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The Effects of Temperature on Permanent Magnets
1. Introduction
In typical applications such as in motor vehicles,
household appliances, electric motors or in mechanical engineering, permanent magnets are subject
to fluctuations in temperature throughout their
service life, and this affects their magnetic properties. In this context, distinctions have to be made between the different types of stresses, for instance
cyclic stress, longterm stress, etc.
Although the manufacturers of materials for permanent magnets provide information on material
characteristics at different temperatures, such information is insufficient for deriving accurately the
effects that are applicable to the specific application
under different stresses.
For sensor applications in particular, understanding
the processes that cause the strength of magnets to
diminish with time and temperature is of crucial
importance when designing the system.
It was for this reason that Magnetfabrik Bonn started a series of longterm trials at the beginning of
2007 in order to systematically identify the effects
on the various materials. Data on the effects of more
than 8000 hours stress at 130 °C and 150 °C is now
available and is summarized in this paper.

2. Measurements
The sample magnets must be magnetically isolated
during the measurements, i.e. they must be kept at
a considerable distance from each other. Otherwise,
the magnetic field of the samples would stabilize
or destabilize neighboring samples and distort the
measurements, particularly over longterm trials.
In order to test a number of samples over long
periods, Magnetfabrik Bonn GmbH developed mini-

ature furnaces with PID temperature controllers
that allow the magnetic field to be measured while
the samples are being subjected to thermal stress.
The size and the efficient insulation mean that it is
possible to maintain several samples at 150 °C with
a power consumption of less than 30 watts.

3. Effects of thermal stress
The properties of all magnetic materials depend to a
greater or lesser degree on the ambient temperature.
In physical terms, the effects of temperature are
fully described by curves plotting demagnetization
against temperature. Because the demagnetization
curves are generally reduced to the characteristics
remanence Br, coercivities HcB and Hc J and maximum
energy product (BH)max, the material manufacturers
generally document the corresponding coefficients
for linear change over temperature. Because the
energy product is roughly quadratically dependent on
the remanence for most materials, it is often the case
that only the linear coefficients α(Br) and β(Hc J) are
specified in the material characteristics tables.
Both values indicate the percentage change of the
characteristic from 20 °C to 120 °C, in each case with
reference to the value at 20 °C. The linearization is an
approximation that can lead to extremely incorrect
results, particularly when extrapolating for values
above 120 °C.
The magnetic characteristics and the demagnetization curves at different temperatures can be downloaded from the "Products" section of the Magnetfabrik Bonn GmbH web site.
As far as the user is concerned, the physical description of a material often fails to provide practical infor-

1/2008

mation for evaluating their application. In this context, a far more important question is often how the
magnetic field of a permanent magnet at a fixed
position changes as a function of time and temperature. Qualitatively different effects occur here, and
these are described briefly below. All three effects
occur together, and their sum effect must therefore
be considered.

Reversible effect
The magnetic field changes reversibly with temperature. As a good approximation, this is proportional
to the remanence and is not dependent on the type
of magnetization and the shape of the magnet.
Since a first approximation of this reversible change
is linear, i.e. it shows a constant increase or decrease
per degree Celsius, a characteristic that roughly
corresponds to the coefficient α(Br) is sufficient to
describe it.
To take an example, α(Br) = 12 %/100 K means that
the magnetic field changes by 0.12 % per degree
Celsius with reference to the room temperature field
value at any location.

Irreversible changes over temperature
In the case of rare earth magnet materials, the coercive field also decreases as temperature increases
as well as the remanence, i.e. the two coefficients
α(Br) and β(Hc J) are negative. In the case of hard
ferrites on the other hand, the coercive field decreases at low temperatures, i.e. β(Hc J) is positive.
The coercive field describes a magnet's stability with
respect to demagnetization, i.e. partial demagnetization can occur with rare earth
magnets at high temperatures
and with hard ferrite magnets at
low temperatures. This results in
a change to the magnetic field
the first time the relevant temperature is reached. This loss is
not compensated for when the
temperature is restored and is
therefore irreversible.

This weakening stabilizes itself as a result of the loss
of magnetization and the selfdemagnetizing field
it generates. There is no further decrease or only a
slight decrease when the magnet is heated or cooled
to the same temperature. Compared with the reversible change to the field, the irreversible losses
are more complex to describe and depend not only
on the magnet material, but also on the shape of
the magnet and the type of magnetization as well
as on any external fields applied.

Irreversible loss over time
In the event of repeated temperature cycles or long
aging times, rare earth materials exhibit progressive,
irreversible demagnetization losses over very long
periods. These arise partly as a result of delayed
thermal demagnetization and as a result of chemical changes in the material.
The delayed thermal demagnetization is determined
by an Arrhenius law, i.e. there is a logarithmic progression across the aging time. This logarithmic
dependency means that the loss can be demonstrated almost entirely after a period of a few minutes
or hours. Further change over days and months is
then only very slight.
In addition, however, some materials exhibit a
considerable progressive loss of magnetic field
strength over long time periods. This loss is caused
by different physical processes and can, for instance,
be traced back to a slow but continuous chemical
decomposition at high temperatures.

Figure 1: View of the furnace developed for these measurements
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Figure 2: Measurement of the reversible and irreversible field change for a
sample magnet using the material Neofer 48/60p, 14x14x2.5 mm, dipole magnetization
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Figure 3: Measurement of a sample magnet under temperature cycles.
Material: Neofer 48/60p, Ø16x2.5 mm, dipole magnetization
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Figure 4: Measurement of sample magnets over long time periods as
an Arrhenius plot. Material: Neofer 48/60p, 14x7x3 mm, axial magnetization
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Figure 5: Measurement of sample magnets over long time periods as
an Arrhenius plot. Sample material: 14x7x3 mm, axial magnetization
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4. Conclusion
No irreversible losses were observed on the ferrite
materials we investigated in a temperature range
above room temperature up to 160 °C. Our range of
products includes a number of standard materials
for which longterm exposure to 150 °C for up to
6000 hours and the magnetic working ranges that
typically occur can be classified as absolutely noncritical.
The reversible losses of the polymer-bonded hard
ferrite magnets can be well approximated using the
linear remanence coefficient α(Br) ≈ 20 %/100 K.
The following aspects need to be considered for
designs using the Neofer p® materials investigated:
• Reversible losses for all temperature changes in a
typical range of 11-13 %/100 K
• Irreversible losses depending on the material,
working point and duration of stress as of approx.
80 °C

• Longterm

losses and cyclic losses as of approx.
120 °C-130 °C depending on the material. A range of
materials that are suitable for exposure to 150 °C
for durations of the magnitude of a few hours are
not recommended for designs requiring exposure
of 6000 hours and more.

The results of these investigations are able to qualitatively describe the fundamental trends. However, reliable estimation for a given application
requires a testing procedure designed to suit the
application, because the longterm losses in particular also depend on the environmental conditions
and possibly also on any electrochemical contact
with other metals.
We are happy to support you in assessing your
application and selecting the magnet materials and
type of magnetization for the sensor type under
consideration. If time and temperature are factors
which may potentially have any influence, we can,
together with you, examine any suitable countermeasures such as deliberate overdimensioning.
Put us to the test!

The experts in permanent magnets
Magnetfabrik Bonn has 75 years of experience, and the extensive skills gained over these years in
all aspects of materials, production techniques and applications have made us not only a leading
provider of permanent magnets but also one of the leading experts in the field. We use these skills
to find solutions to the complex tasks faced by our customers. Our range of products includes a
wide spectrum of materials that we produce in our own facilities. Our highly automated production
ensures cost-efficient manufacturing and provides our customers with additional advantages over
the competition. Quality and environment management systems testify to our commitment to
continuous improvement and to our sense of responsibility.
No matter whether you need a mass-produced product or
tailored magnet systems as functional assemblies, just have
a word with our experienced specialists.
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