
I EP 0 430 278 Bi Description This invention relates to a Fe-B-R permanent
magnet. A permanent magnet material is one of crucial electrical and
electronic materials employed In a wide range 5   of the technical field
from domestic electrical appliances to automotive vehicles, communication
equipment and peripheral or terminal devices of electronic computers. K,
In keeping up with the recent demand for high performance and small size of
the electrical and electronic appliances, high performance Is also demanded
of permanent magnets. Although the rare earth cobalt magnet has been
conventionally known as the permanent magnet capable of meeting such
demand, such rare earth io  cobalt magnet is in need of as much as 50 to 80
wt % of cobalt and a large amount of Sm which is contained In only a minor
amount In rare earth ores and is expensive. In our recent investigations, a
ternary compound containing Iron-boron-rare earth elements R as essential
elements has been found, in which Sm and Co, scarce in natural resources
and hence expensive, are not con- tained as essential elements, light rare
earth elements, such as Nd andlor Pr, contained relatively abundantly 15
in rare earth ores, are used predominantly as the rare earth elements and
in which superior uniaxial magnetic anisotropy and magnetic properties are
displayed, have been realized through the use of iron and boron. Based on
this finding, an Fe-B-R sintered magnet showing magnetic anisotropy and
high permanent magnetic prop- erties has been proposed, which exhibits a
maximum energy product far exceeding that of the conventional rare earth
cobalt magnet (Japanese Patent Kokoku Publication No. 61-34242/1986). 20
On the other hand, the permanent magnets are subjected to an increasing
extentto more and more hostile environments, such as increased
self-demagnetizing fields resulting from the decreased magnet thickness,
strong reverse magnetic fields applied from coils or other magnets or high
temperatures resulting from in- creased operating speeds or increased loads
applied to devices or apparatus making use of the magnets. It has been
known that the Fe-B-R magnetically anisotropic sintered magnet containing
Nd and/or Pr as 25  the rare earth elements is not affected by slight
changes in the composition or the method of production and has a
substantially constant temperature coefficient of the coercivity iHc about
equal to 0.6 %1/C. Hence, a still higher coercivity is required of the
permanent magnet to be employed in such hostile envir- onments. The
assignee of the present Application has also proposed an Fe-B-R permanent
magnet In which heavy 30  rare earth elements such as Dy andlor Tb are used
as a part of R to meet the demand for high coercivity (Jap- anese Patent
Kokai Publication No. 60-3260611985). The above mentioned sintered
magnetexhibiting a markedly high coercivitywithout lowering the maximum
energy product may also be obtained if the small or trace amounts of
impurities contained in industrial level starting materials, such as At,
Si, Cu, Cr, Ni, Mn or Zn, are adjusted, and the starting material so
adjusted is 35  subjected to predetermined heat treatment (Japanese Patent
Kokai Publication No. 1-220803/1989). Problems to be Solved by the
Invention The above mentioned permanent magnet containing heavy rare earth
elements, such as Dy andlor Tb, is 40  unbeneficial for industrial
production, since Dy and Tb are contained only in minor amounts in rare
earth ores and are expensive. For increasing coercivity without employing
these expensive rare earth elements, there have been pro- posed a method of
adding additional elements M, such as V, Cr, Mn, Ni, Mo or Zn (Japanese
Patent Kokai Publication No. 59-8940111984) and a method of increasing the
amounts of rare earth elements, such as Nd 45  and/or Pr, and boron
(Japanese Patent Kokoku Publication No. 61-34242/1986). Although, the
method of using the additional transitional elements M has the marked
effect on increasing the coercivity by the addition of 1 to 2 atomic
percent of M, addition of more amounts of M for attempting further increase
of the coercivity results in a very little effect on Increasing the
coercivity. In addition, many elements of M form nonmagnetic borides with
boron to lower the maximum energy product acutely. On the other hand, 50
an increase in the amount of the rare earth elements or boron is thought to
cause a gradual increase in coer- civity and an acute lowering in the
maximum energy product, as in the case of Increasing the amount of M. On
the other hand, in keeping up with the tendency towards high performance
and the shift of the com- position of the Fe-B-R permanent magnet towards
low R and low B composition, Fe primary crystals are pre- 



cipitated in the ingot to deteriorate pulverizability. 55      Besides, the
Fe-B-R permanent magnets containing rare earth elements and iron
susceptible to oxidation in air and to gradual formation of stable oxides
are inferior In corrosion resistance. Although this problem may be
eliminated to some extent by the above mentioned addition of Co, the
initial magnetic properties are lowered and become unstable in the
corrosion resistance tests under the conditions of a temperature of 80 OC
and a 2    EP 0 430 278 B1 relative humidity of 90 percent.This is due to
the tendency that the addition of Co also results in lowered co- ercivity
iHe and flexural strength. c   Object of the Invention It is a principal
object of the present invention to provide an Fe-B-R permanent magnet in
which the above mentioned problems are eliminated, that is in which the
presence of the expensive heavy rare earth elements are not essential, the
maximum energy product is not acutely lowered with increase in the
coercivity and main- 1o  tamned at 20 MGOe or higher, the coercivity is
high with at least 15 kOe, the coercivity is not acutely lowered by an
addition of Co and excellent pulverizability of the magnet alloy and
excellent corrosion resistance are exhibited. IEEE Transactions on
Magnetics, 25(1989) September, no. 5, New York, US, pages 3770 - 3772
discloses the addition of up to 1,4 at % of Mo to Nd-Fe-Co-B alloys to get
a tetragonal Mo2 FeB2 phase. JP-A-62-218543 16  advices the addition of 0.1
to 2 at % of (Cu.AI) to improve the corrosion resistance. Solution of the
object by the invention The above object is solved by the permanent magnet
according to independent claim 1. Further advan- 20  tageous features of
this permanent magnet are evident from the dependent claims, the
description, examples and drawings. The claims are intended to be
understood as a first non-limiting approach of defining the inven- tIon in
general terms. The invention provides an Fe-B-R permanent magnet, which is
not demagnetized when built into, for example, an electric motorfor an
automotive vehicle, and used in a high temperature atmosphere. More
particularly, it relates to a permanent magnet containing Mo, Al and Cu as
essential elements and scarce 25  and expensive heavy rare earth elements,
such as Dy or Tb, as inessential elements and exhibiting superior alloy
pulverizability and corrosion resistance as well as high coercivity with a
high maximum energy product. Explanation of the Inventive Solution 30
As a result of applicant's investigations into the composition of the
Fe-B-R permanent magnets for improv- ing the coercivity, the present
invention has been achieved based on findings: that addition of Mo results
in improved fining of the Fe primary crystal grains In the ingot and in an
Im- proved pulverization efficiency; that addition of Mo, At and Cu in
combination under a prescribed linear relation of concentrations be- 35
tween Mo and B results in high coercivity lHc and in an increased
temperature range within which the high iHe may be exhibited; that addition
of Mo, At and Cu in combination under a prescribed linear relation of
concentrations be- tween Mo and B results in the provision of a specific Co
concentration range within which high iHc may be exhibited; 40       that
the effect of the addition of Mo, At and Cu in combination is cumulative
with the effect of Dy, re- suiting in further increasing iHc by 5 kOe,
while the amount of addition of Dy may be decreased significantly (Dy
increases iHc at a rate of 2 kOe per weight percent); and thatthe Fe-B-R
permanentmagnetcontaining Mo,At and Cu as essential elements exhibits a
maximum energy product of 20 MGOe or higher and a high coercivity of 15 kOe
or more, while being excellent in pulver- 45  izability of the magnet alloy
and excellent in corrosion resistance. Such findings have led to the
present in- vention. Special Aspects of the Invention 50      Thus a
primary aspect of the present invention resides in a permanent magnet
comprises: 12 to 18 atomic percent of R. wherein R represents Pr, Nd, Dy,
Ta and other rare earth element or ele- 



ments contained as inevitable impurities provided that 0.8:9 (Pr + Nd + Dy
+ Tb)IR 9 1.0, 5 to 9.5 atomic percent of B; 2 to 5 atomic percent of Mo;
55        0.01 to 0.5 atomic percent of Cu; 0.1 to 3 atomic percent of At;
and the balance being Fe, or Fe and Co substituting a part of the Fe
According to another aspect of the present invention, if the amount of B in
atomic percent is designated x and the amount of Mo in atomic percent is
designated y, the linear relation between B and Mo concentrations 3    EP 0
430 278 B1 is such that (x - 4.5) 5 y 5 (x - 3.0). Also, according to a
further aspect of the present invention, not more than 90 percent of Mo is
replaced 5   byV. Also, according to a still further aspect of the present
invention, Fe is partially replaced by Co in a Co amount of 3 to 7 atomic
percent. Particularly, the present invention provides an anisotropic
sintered permanent magnet in which alloy pow- ders are press-molded
(compacted) in a magnetic field and sintered to produce a anisotropic
sintered body, 10  and the sintered body thus produced is heat-treated. The
improved sintered permanent magnet can be ob- tained through a specific
process based on the compositional features as set forth hereinabove.
Meritorious Effects of the Invention 15      The permanent magnet obtained
in accordance with the present invention has the maximum energy prod- uct
of 20 MGOe or more and coercivity of 15 kOe or higher, while it is not
demagnetized at elevated tempera- tures of 1509C or higher and exhibits
stable magnetic properties. The amount of addition of Dy and/or Tb, which
has been conventionally necessitated to obtain high coer- civity, may be
reduced to about one half or two thirds and the efficiency of the
pulverizing step for producing 20  alloy powders is improved so that a
permanent magnet stable at elevated temperatures and excellent in cor-
rosion resistance may be produced at reduced costs. Fig. I is a chart
showing the relation between the pulverization time duration and the mean
particle size according to Example 1. Fig. 2 is a chart showing the
relation between the amount of Co and the coercivity iHc according to Ex-
25  ample 2. Fig. 3 is a chart showing the relation between the amountof
Dyand the coercivity iHc according to Example 3. Figs. 4 a, b and c are
charts showing the relation between the amount of Mo on one hand and Br,
(BH)max and iHc, on the otherhand, respectively, according to Example 4. so
Fig. 5 is a chart showing the relation (relative ratio) between the amount
of residual powders u and the specific amount of residual powders according
to Example 6. Fig. 8 is a chartshowing the relation between the amount of
Moand the weightgain rate AW/Wo according to Example 8. Fig. 7 is a graph
showing the relation between coercivity lHc and Cu content depending on
different cooling 35  rate after the sintering in the as-sintered state.
PREFERRED EMBODIMENTS AND REASONS OF LIMITATIONS OF THE PROPORTIONS
According to the present invention, the rare earth elements R are Pr, Nd,
Dy, Tb and other rare earth ele- 40  ments (La, Ce, Sm, Gd, Ho, Er, Tm,
Yin, mainly of La, Ce) contained as impurities, on the condition that the
equation 0.8 5 (Pr + Nd + Dy + Tb)/R 5 1.0, including the case where R
entirely consists of Pr and/or Nd, is satisfied. In many cases, it suffices
to use one orboth of Prand Nd. However, a mixture ofthe above mentioned
rare earth elements may also be used, depending on the state of
availability of the starting material. Thus a mixture of at least one of Nd
and Pr (preferably Nd) and at least one of Dy and Tb (preferably Dy) has
the prac- 



45  tical importance. The amount of R is selected to be in the range from
12 to 18 atomic percent since, if it is lower than 12 atomic percent, the
high coercivity of 15 kOe or higher, characteristic of the present
invention, is not achieved, whereas, if it is higher than 18 atomic
percent, the residual magnetic flux density (Br) is lowered and hence the
(BH)max of 20 MGOe cannot be realized. 50      The amount of R in the range
from 15 to 17 atomic percent is most preferred since the coercivity of 18
kOe or higher may then be obtained without lowering the (BH)max. Although
solely Nd and/or Pr as R in the present invention are responsible for high
coercivity of the per- manent magnet, with heavy rare earth elements being
not essential, minor amounts of Dy and/or Tb may be substituted for Nd
and/or Pr, if necessary, for further increasing the coercivIty. 55
Even a small amountofDy and/orTb is effective to increase the coercivity.
Since the presence of Nd and/or Pr already gives rise to the effect
equivalent to or better than those obtained by conventional positive
addition of Dy and/or Tb as mentioned hereinbefore. Therefore, the upper
limit of addition of Dy and/or Tb is set to 3 atomic percent. The addition
of Dy serves to increase iHc at a rate of 2 to 2.4 kOe per one weight
percent Dy (4.7 to 5.6 kOe per atomic percent), whereas (BH)max decreases
at a rate of I to 1.3 MGOe per one weight 4    EP 0 430 278 B1 percent Dy.
This tendency and the expensive cost of Dy, Tb require this upper
limitation. However, the effect of Dy and/or Tb may be generally expressed
as follows: iHc (cOe) m 15 + ax (4.7 5 az5 5.6) where x represents the
amount of heavy rare earth elements Dy and/or Tb. Here, 0< x 5 5 will
satisfy 5   the requirement of (BH)max of at least 20 MGOe. Although 5
atomic percent or more of B need be added in the present invention to
realize the maximum energy product of not less than 20 MGOe and the
coercivity of not less than 15 kOe, the amount of B Is selected to be in
the range from 5 to 9.5 atomic percent because the residual magnetic flux
density tends to be lowered if the amount of B exceeds 9.5 atomic percent.
10     By adding Mo in accordance to a feature of the present invention,
the B-rich phase (R1,,Fe4B4 where R = rare earth elements mainly of Nd
and/or Pr) disappears, whereas the phases shown by, when Co is present,
following phases become prevalent main tetragonal phase: R2(e, Co, Mo)14B
(Mo is very small amount) boundary phases surrounding the main tetragonal
phase 15        R-rich phase mainly of (LRE)3Co where LRE is light rare
earths: Rm(Fe, CO MO)n    (m/n = 1/2 - 3/1) RO. (R = mainly Nd, Pr) (x = I
- 1.5) B-rich phase: (Fe, Mo, Co),. 2B (Most of Mo is present here) (mainly
of Mo2FeB2) wherein the underlined element represents the ma- 20  jority
element in each phase. When Co is not present, the phases are: main
tetragonal phase: R2(Fe, Mo)14B boundary phases B-rich phase: mainly of
Mo2FeB2 R-rich phase: mainly of (LRE) metals, and 25             (LRE)
oxides. On the other hand, the high iHc may be realized over an increased
wide range of temperatures, such that the lowering in iHc due to the
addition of Co may be avoided. As for the B-rich phase R1 ,Fe4B4 the value
of 6 is 21/19 to 31/27. (Refer to H. F. Brawn et al, Proc. VII Inter. Conf.
of Solid Compounds of Transition Elements, Grenoble (1982)11, B11) 30
As the Rm(Fe, C, Mn), phase, binary R-Co compounds R3Co predominantiy occur
at a range of 0 < Co 5 8 atomic percent (In this phase a very small amounts
of Fe, Mo and Dy are detectable) but the majority is (Pr, Nd) and Co. At a
greater Co amount, R7Co3 and R3Co are predominant. In addition, the
resistance to moisture becomes twofold, while iHc may be improved without
resorting to 



Dy. Since the B-rich phase disappears and R becomes redundant, with Dy and
(Nd and/or Pr) being distributed 35  to a greater extent to the main phase
and to the R-rich phase, respectively, so that, as a resultof concentration
of Dy in the main phase, the effect of addition of Dy may be enhanced. The
Dy concentration In the R of the R-rich phase was observed only at 2 atomic
percent or less of the entire R. The amount of Mo in excess of 2 atomic
percent is necessary for realizing the above effect. On the other hand, if
the amount of Mo exceeds 5 atomic percent, it becomes desirable to increase
the concentration of B 40  with increase in the amount of Mo, as will be
explained subsequently. As a result, the maximum energy product is
decreased to less than 20 MGOe. Hence, the amount of Mo is selected to be
in the range from 2 to 5 atomic percent The amount of B in the range from 6
to 8 (or further 7 to 8) atomic percent is most desirable since the
coercivity of 17 kOe without addition of Dy or higher with addition of Dy
and the maximum energy product of 45  28 MGOe or higher may be realized at
room temperature. Although Cu need be added in an amount of 0.01 atomic
percent or more for improving the coercivity, the amount of Cu is selected
to be in the range from 0.01 to 0.5 atomic percent since the addition of Cu
in an amount in excess of 0.5 atomic percent results in the deteriorated
squareness of the demagnetization curve. Therefore, the amount of Cu is
selected to be in the range from 0.01 to 0.5 atomic percent. The optimum
squareness of 50  the demagnetization curve may be obtained by the addition
of Cu in an amount of 0.02 to 0.2 (further 0.02 to 0.09) atomic percent.
The presence of Cu up to 0.3 atomic percent improves the coercivity at
as-sintered state. Although At need be added in an amount of 0.1 atomic
percent or more for improving the coercivity as described above (by about
6.6 kOelat % up to 1.3 at % At, above which increase rate slightly
dimishes), addition of AX in an amount in excess of 3 atomic percent
results not only in a lowered maximum energy product but in 55   a marked
lowering In the Curie temperature Tc and In a marked deterioration in the
thermal stability. Therefore, At Is selected to be in the range from 0.1 to
3 atomic percent. The To decreases at a rate of about 10 OC while (BH)max
decreases at a rate of about 2.6 MGOe, each per atomic % Al. In the present
invention, if the amount of B is excessive as compared to that of Mo, the
B-rich phase (R1,8Fe4B4) is increased, so that the effect of increasing the
coercivity brought about by the addition of Mo 5    EP 0 430 278 Bi cannot
be obtained. However, if the amount of B is small, the R2Fe17 phase appears
degrading the squareness of the demagnetization curve. Therefore, if the
proportion of the amounts between B and Mo given by the formula 5
(x - 4.5)* :5 y -- (x - 3.0)s* (determined by iHc) ** (determined by Br
&(BH)max) wherein x denotes the amount in atomic percent of B and y the
amount in atomic percent of Mo, Is satisfied, the high iHc, high (BH)max
and high squareness may be realized simultaneously, thus more preferred. 10
Although it has been also found that a Nd-Fe-Dy-B-V-Co permanent magnet
obtained by addition of V- Co results in increased coercivity, the
composition if the definitive phases becomes similar to the low-B com-
position due to the strong bonding between V, Fe and B, so that more Fe in
the Ingot is precipitated than In the case of the conventional alloy, and
hence difficulties are presented in pulverizing the alloy ingot. Mo and V
are mutually replaceable in view of coercivity effect. However, in order to
suppress occurence 15  of the Fe primary crystal to a level such that will
not deteriorate the pulverizability, Mo should be present in an amount of
at least 10 % of (Mo + V). Namely, by substituting V for 10 atomic percent
or less of the entire Mo, the effect of the improved coercivity and the
effect of fining of the Fe primary crystal grains In the ingot may be
achieved simultaneously maintaining satisfactory pulverizability. This is
thought to be due to the con- tribution of Mo shifting the liquidus line of
primary Fe crystallization toward Fe-rich composition, whereas V 20  shifts
the liquldus line toward Fe-poor composition so that practically important
compositions for permanent magentfabrication is entirety covered within a
region wherethe primary Fe crystallizes as largedendriteswhen V is
incorporated. 



Although Co has the effect of raising the Curie temperature of the Fe-B-R
permanent magnet and improv- ing the corrosion resistance as well as
temperature characteristics of the residual magnetic flux density, ad- 25
dition of Co results in an undesirably lowered iHc. However, with the
addition of Mo, Ae and Cu in combination with Co In an amount of 3 to 7
atomic percent, a high iHc may be achieved. An amount of 4 to 6 atomic
percent is most preferred for realizing a still higher iHc. On the other
hand, addition of one or more of Co, Cr and Ni so that the sum total
accounts for 0.5 atomic percent or more, the amount of oxidation during the
step of handling fine powders can be advantageously re- 30  duced. If Cr is
added further in an amount of I atomic percent or more, the corrosion
resistance of the alloy powders and the product magnet is Improved
significantly. With the permanent magnet of the present invention, Fe
accounts forthe balance of the sum of the above mentioned elements. During
production of the permanent magnet according to the present invention, 02
or C may be included 35  in the sintered body, depending on the production
process. That is, these substances may be mixed from the process steps of
raw materials, handling, melting, pulverization, sintering,
heat-treatmentand the like. Although an oxygen amount up to 8,000 ppm of
these substances is not deleterious to the effect of the invention, it is
preferably maintained in an amount of not more than 6,000 ppm. C may also
be mixed in from the raw materials or derived from the intentionally added
substances such 40  as the binder or lubricant for improving moldability of
the powders. Although the carbon content of up to 3,000 ppm in the sintered
body is not deleterioustothe effectof the present invention, the carbon
content is preferably 1,500 ppm or less. Production Process 45 The
permanent magnet of the present invention having the above described
composition exhibits superior magnetic properties not only as the isotropic
magnet produced in accordance with the known method such as casting
orsintering, but also as the magnetically anisotropicsintered magnet
produced by the method here- inafter explained. 50      First, alloy
powders having the Fe-B-R composition as the starting material are
produced. The alloy obtained by usual melting is cast and cooled under
conditions which will not produce an amor- phous state. The alloy ingot
thus produced is crushed and pulverized followed by sieving and/or mixing,
to pro- duce alloy powders. Alternatively, alloy powders may be produced
from oxides of rare earth elements by the co-reducton (or direct reduction)
method. 55      The mean particle size of the alloy powders is in the range
from 0.5 to 10 plm. The mean particle size of 1.0 to 5 jan is most
preferred for realizing superior magnetic properties. Pulverization may be
performed by a wet method in a solvent or by a dry method in N2 or the like
gas. However, for realizing higher coercivity, pulverization by a jet mill
or the like is preferred since a more uniform particle size of the powders
may thereby be obtained. 6    EP 0 430 278 B1 The alloy powders are then
molded by forming (compacting) methods similar to the usual powder metal-
lurgical methods. Pressure molding is most preferred. In order to provide
for anisotropy, the alloy powders are pressed, e.q., in a magnetic field of
at least 5 kOe under a pressure of 0.5 to 3.0 ton/cm2. 5       The formed
body is sintered in an ordinary reducing or non-oxidizing atmosphere at a
prescribed temper- ature in the range of 900 to 1200 QC. For example, the
formed body is sintered under a vacuum of 10-2 Torr or less or under an
atmosphere of an Inert gas or a reducing gas with a purity of 99 % or
higher at I to 76 Torr at a temperature range of 900 to 1200 'C (preferably
above 950 'C) for 0.5 to 4 hours. 10      For sintering, the operating
conditions, such as temperature or duration, need be adjusted for realizing
pre- scribed crystal grain size and sintering density. A density of the
sintered body which is 95 percent or more of the theoretical density is
desirable in view 



of magnetic properties. For example, with a sintering temperature of 1040
to 1160 OC, a density of 7.2 9/cm3 or higher is obtained, which is
equivalent to 95 percent of the theoretical density or higher. With the
sintering is  temperature of 1060 to 1120 0C, a ratio to the theoretical
density of 99 percent or higher may be achieved thus preferred. The
so-produced sintered body is heat-treated at 450 to 900 'C for 0.1 to 10
hours. The heat-treating tem- perature may be maintained constant, or the
sintered body may be cooled gradually or subjected to multi-stage ageing
within the above range of temperatures. 20      The aging is performed in
vacuum or under an atmosphere of an inert gas or a reducing gas. For aging
the Inventive sintered magnet, a multi-stage aging may also be performed,
according to which the sintered body is maintained at a temperature of 650
to 950 C (preferably up to 900 C) for 5 minutes to 10 hours and
subsequently heat-treated at a lower temperature (two-stage aging). Note,
however, the heat treatment such as aging can be eliminated according to
the present invention, 25   particularly due to the copresence of Cu and Ae
in the specific proportion as discussed in the Examples. This feature is
particularly advantageous in view of reduction in the manufacturing steps
and cost reduction for the industrial mass-production. The resultant
magnets can provide a highest level of iHc (e.g., 28 kOe or above) in the
as-sintered state. This coercivity is sufficiently high for specific use at
high temperatures generally, as forthe resistancetothe demagnetization of
the imentire magnets at high temperature the temperature-depend- 30   ent
demagnetization rate is 5 % or less at 150 0C relative to the room
temperature when used at Pc = 2 without addition of Dy and/or Tb. The
temperature at which the irreversible loss of magnetic flux density appears
can be further raised by the addition of Dy and/or Tb, enabling the use at
200 0C or above according to the most preferred embodiments. It Is also
preferred that, for improving the corrosion resistance of the magnet, the
magnet surface be coat- 35  ed with a resin layer or a corrosion-resistant
metal platig layer by electroless or electrolytic plating, or be sub-
jected to an aluminum chromating treatment. Also it is believed that the
presence of certain amount of Si, Cr and/or Mn from 0.01 to 0.2 atomic
percent as impurities will serve to stabilize the coercivity. In the
following various points of view in the light of the process aspect will be
discussed. 40      (1) Resultant phase product (Mo2FeB2) due to the Mo
addition is very hard, which serves as pulverizing agent in the jet-milling
to provide (a) lowering in the average particle size, and (b) improved
pulverizing efficiency, thus, particularly favorable for the jet-milling.
Using a ball mill, there is difficulty in the pulverization, resulting in a
wide distribution of the resulting particle size which is thought to be
attributable to the lower lHc. Presumably, the ball-milling cannot com- 45
pletely pulverize the hard phase of Mo2FeB2. By using the jet-milling which
can apply a greater energy for pulverization, not only the hard phase is
pulverized but also the hard Mo2FeB2 particles collide with other particle
formed of other phases to further promote the pulverization. The resultant
very fine Mo2FeB2 can serve as a grain growth inhibitor which is
distributed at the grain boundary of the main phase (tetragonal). This will
result in the high iHc. 50      (2) A method is proposed in which (Mo -
V)2FeB2 grains are very finely distributed upon precipitation in an ingot,
which is furtherjet-milled with an efficient pulverization, to
afinestaverage particle sizeforobtaining the highest iHc. The hard particle
of the (Mo - V)2FeB2 phase will serve to pulverize the other alloy phases
such as Nd2Fe14B, NdFe4B4 or Nd-rich phase during circulation in the jet
mill to produce a very uniform and fine particles of the phases
constituting the magnet. 55          (Mo - V)2FeB2 has a high melting point
of about 2000 C, thus precipitates as the primary crystal in the cubic or
ascicular shape having edges. (3) There is provided a method in which fine
particles (e.g., 1 to 10 tm) of each phase of (Nd, Dy)2(Fe, Co)14B, Nd or
NdH2, each phase being substantially single crystalline particles, are
uniformly mixed with fine particles of (Mo - V)2FeB2 phase (e.g., 1 - 10
jJrm), thereby inhibiting the grain growth in the sintered 7    EP 0 430
278 Bi 



magnet In this manner the inventive permanent magnet can be produced as
well. When NdH2 is used, the sintering should be done in vacuum. (4) There
is provided also a method in which the Fe primary crystal is inhibited from
precipitating in an 5      Ingot of a Nd-Dy-Fe-Co-B base alloy for
providing the (Nd, Dy)2(Fe, Co)14B type ingot or cast alloy of the
Nd-Dy-Fe-Co-B-Mo composition. The precipitation of the Fe primary crystal
can be Inhibited at an B amount of 7 atomic % or less where Nd is 17 atomic
%, or at a B amount of 8 atomic % or less where Nd is 13 atomic %. (5)
There is also proposed a method in which the pulverization efficiency and
iHc are improved by adding 10      coarse (Mo - V)2FeB2 powder (50 - 500
jm) to a coarse alloy powder of a basic composition (50 - 500 Am), and the
mixture Is subjected to jet milling to obtain a fine average particle size.
A coarse powder of Nd-Dy-Fe-Co-(V, Mo)-B is obtainable by mixing an alloy
powder of Nd-Dy-Fe-Co- (V, Mo)-B in an amount of (1 - w) with (V - Mo)2FeB2
in an amount of w, each on molar base, in which the following applies: 15
Nd, Dy, Co: 1/(1 - w) of target composition Fe: xFO x 11(1 - w) - 0.2w
(where xF, is target Fe concentration) V, Mo, B: (xu, xMo, x8) x 11(1 - W)
- 0.4w (where xu, xm, or xB represents target concentration). 20     (6)
Due to the presence of specific small amount (0.02 to 0.3 at %) of Cu in
combination of Mo, the highest coercivity iHc can be obtained irrespective
of the cooling rate except for the case with a very low cooling rate such
as cooling in the furnace in the case where Cu is less than 0.2 atomic %,
whereas a high iHc is obtaineable irrespective of the cooling rate with Cu
of more than 0.2 %. (7) The magnet having high iHc based on the copresence
of Mo and Co can be magnetized In a lower mag- 25      netizing field of
about 4 to 5 kOe than the conventional Nd-Fe-B magnets. EXAMPLES Example 1
30 Using Nd having a purity of 97 wt %, the balance being essentially rare
earth elements, such as Pr, elec- trolytic Iron containing each 0.005 wt %
or less of Si, Mn, Cu, Ae or Cu, and, as boron, i) commercially available
ferroboron (corresponding to JIS G 2318 FBLI; containing 19A wt % of B, 3.2
wt % of At, 0.74 wt % of Si, 0.03 wt % of C and the balance being other
Impurities and Fe); 36     ii) commercially available high purity boron,
pure Cu and pure At, an alloy having a composition of Nd14ADy1IJFe67.15Co5
Mo3.85B8 Cu0*GAl6.    (Example 1) and an alloy having a composition of
Nd1I9DY1AFeA.6Co6 V4 Be CuO.OAIO   (Comparative Example 1) 40      were
melted by high frequency melting and cast In a mold to produce ingots.
These ingots were crushed in a motor-driven grinder and pulverized by a jet
mill in an N2 gas to produce fine powder with a mean particle size of 2.6
to 3.3 gm. The relation between the pulverizing time duration following
charging of the starting materials at a constant rate prescribed for the
jet mill and the particle size of the produced powders was measured. 45
It is seen from Fig. I that in the case of the present invention added with
Mo, even an as-cast ingot entered into the steady-state pulverization in
about six minutes, whereas, in the case of a comparative alloy of a com-
parable composition added with V, the as-cast alloy fails to enter the
steady-state pulverization even after 15 minutes of pulverization, that is,
the particle size is so coarse that the alloy cannot be pulverized
satisfactorily. Genereally, the pulverization proceeds in a jet mill
through collision of alloy powders to the Inner wall of 50  the jet mill
and particle-to-particle collision of the powder in the inactive gas flow
at a supersonic speed. If there is a ductile phase such as iron alloy phase
In the alloy, the pulverizing efficiency deteriorates markedly. When the
material is overfed at a rate in excess of the rate that can be milled by
the jet mill, the pulverization does not enter the steady-state
pulverization causing exhaustion of unpulverized powders out of the jet
mill. This results in stable particle size distribution, entaRing increased
particle size with the lapse of time. The jet 55   mill used usually enter
the steady-state pulverization within about five minutes when operated
under normal 



conditions. In this regard, the particle size of the milled powder became
stable after 6 minutes in the example, whereas the steady state could not
be established even atthe end of operation in the comparative example. In
the latter case, there are powders remainig in the mill without being
pulverized (refer to Fig. 5). If the operation Is further 8    EP 0 430 278
B1 continued, the remaining powder will be accumulated in the mill finally
leading to an inoperable state. In order to avoid such occurence, the feed
rate must be diminished to a great extent, which will cause increased pul-
verization costs. In contrast thereto, the inventive example enables the
pulverization at the high performace 5   freed of such problem. Example 2
An alloy having a composition 10                       Nd14ADy1.6Fe71_y Coy
Mo4 B8 Cu0*.OAg0.6    (Example 2) and an alloy having a composition
Nd14ADy,.8Femy Coy B8 CuO.09A20.6    (Comparative Example 2) were melted,
cast and pulverized and the resulting starting powders were pressure molded
in a magnetic field of 10 kOe undera pressure of 1.5 ton/cm2. The
so-produced compacts were sintered at 1080OCfor three hours 16  and
heat-treated at 6300C for 1 hour. It is seen from Fig. 2 that the high
coercivity not lower than 17 kOe may be obtained with the range of 3 S y :
7 according to the present invention, whereas iHc falls with y = 2 and y =
8 to less than 15 kOe which is lower than iHc of the alloy of the
Comparative Example 2 containing Dy and not added to by Mo. 20   Example 3
An alloy having a composition of Ndls., Dy, Fes7Co5 Mo4 B8 Cu0.07 Aeos
(Example 3) and an alloy having a composition of 25
Nd15e. Dy, Fe77 Be CuO.07 AfO.g    (Comparative Example 3) were melted,
cast and pulverized in the same way as in Example 1, and pressure molded,
sintered and heat- treated in the same way as in Example 2 to produce a
permanent magnet. It is seen from Fig. 3 that, with the permanent magnet of
the present invention, the coercivity iHc is higher by 5 kOe than that in
the Comparative Example 3 having the same Dy content through the combined
presence 30  of Mo, Cu and Ae. The magnet with Dy = 3.0 atomic percent and
iHe = 30 kOe in the Example 3 of Fig. 3 is not subjected to irreversible
loss of magnetic flux density under conditions of the temperature of 200CC
and the operating point of the magnet B/H = 1.0. However, Dy is limited to
up to 3.0 atomic percent because of its expense and scarceness in
resources. 35  Thus, with the permanent magnet of the present invention,
the high coercivity of the defined level may be re- alized with Nd and/or
Pronly and the amountof Dy may be selected which will give still
higherdesired coercivity depending on the use of the magnet.. Example 4 40
Permanent magnets were produced by the same method as in Example 3 and
heat-treated at 600 0C for one hour to produce a sintered magnet having a
composition of Nd14A Dy1.6Fe71_x Cos Mox B8 Cu0.0pAe0.8 and the magnetic
properties of the so-produced magnet were measured. The results are shown
in Fig. 4. 45      As shown in Fig. 4, iHc is increased acutely with the
amount of Mo in excess of 2 atomic percent and be- comes 15 kOe or higher
reaching a maximum of 25 kOe at about 4 atomic percent. However, if the
amount of Mo exceeds 5 atomic percent, (BH)max falls to less than 20 MGOe.
Example 5 50 



The flexural strength of a sintered magnet with a composition of Nd165 Dy0z
Feb., B6 Cos (Mo. u Vu,) Cu.02A20.5 produced in the same way as in Example
3 was measured. The results are shown In Table 1. In evaluation, on each of
five samples (n = 5) the flexural strength of not less than 24 kgf/mm2 was
de- 55  termined to be acceptable (marked as o) for those all five
satisfying this value, and the samples having at leastone below this value
were determined to be unacceptable (marked as x). The flexural strength was
meas- ured by using specimens having a size of thickness t of 3.00 mm,
width b of 7.44 mm at a span e of 15 mm through the three-point bending
test. The flexural strength S was calculated by the equation S(kgflmm2) = 3
x PM) x f(mm) /2 x b(mm) x Et(mm)J2 where P Is load at fracture. The
specimen was finished to a smooth 9    EP0430278B1 surface using a diamond
grinder. 5                                        TABLE  1 10          .
Composition No.                  .               Evaluat ion V(u )
!(oV 15                         i i Comp. Ex.   C2             0        |
0.5              x C3        0        J    1.0              x 20
51        0              2.0             o 52        0              3.0
o 53        0.5            3.0             a 25 Inventive   54
0.5            2.0             0 55        0.5      1    3.0 30
56        0.9       j    2.0             a 57        0.9            3.0
0 35  Example 6 An alloy having a composition of Nd14A Dy1.6Fe71. Wy) Coe
Mox Vy Be Cu.0* AtfO was melted, cast and pulverized in the same way as in
Example I and, provided that Mo(x) In the alloy corn- 40  position was O
to4 atomic percent and replaced by4 to O atomic percentof V(y). Upon
pulverization, the amount of the powders which remained in the jet mill
without being pulverized was measured. Fig. 5 shows the relation between
the amount of substitution by V and the relative amount of the residual
powders in the jet mill. It Is seen that improved fine pulverizability
results with increase in the amount of Mo not replaced by V. The relative
residual powder amount represents a ratio of the residual powder amount
(weight %) when Mo Is replaced by 45  V in different percentages (weight %)
of V relative to that when only Mo is present. The replacement of Mo by V
may be done in view of further points as follows: V slightly improves the
tem- perature coefficient of Br and iHc over the case of Mo alone. When Mo
Is completely replaced by V, this tem- perature coefficient increases at a
rate of 0.01 %P/C (i.e., a difference of 1.8 % at 200 QC). Additionally, V
is more abundant In resources than Mo. 50 Example 7 A sintered magnet
having a composition of NdI Pr3 Dy1*8 B, Mo, Cor Fetw Cu0.0$Ae0.7 86   was
produced in the same way as in Example 3, and the coercivity iHc and
magnetic properties of the so- produced sintered magnet were measured at
room temperature. It is seen from Table 2 that the high coercivity iHc may
be obtained only in the range of y 5 x - 3.0 while the high Hk may be
obtained only in the range of x - 4.5 5 y. High magnetic properties may be
obtained in the 



range of (x - 4.5) 5 y 5 (x - 3.0), which is preferred. 10    EP 0 430 278
B1 TABLE 2 5 Composition               H Magnet Properties Sample
I 10_o _______)  (B)  1(                                  ax    HC EHk (Y)
(x)    I (}&0e*  {(kOe)**   (koe) 71 .      3.0    f   7.0          21.9
1>25.9          18.36 15              72        3.5          7.0
24.7 |_25.43            13.80 73    j   4.0          7.0        22.6
>21.0         12.08 74        3.0          7.5        27.8        18.87
17.27 20 75        3.5          7.5      _2.2        >28.1         17.98 76
| 4.0            7.5        23.5    |>26.1          13.98 2s
77        3.0          8.0        27.6        17.63      12.81 78
!          8.0        24.6      >21.    1  15.8 30              79
_4. 0T    8.0            24.3      >25.0         16.11 *  1MGOe  a  7.96
kJ/m                       k* lcOa =  79.6  kAWM 35 Example 8 A sintered
magnet having a composition of Nd144Dy1.GFe7j .Co6 Mo. Bs CuonAlog 40  was
produced in the same way as in Example 3. The magnet so produced was putto
a durability test of allowing the magnet to stand for 100 hours under the
conditions of a temperature of 800C and a relative humidity of 90 percent,
and the weight gain rate (AWIWo) per unit area was measured. It is seen
from Fig. 6 that addition of Mo leads to resistance to moisture. The weight
gain rate offers a measure for the speed of generation of oxidation
products. The presence of 45   Co (5 atomic percent) markedly increases the
corrosion resistance, while the presence of Mo further enhances the
moisture resistance. Fig. 6 shows its dependence to the Mo concentration in
which the weight gain rate, which usually increases through rusting under
high temperature/humidity conditions, decreases, thus resulting In the
Improved humidity resistance. This is considered that the active B-rich
phase of Rl ,Fe4B4 Including con- siderable amount of light rare earth
elements (Nd, Pr) has been replaced by the (Mo, Fe)-B phase (Mo2FeB2) 50
which contains no light rare earth elements. Example 9 The magnetic
properties of sintered magnets of an alloy composition (I) of Nd1*Febm B8
Mo4 Cu1 MY and 55   an alloy composition (II) of Nd14ADy1.Feb, B8 Mo4
Cu1Af. produced in the same way as in Example 3. were measured. Itmay be
seen from Table 3 that Cu and At representcrucial constituent elements
ofthe permanentmagnet of the present invention.    EP 0 430 278 B1 TABLE 3
c Alloy  Compositionj               Magnet Properties 10
Alloy       Cu| Al |Er    (BE)max   i il                    Hk 



species | (x)| (y})  (kG)   (HOOe)*  (kOe)**  (koe) Ex.  9-3.           I
t0.0110.5  11.5            31.3        16.3    13.2 Ex. 9-2             31
10.0210.6  j10.6           27.3        23.0       il.i Ex.  9-3         1 I
0.0         I0   11.1 '   28.4        18.0      1S.0 Comp.Ex.9-1
I            0 .1   11.8             7.8 20     Comp.Ex.9-21           I
0.00  0.2    11.0        29.1        14.4       13.1 Comp-Ex-9-31    I
10.0S  4.0  1 7.9          17.6        17.8        5.8 25 *  1MGOe  a  7.96
kJ/m3                     *8  IkO.  a  79.6  kA/ Example 10 30 An alloy
having a composition of (Ndo.76 Pro.26)1 8 Dy2.aFeC4& xB8 C06 Mo&9MAl08 Cu,
(x = 0.05 to 0.30 atomic percent) was prepared and further processed to
sintered magnets in the same way as in Example 1. The re- suIting sintered
magnets were cooled in a furnace at a cooling rate of approximately 8 to 10
CImIn until 800 'IC was reached. The coercivity iHc of the sintered magnets
in an as-sintered state are shown in Table 4. 35 40 45 50 5C 12    EP 0 430
278 D1 TABLE 4 5 Cu                 iMc (atomic  %)           (kOe)* 10
0.05                22.2 0.08                23.0 0.11                 24.4
is 0.13                26.8 0.16                 27.8 20
0.20                28.0 0.30                27.5 25 * 1kOe = 79.8 kASm As
shown in Table 4, the presence of a very small amount of Cu provides a very
high coercivity, i.e., IHc 3o  of over 22 kOe even in the as-sintered
state, which unnecessitates the heat treatment like ageing etc. thus
enabling cost reduction. Example 11 35      An alloy having a composition
of NdloA Pr3ADy21FewCo8 B8 Mo3.9Ao.Cux (x = 0.05 to 0.2 atomic percent) was
prepared and further processed to sintered magnets in the same way as in
Example 1. The resulting sin- tered magnets were cooled at different
cooling rates, i.e., (a) cooled in an Ar gas flow, (b) cooled in a steady
Ar gas atmosphere, and (c) cooled in a furnace. The resultant magnets were
measured for ic atthe as-sintered state, and the result is shown in Fig.7
as a function of the Cu content x (atomic percent). 40      As evidentfrom
Fig. 7, the cooling in the inertgas atomosphere orgas flow provides the
highestcoercivity ;'>      iHc of 28 kOe or higher even at as-sintered
state Irrespective of the amount of Cu. On the other hand, the furnace
cooling provides the increasing iHo as the Cu amount increases reaching a
maximum of 28 kOe at 0.2 atomic percent Cu. 



Thus the presence of Cu in compination with At stabilizes the coercivity at
the highest level, and also un- 45  necessitates the heat treatment for
obtaining higher coercivity. It should be understood that modification may
be done without departing from the gist and concept of the present
invention as disclosed herein and the scope claimed In the appended claims.
50 Claims 1. A permanent magnet comprising 12 to 18 atomic percent of R,
wherein R represents Pr,'Nd, Dy, Tb and other rare earth element or
elements contained as inevitable impurities provided that 0.8s (Pr + Nd +
Dy + Tb)/R < 1.0, 55            5 to 9.5 atomic percent of B 2 to 5 atomic
percent of Mo, 0.01 to 0.5 atomic percent of Cu, and 0.1 to 3 atomic
percent of Al, with the balance being Fe, or Fe and Co substituting a part
of Fe. 13    EP 0 430 278 B13                        DliiiH 11111 hlII{ IIl
* C   L  M   S* TABLE 4 5 Cu                  iRc (atomic  X}
(kOe)x 10                          0.05                 22.2 0.08
23.0 0.11                 24.4 15 0.13                 26.8 0.16
27.8 20                          0.20                 28.0 0.30
27.5 25 *  IkOe  =  79.8 kA/Z As shown in Table 4, the presence of a very
small amount of Cu provides a very high coercivity, i.e., iHc 30  of over
22 kOe even in the as-sintered state, which unnecessitates the heat
treatment like ageing etc. thus enabling cost reduction. Example 11 35
An alloy having a composition of Nd0oA Pr~sDy2 FebwCo5 B& MO3.6AlQ3Cux (x =
0.05 to 0.2 atomic percent) was prepared and further processed to sintered
magnets In the same way as in Example 1. The resulting sin- tared magnets
were cooled at different cooling rates, i.e., (a) cooled in an Ar gas flow,
(b) cooled in a steady Argas atmosphere, and (c) cooled in a furnace. The
resultant magnetswere measured for iHcatthe as-sintered state, and the
result is shown in Fig.7-as a function of the Cu content x (atomic
percent). 40      As evidentfrom Fig. 7, the cooling in the Inertgas
atomosphere orgas flow provides the highestcoercivity IHc of 28 kOe or
higher even at as-sintered state irrespective of the amount of Cu. On the
other hand, the furnace cooling provides the increasing iHc as the Cu
amount increases reaching a maximum of 28 kOe at 0.2 atomic percent Cu.
Thus the presence of Cu in compination with A? stabilizes the coercivity at
the highest level, and also un- 45  necessitates the heat treatment for
obtaining higher coercivity. It should be understood that modification may
be done without departing from the gist and concept of the present
invention as disclosed herein and the scope claimed in the appended claims.
50  Claims 1. A permanent magnet comprising 12 to 18 atomic percent of R,
wherein R represents Pr, Nd, Dy, Tb and 



other rare earth element or elements contained as inevitable impurities
provided that 0.8 s (Pr + Nd + Dy + Tb)/R < 1.0, 55            5 to 9.5
atomic percent of B 2 to 5 atomic percent of Mo, 0.01 to 0.5 atomic percent
of Cu, and 0.1 to 3 atomic percent of Al, with the balance being Fe, or Fe
and Co substituting a part of Fe. 13    EP 0 430 278 B1                  1
11111 11111111111 liii 2. The permanent magnet according to claim I
wherein, with the amount of B In atomic percent being x and the amount of
Mo in atomic percent being y, B and Mo are present in a proportion between
B and Mo such that 5                                      (x - 4.5)5y  (x -
3.0) 3. The permanent magnet according to claim I or 2, wherein Fe Is
partially replaced by Co in a Co amount of 3 to 7 atomic percent. 10  4.
The permanent magnet according to one of the preceding claims, wherein not
more than 90 atomic per- cent of Mo is replaced by V. 5. The permanent
magnet according to any one of the preceding claims, wherein R is Nd and/or
Pr. 6. The permanent magnet according to any one of claims 1-4, wherein the
R is 0 to 3 atomic percent of Dy s5     and/or Tb and the balance being Nd
and/or Pr. 7. The permanent magnet according to any one of claims 1-6,
wherein R is 15 to 17 atomic percent, B is 7 to 8 atomic percent and Cu is
0.02 to 0.09 atomic percent. 20  8. The permanent magnet according to any
one of claims 1-7, wherein Fe is partially replaced by Co in an amount of 4
to 6 atomic percent in the entire magnet. 9. The permanent magnet according
to any one of claims 1-7, wherein B is 6 to 8 atomic percent, and Fe is
partially replaced by Co in an amount of 4 to 6 atomic percent in the
entire manget. 25 10. The permanent magnet according to any one of claims
1-6 and 8-9, wherein R is 15 to 17 atomic percent and B is 7 to 8 atomic
percent with a coercivity iHo being at least 17 kOe and a maximum energy
product (BH)max being at least 28 MGOe even without the presence of Dy
andlor Tb. 11. The permanent magnet according to claim 10, wherein the
coercivity iHc further increases as a linear function of the amount of Dy
andlor Tb. 12. The permanent magnet according to any one of claims 3 to 11,
which has a coercivity iHc of at least 21 kOe. 35  13. The permanent magnet
according to claim 3, which has a coercivity of at least 21 kOe in an
as-sintered state. 14. The permanent magnet according to claim 3, which has
an improved resistance to oxidation characterized by a weight gain rate
AW/Wo of not more than 1.5 x 10-4 g/cm2 when tested under the conditions at
a 40      temperature of 800C and a relative humidity of 90% for 100 hours.
15. The permanent magnet according to any one of claims 1, 2,4-7, and
10-12, which is substantially free of a Ndl+, Fe4B4 phase. 4s  I6. The
permanent magnet according to any one of claims 1, 2, 4-7, 10-12 and 20,
which is characterized by the presence of (Fe, Mo)-B phase where Mo is
predominant between Fe and Mo. 17. The permanent magnet according to any
one of claims 3 to 14, which Is substantially free of Ndl+,Fe4B4 phase and
characterized by the presence of (Fe, Co, Mo)-B phase where Mo is
predominant among Fe, Co and Mo. 50 18. The permanent magnet according to
any one of claims 3 to 14 and 17, which is further characterized by the
presence of Rm(Fe, Co, Mo), phase where min is 112 to 311 and Co is
predominant among Fe, Co and 



Mo. 55  19. The permanent magnet according to claim 16, wherein a R2(Fe,
Mo)14B phase is presentas a main phase where Fe is predominant between Fe
and Mo. 20. The permanent magnet according to claim 17, wherein a R2(Fe,
Co, Mo)14B phase is present as a main phase where Fe is predominant among
Fe, Co and Mo. 14    EP 0 430 278 B13ljll 111111 11111 ll II lil * C   L  M
S * 21. The permanent magent according to any one of claims 1-20, which is
an anisotropic sintered permanent magnet. 5 Patentanspriiche 1. Dauermagnet
mit 12 bis 18 Atom-% R, wobei RfOr Pr, Nd, Dy, Tb und andere
Seltenerdmetalle oder Ele- mente, die als unvermeidbare Verunreinigungen
enthalten sind, steht, vorausgesetzt dal 0,8 5(Pr + Nd to      + Dy + Tb)/R
91,0 ist, 5 bis 9,5 Atom-% B, 2 bis 5 Atom-% Mo, 0,01 bis 0,5 Atom-% Cu,
und 0,1 bis 3 Atom-% A, 15            wobel der Rest Fe Ist, oder Fe und
Co, das elnen Teil Fe ersetzt. 2.  Dauermagnet nach Anspruch 1, bei dem B
und Mo in einem solchen Verhiltnis vorliegen, daS (x - 4,5)5y5(x - 3,0)
ist, wobel der Anteil an B In Atom-% x und der Anteil an Mo In Atom-% y let
2D 3. Dauermagnet nach Anspruch I oder 2, wobei Fe tellweise durch Co in
einer CoMenge von 3 bis 7 Atom- % ersetzt ist. 4.  Dauermagnet nach einem
dervorhergehenden AnsprOche, wobel nicht mehr als 90 Atom-% Mo durch V 2s
ersetzt sind. 5.  Dauermagnet nach einem der vorhergehenden Anspriche,
wobei R Nd undloder Pr ist. 6. Dauermagnet nach einem derAnsprrlche 1-4,
wobel R 0 bis 3 Atom-% Dy und/oder Tb und der Rest Nd und/oder Pr ist. 30
7.  Dauermagnet nach einem derAnspriche 1-8, wobei R 15 bis 17 Atom-%, B 7
bis 8 Atom-% und Cu 0,02 bis 0,09 Atom-% sind. 8.  Dauermagnet nach einem
der Anspruiche 1-7, wobei Fe tellweise durch Co in einer Menge von 4 bis 6
35      Atom-% im gesamten Magneten ersetzt ist. 0.  Dauermagnet nach einem
der Anspriiche 1-7, wobel B 6 bis 8 Atom-% ist und Fe teilweise durch Co In
einer Menge von 4 bis 6 Atom-% im gesamten Magneten ersetzt !st. 40  10.
Dauermagnet nach einem derAnspruche 1-6 und 8-9, wobel R 15 bis 17 Atom-%
und B 7 bis 8 Atom-% sind, die Koerzitivkraft iHc mindestens 17 kOe betragt
und ein maximales Energleprodukt (BH)max min- destens 28 MGOe auch ohne das
Vorliegen von Dy und/oder Tb betrfgt. 11. Dauermagnet nach Anspruch 10,
wobei die Koerzitivkraft iHcweiterals lineare Funktion der Dy- und/oder
Tb-Menge ansteigt. 45 12. Dauermagnet nach einem der Anspriche 3-11, der
eine Koerzitivkraft iHc von mindestens 21 kOe auf- weist. 13. Dauermagnet
nach Anspruch 3, der eine Koerzitivkraft von mindestens 21 kOe in einem
gesinterten Zu- 50      stand hat. 14. Dauermagnet nach Anspruch 3, der
eine verbesserte Oxidationsbestandigkeit aufwelst, gekennzeichnet 



durch eine Gewichtszunahmerate AW/Wo von nicht mehr als 1,5 x 10-4 g/cm2,
wenn er unter den Bedin- gungen einer Temperatur von 800C und einer
relativen Feuchtigkeit von 90% 100 Stunden lang geprulft 55      wird. 15.
Dauermagnet nach einem der Anspriche 1, 2, 4-7 und 10-12, der im
wesentilchen frei von einer Nd1+,Fe4B4-Phase ist.    EP O 430 278 EN1
1        111111   11111 liii : * C   L  M R 16. Dauermagnet nach einem
derAnsprriche 1, 2,4-7 und 10-12 und 20, gekennzeichnetdurch dasVorlegen
einer (Fe, Mo)-B-Phase, in der Mo unter Fe und Mo vorherrschend ist. 6 17.
Dauermagnet nach einem derAnsprOche 3-14, der imwesentlichen frei von der
Ndj+,Fe4B4-Phase bst und durch des Vorliegen der (Fe, Co, Mo)-B-Phase
gekennzeichnet ist, In der Mo unter Fe, Co und Mo vor- herrschend ist 1.
Dauermagnetnach einem derAnspriche 3-14 und 17, derdesweiteren
gekennzeichnet ist durch das Vor- liegen einer Rm(Fe, Co, Mo)3rPhase, in
der m/n 1/2 bis 3/1 ist und Co unter Fe, Co und Mo vorherrschend Ist. 19.
Dauermagnet nach Anspruch 16, wobei eine R2(Fe, Co, Mo) 14B-Phase als
Hauptphase vorliegt, in der Fe unter Fe und Mo vorherrschend Ist. 5  20.
Dauermagnet nach Anspruch 17, wobel elne R2(Fe, Co, Mo)14B-Phase als
Hauptphase vorliegt, in der Fe unter Fe, Co und Mo vorherrschend Ist. 21.
Dauermagnet nach einem der AnsprUche 1-20, der ein anisotroper, gesinterter
Dauermagnet ist. 20 Revendications 1. Aimant permanent comprenant 12 a 18
pour cent atomique de R R. repr6sentant Pr, Nd, Dy, Tb et un ou plusleurs
autres 6lements faisant partie des terres rares presents comme impuret6s
inevitables, sous r6- 25      serve que 0,8 5 (Pr + Nd + Dy + Tb)/R = 1,0,
5 A 9,5 pour cent atomique de B 2 A 5 pour cent atomique de Mo, 0,01 a 0,5
pour cent atomique de Cu, et 0,1 A 3 pour cent atomique de Al, 30
le reste consistent en Fe, ou Fe et Co remplacant une partie du Fe. 2.
Almant permanentsuivant la revendication 1, dans lequel, la quanifte de B
en pourcentage atomique 6tant represent6e par x et la quantite de Mo en
pourcentage atomique etant representee par y, B et Mo sont presents en un
rapport de B A Mo tel qua 35                                     (x -
4,5)3: y ! (x - 3,0) 3. Aimant permanent suivant la revendication I ou 2,
dans lequel Fe est partiellement remplao par Co, la quantite de Co allant
de 3 A 7 pour cent atomique. 40  4. Aimant permanent suivant l'une des
revendications precedentes, dans lequel une quantit6 non superieure A 90
pour cent atomique de Mo est remplac6e par V. 5. Aimant permanent suivant
l'une quelconque des revendications precedentes, dans lequel R represente
Nd etlou Pr. 4r  6. Aimant permanent suivant l'une quelconque des
revendications 1 A 4, dans lequel R comprend 0 A 3 pour cent atomique de Dy
et/ou Tb, le reste consistent en Nd et/ou Pr. 7. Aimant permanent suivant
l'une quelconque des revendications I A 6, dans lequel R est pr6aent en une
quantite de 15 A 17 pour cent atomique, B est present en une quantite de 7
A 8 pour cent atomique et Cu 50      est present en une quantit6 de 0,02 A
0,09 pour cent atomique. 8. Aimant permanent suivant l'une quelconque des
revendications I A 7, dans lequel Fe est partlellement remplace par Co en
une quantite de 4 A 6 pour cent atomique dans I'aimant total. c5  9. Aimant
permanent suivant l'une quelconque des revendications 1 A 7, dans lequel B
eat present en une quantite de 6 A 8 pour cent atomique, et Fe est
partiellement remplace par Co en une quantite de 4 A 6 



pour cent atomique dans l'aimant total. 10. Aimant permanent suivant l'une
quelconque des revendicatlons I A 6, et 8 et 9, dans lequel R est present
16    EP 0 430 278 B1              *   C   L  M   S    * en une quatite de
15 a 17 pour cent atomique et B est pr6sent en une quantit6 de 7 a 8 pour
cent atomique, la coercivit6 iHc etant au moins 6gaie A 17 kOe et le
produit 6nerg6tique maximal (BH)max tantau moins egal A 28 MGOe meme sans
la pr6sence de Dy et/ou Tb. 5 11. Aimant permanent suivant la revendication
10, dans lequel la coercivite iHc augments en outre sous forme d'une
fonction lineaire de la quantite de Dy et/ou Tb. 12. Aimant permanent
suivant i'une quelconque des revendications 3 a 11, qui possbde une
coercivite iHc 10      d'au moins 21 kOe. 13. Aimant permanent suivant la
revendication 3, qui possede une coercivit6 d'au moins 21 kOe A l'etat tel
qu'obtenu par frittage. 14. Aimant permanent suivant la revendication 3,
qui possede une resistance am6iioree A roxydation, carao- 15      teris6
par un gain de poids AW/Wo non sup6rieur A 1,5 x 10-4 g/cm2 lors d'un essai
dans des conditions de temperature egale A 800C et d'humidit6 relative
6gale A 90 % pendant 100 heures. 1A Aimant permanent suivant l'une
quelconque des revendications 1, 2, 4-7 et 10-12, qui est pratiquement
d6pourvu de phase Nd, +, Fe4B4. 20 16. Aimant permanent suivant l'une
quelconque des revendications 1, 2,4-7, 10-12 et 17, qui eat caracterise
par la presence d'une phase de (Fe, Mo)-B dans laquelle Mo est predominant
entre Fe et Mo. 17. Aimant permanent suivant l'une quelconque des
revendications 3 A 14, qul est pratiquement d6pourvu 25      de phase de
Nd1 t, Fe4B4 et est caracterise parla presence d'une phase de (Fe, Co,
Mo)-B dans laquelle Mo est predominant entre Fe, Co et Mo. 18. Aimant
permanent suivant l'une quelconque des revendications 3 A 14 et 17, qui est
caracterise en outre par la presence d'une phase de R,(Fe, Co, Mo), dans
laquelle le rapport mrn va de 112 A 311 et Co est 30      predominant entre
Fe, Co et Mo. 19. Aimant permanent suivant la revendication 16, dans lequel
une phase de R2(Fe, Mo)14B est presente comme phase principale dans
laquelle Fe est predominant entre Fe et Mo. 20. Aimant permanent suivant la
revendication 17, dans lequel une phase de R2(Fe, Co, Mo)14B est presente
35      comme phase principale dans laquelle Fe est predominant entre Fe,
Co et Mo. 21. Aimant permanent suivant l'une quelconque des revendications
I A 20, qui est un aimant permanentfrittO anisotrope. 40 45 50 55 17    


