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This: invention relates to. magnetic: cores con-
taining: a. ferro-magnetic: ferrite as magnetic
~material. More particularly, theinvention relates
‘to-magnetic cores: for use at low values of mag-
netic induction, for example in radio; telegraphy
and telephony applications:

Por various purposes: it is of importance to
have a material possessing a low value of its
longitudinal mageto-striction. As. employed
throughout the specification this is the absolute
value of the magneto-striction.

Thus, for-example; o low magneto-striction is
one requirement for obtaining low hysteresis
losses, such as is: desired e: g. for filter coils and
Pupin coils. Furthermore; a low magneto-stric-
tion is important for: attaining a high initial
permeability:

‘The- invention permits obtaining very low
values of the magneto-striction with ferrites by
providing- that: the. ferrite consists of a mixed
crystal of a ferrite with positive magneto-stric-
tion and, a; ferrite: with. negative magneto-strie-
tion in g suitable mixing ratio.

For g better understanding of the invention
it is. pointed out, that, as has now been found,
by far the greater part of the ferrites have nega-
tive values in regard ta magneto-striction. A
ferrite with positive magneto-striction is, for in-
stance, magnetite (Fe;0s or FeO.Fe:0;). By
combining ferrites with- negative magneto-stric-
tion and a ferrite with positive magneto-striction
it is possible to obtain mixed crystals of which
the values. in regard to magneto-siriction are
hetween- those: of' the: mixed: crystai components.
By regulating; the: content.of the component: with
positive- magneto-striction: it- has, according to
‘the invention, been: foung possible to vary the
magneto~striction.and to ehtain a. very low value
thereof;, either: positive or negative, or practical~
1y equal to zero.

It: is: to: ber noted. that, as is well-known, the
magneto-striction: of: & mefal acquires: very low
‘values .at: a temperature just below the Curie
point. On: theoretical grounds this may also he
expected in regard. o, a. ferrite. Consequently,
this low value of the magneto-striction could be
taken advantage of by making use of a ferrite
whose Curie point just exceeds the temperature
at which: the ferrite-is used.

Under these  circumstances; however; a low
magneto-striction is of little use, since just be-
low-the: Curie. point. the magnetic saturation has
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# low value and, in.practice, as is well known, the

quotient.
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A
where Tmax i§ the intensity of the magnetisation
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at- saturation and is defined as the magnetic
moment: per unit volums, or as the pole strength
per unit area both being ecquivalent and having
a unit value of maxwells per square centimeter;
and ) is the magneto-striction constant which
is' a ratio and is the change in length per unit
length of a ferromagnetic body which is sub-
ject to an external field which will saturate the
magnetic material, is more important than the
value of M itself. For instance, the initial per-
meability of a magnetic material is reoresented
by the formula

_ Imux2

p=const.

Ao

(Becker: and Doring, Ferromagnetismus, 1939,
page 155) where o represents the average value
of the stresses in the material and is defined as
a force per unit area which in the c.g:s. system
would have a unit value of dynes per square
centimeter:

Furthermore, the use of materials whose Curie
paint just exceeds the ambient temperature of
the material chiefly involves the drawback that
the initial permeability just below the Curie point
largely depends on the temperature so that such
material is unsuitable for practical applications.
In fact, the variation of the initial permeability
of a ferrite with temperature is usually such that
with a decrease in temperature from the Curie
point the permeability initially rises Very quick-
1y to-a maximum and, upon a further decrease in
temperature, gradually falls off: In practice,
the range in which the permeability largely de-
pends on. the temperature will be avoided and
for this. reason materials will always be used
whose. Curie temperature is at Ieast to 50° C.
Preferably, materials are used having a Curie
point Between 50 and 250° C. In the present case
the. expression Curie point is to be understood
to meazn the temperature at which the initial
permeability has dropped to a small fraction of
about 19% of the maximum value, or in other
words, the temperature at which a magnetic ma-
terial passes over into a state which can be
coneeived, as having no ferromagnetism for all
practical purposes, i. e. the magnetic properties
of: the:material having fallen o such s value that
the: material is no. longer considered ferromag-
netic,

By mized crystal formation of ferrites with
pesitive and negative magneto-striction accord-
ing to the invention it is now possible to obtain
a ferrite having & Curie temperature of at least
90%C:, which consequently has & sufficiently high

‘value for-Tmax in practice and a low value of the
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magneto-striction in such manner that the abso-
lute value of the quotient
Imuxz
A
is larger than 2100,

In the embodiment of the invention in which
magnetite is used to constitute the mixed crystal
component with positive ,-the content of this
component, instead of sintering together a fer-
rite with negative A and the ferrite with posi-
tive A in a suitable mixing ratio, or of sinter-
ing together a corresponding mixture of the com-
ponent oxides, is preferably obtained by heat-
ing the ferrite with negative A at a high tempera-~
ture, for instance 1000° C. and upwards, in a
suitable atmosphere, so that a certain quantity
of bivalent iron is formed which corresponds to
the desired quantity of magnetite; for if in &
ferrite a part of the iron passes over, while split-
ting off oxygen, from the trivalent form into the
bivalent, this can be conceived as a formation
of Fe3Oq in the ferrite. In this embodiment of
the invention use is preferably made of a fer-
rite having a content of more than 50 mol. per
cent iron, computed on the basis of Fe20s3 1. €.
that the mixture, from which this ferrite has
been formed by sintering, contained more than
50.mol. per cent of Fe:O3. The excess iron 0x-
ide may then serve for the conversion into mag-
netite; in the absence of an excess there would
be a risk, in the formation of bivalent iron, of
separation of one or -more of the oxides other
than Fe:03 constituting the ferrite, so that no
“homogeneous mixed crystal would ensue.

Theoretically, the atmosphere .in which the
.ferrite is heated should have an oxygen -con-
tent commensurate with the oxygen pressure with
which the ferrite-magnetite mixed crystal to
be prepared is in equilibrium at the heating tem-
perature; the heating has to be continued until
the ferro-content acquires the desired equilib-
rium value throughout the ferrite. In practice,
however, different reaction conditions will be
used, to obtain a suitable product in a reason-
able time. When making use of a ferrite of the
aforesaid kind having a Fe:03 content exceed-
ing 50 mol. per cent, and heating at tempera-
_tures exceeding about 1200° C., the composition
of the atmosphere is relatively unimportant
whereas the time and the temperature of the
heating are important, provided that the fer-
rite is not too strongly sintered to compactness
so that splitting off of oxygen throughout the
ferrite is nossible.  Care should be taken that
during the cooling following the heating op-
eration no interaction can cccur between the
ferrite and the gaseous atmosphere, due to which
the outer layers of the ferrites would acquire
a composition different from that of the inner
part of the ferrite. Such inhomogeneites may
be ascertained by removing the outer part of
a ferrite core, for instance, by grinding, and
by observation of the modification taking place
in the properties of the core. To aveid the for-
mation of a surface layer having a different
composition the cocling may take place in an
‘inert, oxygen-poor atmosphere i. e. containing
less than 2% of oxygen, for instance nitrogen,
or rapid cooling may take place affer heating.
As an alternative such a possible surface layer
may be removed by grinding. ) )

It is pointed out that, as is well-known, sev-
eral ferrites split off oxygen at a high tempera-
ture i. e. that such ferrites have a certain con-
tent of bivalent iron. It was not known, how-
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ever, that the magneto-striction is affected by
modification of the ferrous iron content. More
particularly with these ferrites the ferrus iron
content was not such that

Imaxz

. A

exceeded 2101 throughout the ferrite.

.- From French patent specification 887,083 it
is known to provide, with ferrites, for as high an
oxygen content as possible i. e. as small a fer-
rous iron content of the ferrite as possible in
order to reduce the losses of the magnetic ma-
terial (eddy current, hysteresis- and other
losses). Although, according to the invention,
in the manufacture of mixed crystals contain-
ing magnetite a certain ferrous iron content is
provided for it has turned out that, in general,

-the ferrous iron contents with which the mag-
-neto-strictions are low are not so large as to
-involve losses to a degree rendering the mate-

rial impracticable particularly at low frequen-
cies e. g. for telegraphy and telephony purposes
(Pupin coils, filter coils).

The term “manganese ferrite-forming con-
stitutent” is to be understood to include man-
ganese ferrite, and the constituent oxides there-
of.

The term ‘“nickel ferrite-forming constituent”
is to be understood to include nickel ferrite and
the constituent oxides thereof.

The term “zinc ferrite-forming constituent”
is to be understood to include zinc ferrite and
the constituent oxides thereof.

The term “magnetite~-forming constituent” is
to be understood to include magnetite and iron
oxides capable of forming magnetite.

The ferrous ferrite materials have the for-
mula:

aMnFe20:-+DZnFez04--cFe+TFeaO4
aNiFe0:-+bZnFe:Qs4-cFetFea0q

in which the coefficients a, b, and ¢ have values
at which
ImBXZ
A .
exceeds 2)X101¢ and the Curie point is greater
than 50° C.

o Example 1 .
mixture of pure MnOz, pure ZnO and pure
Fe203 in a mol. ratio of 25:25:50 is ground for
From the mix-
ture, with water as a plastification agent, a rod

100 x 2 x 2 mm. is formed at a pressure of 4

tons/cm?. The rod is sintered in pure nitrogen
for 2 hours at 1300° C. followed by cooling, like-
wise in nitrogen, down to room temperature in
about half an hour. In the same way ferrite
rods have been made by using mixtures of the
mol. ratio 23:25:52 and 21:25:54. The values
of the saturation magneto-striction A, the satu-
ration magnetisation Imax, the quotient

Imf.\x2
A

the Curie point and the initial permeability of
these rods figure in the table below.

Curie-
point n
in® C.

Imax in
e. g.8.
units

Imlx

A108 B 1010

100
150

1,500
1 900
1 300

lot 3, +1.5 .o

10
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From the material corresponding with the prepa-
ration No. 2 a magnetic annular circuit having
an effective permeability of 125 is constructed.
At 2000 cycles/sec. and a maximum induction of
7.5 Gauss the value

Rh

L

for this circuit amounted to 0.24, Rk being the
hysteresis resistance of the coil wound on the
annular core and L being its self-induction.

Example 2

Three mixtures of pure NiO, pure ZnO and
pure Fe20s3 in mol. ratios of 15:35:50, 13.8:32.2:54
and 12.6:29.4:58 are formed into ferrite rods
similarly to Example 1. The magnetic properties
of the materials thus produced are given in the
table below, in which the content of bivalent iron
is also given.

Ferro-

ImaziD | Tpag? Curie- [content

Ad0s c.g.s. ——X1010} point | in per-

units A in® C. |cent by

weight

lotd, ~2.5. uo e 300 3.6 150 1.08
Tot 2, —0.7 ol 350 17.5 2004, 2.85
Jot 8, H41 .. 400 4 300 5.38

What we claim is:

1. A soft ferromagnetic material consisting es-
sentially of substantially homogeneous mixed
crystals of manganese-zinc-ferrous ferrite, said
ferrite having the formula:

aMnFe203-+bZnFe203--cFet+tFea04

the coefficients a, b and ¢ being mol fractions
and having values at which the Curie point is at
least 50° C. and the value of

Imax2

A

is at least 2 101°; Imex being the magnetization
flux at saturation in maxwells per cm.2 and A
being the magnetostriction value in change in
length per unit length of the material.

2. A soft ferromagnetic material consisting es-
sentially of substantially homogeneous mixed
crystals of nickel-zinc-ferrous ferrite having the
formula:

aNiFe204-bZnFe204--cFet+Fez0q

the coefficients @, b, and ¢ being mol fractions
and having the values at which the Curie point
is at least 50° C. and the value of

Imnxz

A

is greater than 231019, Imax being the magnetiza-
tion at saturation in maxwells per cm.2 and A the
magnetostriction value in change in length per
unit length of the material.

3. A process of manufacturing a soft ferromag-
netic material comprising the steps of mixing a
manganese ferrite-forming constituent, a zine
ferrite-forming constituent, and a magnetite-
forming constituent in amounts expressed in
terms of mol percents of MnOs, ZnO, and Fex03
of about 21 to 25, 25 and about 50 to 54, and
producing upon sintering substantially homoge-~
neous mixed crystals of manganese-zinc-ferrous
ferrite having a bivalent iron content at which

Im ﬂ!z
A
exceeds 2X1019, Imax being the magnetization fiux
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ab saturation in maxwells per cm.2 and » being the
magnetostriction value in change in length per
unit length, sintering the mixed constituents at
a temperature of about 1000° to 1300° in an in-
ert oxygen-poor atmosphere for a sufficient time
to produce said mixed crystals, and cooling the
mixed crystals in said atmosphere.

4. A process of manufacturing a soft ferromag-
netic material comprising the steps of mixing a
nickel ferrite-forming constituent, a zinc ferrite-
forming constituent, and a magnetite-forming
constituent in amounts expressed in terms of mol.
percentages of NiO, ZnO and Fe:03 of about 12.6
to 15, 29.4 to 35, and 50 to 58 and producing upon
sintering substantially homogeneous mixed crys-
tals of nickel-zinc-ferrous ferrite having a
bivalent iron content at which

Imaxz

A

exceeds 2X1019, TImax being the magnetization
flux at saturation in maxwells per cm.2 and A
being the magnetostriction value in change in
length per unit length, sintering the mixed con-
stituents at a temperature of about 1000° to 1300°
C. in an inert oxygen-poor atmosphere for a suf-
ficient time to produce the mixed crystals, and
cooling the mixed crystals in said atmosphere.

5. A process of manufacturing a soft ferro-
maghetic material comprising the steps of mixing
about 21 to 25 mol. per cent of MnOgz, about 25
mol. per cent of ZnO, and about 50 to 54 mol. per
cent of Feq0s, sintering the mixfture at about
1300° C. in an inert oxygen-poor atmosphere for
a sufficient time to form substantially homogene-
ous mixed crystals of manganese-zinc-ferrous
ferrite having a bivalent iron content at which

Imaxz
A

exceeds 21019, Imax being the magnetization
flux at saturation in maxwells per cm.2 and A
the magnetostriction value in change in length
per unit length, and cooling the mixed crystals
in said atmosphere.

6. A process of manufacturing a soft ferro-
magnetic material comprising the steps of mix-
ing about 12.6 to about 15 mol. per cent of NiO,
about 29.4 to about 35 mol. per cent of ZnoO, and
about 50 to about 58 mol. per cent of Fex03,
sintering the mixture at about 1300° C. in an
inert oxygen-poor atmosphere for a sufficient
time fo form substantially homogeneous, mixed
crystals of nickel-zinc-ferrous ferrite having =a
bivalent iron content at which

Imnxz

A

exceeds 2X10%9, Imax being the magnetization flux
at saturation in maxwells per cm.2 and A mag-
hetostriction value in change in length per unit
length, and cooling the mixed crystals in said
atmosphere.

JACOB LOUIS SNOEK.
JAN JACOBUS WENT.
PIETER WILLEM HAAYMAN.
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