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(C. 175-21) 21 Claims, 
This invention relates to permanent mag 

nets and to a method of manufacturing them. 
The permanent magnet according to the in 

vention exhibits the feature that it consists of 
a Ni-Al-Fe alloy having a cobalt content of 16 
to 30%, a nickel content of 12 to 20% and an 
aluminium content of 6 to 11% and that in One 
(principal) direction (anisotrope) it has a 
(BH)nax value which is at least 2,000,000, for 
instance 4,000,000 to 5,000,000, and which is at 
least 50%, for instance 100 to 200%, higher than 
that of a permanent magnet which is made from 
the same alloy, but whose magnetic properties 
are at least substantially equal in all directions 
(isotrope). Since, as is well known, the size 
and weight of magnets are dependent upon the 
(BH) max value of the magnet steel used, the ad 
vantageous results obtained by the present in 
vention will be readily appreciated. 
The magnets according to the invention pref 

erably have a cobalt content of about 20% to 
25%, a nickel content of about 13% to 17% and 
an aluminum content of about 7% to 10%, and 
with such compositions it is possible to obtain 
(BH) max values greater than 3,000,000. I have 
found that such high (BH) max values are due 
to the pronounced arched shape of the demag 
netization curves and, as is well known, the full 
ness factor 

(BH). 
BXHc 

is decisive for this shape. Magnets according 
to the invention having a (BH) max value of at 
least 3,000,000 have a fullness factor of at least 
0.45, generally 0.50 or more. 
The magnets according to the invention can 

be made by subjecting the alloys to the action 
of a magnetic field during the cooling required 
for magnetic hardening. 

Figs. 1 and 2 are demagnetization curves of 
permanent magnets according to the invention. 

It is already known that the magnetic prop 
erties of certain ferro-magnetic materials hav 
ing a high permeability are greatly influenced 
when, during the thermal treatment, the cool 
ing from high temperatures is effected in a mag 
netic field. 
This effect has also been examined with alloys 

for permanent magnets (see periodical "Nature' 
dated July 30, 1938, page 209). This periodical 
refers to an iron alloy for permanent magnets 
of the Ni-All type which consists of 18% Ni, 10% 
Al, 12% co, 6% Cu. and 54% Fe and is cooled 
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field. In this case an improvement in the rem 
anence and in the (BH)nax value is obtained. 
The remanence, for instance, was raised from 
about 7350 to about 7900 Gauss and the (BH)ma. 
from 1,500,000 to 1800,000. 
As a possible explanation of -the influence of 

the magnetic field it is pointed out that when 
ferro-magnetic materials are not subjected to a 
magnetic field during the cooling operation, they. 
show the same magnetic properties in all direc 
tions. When using a magnetic field during the 
cooling operation the material exhibits aniso 
tropy in such manner that, after subsequent 
magnetisation in a direction corresponding to 
the direction of the magnetic field during cooling, 
the magnetic properties in this direction are im 
proved whereas the magnetic properties in other 
directions are reduced. 

It appears from the considerations stated in 
this respect in the above-mentioned periodical 
that the said process of cooling in a magnetic 
field yields an improvement of about 7% in rem 
anence and of 20% in (BH) max for magnet steel, 
but that surprising improvements are not to be 
expected in this field. This tallies with the pre 
vailing theoretical conceptions and with the 
fact that most of the alloys used in practice do 
not show at all or only slightly show this effect. 

I have found that treatment in a magnetic 
field yields quite unexpected results and more 
particularly permits one to obtain (BH)nax 
values up to about 5,000,000, when used for the 
alloys stated in the preamble. It is remarked in 
this respect that up until now it has been possible 
Only in special cases to produce a permanent 
magnet having a (BH) max value exceeding 
2,000,000. None of the commercial magnets have 
such values, but have values ranging between 
about 1.8x10 and 1.9X10. 
The progress according to the invention is 

more surprising, because a group of Ni-Al-Fe 
alloys is used which is very uneconomical and 
hence unusual in practice viz. alloys having a 
high cobalt content (more than 16%), while at 
the same time I obtain permanent magnets af 
fording maximum economy. The permanent 
magnets according to the invention must be mag 
netized subsequent to the cooling in the direction 
of the lines of magnet force used to magnetize 
the magnet during the cooling, i. e. the lines of 
force during the subsequent magnetization should 
substantially coincide with the magnetic lines of 
force used during the cooling. If the magnetic 
lines of force during the subsequent magnetiza 

from a temperature of 1200° C. in a magnetic 55 tion were perpendicular to the direction of the 



2 2,295,082 
lines of force used during the cooling, the high 
(BH)nax value of the present invention would not 
be obtained. When I refer to the improvement 
in (BH) max value of a permanent magnet accord 
ing to the invention, I mean the improvement 
over a permanent magnet of the same composi 
tion, but which is subjected to a magnetization 
only after the heat treatment. The magnetic 
field preferably has an intensity of more than 
3,000 Gauss. 
The Cooling Operation may be effected in a 

usual manner which is best suited for obtaining 
favorable magnetic and mechanical properties, 
and One skilled in the art can select that cooling 
method which is best suited for use with a cer 
tain type of alloy when the cooling is effected 
without the application of a magnetic field, I 
employ the same cooling methods when applying 
the magnetic field during the cooling. 
Furthermore it has been found advisable that 

the action of the magnetic field should take 
place at least in a temperature-interval which 
extends from the Curie-temperature to about 
150° C. below this temperature and which is a 
part of the temperature-interval traversed dur- 2 
ing the cooling of the alloy necessary for hard 
ening. I have found, that the time during which 
the temperature of the alloy remains in this 
interval between the Curie-point and the tem 
perature 150° C. below this point has an influ- 30 
ence on the magnitude of the effect. From this 
it follows that the process is particularly suit 
able for alloys with which, during the cooling 
stage of the treatment hitherto used, the time 
during which the temperature of the alloy re- 3 
mains within this interval has a certain mini 
mum duration, e. g. 30 seconds, for Optimum 
magnetic properties. I have found that in these 
cases the average Cooling speed in the usual cool 
ing operation, say between 1,250 C. and 600' C., 40 
should be low, i. e. about 10 C. per sec, at the 
utmost, and preferably about 1° C. to 5 C. per 
Sec. In connection with the internal change of 
the alloy necessary for the occurrence of the 
effect, during the action of the magnetic field, 45 
it is advantageous to use alloys having a high 
Curie-point, for instance higher than about 
780° C. The above-described alloys containing 
more than 16% Co can satisfy this condition. 
As regards the aluminium content it is to be 50 

remarked that this should be adapted by a jud 
cious choice to the contents of the other ele 
ments, and primarily to the nickel content. 

In order to obtain excellent results as regards 
the value of (BH)ma it is advisable that the 55 
nickel content should not exceed 17%. 
The use of copper, which is desirable in many 

modern magnet-steel alloys, is not essential and 
a high content, i. e. above 7%, is even inadvis 
able. 
extremely high (BH) max values it is advisable to 
admit small quantities of copper, for instance 
1 to 3%. Generally it is advisable to reduce the 
nickel content in the case of high copper Con 
tents. 6S 
Titanium, which has also proved to be such a 

valuable element for various magnetic steel al 
loys and was present in the best magnetic steels 
hitherto known, is not an essential element of 
my alloy, although a total percentage of Al and 70 
Ti of less than about 12%, the Al percentage 
being from 6% to 11%, may be used in my alloy. 
However, a high titanium content, for instance 
more than about 5%, has proved to be detri 
mental. 

However, I have found that in obtaining 60 

In the following Table I are given several ex 
amples from which appears that the whole 
above-mentioned field of alloys can be split up 
into sections each of which shows particular 
magnetic properties. 

Table I 

Renanence Coerci Percent Br tifice (II) nar 

14-20 : a 7-13 so 300-560 2-3.5x10 
14-18 

9, 200-12,000 470-765 2.5-4. 2x10 
0.4-4 
13-16.5 

18.5-25 
6.5 , 30-11,250 || 510–72) 3-4x104 

1-7 
12-15 

23, a law 520-630 3.5-4.8x10 
1.5-6.5 

From this table, which is based on the results 
obtained from about 50 test-series, it clearly ap 
pears that the region of alloys designated by a 
is preferably to be used when value is attached 
to extremely high values of the remanence. 
The kind of alloys designated by b, which con 
tains Ni, Al and Co and in addition Ti should 
be used if it is attempted to raise the coercive 
force to the highest possible extent. It is to be 
remarked that both in the case a and in the case 
b the (BH) max obtained with the largest values 
of the remanence and of the coercive force re 
Spectively has at the same time the remarkable 
value of about 3.5x10' and 4.2x10 respectively. 
The kind of alloy denoted by c, which in ad 

dition contains copper with respect to the last 
mentioned alloy, may also be used for this pur 
pose, and the alloy d (without titanium) per 
mits more particularly maximum values and this 
jointly with remarkable values both for the rem 
anence and for the coercive force. 
A large number of elements other than those 

mentioned up till now may be added in con 
siderable quantities as additional alloy constit 
uents such that in each instance the stated im 
provement of at least 50% in (BH)ma is ob 
tained. However, a distinction must be made 
between those metals which do not influence 
the anistropy effect, but do affect the magnetic 
properties of the alloys and those other metals 
of the periodic System which are usually present 
in permanent magnets and which affect both 
the anistropy effect and the magnetic properties 
of the alloys. As examples of the former metal 
I might mention, silicon, vanadium, antimony, 
tin and sulphur, and as examples of the latter 
metals I may mention chromium and manganese. 
More particularly, assume that a magnet of an 
Al-Fe-Ni-Co alloy when treated in the usual 
prior art manner has a (BH) ma value of 
1,500,000 and when treated in the manner of 
the present invention has a (BH)m value which, 
due to the anistropy effect, is double, i. e. 
3,000,000. If an element such as silicon, vana 
dium, antimony, tin and sulphur is added to this 
alloy and the alloy is treated in accordance with 
prior art methods, the (BH) ma value will de 
Crease to a value between about 1,000,000 and 
1,500,000. However, the anistropy effect is not 
affected by the addition of these elements and 
if the alloy is treated in the manner of the pres 
ent invention, a (BH) value of about 2000,000, 

  



2,295,082 
i. e. approximately double the value obtained 
when using the prior art treatment, will be ob 
tained. 

If, instead of the above mentioned elements, 
an element such as chronium and manganese, 
is added to the alloy and the alloy is treated in 
a prior art manner, the (BB) ma value will be 
decreased to about 1,000,000 to 1,500,000 but when 
the alloy is treated by the method of the present 
invention the (BE) ma value will be decreased 
to about 1,400,000, i. e. to a value less than double 
the value obtained by the prior art treatment. 
Additions of other elements such as, for instance, 
calcium and to a lower degree tungsten may give 
rise to a slight but clearly perceptible increase 
in a characteristic magnetic value, for instance 
in remanence, but as a rule they tend to influ 
ence the other characteristic magnetic values, 
It will be understood that neither the and so 
tropy-effect nor the magnetic properties are ma 
terially influenced by the presence of slight quan 
titles of other elements, for instance, in the form 
of impurities (i. e. in quantities of the order of 
some tenths of a per cent). 
When making use of the invention one might 

expect that the highest attainable (BH)nax value 
would occur with alloys whose (BH) max value is 
about 2,000,000 (which is practically the highest 
attainable value up till now) without cooling in 
a magnetic field. To my astonishment I have 
found, however, that with these alloys the aniso 

Composition in 
No. per cent 
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Optimum (BBI) as 
obtained by making 
use of a usual ther 
mal treatment with 
out magnetic field, 
after annealing 

3 
a high cobalt-content and which, when heat 
treated in a manner suitable for obtaining an 
optimum (BH)nax value, have a remanence of 
more than 10,000 Gauss, the improvement in the 
(BFI) max value due to the remarkably strong 
anistropy-effect of the steel is considerable and 
that in general the remanence has a consider 
able influence in obtaining high (BH)mas values. 
In this manner I have found it possible to obtain 
the unprecedented (BH) in value of more than 
2.5X10 and even more than 4.5x10, while at 
the same time securing a very high remanence, 
for instance, more than 12,000 Gauss. Thus, the 
present invention makes it possible to comply in 
a practical manner with the frequent desire to 
have a high (BH)nax together with a high rem 

eace 

In contradistinction to what has been said in 
the above article in "Nature" with respect to 
the change in coercive force I have found that 
more particularly with alloys according to the 
invention showing the higher (BH) ma values, 
not Only the remainance but also the coercive 
force, measured in a preferred direction is in 
creased. The enormous increase in the (BH)m. 
value is partly to be ascribed thereto. 

In the following Table II are stated, by way 
of example, various alloys, which have been 
cooled according to a usual heat treatment 
(third column) and in a magnetic field (fourth 
Column). 

Table II 

4. 

Results obtained by 
making use of a ther 
mal treatment cor Average 
responding to that of Fullness 
the p gcolumn, speed E. factor 
but in accordance the cooling (BH) 
with E. region (E a magne between -------- anneling in percentV BXH. 

to coor C 

°C. p.lee. 
3,450,000 1. 183 0.55 
3,770,000 86 0.87 
4,790,000 1.8 185 0.80 
3,057,000 4 91. 0.48 
3,780,000 4. 20 0.52 
3,250,000 4. 97 0,49 
3, 117,000 4. 71 0.45 

tropy-effect which can be obtained when making 
use of the invention manifests itself to a small 
extent only or is not available at all, whereas in 
contradistinction thereto it has been found that 
it is with magnet steel alloys having Compara 
tively much lower optimum (BH) max values that 
this effect occurs to a remarkable extent so that 
these magnet steels, which are unusual as re 
gards composition, permit final values of the 
(BH)ma far exceeding the values hitherto at 
tainable by, means of the best kinds of steel. 
Without cooling in a magnetic field higher 

values 6f (BH)na generally involved hitherto a 
lower remanence; for instance, (BH) max values 
of about 2,000,000 could only be attained at con 
paratively low values of the remanence, for in 
stance not more than 9,000 Gauss. This is due 
inter alia to the fact that the improvement in 
(BH)nax could only be obtained by raising the 
coercive force, which increase was obtained to a 
greater or less extent at the cost of the rena 
eace. 

55 

60 

65 

70 

The average cooling speed stated in the fifth 
column was used in both of the said cases and 
is so chosen that in cooling without magnetic 
field about the highest attainable product of 
B and H is attained. 
Column 6 gives the percentage improvement 

of the (BH) max value according to column 4 
over the (BH) max value according to column 3. 
It appears therefrom that, for instance, a com 
position according to the examples numbered 
1 to 3 permits a magnet steel to be obtained 
which is about three times better than the same 
steel which has not been cooled in a magnetic 
field. From the other examples it appears that 
this composition yields also an improvement of 
the (BH) ma value of at least 50%. From ex 
ample 2 according to the invention it appears 
that in contradistinction to the prior art a very 
high (BH) max may quite well be associated with 
a remanence already high in itself. 
The accompanying Figures 1 and 2 show the 

de-magnetisation curves of the examples num 
I have found that with steel alloys which have 75 bered 1 and 3 in the table. The curves 1 and 2 

  

  

  

  

  

  

  

  



4. 
correspond to a magnet steel according to the 
invention, whereas curves 3 and 4 correspond to 
the same steel treated according to the third 
column of the table. For comparison both fig 
ures represent in dotted lines the de-magnetisa 
tion curve of a known modern magnet steel hav 
ing a very high (BH) max. It appears from the 
figures that the high (BH)nax of the magnets 
according to the invention primarily results from 
a highly raised remanence and a more arched 
shape of the de-magnetisation curve, although 
the improvement of the coercive force with re 
spect to the same steel cooled without magnetic 
field (compare curves 1 with 3 and 2 with 4) is 
also material. 

For a proper understanding of the commercial 
importance of the present invention, it should 
be noted that the results given in the above ta 
bles are not limited to magnets of small dimen 
sions or to testpieces. 

I claim: 
1. A permanent magnet consisting of a ferrous 

alloy containing about 16% to 30% cobalt, about 
2% to 20% nickel, about 6% to 1% aluminum 
and the remainder principally iron, said magnet 
being magnetically-anisotropic and having a 
(BH) max value in the principal direction at least 
about 50% higher than the (BH) max value of a 
substantially magnetically-isotropic permanent 
magnet of the same alloy. 

2. A permanent magnet consisting of a ferrous 
alloy containing about 20% to 25% cobalt, about 
13% to 17% nickel, about 7% to 10% aluminum 
and the remainder principally iron, said mag 
net being magnetically-anisotropic and having 
a (BH) max value in the principal direction which 
is at least 2,500,000 and is at least about 50% 
higher than the (BH) max value of a substantially 
Inagnetically-isotropic permanent magnet of the 
Same alloy. 

3. A permanent magnet consisting of a ferrous 
alloy containing about 20 to 25% cobalt, about 
i3.R% to 16.5% nickel, about 7.1% to 8.5% alu 
minum and the remainder principally iron, said 
magnet being magnetically-anisotropic and hav 
ing a (BH) max value in the principal direction 
which is equal to at least about 3,000,000 and 
which is at least 50% greater than that of a 
substantially magnetically-isotropic permanent 
magnet of the same composition. 

4. A permanent magnet consisting of a ferrous 
alloy containing about 21% to 25% cobalt, about 
14% to 20% nickel, about 8% to 10% aluminum 
and the remainder principally iron, said magnet 
being magnetically-anisotropic and having a 
(BH) max value in the principal direction which is 
at least 2,000,000 and which is at least 50% 
greater than that of a magnetically-isotropic 
permanent magnet of the same alloy, and a rema 
nence of at least 8,000 Gausses. 

5. A permanent magnet consisting of a fer 
rous alloy containing about 23% to 24% cobalt, 
about 13.5% to 16% nickel, about 7% to 8.5% 
aluminum and the remainder substantially iron, 
Said magnet being magnetically-anisotropic and 
having a (BH) max value in the principal direction 
of at least 3,000,000. 

6. A permanent magnet consisting of a ferrous 
alloy containing about 16% to 30% cobalt, about 
12% to 20% nickel, about 6% to 11% aluminum, 
the remainder being iron and at least one of the 
elements titanium in an amount less than about 
5% and copper in an amount less than about 
7%, said magnet being magnetically anisotropic 
and having a (BH) max value in the principal di 
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2,295,082 
rection of at least about 50% higher than the 
(BH) max value of a substantially magnetically 
isotropic p3rmanent magnet of the same alloy. 

7. A permanent magnet consisting of a ferrous 
alloy containing about 20% to 25% cobalt, about 
13.5% to 16.5% nickel, about 7.1% to 8.1% alu 
minum, the optional inclusion of one or both of 
the elements copper in an amount less than 
about 6.5% and titanium in an amount less than 
about 2.8% and the remainder iron, said mag 
net being magnetically-anisotropic and having a 
(BH) max value in the principal direction which 
is at least 3,000,000 and which is at least 50% 
greater than that of a magnetically-isotropic 
permanent magnet of the same alloy, and a rem 
anence of at least 8,000 Gausses. 

8. A permanent magnet consisting of a fer 
rous alloy containing about 23% to 24% cobalt, 
about 13.5% to 16% nickel, about 7% to 8.5% 
aluminum, the remainder being iron and small 
quantities of at least one of the elements copper 
and titanium, Sald magnet being magnetically 
anisotropic and having a (BH) max value in the 
principal direction of at least 3,000,000. 

9. A permanent magnet consisting of a ferrous 
alloy containing about 16% to 30% cobalt, about 
12% to 20% nickel, about 6% to 11% aluminum, 
not more than 5% titanium and the remainder 
principally iron, the total aluminum-titanium 
content being not more than about 12%, said 
magnet being magnetically-anisotropic and hav 
ing a (BH) max value in the principal direction 
at least about 50% higher than the (BH). 
value of a substantially magnetically-isotropic 
permanent magnet of the same alloy. 

10. A magnetically-anisotropic permanent 
magnet consisting of a ferrous alloy containing 
about 14% to 18% nickel, about 22% to 25%, 
cobalt, about 6% to 8% aluminum, about 0.4%. 
to 4% titanium and the remainder principally 
iron, said magnet having a coercive force of more 
than 450 Oersteds and a (BH) in value which is 
greater than 2,500,000 and which is at least 50%, 
greater than that of a substantially magnetically 
isotropic permanent magnet of the same com 
position. 

11. A magnetically-anisotropic permanent 
magnet consisting of a ferrous alloy containing 
about 14% to 18% nickel, about 22% to 25% 
cobalt, about 6% to 8% aluminum, about 0.49, 
to 4% titanium and the remainder principally 
iron, said magnet having a coercive force of more 
than 450 Oersteds and a (BH)m value which is 
greater than 3,000,000 and which is at least 50% 
greater than that of a substantially magnetically 
isotropic permanent magnet of the same con 
position. 

12. A permanent magnet consisting of a fer 
rous alloy containing about 20 to 27.5% cobalt, 
about 12% to 15% nickel, about 8% to 8.5% 
aluminum, about 1.5% to 6.5% copper and the 
remainder principally iron, said magnet being 
magnetically-anisotropic and having a (BH) 
value in the principal direction which is equal to 
at least about 3,500,000 and which is at least 50% 
greater than that of a substantially magnet 
ically-isotropic permanent magnet of the same 
Composition. 

13. A magnetically-anisotropic permanent 
magnet consisting of a ferrous alloy containing 
about 13% to 16.5% nickel, about 18.5% to 25% 
cobalt, about 6.5% to 8.5% aluminum, about 1% 
to 3% titanium, about 1% to 7%, COpper and 
the remainder principally iron, said Inagnet hav. 
ing a (BH) max value which is greater than 



2,295,082 
3,000,000 and which is at least 50% greater than 
that of a substantially magnetically-isotropic 
permanent magnet of the same composition. 

14. In the manufacture of a permanent mag 
net the steps of forming a body of a ferrous alloy 
containing about 16% to 30% cobalt, about 12% 
to 20% nickel, about 6% to 11% aluminum and 
the remainder principally iron, and subjecting 
the body to a magnetic field during the cooling 
operation required for magnetic hardening. 

15. In the manufacture of a permanent mag 
net, the steps of forming a body of a ferrous alloy 
containing about 16% to 30% cobalt, about 12% 
to 20% nickel, about 6% to 11% aluminum, and 
the remainder principally iron, subjecting the 
body to a magnetic field during the cooling oper 
ation required for magnetic hardening to there 
by make the alloy magnetically-anisotropic, and 
subsequently magnetizing the body in a direction 
corresponding to the direction of magnetization 
during cooling to thereby obtain a (BH) max value 
at least 50% higher than that obtained with the 
same alloy without magnetization during the 
cooling. 

16. In the manufacture of a permanent mag 
net, the steps of forming a body of a ferrous alloy 
having a Curie-temperature above about 780° C. 
and containing about 16% to 30% cobalt, about 
12% to 20% nickel, about 6% to 11% aluminum 
and the remainder principally iron, subjecting 
the body to a magnetic field during the cooling 
operation required for magnetic hardening and 
while the alloy is at a temperature between its 
Curie-temperature and a temperature lying about 
150' below the Curie-temperature to thereby 
make the alloy magnetically-anisotropic, and 
subsequently magnetizing the body in a direction 
corresponding to the direction of magnetization 
during cooling to thereby obtain a (BH) max value 
at least 50% higher than that obtained with the 
same alloy without magnetization during the 
cooling. 

17. In the manufacture of a permanent mag 
net, the steps of forming a body of a ferrous al 
loy containing about 20% to 25% cobalt, about 
13% to 17% nickel, about 7% to 10% aluminum 
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and the remainder principally iron, subjecting . 
the body to a magnetic field during the cooling 
operation required for magnetic hardening to 
thereby make the alloy magnetically-anisotropic, 
and subsequently magnetizing the body in a di 
rection corresponding to the direction of mag 
netization during cooling to thereby obtain a 
(BH) max value at least 50% higher than that ob 
tained with the same alloy without magnetiza 
tion during the cooling. 

18. In the manufacture of a permanent mag 
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S 
net, the steps of forming a body of a ferrous alloy 
containing about 20% to 25% cobalt, 13.5% to 
16.5% nickel, 7.1% to 8.5% aluminum and the 
remainder principally iron, subjecting the body 
to magnetization during the cooling operation 
required for magnetic hardening, and subse 
quently magnetizing the body in a direction cor 
responding to the direction of magnetization dur 
ing the cooling to thereby obtain a (BH) max value 
which is greater than 3,000,000 and which is at 
least 50% greater than that of a substantially 
isotropic permanent magnet of the same com 
position. 

19. In the manufacture of a permanent mag 
net, the steps of forming a body of a ferrous alloy 
containing about 23% to 24% cobalt, about 
13.5% to 16% nickel, about 7% to 8.5% aluminum 
and the remainder principally iron, subjecting 
the body to magnetization during the cooling 
operation required for magnetic hardening and 
Subsequently magnetizing the body in a direction 
corresponding to the direction of magnetization 
during the cooling to thereby obtain a (BH) max 
value greater than 3,000,000. 

20. In the manufacture of a permanent mag 
net, the steps of forming a body of a ferrous alloy 
containing about 20% to 25% cobalt, about 13.5% 
to 16.5% nickel, about 7.1% to 8.5% aluminum, 
the Optional inclusion of one or both of the ele 
ments copper in an amount less than about 6.5% 
and titanium in an amount less than about 2.8% 
and the remainder iron, cooling the body in a 
magnetic field from a temperature of about 1200 
C. to a temperature of about 600 C. at a rate of 
between about 1 and 4.3 degrees centigrade per 
second to thereby make the alloy magnetically 
anisotropic, and subsequently magnetizing the 
body in a direction corresponding to the direc 
tion of magnetization during cooling to thereby 
obtain a (BH) max value at least 50% higher than 
that obtained with the same alloy without mag 
netization during the cooling. 

21. In the manufacture of a permanent mag 
net, the steps of forming a body of a ferrous 
alloy containing about 23% to 24% cobalt, about 
13.5% to 16% nickel, about 7% to 8.5% alumi 
num, the remainder being iron and Small quan 
titles of at least one of the elements copper and 
titanium, subjecting the body to magnetization 
during the cooling operation required for mag 
netic hardening and subsequently magnetizing 
the body in a direction corresponding to the di 
rection of magnetization during the cooling to 
thereby obtain a (BH) max value greater than 
3,000,000. 

GOTTFRED BRUNO JONAS. 


