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To all whom Tt may conceri:

Be it known that I, ROBERT ABBOTT HAD-
FIELD, asubjectol the King of Great Britain,
and a resident of Sheffield, county of York,
KEngland, have invented certain new and use-

ful Improvements in Magnetic Compositions

and Methods of Making the Same, of which
the following i1s & specification.

My invention relates to material having
magnetic and electrical properties suitable
for use in various electrical apparatus, such
as ballast-coils, transformer-plates, and the
like.

The object of my invention is to produce
animproved material of this character having
specially high permeability and electrical re-
sistance and low hysteresis qualities. I have
tound that material of these desirable gunali-
ties can be produced by alloying iron with
other elements, among which I will name sili-
con and aluminium, phosphorus also yield-
ing satisfactory results, as well as combina-
tions of two or three of these elements.

I may proceed, for instance, as follows: I
take pure Swedish or other suitable pure iron
and melt this is a common cruecible or elec-
trically along with silicon or aluminium or
phosphorus, employing a percentage of these
additions varying trom one-quarter of one
per cent. to five per cent. As above stated,

1 may employ only one of the three elements

mentioned or two of them, or all three. In-
stead of the crucible process I may employ
the decarbonized or desiliconized iron pro-
duced by any steel-making process—such as
the open-hearth, the pneumatic, or the elec-
trical process—adding tosuch iron the desired
percentage of silicon, aluminiom, or phos-
phorus. 'The molten alloy is poured into
suitable ingots, which arse, if desired, forged
or rolled into the desired shape.

As an example of the exact composition of
alloy produced I will refer to one actually
manufactured by me, which contained 2.75
per cent, silicon, .07 per cent. carbon, .08 per
cent., manganese, .03 per cent. sulfnr .03 per
cent. phosphorus.

- The material produced as above described
i3 valuable on account of its high magnetic
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| for this puarpose.

and low hysteresis for efficient use in trans-
formers and other electrical apparatus in
which said qualities are useful.

I have found that the superior qualities of
my improved material of alloy can be stili
further enhanced by a treatment involving
alternate heating and cooling and generally

rial to between about 900° and 1,100° centi-
grade and allow it to cool, preferably quickly.

Then I reheat the material to between about

700° and 850° centigrade—thatis,to a tempera-
ture lower than the one attained during the
firstheating—and then allow the metal to cool
Velvslowly in practice the cooling has been
often extended to last several days Kither
one or both of these treatments may be fre-
quently repeated, or after the first treatment
has been carried out the second type of heat-
ing may be frequently repeated. 1 have,
for instance, taken a steel alloy of the com-
position above mentioned, heated it to1,070"
centigrade, cooled it quickly to atmospheric
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| carried out as follows: I first heat the mate-
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temperature, reheated it to 750° centigrade,

cooled slowly, again reheated to 800° centi-
orade, and again cooled slowly. 1have found
that when the best results are desired it is of
greab importance to use the exact tempera-
tares that correspond to these results, and
careful pyrometer readings should be taken
I have also found it im-
portant to keep the percentage of elements,
such as carbon and manganese, which are not
used for the purpose of my invention as low
as possible—say carbon under about .12 per
cent. and manganese under about .12 per
cent. This, of course, is to be understood as
a statement of conditions to be observed when
the best results are desired.

It will be seen that by myinvention a cer-
tain proportion of pure ironis replaced with
a body such as silicon, aluminium, or phos-
phorus, which are materials of low magnetic
propertiesorso-called ‘*non-magnetic’” mate-
rials. This addition has a very remarkable
effect on the magnetic permeability, the elec-
trical resistance, and the hysteresis quality
of the alloy produced. Infact, the improved
alloy has a higher magnetic permeability and
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§9 permeability, its high electrical resistance, | 2 lower hysteretic constant than any mag- 1co
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netic body of which I could obtaln data, in-
cluding the purest iron I could obtain. This
remarkable result may be due to the strong
chemical affinities of the aluminium, silicon,
or phosphorous for oxygen and the halogens.
Whatever the reason of the superiority of
my alloy may be, the fact of this superiority
has been well established and in itself fur-
nishes a test for the identification of the
maﬂ'netlc body made according to my mven-
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I desire it to be understood thataiuminium
and phosphorus and their combinations with
each other or with silicon are to be consid-
ered equivalents of silicon for the purposes
of my invention,as well as any other element
or combination of elements which will pro-
duce the same result—to wit, a greater mag-
netic permeability, a higher electrical re-
sistanee, and a lower hysteresis quality than

is exhibited by the purest commercial iron

obtainable. The claims as hereunto ap-

pended while mentioning only silicon are to

be understood as covering these equivalents.
I claim as my invention—
1. A magnetic material containing a mag-
netic bedy with an admixture ot silicon 1in
such proportions as to increase the mag-

 netic permeability and electrical resistance
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‘and to decrease the hysteresis quality of the

material to figares above and below re-
spectively those which obtain with the purest
iron commercially cbtainable.

2. A magnetic material containing iron |

with from one to five per cent. of silicon and
showing a magnetic permeability and an
electrical resistance higher, and a hysteresis

—
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cially obtainable.
3. The herein-described process of produc-

ing & magnetic material of high permeability

and low hvstel 6sis action, which consists in
a,llovmﬂ' a magnetic body with silicon, heat-
ing the alloy t0 between about 900° and 1,100°

centigrade, allowing it to cool, then rehest-
ing it to between about 700° and 850°-centi-

| action lower than the purest iron commer-
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orade, and thereupon allowing it to cool -

slowly.
4. The herein-desecribed method of produc-

ing a magnetic material of high permeability
and a low hysteresis action, which consists
in alloying a magnetic body with silicon,

heating the alloy to a relatively high tem-
peratme below its melting-point, allowing

the alloy to cool, reheatmn' it to a tempera-
ture below that first employed, and allow-
ing it to eool slowly.
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5. The herein-described process of produc-

ing a magnetic material of high permeabili ty
and low hyster_ems action which consists in
alloying a magnetic body with from one to
five per cent. of silicon, heating the result-
ing mixture to a relatively high temperature
below its melting-point, allowing it to cool,

reheating it to a temperature below that first 63

employed, and then allowing it to cool slowly.

In testimony whereof I have signed my
name to this spemﬁcamon 1n the plesenee of
two SlleCI‘IbIIlD' witnesses.

ROBERT A. HADFIELD.

Witnesses:
JOHN LOTKA,
HANS V. BRIESEN.
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