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This invention relates to magnetic material, and more 
particularly to the production of material suitable for 
use as permanent magnets. 

In even more particular aspects, this invention relates 
to a method of forming material suitable for use ‘as per 
manent magnets which method involves the use of atom 
ized prealloyed metal powder. 

It is Well known in the art that optimum permanent 
magnet characteristics are obtained in materials which 
have elongated, single domain, magnetic particles disposed 
in a non-magnetic, or magnetically weaker matrix. Several 
prior art techniques of producing such materials have been 
proposed but all of them are relatively costly or result in 
relatively poor magnetic characteristics. 

It is, therefore, a principal object of this invention to 
provide an improved material suitable for use as a per 
manent magnet. 

It is a related object of this invention to provide an 
improved method of producing material suitable for 
forming into permanent magnets. 
A more speci?c object of this invention is to provide 

a method for providing a material suitable for use in 
permanent magnets, which material has a dispersion of 
a ?nely divided elongated precipitate of a magnetic phase 
in a matrix of a non-magnetic phase. 

Still a further, more particular object of this invention 
is to provide a method of forming a material suitable for 
use as permanent magnets, which method incorporates 
mechanically Working a piece formed from prealloyed 
powder having a ?nely divided precipitate of a magnetic 
phase in a non-magnetic phase. 

These and other objects, together with a fuller under 
standing of the invention, will become apparent from the 
following description when taken in conjunction with the 
accompany drawings in which: 
FIGURE 1 is a light micrograph at 1500X of a sec 

tion through a powder particle formed according to this 
invention, and 

FIG. 2 is an electron micrograph at 6000X of mate 
rial formed from particles of powder of the type shown in 
FIG. 1 and mechanically cold worked to thin sheet or 
strip. 

In order to form material for use as a permanent mag 
net according to this invention, an alloy is selected that 
has a single homogeneous phase when liquid and has two 
phases in the solid state at ambient temperatures, one of 
which is magnetic and the other non-magnetic, or at 
least substantially less strongly magnetic, this phase being 
referred to hereinafter as a non-magnetic phase. Alloy 
systems which ful?ll these conditions include the binary 
systems of copper-iron, copper-cobalt, gold-nickel, gold 
iron and gold-cobalt and the ternary system of copper 
iron-cobalt. The alloy is melted and the composition ad 
justed so that upon solidi?cation the non-magnetic phase 
will be in excess of the magnetic phase (on a volume 
basis) so that the non-magnetic phase will act as a matrix. 
The melted alloy of the proper composition is made into 
a powder by the so-called “atomization technique.” Ac 
cording to this technique, a stream of the molten alloy is 
drastically quenched by a high velocity gas or liquid 
stream to break up the molten metal stream into powder 
particles. Each of the particles so-formed will have sub 
stantially the same composition as the other particles and 
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the melt, since a homogeneous mixture or a single phase 
mixture was used as the starting composition. Each of 
these powder particles will have a ?ne dispersion of the 
magnetic phase in a matrix of the non-magnetic phase. 
Atomizing conditions, such as temperature of the molten 
metal, velocity of the dispersing media and mechanical 
adjustments of the atomizing jets, control the size of the 
particles. In general, the smaller the particle size of the 
particles formed, the smaller will ‘be the size of the dis 
persed precipitate of the magnetic phase. Since single do 
main behavior requires extremely small sizes, it is desirable 
that the magnetic phase precipitate be as ?ne as possible, 
and thus a Very drastic quenching is desired. A stream of 
nitrogen has been found to be very effective as a quench 
ing medium to produce such ?ne particle sizes. 
The powder formed from the atomization of the alloy 

is consolidated into solid form such as by rolling, or by 
pressing in dies, or extrusion, or any other suitable method 
of producing a relatively solid structure of the metal. 
The temperatures employed if sintering is done or in ex 
trusion, should not exceed the temperature at which ag 
glomeration of the magnetic phase takes place. The solid 
metal is then mechanically worked to provide strip or 
wire of material suitable for forming into a permanent 
magnet; as much of this mechanical working as possible 
and preferably all, should be done cold or at least below 
the temperatures at which magnetic precipitate begins to 
agglomerate to any appreciable extent or dissolve to any 
appreciable extent in the non-magnetic phase. The work 
ing also should be done unidirectionally so as to elongate 
the magnetic phase precipitate particles to make them as 
close as possible to the ideal shape for single domain 
particles, that shape being a prolate ellipsoid. Single do 
main characteristics of such a shaped particle can be ob 
tained if the particle has a major axis of the order of 
magnitude of 5000 A. and a minor axis of the order of 
magnitude of 500 A. or less. 
FIG. 2 shows a longitudinal sectional view through a 

strand of material of a composition of approximately 
35% iron, 65 % copper, formed according to this invention. 
The light areas of the micrograph show an elongated mag 
netic phase precipitate, while the non-magnetic phase 
matrix shows gray. To form the material, a melt was 
prepared of an alloy having a composition of about 35% 
iron and 65% copper. This melt was atomized by high 
pressure gas in a conventional manner to produce a pow 
der, each particle of which had a dispersion of the iron 
phase in the copper matrix as shown in FIG. 1. The 
powder was screened and the fraction which passed 
through the openings of a US. Standard 325 mesh sieve 
(44-micron opening) was selected. The powder was re 
duced in a hydrogen atmosphere at about 10000 F. to 
remove the surface oxides in a conventional well-known 
manner. The reduced powder was then pressed by dies into 
a block 2" x 3/8" x 8" and the block was sintered in a 
hydrogen atmosphere at about 1800“ F. This tempera 
ture is about the maximum that can be used without en 
countering substantial agglomeration of the iron phase, 
and it is preferred to use lower sintering temperatures, 
preferably around 1300° F. to 1500” F., since magnetic 
properties are better when the material is sintered at these 
lower temperatures. The sintered block was then cold 
rolled to 0.120” thick, after which it was stress relieved at 
1000° F. for 10 minutes and then cold rolled to 0.045". 
After another stress relief for 10 minutes at 1000° F. the 
piece was cold rolled to ?nal gauge of 0.0032". The piece 
was tested for magnetic properties which were: Br 6600 
gauss, Hc 70 oersteds, and BH max. 240,000 gauss 
oersteds. This is suitable for many low energy permanent 
magnet applications, but is cited only as an example of 
the microstructure as higher energy products can be ob 
tained, as will appear hereinafter. 
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cold work into the material as is possible without damag Although all of the alloy systems listed _ _ _ ‘ 
produce material suitable for use as p- aterial or unduly embritthng it. 

h several embodiments of this invention have 
been shown and described, various adaptations and modi 

5 ?cations may be made without departing from the scope 

OD mu em ‘mu 05A n i hs,e it! vnapa . ms 
6 r Yam 0 .w more n3 NW5 cC the gold-nickel, gold-iron and gold 

very expensive and are 0 
Of the remainin 

f little commercial signi?cance. 
three sy per-iron, copper stems, cop 

cobalt and copper-iron-cobalt the comer-iron system has and appended claims. 
resulted in material having excellent magnetic properties. 

a I 

We claim: 
e entire? 1. A method of making permanent magnet material 

comprising, selecting an alloy composition characterized 
a single phase in the melted state and two substan 

tially mutually insoluble phases in the solid state at 
ambient temperatures, one of said two solid phases being 
magnetic and the other non-magnetic, and the latter being 
present in a major proportion by volume, melting said 

ained 10 by 
with various materials cold Worked to various deg‘ es. 
Of the various compositions tested, the 62% co 5% 

ults and, 

TABLE I 

‘y sat 

Table I below shows the magnetic properties obt 

pper, 3 
3 

although the other two systems do provid 
isfactory material. 

iron composition appears to produce the best re 
hence, this approximate composition is preferred. 

5 Powder pressed into 3" billet in a copper jacket, extruded at about 
1.3a0° F. to bars 0.750” in diameter, swaged at about 1,300° It‘. to 0.250”, 
than (501d swagretl and drawn to size. 

'll’owder pressed into 3” billet in a copper jacket, extruded between 
about 1.Iit)0° F. and 1,500° F. to bars 0.375" diameter. then cold swayed 

a 0. 0 F 1,300° F. to bar 0.7511” in diameter. hnr swnged at about 1. 
diameter and then from 0.500” to 0.2510" diameter at 1,000‘’ 1"., then cold 
swaged and drawn to size 

Powder pressed into 3” billet in a copper jack 

god to 0.187” diameter at between LUOO“ F. and 1,150“ R, then cold 
swailed and drawn to sine. 

‘.f’C'Ll at 1,5005 ll‘. to 0.180" diameter‘, than cold st 
0. 

l-cet, extruded at about , i r . 

‘-‘ Powder pressed into 7” LllrtlilClOl‘ billet in copper jacket, preheated 
for 1 hour, cooled, then reheated and extruded at; 1,500“ l‘. to bar 1. 
diameter, bar 

3 Powder pressed into 3” billet in a copper j 
1,300° F. to liars 0.750” in dimnetez‘, copper Jacket revoved and bar 
swatzed to 0.250” diameter at about 1,000" F., then cold swayed and 
drawn to size. 

4 Powder pressed into 3” billet. in a copper jacket, extruded at about: and drawn to s 
1,300° F. to bars 0.750” in diameter, bar s god at about 1,300° F. to 
0.500” in diameter, then cold swegcd and d .. vn to size. 

each particle of which contains a ?nely divided pre 
cipitate of the magnetic phase in a matrix of the non 
magnetic phase, forming said powder, and mechanically 
working the same at a temperature below which the mag 

the material and thus it is desirable to introduce as much 75 netic phase dissolves in the non-magnetic phase or ag 

An examination of Table 1 above shows that increas- 70 alloy, atomizing said melted alloy to form a powder, 
ing amounts of cold work (i.e. mechanical work at tem 
peratures below the temperature at which the magnetic 
phase precipitate agglomcrates or dissolves in the non 
magnetic phase), increases the magnetic properties of 
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glomeration of the magnetic phase occurs, w-hereby to 
produce a material suitable for permanent magnets. 

2. A method of making permanent magnet material 
comprising, selecting an alloy from a ‘group consisting of 
copper-iron, copper-cobalt and copper-iron-cobalt, said 
alloy being characterized by a single phase in the melted 
state and two phases in the solid state at ambient tem 
perature, one of said two solid phases being magnetic 
and the other non-magnetic, the latter being present in 
a major amount by volume, melting said alloy, atomizing 
said melted alloy to form a powder, each particle of 
which contains a ‘dispersion of the magnetic phase in a 
matrix of the non-magnetic phase, forming said powder 
and mechanically working the same at a temperature 
below that at which the magnetic phase dispersion dis 
solves in the nona-magnetic phase or agglomeration of 
the magnetic phase occurs, whereby to produce a ma 
terial suitable for permanent magnets. 

3. The method of claim 2 wherein the alloy is copper 
cobalt. 

4. The met-hod of claim 2 wherein the alloy is copper 
iron-cobalt. 

5. The method of claim 2 wherein the alloy contains 
about 62% copper and about 38% iron. 
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