acta phys. slov. 36 (1986), No. 3

MAGNETIC AFTER-EFFECT ?—m}mcxm?_mﬂ/.qm
ON METASTABLE SAMPLES")

M. m.OhUm\rmmﬁvu Budapest
B. SCHWENDEMANN?), F. WALZ?), Stuttgart

Magnetic after-effect (MAE) measurements have been carried out on samples
structurally not stable in the investigated temperature range. It is shown, how irreversible
MAEs induced by structural changes can be experimentally separated from reversible
relaxation processes. General principles of ensuring an adequate interpretation of the
MAE measurements on metastable samples are also given.

U3MEPEHHSA MATHUTHOIO NOCIEAEACTBHA
HA METACTABMIBHBIX OBPA3LIAX

B pa6oTe npuBopsitcs PE3yNbTaThi MIMEPEHUA MATHUTHOTO NOCeeHCTBYS Ha o6pa3-
lax, KOTOpble B #HcciefyeMoll o6nactu TEMNIEPATYD CTPYKTYPHO HeCcTaGunbHLI,
TMoxka3zako, kak MOxHO IKCHEPUMEHTANLHO OTAENHTEL M3MEPeHHs HeoOpaTtuMoro Mar-
HUTHOIO nocnegeiicTBMsA, 06YCIORIEHHOTO CTPYKTYPHBIMH H3MEHEHUAMH, OT H3MEPeHMiT
poneccoB oGpaTHMO penakcaumu. Npusonsites Takke o6imme OpHHLMGLL, 06ec-
TIEIMBAOILNE COOTBETCTYIONUIYIO MHTEPNpPETALMIO M3MEPEHUI MarHUTHOTO nocnegeii-
CTBHUA Ha METacTaGunbLHbIX 06pasuax.

I. INTRODUCTION

The measurement of the magnetic after-effect (MAE) is a very sensitive tool for
the investigation of mobile lattice defects in ferromagnetic materials.

The interaction of these defects with domain walls results in a stabilization of the
latter, causing a time dependent permeability after demagnetization. This “accom-
modation” of lattice defects with respect to the domain walls is in general thermally
activated, following the Arhenius law. In this case, MAE measurements can be
easily evaluated to give the activation parameters of the lattice defects. The
evaluation is based in general on the following assumption: besides the MAE itself,
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the sample is in thermal equilibrium. This is a rather critical hypothesis, since
samples with increased defect concentrations are seldom stable in the whole
investigated temperature range. In favourable cases, however, the MAE and the
phase transition appear in different temperature ranges. Some years ago, a MAE
was detected in the temperature range of a metallurgical phase transition, i.e. the
precipitation of Fe,,N, in a Fe-N alloy [1, 2]. This investigation allowed to
formulate some general principles of such processes. In the present study, the effect
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Fig. 1. Temperature dependence of the initial susceptibility of an as-quenched Fe—N sample.

1. EXPERIMENTAL HMOIZ—OCMM
IL. 1. Sample Preparation and heat treatments
Specimens from high purity (Johnson and Matthehy) iron were cold-swaged
to 1 mm @ and stress-relieve annealed in pure hydrogen at 1000 K. Nitrogen or

carbon were introduced by annealing the specimens during 36 h in H, +
1—3 % NH, or CH, at 773 Kor 1000 K, respectively. After annealing the samples

I1. 2. MAE measurements

The MAE has been investigated in terms of time and temperature dependence of
the initial susceptibility, x(r, T), after demagnetization, using a very sensitive ac
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measuring technique [3]. The experimental results are represented by isochronal
relaxation curves of the reluctivity  Ar(t, t, T) = r(1,, T)—r(t,, T) where
r(t, T)=1/x(t, T). In our measurements, =15, =2, ..., 180 a.

. EXPERIMENTAL RESULTS AND DISCUSSION

IL 1. Influence of precipitation and redissolution
on the MAE spectrum

Fig. 1 shows the initial susceptibility of a Fe-80 wt ppm N sample. The pro-
nounced susceptibility minimum at 430 K is due to the precipitation and redissolu-
tion of FexN,, as proved by various independent experimental methods [1, 2].
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Fig. 2. Time and temperature dependence of the relative initial reluctivity of the same sample, without
demagnetization, t,=1s, t, =180,

In Fig. 2 a time-dependent measurement is shown on the same sample with
ti=1s and ,=180s, but without any demagnetization of the sample. From
a comparison of the results presented in Fig. 1 and Fig. 2, the practical and
theoretical difficulties of MAE measurements in this temperature region can be
recognized.

The process of precipitation is accompanied by a time dependent decrease of the
susceptibility due to a pinning of the domain walls at the precipitates. This decrease
of the susceptibility induces a so-called positive MAE during a time-dependent
reluctivity measurement. The re-dissolution of the precipitates — as the reversed
process —results in a time-dependent increase of the susceptibility and gives rise to
a negative irrevarsible MAE.
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Since these processes correspond — within given temperature ranges — o
irreversible structural changes, they develop independently of any preceding demag-
netization and consequently differ from reversible relaxation phenomena in the
common sense. They could be observed as well in any static experiment, e.g. by
a magnetic balance.

IH. 2. Control of sample stability :
separation or reversible and irreversible effects

demagnetization.

From a series of such measurements the experimental results can be corrected to
give the true reversible relaxation.

IIL 3. Typical experimental results
HI. 3. 1. Fe-N

By measuring on a “stabilized” sample — which had been annealed in order to
allow all N to precipitate — the positive irreversible changes can be eliminated, so
that in this case the true reversible effect can be well evaluated. As described in
detail elsewhere, the reversible MAEs are due to relaxation of N atoms in the
strain fields of coherent precipitates [1, 2].

IIL. 3. 2. Fe-C

By measuring on an as-quenched alloy, reversible and irreversible effects can be
detected as well. In contrast to Fe-N the reversible effect disappears in the
stabilized — precipitation annealed — alloy. This may be explained most probably
by the loss of coherency of the carbide precipitates, which results in the breakdown
of the strain field.

II.3.3. Cold-worked Fe-N aloys

Fig. 3 shows the complete set of measurements obtained on a sample which had
been cold-worked prior to nitriding. Below 400 K, data measured with and without
demagnetization agree rather well, indicating that only irreversible processes are
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present in this temperature range. These irreversible processes are supposed to be
induced by the precipitation of N, most probably on dislocations. Between
420—500 K, the re-dissolution of these precipitates takes place. Above 500 K,
only a reversible, dislocation-induced relaxation process is present. After correc-
tion for the negative structural changes, a “shoulder” is obtained on the low
temperature side of this dislocation peak. In a pure iron sample, the dislocation
relaxation takes place at lower temperatures, and no “shoulder” can be detected. It
is not easy to decide, whether the presence of a shoulder indicates an additional
independent process, or results only from dislocation relaxation which is partially
suppressed due to the presence of precipitates.
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Fig. 3. MAE spectrum of an as-quenched Fe—N sample, cold-worked prior to nitriding, measured with
and without demagnetization, f,=1s, r,=180s. o without demagn, O with demagn.. X correct true
MAE.

It is beyond the scope of this paper to give an unambiguous interpretation of this
complicated process.

V. CONCLUSIONS

1. In order to obtain adequate interpretations of experimental results. the
Structure and stability of the samples should be carefully controlled.
2. If possible, MAE measurements should be carried out on samples which are
Structurally stable in the investigated temperature region.
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3. Since elastic properties are also structure sensitive — internal friction
measurements may also be g valuable tool for the corresponding investigations.
Unfortunately, no such data have been reported so far; but the control of the
sample stability, e.g. by measuring both components of the complex modulus,
should give additional information on these problems.
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