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Abstract

Decarburization is a common adverse effect at manufacturing and processing of steel semi-
-products. A series of samples of various shapes, produced from spring steel 54SiCr6 (CSN
14260), was prepared and annealed at 800°C at air atmosphere for 1, 4, 8, and 20 h. The de-
carburized layers that appeared on the surfaces were examined metallographically and mag-
netically by Magnetic Adaptive Testing (MAT). The magnetic tests proved an appreciable
sensitivity, which depended on the samples shapes, on the way of measurement and on the
surface treatment of the samples before the measurement.

Careful weighing of the samples before and after the annealing and/or after the surface
treatment proved to be a simple and reliable way for determination the thickness of the

decarburized layer as well.

Key words: decarburization, spring steel, non-destructive testing, Magnetic Adaptive

Testing (MAT), weighing

1. Introduction

Material toughness of surface of industrial struc-
tures represents their key protection against fatigue
failure. This is the reason why structures exposed to
considerable fatigue loads are frequently artificially
equipped with surface layers, which substantially ex-
ceed fatigue limits of the core material (technological
treatments for surface hardening, nitration, strength-
ening and others).

On the other hand, unwanted decarburization of
construction ferrous alloys can generate a soft sur-
face layer, depleted of carbon (and sometimes depleted
also of other elements, whilst some harmful elements
and phases can there appear instead), which degrades
the industrial properties. The surface decarburization
considerably decreases strength and durability of the
component as compared with the values of its core.

Common high temperature technological processes
of steel and cast iron semi-products like casting, work-
ing (forging, rolling...) and any other heat treat-

ment without protective atmosphere are susceptible
to decarburization. Any failure of the protective atmo-
sphere control, or pollution (oxidation) of salt austen-
itizing baths (for instance at treatments of high speed
steels and powder metallurgy products) threatens to
create decarburized surfaces as well.

Decarburization of steel components takes place
even in reduction atmospheres under action of active
hydrogen, e.g. in chemical industry. Hydrogen com-
bines with carbon into simple hydrocarbons at the
steel surface, and as the used carbon is supplied by
diffusion from depth of the material, a decarburized
surface layer appears. Diagnostics of surface decarbur-
ization can thus also serve as a preventing check-up of
selected elements of chemical accessories.

The international standard ISO 3887 reflects im-
portance of the decarburization problem and recom-
mends three reliable ways of detection of this degrad-
ation, all of them destructive: They are (i) metallo-
graphic observation of the increased ferrite ratio in
the ferrite/pearlite microstructure, (ii) measurement
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Table 1. Chemical composition of the 54SiCr6 steel

Element C Mn Si P

S Cr Ni Cu Al

% 0.540 0.680 1.470 0.017

0.009 0.610 0.050 0.070 0.032

of the micro-hardness profile at the material cross-
-section, (iii) direct carbon content measurement by
chemical or spectrographic analyses.

Alternatively, several non-destructive ways of sim-
ilar detection were also suggested and tested. They
are (i) eddy currents, eventually followed by the sig-
nal Fourier analysis [1, 2], (ii) Barkhausen noise [3],
(iii) magneto-impedance approach [4], and (iv) ultra-
sonic attenuation [2]. It is one of the goals of this pa-
per to show that Magnetic Adaptive Testing (MAT)
is another candidate for non-destructive detection of
decarburized layers on steel surfaces, a candidate that
especially at some configurations shows an extremely
high sensitivity.

In fact, characterization of the decarburization ef-
fect requires not only to measure its thickness but also
to reflect any possible surface strengthening and/or
degradation due to the usual later applied oxides-
-removing (Fe2O3, Fe304, FeO) processes like sand-
-blasting, pickling, and/or surface machining. These
technologies bring surface residual stress and sur-
face defects into the soft decarburized layer, which
— in contrast to some other non-destructive meth-
ods — can be well reflected by a magnetic tech-
nique.

2. Experimental
2.1. Samples

The detrimental influence of decarburization is
mainly felt in high strength steels with high content
of carbon. We tested several types of commercial steel
and eventually spring steel 54SiCr6 (CSN 14260) was
chosen for the decarburization experiments discussed
below. A detailed study of decarburization behaviour
of the same steel 54SiCr6 during its reheating and
cooling in ambient atmosphere was lately published
in [5].

Thickness of the decarburized layer depends on
time of the material exposure to air and on tem-
perature of annealing. The decarburization behaviour
of steel 54SiCr6 is shown in Fig. 1. Annealing and
hardening of thin-cross-section steel 54SiCr6 are re-
commended to be carried out at temperatures between
710 and 850°C.

According to written standards the condition +A
(spheroidizing) of the steel 54SiCr6 corresponds to
maximum Brinell hardness 253 HB, the condition
+QT (heat treatment = quenching and tempering)
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Fig. 1. Standard dependence of the thickness of the surface

decarburized layer of steel 54SiCr6 on time of the material

exposure to air at various temperatures (according to CSN
14260 standard specification).

enables Ry, = (1470; 1770) MPa, and Vickers hard-
ness HV = (437; 507).

Chemical composition of the 54SiCr6 steel used
for our samples was measured by the Spectrumat
GDS750, and it is shown in Table 1.

As the surface decarburization layers are gener-
ally more markedly detected in thin specimens, all
samples used in the following experiments were pro-
duced from a 3 mm thick steel sheet. The shapes
of the samples were rings (60/54/3 mm), annuli
(60/24/3 mm), plates (110 x 30 x 3 mm?) and rods
(110 x 3 x 3 mm?). As explained below, altogether
more than 160 samples were used and tested in the
following experiments.

2.2. Heat treatment

Majority of samples were annealed in air at tem-
perature 800°C. Always 36 samples (nine samples of
each four sample shapes) were annealed for different
time periods, namely for 1, 4, 8, and 20 h. The tem-
perature was increased from room temperature to the
final one during 1 h. Then the final temperature was
kept constant for 1, 4, 8, and 20 h, respectively. The
samples were then cooled in the furnace by 200°C h—!
down to 600°C, then cooling in the furnace continued
with 100°Ch~! down to 500°C, and then the samples
were removed from the furnace and cooled down to
room temperature in stationary air.

In order to get reference samples without the decar-
burized layer but with a similar heat treatment of the
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bulk material, other 36 samples (again nine samples of
each shape) were annealed for 2 h in a vacuum furnace,
using an equivalent heating and cooling regime.

2.3. Surface treatment

From each set of nine samples of each shape al-
ways three samples were left as grown, three were acid-
-pickled and three were sand-blasted, after the anneal-
ing. The surface treatment simulated the usual indus-
trial processing of products, which substantially in-
fluence both their appearance and their fatigue prop-
erties. Figure 2 shows microphotographs of the three
differently treated surfaces.

The as-grown surfaces were covered with oxides,
which after 8 and 20 h of annealing had tendency to
peel in scales.

The pickling removed the oxides chemically, and
left the surface with enlarged crystallites of ferrite.
Pickling was carried out by perpendicular suspension
of specimens for 3 to 4 h into beakers with hydrochloric
acid diluted 1 : 1 with water and inhibited with 3.5 g
urotropine/litre.

The sand-blasting was performed manually with a
nozzle by compressed air of 5 atm with SiOs sand
grains sized 0.5—1 mm. Each sample area was treated
from a distance of about 150-200 mm for maximum
5 s.

2.4. Magnetic Adaptive Testing (MAT)

MAT was applied to the samples in order to in-
dicate presence and quantitative/qualitative proper-
ties of the decarburized surface layers. MAT belongs
to the family of magnetic hysteresis testing meth-
ods. The traditional hysteresis magnetic test originates
from measurement of major hysteresis loops of a series
of samples, in which the investigated property — here
the thickness of the decarburized layer — is varied and
then one or more traditional magnetic variables (e.g.
coercive force, Hg, remanent magnetic induction, Bg,
maximum permeability, umax, and/or a few others),
are monitored as they are modified by the magnitude
of the investigated property — see e.g. [6, 7].

In contrast to this, MAT starts with measurement
of complex families of minor hysteresis loops for each
sample and picks up from a large pool of experimental
data those data, which change with respect to the in-
vestigated property with the top sensitivity and reli-
ability. Such an adaptation of the tests with respect
to the actual experimental task makes the MAT sub-
stantially more sensitive than any type of the tradi-
tional hysteresis testing based on the single major loop
only. Details of application of the MAT method can
be found e.g. in [8].

The complex sets of data, which were collected for
each sample in this paper, were actually families of

Fig. 2. Sample surfaces after different surface treatments.
From up to down: (a) as grown (oxides forming scales),
(b) pickled leaving the enlarged crystallites of ferrite, (c)
sand-blasted forming the smoothest surface. The diagonal
of the visible Vickers indents is approximately 250 pm.

differential permeability minor loops. Differential per-
meability, pu, is directly proportional to the signal in-
duced in a pick-up coil when the sample is magnetized
by a linearly sweeping magnetic field, F' (see [8] for
a detailed discussion). The amplitude, A;, of minor
loops in each family was step by step increased from
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Table 2. Vickers hardness and thickness of the surface layers after annealing at 800°C

Annealed in

vacuum air air air  air

Annealing time, ¢ (h)

2 1 4 8 20

HVO0.1 Surface

Core

250 171 145 160 131
260 268 288 305 270

Thickness of the layers (um) Oxides
Ferrite 100%

0 30 140 165 260
0 110 170 200 350

Total Loc: Ferrite 100 % + mixed ferrite/pearlite 0 175 360 510 650

a minimum up to the maximum, i.e. up to the major
loop amplitude. The sweeping field, F, along each loop
was then discretized with the same step, so that the
whole data-pool measured for each sample, character-
ized by the known independent variable, e, consisted
of discrete values of differential permeability, u(F;

Aj, ei). The parameter ¢ means thickness of the de-
carburized layer Loc, and/or time of exposition of the
k-sample to the air during the annealing. A large set of
general p-degradation functions, u(F;, Aj, €x) — each
specified by its field-coordinates-pair (F;, A;) — were
defined for the pertinent series of samples, i.e. for all
series of samples with the same shape, with the same
surface treatment and with different time of annealing.
Sensitivity and reliability of all degradation functions
in each set was evaluated. The optimum degradation
function was picked up as the calibration function for
later magnetic non-destructive measurement of thick-
ness of the decarburized layers in unknown samples of
the proper type (the same material, the same shape,
the same surface treatment, the same way of meas-
urement). The calibration functions are plotted in the
Section 3.5, and they demonstrate ability and sens-
itivity of the MAT method to indicate presence and
properties of the decarburized layers in each case.

3. Results
3.1. Metallography of the annealed samples

After the annealing, the samples were investigated
by metallography. Thickness of the surface layers was
measured on the cross-sections as shown in Fig. 3 and
also Vickers hardness HV0.1 was determined on the
cross-sections. The measured thickness values and the
limiting values of HV0.1 at the core and at the surface
of the samples are summarized in Table 2.

Surface layers of oxides, of pure ferrite, and of mix-
ture of ferrite with pearlite are clearly recognizable
on the samples cross-section. This is shown in Fig. 3.
The total thickness of the decarburization, Loc, is
defined as the distance from the metallic surface down

Fig. 3. Surface decarburization: metallography of cross-
section of steel 54SiCr6 (CSN 14260) after 4 h exposition to
air at 800°C. The elemental division of the scale is 10 pm.
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Fig. 4. Concentration of carbon measured by a microprobe

in dependence on the depth from the metallic sample sur-

face for samples annealed for 2 h in vacuum, and for 1, 4,

8, and 20 h in air atmosphere. Positions of Loc as defined

from the metallographic microphotographs are shown by

the cross-points (red circles) of the curves with the vertical
lines.

to where the mixture of ferrite and pearlite comes vis-
ibly to the end.
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Fig. 5. The back-reflection XRD patterns of the 54SiCr6 steel samples. From left to right: (a) as-delivered sample, (b)
sample annealed in vacuum for 2 h, (c) sample annealed in air for 8 h and then sand-blasted, (d) sample annealed in air
for 8 h and then pickled in acid.

Table 3. Results of surface measurement of the residual stress

Sample and surface treatment oo (MPa) Aocgo (MPa) og0o (MPa) Aogge (MPa)
As-delivered sample with no treatment 38 5 —57 4
Vacuum annealed sample with no treatment 22 6 28 3
Air-annealed (8 h) sample after sand blasting —282 11 —275 9

3.2. Carbon concentration

It is interesting to compare the metallographic
definition, Loc, of the decarburized layer with the
measurement of the carbon content by an electron
microprobe. Figure 4 presents results of such a meas-
urement (the carbon content in the core material is
0.54 %, see Table 1) for the samples annealed in va-
cuum for 2 h, and in air for 1, 4, 8 and 20 h, respect-
ively. As it shows, the Loc thickness corresponds ap-
proximately to 2/3 of the full carbon concentration in
the material core.

3.3. Surface X-ray diffraction analysis

Surface X-rays analysis was performed on disk-
-shaped samples processed in the same way as those
prepared for the magnetic tests. The back-reflection
XRD patterns [9] correspond to diffraction of the spec-
tral doublet Cr Kal, a2 on crystallographic planes
{211} «-Fe, and they are presented in Fig. 5 for an
as-delivered commercial material sheet of the steel
54SiCr6, for a sample annealed in vacuum for 2h,
and for samples annealed in air for 8h and then
sand-blasted or pickled, respectively. While the first
three surfaces show isotropic fine-grained polycrystal-
line structure (the diffraction circle is continuous and
has homogeneous intensity around its perimeter), in
the case of the fourth specimen, where the surface
oxides were removed by acid pickling, the discrete
character of pattern, where diffraction spots are not
located uniformly around perimeter, testifies about a
coarse-grained material with suspicion of texture. The
diffraction image of the samples after the annealing

(but before the surface oxides were removed) does not
contain the a-Fe diffraction at all and it is formed by
superposition of diffraction lines of oxides FeoO3 and
Fe304 (not presented in Fig. 5). The ferrite crystals
coarsen considerably after the acid pickling. This is the
reason why the surface of the pickled samples cannot
be used for determination of the surface residual stress
by X-ray tensometry.

Results of the X-ray tensometry are presented in
Table 3. The residual macroscopic stress was measured
in two mutually perpendicular directions (oge, oggo)
selected randomly on the surfaces of the samples. The
values Acgo and Aogge show the uncertainty of the
measurements. The state of residual stresses in the
surface layer of the as-delivered material showed slight
anisotropy (Table 3), which was probably due to the
sheet rolling during its production. This anisotropy
was practically removed by annealing and the surface
residual stress became uniform, very small and posit-
ive (tensile) — see the vacuum-annealed sample with
no surface treatment in Table 3. High level of negative
(compressive) isotropic residual stress in the sample
surface layer was the result of the sand-blasting, as
it is shown in the bottom row of Table 3. This effect
is equivalent to mechanical toughening of the sample
surface, which is clearly demonstrated at comparison
of Vickers hardness HV10 determined on surfaces of
the sand-blasted and acid-pickled samples (no mech-
anical toughening took place at the pickled samples)
— see Fig. 6.

3.4. Variation in samples mass

Mass, G, of the samples was measured carefully
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Fig. 6. Effect of mechanical toughening of the sand-blasted
(m) samples surface as compared to the not-toughened acid
pickled (e) samples.
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Fig. 7. Mass difference, AGps (®) between the as-grown

samples and the acid pickled and/or sand-blasted samples,

and mass difference, AGp (m) between the as-grown
samples and the samples as-delivered.
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layer, Loc. The error bars show standard deviations of the
linear fit of Egs. (1) and (2).

with accuracy + 0.05 g in all states and after all treat-
ments. During the annealing in the air atmosphere, the
air oxygen is captured by the iron at the surface, cre-
ating the mixed oxide layers of Fe;O3 and Fe3O,4. The
mass of each sample increases by this process, and
the percentage of the mass increase can be seen in
Fig. 7. The increase of the mass via the created oxides
is characterized by the mass difference, A Gp, between
the as-grown sample (i.e. with the oxides at the sur-
face) and the sample as-delivered (i.e. without the ox-
ides, before the annealing). The bottom curve, AGp,
in Fig. 7 represents thus the total mass of the captured
oxygen. Another characterization is given by the mass
difference, AGpg, between the as-grown sample and
the acid pickled and/or sand-blasted sample, which
is presented by the top curve, AGpg, in Fig. 7, and
which thus represents the total mass of the oxides (as
they were removed by pickling or by sand-blasting).
Removal of the oxide layers both by pickling and by
sand-blasting comes to the same result.

Evidently, increase of the samples mass is a unique,
monotonous function of the time of annealing in air,
similarly as is the increase in the thickness of the de-
carburized layer, Loc. Total thickness of the decar-
burized layer, Loc, can be thus determined from the
variation of mass of the samples. Using the relation
between the time of the samples exposure to air at
800°C and the thickness of the decarburized layer,
Loc, (Table 2 and Fig. 8), and the dependence of
Fig. 7, Loc can be determined from the mass differ-
ences. For the applied steel sheet material 54SiCr6,
3mm thick, annealed in air at 800°C, empirical re-
gression equations (1) and (2) are valid (Fig. 9), with
the regression coefficients equal to 0.98 and 0.99, re-
spectively:

Loc (um) = 116AGp (%) + 14, k=098, (1)
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Loc (um) = 54AGP5(%) +21, k=0.99. (2)

3.5. Magnetic Adaptive Testing

The MAT measurements were carried out with the
aid of magnetizing and pick-up coils. The magnetically
closed rings and annuli had the coils wound directly on
each of them. The magnetically open plates and rods
were measured in a short magnetizing solenoid with
the pick-up coil positioned in its middle. For an easier
measurement of the plates and rods, their magnetic
circuit was artificially closed by a couple of passive
soft yokes attached at the two opposite plane surfaces
of the samples. In the case of rods, one more measure-
ment was done, this time in a solenoid without any
artificial closing of the magnetic circuit.

3.5.1. Variation of sensitivity due to samples shapes
and to ways of measurement

The different experimental conditions affected sub-
stantially results of the measurements, which were
mainly demonstrated by different sensitivity of the
top-sensitive pu-degradation functions in each case.
The most sensitive measurements were performed on
the magnetically closed shapes of the samples (rings
and annuli), and the thin rings were better than the
flat annuli. Sensitivities of the p-degradation func-
tions measured on the open sample shapes of the
plates and rods, with the passive yokes closing their
magnetic circuits, were lower than those of the rings
and annuli, and they were comparable with each other.
Sensitivity of the p-degradation functions of the rods,
measured without any artificial closing of the mag-
netic circuit in the solenoid, was the lowest. How-
ever, even in the lowest sensitive case of the rod
samples measured in the solenoid without the yokes,
the curves were very well measurable. The top sensit-
ive p-degradation functions of the employed samples
are plotted in Fig. 10 for the series of acid-pickled
samples. A detail of Fig. 10, encompassing just the
starting part of the curves up to the annealing time
of 1h (and/or the decarburized layer, Loc < 200 ),
demonstrates that even the lowest sensitive curve ex-
ceeds the signal change of more than 50 % between
the rod sample before decarburization and after the
one hour annealing — see Fig. 11.

3.5.2. Variation of sensitivity due to samples surface
treatment

Different surface treatments of the samples after
annealing in the air also affected results of their meas-
urements. This fact is again best demonstrated by
different sensitivity of the top-sensitive u-degradation
functions in each case. The ring samples were used
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Fig. 10. Sensitivity of the best u-degradation functions as
it decreases with shape of the samples and with different
ways of their magnetization. Oxide layers were removed by
acid-pickling from the sample surfaces. The degradation
function pu(F =100 Am™, A =300Am™", t) (m) of the
rings is more sensitive than that p(F = 100Am™*, A =
300 Am™"', ) (e) of the annuli. Plate samples measured
with aid of the yokes give almost the same sensitivity of
the optimum p-degradation function pu(F = 467 Am™', A
= 1867 Am™", ) (A) as the rods u(F = 1000 Am™*, A =
2500 Am™!, ¢) (¥) measured without the yokes.
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Fig. 11. Detail of the starting part of the curves of Fig. 10
shows that even the lowest sensitive curve (the magnetic-
ally open rod measured in the solenoid) exceeds the signal
change of more than 50 % between the rod sample before
decarburization and after the one hour annealing.

for this demonstration. Firstly, for the fact that meas-
urement of ring samples does not need any aiding at-
tached yokes and therefore it is not influenced by dif-
ferent magnetic contacts on differently treated sample
surfaces. And secondly, for the best sensitivity of the
MAT measurements on rings. Figure 12 shows com-
parison of the top sensitive u-degradation functions
measured on thin rings with the oxides on the surfaces
(as grown), on rings without the oxide layers (removed
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Fig. 12. Degradation functions u(F = 100Am™", A4 =
300 Am™*, t) plotted here for the ring samples offer the
top sensitivity of all the sample shapes. Surface treatment
can change the sensitivity: (W) as-grown samples, (®) acid
pickled samples, (A) sand-blasted samples.
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Fig. 13. Detail of the starting part of the curves of Fig. 12

shows that even after the surface treatment of the ring

samples by sand blasting, the change of the signal exceeds

200 % between the ring sample before decarburization and
after the one hour annealing.

by pickling the rings in the acid), and on rings without
the oxide layers (removed by sand-blasting). Whereas
the best p-degradation functions of the ring samples
before and after the pickling are practically the same,
sand-blasting of the ring sample surfaces decreases the
sensitivity by more than one half. A detail of Fig. 12,
encompassing just the starting part of the curves up
to the annealing time of 1h (and/or the decarburized
layer, Loc < 200 1), demonstrates, however, that even
in the sand-blasted case the signal-change between the
ring sample before decarburization and after the one
hour annealing exceeds 200 % — see Fig. 13.

4. Discussion

The field coordinates of the pu-degradation func-
tions are expressed in A m~!. This field value means
the external magnetic field, F, applied on each sample
by its magnetizing coil. The external field is varied
linearly with time, but it is not identical with the
internal magnetic field in the samples. The internal
field in the samples is the external one decreased by
the sample demagnetization field. The demagnetiza-
tion is minimal at the rings and annuli, it can be arti-
ficially minimized during measurements of the plates
and rods by the attached passive magnetic yokes, or
it can be left as it is at measurements of the rods
without application of the yokes. If the yokes are used
for minimization of the demagnetization, they are at-
tached to the sample surfaces as closely as possible.
Quality of the magnetic contact between the sample
and the yoke is very important, as any degradation of
the magnetic contact influences the induced signal in
exactly the same way as does the degradation of the
sample material. In the discussed investigation of the
decarburization, i.e. of the degradation of the samples
due to changes at their surfaces, this can be a serious
problem.

Rough, non-magnetic oxide layers develop on sur-
faces of the as-grown samples, which makes the use
of yokes practically impossible. Removal of the ox-
ides by acid-pickling helps. However, longer pickling
for removal of thicker oxide layers makes the surfaces
irregular and the surface ferrite crystallites get coarse.
Quality of the magnetic contact with such surfaces of-
ten fluctuates, which makes the measured degradation
functions scattered and the reading of degradation
levels of unknown samples from the calibration curves
is unreliable. Removal of the oxides by sand-blasting
makes the surfaces optically smooth and the quality
of the surface-to-surface mechanical contact between
the yoke and the sand-blasted sample is constant. Un-
fortunately, however, this is not true for the quality
of the magnetic contact. Surface of the sand-blasted
samples is hardened by bombardment with the sand
grains, and the hardening can differ according to vari-
ation in the applied sand-blasting processes. Besides,
sand blasting modifies the surface toughness and de-
creases the sensitivity of the magnetic measurement —
see Figs. 12 and 13.

Based on the above observations, best results can
be expected from the measurements avoiding short-
-cutting of the magnetic flux by attached yokes, i.e.
on samples with magnetically closed shape or on open
samples magnetized in a solenoid without the yokes
(the longer and thinner the sample, the better). Meas-
urements employing attached yokes should be done
very carefully and especially the calibration functions
should be cautiously calculated by averaging from
multiple measurements.
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Starting point of all the p-degradation functions in
Figs. 10-13 is “1” at the zero level of the decarburized
thickness. This results from normalization by values
measured on the relevant samples (same shape, same
treatment, same way of measurement) annealed for 2
h in vacuum. The vacuum-annealed samples were used
for the normalization rather as the as-delivered mater-
ial, because the core of the commercial material evid-
ently did not go through the same unifying thermal
process as our samples, which were all annealed for an
appreciable time at 800°C. The as-delivered samples
produced straight from the commercial material ex-
hibited an unacceptable scatter of magnetic proper-
ties.

5. Conclusions

The inductive MAT measurement sensitively feels
the surface decarburized layer, which is magnetically
softer than the sample body. However, the sensitivity
can be substantially choked down by surface stresses
due to sand-blasting, and it strongly depends on the
ways of magnetization of samples with different shape.

In spite of the relatively low sensitivity of flat, mag-
netically open samples magnetized with the yokes or
without (as compared to the colossal sensitivity of the
magnetically closed samples), their sensitivity reaches
change of the signal by more than 100 % after 20 h of
decarburization (and/or about 50 % after 1 h), which
is more than enough for the indication of the surface
decarburization layer.

It is also demonstrated, that it is possible to de-
termine thickness of the decarburized layer, Loc, by
precise weighing of the samples before and after the
annealing, and/or after the sand-blasting or pickling.
Empirical equations — equivalent to our equations
(1), (2) — obtained from such experiments on a ref-
erence series of samples can be applied only to the
samples of the same kind as the reference ones, but
the regression curves seem to be very linear and reli-
able. Thus precise weighing of the samples can be reg-
ularly recognized as an optional non-destructive way
of measurement of the level of decarburization.
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