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MAGNETIC MﬁTERIAL AND APPLIANCE

Application filed July 12,

This invention relates to magnetic mate-
rials and electromagnetic systems. It has
wide application and is especially useful
where the impressed magnetizing forces are
small, as'in signaling systems. .

Among the important characteristics of
the material of this invention are high per-
meability, especially at low magnetizing
forces, small hysteresis and high resistivity.

As a material the invention has its em-
bodiment in magnetic compositions contain-
ing molybdenum, preferably with nickel
and iron. The proportions of the ingre-
dients and the treatment of the material may
be varied to emphasize one or more of its

“characteristics.

This application is in part a continuation
of application Serial No. 48188, filed Au-
gust 5, 1925.

Magnetic materials have been variously
employed in electrical systems for such pur-
poses "as the:cores of loading coils, trans-
formers, magnetic modulators, etc., for trac-
tive electromagnets, dynamos, motors, tele-
receivers, telegraph relays, etc.
Magnetic materials have also been employed
for the continuous loading. of signaling con-
ductors, but, until recently, this use has been
limited to relatively short cables for tele-
phone purposes. Heretofore the magnetic
materials generally used for these purposes
have been soft iron and silicon steel. Re-
cently, however, alloys consisting chiefly of
nickel and iron have been employed to great

i advantage, particularly in connection with

signaling systéms and apparatus, in which

the magnetic forces involved seldom exceed

2 gauss. Such alloys and the method of
producing them are disclosed in U. S. Pat-
ent 1,586,884, issued June 1, 1926, and in
applicant’s copending application,. referred
to above. . :

The magnetic materials of this invention
are peculiarly suitable for loading signaling
conductors and more especially long sub-
marine telegraph cables. '

The invention will be more clearly un-
derstood by reference to the accompanying
drawings in which:

Fig. 1 indicates the change in initial per-

1926. Serial No. 121,830,

meability of alloys éonfaining nickel, iron
and molybdehum whenthe molybdenum con-

“tent and the iron' content are varied and

the nickel content is kept at 7814% of the
nickel-iron-molybdenum content;

Fig. 2 indicates the change in maximum
permeability of alloys containing nickel,

iron and molybdenum when the molyb-

denum content and the iron content are
varied ‘and the nickel content is kept at
7814 % of the nickel-iron-molybdenum con-
tent; - »

Fig. 3 shows the change in initial per-
meability of alloys containing nickel, iron and
molybdenum when the molybdenum content
is 8.7% of the nickel-iron-molybdenum con-
tent, and the nickel and iron are present in
varying proportions;

Fig. 4 gives B—H curves for various
nickel-iron-molybdenum alloys sand for
Armeco iron; ‘ '

Fig. 5 indicates the permeability of vari-
ous alloys of this invention for a small con-
stant alternating magnetizing force when a
steady force, varied in steps, is superim-
posed thereupon; - -

.-Fig. 6 shows the variation in hysteresis
loss with varying molybdenum content at
an induction of 5000 for certain alloys of

this invention in which the nickel content

is 78%% of the nickel-iron-molybdenum
content; : _

Fig. 7 indicates the specific resistance of
certain alloys of this invention in which the
nickel content is 7814 % of the nickel-iron-
molybdenum content; ’

Fig. 8 shows coercivity curves for various
nickel-iron-molybdenum alloys. :

Fig. 9 is a side elevation of a signaling
conductor loaded with the magnetic ma-
terial of this invention in the form of tape.

In Fig. 1 of the drawings the curves in-
dicate the effect on the inifial permeability
of a magnetic alloy comprising 7814 % nickel
and 2115% (iron-plus-molybdenum) when
the molybdenum content is increased from a
very small initial value and the iron content
is correspondingly decreased. The heat
treatment to which each alloy is subjected
controls the characteristics of the resulting
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product to a large measure. Thus curve A

represents the change in initial permeability

with change in molybdenum content of this
series of alloys after having been heated to
a temperature of 1100° C. and then cooled
slowly. Curve B is a similar curve for the
same alloys given a heat treatment which
consists in annealing at 1100° C. and subse-
quently reheating to a temperature of ap-
proximately 600° C. and then cooling rap-
idly. If desired, the equivalent of this heat
treatment may be obtained by heating to
1100° C., cooling slowing to 600° C. and
cooling rapidly to room temperature.

With the heat treatment for which the
data for curve A were obtained, the highest
initial permeability attained was over 20,000.
This value was obtained in an alloy contain-
ing about 3.7% molybdenum, 78.5% nickel
and 17.8% iron. Curve B, representing al-
loys which are given the heat treatment with
rapid cooling, shows that the highest initial
permeability obtainable with this particular
treatment occurs with an alloy containing
about 1.5% molybdenum, 78.5% nickel and
209% iron. It is seen from the curves that
those alloys of this series having from about
1% to 5% molybdenum and 7814% nickel
were given an ‘1nitial permeability of over
10,000. Furthermore, a higher initial per-
meability was attained with alloys contain-
ing from approximately 1% to 3% molyb-
denum when given a heat treatment with
rapid €ooling, whereas slow cooling pro-

35 duced higher initial permeability in alloys

containing approximately 3% or more of
molybdenum. The initial permeability of

.- over 20,000, obtained with the alloy contain-

ing 8.7% of molybdenum is higher than has

. heretofore been attained with any magnetic

material known and approximately forty
times that of good grades of silicon steel
or sixty times that of soft iron.such as is
now commonly employed for electromag-
netic purposes. .

The heat treatments used in obtaining
data for curves A and B of Fig. 1 will now
be discussed. The same treatments were
used for obtaining the data upon which the

> curves of the other figures are based.

A preliminary investigation indicated that
the highest-initial permeability obtainable
in this series of alloys could be obtained with
about 8.5% of molybdenum when given the
heat treatment involving slow cooling; that
the rate of cooling when slow could be varied
within quite wide limits without greatly
affecting the characteristics, and that, as the
molybdenum content is decreased below
about 3.5%, the optimum rate of cooling
increases. A more thorough investigation
of the optimum rate of cooling with about
3.5% of molybdenum was made, which veri-
fied the results earlier obtained. It was
found that, except when the rate of cooling

1,768,443

is very slow, such as that used in obtain-
ing data for curve A of Fig. 1, the optimum
rate should be determined in each case, curve
B representing but one rapid rate which may

‘be used (the one which gives highest initial

permeability in an alloy comprising nickel
and iron alone in the ratio of 7814 % nickel
to 2114% of iron). In general, the optimum
rate is a-slower rate than that used to obtain
curve B. It varies not only with the compo-
sition but with the size and form of the
sample. While less variation is present with
slow cooling rates, the very best results can
be obtained only by determining the opti-
mum rate in each case.

The heat treatment involving slow cooling
was performed as follows. The sample of
the alloy, prepared in the form hereinafter
described, was placed in an annealing pot,
and, after the usual precautions were taken
to prevent oxidization during annealing, was
heated in an electric furnace to a tempera-
ture around 1100° C. and was maintained at
that temperature for about one hour. The
furnace with the annealing pot therein was
then allowed to cool to about 70° C. before
removing the sample. This cooling required
approximately 16 hours. Measurements
with a thermocouple in contact with the an-
nealing pot indicated that about 3 hours
were required for the pot to cool from 1100°
C. to 350° C.

The heat treatment involving rapid cool-
ing was that developed for obtaining high
initial permeability in nickel-iron alloys
containing 7814% nickel and 2114% 1ron.
See the paper entitled “Permalloy” by H.
D. Arnold and G. W. Elmen, Journal of
the Franklin Institute, May, 1928, and an
application of G. W. Elmen, Serial No.
41,490, heat treatment of magmetic material,
filed July 6, 1925. In accordance with this
treatment the samples were heated at about
1100° C. for about one hour and allowed to
cool slowly, being protected from oxidiza-
tion throughout these processes; then re-
heated to around 600° C., quickly removed
from the furnace and laid upon a copper
plate which was at room temperature.

The magnetic properties of the materials
of this invention are, like those of many of
the alloys containing nickel and iron alone,
subject to change under the influence of
mechanical strains. Due precautions must
therefore be taken in the utilization of these
alloys to avoid excessive strains and stresses.
Likewise, when rapid cooling is employed,
internal stresses great enough to vary the
magnetic properties may be introduced. For
this reason uniform results may be more
easily obtained with heat treatments involy-
ing slow cooling. As the molybdenum con-
tent of this series of alloys is increased from
zero up to around 31%% the rate of cooling
necessary to develop the magnetic properties
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which are ordinarily desired decreases, as
is indicated by the curves of several of the
ﬁgures. The addition of molybdenum to
nickel and iron in high permeability alloys
therefore not only improves the magnetic
properties of the material but enables a more
uniform product to be obtained without the
introduction of costly refinements in the
process of manufacture.

Fig. 2 shows graphically the change in
maximum permeability of an alloy contain-
ing 781%% nickel and 211%% (iron-plus-
molybdenum) when the molybdenum con-
tent was increased and the iron content cor-
respondingly decreased, curves A and B in-
dicating heat = treatments involving slow
cooling and rapid cooling respectively, as in
Fig. 1. It will be noted that higher max-
imum permeability was obtained with the-
heat treatment involving rapid cooling for
alloys having about 3% or less of molyb-
denum whereas a heat treatment employ-
ing slow cooling gave higher maximum per-
meability for alloys having higher per-
centages of molybdenum. = As indicated by
the curves, an alloy containing 1% of

molybdenum had a maximum permeability -

. of either 12,000 or 75,000 depending upon
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which of the two heat treatments was em-
ployed. 1In the alloy containing about
3.7% molybdenum a maximum permeability
of over 71,000 was attained at a field of
about .06 gauss. '

As in the case illustrated in Fig. 1, the
rapid rate of cooling employed in obtaining
the data for curve B is the one which gives
highest initial permeability in an alloy con-
taining nickel and iron alone in the ratjio of
7814% nickel and 2114% iron. It repre-
sents roughly an upper limit to the rate of
cooling desirable with alloys of this series.
As stated above, the optimum rate of cool-
ing should be determined in each case.

Fig: 8 indicates the initial permeabilities
of a series of alloys containing about 3:7%

" molybdenum “with the balance nickel and

b0
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iron, the nickel content being varied while
keeping the molybdenum constant, the heat
treatment involving slow cooling as for
curve A of Fig. 1. It was found that the
alloy containing.78,2% nickel had the high-
est initial permeability and that within a
range of ‘a few per cent increase or decrease
of the nickel content the initial permeabil-
ity decreased rapidly. o -

Fig. 4 shows the magnetization or B—H

‘curves obtained for samples of several of

these alloys together with the corresponding’
curve for a characteristic sample of ‘Armco
iron. Tt will be seen that the permeability
of the alloys at low magnetizing forces is
very great as compared with iron, that satu-
ration is approached at relatively low field
strengths and that the knees of the curves

3

are sharp. It will be seen also that the curve
for the alloy having about 8.7% molyb-
denum rises ‘more steeply from the origin
than those for the alloys having a smal%er
amount of molybdenum. The heat treat-
ment to which the sample of alloy contain-
ing about 3.7% molybé:anum was subjected
was that in which the material is slowly
cooled, as for curve A of Fig. 1, while the
heat treatment employed for the other alloy
samples was that involving rapid cooling,
as for curve B of Fig. 1.

The curves of Fig. 5 are permeability
curves for a'200 cycle alternating magnetiz-
ing force of 0.004 gauss when superimposed
upon a steady force varied in steps from 0
to 2 gauss. Curve A is for a sample of an
alloy * containing about 4% molybdenum,
79% nickel and the remainder iron, the heat
treatment being that involving slow cooling
as for curve A of Fig. 1. Curve B is for a
nickel-iron alloy having a composition of
7814 % nickel and 2114 % iron and subjected
to a heat {reatment involving rapid cooling
as for curve B of Fig. 1. Curve C is for
Armco iron. From these curves it is seer
that the sample of material containing
nickel, iron and molybdenum has higher
permeability for alternating magnetizing
force at low magnetizing forces than the
nickel-iron alloy and very much higher than
Armco iron. ' .

In Fig. 6 the hysteresis loss of these al-
loys at an‘induction of 5000 is shown by
curves A and B, the curve A representing
alloys given a heat treatment with slow
cooling, and curve B representing alloys
given a heat treatment with rapid cooling,
the respective rates of cooling being those
employed in obtaining curves A and B of
Fig. 1. While the hystéresis loss in no case
exceeds 180 ergs per cycle, per c. c., it may
be kept well below 100 ergs for alloys con-
taining approximately 4% or less of
molybdenum by properly choosing the heat
treatment. In the case of the alloy contain-
ing approximately 3.7% molybdenum and
slowly cooled, the hysteresis loss at B=15,000
is about 40 ergs, per cycle, per c. c¢. The
curve for the rapidly cooled sample also has
a minimum point—that corresponding to a

‘composition .of about 1.5% molybdenum.

As indicated in Fig. 7, the resistivity of
alloys of nickel, iron and molybdenum is

~high «as compared with that of iron, the

specific resistance ranging from 28 to 86
microhm-cms. for alloys containing from
0.75% to 10% molybdenum, 78149% nickel
and varying percentages of iron. The re-
sistivity of the 3.7% molybdenum alloy re-
ferred to above is 56 microhm-cms. This
comparatively high resistivity is characteris-
tic of all nickel-iron-molybdenum. alloys
which have been investigated.

In Fig. 8 the curves indicate the effect on
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the coercivity of a magnetic alloy compris-
ing 781%% nickel and 211%4% (iron-plus-

- molybdenum), when the molybdenum con-
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tent is increased from a small initial value
and the iron conteut correspondingly de-
creased, the coercive force readings being
taken after a magnetizing force of 100 gauss
had been applied, which nearly or quite
saturated the material. Curve A is for al-
loys given a heat treatment with slow cool-
ing and curve B is for alloys given a heat
treatment with rapid cooling, the respective
rates of cooling being those employed4n ob-
taining the data for curves A and B of Fig.
1. Tt 1s seen that the points of these curves
representing minimum coercivity corre-
spond approximately to the points repre-

senting maximum 1nitial permeability of

Fig. 1 and the points representing minimum
hysteresis of the curves of Fig. 6. The
minimum value of coercive force obtained
with the slowly cooled material was less
than 0.04 gauss and was obtained with the
sample containing 3.7% molybdenum.

The material when heat treated and tested
to obtain the data given above was in the
form of samples prepared as follows:

Good commercial grades of the materials
to be used were fused together in a furnace,
a fraction of a percent of manganese being
added to increase workability. The molten
composition was then poured into a mold
to form a thick rod. The rod after bein
taken from the mold was subjected to rapi
repeated swaging and annealing operations
by which it was reduced in diameter and cor-
respondingly elongated. The long rod thus
formed was then drawn out by repeated
drawing and annealing operations to a fine
gauge wire and formed into & thin tape
0.125” wide and 0.006’’ thick by passing it
between flattening rolls. A length of tape
thus prepared was wound.on a mandrel

.about 214 inches in diameter so as-to form a

loosely wound, flat, spiral ring of about 40
turns. - This ring had an inner diameter of
about 214 inches and an outer diameter of
about 8 inches and a thickness of 14 inch.
The preferred coompositions of this in-
vention are those described above in detail.
An example of compositions in which molyb-
denum is added to magnetic material other
than nickel-iron compositions is: nickel
93.5% and molybdenum 527%, with im-
purities in the form of iron 0.49%, cobalt
0.64% and very small amounts nf other ele-
ments. When this composition was formed
into a ring sample of the form herein de-
scribed and given a heat-treatment swith
slow cooling as described above for curve A
of Fig. 1, the initial permeability was found
to be about 500, the maximum permeability
was about 1800, the hysteresis loss for an in-
duction of 2850 was about 290 ergs per c. c.
per cyele, the specific resistance was about

1,768,443

33 microhm-cms., and the coercive-force af-
ter a magnetizing force of 26 gauss was ap-
plied was 0.36 gauss. Thus the addition of
the molybdenum to nickel in this sample re-
sulted in an initial permeability about two
and one half times and a resistivity about
three times that of nickel alone, and con-
siderable improvement over nickel with re-

spect to the other properties mentioned also

was effected.

Fig. 9 shows a section of an inductively
loaded submarine cable conduct8r consisting
of a stranded conductor No. 5 B. and S.

. gauge, comprising a central copper strand 11

surrounded by spirally wound copper strands
12 and having a layer .13 of inductive load-
ing consisting of a helically wound tape of
the material of this invention. This tape
was formed in the same manner as the tape
employed in the ring test samples described
above and had the same dimensions. On
account of the ease with which this material
is affected by the earth’s magnetic field, it

‘may be desirable in continuous loading to

apply it in the form of wire rather than
tape. When the loading material is to be
used in the form of wire rather than tape,
the drawing process is continued until the
wire has a desired diameter. The surrounds
12 are six in number and are shaped to fit
together closely to form a cylindrical annu-
lus about the central wire.

A loaded conductor of the form shown
in Fig. 9 has been heat treated as follows:

The loaded conductor was drawn length-
wise through a furnace of the type desgribed
in U. S. patent to G. W. Elmen No. 1,586,884,
issued June 1,1926. This is an electric fur-
nace of the muffle type having a horizontal
iron tube extending through the furnace and
projecting a considerable distance beyond.
This tube has a copper lining the inside di-
ameter of which is somewhat larger than the
outside diameter of the loaded conductor.
The conductor was passed through the tube
at the rate of about 1} foot per minute with
the furnace held at a temperature of 1000°
C. Cooling of the conductor took place in
part in the projecting end of the iron tube
and in part in’ the air outside the tube,
which was at about normal room tempera-
ture, that is, about 20° C. This gave a slow
rate of cooling of the order of that discussed
above in connection with Fig. 1. An effec-
tive permeability of the loading material
upon the conductor of about 10,000 was ob-
tained. The optimum rate of cooling varies
somewhat with the dimensions and the form
of the conductor and loading materizal and
for best results should be determined in each
case. For further details regarding the
loading of submarine signaling conductors,
reference is made to the following:

Patents to G. 'W. Elmen Nos. 1,586,884,
1,586,887, patented June 1, 1926 and patent
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to O. E. Buckley No. 1,586,874, patented

- June 1, 1926. ‘

The improved magnetic material of this
invention is, of course, useful also for in-
ductively loading signaling conductors em-
ployed in land lines and for electrical pur-
goses generally, wherever the magnetizing

orces are low. The material may also be

~employed with high magnetizing forces al-

10

_ speaking, not so great.

- 18

20

though its advantages then are, generally
For the purposes
of this specification the magnetic elements
are considered to include iron, nickel and
cobalt. The expression “initial permeabil-

ity of iron” as used herein refers to the.

state of the art at the time of filing the
present application in the U. S. Patent
flice. : '
What is claimed is: }
1. A magnetic material containing iron,

nickel over 40% of the entire iron-nickel

contents, and a material amount but less

_ than 10% of molybdenum and having high-

26

- force to not over 4 few gauss.

40

45

50

55

er initial permeability than iron.

2. A magnetic material comprising iron,
nickel and molybdenum as essential ele-
ments thereof, at least 409 of the entire
iron-nickel content being nickel.

3. A magnetic material comprising at
least two elements of the magnetic group of
elements and molybdenum as essential ele-
ments thereof, the molybdenum being pres-
ent in such amounts as to give the material
higher initial permeability than if it were
omitted but being less than 10%, said mate-
rial being heat treated to reduce the coercive

4. A magnetic material containing iron,
at least 40% of the entire iron-nickel con-
tent of nickel, and from 1-to 6% of molyb-
denum. ‘ .

5. A magnetic material containing at
least 409 of the entire iron-nickel content
of nickel, iron, and from 1 to 6% of molyb-
denum, characterized by higher electrical re-
sistivity than that of the same material con-
taining no molybdenum, and heat treated to
develop an initial permeability higher than
that of iron. ' . ,

6. A magnetic material comprising nickel,
iron and molybdenum, in which the nickel
content is over 70% and the molybdenum
content from 1 to 10% of the nickel-iron-
molybdenum content, heat treated to develop

‘an initial permeability of over 300 and a

coercive force below 5 gauss.

" 7. A magnetic material comprising nickel,
iron .and molybdenum in which the nickel
content is around 78% and the molybdenum
content is from 1 to 10% of the nickel-iron-

molybdenum content, heat treated to develop -

an 1nitial permeability of over 300 and a
coercive force below 5 gauss.

8. A magnetic material comprising
nickel, iron and molybdenum, in which the

5

molybdenum content is from 3 to 4% of the
nickel-iron-molybdenum content, character-
ize_c% by a coercive force of less than 1 c. g. s.
unit. : C

9. A magnetic material comprising ap-
proximately 7814% nickel, 16% to 18.5%
iron and 3 to 4% molybdenum. _

- 10. The combination with means for set-
ting up a magnetic field of a few tenths of
a gauss or less of magnetic material in said
field comprising at least 70% of nickel and
from 1% to 10% of molybdenum.
~ 11. A transmission line loaded with a
magnetic material containing nickel and
molybdenum, said material having a hys-
teresis loss less than 200 ergs per cycle per

‘cubic centimeter for a loop for which the

limiting value of induction is 5000 gauss.

12. A loaded conductor comprising a con-
ducting core and a layer of loading material
wrapped helically thereabout, said loading
material containing nickel, iron and molyb-
denum, the nickel comprising 70% or more
and the molybdenum from 1 to 10% of the
nickel-iron-molybdenum content.

13. Magnetic material containing from
45% to 85% nickel, 1% to 10% molybdenum,

- and 10% to 50% iron heat treated to have

an initial permeability of over 300.

14. Magnetic material containing from
45% to 85% nickel, 1% to 10% molybdenum,
and 10% to 50% iron, having developed
therein by heat treatment a coercive force
of less than 1 c. g. s. unit.

15. Magnetic material in accordance with
claim 13, having developed therein by heat
treatment a hysteresis loss of less than 200
ergs per cycle per cubic centimeter for a
loop, the limiting value of induction of
which is 5000 gauss.

16. A magnetic substance comprising at
least 90% of material composed of magnetic
elements and a quantity greater than an im-
purity but not to exceed 10% molybdenum,
said ‘substance having higher initial per-
meability than iron.

17. A magnetic composition comprising
iron and nickel in such ratios that the
nickel is at least 40% of the total nickel-
iron content, including molybdenum -in
amounts greater than an impurity whereby
the material possesses a resistivity greater
than 30 microgm cms., and having develop-
ed therein by heat treatment an initial
permeability of at least 500. )

18. A magnetic material including at
least one element of the magnetic group and
having imparted thereto, by the addition of
molybdenum and by being coled with suffi-
cient rapidity below 600° C., an initial
permeability “higher than 300 and higher

than the same material without molybde-

num treated in the same manner.- -
19. A magnetic material

comprising
nickel, iron and molybdenum, characterized'

70

75

80

86

‘20

95

100

105

110

115

120

125

130



6 1,768,443

by a higher initial permeability than a
similar material without molybdenum, heat
treated to have a coercive force not over a
few gauss. ‘

In witness whereof, I hereunto subscribe

’ my name this 10th day of July, A. D. 1926.
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GUSTAF W. ELMEN.
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