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Abstract

The Fe-15%Cr-15%Ni austenitic stainless
steel has a fully austenitic microstructure, which
is free of 8-ferrite and intermetallic phases. The
formation of strain-induced martensite is also
not observed. The effect of niobium additions in
Fe-15%Cr-15%Ni stainless steel microstructure
was studied. Additions of 0.5, 1.0 and 2.0 wt.%
of niobium were done in the stainless steel
studied. The as cast microstructure of the studied
steels were characterized and analyzed by using
several techniques. In the as cast steels samples,
the results show absence of magnetism. The
results also show the niobium addition caused an
enlargement of the solidification interval and
propitiates Laves phase formation. The Laves
phase is hard and fragile and its formation
between austenite dendrites causes loss of
toughness. The mechanical test done made it
possible to observe crack propagation alongside
the fragile Laves phase.

Keywords: Stainless steel, Laves Phase,
Mechanical Properties, Solidification.

Introduction

The Fe-15%Cr-15%Ni austenitic stainless steel has a
fully austenitic microstructure, which is free of é-ferrite
and intermetallic phases such as sigma and chi phases
because 1o their low Cr/Ni ratio and absence of
molybdenum (1,2). The formation of the deformation or
strain-induced martensite is also not observed in this kind
of austenitic stainless steel (1.2), The effects of niohium
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addition in stainless steels have been widely studied.
Niobium reacts with carbon resulting the NbC and therehy
hinders the precipitation of M.:Cs, which reduces the
susceptibility of the steels to intergranular corrosion i3).

The objective of this work is study the effect of
niobium  additions  in Fe-15%Cr-15%Ni  austenitic
stainless steel mucrostructure. Nominal additions of 0.5,
L.0 and 2.0 wt.% of niobium were done in the stainless
steel studied. The carbon in the alloys studied was
maintained below 0.03% (0 minimize the NbC
precipitation and the residual elements like P, S. Cu, Sn
and As were also kept low. The microstructure and
mechanical properties of the as cast alloys were analyzed
by wvsing several complementary techniques as X-ray
diffraction, optical and scanning electron microscopy with
dispersive energy analysis, and Vickers hardness. The
presence of magnetic phases was determined with a
ferritoscope. Tension tests were also done to evaluate
mechanical properties,

Materials and Methods

The alloys with different niobium contents were
prepared by vacuum induction melting from high purity
starting materials. The chemical compositions of the seels
studied are shown in table |,

The microstructures of the as cast alloys were
analyzed by using optical and scanning electron
microscopy with energy dispersive analysis (EDS), The
metallographic sample preparation consisted of grinding
with up 2400-grit paper, followed by 1 mm diamond
polishing and further electrolytic polishing was also
performed. The composition of the polishing electrolyte
was 950 ml acetic acid and 50 ml perchloric acid. The
electrolyte was kept at 13°C and the samples were
polished at 80V for 80 seconds. After electrolytic
polishing, the samples were etched with V2A-Beize at
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70°C for 20 10 60 seconds. The compositions of the
ditferenic phases were determined by eneray dispersive
analysis.

Table 01. The chemical carpositions of the steels siudied

(in wt.%).
lhlemcnl NOO | NOS [ NI0 [ N20a | N20b
C 00 [ 002 | 002 | 002 | 003 ]
T 059 | 048 | 053 | 057 | 041
\’m 033 r_(n'.i'zT 0352 | 047 [ 051 | ]
0.006 oooo - 0.006 Loooe | 0.006 ‘I,

L._S oon_Loow ] 0012 | 0012 Toon_u
002 | 004 f 001 | 00\ 002 |
r 144 \47 150 | 146 | 134 |

<0 005 | <0. 003 <0 005 | 0.005 | 0.013 |
‘| S [ 0002 | 0002 | 0001 | 0.001 | 0.00)
__As | 0002 l 0.001 0.002 | 0.004
[N | 150 | 151 148 | 152 |
N 10,0083 | 0.0081 00075 ’ 0.0081 | 0028
Mo { 001 | 001 | <001 | <001 [ <0.01 |
LNh' <0.002 | 044 | 089 | 174 | 189

The crystal structures of the different phasen were
determined: (a) by X-ray difftaction measurements on
polished xurfaces with the aid of a diffractometer; and (b)
by analysis of Debye-Scherrer camera  data residue
extracted after dissolution of the mainx. in both cases, Mo
Ko radiagon was used. The presence of magnetic phases,
if any. was delermined by using the magnetic induction
method (a ferritoscope with 0.1 % detection limnit).

Tension lests were done to determme mechanical
properties as yield strengih. tensile strength and percent
clonvation. Tension testing was realized by using round
bars speciniens with 5 mm diameter and 25 mm length of
gauge length. A kind of mechanica) test wis wlso done to
evalvale the toughness of the stecls swidied. The test
consisted of compressing the metallographically prepared
samples. Figure | shows., schematically. the sample and
the stress apphed on i, By uwpsing this tesf, crack
propagation can be eastly observed. Vickers hardness was
alse measured, by using load of 10 kgf. to compare
mechanica) properties of the steels studied.

1?22;;>r« X o
| Y | [smm
F = F

Figure 01. Schematic drawing of lhe sample for
mechanical lest. X is the surface metalographically
prepared. Y is the surface where compression force (F)
was applied.
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Results

In (he as cast steels samples, the results show absence
of magnetism. On the other hand, an mtermetallic phase
wax detected in the four steels containing niobium. The
amount of the intenctallic phase i related to the niobium
content. Jn the high niobium ajioys (N10, N20a ¢ N20b)
the mermetathic phase formed a continbous network and
the volumetric {raction of the intermetatlic phase s
proportional 10 ntobium wt.%. Figures 2 and 3 show ihe
microsiracture of (he steel containing abouwt 2 wi.% of
nobium.

Figure 02. As cast sample containing about 2 wt.% of
Niobiwm (N20a). Scanning eleciron microscopy. Etching:
V2A-Beize.

Figure 03. As cast sample containing about 2 wt.% of
Nicbium (N20a). Scanning electron microscopy. Etching:
V2A-Beize. Detall of the micrograph of figure 2.

Energy dispersive analysis results shown bigh Fe and
Nb contents and low Ni. Cr and Si contents, in the
intennetallic phase. On the other hand. the results of the
matrix analysis  showed the absence of Nb. The
intermetallic phase formed during solidificaiion was
wdentified as Laves phase by analyzing X-ray diffraction
data. Table 2 <hows the results of chemical compostiion
and table 3 shows the results of the Laves phase fattice
parameters in the steels studied. However, a more detailed
examination of the microsiructure revealed the presence of
small quantitics of NbC and mixed oxide panicles, Figure
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4 shows schematically the Fe-153%Cr-15%Ni-0.03%C-Nb
phase diagram section proposed in this work.

Table 02. Chemical composition of the Laves phase in the
studied steel determined by EDS analysis.

| Element at. % wt, %
~ Fe | 465%009 41.6+1.0
. Ni 12605 119405
Cr 11.340.3 9.4+ 0.3
Nb | 22907 34.9+09
S | 68+02 | 31+0.1

Table 03. Lattice parameters of the Laves phase obtained
by X-ray diffraction.

Phase Lattice Parameters
(nm)
{Fe .N1,Cr),(Nb,Si) a=0.476, c=0.786
cla=1.651
TIoC) liga 142
1450 °C

1370 °C

«Nb
1270°C

¥ -
_—"NbC + Laves

¥ « NbC + Loves

N
S

Y NBb

Figure 04. Fe-15%Cr-15%Ni-0.03%C-Nb phase diagram
section. Schematic representation.

Niobium addition also caused an enlargement of the
solidification interval. The effect of Niobium addition on
liquidus and solidus lines of Fe-15%Cr-15%Ni system is
shown in figure 5.

Liguidus

0.5 1,0 H]

20
%Nb
Figure 05. The effect of Niobium addition on liguidus and
sofidus lines of Fe-15%Cr-15%Ni system.
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Figures 6, 7 and 8 show the results of the mechanicul
tests showed in figure . Cracks can be seen inside the
regions containing the intermetallic phase. Mechanical
tests were also done to determine the effect of niobium
addition on mechanical properties of the studied steels.
Figure Y shows the mechunical properties with varying
niobium contents in the studied steels.

Figure 06. As cast samle conlaining about 2 wt% of
niobium  (N20b). Scanning electron microscopy after
mechanical test. Etching: V2A-Beize.

Figure 07. As casl sample containing aboul 2 wi% of
mobium (N20b). Scanning electron microscopy after
mechanical test. Etching: V2A-Beize.

Figure 08, As cast sample containing about 2 wi.% of
niobium (N20b). Scanning electron microscopy after
mechanical test. Etching: V2A-Beize. Detail of the
micrograph of figure 7.
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Figure 09. Vickers hardness (HV 10), yield point (LE,
N/mm?), tensile strength (LR, N/mm?) ang elongation (AT,
%} varialion with niobium contents in the studied steels.

Discussion

The results of magnetic measurements show absence
of magnetism as predicted by using Schitfler diagram.
Schiiffler diagram is used to foresee stainless steels cast
microsttuciures by using  chromium  and  nickel
cquivalences. Figure 10 shows Schiffler diagram.
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Figure 10. Schaffler diagram. The arrow indicates the
alloys studied (4).
Cr equiv.=%Cr+1.4(%Mo)+0.5(%Nb)+1.5(%Si)+2(%Ti)
Ni equiv.=%Ni+30(%C)+0.5(%Mn)+30(%N)

The macrographic observation of the samples, after
polishing and etching, showed a columnar zone near the
surface and a more refined microstructure in the central
region of the samples. Niobium additions caused a cast
microstructure refinement.

Niobium addition also caused an enfargesment of the
solidification  interval.  This  phenamenon centainly
propitiated an increase in niobium searegation 1o solid-
liquid interfaces and/or dendrite boundaries. Similar
phenomenon occurs when molybdenum additions are
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done (5). After that. Niobitm addition caused a lower in
liguidus and solidus lines. Liquidus )ine lower is prealer
than solidus line lower,

Elements like molybdenum, titaninm and niobinm
favor Laves phase formation. Niobium and silicon in the
alloys studied containing niobium, are in combined forn
as a Laves phase of a tvpe (Fe, Ni. Cr),(Nb, Si). The
average eleciron concentration of the Laves phase m the
niabivm containing alloys was found o he 7.07. This
value is very close to 7.0 obtained for the lormula Fe.Nb.

Laves phase formation consunied almost all niobium
in the avsicnine matrix. Laves phase forms coarse
particles distributed alongside 1he dendrites. These coarse
particles have a low hardener eilect. Besides that the
Laves phase network, rich in njobium, formed in or near
dendrites canses a loss in ductile. Almost all niobium was
concentrated in big particlex.

The positive eftect of niobjum on hardness. vyield
point and strength is smull as compared with negative
effect on ductility (slongation). The large particles of
Liaves phase containing high levels of niobium have a
small hardening effect. Using sample illusirated in figure
1. the hypothesis ot nucleation and crack propagation into
Laves phases was tested. The results show clearly the
hypothesis was correct. Actually, the positive cffect of
niobium addition on hardness, yield point, swength is
small if one compared the deleterious effect caused on
toughness in the as cast materials studied.

Conclusions

In conclusion, the effect the niobium in the Fe-
15%Cr-15%MN1 avsteniiic stainless sieel can be described
as follows: 1) Niobium propitiates an enlargement of the
solidification interval and the Laves phase formanon. 2)
The presence of the Laves phase had negative influence
on the toughness ol the steels studied. The Laves phase is
hard and fragile and its formation between avstenite
dendrites causes loss of toughness. 3) The mechanical test
done made it possible 10 observe crack propagation
alongside the fragile Laves phase.
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