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Abstract: Field emissiomrscanning electron microscopy( FE-SEM) technique was employed to observe the shape,

size and distribution of AIN+ MnS inclusions in oriented electrical steels. Specimens used for FE-SEM observation

were deeply electrolytic etched at room temperature in nom aqueous acetylacetone( AA) solution. The results indicate

that the FE-SEM technique has obvious advantage in specimen preparation. Therefore, it can be easily used to iden-

tify the AIN+ MnS inclusions and even copper nano-particles in oriented electrical steels with the same analysis accu-

racy as that by TEM. This technique is a good substitute for TEM and the associated specimen preparation in the

observation of inclusions in electrical steels. It will be a powerful technique for routine analysis in the production of

grain oriented electrical steels.
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1 INTRODUCTION

It is widely recognized that in order to obtain a
sharp (110) [ 001] texture in oriented electrical
steel sheets through a secondary recrystallization
process, a variety of inclusions, such as sulfides
and nitrides or the combination of them, have been
employed ™. The first case application was intro-
duced in late 1960s, Tayuchi et al”’' utilized both
MnS and AIN inclusions to provide inhibition to
normal grain growth. Based on this, the grain ori-
ented( GO) and HrB grain oriented electrical steels
were commercially produced later on. Actually,
AIN and MnS inclusions also affect the hot-rolling
process and the texture formation of electrical

. The investigation indicates that the

steels'®
population, size, distribution and orientation of
these inclusions are significant to the texture for-
mation and magnetic properties of grain oriented e

lectrical steels'” " .

So characterization of these in-
clusions draws much attention of the researchers
who focus on process control of the production of
electrical steels'®'” . Till now TEM technique is
broadly used to characterize the AIN and MnS in-
191 By this tech-

nique, the shape and size of AIN and MnS inclu-

clusions in electrical steels

sions can be easily observed, while the preparation
for TEM

process. To simplify the specimen preparation, es-

specimens is a long time consuming

pecially to find a fast approach to examine the in-
clusions in electrical steels from industrial produc
tion process, new observation techniques are badly

In this paper FE-SEM

technique was employed to attempt the observation

needed and attempted.

of AIN + MnS inclusions in oriented electrical
steels. In comparison with TEM technique, FE-
SEM observation shows obvious advantages in
characterization of AIN+ MnS inclusions in electri-
cal steels.

2 EXPERIMENTAL

Specimens with basic composition of Fe-3% Si
containing Al, Mn and Cu cut from the hot-rolled
band and metallographically ground and polished
with 7 Bm grade diamond paste for characterization
of AIN + MnS inclusions were prepared in the
Specimens used for FE-SEM
observation were deeply electrolytic alloy etched at
room temperature in nomaqueous AA solution

which was composed of 10% acetylacetone, 1%
1

following ways.

tetramethyl ammonium chloride and methano
Specimens for TEM observation were prepared by
deep electropolishing in the same way as described
in specimen preparation for FE-SEM observation
and then deposited with 20 nm carbon film on the
surface in vacuum to attain a carbon extraction rep-
lica. The carbon coated specimens were leached in
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AA solution and the specimens were etched
through the carbon. After leaching a period of
time, float the replica film directly on to a water
surface by lowering the metal specimen into a wa-
ter bath at a shallow angle and pick up the replica
films on copper grids and dry. By this way, the
AIN+ MnS inclusions as well as nano copper parti-
cles can be well collected. JSM-6700F scanning e-
lectron microscope equipped with EDAX and JEM-
200CX transmission electron microscope were used
for observation.

3 RESULTS AND DISCUSSION

3.1 Direct observation of AIN+ MnS inclusions by
FE- SEM

The characterization of AIN+ MnS inclusions
in electrical steels was ordinarily performed by
TEM technique and the specimens must be careful-
ly prepared. To make the characterization process
easier, the FE-SEM technique was employed and
the results attained are shown in Figs. 1 and 2. It
can be clearly seen that under lower magnification
pits together with inclusions disperse on the sur-
face of the electropolished specimen via etching in
non-aqueous AA solution. Most of the inclusions
are hexagon, as shown in Fig. 1(a). It is con-

firmed to be the composite of AIN and M nS which

SEl 150KV X38.000 100nm WD

Fig.1 Morphology of AIN+ MnS inclusions( a)
and their distribution(b)

NONE SE 150K\  X15,000 Tam WD 5. 1mm

Fig. 2 Copper particles distribution in specimen

can be inducted from Table 1 where the composr
tion was obtained by energy spectrum analysis.
The other elements except Al, Mn, N and S ap-
pear due to the penetration depth of electron beam
which is apparently larger than the thickness of the
inclusions. Therefore the information of the matrix
composition below the inclusions is also collected.
The size of most inhibitor composites is 300 nm to
500 nm, which is in the suitable size range for pin-
ning effects in the manufacture of electrical steels
and in practice the corresponding process results in
electrical

good secondary recrystallization of

steels'”! . Under high magnification ( Fig. 2), the
uniformly distributed white particles are clearly
observed and those particles are about 50 nm in size
and verified as copper. It should be noted that the
distribution of copper particles along the etched
profile can also be well observed by FE-SEM. All
these observation results fit the designed composi
tion very well, and interestingly, they are consist-
ent with the results obtained by other analytical
methods.

Table 1 Composition of inclusion as that in
Fig. 1(a) (all elements analyzed and normalized)
( mass fraction, %)

N Al Si S Mn Fe Cu Total

8.40 7.46 2.67 2.92 4.44 66.35 7.77 100.00

It can be concluded that when the specimens
are deeply etched by electrolytic etching, the AIN
and MnS composite inclusions and copper particles
expose at the fresh surface. These exposed parti-
cles can be easily observed and identified by FE-
SEM. Based on the observation results, it is ap-
parent that the corresponding process and compost
tion are suitable for the production of oriented elec
trical steel sheets because the dimension of most
composite inclusions is in the range that the inclu-
sions have effective inhibition to the normal grain
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3.2 Comparison of FE-SEM and TEM technique in
observation of inclusions in electrical steels
Carbon extraction replica combined with TEM
technique is usually used to characterize carbides,
U4 B Although this
combination can successfully show the morphology

sulfides and nitrides in steels

of the inclusions and sometimes characterize their
crystal structures as well, it is complicated and
long-time consuming. As a comparison to FE-
SEM, the replica obtained from the surface of the
same specimens was observed by TEM and the
results are shown in Fig. 3. The large composite
inclusions of AIN and MnS appeared almost the
same form as that seen by FE-SEM. The small
particles which were identified to be copper by
selected area diffraction are much more in popula-
tion than that observed by FE-SEM technique.
The copper distribution difference largely comes
from the carbon extraction process. In this
process, a thick layer of materials on the specimens
was etched by the nomaqueous AA solution in
order to detach the carbon films from the speci
men, therefore, much more copper particles were

probably extracted from the specimens. While in
the FE-SEM technique, the exposed and attached
copper particles located at the out surface of the

Fig. 3 Distribution of inclusions(a) and
morphology of large particles(b)

specimens were detected as that seen in Fig. 2. The
results indicate that the non-aqueous AA solution
is a very suitable solution for the replica making in
electrical steels. With this solution all particles can
be effectively extracted from the specimens. Usu-
ally, by selected area diffraction the inclusions can
be characterized in structure, while for this case
the inclusions of AIN and MnS composites are not
easily identified as the thickness of them is beyond
the diffraction depth of electron beam, which re-
sults in ambiguous diffraction patterns. The short-
age of the technique could be supplemented by FE-
SEM technique where the composition of inclusions
can be identified by the coupled EDAX.

For the observation of inclusions in electrical
steels, both TEM and FE-SEM techniques are
powerful and effective. In the case of fast examina-
tion of AIN and MnS composite inclusions, FE-
SEM technique shows obvious advantage in speci-
men preparation and therefore it would be more
useful in the process control.

4 CONCLUSIONS

By comparing the observation results obtained
from different specimen preparation methods and
analysis techniques, FE-SEM observation on the
deeply electrolytic etched specimens is considerably
simple and effective for the morphological analysis
of AIN and MnS composite inclusions even the
copper particles in nano size in electrical steels.
The advantage of FE-SEM technique is that it ob-
viously simplifies the specimen preparation, which
has special significance to the routine analysis. It is
a good substitute for TEM and the associated spec
imen preparation in the observation of inclusions in
electrical steels.
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