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ABSTRACT OF THE DISCLOSURE

A method of producing magnetic cores having highly
rectangular hysteresis loops and low coercive force by
irradiating the core material in a low temperature environ-
ment, then magnetically annealing the material also at
a low temperature, .

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalties thereon or therefor.

This invention relates to a method for freating ma-
terials of “high magnetic permeability to impart to them
the characteristic of a rectangular hysteresis loop.

Magnetic materials having rectangular hysteresis loops
have extensive application in present day technology, as
in magnetic memory devices, computers, magnetic ampli-
flers and in instrument and distribution transformers.
Magnetic. materials having this property have been pro-
duced in the past either by applying a magnetic field to
.the -materjal during a high temperature annealing proc-
ess, by grain orientation obtained by drastic cold rolling
reduction: prior to final annealing, or by irradiating the
material in the presence of a magnetic field with neutrons
or electrons. The first two of the aforementioned methods
require high temperatures of 600° C. or greater and very
long annealing times (18 hours or greater). The method
of neutron irradiation in the presence of a magnetic field
requires a costly nuclear reactor as a. neutron source.
While neutron irradiation will produce the desired rec-
tangular hysteresis characteristic it also undesirably in-
creases the coercive force (H,) and involves long ir-
radiation times; moreover the material becomes radio-
active. In the method of electron irradiation an external-
ly applied field is essential during the period of irradia-
tion which is a restriction for some condjtions or geomet-
rical configurations.

The present invention produces magnetic materials hav-
ing rectangular hysteresis loops, high values of remanence
(B;) maximum permeability (umax.), and low coercive
force (H,) by a two-step method counsisting of irradiat-
ing magnetic cores with electrons with or without an ex-
ternally applied magnetic field within low temperature sur-
roundings and then heating the cores in a furnace in the
presence of an externally applied magnetic field. The above
noted disadvantages encountered in the prior art are thus
overcome such that the use of high temperatures or the
use of magnetic fields during irradiation is eliminated.

It is an object of this invention to provide a new meth-
od of producing a magnetic core having improved mag-
netic properties.

Another object of the invention is.to provide a new
method of producing a magnetic core having improved
magnetic properties without using the high temperatures
associated with magnetic annealing.

A further object of the invention is to provide a new
method of producing a magnetic core having hysteresis
loops of high rectangularity and low coercive force.

Still another object of the invention is to provide a
simple two-step method of producing a magnetic core
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having a rectangular hysteresis loop which can be carried
out under more precise control conditicns.

Other objects, advantages and novel features of the
invention will become apparent from the following de-
tailed description of the invention when considered in
conjunction with the accompanying drawing wherein a
graph is shown displaying the change in remanence of
various samples of magnetic cores under precisely con-
trolled irradiation and magnetic annealing conditions.

In this invention hysteresis loops of high rectangularity,
high values of remanence, maximum permeability and
low coercive force are obtained by a two step process.
This process consists of irradiating magnetic cores with
an electron beam from a suitable electron source, such
as a Van de Graaff accelerator with or without the appli-
cation of an externally applied magnetic field in the pres-
ence of temperatures less than 100° C. This irradiation
step is followed by heating the cores in a furnace for
approximately one hour at some temperature between
106° and 250° C. with an externally applied magnetic
field present.

The two step process allows better control of the pro-
duction of the desired magnetic properties since the sec-
ond step is done directly (not by remote control) where-
as the first step, in common with all the irradiation meth-
ods, is done remotely. Because, in this process, the actual
squaring up of the hysteresis loops (i.e. attainment of
high rectangularity, remanence and maximum perme-
ability) is accomplished in the second step of the two step
ireatment, the temperature is much more easily con-
trolled. Moreover, since the temperature of the post-ir-
radiation magnetic-annealing treatment and the time of
its application are more amemable to control, the co-
ercive force can be maintained at a low value. The reason
for this is that certain types of defects, more specifically,
vacancies in a crystalline lattice, can be placed in a ma-
terial by several methods, such as quenching from suffi-
ciently high temperature, e.g. 600° C. or greater, me-
chanical deformation of a material as by bending or by
irradiation by atomic particles. However, it is the subse-
quent history of the temperature treatment which deter-
mines the extént and manner of the diffusion of these
defects through the lattice. The number of these defects
and the way in which they are distributed in the lattice
determines the direction '(4 or —) and magnitude of
the changes in the properties of the material. Therefore,
if the defects can be introduced in a first step as in this
invention, then their diffusion can be accurately con-
trolled in a second step. The desired property changes
can be more easily attained in the two step process than
in the one step process such as previous irradiation treat-
ments or than in the thermomagnetic type processes (e.g.
a preliminary anneal to relieve strains produced by the
fabrication process followed by a separate magnetic an-
neal, both of approximately 16 to 24 hours duration).

The magnetic field need not be present during the
irradiation step. By the method of this invention a rela-
tively large number of samples could be processed with-
out the necessity, as in previous irradiation processes, of
providing a separate current lead for each sample to pro-
duce the required applied magnetic field. The low-tem-
perature post-irradiation magnetic-anneal treatment would
bring about the desired property changes. This lack of
an applied magnetic field during irradiation would also
be advantageous when irradiating samples which require
large magnetic fields for magnetic annealing. Such fields
might be difficult or inconvenient to apply during irradia-
tion but could be more easily applied during the second
step of this method. Such samples include strips, C shaped
or E shaped cores or any such open circuit sample con-
figuration.
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By way of example several samples of polycrystalline
4.86% Mo Permalloy and Mumetal were treated accord-
ing to the method of this invention in the following man-
per; punched rings having outer diameters of 134g inch
and inner diameters of 5% inch and thicknesses of 0.010
and 0.021 inch respectively were irradiated by a 2
m.e.v. electron beam from a Van de Graaff acelerator.
The beam was incident on the upper face of a hollow
aluminum target block through which CO; coolant gas
passed. The samples rested in shallow circular wells in
the face of the block. For each of several samples a
toroidal magnetic field was generated within this sample
by means of a direct current in a wire fastened to the
target block through the center of the sample. One sam-
ple was irradiated with no externally applied field pres-
ent. Temperatures during irradiation were maintained
within the range of 50° to 95° C. The electron flux and
total dose were approximately 1.5X 1012 electrons/
cm.2-sec. and 11017 electrons/cm.2 respectively. After
this treatment these samples were placed in a furnace and
held at 150° C. for one hour with an applied magnetic
field of 0.22 Oe present. They were then air cooled and
tested at room temperature at about 25° C. These sam-
ples, which had shown only slight changes in properties
after irradiation showed large increases in rectangularity,
remanence and maximum permeability with only slight
or negligible changes in coercive force after this low
temperature magnetic anneal.

Curves A, B, C and D of the attached drawing depict
a characteristic change in remanence (B;) of different
core samples under particular conditions corresponding
to the two step process of the immediate invention.

Two irradiation experiments, with a magnetic field ap-
plied, on 4.86% Mo Permalloy and Mumetal respective-
ly disclosed that, although the total electron dose was
achieved as in previous experiments the temperatures
were significantly lower than in the previous ones. More-
over the magnetic property changes were less than had
been expected from previous experimental work; in some
cases the changes were even in a negative direction, e.g.
remanence B, decreased in one sample instead of increas-
ing. Curve B of the attached drawing depicts such a de-
crease in remanence during the irradiation step.

Curves A and B were derived from two respective
samples of 4.86% Mo Permalloy which were irridiated
and annealed in acordance with the process of the in-
stant invention. The isochronal annealing process is car-
ried out by heating the samples in the presence of an
externally applied magnetic field at a fixed temperature
for a fixed period of time (one hour in the instant case)
and cooling to a reference temperature (here room tem-
perature of 25° C.) and then checking for magnetic prop-
erty changes. This is repeated for identical time intervals
but at successively higher temperatures. A careful con-
sideration of the curves shown in the drawings disclose
that regardless of whether the remanence increases slight-
ly or decreases slightly during the irradiation step of the
process, high remanence is achieved during the anneal-
ing step as shown by curves A and B. The sample of
Mumetal of curve C was irradiated without the applica-
tion of an external field whereas a Mumetal sample of
curve D was not irradiated. Very little change in rema-
nence occurs in the non-irradiated sample whereas the ir-
radiated sample shows a very great increase in remanence
under the same controlled conditions,
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The advantages of this low temperature-two-step proc-
ess over high temperature magnetic annealing methods
(thermomagnetic treatments) are (1) much lower tem-
peratures, (2) much shorter annealing times, (3) no spe-
cial furnace atmospheres are required and (4) the prop-
erties achieved in most cases are significantly better. The
advantages over other irradiation treatments are that ir-
radiation is carriéd out at appreciably lower temperatures,
no radioactivity is induced in the materials and an ex-
ternally applied magnetic field need not be present dur-
ing irradiation. In addition it should be pointed out that
all irradiation methods are done at remote locations; the
materials are either a nuclear reactor or subjected to a
beam of particles ‘but in either case with temperature
monitoring leads and coolant lines coming through heavy
shielding to a remote control location. Thus control of
coolant flow etc. is more difficult to achieve remotely
than directly. In this invention however, irradiation is
used to implant point defects in the material in the first
(irradiation) step. Then the second step (post irradiation
annealing treatment), is dome directly in conventional
furnaces but at relatively low temperatures. Thus the tem-
peratures and times of annealing are much more amen-
able to control and the high values of rectangularity,
remanence and maximum permeability and, in particular,
the low values of coercive force can be more easily pro-
duced

Obviously many modifications and variations of the
present invention are possible in light of the above teach-
ings.

What is claimed is:

1. A method of improving the magnetic properties of a
magnetically permeable material consisting of the two
step process of:

irradiating the material at a temperature below 100°

C. in the absence of an externally applied mag-
netic field to introduce a crystalline defect into the
meaterial, and

annealing -said material at a temperature within the

range .from about 100° to 250° C. in the presence
of an externally applied magnetic field until the ma-
terial exhibits a substantially rectangular hysteresis
loop characteristic.

2. The method of claim 1 wherein the irradiation is
accomplished by irradiating the material with an electron
beam.
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