Mn, 9.5% Al, 2.5% Sb, 50  7.0% Ge,
3.5% Sn, 5.5% Zr and 5.5% Hf. In the case of the permanent magnets
comprising the alloys based on the FeCoBRM systems, said Co and said
element(s) M are added to the compositions based on the FeBR systems. More
specifically, a part of the Fe of the compositions based on said FeBRM
systems is substituted with 0 (exclusive) to 50 (inclusive) % Co. 55
Magnetically anisotropic (hereinafter simply referred to as anisotropic)
permanent magnets are prepared by carrying outforming in a magneticfield,
but isotropic permanent magnets may be prepared alike by carrying out
forming in the absence of magnetic fields maintaining the effect of the
aging treatment When preparing the isotropic permanent magnets, useful
magnetic properties are obtained if the FeBR 3 This Is the replacement
sheet Date:    base system comprise 10 to 25% R, 3 to 23% B and the balance
being Fe with impurities. As is the case with the anisotropic permanent
magnets may cintain Co and the element(s) M may be added thereto as well,
although some of M are added in varied amounts . Thus the following
elements may be added, alone or in combination , in the amounts or less
(at%) as specified below 5 provided  that, when two or more M are added,the
combined amount M should be no more than the highes upper limit of those
of the  elements  actually  added. 9.5%  Al. 4.7% Ti,10.5% V,8.5% Cr, 8.0%
Mn, 5.5% Zr, 5.5% Hf, 12.5% Nb, 10.5% Ta, 8.7% Mo, 6.0% Ge, 2.5% Sb, 3.5%
Sn, 5.0% Bi, 4.7% Ni,and 8.8% W. a part of the Fe of the FeBR systems with
Co. 10      The addition of the element(s) M to the permanent magnet
materials has an effect upon increases in the coercive force thereof. 



Brief description  of the drawings 15      Fig.1 is a graph   showing the
demagnetization curves of themagnets  78Fe-7B-15Nd, wherein A refers to a
curve of the as-sintered magnets, and B to a curve of the magnet upon
aging; Fig.2 is a graph showing the relationship between the amount of Co
and the Curie point Tc ([err]) in the Fe- COBR base alloys; and Fig. 3 is a
graph showing the demagnetization curve of one example of the present
invention (6BFe-14Co- 6B-14Nd). Detailed description of the preferred
embodiments The present invention will now be explained in further detail.
25  In the permanent magnet materials , Boron (B) shall be used on the one
hand in an amount no less than 28% so as to exceed the residual magnetic
flux density Br of about 4 kG of hard ferrite. R shall be used on the one
hand  in an amount no  less than  8% so as to obtain a coercive force of 1
kOe or higher and on the other hand , iin an amount of 30% or less since it
is easy to burn, incurs difficulties in handling and preparation , and is
expensive . The present invention offers an advantage in that less
expensive light-rare earth elements occurring abun- dantly in nature can be
used as R since Sm is not necessarily requisite as a main component. The
rare earth elements R include light- and heavy-rare earth elements
inclusive of Y , and may be applied alone or in combination. Namely, R
includes Nd, Pr, La, Ce, Th, Dy, Ho, Er, Eu, Sm, Gd, Pm, Tm, Yb , Lu and 35
Y. Usually,the  use  of light rare earth  elements will suffice , but
particular preference is given to Nd and Pr. Practically, mixtures of two
or more or more rare earth elements such as mischematal , didymium , atc.
may also be used due to their ease in availability . Sm, Y , La, Ce, Gd and
the like may be used in combination with other rare earth elements such as
Nd, Pr,etc. These rare earth elements R are not always pure rare earth
elements and , hence, may cintain impurities which are inevitably entrained
in the production process,as long as they are technically available. Boron
represented by B may be pure boron or ferroboron,and those containing as
impurities Al, Si,C etc. may be used. As the component R, alloys of R with
other constitutional elements such as R-fe alloys, for example, Nd- Fe
alloys and Pr-Fe alloys may be useed. In  addition  to B and   R, the
permanent magnets contain impurities in- evitably entrained in the course
of production. When comprising 8 to 30% R, 2 to 28% B and the balance being
Fe, the permanent magnets have magnetic properties as represented in terms
of a maximum energy product, (BH)max , of 4 MGOe of hard ferrite or higher.
A preferable compositional range is 11 to 24% R in which light rare earth
elements amount to 50% or higher of the overall R, 3 to 27% B  and the
balance being Fe, since (BH)max of 7 MGOe or higher is obtained. An
extremely preferable compositional range is 12 to 20% R in which light rare
earth elements amount to 50% or higher of the overall R, 4 to 24% B and the
balance being  Fe, since (BH)max of 10 MGOe to as high as 33 MGOe The
permanent magnets are obtained by pulverizing, forming i.e. compacting ,
sintering and heat-treating the alloys of the aforesaid compositions. The
preparation process of the present Invention will now be explained with
reference to the preparation test of the anisotropic permanent magnets
(FeBR systems ). The starting Fe was electrolytic iron having a purity of
99.0% or higher,the starting B was pure boron having     ., 4. This Is the
replacement sheet   



EP0126802B2 a purity of 99.9% or higher or ferroboron having a purity of
90.0% or higher, and the starting R has a purity of 95% or higher. These
materials were formulated within the aforesaid compositional ranges, and
alloyed by high- frequency or arc melting in vacuo or an inert gas
atmosphere, followed by cooling. The thus obtained alloys were crushed in a
stamp mill or jaw crusher, and finely pulverized in a jet mill, a 5   ball
mill or the like. Fine pulverization may be effected in the dry type manner
wherein an inert gas atmosphere is applied, orin the wet type manner
wherein an organic solvent such as acetone ortoluene is used- The FeBR base
alloy powders may have their composition modified or adjusted by
constitutional elements or alloys there- of. This pulverization is
continued until alloy powders having a mean particle size of 0.3 to 80 pm
(microns) are obtained. Alloy powders having a mean particle size of below
0.3 pm (micron) undergo rapid oxidation dur- 10  Ing fine pulverization or
in later steps, so that there is no appreciable increase in density,
resulting in a lowering of the obtained magnet properties. On the other
hand, a mean particle size exceeding 80 pm (microns) does not serve to
provide magnets having excellent properties, among others, high coercive
force. To attain excellent magnet properties, the mean particle size of
fine powders is in a range of preferably 1 to 40 [err] (microns), more
particularly 2 to 20 pm (microns). 15      Powders having a mean particle
size of 0.3 to 80 pm (microns) are formed under pressure in a magnetic
field of, e.g., 5 kOe or higher. Apreferable pressure for compacting is in
a range of 4.9x 107to 29.4x 107Pa (0.5 to 3.0 ton/cm2). The powders may be
eitherformed under pressure as such in a magnetic field, orformed under
pressure in a magneticf ield in the presence of an organic solvent such as
acetone ortoluene. The thus obtained formed bodies are sintered at a
temperature of 900 to 1200C for a given period of time in a reducing or
non- 20  oxidizing atmosphere, for instance, in vacuo of 1.33 Pa (10-2
Torr) or below, or in an inert or reducing gas at- mosphere having a purity
of 99.9% or higher under a pressure of 133.3 to 101 325 Pa (I to 760 Torr).
When the sintering temperature is below 900[err], it is impossible to
obtain sufficient sintering density and high residual magnetic flux
density. Asintering temperature exceeding 1200[err] is unpreferable, since
the sin- tered bodies deform and the crystal grains mis-align, thus giving
rise to decreases in both the residual magnetic 25  flux density and the
loop rectangularity of demagnetization curves. For sintering, various
conditions in respect of temperature, time, etc. are regulated to achieve
the desired crystal grain size. For a better understanding of sintering,
refer to the disclosure of EP-A-126179, which is fled on the same date as
the present application (EP-A-126802). In view of magnetic properties, the
density (ratio) of the sintered body is preferably 95% or higher of the 30
theoretical density. For instance, a sintering temperature of 1060 to
1160[err] yields a density of 7.2 g/cm3 or more, which corresponds to 98%
or more of the theoretical density. Furthermore, sintering at 1100 to
1160[err] gives a density of 99% or more of the theoretical density
(ratio). In the foregoing sintering example, a sintering temperature of
1160[err], causes a drop of (BH)max, although the density increases. This
appears to be due to a lowering of the iHcto rectangularity ratio, which is
attributable 35  to coarser crystal grains. As disclosed in EP-A-101552
filed on July 5, 1983, the FeBR base compound magnets show crystalline
X-ray diffraction patterns quite different from those of the conventional
amorphous thin films and melt- quenched ribbons, and contain as the major
phase a novel crystal structure of the tetragonal system. This is also true
of the FeCoBR, FeBRM and FeCoBRM systems to be described later. 40
Typically, the magnetic materials may be prepared by the process
constituting the previous stage of the forming and sintering process for
the preparation of the permanent magnets of the present invention. For ex-
ample, various elemental metals are melted and cooled under such conditions
that will yield substantially crys- talline state (not amorphous state),
e.g., cast into alloys having a tetragonal system crystal structure, which 



are then finely ground into fine powders. 45      As the magnetic material
use may be made of the powdery rare earth oxide R203 (a raw material for
R). This may be heated with, e.g., powdery Fe, (optionally powdery Co),
powdery FeB and a reducing agent (Ca, etc.) for direct reduction. The
resultant powder alloys show a tetragonal system as well. A sintering
period of 5 minutes or longer gives good results, but too long a period
poses a problem in con- nection to mass productivity. Thus, a preferable
sintering period ranges from 0.5 to 8 hours. It is preferred that 50   a
sintering atmosphere such as a non-oxidizing orvacuum atmosphere, oran
inert or reducing gas atmosphere is maintained at a high level, since the
component R is very susceptible to oxidation at elevated temperature. To
obtain high sintering density, sint ng may advantageously be effected in a
reduced pressure atmosphere up to 101.325 Pa (760 Torr) wherein an inert
gas is used. No specific limitations are imposed upon a heating rate during
sintering. However, it is preferred that, when 55   wet forming is used, a
heating rate of 40[err]/min or less, more preferably 30[err]/min or less,
is applied for removal of solvent. It is also preferred that a temperature
ranging from 200 to 800[err] is maintained for one half hour, more
preferably one hour or longer if binder is used, in the course of heating.
When cooling is used after sin- tering, the cooling rate is preferably
20Cimin or higher, more preferably 30C/min or higher, since there is then 5
This is the replacement sheet    a lesser variation in the quality of
products.It is preferred that a cooling rate of 100[err]/min or higher ,
more par- ticularly 150[err]/min or higher down to a temperature of
800[err] or less , is applied to improve futher the properties of magnets
by subsequent aging. However, aging may be carried out just after sintering
has gone to completion The sintered bodies may be subjected to aging at a
temperature between 350[err] and the sintering tem- 5   perature of the
formed bodies for a period of 5 minutes to 40 hours in non-oxideing
atmosphere, e.g., vacuum, or in an atmosphere of inert or reducing gases.
Since R in the alloying components reacts rapidly with oxygen and moisture
at elevated temperatures, the atmosphere for aging should preferably be a
degree of vacuum of 0.133 Pa (10-3 Torr) or below and a purity of 99.99% or
higher for the atmosphere of inert or reducing gases. Sintering temperature
is selected from the aforesaid range depending upon the composition of the
permanent 10   magnet materials, while aging temperature is selected from
between 350C and the sintering temperature. For instance, the upper limits
of aging temperature for 60Fe-20B-20Nd and 85Fe-5B-10Nd alloys are 950[err]
and 1050[ERR], respectively. In general higherupperlimits are imposed upon
the aging temperature of Fe-rich, B-poor or R-poor alloy compositions.
However, too high an aging temperature causes excessive growth of the
crystal grains of the magnet bodies, resulting in a lowering of the magnet
properties, especiallythecoerivefore there- 15  of. In addition, there is a
fear that the optimum aging period may become so short that difficulty is
involved in control of production conditions. It is preferred that the mean
crystal grain size of the sintered body stands in a range of I to 80 [err
(microns) to permit the iHc of the FeBR systems to be equal to, or greater
than, I kOe. The details of crystal grain sizeare disclosed in
priorapplications assigned tothesameassigneeas the present application
(EP-A-101 552) filed on July 5, 1983; EP-A-106948 filed on July25, 1983),
thedisclosures of which 20  are incorporated herein. An aging temperature
of below 350[err], requires a long aging period, and makes no contribution
to sufficient improvements in the loop rectangularity of demagnetization
curves. To prevent ex- cessive growth of the crystal grains of the magnet
bodies and allow them to exhibit excellent magnet properties, the aging
temperature is preferably in a range of 450 to 800[err] (most preferably
500 to 700[err]). Preferably, the aging period is in a range of 5 minutes
to 40 hours. Although associated with the aging temperature, an aging 25
period of below 5 minutes produces less aging effect, and gives rise to
large fluctuations of the magnet prop- 



erties of the obtained magnet bodies, while an aging period exceeding 40
hours is industrially impractical. In view of the exhibition of preferable
magnet properties and the practical purpose an aging period of 30 min- utes
to 8 hours are preferable. Aging may advantageously be effected in two- or
multi-stages, and such multi-stage aging may of course 30   be applied to
the present invention. For instance, it is possible to obtain a magnet body
having excellent magnet properties such as very high residual magnetic flux
density, coercive force and loop rectangularity of its de- magnetization
curves by sintering an alloy of 80Fe-7B-13Nd composition at 10600C followed
by cooling and, thereafter, treating the sintered alloy at a temperature of
800 to 9000C for 30 minutes to 6 hours in the first aging stage and at a
temperature of 400 to 750[err] for 2 to 30 hours in the second and further
stages. In the 35   multi-stage aging treatment, marked improvements in
coercive force are obtained by the second and further aging treatments.
Alternatively, aging may be effected by cooling the sintered bodies from
900 to 350C (at least from  800 to 400[err]) by air-, water- or other
cooling procedures at a cooling rate of 0.2 to 20[err]/min, resulting in
the for- mation of magnet bodies having similar magnet properties. Fig. 1
shows the demagnetization curves of the 40  anisotropic magnet body of
78Fe-7B-15Nd composition, wherein curve A refers to that sintered at 1140C
for 2 hours, and curve B to that cooled down to room temperature and aged
at 700[err] for further two hours. Both curves A and B show good loop
rectangularity; however, curve B (aging treatment) is much superior to A
This Indicates that aging treatment is effective for further improvements
in magnet properties. Aging treatment including these treating procedures
may be carried out successively upon sintering, or at 45  re-elevated
temperatures after cooling down to room  temperature. The present invention
is not limited to the preparation of the anisotropic permanent magnets, and
can be applied alike to the preparation of the isotropic permanent magnets,
provided however that the forming step is performed in the absence of
magnetic field. The obtained isotropic magnets can exhibit satisfactory
prop- erties. It is noted that, when comprising 10 to 25% R, 3 to 23% B,
and the balance being Fe with impurities, 50  the isotropic magnets show
(BH)max of 2 MGOe or higher (50%  or less Co may be present). The magnetic
properties of isotropic magnets are originally lower than those of
anisotropic magnets by a factor of 1/4 to 116. Nonetheless, the isotropic
magnets show very useful, high properties. As the amount of R increases,
iHc in- creases, but Brdecreases upon showing a peak. Thus the amount of R
to satisfy (BH)max of 2 MGOe or higher should be in a range of .10 to 25%
inclusive. 55      As the amount of B  increases, iHc increases, but Br
decreases upon showing a peak. Thus the amount of B should be in a range of
3 to 23% inclusive to attain (BH)max of 2 MGOe or higher. A preferable
compositional range is 12 to 20% R in which light rare earth elements
amount to 50% or more of the overall R, 5 to 18% B and the balance being
Fe, since high magnetic properties as represented by This is the
replacement sheet Date: 13/02/93    EP 012 6802 B2 (BH)max of 4 MGOe or
higher are attained. The most preferable range is 12 to 16% Rforwhich light
rare earth elements such as Nd or Pr are mainly used, 6 to 18% B and the
balance being Fe, since it is feasible to achieve high properties as
represented by (BH)max of 7 MGOe or higher, which could not be attained
with the existing [err] permanent magnets. 5  Binders and lubricants are
not usually employed for the anisotropic magnets, since they impede the
align- ment of particles during compacting. However, they can be used for
the isotropic magnets, since they serve 



to improve pressing efficiency- and increase the strength of the formed
bodies. Returning to the anisotropic system, the permanent magnet materials
based on the FeBR system permit the presence of impurities inevitably
entrained in the course of production, and this holds for those based on 10
FeCoBR, FeBRM and FeCoBRM systems. In addition to R, B and Fe, the
permanent magnet materials may contain C, P, S. Cu, Ca, Mg, 0, Si, etc.,
which contribute to the convenience of production and cost reductions. C
may be derived from organic binders, and S, P. Cu, Ca, Mg, 0, Si and so on
may originally be present in the starting materials, or come from the
process of production. Preferably, the upper limits of C, P. S, Cu, Ca, Mg,
0 and Si are respectively 4.0%, 3.5%, 2.5%, 3.5%, 4.0%, 4.0%, 2.0% and
5.0%, provided however that the 15  total amountof them should be no
morethan 5%forpractical purposes. The same holds forthe cases containing Co
and element(s) M. Similar discussion also holds for the isotropic magnets.
except that the upper limits of P and Cu are both 3.3%. Preferably, the
allowable limits of typical impurities to be included in the end products
should be no higher than the following values by atomic percent 2% Cu, 2%
C, 2% P. 4% Ca, 4% Mg, 2% O. 5% Si, and 2% S, provided that the sum of
impurities should be no more than 5% to obtain (BH)max of 20 MGOe or higher
(Br 9 kG or higher). 25     As stated above, the present invention can
provide a process for the production of permanent magnets based on FeBR
systems butfree from Co, which are inexpensive and excellentin residual
magnetic flux density, coercive force and energy product, and offer a
technical and industrial breakthrough. The starting alloy powders to be
used may include alloy powders formulated in advance to the predeter- mined
composition, FeBR base alloys formulated to the predetermined composition
by the addition of auxiliary 30  constitutional elements or alloys thereof
etc. Cooling of the FeBR base alloys is made at least under such conditions
that yield substantially the crys- talline state, and ingots, castings, or
alloys obtained from R203 by direct reduction meet this requirement. The
process of the present invention can also provide permanent magnets based
FeCoBR systems. The Curie point and temperature dependence of the magnet
materials can be increased and improved by substi- 35  tuting with Co a
part of the main component, Fe, of the FeBR base magnets. In addition, the
alloys of constant composition are formed in the powdery form, sintered,
and subjected to heat treatment under specific condi- tions or aging
treatnent, thereby to improve the magnet properties of the resulting
magnets, especially the co- ercive force and loop rectangularity of
demagnetization curves, as is substantially the case with the first em-
bodiment (FeBR). 40       The permanent magnet materials based on FeCoBR
systems are provided by forming the powders of alloys having a mean
particle size of 0.3 to 80 [err] (microns) and comprising 8 to 30% R (at
least one of rare earth elements Including Y), 0 (exclusive) to 50
(inclusive) % Co. 2 to 28% B and the balance being Fe with inevitable
impurities, sintering the formed bodies and heat-treating the sintered
bodies. The forming, sintering and heat treatment (aging) in this procedure
are essentially identical with those in 45  the FeBR base procedure except
the points discussed later. It is noted that the FeCoBR base alloys may be
formulated from the outset in the form of containing Co, or may be prepared
according to the predetermined composition by adding to the FeBR base
alloys Co alloys with constitutional elements serving as a complementary
composition such as, for example, R-Co alloys. In general, when Co is added
to Fe alloys, the Curie points of some alloys increase proportionally with
its 50  amount, while those of another drop, so that difficulty is involved
in the anticipation of the effect of Co addition. It has been found that,
when a part of Fe of the FeBR systems is substituted with Co, the Curie
point in- 



creases gradually with increases in the amount of Co to be added, as
illustrated in Fig. 2. Similar tendencies are Invariably observed in the
FeBR base alloys regardless of the type of R. Co is effective for increases
in Curie point even in a slight amount of, e.g., I %. As illustrated in
Fig. 2, alloys having any Curie point between 55   about 300 and about 750C
are obtained depending upon the amount of x in (77-x)Fe-xCo-BB-15Nd. The
amounts of the respective components B. R and (Fe+Co) in the FeCoBR base
permanent magnets are basically identical with those in the FeBR base
magnets. The upper limit of Co to be replaced for Fe is 50%, partly because
it is required to obtain iHc of I kOe or 7 This is the replacement sheet
Date: 13/02/93    preferable compositional range for FeCoBR is 11 to 24% R
in which light rare earth elements are used as the main component in
amounts of 50% or higher, 3 to 27% B, 45% or less Co and the balance being
sub. stantially Fe, since (BH)max of 7 MGOe or more is achieved. An
extremely preferable compositional range is 5   12 to 20% R in which light
rare earth elements amount to 50% or more of the overall R, 4 to 24% B, 35%
or less Co and the balance being substantially Fe, since excellent magnetic
properties as represented by (BH)max of 10 MGOe to as high as 33 MGOe are
obtained. The temperature dependence is also good, as will be un- derstood
from the fact that the temperature coefficient a of Br is 0.1 %C or below,
when the amount of Co is 5% or higher. In an amount of 25% or below, Co
contributes to an increase in Tc without having adverse influ- 10  ence
upon other properties. The FeCoBR base magnets not only show better
temperature dependence, compared with the Co-free FeBR basemagnets, butalso
have theirloop rectangulatyofdemagnetization curves improved by the
addition of Co, thus leading to improvements in the maximum energy product
In addition, Co addition can afford cor- rosion resistance to the magnets,
since Co is greater in corrosion resistance than Fe. 15   In the case of
Co-containing products, the mean particle size of the starting alloy
powders as well as form- ing and sintering are basically identical with
those of the FeBR base embodiment, and the basic temperature range for
aging treatment (350[err] to the sintering temperature) is identical with
that in the first embodiment, and suitable temperatures may be selected due
to the presence of Co as mentioned below. Referring to 50Fe-10Co-20B-20Nd
and 65Fe-20Co-5B-10Nd alloys as examples, the upper limits of their 20
aging treatment are 950C and 1050[err], respectively. As is the case with
the FeBR base embodiment, the op- timum aging temperature is in a range of
450 to 800[err], and the treatment period in a range of 5 min to 40 hours.
Upon subjected to multi-stage aging treatment similar to that applied to
the aforesaid 80Fe-7B-13Nd alloy, a good aging effect is obtained as well
with, for instance, a 65Fe-15Co-7B-13Nd alloy. Instead of such multi-stage
aging treatment, the application of cooling from the temperature for aging
treat- 25   ment down to room temperature at a given cooling rate is also
favorable. An effect due to Co addition is also observed in the case of the
isotropic products. According to the Process of the present invention, also
one or more elements M are added to the basic FeBR systems and the elements
M are grouped into Ml group and M2 group for the purpose of convenience. Ml
group includes Ti, Zr, Hf, Mn, Ni, Ge, Sn, Bi and Sb, while M2 group
includes V. Nb, Ta, Mo, W, Cr and Al. 30   The addition of elements M
serves to increase further coercive force and loop rectangularity of
demagnetization curves through aging treatment. To make clear the effect of
the individual elements M upon Br, the changes in B were measured at varied
amounts thereof. The lowerlimit of Br is fixed at about 4 kG of hard
ferrite. In consideration of (BH)max ofabout 



4 MGOe of hard ferrite or higher, the upper limits of the amounts of M to
be added are fixed at for M1 group, 4.5% Ti, 5.5% Zr, 5.5% Hf, 8.0% Mn,
8.0% Ni, 7.0% Ge, 3.5% Sn, 5.0% Bi, and 2.5% Sb, for M2 group, 9.5% V,
12.5% Nb, 10.5% Ta, 9.5% Mo, 9.5% W, 8.5% Cr, and 9.5% Al. In this process
of the present invention, one or more elements M are added. When two or
more elements M are used, the obtained properties lie between those
resulting from the individual elements, the amounts of 40  the Individual
elements are within the aforesaid ranges, and the combined amount thereof
should be no more than the highest upper limit of those of the elements
actually added. Within the aforesaid FeBRM compositional range, a maximum
energy product, (BH)max, of 4 MGOe or higher of hard ferrite is obtained.
(BH)max of 7 MGOe or higher is obtained with a compositional range com-
prising 11 to 24% R in which light rare earth elements amount to 50% or
higher of the overall R, 3 to 27%  B, 45   elements M1-up to 4.0% for Ti,
up to 4.5%  for Zr, up to 4.5% for Hf, up to 6.0% for Mn, up to 3.5%  for
Ni, up to 5.5% for Ge, up to 2.5%  for Sn, up to 4.0%  for Bi and up to
1.5%  for Sb; elements M2-up to 8.0%  for V, up to 10.5% for Nb  up to 9.5%
for Ta, up to 7.5% for Mo, up to 7.5% for W, up to 6.5% for Cr and up to
7.5% for Ai, wherein the combined amount of M should be no more than the
highest upper limit of those of the elements actually added, and the
balance being substantially Fe. Therefore, that compositional range is
preferable. The most preferable compositional range based on FeBRM
comprises 12 to 20%  R in which light rare earth ele- ments amount to 50%
or higher of the overall R, 4 to 24%  B, elements M1-up to 3.5%  for Ti, up
to 3.5%  for Zr, up to 3.5%  for Hf, up to 4.0%  for Mn, up to 2.0%  for
Ni, up to 4.0%  for Ge, up to 1.0% for Sn, up to 3.0% for Bi and up to 0.5%
for Sb; elements M2-up to 6.5%  for V, up to 8.5%  for Nb, up to 8;5%  for
Ta, up to 5.5%  for Mo, up to 5.5% for W, up to 4.5% for Cr and up to 5.5%
for Al, wherein the combined amount of M should be no 55 more than the
highest upperlimit of those of the elements actually added, and the balance
being substantially Fe, since (BH)max of 10 MGOe or higher is sufficiently
feasible and (BH)max of 33 MGOe or higher is reached. Preferable as the
elements M  is M2 group, because an effect due to aging treatment is easily
obtained. Besides, a main difference between Ml and M2 consists in the
selection of aging treatment conditions. Except This is the replacement
sheet Date: 13/02/93    EP0126802B2 the considerations as discussed, the
same comments given on the FeBR base embodiment are maintained. Referring
to M2, cooling following sintering is carried out preferably at a cooling
rate of 20C/min or higher, since there is then a lesser variation of the
quality of products. For M1, a preferable cooling rate is 30 degrees C/min
or higher. To improve the properties of magnets by subsequent heat
treatment, i.e., aging, a cooling rate 5   is preferably  100[err]/min or
higher for M2 and 150C/min for M1. For the typical upper temperatures of
aging treatment allowed for the FeBR systems and other systems, refer to
Table 1. When M is added, an aging period is about 5 minutes to about 40
hours, as is the case with the FeBR sys- tems. 10     Multi-stage aging
treatment and alternative aging by cooling at given cooling rates may be
carried out in the manner as exemplified in Table 2, which also shows those
applied to other systems. It is noted that the mean particle size of the
sintered bodies is preferably in a range of 1 to 90[err] (microns) for the
FeBRM systems and I to 100 pm (microns) for both the FeCoBR and FeCoBRM
systems. In all the systems including the basic FeBR systems, the mean
particle size of the sintered bodies is preferably 2 to 40 15  pm
(microns), most preferably 3 to 10 [err] (microns). It is further preferred
that such a mean particle size is 



maintained after aging. The discussions given on the particle size of the
starting alloy powders for the FeBR systems hold for other systems. Even
when the element(s) M is (are) contained, the isotropic magnets can be
prepared in the same manner 20  as applied to the FeBR systems, and this
holds for the Co-containing systems, i.e., the FeCoBRM systems to be
described later. In this case, the upper limits of M are preferably equal
to those determined forthe anisotropic systems with the following
exceptions: M1: 4.7% for Ti, 4.7% for Ni and 6.0% for Ge M2: 10.5% forV and
8.8% forW 25      Regardless of the type of M, the Br of the isotropic
systems tends to decrease, as the amount of M increas- es. However, as long
as the amount of M is within the aforesaid range, Br of 3 kG or higher is
obtained (to attain (BH)max equal to, or higher than, 2 MGOe of isotropic
hard ferrite). Like the FeBR base magnets, the FeBRM, FeCoBR and FeCoBRM
base magnets also permit the presence of impurities inevitably entrained in
the course of industrial production. 30     According to a further process
of the present invention, the FeCoBRM base permanent magnets are pre- pared
by substituting with Co a part of the Fe of the FeBRM systems. The
permanent magnets resulting from this process have their temperature
dependence improved by the substitution of a part of the Fe of the FeBR
base magnet materials with Co and their coercive force and loop
rectangularity improved by the addition of M and the application of aging
treatment. 35      An effect due to the inclusion of Co is similar to that
in the second embodiment (FeCoBR systems), and an effect due to the
Inclusion of M is similar to that in the third embodiment (FeBRM systems).
The FeCoBRM base magnets have such two effects in combination. The method
of the preparation of the FeCoBRM systems is basically identical with that
of FeBR systems, but the sintering and aging temperatures are selected from
the basic range depending upon composition. A 40  typical basic range for
such temperature is already stated in Table 1. For the ranges for
multistage aging treat- ment, alternative aging by cooling, and cooling
rates for said cooling, see also Table 2. The effects of the present
invention will now be explained in the examples; however, it is understood
that the present invention is not limited to the examples. The samples used
in the examples were generally prepared by the following steps. 45     (1)
As the starting iron and boron, electrolytic iron having a purity of 99.9%
(by weight % the purity wil be expressed in terms of by weight %
hereinafter) and a ferroboron alloy (19.38% B, 5.32% Al, 0.74% Si, 0.03% C
and the balance being Fe) were used. The R used had a purity 99% or higher
(impurities were mainly other rare earth metals). Electrolytic Co with a
purity of 99.9% was used as Co. As M, use was made of Ti, Mo, Bi, Mn, Sb,
Ni, Ta, Sn and Ge, each having a purity of 99%, W having a purity of 98%,
Al having 50      a purity of 99.9%, Hf having a purity of 95%, and
ferrozirconium containing 75.5% zirconium. (2) The raw material for magnets
was melted by high-frequency induction. An alumina crucible was then used.
The obtained melt was cast in a water-cooled copper mold to obtain an
ingot. (3) The thus obtained ingot was crushed to 0.679-0.289 mm (25-50
mesh), and subsequently finely pulv- erized in a ball mill until powders
having a given mean particle size were obtained. 55     (4) The powders
were compacted under given pressures in a magnetic field. However, no
magnetic field was applied in the case of the production of isotropic
magnets. (5) The compacted body or mass was sintered at 800 to 1200[err] in
a given atmosphere and, thereafter, subjected to given heat treatment This
is the replacement sheet Date: 13/02/93 



Example 1-Parenthesized figures indicate the conditions to be used in
Example 5 An alloy of, by atomic percent ,
78Fe-7B-15Nd(66Fe-14Co-6B-14Nd)composition was prepared by high- frequency
melting in an Ar atmosphere and casting with a water-cooled  copper
mold.This alloy we crushed a stamp mill to 0.373(0.420)mm(40(35)mesh) or
less.The obtained powders were formed at a ball mill in an Ar atmosphere to
a mean particle size of 8(5) [err] (microns)or less. The obtaineed powders
powders were formed at a pressure of 21 i x [err] in a  10 kOe  magnetic
field, sintered  at 1140  (1120)[err] for two  hours in a 101 325 Pa (760
Torr) atmosphere of argon having a purity of 99.99%, and cooled down to
room temperature at a cooling rate of 500[err]/min. Thereafter, an aging
treatment was carried out at 700 (650)[err] for 10, 120, 240 10  resp. 3000
minutes to obtain the magnets, the magnet properties of which are shown in
Table 3. Fig. 1 also shows the demagnetization curves of 78Fe-7B-15d alloy
wherein the demagnetization curves ofthe alloy upon sintering and aging
(700[err]X120 min) are designated asAand B, respectively From this figure,
it is evident that the aging treatment produces a marked effect. 15
Example 2-Parenthesized  figures indicate the conditions to be used in
Example 6 An alloy of, by alloy amicperent 7OFe-
5B-7Nd-8Pr(54Fe-13Co-15B-16Nd-2Y) composition was prepared by Ar gas arc
melting and casting with a water-cooled copper mold. This alloy was crushed
in a stamp mill to 0.373 (0.289)mm(40(50)mesh) or below and finely
pulverized to a mean particle size of 3 [err] (microns) in an organic
solvent The thus obtained powders were formed at a pressure of 14.7 x 107
Pa (1.5 ton/cm[err]) in a 15 kO magnetic field, sintered at 11 70 (11
75)[err] for one (four) hours in 33 330 Pa (250 Tor) Ar having a purity of
99.999%  and cooled down to room temperature at a cooling rate of
200[err]/min Thereafter,aging treatment was  carried  out in vacuo of 2.66
x  10[err]  Pa (2x10-[err] Torr) at the   temperatures  as   specified   in
Table  4   for 2   hours to obtain the magnets, whose properties are shown
in Table 4 together with the  of reference test. Example 3 Fe-B-R
(Fe-Co-B-R) alloys having the compositions as specified in Table 5 were
prepared by Ar gas arc melting and casting with a water cooled copper mold
under similar conditions as shown in Example 4. The re- 30  sultant
properties are shown in Table 5 together with those of a reference test in
which the magnet was in an as-sintered condition. Example 4-Parenthesized
figures indicate the conditions to be used in Example 8 FeBR(FeCoBR)
alloyhaving the compositions as specified in Table 6 were prepared by Ar
gas arc melting and casting with a water-cooled copper mold. These alloys
were crushed in a stamp mill to 0.420 (0.679) mm (35(25) mesh)orbelow and
finely pulverizedtoamean particle size of 7(4)[err] (microns) in an organic
solvent The obtained powders were formed at a pressure of [err] in the
absence of magnetic field, sintered at 1080 ( 1025)[err] in 28 x 10[err]
(50.7 x 10[err]) Pa (210 (380) Torr) Ar having a purity of 40  99.999% for
1 (2) hours, and rapidly cooled down to room temperature at a cooling rate
of 300 (200)[err]/min. Thereafter , aging treatment was carried out at 850
(700)[err] in 86.7 x 10[err] Pa (650 Torr) Ar for 3 (4) hours to of the
magnets are shown in Table 6 together with those of reference tests 45
Example 5 In accordance with the conditions given by the parenthesized
figures in Example 1, an alloy of 66Fe-14Co- 6B-14Nd composition was
prepared, pulverized, formed, sintered and aged to obtain the magnets. The
prop- erties and temperature coefficient a (%[err]) of residual magnetic
flux density (Br) of the magnets are shown in 50  Table 7 together with
those of a reference test in which the magnet was in an as sintered
condition. Fig. 3 also shows the demagnetization curves of
66Fe-14Co-6B-14Nd alloy wherein the as-sintered alloy and the alloy upon
aging (650[err] x 120 min) are designated as A and B, respectively. 



Example 6 55 In accordance with the conditions given by the parenthesized
figures in Example 2, an alloy of, by atomic percent, 54Fe-13Co-15B-14Nd-2Y
was prepared, pulverized, formed, sintered and aged to obtain the magnets.
The properties and temperature coefficient a (%[err]) of residual magnetic
flux density (Br) of the magnets are 10 This is the replacement sheet
Date:13/02/93    EP 0 126 802 B2 shown in Fig. 8 together with those of a
reference test in which the magnet was in an as-sintered condition .
Example 7 5       In accordance with the slightly modified conditions from
Example 3, alloys of the compositions as given by atomic percent in Table 9
were prepared, pulverized, formed, sintered and aged to obtain the magnets,
the properties and temperature coefficient a (%[err]) of residual magnetic
flux density (Br) of the magnets are shown in Table 9 together with those
of a reference test in which the magnet was in an as-sintered condition. 10
Example 8 In accordance with the conditions given by the parenthesized
figures in Example 4, alloys of the compo- sitions as specified in Table 10
were prepared, pulverized, formed, sintered and aged to obtain the magnets.
The properties are shown in Table 10 together with those of a reference
test in which the magnet was in an 15  as-sintered condition. Example 9
FeBRM base alloy powders of the compositions and mean particle size as
given in Table 11 were formed 20  under pressure under given conditions,
sintered at given temperatures in an Aratmosphere of given pressures with
the purity being 99.99% for 2 hours, and cooled down to room. temperature
at given cooling rates. There- after  aging treatment was carried out at
given temperatures in an atmosphere for 30, 120,240 resp. 3000 min- utes to
obtain the magnets. The magnet properties are shown in Table 11. 25
Example 10 FeBRM2 base alloy powders having given partide sizes were formed
at given pressures in given magnetic fields, sintered at given temperatures
for given periods in an Ar atmosphere of given pressures with the purity
being 99.999%, and cooled down to room temperature at given cooling rates.
Thereafter, aging treatment was 30  carried out in vacuo for 2 hours at
temperatures as specified in Table 12 to obtain the permanent magnets. The
properties of the magnets are shown in Table 12 together with those of
reference test wherein the magnets were in an as-sintered condition.
Example 11 35 FeBRM2 base alloy powders having the compositions as
specified in Table 13 and given mean particle  - sizes were formed at given
temperatures in a magnetic field, sintered at given pressures and pressures
for given periods in an Ar atmosphere of given pressures with purity being
99.999%, and rapidly cooled down to room temperatures at given cooling
rates. Thereafter, aging treatment was carried out at given temperature 40
for given periods in an Ar atmosphere to obtain the permanent magnets. The
properties of the magnets are shown in Table 13 together with those of
relference tests (as-sintered magnets). Example 12 



45      FeBRM2 base alloy powders having given mean particle sizes were
formed at given pressures in the ab- sence of magnetic fields, sintered at
given temperatures for given periods in an Ar atmosphere having a purity of
99.999%, and rapidly cooled down to room temperature at given cooling
rates. Thereafter aging treatment was carried out at given temperatures
forgiven periods in an Aratmosphere to obtain isotropic permanent mag-
nets. The properties of the magnets are shown in Table 6 together with
those of the as-sintered samples not 50  subjected to aging treatment.
Example 13 The magnets having the FeBRM1 base compositions as stated in
Table 11 were obtained under the con- 55      ditions as stated in Table 11
in accordance with the procedures of Example 9. The results are shown in
Table 11. This is the replacement sheet Date:13/02/93    Example 14 The
magnets havung the FeBRM1 base compositions as stated in Table 12 were
obtained under the conditions as stated in Table 12 in accordance with the
manner of Example 10, except that aging treatment performed in vacuuo 4X
[err] (3X[err]Toff). The results are shown in Table 12. Example 15 The
magnets having the FeBRM1 base compositions as stated in Table 13 were
obtained under the con- ditions as stated in Table 13 in accordance with
the procedures of Example 11. The results are shown in Table 13. Example 16
The magnets having the FeBRM1 base compositions as stated in Table 14 were
obtained under conditions as stated in Table 14 in accordance with the
manner of Example 12, except thet sintering was performed in an Ar
atmosphere having a purity of 99.99% . The results are shown in Table 14.
Example 17 The magnets having the FeCoBRM2 base compositions as stated in
Table 15 were obtained under the con- ditions as stated in Table 15 in
accordance with the procedures of Example 9.The results and the temperature
coefficient [err](%[err]) of Br are shown in Table 15 togetheer with those
of reference tests (as-sintered samples). Example 18 The magnets of the
FeCoBRM2 base compositions as stated in Table 16 were obtaijned under the
conditions as stated in Table 16 in accordance with the procedure of
Example 10, except thet aging was performeed in vacuo of 2.66X[err].The
results and the temperature coefficient [err] of Br are shown in Table 16
together with those reference tests (as-sintered samples) Example 19 The
magnets having the FeCoBRM2 base compositions as stated in Table 17 were
obtained under the con- ditions as stated in Table 17 in the manner Example
11, except thet aging was performed in Ar of 80 X [err] Pa (600 Torr). The
results and the temperature coefficient [err] of Br are shown in Table 17
together with those of reference tests (as-sintered samples). Example 20
The magnets having the FeCoBRM2 base compositions as stated in Table 18
were obtained under the con- ditions as stated  in Table 18 in the manner
of Example 12, except that the sintering atmosphere used was Ar were
isoropic, and the results are shown in Table 18 together with those of
reference tests (samples not sub- jected to aging). Example 21 



The magnets having the FeCoBRM1 base compositions as stated in Table 15
obtained under the con- ditions as stated in Table 15 in accordance with
the procedures of Example 17 . The results are shown in Table 15. Example
22 The magnets having the FeCoBRM1 base compositions as stated in Table 16
were obtained under the con- ditions as stated i Table 16 in the manner of
Example 18 , except that aging was performed in vacuo of [err] .The results
are shown in Table 18.    EP0 126 802 B2 The magnets having the FeCoBRM1
base compositions as stated in Table 17 were obtained underthe con- ditions
as stated in Table 17 in accordance with the procedures of Example 19. The
results are shown in Table (  )   5   17. Example 24 The magnets having the
FeCoBRMI base compositions as stated in Table  18 were obtained underthe
con- 10  ditions as stated in Table 18 in accordance with the procedures of
Example 20. The obtained magnets are iso- tropic, and the results are shown
in Table 18. Example 25 15      An alloy of, by atomic percent, of
72Fe-9B-16Nd-2Ta-1 Mn having a mean particle size of 2 [err] (microns) was
compacted in a magnetic field of 15 kOe under a pressure of 9.81 x [err] Pa
(1.0 ton/cm2). The resultant body was sintered at 1100C in 88.7 x 103 Pa
(650 Torr) Ar of 99.99 mole % purity for 2 hours, then cooled down to room
temperature with a cooling rate 6000C/min to obtain an as-sintered magnet
Aging was made on a sample at 700[err] for .120 min. The results are shown
below. 20 Br      iHc      (BH)max (kG)[err]   (kOe)[err]   (MGOe)c 25
as-sintered         12.4      8.5       31.9 aged               12.5
10.2       33.7 1 kG=10[err] T k-A 30      [err] kOe=79.6 m k j 1
MGOe=7.96[err] m3 35 TABLE 1 40                                   Alloy
composition         Upper limit of the System                 at %
aging temperature [err] Fe.B-R            6OFe-20B-20Nd
950 85Fe-58-lONd                    1050 45                 Fe-Co-8-R
5OFe-1OCo-20B-20Nd               950 665Fe-20Co-5B-1oNd              1050
Fe-B-R-M2         69Fe-12B-17Nd-2W                 920 



80Fe-58-13Nd-2A1       I        1030 50                 Fe-B-R-M1
67Fe-13B-18Nd-2Hf                930 80Fe-4B-14Nd-2Sb       I        1020
Fe-Co-B-R-M2      68Fe-10Co-8B-1 2Nd-2Ti    920 58Fe-20Co-5B-16Nd-1AI
1030 55                 Fe-Co-B-R-M1      71  Fe-5Co-8B-14Nd-2Ti
950 52Fe-25Co-5B-17Nd-1Mn           1000 13                    This is the
replacement sheet Date:  13/02/93    TABLE 2 Multi-stage aging
Aging at cooling 56 Alloy composition         Sintering                 2nd
and      Cooling    Temp. range (system) at %            temp.      1st
stage   further stage    rate       of aging 80Fe-7B-13Nd
800-900C   400-750C        0.2- (Fe-B-R)                   1060C     0.5-6
h       2-30 h       20[err]/min    350-900[err] 10
one or more 65Fe-l5Co-7B-13Nd          1060C
350-900[err] (Fe-Co-B-R) 7SFe-7B-13Nd-1Mo-1Nb               820-920C
400-750C 15  (Fe-B-R-M2)            1 050C    0.5-6 h       2-30 h
400-800C one or more 77Fe-7B-14Nd-1Ni-1Ge                 800-900[err]
400-700[err] (Fe-B-R-M1)                1040[err]     0.5-8 h     2-70 h
..       400-800C one or more 20     68Fe-1OCo-7B-13Nd-
820-920C    400-750C lMo-lNb                    1050C     0.5-6 h
2-30 h                   4080-800[err] (Fe-Co-B-R-M2)
one or more 88Fe-5Co-7B-18Nd-2Ge                 800-950C    400-800C
(Fe-Co-B-R-M1)             1100C     0.5-8 h       2-70 h          ..
350-960C 25                                                        one or
more TABLE 3 Aging    Aging temp.    time        Br       iHc      (BH)max
[err]    (min)    (kG)       (kOe)[err]    (MGOe)- reference test    10.6
6.2       25.3 (as-sintered) 700        10      10.8       9.5       28.1
700       120                             10.9  11.7  29.0 40 700       240
10.9       12.5       29.2 700      3000      10.9      11.9       28.5 



45        1 kG =   [err] T b1 kOe=79.6 k A/m 1 MGOe =7.96 k i/m[err] 50 55
14                        This is the replacement sheet Date: 13/02/93
EP 0126 802 B2 TABLE 4 Aging    Aging temp.    time
Br      iHc          (BH)max 5                           [err]     (min)
(kG)[err]    (kOe)b   (MGOe)[err] 200      120       8.3       6.2
15.3 450       120      8.4       9.2        16.1 650       120      8.4
9.9        16.6 850       120      8.4       9.8        16.8 950       120
8.5       9.4        16.7 15                               reference test
8.3       6.1       15.1 (as-sintered) 20 TABLE 5 Composition         Br
iHc      (BH)max at %            (kG)     (kOe)b   (MGOe)[errr] 25
76Fe1OB14Nd         10.7      12.0       25.3 63Fel9B18Pr         8.2
10.1       13.1 68Fel7B1ONd5Gd        8.5       8.5       14.5 30
74Fe1OB16Ho          6.4       8.4        8.2 66Fe19B8Nd7Tb         7.6
9.3       11.3 68Fel 781 ONd5Gd reference test       8.4       6.7
13.9 {as-sintered) 66Fe19B8Nd7Tb reference test       7.5       7.2
11.0 (as-sintered) 40 46 50 55 15                    This is the
replacement sheet Date: 13/02/93   



.  . .                               Composition          Br       iHc
(BH)max at %            (kG)[err]    (kOe)[err]   (MGOe)[err] 75Fe1OB15Nd
5.3      10.5        5.8 78Fe8B14Nd          5.5      11.2        5.9
78Fe8B12Nd2Gd                   5.5      10.2        5.5 ~ 10 75Fe1OB15Nd
reference test       5.2       6.5        5.2 (as-sintered) 78Fe8114Nd 15
reference test        5.3       7.2        5.1 (as-sintered)            _
_   _ for       see Table 3 20
TABLE 7 Aging    Aging temp.    time         Br       iHc      (BH)max
a [err]      (min)     (kGr      (kOe)    (MGOe)[err]        [err] 25
reference test      10.9      4.4        18.7       0.086 (as-sintered) 650
10       11.2       8.8       25.6       0.084 650       120       11.3
12.5       32.7       0.085 650       240       11.0      13.0       31.5
0.085 650      3000       10.7       11.5      17.9       0.085 35 TABLE 8
Aging    Aging temp.    time        Br        iHc      (BH)max       a 40
[err]      (min)    (kG)[err]    (kOe)    (MGOe)[err]   [err] 200       120
10.8       6.5       16.9       0.082 1 450       120       11.2       8.3
25.3       0.081 45                     650      120      11.2      10.7
32.7       0.082 850       120       11.3      11.6       28.9      0.081
950        120       11.2      10.2       26.3         0.081 50
reference test       10.8      6.3        19.9       0.081 (as-sintered) 16
ThIS is the replacement sheet Date: 13/02/93    EP 0126 802 B2 TABLE 9
Composition         Br       iHc      (BH)max       a 



at %           (kG)'   (kOe)[err]   (MGOe)'    [err] 58Fe12B18Ndl2Co
12.2      7.3       34.2       0.08 53Fe8814Pr25Co       12.0      10.2
32.7       0.07 10                       47Fe8B11 Nd5Th29Co    11.7
9.5       24.3       0.06 48Fe6B12Nd2La32Co      11.9      12.7      27.0
0.06 3SFe6B9Nd2Ho45Co       10.8      6.9       20.3       0.06 15
75Fe1OB1ONd5Ce        10.3       7.5       21.4       0.15 reference test
for [err] see Table 3 20 TABLE 10 25
Composition         Br       iHc      (BH)max at %           (kG)'
(kOe)[err]   (MGOe)[err] 55Fe9B16Nd20Co        5.1      10.2       5.6
63Fe1OB18Nd9Co        5.3      12.7       5.8 30 58Fe8B12Nd2Gd20Co      5.4
11.7       5.4 55Fe9B16Nd20Co reference test      5.0       5.7        5.0
(as-sintered) 35 63Fe10B18Nd9Co reference test      5.1       6.4
4.9 (as-sintered) .  . for  [err] see Table 3 45 50 55 17
This is the replacement sheet Date:13/02/93    35 [err]    EP 0 126 802 B2
5 15i 



30 55 This is the replacement sheet Date: 13/02/93    10 25 5D
co~~~    [err]    [err] [err] 20 x 23
This is the replacement sheet Date: 13/02/93    X 24 This is the
replacement sheet Date: 13/02/93    EP 0 126 802 B2 10 [err] 5D ~ ~ ~ ~ ~~
1. A process for producing a permanent magnet of the Fe-B-R type
comprising: providing a sintered body having a composition comprising, by
atomic percent, 8-30% R. wherein 5       R is at least one rare earth
element including Y. 2-28% boron (B), and the balance being iron (Fe), and
heat treating the sintered body at a temperature ranging from 350 degrees C
to the temperature for sintering heat treatment for a prolonged time at a
temperature lower than the sintering temperature by 



5 to 20[err] to obtain a crystal grain size of 100 [err] or greater being
excluded. 10  2. A process as defined in claim 1, wherein the sum of Nd
and/or Pr amounts to no less than 50 at % of the overall rare earth
elements R. 3. A process as defined in claim 1, wherein in said sintered
body Nd and/or Pr amounts to no less than 50 at % of the overall rare earth
elements R, and a part of the Fe is substituted for by Cobalt (Co), such
that the sintered body comprises no more than 50 at % of Co. 4. A process
as defined in one of the preceding claims, wherein said sintered body
comprises at least one additional element M of no more than the values by
atomic percent as specified hereinbelow provided that, when two or more
elements are added, the total amount thereof shall be no more than the
largest value among said specified values of the elements actually added:
4.5% Ti.      8.0% Ni,     5.0% Si, 9.5% V,      12.5% Nb,    10.5% Ta.
8.5% Cr.      9.5% Mo,    9.5% W. 8.0%. Mn,     9.5% Al.     2.5% Sb.
. 25                          7.0% Ge       3.5% Sn,     5.5% Zr. -
and 5.5% Hf. 5. A process as defined in any of claims 1-4. wherein the step
of providing said sintered body comprises: preparing a metallic powder
having said composition and a mean particle size of 0.3-80 [err] and 30
compacting said metallic powder in a magnetic field, and sintering the
compacted body ata temperature of 900-1200 degrees C in a nonoxidizing or
reducing atmosphere. 6. A process as defined in claim 5, wherein said
sintered body comprises, by atomic percent, 10-25% R and 3-23% B, and is
compacted without applying a magnetic field. 7. A process as defined in any
of claims 1-6, wherein the heat treatment is carried out aftercooling
following the sintering. 40  8. A process as defined in any of claims 1-6,
wherein the heattreatment is carried out following the sintering. 9. A
process as defined In claim 7, wherein the cooling following the sintering
is carried out at a cooling rate of 20 degrees C/min or higher. 10. A
process as defined in any of claims 1-6, wherein heat treatment is carried
out at least at one stage. II. A process as defined in claim 10, wherein
heat treatment is carried out in two or more stages. 12. A process as
defined in any of claims 1-6, wherein the heat treatment is carried out as
a cooling procedure at a cooling rate of 0.2-20 degrees C/min within a
temperature range from 800 to 400 degrees C. 50 13. A process as defined in
claim 11, wherein heat treatment at a subsequent stage following a
preceding stage is carried out at a temperature lower than that of the
preceding stage. 14. A process as defined in claim 11, wherein the heat
treatment at the first stage is carried out at a temper- 65     ature of
800 degrees C or higher. 15  A process as defined in claim 13, wherein the
heat treatment at a second or further stage is carried out at a temperature
of 800 degrees C or less. This is the replacement sheet C    L1"
R.....*.......... Date: 13/02/93   



EP 0 126 802 B2 16. A process as defined in claim 12, wherein said cooling
procedure is carned outsubsequent to the sintering or any preceding heat
treatment stage. 17. A process as defined in any of claims 1-6, wherein the
heat treatment is carried out in a vacuum, or in a reducing or nonoxidizing
atmosphere. 18. A process as defined in claim 17, wherein the heat
treatment is carried out in a vacuum of 0.133 Pa (10[err] Torr) or less.
19. A process as defined in claim 17, wherein the heat treatment is carried
out in a reducing or inert gas at- mosphere having a gas purity of 99.99
mole % or higher. 20. A process as defined in claim 5 or 6, wherein the
nonoxidizing or reducing atmosphere is comprised of a vacuum, an inert gas
or a reducing gas. 15  21. A process as defined in claim 20, wherein the
inert gas or the reducing gas has a purity of 99.9 mole % or higher. 22. A
process as defined in claim 20, wherein the vacuum is 1.33 Pa (10-2 Torr)
or less. 20  23. A process as defined in claim 5 or 6, wherein the metallic
powder is an alloy powder having said respective composition. 24. A process
as defined in claim 5 or 6, wherein the metallic powder is a mixture of
alloy powders making up said respective composition. 25. A process as
defined in claim 5 or , wherein the metallic powder is a mixture of an
alloy or alloys having a Fe-B-R base composition and a powdery metal having
a complementary composition making up the respective final composition of
said metallic powder. 26. A process as defined in claim 25, wherein said
powdery metal comprises an alloy or alloys of the compo- 30   nental
elements of said final composition. 27. A process as defined in claim 25,
wherein said powdery metal comprises said componental elements of said
final composition. 35 28. A process as defined in claim 9, wherein the
cooling rate is 100 degrees C/min or higher. 29. A process as defined in
claim 6, wherein said additional elements M amount to no more than the
values specified below: 4.7% Ti,      4.7% Ni,      5.0% Bi, 40
10.5% V,      12.5% Nb,    10.5% Ta, 8.5% Cr.      8.7% Mo,      8.8% W.
8.0% Mn,      9.5% Al,      2.5% Sb, 6.0% Ge.      3.5% Sn,      5.5% Zr,
and 5.5% Hf 46 and the total amount of the additional elements M shall be
no more than the largest value among the spe- cified values. 30. A process
as defined in any of claims 1-4, wherein R is 12-24%, and B is 3-27%. 31. A
process as defined in claim 30, wherein R is 12-20%, and B is 4-24%. 32. A
process as defined in claim 31, wherein Ci is no more than 35%. 33. A
process as defined in claim 2 or 4, wherein Co is no more than 25%. 55 34.
A process as defined in claim 2 or 4, wherein Co is 5% or more. 35. A
process as defined in claim 6, wherein R is 12-20%, and B is 5-18%. 



27   This is the replacement sheet Date: 13/02/93    36. A process as
defined in claim 35, wherein R is 12-16%, and B is 6-18%. 37. A process as
defined in claim 3, wherein the additional elements M comprise at least one
selected from the group consisting of V. Nb, Ta, MO. W, Cr and Al. 38. A
process as defined in claim 10, wherein the heat treatment is carried out
at a temperature between 450 and 800 degrees C. 39. A process as defined in
claim 38, wherein the heat treatment is carried out at a temperature
between 500 10      and 700 degrees C. 40. A process as defined in claim 38
or 39, wherein the heat treatment is carried out approximately under an
isothermic condition at each stage. 41. A process as defined in claim 28,
wherein the sintered body is cooled down to a temperature of 800 de- 15
grees C or less. 42. A process as defined in any of claims 1-4, wherein
further impurities including Si do not exceed 5 atomic percent. 20  43. A
process as defined in claim 1 or 4, wherein at least 50 vol.-% of the
sintered body is occupied by fer- romagnetic Fe-B-R type compound having a
tetragonal crystal structure. 44. A process as defined in claim 3 or 5,
wherein at least 50 vol.-% of the sintered body is occupied by fer-
romagnetic Fe-Co-B-R type compound having a tetragonal crystal structure.
25 PatentanspruOhe 1. Verfahren zum Herstellen eines Permanentmagneten des
Typs Fe-B-R, das fdgende Stufen umfaBt 30      Zurverfflgungstellung sines
gesinterten Korpers mit einer Zusammensetzung, die, angegeben in Atom- %, 8
- 30 % R. worin R mindestens ein Seltenerdelement einschlieflich Y ist, 2 -
28 % Bor (B) und als Rest Eisen (Fe) umfaBt, und Wirmebehandidung des
gesinterten Korpers bei einerTemperaturvon 3500C bis zur Sintertemperatur,
wobei Wirmebehandlungen Ober einen langeren Zeitraum hinweg bei einer
Temperatur, die um 5 bis 200C unter der Sintertemperatur liegt, zur Bildung
von Kristallkorngr6Ben von 35     1100 pim oder graBer ausgeschlossen sind.
2. Verfahren nach Anspruch 1, worin die Summe aus Nd undhoder Pr nicht
weniger als 50 Atom-% der ge- samten Seltenerdelemente R betrigt. 3.
Verfahren nach Anspruch 1, worin in dem genannten gesinterten K8rper Nd
und/oder Pr nicht weniger 40      als 50 Atom-% der gesamten
Seltenerdelemente R betragen sowie ein Teil des Fe durch Cobalt (Co) er-
setzt ist, so daR der gesinterte Korper nicht mehr als 50 Atom-% Co
enthalt. 4. Verfahren nach einern dervorstehenden AnsprOche, wobei
dergesinterte K8rpermindestens sin zuslt- liches ElementM mit einem
Atomprozentwert, der nicht Ober den unten angegebenen Atomprozentwerten 45
liegt, enthalt, mit der Malgabe, dag bei der Zugabe von zwei oder mehr
Elementen, deren Gesamtmenge nicht graBer ist als dem grobten der
angegebenen Werte der tatsfichlich zugegebenen Elements ent- spricht 4,5 %
Ti, 8,0 % Ni, 5,0 % Bi, 9,5 % V, 12,5 % Nb, 10,5 % Ta, so            8,5 %
Cr, 9,5 % Mo, 9;5 % W. 8,0 % Mn, 9,5% Al, 2,5 %Sb, 



7,0% Ge, 3,5% Sn, 5,5% Zr und 5,5 % Hf. s   5.  Verfahren nach einem der
Anspruche 1 bis 4, worin die Stufe des ZuverfOgungstellens des gesintorten
K8rpers das Herstellen eines Metalipulvers mit der genannten
Zusammensetzung und mit einer mitteren TeilchengrOSe von 0,3 - 80 pm sowie
das Verdichten des Metallpulvers in einem Magnetfeld und des Sin- tern des
verdichteten Korpers bei einer Temperatur von 900 - 1 2000C in einer
nichtoxidierenden der re- __________________ _ 28  This is the replacement
sheet    duzierenden Atmosphire umfaMt 6   Verfahren nach Anspruch 5, worin
der gesinterte K6rper 10 - 25 % R und 3 - 23 % B, ausgedruckt in Atom- %,
enthalt und ohne Anwendung eines Magneffeldes verdichtet wird. C)      ~7.
Verfahren nach einem derAnsprOche I bis 6, worin die Warmebehandlung nach
dem Abkuhlen, das dem Sintern folgt, durchgeflhrt wird. 8  Verfahren nach
einem derAnspruche I bis 6, worin die Warmebehandlung nach dem Sintern
durchgefihrt wird. 9.  Verfahren nach Anspruch 7, wormn das dem Sintern
folgende Abkulhlen mit einer Abkuhlungsgeschwin- digkeit von 20Cfmin oder
schneller durchgef0hrt wird. 10. Verfahren nach einem der Anspruche I bis
6, worin die Wirmebehandlung in mindestens einer Stufe 15
durchgefulhrt wird. 11. Verfahren nach Anspruch 10, worin die
Wirmebehandlung in zwei odor mehr Stufen durchgefulhrt wird. 12. Verfahren
nach einem derAnsprOche I bis 6, worin die Wirmebehandlung als
Abkahlungsschritt mit einer 20      AbkOhlungsgeschwindigkeit von 0,2 -
20'C/min innerhalb sines Temperaturbereiches von 800 bis 400C durchgefihrt
wird. 13. Verfahren nach Anspruch 11, worin die Wirmebehandlung in einer
nachtriglichen Stufs, die einer vor- hergehenden Stufe foigt, bei einer
Temperatur unter der Temperatur der vorhergehenden Stufe durchge- tfihrt
wird. 14 Verfahren nach Anspruch 11, worin die Warmebehandlung in der
ersten Stufe bei einer Temperatur von 800C oder hoher durchgefuihrt wird.
15 Verfahren nach Anspruch 13, worin die Wirmebehandlung in einerzwerten
oder weiteren Stufe bel einer J      Temperatur von 8000C oder
wenigerdurchgefuihrt wird. 16 Verfahren nach Anspruch 12,
worinderAbkuhlungsschritt im Anschlue3 an das Sintern odor an irgendeine
vorhergehende Wirmebehandlungsstufe durchgef0hrt wird. 3s  17. Vertahren
nach einem der AnsprOche 1 bis S. worin die Wirmebehandlung in einem Vakuum
oder In elner reduzierenden oder nichtoxidierenden Atmosphire durchgeffihrt
wird. IS  Vertahren nach Anspruch 17, worin die Wirmebehandlung in einem
Vakuum von 0,133 Pa (10-'3 Ton) oder weniger durchgeahrt wird. 19.
Verfahrsn nach Anspruch 17, worin die Warmebehandlung in einer
reduzierenden oder inerten Gasat- mosphire rmt einer Gasreinheit von 99!99
Mol-% oder hoher durchgeflhrt wird. 20. Verfahren nachAnspruch Soder8,worin
die nichtoxidierende oderreduzierendeAtnosphireeinVakuum, 45      ein
Inertgas odor em reduzierendes Gas umtfat. 21. Verfahren nach Anspruch 20,
worin das Inertgas oder das reduzierends Gas eine Reinheit von 99,9 Mol- %
odor hbher aufweist. 22. Verfahren nach Anspruch 20, worin das Vakuum 1,33
Pa (10- Torr) oder weniger aufweist. 



50* 23. Verfahren nach Anspruch 5 oder 6, worin das Metallpulver ein
Legierungspulver mit der jeweligen Zu- sanunensetzung !st. 24. Verfahren
nach Anspruch 5 oder6, worin das Metallpulverein Gemisch aus
Legierungspulvern ist, welche 55      die jeweilige Zusamrnensetzung
ausmacht. 25. Verfahren nach Anspruch 5 oder 6, worin das Metalipulver ein
Gemisch aus einer Legierung odor aus Legierungen mit einer
Fe-B-R-Basiszusammensetzung und einem pulverformigen Metall mit einer kom-
n   sammensetzung ist, Jie die leweitie                          v'era
wrkt. 26. ;.;, '. .'' c'f .'           da2c6  w  s   er   Mel ene Legierung
oder Legihrungende Be- t '       , 4' s~a'ndeielselementh der
Endzusammensetzung enthalt. 5 27. Verfahren nach Anspruch 25, worn des
pulverfbrmige Metall die Bestandteilselemente der Endzusam.. mensetzung
enthalt. ()-   G     28. Verfahren nach Anspruch 9, worin die
Abkuhlungsgeschwindigkeit IOOClmin oder mehr betragt. 10  29. Verfahren
nach Anspruch 6, worin die zusatzlichen Elemente M nicht mehr als die
nachfolgenden Werts betragen: 4,7 % TI.4,7 % Ni, 5,0 % Bij 10,5 % V, 12,5 %
Nb, 10,5 % Ta, 8,5%Cr,8,7%Mo,8,8%W, |5f    58,0 %Mn, 9,6%Al, 2,5 %Sb,- 6,0
% Ge, 3,5 % Sn, 5,5 % Zr und 5.5%Hf und die Gesarntmenge der zusgt7Jichen
Elemente M nicht mehr als der gr5Bte der vorgenannten Werte ausmacht. 20
30. Verfahren nach einem der AnsprOche I bis 4, worin R 12 - 24 % und B 3 -
27 % betrAgt.       3 31. Verfahren nach Anspruch 30, worin R 12 - 20 % und
B 4 - 24 % betrAgt.           . 25  32. Verfahren nach Anspruch 31, worin
Co nicht mehrals 35 % ausmacht. 33. Verfahren nah Anspruch 2 oder 4, worin
Co nicht mehr als 25 % ausmacht 34. Verfahren nach Anspruch 2 oder 4, worin
Co 5 % oder mehr ausmacht. }   ~30  35. Verfahren nach Anspruch 6, worin R
12 - 20 % und B 5- 18 % betragt. 36. Verfahren nach Anspruch 35, worin R 12
- 16 % und B 6- 18 % betrigt. 37. Verfahren nach Anspruch 3, worin die
zusfitzlichen Elemente M mindestens elnes der Elemente V, Nb, |       Ta,
MO, W, Cr und Al enthalten. 38  Verfahren nach Anspruch 10, worin die
Wlrmebehandlung be! einerTemperatur zwischen 450 und 800eC
durchgeflhrtwird. 39. Verfahren nach Anspruch 38, worin die Wlrmebehandlung
bei einerTemperaturzwischen 500 und 700C durchgealhrt witd. 40. Vorfahren
nach Anspruch 38 odor 39, worin die Warmebehandlung in jeder Stufe unter
annahernd iso- thernischen Bedingungen durchgefflhrt wird. 45  41.
Verfahren nach Anspruch 28, worin der gesinterte K8rper auf eine Temperatur
von 800C oder weniger abgek0hit wird. 



42. Verfahren nach einem derAnsprOche I bis 4, worin zusatzlich vorhandene
Verunreinigungen, sinschi e&- lich Si, 5 Atom-% nicht Oiberschreiten. 50
43. Verfahren nach Anspruch I oder 4, worin mindestens 50 Vol-% des
gesinterten Kapers auf sine ferro- magnetische Verbindung des Type Fe-B-R
mit einer tetragonalen Kristallstruktur entrailen. 44. Verfahren nach
Anspruch 3 odor 5, worin. mindestens 50 Vol-% des gesinterten Korpers auf
sine ferro- magnetische Verbindung des Typs Fe-Co-B-R mit einer
tetragonalen Kristallstruktur entfallen. 30 This is the rep ~Ql~Ot shet
Date: it~/~' I/_    Revendications 1.  Proc6d6 de production d'un aimant
permanent du type Fe-B-R, consistant: A preparer un corps fritte ayant une
composition comprenant, en pourcentage atomique, 8 A 30 % 5 1     de R. R
etant au moins un element faisant partie des terres rares, y compris Y. 2 A
28 % de bore (B), le reste 6tant du for (Fe), et A soumettre A un
traitement thermique le corps fritt A une temperature comprise dans
l'intervalle de 350C A la temperature de frittage, des traitements
thermiques pendant un temps prolong6 A une tern- pbrature inf~rieure de 5 a
200C A la tempbrature de fittage pour obtenir un diametre des grains
cristallins 10       ghal ou supbrleur A 100 pm 6tant exclus. 2.  Procede
suivant la revendication 1, dans lequel la somme des quantites de Nd et/ou
Pr nest pas inferieure A 50 % de la quantite totale des elements R faisant
partie des terres rares. 15 3 Procbdb suivant la revendication 1, dans
lequel, dans le corps fritte, la quantite de Nd etlou Pr n'est pas
inferieure A 50 % de la quantite totale des 61ements (R) faisant partie des
trres rares, et une partie du Fe est remplacee par le cobalt (Co), de
maniere que le corps frittA ne comprenne pas plus de 50 % de Co. a4
Procbd1 suivant l'une des revendications prnc~dentes, dans lequel le corps
fritte comprend au moins un -lbment M supplementaire en une quantitf non
superieure aux valeurs, en pourcentage atomique, men- K,         tionn6es
ci-dessous , sous reserve que, lorsque deux ou plus de deux elements M
sontajoutes, Ieurquan- Oti totale n'excede pas la valeur la plus eIevee
parmi les valeurs mentionnbes des elements reellement ajoutis: 25 4,5 % Ti,
8,0 % Ni,    5,0 % Bi, 9,5 % V,  12,5 % Nb,  10,5 % Ta, 30
8,5  % Cr,   9,5 % Mo,    9,5  % W, 8,0  % Mn,  9,5 % Al,    2,5  % Sb, 7,0
%Ge,  3,5 %Sn,    5,5 %Zr et 5,5 % Hf. 35 5   Procede suivant l'une
quelconque des revendications 1 A 4, dans lequel I'btape de preparation du
corps fritbe consists: A preparer une poudre metallique ayant la
composition mentionnee et un diamntre moyen de par- ticules de0,3 A 80 pm,
et 



da compacter ladite poudre metallique dens un champ magneffque, et A
friter'le corps compacte A une temperature de 900 A 1 2000C sous une
atmosphere non oxydante ou r6ductulce.
a 6.  Procede suivant la revendication 5, dans lequel le corps fritte
comprend, en pourcentage atomique, 10 A 25 % de R et 3 A 23 % de B, et est
compacte sans application d'un champ magnetique. 7.  Procede suivant l'une
quelconque des revendications 1 A 6, dans lequel le traitement thermique
est ef- fbctue apres le refroidissement suivant le frittage. co   a
ProocdA suivant lune quelconque des revendications 1 A 6, dans lequel le
traitement thermique est ef- fectue apres le frittage. 9.  Procede suivant
la revendication 7, dans lequel le refroidissement suivant le frittage est
effectu6 a une vitesse de refroidissement egale ou superieure a 20C/min. 55
10. Procede suivant 'une quelconque des revendications 1 A 6, dans lequel
le traitement thermique est ef- fectu6 en au moins une etape. 31 This is
the replacement sheet Date: 13/02/93    ,;      -    r             :
'!.  .  1: I.  .  'MMt i ! II. Proc6de suivant la revendication 10, dans
lequel le traitement thermique est effectue en deux ou plus de deux etapes.
12. Proced6 suivant l'une quelconque des revendications I A 6, dans lequel
le traitement thermique est ef- 5       fectue sous forms d'un proced6 de
refroidissement a une vitesse de refroidissement de 0,2 A 20Cfmin dans une
plage de temperatures de 800 A 400C. 13. Proc6d6 suivant la revendication
11, dans lequel le traitement thermique A une etape posterieure A une 6tape
qui la pr6cede est effectue A une temperature inf6rieure a cells de 'etape
qui la precede. 10  14. Proc6d6 suivant la revendication 11, dans lequel le
traitement thermique lors de la premire, 6tape est ef- fectue A une
temperature egale ou supeideure A 800C. 15. Procede suivant la
revendication 13, dans lequel le traitement thermique A une seconde 6tape
ou une etape ulterieure est effectue A une temperature egale ou inferieure
A 800C. 16. Procede suivant la revendication 12, dans lequel le proc6d6 de
refroidissement est mis en oeuvre apres le frittage ou une etape precedente
quelconque de traitement thermique. 17. Procede suivant l'une quelconque
des revendications I A 6, dans lequel le traitement thermique est ef- 20
fectu6 sous vide ou bien sous une atmosphere r6ductrice ou non oxydante.
18. Procede suivant la revendication 17, dans lequel le traitementthermique
est effectu6 sous un vide corres- pondant A une pression 6gale ou
inf~rieure a 0,133 Pa (10 3torr). 25  19. Procede suivant la revendication
17, dans lequel le traitement thermique est effectu6 sous une atnos- phere
r6ductrice ou do gaz inerte dont la puret6 du gaz est 6gale ou superieure A
99,99 moles %. 20. Procede suivant la revendication 5 ou 6, dans lequel
l'atmosphere non oxydante ou r6ductrice correspond a une mise sous vide ou
est constitu6e d'un gaz inerte ou d'un gaz reducteur. J  21. Proced6
suivant la revendication 20, dans lequel le gaz inerte ou le gaz r6ducteur
posside une puret6 6gale ou superieure A 99,9 moles %. 22. Procede suivant
la revendication 20, dans lequel ie vide correspond A une pression egale ou
inmfrieure 



A 1,33 Pa (10-2 torr). 35 23. Procede suivant Ia revendication 5 ou 6, dans
lequel la poudre metallique est une poudre daliage ayant la composition
correspondant aux proportions respectives. 24. Proced6 suivant la
revendication 5 ou 6, dans lequel la poudre metallique est un m6lange de
poudres dal- 40      liages permettant de parvenir a la composition
correspondant aux proportions respectives. 25. Procedbsuivantla
revendication 5 ou 6, dans lequel la poudre metallique estun m6lange dun ou
plusleurs alliages ayant une composition du type Fe-B-R et d'un mAtal
pulverulent ayant une composition compl6- mentaire, permettant'de parvenir
A la composition finale, en les proportions respectives, de la poudre 45
mnetallique. 26 Proced6 suivant la revendication 25, dans lequel le metal
pulverulent comprend un ou plusieurs atliges des 6l6ments constitutifs de
la composition finale. 27. Proc6d6 suivant la revendication 25, dans lequel
le m6tal pulverulent comprend les el6ments constitutifs * de la composition
finale. 28. Procede suivant la revendication 9, dans lequel la vitesse de
refroidissement est 6gale ou sup6rieure A I00c/min. 55   29. Procede
suivant la revendication 6, dans lequel les elements supplementaires M sont
prbsents en des quantites non superieures aux valeurs mentionnees
ci-dessous 32                      This isthe replacement sheet    .JLi i i
-,,j:.kB 4 ;i 4                                         t!. 4. 4,7  % Ti,
4,7 % Ni,        5,0  % Bi, 10,5 % V,        12,5 % Nb,    10,5  % Ta, Q t)
8,5 % Cr,        8,7 % Mo,        8,8  % W, 8,0 % Mn,        9,5 % Al,
2,5 % Sb, 6,0 %Ge,         3,5 %Sn,         5,5 % Zr et 5,5% Hf 10 et Is
quantite totals des elements supplementaires M est non superieure a la
valeur la plus elev6e parmi les valeurs mentionnees. 30. ProoWe suivant
l'une quelconque des revendications I a 4, dans lequel R est present en une
quantite 15      de 12 A 24 % et B est pr6sent en une quantit6 de 3 a 27%.
31. ProcWd6 suivant la revendication 30, dans lequel R est present en une
quantite de 12 a 20 % et B est present en une quantite de 4 A 24 %. 32.
Procede suivant la revendication 31, dans lequel Co est present en une
quantite non superieure & 35%. 20 33. Procede suivant la revendication 2 ou
4, dans lequel Co est present en une quantitd non sup6rieure a 25 34.
Proc6d6 suivant la revendication 2 ou 4, dans lequel Co est present en une
quantit6 egale ou superieure 25      a5%. 35. Proc6d6esulvantla
revendication 8, dans lequel R est pr6esent en une quantite de 12 A 20 % et
B eat present en une quantite de 5a 18 %. 30  36. Procede suivant la
revendication 35, dans lequel R est present en une quantite de 12 A 16 % et
B est pr~sent en une quantite de 6 A 18 %. 



37. Procede suivant la revendication 3, dans lequel les elements
supplementaires M consistent en au moins un element choisi dans le group.
comprenant V, Nb, Ta, Mo, W, Cr et Al. 38. Proc6de suivant la revendication
10, dans lequel le traitement thermique est effectue A une tempdrature
comprise dans l'intervalle de 450 a 8000C. 38. Procede suivant la
revendication 38, dans lequel le traiteMent thermique est effectue A une
tbmperature comprise dans 'intervelle de 500 A 700C. 40. Procede suivant la
revendication 38 ou 39, dans lequel le traitement thermique est effeotue
approxlma- tivement A un 6Wet isotherme A chaque Mtape. 41. Procede suivant
la revendication 28, dans lequel le corps fritte est refroidi A une
tbmperature egale ou 45      irinferieure A 800C. 42. ProcWdl suivant l'une
quelconque des revendications I a 4, dans lequel les impuretes
supplementaires renfermant Si n'excedent pas 5 % atomiques. 43. Procede
suivant la revendication 1 ou 4, dans lequel au moins 50 % en volume du
corps fMiUtt sont occupls par un compose ferromagnetique de type Fe-B-R
ayant une structure cristalline tetragonale. 44 Procede suivant la
revendication 3 ou 5, dans lequel au moins 50 % en volume du corpsfritte
sontoccupes par un compose ferromagnetique de type Fe-Co-B-R ayant une
structure cristalline tetragonale. 55 This is the replacement sheet Date:
13/02/93    


