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Figure 3. Steel modified with 0.2% niobium: annealed sample
shows elongated austenite grains in ferritic matrix. BSE after
Behara etching.

Figure 6. Steel modified with 0.5% niobium: annealed and aged
for one hour at 850 °C. Laves phase appears as needles associated
with sigma phase. BSE after Behara etching.
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Figure 4. Steel modified with 0.2% niobium: there is a smaller
amount of sigma phase than steel without niobium after annealed
and aged at 850 °C/15minutes. There is not Laves phase. BSE after
Behara etching.

Figure 7. Charge transfer resistance for the steels regarding the
hardness.

‘ 75'-‘>pm Mégn Det WD p
/4.0 BSE 100 1 UF:
L e S

Figure 5. Steel modified with 0.5% niobium: Laves phase appears ~ Figure 8. Charge transfer resistance for the steels regarding the
as needles after annealed. BSE after Behara etching. niobium containing.
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Figure 9 illustrates the wear coefficients values against
aged times and niobium contents on austenitic-ferritic
stainless steels.

Table 2 lists the percentage of phases and microhardness
values of the SEW 410 Nr.14517 without niobium, after
heat treatments. Annealed sample represents the value for
zero minutes at 850 °C.
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Figure 9. Effects of niobium and heating time on wear coefficients
of stainless steels.
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Tables 3 and 4 list the percentages of phases and
microhardness values of the SEW 410 Nr.14517 with 0.2
and 0.5% Nb, after heat treatments.

Table 5 lists the pitting potentials values of the of the
SEW 410 Nr.14517 stainless steel without niobium and
modified with 0.2 and 0.5% Nb, after heat treatments.

Table 6 lists the charge transfer resistance values of
the austenitic-ferritic stainless steels after heat treatments.

4. Discussion

The chemical compositions shown in Table 1 reveal that
the steels are according to SEW 410 Nr.14517 standard.
Figures 1 to 6 represent the microstructural characteristics
of austenitic-ferritic stainless steels without and containing
0.2 and 0.5% niobium, after heat treatments. The higher
content of niobium promotes the Laves phase formation, as
can be seen in the last one (Figures 5 and 6)"7.

In relation to Figures 1, 3 and 5, annealed samples,
there is a distribution of elongated austenite white grains
surrounded by black ferritic matrix. According to the
literature, the amounts of austenitic and ferritic phases are
related to the content of alloying elements and annealing
temperature. Regarding the austenitic phase, there was
no significant variation in values determined by optical
microscopy.

Table 2. Phases percentage and Vickers microhardness of stainless steel without Nb.

Time (min) Ferrite (%) Austenite (%) Sigma (%) Ferrite+ ¢ (HV) Austenite (HV)
ot 46+2 54+2 0,00 290 = 10 255 08
15 23+2 52+2 25+2 520 +20 264 12
30 091 S51+2 40+2 563 + 15 263 £ 07
60 1+0,1 53+3 46 +3 650 + 12 258 £ 10
lWlannealed sample.
Table 3. Phases percentage and Vickers microhardness of stainless steel containing 0.2% Nb.
Time (min) Ferrite (%) Austenite (%) Sigma (%) Ferrite+c (HV) Austenite (HV)
(I 45+2 55+3 0.00 305+ 10 260 + 03
15 322 53+3 15+3 340 20 262 + 05
30 16+3 55+4 29 +4 576 = 15 283 + 04
60 07 x1 52+4 41+4 692 + 12 292 +03
lWannealed sample.
Table 4. Phases percentage and Vickers microhardness of stainless steel containing 0.5%Nb.
Time (min) Ferrite (%) Austenite (%) Sigma (%) Ferrite+c (HV) Austenite (HV)
(I 47x2 522 0,00 314+ 15 263 £ 05
15 29+ 1 53+3 18+3 450 =20 276 = 06
30 051 52+3 43+5 576 = 15 290 = 04
60 1+0,1 54+5 45+5 609 + 12 292+ 04
lWlannealed sample.
Table 5. Pitting potentials of stainless steels after annealed and aging at 850 °C.
Annealed 15 min 30 min 60 min
SEW 0.0 Nb 1.23£0.11V 1.16 £ 0.03V 1.11 £0.01V 1.09 £ 0.01V
SEW 0.2 Nb 1.15+0.03V 1.07 £0.03V 1.03 £0.01V 1.01 £0.01V
SEW 0.5 Nb 0.90 = 0.03V 0.77 £ 0.03V 0.66 +0.01V 0.60 = 0.02V
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Table 6. Charge transfer resistances of steels after annealed and aging at 850 °C.

Annealed (kQ/cm?) 15 min (k/cm?) 30 min (kQ/cm?) 60 min (k€/cm?)
SEW 0.0 Nb 105+ 1 95+ 1 90 +2 80+2
SEW 0.2 Nb 100 + 2 90 +2 85+2 80+2
SEW 0.5 Nb 90+2 85+2 802 78 +2

In the stainless steel containing 0.2 niobium after
heating for 15 minutes at 850 °C, it is possible to observe the
austenitic surrounded by ferritic plus sigma phase (Figure 4).
Sigma phase nucleates preferentially in interface oy
incoherent with the matrix and grows at the expense of the
ferritic phase (Figure 2). It can be noted more sigma phase
in the stainless steel without niobium. In steels containing
niobium and without niobium the sigma amount increases
with the time.

There is a tendency of the ferritic matrix becomes into
eutectoid austenite more sigma, which is almost complete
after 60 minutes at 850 °C!'%. In relation to sigma phase, the
EDS chemical analysis presented 56Fe33Cr5Ni4Mo2Cu.
Sigma phase may precipitate in the interface and inside the
austenitic grain. It is likely, that the transformation occurs
due to the increase on number of vacancies and heating
time'1°.

The transformation occurs with reduction of chromium
and molybdenum in regions near sigma phase. It is mainly
responsible for increases the corrosion speed by eight times
in austenitic-ferritic stainless steels®!°.

With regard to Tables 2, 3 and 4, the values confirm that
after heating at 850 °C, the amount of ferrite is higher in the
steel containing 0.2% niobium. In relation to the niobium
content, the alphagenic effect is mostly observed in this steel.

In the steel containing 0.5% niobium there is a
precipitation of Laves phase, constituted mainly of iron,
niobium and chromium. Laves phase precipitates as
needles and it is associated with weakening of the steel'.
Annealed at 1050 °C is unable to solubilize this phase. EDS
chemical analysis presented 39Cr28Fe26Nb3Mo2Ni2Cu
in the needles.

Laves phase impairs the niobium alphagenic effect in
this steel. It is possible that the chrome reduction around
the Laves phase destabilizes the ferritic matrix and favors
the o0 — o transformation. This explains the higher quantity
of sigma in the steel containing 0.5% Nb with respect to
containing 0.2% Nb after heating at 850 °C. Laves phase
provokes the reduction of chromium in matrix and reduces
the pitting corrosion resistance.

With respect to the hardness, the austenitic phase
measurements were easily obtained in a Vickers hardness
tester, unlike sigma. In this case, the measurements were
obtained from regions with ferritic phase associated with
sigma®. Tables 2, 3 and 4 show the hardness measurements.
Laves and sigma phases, associated with the niobium
dissolved in matrix, increase the hardness of these steels.
The niobium effect in hardness can be proven in the
Figure 9, because the wear coefficient reduces in the
annealed stainless steels, when the element increases. In
this case, there is Laves phase only in the steel containing
0.5% niobium.

As can be seen from Table 5 pitting potential values
decrease when volumetric percentage of sigma and niobium
increase®. Sigma phase is rich in chromium and occurs
preferentially at the interface o/y with the depletion of this
element in the ferritic phase. It is one of the most common
explanations to reduce the pitting corrosion resistance®'.
However, these steels have similar pitting corrosion
resistance to the austenitic stainless steel in annealed
conditions".

According to the charge transfer resistance in chloride
environment, the values in Table 6 decrease when sigma
phase increases. Sigma phase removes the chromium of the
ferritic matrix and reduces the corrosion resistance. It can be
noted that Laves phase contributes to reduce the corrosion
resistance in the steel containing 0.5% Nb too.

Figure 7 shows the decrease in the charge transfer
resistance, due to the sigma and Laves phase that lead an
increase on hardness of these steels. Considering the same
niobium content, the charge transfer resistance reduces when
the heating time increases (Figure 8).

From the wear resistance, it can be seen in Figure 9
that the wear coefficients values reduce when niobium
increases. Niobium in solution and sigma associated with
Laves phase, promote an increase on hardness and wear
resistance of these steels.

Finally, the results show a negative contribution to the
corrosion resistance with niobium increasing, although
the hardness of the sigma phase can favor the use of these
steels in slightly aggressive environments, where the wear
resistance is a factor to be minimized.

5. Conclusions

The results of this research show that:

* niobium presents an alphagenic effect after heat
treatments at 850 °C mainly in the steel containing
0.2% Nb;

* pitting potential and charge transfer resistance reduce
when the niobium increases;

* corrosion resistance reduces when the heating time at
850 °C increases;

* sigma and Laves phases reduce the pitting corrosion
resistance;

» sigma and Laves phases leads to an increase on
hardness and wear resistance;

* Laves phase appears with the addition of 0.5% niobium
and is insoluble at 1050 °C;
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