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ABSTRACT

The fracture toughness of an austenitic-ferritic stainless steel has been in-
vestigated; J-resistance curves have been obtained by the multiple specimen
technique for the steel solution annealed at three different temperatures.
Despite the increase of the ferrite content at increasing solution anneal
temperature, the fracture toughness remains almost constant.

The relationship between fracture toughness and the microstructural parame-
ters has been investigated 1in ordar to interpret the constancy of the frac-
ture toughness and to assess the validity of a model recently proposed by the
Authors for the ductile fracture.
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INTRODUCTION

Two-phase stainless steels with an austenitic-ferritic structure possess a
number of interesting properties and their use has been constantly increasing
during the last years, in particular in those applications where stress cor-
roston cracking does not allow the use of the austenitic stainless steels.
Their chemical composition, and in particular the percentage of chromium, ni-
ckel and molybdenum, is generally adjusted in order to obtain well defined
ratios between the microstructural phases austenite and ferrite. When the
amount of the ferrite is increased both by chemical composition adjustment or
by increasing the solution annealing temperature, these steels have a higher
tendency to embrittlement; however, in the standard solution anneal condition
these steels have a high toughness and a toughness transition temperature in
the range -150 ¢ -50°C, depending on grain size (Peckner and Bernstein (1977).
A research programme has been undertaken in order to characterize the fractu-
re initiation and propagation properties of these steels and to investigate
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the relationship between the fracture toughness and the various possible chan-
ges of the microstructural parametrs. The results of a first part of this
research work are presented here and treat the relationship between the mi-
crostructural parameters of an austenitic-ferritic stainless steel solution
annealed at increasing temperatures and its room temperature ductile fractu-
re toughness.

EXPERIMENTAL PROCEDURE

The chemical composition of the steel was: C=0.020, Si=1.4&, Mn=1.65, P=0.022,
¢=0.005, Cr=18.70, Ni=4.97, Mo=2.65, N=0.076. The steel had been supplied in
the form of a 1C mm thick plate. The solution anneal was performed at three
different temperatures: 1050, 1175 and 1300°C, in salt baths for 1hand sub-
sequent water quench. On increasing the solution anneal temperature, as re-
ported by Nicodemi et al. (1973), in the austenitic-ferritic stainless steels
two phenomena can be observed at microstructural level, namely an increase of
the amount of the ferrite phase and of the size of the ferrite islands.

All the test specimens were machined in the transverse direction; the standard
three point bending specimens for the fracture toughness tests had the plate
thickness. In the case of the 1C50°C solution anneal treatment some specimens
with a width of 10 mm were also utilized. All the fracture toughness specimens
were fatigue precracked to a final crack length to width ratio a/W in the ran-
ge 0.5%0.6; in all the specimens the fatigue precrack had the TL orientation.
Since the steel under investigation exhibits a high room temperature ductili-
ty, the fracture initiation and propagation properties are best discussed in
terms of ap elastic-plastic parameter and in this study the J-integral was
used, according to the multiple specimen technique reported in the ASTM E813-
81 standard.

The tension and fracture tests were performed at room temperature on a screw-
driven, 100kN capacity, INSTRON 1195 machine, at a crosshead displacement ra-
te of 0.083 m/s.

The crack extension Aa in the unloaded specimens was made evident by subse-
quent fatigue cracking of the remaining ligament; this procedure was prefer-
red instead of breaking apart the specimen at low temperature in order to
avoid any deformation of the crack front. Since crack extension was easily
distinguishable from the fatigue crack, heat tinting was not applied. The Aa
values were obtained as the mean value of nine measurements evenly spaced
along- the crack front.

Fracture surface examinations were performed by means of a Super ISI III A
scanning electron microscope.

RESULTS AND DISCUSSION

The mechanical properties for the three solution anneal temperatures are li-

sted in Table 1, along with the volume fraction of the ferrite phase and the

mean interparticle spacing between the non metallic inclusions. It is evident
that, despite the increasing of the volume fraction of the ferrite, the room

mechanical properties are not modified; at the same time, the inclusion mean

spacing and the strain hardening exponent N are not affected by the increase

of the solution anneal temperature.

J-resistance curves, drawn according to the ASTM standard, are reported in
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Fig. 1; from the figure it can be seen that the experimental data seem to be
better described by a power law fit, as alraedy reported by other Authors
(Voss and Blauel, 1982; Blauel and Schwalbe, 1982; Wilson, 1979) ; furthermo-
re, the experimental points in correspondence of the blunting line are rela-
tive to crack advancement values well higher than those due only to the blun-
ting of the crack tip.

Therefore the blunting line does not seem to be appropriately described by
the equation reported in the ASTM standard; this fact has already been poin-
ted out in the literature (Mills, 1981; O'Vrien and Ferguson, 1982; Keller

and Munz, 1977 ), and for high toughness materials it has also been propo-
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sed to use a steeper blunting line or to determine it experimentally.

In the present research work a different methodology has been adopted. In fact,
as shown in Fig. 2, the streched zone at the crack tip is clearly visible;
therefore, in order to avoid the need to use a blunting line difficult to de-
fine, the crack advancement has been measured from the end of the stretched
zone; such a crack advancement, as it is not affected by the blunting of the
crack tip, has been referred to as ba . As a consequence the onset of the
crack advancement is in correspondencerg% Aatrue:U and therefore the critical
value of the J-integral must be individuated by back extrapolating the data
points to the ordinate axis.

Fig. 2 - Microfractographic aspect of a fracture toughness
sample in correspondence of the fracture initia-
tion from the fatigue precrack. 1050°C solution

anneal treatment.

Furthermore,

as the crack advancement was affected by

tunneling, it was decided to measure only the maximum
sponding to the midsection of the sample; this choice

a pronounced crack tip
of the Aat , corre-

e
was done also on the

basis of some results reported by Kaiser and Hagedorn (1982), from which it
can be deduced that the use of the mean or the maximum values of the crack
advancement gives the same extrapolated fracture toughness value at the onset
of crack propagation.

With the above reported methodologies the plot in Fig. 3 was obtained, where

it can be seen that the experimental points are now fitted by linear regres-

TABLE 1 - Mechanical properties and microstructural characteristics of the
investigated austenitic-ferritic stainless steel

Reduction Impact . Inclusion
o 0 Elong. N Ferrite
uTs Y of area enerqgy mean spacing
2 2

MN/m MN/m % % J % um
1050°C 724 452 53 70 0.39 167 54 109-119
1175°C 713 474 46 68 0.39 178 70 109-119
1.3C0°C. 726 469 51 68 0.37 188 79 109-119

1341

sion lines with high correlation coefficients.

The critical J-integral values are nearly the same for the three heat treat-
ments and seem to be slightly decreasing at increasing the solution annealing
temperature.

Tt is to be underlined that the specimen thickness and ligament sizes do not
meet the ASTM standard restrictions, and therefore the critical J-integral
values cannot be considered valid plane strain J_ ; however, it is also to be
remembered that in the case of high toughness andchiqh strain hardening
steels, such as the austenitic stainless steels, it has been proved that
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such restrictions are too restictive (Bumford and Bush,

Krauth, 1982).
As concerns the fact that the steel has almost the same fracture toughness
roperties despite the different heat treatment conditions, it has to be re-
lated to the microfractographic features.

First of all, as reported in Figs. ¢ a,c,e showing a section perpendicular to
the fracture plane, it can be observed that the fracture doesn't follow a pre-
ferential path at the austenite-ferrite interface or within one of these

mi-—
crostructural constituents. Furthermore, the fracture surfaces (Figs. 4 b,d,
f) always show a ductile feature, with the typical microdimples at the larger

non metallic inclusions.

Therefore, as the different solution annealing heat treatments did not alter
both the content and the distribution of non metallic inclusions, it seems to
be justified that the fracture toughness has nearly the same value.

20 um

Fig. 4 - Metallographic aspect of a section perpendicular to the
fracture plane and microfractographic aspect of fracture
surfaces of fracture toughness samples of austenitic-
ferritic stainless steel solution annealed at: 1050°C
(a,b), 1175°C (c,d), and 1300°C (e,f).
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In the case of ductile fracture the Authors have recently pro
to relate the F ture to ss to the microstructural parameters
and Roberti, , and a nship for J has been obtained as
Io
(N+1) )

where o and ¢ are the yield strength and the yield strain, N the strain
Y

"mr(ir—'nxf\q coefficient, ¢ the maximum strain attainable at the blunted
“max . =
crack tip before fracture mm l(’qt](l“, P s the maximum root radius of the
ar
blunted crack tip and F(I'(N)) a function of the I mathematical function.

The relationship between the microstructural parameters and the ductile frac-

ture toughness is given by the dependence of the terms in the formula on the
microstructural parameters. The strain hardening exponent and the yield stren-

gth depend on the mean interparticle spacing between the non metallic inclu-

acing can be substituted to p ofE’ as it is

related to the process zone size at the crack tip, and € is an inverse
: max,

function of the non metallic inclusion volume fraction (Firrao and Roberti,

1983a) .

As regards the assessment of the above reported formula, whose applicability

; this mean interparticle s

510n

has already been proved in the case of different steels (Firrao and Roberti,
1282, 1983b), in Table 2 there are reported the values of the various terms
with the calculated values of Jl" The € £ value in Table 2 has been taken
equal to the true fracture strain 1in mrmgi)udl tension test, as also in such

\ test, in the region where fracture initiates, a triaxial state of stress is
\pproached, as in plane strain bending tests.

The comparison between the calculated andthe experimental values of JI de-
monstrates a good agreement, thus confirming the validity of the propuaad for-

mula in relating the ductile fracture toughness to the microstructural para-

meters.
TABLE 2 - Parameters for the 1lation of J i
FOI(N)) T J
Y max, t Ic calculated Ic experimental

2 2
MJI/m MJ/m
1.1511 .464 - .5U6 .472
1.1511 .446 - .487 .456
1.1292 .402 - .440 .451

CONCLUSIONS

Room temperature fracture toughness tests have been carried out on an auste-
nitic-ferritic stainless steel, solution annealed at different temperatures;
despite the increase of the amount of the ferrite phase from 54% to 79%, the
fracture toughness remains nearly the same.

The constancy of the fracture toughness has been related to the fact that the
increase of the solution anneal temperature does not modify the microstructu-
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ral parameters that play a role in controlling the fracture mechanism of mi-
crovoid nucleation and coalescence.

Finally it has been confirmed the validity of the relationship proposed by
the Authors between the fracture toughne*s and the microstructural parameters
in the case of ductile fracture.
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