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MN—AL-—-C ALLOYS FOR ANISOTROPIC 
PERMANENT MAGNETS 

BACKGROUND OF THE INVENTION 

The present invention relates to a permanent magnet, 
and more particularly to an anisotropic manganese 
aluminum-carbon (Mn—Al—C) permanent magnet, 
whose magnetic characteristics are improved. 

In recent years, an anisotropic Mn—Al—C perma 
nent magnet has been developed, as disclosed within 
US. Pat. No. 3,976,519, which is superior in magnetic 
characteristics and comprises manganese of 68.0% to 
73.0% by weight, carbon of (l/l0Mn—-6.6)% to (éM 
n——22.2)% by weight, wherein the Mn in the numerical 
equation represents the weight % of manganese compo 
nent, and the remainder aluminum. 
The Mn—Al—C alloys for permanent magnets are 

already used in speakers, electric appliances, etc. In 
appliances such as motor, generator, etc., wherein de 
magnetizing ?eld is applied upon the magnet, it is de 
manded that the coercive force of the magnet should be 
larger. In the speaker, electric appliance, etc., the maxi 
mum energy product (BH)max of the magnet is de 
manded to be greater due to tendency towards the 
smaller size. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a Mn—Al—C alloy for the anisotropic perma 
nent magnet whose magnetic characteristics are im 
proved. In detail, in the ‘composition of the alloy magnet 
of the present invention, phosphorus of X% by weight 
is added to the conventional Mn—Al—C alloy in 
amounts such that X has the value 0<X§0.6, said alloy 
comprising manganese of 68.0% to 73.0% by weight, 
carbon of (1/10Mn—6.6)% to (3§Mn—22.2)% by 
weight, and the remainder aluminum. The Mn—Al—C 
alloy for the anisotropic permanent magnet is made by 
the warm plastic deformation of the alloy. The alloy 
magnet of the present invention can be considerably 
improved particularly in coercive force and maximum 
energy product (BH)max as compared with the mag 
netic characteristics of the conventional Mn—Al—C 
alloy used for an anisotropic permanent magnet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This and other objects and features of the present 
invention will become apparent from the following 
description taken in conjunction with the preferred 
embodiment thereof with reference to the accompany 
ing drawings, in which: I 
FIG. 1 and FIG. 2 are graphs each showing the rela 

tionship between the addition amount of phosphorus 
(P) and the coercive force lHc, maximum energy prod 
uct (BH)max in a case where the phosphorus has been 
added to the Mn—Al—C ternary alloy, wherein the 
values of the IHC, (BH)max are shown as a ratio of the 
Mn—Al—C ternary alloy with respect to, the IHC, 
(BH)max. ’ i . 

FIG. 3 to FIG. 5 are graphs each showing the rela 
tionship between the amount ‘of nickel added and the 
IHC, (BH)max in the case where nickel (Ni) has been 
added to an Mn—Al—C-P quaternary alloy. 
FIG. 6 and FIG. 7 are graphs each showing the rela 

tionship between the amount of titanium added and the 
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2 
[Ha (BH)max in a case where the titanium (Ti) has been 
added to an Mn—-Al—C,—P—Ni pentad alloy. 
However, the values of the IHC, (BH)max of FIG. 3 

to FIG. 7 are shown as the ratio of the Mn—Al——C-Ni 
quaternary alloy with respect to the IHC, (BH)max. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The present invention will be described hereinafter in 
detail with reference to the following representative 
experimental data. 
The Mn—Al—C-4’ quaternary alloys wherein vari 

ous amounts of phosphorus were added to the Mn—A 
l—C ternary alloy within the range of the composition 
of manganese of 68.0% to 73.0% by weight, carbon of 
(l/l0Mn—6.6)% to (§Mn—22.2)% by weight, and the 
remainder aluminum, were prepared by melting and 
casting. Samples each being 18 mm in diameter and 26 
mmin length were cut out of the casting. The samples 
were subjected to a heat treatment for one hour at 1 100° 
C. and thereafter are cooled to room temperature. 
Then, the samples were extruded at 720° C. by using a 
die having“ an extrusion ratio of 6. The magnetic charac 
teristics of the extruded samples were measured along 
the axial direction of the samples. The extruded samples 
were anisotropic permanent magnets each having an 
easy axis along the axial direction of the sample. 
The experimental results, after the extrusion process, 

of the phosphorus added quaternary alloy are shown in 
FIG. 1 and FIG. 2. FIG. 1 shows the change in the [HQ 
with respect to the phosphorus addition amount, and 
FIG. 2 shows the change in the (BH)max with respect 
to the phosphorus addition amount. However, the val 
ues of the [HQ and the (BH)max are shown as a ratio of 
the Mn—Al—C ternary alloy, which was made under 
the same conditions, with respect to the [Hg and the 
(BH)max. 
As shown in FIG. 1, a very small amount of phospho 

rus of 0.01% by weight was added to improve the IHC, 
after the extrusion, by 20% as compared with the 
Mn—Al—C ternary alloy. Particularly, when 
P;0.05% by weight, the [Hc is improved by 30% or 
more. As shown in FIG. 2, the (BH)max was improved 
by 10% or more in the 0<P§0.6 as compared with the 
Mn—Al—C ternary alloy. Particularly, when phospho 
rus of 0.05% by weight had been added, the (BH)max 
improved by 30% or more. As apparent from the 
above-described experimental data, the effect of adding 
phosphorus is considerable, particularly in the P region 
where a small amount isadded in respect to the im 
provement of magnetic characteristics, especially the 
IHC, (BH)max values. According to the other experi 
mental results, the 1Hc, (BH)max values were recog 
nized to be improved by 16% when phosphorus is 
added in amounts of 0.005% by weight. The 1I-Ic, 
(BH)max were recognized to be improved by 6% when 
phosphorus is added in an amount of 0.001 % by weight. 
From the above description, it can be said that the addi 
tion effect of the phosphorus logarithmically appears 
with respect to the phosphorus addition amount in the 
region of the phosphorus addition amount of 0.1% or 
less by_ weight. Once the amount of the phosphorus 
exceeds 0.6% by weight, the low-Mn phase (r-AlMn 
phase) of a non-magnetic phase, and the precipitation of 
the phosphide increased in the alloy so that the satu 
rated magnetization sharply decreased and the 
(BH)max also decreased. The r-Almn phase and the 
precipitation of the phosphide had been con?rmed by 
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X-ray diffraction, by an electron probe X-ray micro’ 
analysis and by a metallurgical microscope. From the 
above-description, the e?'ective addition amount of the 
phosphorus is 0<P§0.6. 
The cause for improvement in [HQ by addition of the 

phosphorus is not yet known. Even if the phosphorus is 
added the II-ICis not improved in an isotropic magnet to 
be provided by the heat treatment, but the [Hc is im 
proved in the warm-extruded anisotropic magnet by the 
addition .of the phosphorus. And as the considerable 
in?uence given by the addition of the phosphorus, the 
transformation speed from the 6 phase (high-tempera 
ture phase) to the 1' phase (magnetic phase) becomes 
slower, when the addition amount of the phosphorus 
added is more. Judging from the above description, the 
phosphorus is considered to have an effect of prevent 
ing the atom Mn or Al, as a major constituent element, 
from moving. The effect promotes the grain re?ning 
caused by the warm plastic deformation, thus increasing 
the IHC. 

It was recognized that the magnetic characteristics 
were further improved by the addition of Ni to the 
above-described Mn—Al-C-P quaternary alloy. 

Experiments similar to those made in the phosphorus 
added quaternary alloy were made in the 
Mn—Al——C-—P—Ni pentad alloy, wherein the extru 
sion ratio was 5. The representative experimental results 
are shown in FIG. 3 to FIG. 5. FIG. 3 to FIG. 5 show 
variations in the IHC, (BH)max, after the extrusion, with 
respect to the nickel addition amount. The values of the 
IHC, (BH)max are showed in ratio with respect to the 
IHC, (BH)max of the Mn--A1—C—Ni quaternary alloy 
(Ni=0.8% by weight) made under the same conditions. 
As shown in FIG. 3 to FIG. 5, the magnetic characteris 
tic after the warm extrusion, particularly the 1H@ was 
remarkably improved as compared with the phos 
phorus-added Mn—Al—C—P quaternary alloy and 
Mn—Al—C—Ni quaternary alloy by addition of 
0.2§Ni§2.5 in the range of O<P-_<~0.6. Namely, in 
respect to the IHC value, the values were improved by 
5% or more in the range of 0.2éNié 2.5 as compared 
with the Ni-added quaternary alloy. Particularly in the 
range of 0.4§Ni§2.0, improvement of 15% or more is 
seen. On the other hand, in respect to the (BH)max, the 
increase was 5% due to addition to Ni of 0.2% by 
weight as compared with the P-added quaternary alloy. 
The maximum increase was 15% in the case of adding 
Ni in an amount of 0.8% by weight. 
Once the amount of the Ni added exceeds 2.5% by 

weight, the Mn—Al-——Ni phase (K phase) of soft, low 
saturated magnetization increases in the alloy which 
lowers the (BH)max. As apparent from the above 
description, the effective addition amount of the Ni is 
0.2§Ni§2.5. 
When Ti was further added to the above-described 

Mn—-A1—C-—P-—Ni pentad alloy, the (BH)max was 
further improved. 

Experiments similar to those made in the P-added 
quaternary alloy were made in the 
Mn—Al—C—P—-Ni—Ti hexad alloy. The cooling rate 
from 1100° C. to room temperature was 10'’ C. per 
second. The extrusion ratio was 5. The representative 
experimental results are shown in FIG. 6 and FIG. 7. 
FIG. 6 and FIG. 7 show the variations in the ]HC, 
(BH)max, after the extrusion, with respect to the Ti 
addition amount. The values of the IHC, (BH)max are 
represented in ratio with respect to the ‘IHC, (BH)max of 
the Mn—Al-C-Ni alloy (Ni=0.8%) made under the 
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4 
same conditions. From FIG. 6, the [He shows the al 
most the same value as the [He of the P—Ni-added 
hexad alloy inspite of the amount of Ti added. From 
FIG. 7, it was found out that the (BH)max considerably 
improved due to the Ti addition of 0.01§Ti§0.5. Ac 
cording to the observation of the texture of the heat 
treated alloy by a metallurgical microscope, the P—Ni 
—Ti-added hexad alloy became smaller in grain as com 
pared with the Ni-P-added pentad alloy. The im 
provement in the (BH)max is supposed to be due to the 
re?ned grains through the Ti addition. Also, when the 
Ti addition amount exceeds 0.5% by weight, the 
(BH)max considerably lowered due to the decomposi 
tion of the '1' phase of the ferromagnetic phase during 
the warm extrusion. Accordingly, the effective addition 
amount of the Ti is 0.0l§Ti§0.5. 

Iron (Fe), boron (B), copper (Cu) were added also 
singly or plurally in small amounts, respectively, to the 
P-added quaternary alloy, the P—Ni-added pentad al 
loy, and the P—Ni—Ti-added hexad alloy. It was found 
out by the examination thereof that the magnetic char 
acteristics thereof were likely to be slightly improved as 
compared with those of the alloys to which Fe, vB, Cu 
were not added (the P-added quaternary alloy, the 
P—Ni-added pentad alloy, the P—Ni—Ti-added hexad 
alloy) or were almost the same as those thereof. 
The present invention will be described hereinafter 

with reference to the following examples 1 to 7. 

EXAMPLE 1 

A cylindrical alloy billet wherein the phosphorus of 
0.1% by weight was added to a composition of manga 
nese in an amount of 70.5% by weight, aluminum in an 
amount of 28.9% by weight, and the carbon of 0.6% by 
weight, and melting the alloy into a billet. The billet 
was homogenized for about one hour at 1100° C. and 
thereafter was air-cooled. The billet was extruded at an 
extrusion ratio of 6 at a temperature of 700° C. Accord 
ing to the measurements of the magnetic characteristic 
values in the direction of the preferred magnetization of 
the alloy after the extrusion, values of Br=5900 G, 
1HC=3600 0e, (BH)max=6.0 MGOe were obtained. 
The [Ha was improved by 30%, the (BH)max was im 
proved by 30% as compared with the magnetic charac 
teristic value of the Mn—Al-—C ternary alloy made 
under the same conditions as in the P-added quaternary 
alloy. 

EXAMPLE 2 

A cylindrical alloy billet wherein phosphorus in an 
amount of 0.05% by weight was added to the composi 
tion of the Mn 69.5% by weight, A1 30.0% by weight, 
and C 0.5% by weight, and the alloy was homogenized 
at 1100° C. for about two hours and I thereafter air 
cooled. The billet was extruded at an extrusion ratio of 
9 at a temperature of 700° C. According to the measure 
ments of the magnetic characteristic values in the direc 
tion of the preferred magnetization of the alloy‘ after the 
extrusion, the values ‘of Br=62_00 G, 1H¢=4000 0e, 
(BH)max=7.9 MGOe "were obtained. The ‘IHC was 
improved by 60%, the (BH)max was improved by 30% 
as compared with the ‘magneticv characteristic values of 
an Mn—Al-—C ternary alloy made under the same con 
ditions as in the F-added quaternary alloy. 

7 EXAMPLE 3 - 
' A cylindrical alloy billet wherein phosphorus of 

0.15% by weight was added to the composition of man 
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ganese of 70.8% by weight, aluminum of 28.5% by 
weight, and carbon of 0.7% by weight and the alloy was 
heat treated at a speed slower than that of the air-cool 
ing operation after it was homogenized for one hour at 
1100‘ C. The billet was extruded at an extrusion ratio of 
6 at a temperature of 700° C. According to the measure 
ments of the magnetic characteristic values in the direc 
tion of the preferred magnetization of the alloy after the 
extrusion, values of Br=5850 G, 1Hc= 3500 Oe, 
(BH)max=5.8 MGOe were obtained. The IHC was 
improved by 27%, the (BH)max was improved by 26% 
as compared with the magnetic characteristic values of 
the air-cooling of an Mn—Al—C ternary alloy. 

EXAMPLE 4 

A cylindrical alloy billet wherein phosphorus of 
0.005% by weight was added to a composition of man 
ganese of 69.8% by weight, aluminum of 29.8% by 
weight, carbon of 0.4% by weight, and the alloy was 
air-cooled after it had been homogenized for about one 
hour at 1100“ C. The billet was extruded at an extrusion 
ratio of 6 at a temperature of 700° C. According to the 
measurements of the magnetic characteristic values in 
the preferred magnetization of the alloy after the extru 
sion, values of Br=5870 G, 1Hc= 3200 De, 
(BH)max=5.1 MGOe were obtained. The IHC was 
improved by 16% and the (BH)max was improved by 
10% as compared with the magnetic characteristic val 
ues of an Mn—Al—C ternary alloy made under the 
same conditions as the above-described P-added quater 
nary alloy. 

EXAMPLE 5 

A cylindrical alloy billet with on outer diameter of 18 
mm wherein phosphorus of 0.05% by weight, and 
nickel of 0.8% by weight were added to a composition 
of Mn of 70.0% by weight, A1 of 29.5% by weight, and 
C of 0.5% by weight and by melting and casting the 
alloy. The billet was furnace-cooled after it had been 
homogenized at 1100“ C. for about one hour. The billet 
was extruded at an extrusion ratio of 5 at a temperature 
of 700° C. According to the measurements of the mag 
netic characteristic values in the direction of the pre 
ferred magnetization of the alloy after the extrusion, 
values of Br=5900 G, 1Hc=3800 0e, (BH)max=6.2 
MGOe were obtained. The [Hg was improved by 25%, 
the (BH)max was improved by 15% as compared with 
the magnetic characteristic values of an 
Mn—Al—C—Ni quaternary alloy made under the same 
conditions as in a P—Ni-added pentad alloy. 

EXAMPLE 6 

A cylindrical alloy billet with an outer diameter of 18 
mm was prepared wherein phosphorus in an amount of 
0.1% by weight and nickel in an amount of 0.4% by 
weight were added to a composition of the Mn 69.5% 
by weight, the A1 29.4% by weight, the C 0.6% by 
weight. The alloy was melted and casted. The billet was 
air-cooled after it had been homogenized at 1100° C., 
and extruded at an extrusion ratio of 5 at a temperature 
of 700° C. According to the measurements of the mag 
netic characteristic values in the direction of preferred 
magnetization of the Ni—-P-added pentad alloy after 
extrusion, values of Br=6000 G, 1Hc= 3600 G, 
(BH)max=7.0 MGOe were obtained. The IHC was 
improved by 20%, the (BH)max was improved by 10% 
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as compared with the magnetic characteristic value of 
an Mn—Al—C-Ni quaternary alloy made under the 
same conditions as in P—Ni-added pentad alloy. 

EXAMPLE 7 

A cylindrical alloy billet wherein phosphorus of 
0.07% by weight, Ni of 0.6% by weight, Ti of 0.1% by 
weight were added to a composition of Mn of 70.2% by 
weight, A1 of 29.4% by weight, C of 0.4% by weight 
was made by melting, and casting the alloy and the 
alloy was air-cooled after it had been homogenized at 
1100° C. for about one hour. The billet was extruded at 
an extrusion ratio of 5 at a temperature of 700° C. Ac 
cording to the measurements of the magnetic character 
istic values in the direction of the preferred magnetiza 
tion of the alloy after the extrusion, values of Br=6050 
G, 1Hc=3850 G, (BH)max=7.4 MGOe were obtained. 
The Mn—Al—C—Ni quaternary alloy and the 
Mn—Al—C—Ni-Ti pentad alloy made under the 
same conditions as in the P—Ni—Ti-added hexad alloy 
were compared with each other. The JHC was im 
proved by 26% when compared with an Ni added qua 
ternary alloy and an Ni-—Ti-added pentad alloy. The 
(BH)max was improved by 12% in comparison with 
that of the Ni-added quaternary alloy and by 30% when 
compared with an Ni—Ti-added pentad alloy. 
As described hereinabove, according to the present 

invention, phosphorus of X% by weight is added to a 
conventional Mn—Al—C alloy 100% wherein X has 
the value 0<X§0.6 to increase the lHcto 30% or more 
and the (BH)max to 10% or more as compared with a 
conventional Mn—Al—C alloy. Ni of Y% by weight is 
added under 0.2§Y§2.5 to the P-added quaternary 
alloy so that the P—Ni-added pentad alloy can further 
increase the IHC of the P-added quaternary alloy and 
the (BH)max. Also, the Ti of Z% by weight wherein 
the value of Z is 0.0l§Z§0.5 and is added to the 
P—Ni-added pentad alloy so that the P—Ni—Ti-added 
hexad alloy can increase the (BH)max of the P—Ni 
added pentad alloy by 10% or more. Accordingly, the 
permanent magnet of the present invention is suitable 
for speakers, electric appliances, etc, thus resulting in 
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magnets having higher industrial value. 
What is claimed is: 
1. In an anisotropic permanent magnet comprising an 

Mn—Al—C alloy comprising manganese of 68.0 to 
73.0% by weight, carbon of (l/10Mn—6.6) to (éM 
n--22.2)% by weight and the remainder aluminum, said 
alloy having been subjected to warm plastic deforma 
tion, said alloy being characterized in that said alloy 
contains phosphorus in an amount of X% by weight 
wherein the value of X is 0.005§X§0.6, all percent 
ages being based on 100% of the total weight of manga 
nese, aluminum and carbon. 

2. An anisotropic permanent magnet according to 
claim 1, further containing nickel in an amount of 0.2 to 
2.5% by weight based on 100% of the total weight of 
manganese, aluminum and carbon. 

3. An anisotropic permanent magnet according to 
claim 2, further containing titanium in.an amount of 0.01 
to 0.5% by weight based on 100% of the total weight of 
manganese, aluminum and carbon. 

4. An anisotropic permanent magnet according to 
claim 1 in which the amount of phosphorus added is at 
least 0.05%. 

Q i i 1' t 


