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The present invention relates to improvements in alloy 
magnets consisting of magnetic materials such as Mn, 
Al asthe essential ingredients added with a suitable 
quantity of the other elements such as Ti and Zn and 
then subjected to a necessary treatment. 
The principal object of the invention is to provide 

permanent magnets having most desirable powerful re 
sidual magnetism and high coercive force as well as 
large magnetic energy with less oxidation and high Curie 
point and minimum temperature effect and moreover, 
easily manufactured and worked by means of melting 
metallurgy at a lower cost. 

Mn-Bi and Ba ferrites which have heretofore been 
used as magnetic materials have high coercive force but 
both of them should be manufactured by powder metal 
lurgy so that it is very difficult to manufacture and it has 
disadvantage that the actual production and working 
are limited so that it has disadvantage that it becomes 
invariably expensive and also liable to be oxidized, and 
the Ba ferrites have disadvantage that Curie point is low 
and the magnetic propertiesv vary substantially as the 
temperature changes. Moreover, the aluminum ferrite, 
so-called Alnico (an alloy of Al-Ni~Co) has excellent 
residual magnetism but its coercive force is exceedingly 
small, it is very expensive and a known Mn-Al ferrite 
material shows low residual magnetism and coercive force 
if not subject to a proper treatment. 
The invention is to obviate the‘above disadvantages 

and to provide permanent magnets having various ad 
vantages as above explained. 
For a better understanding of the invention reference 

is taken to the accompanying drawings, in which 
FIGS. 1 to 7 are characteristic curves of the embodi 

ment of the permanent magnets of the invention illus 
trating how the characteristics change according to the 
selection of mixture ratio and kinds of composition; and 
FIG. 8 shows demagnetizing curves of the magnets 

embodying the invention. 
The inventor has made numerous experiments, and 

the explanation will be made by taking the typical data 
among them. FIG. 1 illustrates the change of residual 
magnetism and coercive force when the weight ratio 
of the main ingredients of Mn and Al is changed in 
case of the first addition element Ti is 1 to 5%, pref 
erably 3% and the second addition element Zn is 0.1 to 
2.0%, preferably 1%, wherein the aging and heat treat 
ments were done at a temperature of about 500° C. for 
about 1 hour. From these results it will be seen that 
both of the residual magnetism and coercive force be 
come maximum at the weight ratio of Mn:Al is about 
2.55. As further shown by FIG. 1, the weight ratio of 
manganese to aluminum can be in the range of from 
2.4:1 to 2.7:1. When the weight ratio of manganese 
to »aluminum is about 2.55 :1, the alloys will contain 
66.8% to 71.04% by weight manganese. Furthermore 
when the weight ratio of manganese to aluminum is in 
the range of from 2.4:1 to 2.7:1, the composition will 
contain between 65.65% and 72.17% by weight manga 
nese. The remainder of the composition will be alu 
minum and between l and 5% titanium and 0.1% and 
2% zinc. Since the total amount of manganese and 
aluminum in the alloy ranges between 93% and 98.9% 
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depending upon the amount of titanium and zinc pres 
ent, the weight percent of manganese is between 66.8% and 
71.04% when the manganese to aluminum weight ratio is 
2.55 :1. FIG. 2 shows curves when the aging and heat 
treatments similar to those of FIG. 1 were effected, 
wherein the weight ratio of Mn and Al was taken at 
2.55 and 1% of Zn was added thereto as the second 
addition element and when the quantity of the first ad 
dition element Ti was changed the relation between the 
added quantity and the magnetic property is shown, 
from which it will be apparent that both of the residual 
magnetism and coercive force become high when Ti is 
1 to 5%, especially they become maximum when Ti is 
about 3%. FIG. 3 illustrates the change of characteristics 
according to the change in quantity of the second addition 
element Zn when the ñrst addition element Ti is settled 
at 3% and subjected to the similar aging treatment, from 
which it will be apparent that the residual magnetism 
and coercive force become high at 0.1 to 2% of Zn, 
especially they become maximum at about 1% of Zn. 
The ferrite materials consisting of the alloys of this in 
vention, that is, Mn-Al-j-Ti (3%)'-j-Zn (1%) of a suit 
able mixture ratio can considerably improve their mag 
netic properties by applying swaging treatment at room 
temperature before the aging treatment, then subjecting 
to a required aging as above described and an example 
of the demagnetization of the alloy magnets thus obtained 
is shown by the curve A in FIG. 8, from which it will be 
seen that the excellent magnetic properties can be given 
to such an extent that the residual magnetism arrives at 
520OG and the coercive force to 2400 oe. and the mag 
netic energy more than 6X106, and the curve B in FIG. 
8 illustrates the results of typical Ba ferrite which 
has been treated adequately. 

According to the invention, it has been found that by 
adding to a known Mn-Al alloy about 1 to 5%, pref 
erably 3%, of Ti as the first addition element and by 
subjecting to a conventional aging and heat treatments 
the magnetic properties can be greatly improved and 
moreover by adding 0.1 to 2%, preferably about 1%, of 
Zn as the second additionvelement the magnetic properties 
can be further improved and by subjecting to proper 
treatments to the above alloys permanent magnets hav 
ing excellent properties as above explained can be ob 
tained. 

It has further been found that during the course of 
arriving at the invention, the addition of a suitable quan 
tity of any one or more element of Cu, Fe, Ni and Co 
as the second addition element to the Mn-Al alloys 
containing certain extent of Ti provides the most favour 
able magnetic properties by subjecting the alloy to a 
conventional aging and heat treatment. When the sec 
ond addition element is selected from the group con 
sisting of copper, iron, nickel and cobalt, between 0.1% 
and 2% of these elements should be employed. 
FIG. 4 illustrates the magnetic properties of the metal 

lic compound of Mn-Al added with the first addition 
element of Ti, and the second addition element of Cu 
and subjected to a definite aging and heat treatments 
according to the invention, from which it will be ap 
parent that in each case of 0.5, 1.0, and 1.5% of Cu the 
properties are improved by the addition of Ti within a 
range of 1 to 5%, more particularly when Ti is about 
3% both of the residual magnetism and coercive force 
become maximum. 
FIG. 5 illustrates the magnetic properties of said alloy 

of Mn-Al added with the first addition element Ti and 
the second addition element Fe and subjected to the 
necessary aging and heat treatment, from which it will 
be apparent that the magnetic properties are improved 
within the range of 0.1 to 2%, more particularly by the 
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addition of about 1% of Fe both of the residual mag 
netism and coercive force can be made maximum. 

FIG. 6 illustrates the magnetic properties of said Mn-Al 
alloy added with the first addition element Ti and the 
second addition element Ni and subjected to the neces 
sary treatment such as aging and heat treatments, from 
which it will be seen that by the addition of'Ni of 0.1 
to 2% Vthe magnetic properties are improved, and at 
about 1% of Ni the residual magnetism and coercive 
force become maximum. 

FIG. 7 illustrates the magnetic properties of said. Mn-Al 
alloywhen added with Ti as the first addition element 
and Co as the second addition element and subjected to 
the necessary aging and heat treatments, from which 
it will bev seen that by the addition of 0.1 to 2% .of Co 
the improvement of magnetic properties occur-and at 
about 1% of­ Co the residual magnetism and coercive 
force become maximum. ' ` - 

What I claim is: ' ` Y 

1. A magnetic material consisting essentially . of 20 ’ 
65.65% to 72.17% manganese, 1% to` 5% titanium,y 
0.1% to 2% of an element selected from the group con 
sisting of zinc, copper, iron, and nickel, and the re- Y 
mainder of aluminum. . 
Y ZJA magnetic material consisting essentially ’ of 
65.65% to 72.17% manganese, 1% to 5% titanium, 
0.1% to 2% zinc, and the remainder of aluminum. . 

3. A magnetic material consisting essentially of 
65.65% to 72.17% manganese, 1% to 5% titanium, 
0.1% to 2% copper, and the remainder of aluminum. 

a. 
4. A magnetic material consisting essentially. of 

65.65% to 72.17% manganese, 1% to 5% titanium,V 
0.1% to 2% iron, and the Àremainder of aluminum. 

5. A magnetic material consisting essentially of 
65.65% to 72.17% manganese, 1% to 5% titanium, 
0.1% to 2% nickel, and the remainderV of aluminum. 

6. A magnetic material consisting.> ' essentially of 
66.8% to 71.04% manganese, ­1%'to 5% titanium, 0.1% 
to 2% Zinc,` and the remainder of aluminum. 
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