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INVESTIGATION OF MATERIAL PROPERTIES BY MEANS
OF MAGNETIC METHODS

J. Rasek, Z. Stoktosa

Institute of Material Science
University of Silesia

Bankowa 12, 40-007 Katowice, Poland

In the present paper, magnetic method of determination of ferrite content in austenite
steels, based on saturation polarisation and magnetic polarisation of ferrite near the remanence
point, have been presented for Fe-Cr-Ni-type alloys. Magnetic phase analysis, taking into
account the distribution of total magnetic losses on eddy current losses, relaxation losses and
hysteresis losses, have been discussed for low-carbon and low-alloy steels. The formulas on
tangent angle of eddy current, hysteresis and relaxation (additional) losses have been presented.
General formulas for magnetic permeability and coercive force have also been presented in
terms of internal magnetic and material parameters. These parameters allowed to analyse the
structural changes in magnetic materials. Examples of the influence of chemical composition,
structural defects and thermal annealing on the changes of saturation polarisation, magnetic
permeability, coercive force, magnetic hysteresis and relaxation losses have been discussed for
low-carbon steels and amorphous alloys.

1. INTRODUCTION

Iron alloys, due to their universality and good mechanical properties, are
fundamental constructional materials in engineering and water, motor, railway
transport and in the power industry. On the other hand, iron alloys are mostly
ferromagnetic. Therefore to the diagnose the machinery made from these alloys,
magnetic methods, beside other methods, can be used. For that purpose mag-
netic physical properties, sensitive to the real structure of materials, are used.
Magnetic properties sensitive to structure are, among other things, initial and
maximum magnetic permeability, coercive force, magnetisation, magnetic hys-
teresis losses, eddy current losses, relaxation losses. Magnetic methods can be
used to determine the contents of phases in the alloys based on iron and to
pnalyse the changes of the real structure. The systems based on measuring of
the magnetic permeability, saturation magnetic polarisation, leakage magnetic
field and magnetic losses analysis are used. The calculation methods of leak-
age magnetic field, based on the numerical solution of the Poisson equations of
Ragnetic vector potential are developed [1, 2].
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A few examples of application of magnetic methods have been presented
and the changes of selected magnetic quantities under the influence of chemical
composition, the real structure and heat treatment, have been presented in the
present paper.

2. DETERMINATION OF THE FERRITE CONTENT IN AUSTENITE ALLOYS

Figure 1 presents the phase diagram of Fe-Cr-Ni alloys according to their
chemical composition. The chromium equivalent Crg depends on the content of
ferrite-forming elements according to the equation:

(2.1) Crg =1x %Cr+ 1 x %Mo + 1.5 x %Si + 0.5 x %Nb.

The nickel equivalent Nig depends on the content of austenite-forming elementd
according to the equation:

(2.2) Nig = 1 x %Ni + 30 x %C + 30 x %N + 0.5 x %Mn.
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F1G. 1. Phase composition of Fe-Cr-Ni alloys (3].

The presence of ferrite phase (2-8%) is required in elements working at elevated
temperatures in welded joints in the power industry, and to get suitable plasticity
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in water transport. The percentage content of ferrite in the austenite alloys can
be obtained by formula:

Jw

.V

(2.3) % of ferrite Ty

where J; is the saturation magnetic polarisation of the ferrite, J; is the magnetic

polarisation of the austenite phase in magnetic field uoH = 2.31-10~4 T, Vp is
the volume of material, and j,, is the dipole magnetic moment.

The saturation magnetic polarisation of the ferrite depends on chemical com-

position. Usually, in the first approximation, the linear dependence of particular
elements is:

-100 %,

(24) Jsp =2.16 — 0.32%C — 0.41%N — 0.077%Si — 0.03%Mo — 0.02%Mn
—0.04%Cr — 0.034%Ni — 0.18%W — 0.16%Ti  (in teslas).

The resultant magnetic dipole moment j, can be determined by magnetometer
method or by applying the magnetic balance. In the second case we can use the
dependence:

(2.5) F=juo,

where F is the force acting on the sample in magnetic field with the gradi-
ent 0H/0z, which can be determined by applying pure nickel or iron. Figure 2
presents the dipole magnetic moment on volume unit as a function of ferrite
concentration obtained by applying magnetic balance. This dependence is linear
in the range of up to about 11% of ferrite. Concentration of ferrite can also be
obtained from the leakage magnetic field near the remanence point according to
the formula:

(2.6) % of ferrite = —2— - 100%,
Vo Jry
where jr is the resultant magnetic dipole moment near the remanence point, J ¢
is the magnetic polarisation of ferrite near the remanence point, and V}, is the
volume of the sample.
Magnetic polarisation J,s is connected with the saturation magnetic polari-
sation of ferrite by means od the formula:

2.7) Jrp =C - Jyy.

Hence, concentration of ferrite:

(2.8) % of ferrite = Wg e -100%,

where C is the factor dependent on geometry of the sample.
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FiG. 2. Magnetic dipole moment on volume unit measured by applying magnetic balance as
a function of ferrite concentration in the Fe-Cr-Ni alloys.

For higher concentration of ferrite (5%-80%), the content of this phase has
been obtained by applying the X-ray diffraction method. There is a good corre-
lation between the results achieved by magnetic and X-ray diffraction methods,
whereas the magnetic method is also effectively used with large accuracy to
determinate the small content of ferrite of the order of 0.1%.

3. MAGNETIC PHASE ANALYSIS IN LOW-CARBON AND LOW-ALLOYS STEELS

Low-carbon and low-alloys steels, used in motor transport (TRIP steels —
Transformation Induced Plasticity), cooled from a suitable temperature range,
can have a two-phase structure (70% of ferrite + 30% of austenite) [4-7]. Concen-
tration of particular phases can be determined, among other structural methods,
by the magnetic method. Austenite changes into martensite under the influ-
ence of plastic deformation. The magnetic method is allowed to determine the
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temperatures of the beginning M, and finish the My of the transformation of
austenite into martensite, and the temperatures of the transformation of austen-
ite into martensite My under the influence of deformation.

Figure 3 presents, for example, distribution of magnetic losses on eddy current
losses Wy,, hysteresis losses W), and relaxation losses W, for TRIP steels [4].
Similar distribution of magnetic losses can be achieved in the case of the total
tangent angle of magnetic losses tan ot [1, 8]

(3.1) tan dot = tan &, + tandy, + tand,.
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Fic. 3. Distribution of magnetic losses on eddy current losses W,,, hysteresis losses W, and
relaxation losses W;, for TRIP (transformation induced plasticity) steels [4].

The tangent angle of eddy current magnetic losses is given by the formula:

2
(3.2) W i~
6p

)

where y is the magnetic permeability of the vacuum, u, is the relative magnetic
permeability, f denotes the frequency of magnetic field, d is the thickness of the
material, and p is the resistivity of the material.















































