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This invention relates to a process of treat-
ing magretic alloys and more particulal"_l_l};‘to
a method of heat treating alloys of the nickel-
iron type to increase the permeability thereof,
and to the new products resulting therefrom.

An object of the present invention is to pro-
vide a method of heat treatin magnetic

A further object of the invention is to

provide a simple and 1]iractical method of heat

treating magnetic alloys of the nickel-iron

. type which can be carried out satisfactorily

on an industrial scale.

It is another object of the invention to
provide a method of heat treating mag-
netic alloys particularly permallo -
like so as to increase the permeabi ity there-
of several times greater than that of the com-
mercial alloys on the market whils only in-

the cost of production & practically
negligible amount. : '
ther objects of the invention will becoms

clear from the description of a specific pro-

cedure for carrying the invention into prac-
tice, ‘ o

A magnetic alloy of the iron-nickel type
such as permalloy is produced in the usual

‘way. After production, the alloy is prefer-

ably fabricated into the form in which it is
to be used. For example, the alloy may be
rolled into sheets. Care should be exercised
at this stage of the operation fo -clean the
fabricated magnetic alloy and free the same
from grease before annealing.

The magnetic alloy of the permelloy type
is subjected to an initial super-annealing
treatment in which a super-temperature is
employed for a’period of time sufficient to
preduce the new results of the present inven-
tion. In practice, it has been found thet sub-
jecting the magnetic alloys to o super-tem-
F. to about 2200° ¥,
is satisfactory when méintained for g period
of time from about 4 hours to about 8 hours,
Following this initial super-annealing {reat-
ment, the alloy is preferably slowly cooled.
By “slow cooling” is meant cooling at a rate
slower than 1000° F. per hour, It should be
noted that the iaitial super-gnnealing and

ermeability thereof.

and the-
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‘the slow cooling should be carried out in a.

hydrogen or equivalent atmosphere. - - _

The cooled magnetic alloy is rehedted in
air to a temperature of about 1000° F.. to
about 1200° F. for a period of time of about

66

10 minutes to about 20 minutes, - The re-

heated magnetic alloy is then rapidly cooled
,on & copper plate which initially has a tem-

phere. - Instead of using a copper plate, a
moist cloth can be used for rapidly cooling
the heated magnetic material, : '

- The magnetic alloys produced by the fore-
going procedure have been found to possess
far greater permeability than the same alloy
when subjected to the old conventional heat

“perature approximating that of the atmos- .

60

a6

$reatment. - On the average, it has been found

that the permeability of the magnetic alloy
subjected to the heat treatment of the present
invertion is at least two to three times greater
than the permeability of the same ‘magnetic
‘alloy when subjected to the
heat treatment. At the same time, the cost
of producing the greater permeability in the
magnetic alloy is very slight and is practi-
cally negligible when compared with the sell-
ing price of the alloy. o

A specific exampf; will now be described
of carrying the invention into practice on an
industrial scale. It is ¥o be noted, however,
that the example is merely for illustrative
purposes and for a better understanding of
the invention for those skilled in the art,

A magnetic alloy of the permalloy type
composed of about 7814% nickel and about
21%% iron is cleaned and is free from
grease. It is preferred to coat the sheets

~or the like of magnetic alloy with a refrac-

tory powder such'as MgO or CaO o prevent
the sheets from sticking together, If should
be noted that care should be taken to have
the refractory powder free from sulphur.
The prepared sheets of magnetic alloy are
now subjected to an initial super-annealing
treatment. In practice, it has been found
satisfactory to heat those sheets in an atmos-
phere of hydrogen to a super-annealing tem-
‘perature to about 2000° ¥, i
neeling is preferably carried out in & resist-

ance type of furnace. By mainteining the 100

old conventional
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This super-an- -



-~ sheets at the éupe‘r-anﬁealiﬁg temperature of

2000° F. for a geriod of about 4 hours, the
new results of the present invention may be
obtained.

The sheets heated to the super-annealing
temperature are slowly cooled in-the furnace

_ preferably in a hydrogen atmosphere. After

10

‘15

cooling, the sheets are reheated in air to a
temperature of about 1160° F, for a period
of about 15 minutes. The reheated sheets are
then rapidly cooled on a copper plate which
initially has a temperature approximating
that of & roomor space in which the cooling
is carried out. o

Magnetic alloysof the permalloy type when

“subjected to the foregoing procedure were
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found to give surprisingly high permeability.
These permeabilities were in each case at
least three times greater than the perme-
abilities of the same alloy when subjected to
the old conventional heat treatment. The
following table gives figiires which clearly
illustrate the new resulfs produced by the
present invention. :

Table

Mazinium permeabilities of mickel-iron alloy of permalloy type
Basic electric furnace melts

" Old heat
treatment

 New heat

Mqlt No. treatment

230, 000
200, 000
210, 000
- 325, 000

Acid electric furnace melts

Old heat
treatment

New heat

Melt No. treatment

90, 000
85, 000

. 203, 000
230, 000

YT e e e s

Acid open hearth melts

Old heat
treatment

New heat

‘Melt No. treatment

120, 000
110, 000

205, 000
200, 000

From the foregoing table, it will be ap-

preciated that the permeabilities given. for
the magnetic alloys when subjected to the old
conventignal heat treatments approximate
those of the commercial magnetic alloys of
the permalloy type now on the market. The
figures given for the magnetic alloys of the
permalloy type show that the present inven-
tion produces permeabilities which are far
in excess of those of old conventional alloys.
In general, the present invention gives per-
meabilities from about two to above five
times higher than those given by conventional
heat treatments.” The benefits to be enjoyed

by the art from the present invention are

evident to those skilled in the art. The elec-
trical industry will be greatly benefitted by

1,901,018
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the present invention and the im roved mag-

netic alloy with super-permeabilities can be

used with especially good results in the pro-
duction of transformers and other apparatus
and electrical machinery in which magnetic
alloys of the permalloy type are subjected
to alternating magnetizing forces which have
a tendency to cause electrical losses through
hysteresis effects, non-uniform distribution of
flux, etc., as those skilled in the art will
readily understand.

While the above example illustrates the
great value of the new heat treatment on
nickel-iron alloys having nickel in the
neighborhood of 7814 %, it will be understood

‘that other alloys of nickel-iron composition

will be greatly enhanced in their permeabil-
ity by employing the method of heat treat-
ment herein. . ,

For instance, alloys having nickel from
65% to 809 and the balance iron show in-
creases in permeability in accordance with the
following table:

Mazimum permeability

. 01d heat | New heat
. Per cent nickel treatment | treatment
20, 760 56, 800
59, 000 76, 000
61, 000 83, 500
145, 000 250, 000
150, 600 233, 000

It will be noted from the above disclosure
that a new product has-been produced which
has especially valuable magnetic character-
istics. It will be further noted that the im-
proved method for producing this novel
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product is simple and neither difficult nor -

lengthy in application, but it does permit

production of a product having great value i3

~and permits this production with very little

increase in cost, and practically no increase
in cost when considering the value of the
new product. . v

Tt will also be observed that the present in-
vention provides a process wherein permea-

‘Dbilities can be obtained which are in excess of

il0

120,000; 150,000; 200,000 and even 300,000..

With nickel-iron alloys of the permalloy
type, it will be observed from the first table
that a magnetic product ¢an be produced

of a super-annealed nickel-ifon alloy of the’

permalloy type having permeabilities of at
least 200,000. '

It will also.be noted that the present in- -

vention providesa process which can be car-.
ried out on an industrial scale and which is
capable of producing consistently and re-

peatedly magnetic alloys havinga ermeabili-
ty in excess of industrial magnetic products

which: have -heretofore been- commercially -

available. R
What is claimedis: =~ ..~
- 1. The. process of heat treating magnetic

‘alloys of the nickel-iron type, which com- -~

L
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prises subjecting such alloys to an initial
super-annealing treatment, slowly cooling
the super-annealed alloys in a hydrogen at-
mosphere, reheating the cooled alloys to

-about 1160° F. in air, and rapidly cooling

said reheated alloy on a copper plate.

2. The process of heat treatiig magnetic
alloys of the nickel-iron type, which com-
prises subjecting an iron-nickel alloy contain-
ing about 789 nickel and about 22% iron to
an- initial super-annealing treatment -for

"~ about 4 hours at a temperature of about 2000°

20

* netic alloys treated with conventional heat.
: : _alloys of

3. An article of manufacture comprising -
an industrial magnetic product composed of

F., slowly cooling the super-annealed alloy
in an atmosphere of hvdrogen, reheating the
cooled alloy to a temperature of about 1160°
F. for about 15 minutes and then rapidly
cooling the thus reheated alloy on a copper
plate having a temperature approximating
that of the atmosphere, whereby the magnetic
permeability of the alloy is increased several
times greater than the permeability of mag-

treatments.

a nickel-iron alloy having a permeability in
excess of at least 200,000.

4. An article of manufacture comprising
an industrial magnetic product composed of
a nickel-iron alloy having a permeability in
excess of at least 300,000.

5. An article of manufacture comprising
an industrial magnetic product composed of
an iron-nickel alloy which has been super-
annealed in a hydrogen atmosphere to impart
a permeability in excess of 150 000,

. 6. An article of manufacture comprising
an industrial magnetic. product composed
of an'iron-nickel alloy which has been super-
annealed, slowly cooled in a hydrogen at-
mosphere, reheated in air to a high tempera-
ture and then rapidly cooled on a copper

. plate to impart a permeability to the product

o}

0

in excess of 150,000.

7. An article of manufacture comprising
an industrial magnetic product composed of
an iron-nickel alloy which has been super-
annealed at a temperature of about 2000° F.
for about 4 hours, slowly cooled in an atmos.
phere of hydrogen, reheated in air to a tem-
perature of about 1160° F. for about 15 min-
utes and rapidly cooled on a copper plate to
impart to.the product a permeability in ex-
cess of about 150,000, : ,

8. An article of manufacture comprisin
an industrial magnetic product composed o
an iron-nickel alloy consisting of about 5%
nickel to about 80% nickel and the balance
iron, which has been super-annealed in g
hydrogen atmosphere to impart a permeabil-
ity in excess of 150,000,

9. An article of manufacture comprising
‘an industrial magnetic product composed o%

an iron-nickel alloy consisting of about 5%

nickel to about 80% nickel and the balance

“to form a sheet, treating said sheets to clean

iron, which has been super-annesled to im- -
part a permeability in excess of 200,000.

10. An article of manufacture compnsm%
an industrial magnetic product composed o
an iron-nickel alloy consisting of about 75% 76
nickel to about 80% nicke! and the balance
iron, which has been super-annealed to im-
part a_permeability in excess of 300,000.

11. In the art of heat treating magnetic -
alloys of the nickel-iron type, that improve- 75
ment which comprises subjecting the nickel-
iron alloy to an initial super-annealing treat-
ment in a hydrogen atmosphere substantially
free from moisture and oxygen, slowly cool-
ing the super-annealed alloy in a hydrogen
atmosphere substantially free from moisture
and oxygen, reheating the cooled alloy to a
temperature lower than said super-anneal-
ing temperature and rapidly cooling the thus
reheated alloy, whereby the permeability of
the allov is greatly increased. '

12. The process of heat treating magnetic
the nickel-iron type, which com-
prises rolling a magnetic iron-nickel alloy

80
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the same and remove grease therefrom, coat-
ing the cleaned sheets with a refractory ma-
terial of the group comprising magnesia and
lime, said refractory material being free from
sulfur, arranging the thus-coated. sheets in
a stack, subjecting the stack to an initial
super-annealing treatment for about several
hours at a temperature of about 2000° F,
slowly cooling the super-annealed alloy in a
reducing atmosphere of dried gases, ro-heat- 100
ing the cooled alloy to a temperature of about
1160° F. for a relatively short time and then
rapidly cooling the thus reheated alloy,
whereby the magnetic permeability of the al-
loy is greatly increased. 105

13. The process of heat treating magnetic
alloys of the nickel-iron type which com-
prises subjecting such alloys to an initial
super-annealing treatment in a reducing at-
mosphere containing hydrogen substantial- 110
ly free from moisture, slowly cooling the
super-annealed alloys in a reduced atmos-
phere containing hydrogen substantially free
from moisture, reheating the thus cooled al-
loys to a lower temperature than the super- 115
annealing temperature and rapidly cooling
the thus rehegted alloys whereby the permea-
bility of the alloys is greatly increased.

In testimony whereof, I have hereunto set
myhand. =~ , 12
' CLARENCE GEORGE BIEBER. o
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