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[5 7] ABSTRACT 
Semi-hard magnetic Fe-Mn system alloys, prepared by 
powder metallurgical methods, are subjected to cold 
working and subsequent heat treatment to obtain a 
product of superior magnetic properties and relatively 
constant magnetic characteristics, as compared to 
those products prepared by conventional casting 
methods. The properties of these magnetic alloys ren 
der them suitable for use in hysteresis motors, me 
chanical channel elements employed in electrical 
communication systems and the like. 

6 Claims, No Drawings _ 
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METHOD FOR MANUFACTURING SEMI-HARD 
MAGNETIC MATERIAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to a method for man 

ufacturing semi-hard magnetic alloys,and more partic 
ularly to a method for manufacturing Fe-Mn system 
magnetic materials of the quench hardening type,which 
are suitable for hysteresis motors and mechanical chan 
nel e1ements,such as are used in electrical communica 
tion systems. The term “Fe-Mn system magnetic mate 
rials“ refers herein to magnetic materials consisting of 
less than 20 percent by weight of manganese, less than 
several percent by weight of additives,such as titanium~ 
,copper,chromium,vanadium and the like,with the bal 
ance being substantially iron. Such magnetic materials 
may further contain less than 20 percent by weight of 
cobalt for the purpose of increasing the coercive force 
and the residual magnetic flux density of the product. 

2. Description of the Prior Art 
Magnetic materials to be useful in hysteresis motors 

and the like, should have a coercive force of about 50 
to 200 Oersteds,and a residual magnetic flux density of 
about 8,000 to 17,000 Gausses. In the past, Alnico 
alloy systems have been used in an attempt to satisfy 
this need. The Alnico system, however,has several in 
herent drawbacks which have inhibited their full utili 
zation in the art; particularly: 

1 the magnet is so hard (more than 600 in Vicker’s 
hardness) that machinability is poor,thereby resulting 
in high manufacturing costs,due to the necessity of 
abrasive working, 

2 they are rather expensive,since they use nickel and 
cobalt metals,whose yield is very small,in the prepara 
tion of the magnet, and 

3 it is difficult to obtain a magnet having a high mag 
netic flux density and a low coercive force. 

It has been proposed to use Fe-Mn system magnets 
instead of Alnico,because of its lower hardness,lower 
cost and more easily controllable coercive force. Par 
ticularly, Fe-Mn systems are characterized by: 

1 a hardness of less than 300 Vickers which renders 
the magnets easily lathe machinable,thereby resulting 
in signi?cantly greater machining precision,and signi? 
cantly reduced manufacturing costs, 

2 a considerably lower cost for the metals required in 
producing the magnets,as compared with Alnico sys 
tems, and 

3 a coercive force which can easily be controlled be 
tween the range of 20 and 150 Oe,which renders these‘ 
alloys especially advantageous for application as rotor 
magnets in hystersis motors. 

Until now,however,Fe-Mn system magnets have been 
only prepared by casting techniques in which Fe and 
Mn are co-melted with other additives,such as Co, in 
vacuum or in an inert atmosphere, cast into a mold and 
then subjected to hot rolling and cold rolling. The prod 
ucts are then lathe machined,and heat-treated to obtain 
the desired magnetic characteristics. 
The Fe-Mn magnet systems produced by such casting 

methods, however,have not proven to be entirely satis 
factory. For one,it is quite difficult,by casting tech 
niques,to produce a material of constant constituents, 
largely because of the high vaporization pressure of Mn 
at the casting temperature (for example,the vapor pres 
sure of Mn may be as high as 10 mm Hg at l,500° 
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2 
C.,which can cause as much as 10 percent of the Mn 
to vaporize). Moreover,the cast magnets are frequently 
subject to blowholes,caused by the casting of molten 
materials into a mold. As a result,the magnets are fre 
quently characterized by uneven magnetic characteris 
tics. . 

Another disadvantage of the previously prepared 
Fe-Mn system magnetics,is that they are difficult to 
mass produce,especially when smaller magnets are 
required,since production requires separate casting of 
each magnet into separate molds. I 

Still another disadvantage is that in order to obtain a 
useable con?guratiori,the cast material must be lathed 
extensively,thereby resulting in wasted material. Of 
course,lathing is still easier than abrasive machining. 
A further disadvantage is the great extent of cold 

working necessary to obtain the desirable magnetic 
characteristics. ' 

A need exists,therefore,for an Fe-Mn system magnet 
which can be produced in a high degree of uniformity 
and constituent consistency,which is relatively easy to 
mass produce,and which does not require extensive 
machining. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide 
a novel method for manufacturing Fe-Mn system mag 
nets. 

It is another object of this invention to provide a 
novel method for manufacturing Fe-Mn system mag 
nets which are superior in magnetic characteristics,and ; 
which demonstrate less variation in magnetic charac 
teristics,as compared with those magnets prepared by 
conventional casting techniques. 

It is still another object of this invention to provide 
a novel method for manufacturing Fe-Mn system mag 
nets, which require lower manufacturing costs and per 
mit mass productivity as compared with conventional 
techniques. 
These and other objects have now been attained by 

admixing Fe and Mn powders optionally, with one or 
more additive powders, such as Co powder, compact 
ing and sintering the powder mixture, as in conven 
tional powder metallurgical methods, and thereafter 
subjecting the product to both cold working and heat 
treatment. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

According to the present invention, a mixture of iron 
and manganese powders is prepared in amounts of 
5-14 wt percent Mn, with the balance being Fe. Other 
additive powders, such as cobalt, titanium, copper, va 
nadium, chromium, silicon, or the like, may be added 
to the mixture. When 5-14 wt percent Mn is used, tita— 
nium may be used in amounts of 0.6-6 wt percent and 
copper, chromium, silicon or the like, may be used in 
amounts of 0 to 0.3 wt percent with the balance being 
Fe. When Mn is used, in preferable amounts of 10-13 
percent, titanium may be used in amounts of 2-4 wt 
percent, Cn, Cr, Si or the like may be used in amounts 
of 0-3 wt percent, with the balance being Fe. More 
over, when Mn is used in amounts of less than 30 wt 
percent, Ti in amounts of less than 5 wt percent with 
‘the balance being Fe, and preferably, when Mn is used 
in amounts of 10-13 Wt percent, Co may be used in 
amounts of less than 15 wt percent, Ti may be used in 
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amounts of 2—4 wt percent with the balance being Fe. 
The powder mixture is then compacted under high 

pressure of from 5-10 ton/cm", and is subjected to sin 
tering temperatures of higher than 1,200" C, but lower 
than the melting point in an inert atmosphere or in 
vacuo. Preferably sintering is effected at temperatures 
of from l,250° C to l,330° C. 
The compacted and sintered product is then cold 

worked by conventional means, at a working ratio of 
greater than 40 percent, with no upper limit, but pref 
erably at a low cold working ratio of from 40 to 65 per 
cent, to provide suf?cient magnetic characteristics of 
the magnetic materials suitable for hysteresis motors. 

If desired, the working processes can be reduced by 
carrying out “sizing" concurrently with cold working. 
This expedient can lead to reduction in manufacturing 
costs. 

Since the Fe-Mn system magnets are quench harden 
ing type, which is subject to austenite-martensite trans 
formation, the cold working will contribute to improve 
ments in magnetic characteristics by creating strains in 
the structure of the magnets. The strains promote the 
transformation to the fullest extent and increases the 
density of the sintered compact. 
Following cold working, the material is subjected to 

heat treatment of 450° C to 530° C. 
The following table compares the residual magnetic 

?ux density Br (Gauss) and coercive force He (Oer 
sted) of (A) Fe-Mn system magnets sintered and sub 
jected to cold working according to the present inven 
tion, (B) Fe-Mn system magnets sintered according to 
the present invention but not cold worked, and (C) 
Fe~Mn system magnets manufactured according to the 
conventional casting method. The superiority of the 
magnets according to the present invention will be 
clearly understood from this table. 

Br (Gauss) Hc (Oersted) 
(A) more than 9500 lO-l50 
(B) less than 3000 10-50 
(C) 7000-8000 l0-l 50 

If the Fe-Mn magnets of the present invention are 
heat treated, but not cold worked,or are cold worked, 
but not heat treated,the superior magnetic characteris 
tics are not obtainable. 
The following advantages are obtainable by the pres 

ent invention: 
1 magnets can be prepared which are highly uniform 

and which are characterized by good component con 
sistency and stable magnetic characteristics,since only 
a small amount of the Mn will be vaporized during the 
sintering process ( as low as 0.1 percent if sintering is 
conducted at l,300° C. for 5 hours). 
2 the process of the present invention provides a high 

mass productivity,as compared with conventional cast 
ing methods,especially where small size magnets,as 
used in hysteresis motors, are prepared. 

3 machining procedures can be eliminated with the 
resultant reduction in manufacturing costs and lower 
loss of materials, since the starting materials can be 
compacted into the desired form in the initial stages of 
processing. 
Having generally described the invention, a more 

complete understanding can be obtained by reference 
to certain specific Examples which are provided herein 
for purposes of illustration only and are not intended to 
be limiting unless otherwise specified. 
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EXAMPLE 1 

A mixture of materials,consisting of 87 wt. percent 
Fe‘and 13 wt. percent Mn, was compacted under pres 
sure and then sintered at l,300° C.for 5 hours in an 
inert atmosphere. The product was then subjected to 
cold working at a working ratio of 50 percent and heat 
treated at 500° C.for 10 hours. The magnetic charac 
teristics of the magnets thus prepared were found to 
have a residual magnetic flux density of 9,500 Gauss 
and a coercive force of 60 Oersted. By way of compari 
son, the magnetic characteristics of the magnet pre 
pared without cold working,but under the same treat 
ment conditions werezresidual magnetic flux density of 
2,300 and coercive force of 20 Oersted. 
The amount of evaporation of Mn in the course of 

sintering was about 0.1 percent of the prepared amount 
of Mn and is considerably less than the 10 percent 
amount for magnets having the same constituents but 
prepared by conventional casting methods. 

EXAMPLE 2 

A powder mixture of materials,consisting of 84.5 wt. 
percent Fe, 12.5 wt. percent Mn,and the balance being 
additives such as Ti, Cu, V, Cr, Si and the like was com 
pacted and then sintered at l,250° C.for 5 hours in an 
inert atmosphere. The compact was then subjected to 
cold working, at a working ratio of 65 percent and heat 
treated at 500° C.for 8 hours. The magnetic character 
istics of the magnets thus prepared were: residual mag 
netic flux density of 9,700 Gauss,and coercive force of 
55 Oersted. 

EXAMPLE 3 

A powder mixture of materials,consisting of 77 wt. 
percent Fe, 10 wt. percent Mn,10 wt. percent Co and 
3 wt. percent Ti was compacted under pressure and sin 
tered at 1,300° C.for 10 hours in an inert atmosphere. 
The compact was cold worked at a working ratio of 65 
percent,and then subjected to heat treatment at 500° 
C.for 10 hours. The magnetic characteristics of the 
magnets thus manufactured were: residual magnetic 
flux density of 14,000 Gauss,and coercive force of 35 
Oersted. 

EXAMPLE 4 

A powder mixture of materials,consisting of 75 wt. 
percent Fe, 10 wt. percent Mn, 10 wt. percent Co, 3 wt. 
percent Ti and 2 wt. percent additives such as Cu, V, 
Cr and Si,was compacted under pressure and sintered 
at l,300° C.for 10 hours in an inert atmosphere. The 
compact was cold worked at a working ratio of 65 per 
cent and heat treated at 550° C.for 8 hours. The mag 
netic characteristics of the magnets thus prepared 
were: residual magnetic flux density of 12,000 Gauss 
,and coercive force of 55 Oersted. 
Having now fully described the invention, it will be 

apparent to one of ordinary skill in the art that many 
changes and modi?cations can be made thereto with 
out departing from the spirit or scope of the invention. 
ACCORDINGLY, 
What is claimed as new and intended to be secured 

by Letters Patent of the United States is: 
l. A method of preparing a semi-hard Fe-Mn system 

magnetic material which comprises: 
admixing 75 to 87 wt. percent iron powder and 10 to 

13 wt. percent manganese powder, 
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compacting the powder mixture material, 
sintering the compacted mixture material at a tem 
perature of 1200° C. to 1330° C. in an inert atmo 
sphere. 

subjecting the sintered material to cold working to 
cause austenite to martensite transformation, 

heat treating the material to obtain said semi-hard 
Fe-Mn magnet. 

2. The method of claim 1, wherein said powder mix 
ture contains at least one additive powder selected 
from the group consisting of: Ti, Cu, V, Cr, Si and Co. 

3. The method of claim 2, wherein said additive pow 
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6 
der is Co. ' 

4. The method of claim 1, wherein said cold working 
is e?‘ected at a working ratio of 40 — 65 percent. 

5. The method of claim 1, wherein said heat treat 
ment is effected at temperatures of 500° -_ 550° C.for 
8 to 10 hours. 

6. A magnet prepared by the method of claim 1 
which is characterized by a residual magnetic ?ux den 
sity of greater than 9,500 Gauss and a coercive force 
of 10 - 150 Oersted. 


