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THE EFFECT OF SOLUTION TREATMENT AND NITROGEN ADDITION ON PHASE COMPOSITION OF DUPLEX STEELS

WPEW TEMPERATURY PRZESYCANIA I ZAWARTOSCI AZOTU NA SKEAD FAZOWY STALI DUPLEX

The present investigations concern the estimation of the phase composition and the analysis of the ferrite-austenite
morphology after solution annealing of hot-rolled sheets of duplex type steels. Two commercial grades of nitrogen al-
loyed ferritic-austenitic stainless steels were examined. The first one, X2CrNiMoN22-6-3, is the mid-alloy duplex steel
with nitrogen addition 0.19%. Its chemical composition corresponds to the commercial grade SAF 2205. The second steel,
X3CrNiMoCuN25-6-4, is the high-alloy super duplex stainless steel with nitrogen contents 0.26% and chemical composition
close to the commercial grade UR52N+.

It was found that solution annealing within the temperature range 1200°C-1050°C markedly changes the volume fractions
and hence the morphology of the austenitic phase. The arrangement of the austenite bands or elongated areas on the background
of ferrite matrix remains essentially unchanged in comparison to that after hot-rolling. However their shape and continuity
strongly depend on the austenite volume fractions, which result from the applied annealing temperature. The addition of
nitrogen, which is strong austenite stabilizer, shifts the temperature range of austenite precipitation to higher temperatures and
is responsible for the higher austenite volume fractions in the case of both steels.

Keywords: duplex stainless steels, hot-rolled sheets, solution annealing, phase composition, ferrite-austenite morphology,
band-like structure

Prezentowane badania dotycza oceny sktadu fazowego i analizy morfologii struktury dwufazowej po wyzarzaniu i prze-
sycaniu walcowanych na goraco blach ze stali typu duplex. Badano dwa komercyjne gatunki ferrytyczno-austenitycznych stali
nierdzewnych z dodatkiem azotu. Pierwsza z nich, X2CrNiMoN22-6-3, jest §rednio-stopowa stalg duplex o zawarto$ci azotu
0.19% a jej sktad chemiczny odpowiada gatunkowi SAF 2205. Druga stal, X3CrNiMoCuN25-6-4, jest to wysoko-stopowa stal
nierdzewna typu superduplex z dodatkiem 0.26% azotu i skladzie chemicznym, kiry jest zblizony do sktadu stali w gatunku
URS2N+.

Stwierdzono, ze wyzarzanie w zakresie temperatur 1200°C-1050°C w znaczacy sposéb zmienia udzialy objetosciowe a
w zwigzku z tym morfologie austenitu. Uklad pasm lub wyduzonych obszaréw austenitu na tle osnowy ferrytu pozostaje
zasadniczo niezmieniony w stosunku do tego po walcowaniu na gorgco. Jednakze ich ksztalt oraz mniej lub bardziej ciggly
charakter w istotny sposéb zalezg od iloSci austenitu, ktéra wynika z zastosowanej temperatury wyzarzania. Dodatek azotu,
ktéry jest pierwiastkiem silnie stabilizujacym austenit, przesuwa zakres wydzielania austenitu do wyzszych temperatur i jest
odpowiedzialny za zwigkszone udzialy objetosciowe austenitu w obu stalach.

1. Introduction cal compositions are frequently related to the Fe-Cr-Ni

ternary system. Typical contents of chromium and nickel

An increasing development of duplex stainless steel
(DSS) grades is observed in the recent few decades after
recognising the fact that DSS combine the best prop-
erties of both constituent @- and y-phases [1-4]. The
phase composition, owing to which DSS received their
proper name, comprises approximate proportions of the
ferritic a-phase (bce structure) and the austenitic y-phase
(fcc structure) and the volume fractions of both phases
usually oscillate within the range 40-60%. The chemi-

are within the range 18-26 wt.% Cr and 4-8 wt.% Ni and
the carbon content is usually very small (C<0.03 wt.%).
In modern grades of DSS the routine alloying element is
molybdenum (up to 4.0 wt.% Mo) or molybdenum and
tungsten, as well as additions of copper (up to 1.5 wt.%
Cu) and nitrogen (0.1-0.3 wt.% N) [1-4].

The whole group of DSS includes a number of
grades, whose corrosion resistance depends on the con-
tents of alloying additions. The most frequently applied
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classification criterion is based on the so-called Pitting
Resistance Equivalent Number (PREN), which is deter-
mined on the basis of the chemical composition accord-
ing to the formulae of the form [1-4]:

PREN = %Cr + 3.3x(%Mo + 0.5%W) + 16xN (1)

In consequence the following categories of DSS
are distinguished, namely; low-alloy steels (PREN<32),
mid-alloy steels (PREN=32-39) and high-alloy, so-called
superduplex steels (PREN>39). Modern grades of DSS
exhibit very good functional properties due to high
corrosion resistance (various types of corrosion), high
strength, good plasticity and toughness as well as rel-
atively high heat conductivity and low coefficients of
thermal expansion [1-3].

Processes of hot-deformation with intermediate
and/or subsequent annealing are usually one of the first
manufacturing steps for DSS. These processes affect
both, the specific two-phase microstructure which de-
velops in the course of deformation as well as the
phase composition resulting from the applied temper-
atures [5-7]. Each of these structural aspects is very im-
portant from the view point of the material behaviour
upon further treatment as well as final mechanical pro-
perties and their anisotropy [4-8]. That is why the pur-
pose of the present research was to analyse the effect
of the temperature of solution annealing on the ferrite
and austenite volume fractions and the morphology of
the ferrite-austenite microstructure in hot-rolled sheets
of DSS. The effect of nitrogen addition was also tak-
en into account since two commercial grades of DSS
were examined, i.e. mid-alloy duplex steel and high-alloy
superduplex stainless steel, with different nitrogen con-
tents.

2. Material and experimental procedure

The present research concerns two commercial
grades of the ferritic-austenitic stainless steels of duplex
type, i.e. X2CrNiMoN22-6-3 and X3CrNiMoCuN25-6-4
with the chemical compositions given in Table 1.

The first of the examined steels, X2CrNiMoN22-6-3
(denoted by F), is the mid-alloy DSS with 0.19 wt. %
of nitrogen addition. The PREN value, calculated on the
basis of chromium, molybdenum and nitrogen contents
(Eq. 1) is about 35. The chemical composition of steel
F corresponds to the commercial grade SAF 2205 (UNS
S$32205) [1, 4], that is the grade which is today the most
frequently produced DSS.

The second steel X3CrNiMoCuN25-6-4 (denoted by
S) is the high-alloy DSS with 0.26 wt.% addition of

nitrogen and the PREN value of about 41. The chem-
ical composition of steel S is very close to the grade
URS2N+ (UNS S32520), that is the superduplex type of
stainless steel. These steels have the higher contents of
alloying elements stabilizing ferrite, i.e. chromium and
molybdenum. Hence, the increased additions of austenite
stabilizers; like nitrogen, nickel and copper, to equalize
the proportions of ferrite and austenite [2, 3].

TABLE 1
Chemical compositions of the ferritic-austenitic steels under
examination (in wt. %)

Steel | C Cr Ni Mo N Cu w Mn
F 10.02(2228] 6.05 | 295 | 0.19 | 0.12 - 1.72
S [0.03|2512] 5.82 | 359 | 0.26 | 1.49 | 0.023 | 0.87
Steel | Si Al Co Nb \Y P S | PREN
F 1051 0.03 - 0.02 | 0.11 ] 0.014]0.005| 35
S 10271 0.13 | 0.068 | 0.0170.096|0.018 | 0.001 | 41

The material was received in the form of industrial-
ly hot-rolled sheets with the thickness within the range
12.5-13.5 mm. The specimens cut of the sheets were
subjected to solution treatment. The process included
annealing at the temperatures 1200°C, 1150°C, 1100°C
and 1050°C for 3 hours with subsequent water quench-
ing.

Microstructure observations of the as received ma-
terial, that is after hot-rolling (Fig. 2), and after sub-
sequent solution treatment (Figs. 3 and 4) were carried
out by means of optical microscopy (Neophot-2), on the
(ND-RD) longitudinal sections (L.S) and the (ND-TD)
cross sections (CS) of the sheets. A considerable num-
ber of micrographs from both sections was registered to
select the most representative microstructures for each
variant of treatment. Afterwards, the estimation of the
phase composition and the analysis of two-phase mor-
phology were conducted on the basis of at least 5 repre-
sentative micrographs for each section, that is about 10
microstructures for each variant of thermo-mechanical
treatment. The image analysis was performed by employ-
ing computer program MET-ILO, version V.9.11 [9].

Since for the most cases austenite occurred the se-
cond phase observed against the background of ferrite
matrix, the estimation of the phase composition was
based on the assessment of the austenite volume fraction
(Vf‘,). That is why the measurements of the area fractions
of the y-phase (Aﬁ) were conducted. Similarly, the char-
acterization of the specific ferrite-austenite banded struc-
ture based on the analysis of the austenite morphology.
Two complementary and simple parameters were used,
namely; the so-called elongation factor (Lg) and Feret’s
ratio (R?). Schematic illustration explaining differences




between both parameters are shown in Figure 1. Feret’s
ratio is actually the quotient of Feret’s diameters (Rﬁ‘ =
Fx/Fy) in two perpendicular directions. The Feret’s di-
ameter is the length of the object contour projection on
the X or Y axis, which correspond with the RD and ND
directions respectively on the longitudinal sections (LS)
and TD and ND directions on the cross-sections (CS) of
the sheets [8]. The so-called elongation factor is in fact
the ratio of the maximum and minimum dimensions of
the object contour (L8 = Dyax/Dmin), irrespective of the
external co-ordinate system [9].

Y RF = Fx/ FY LE = Dmax/ Dmin
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Fig. 1. Schematic illustration for the measurement and calculation of
the so-called elongation factor (Lg) and the ratio of Feret’s diameters
(R)

The qualitative elemental analysis was additionally
performed by means of scanning electron microscopy
using Energy Dispersive X-ray Spectroscopy (EDS)
method. The analysis concerned concentration of major
alloying additions, i.e. Cr, Ni and Mo, within the ferrite
and austenite areas to estimate the level of element par-
titioning in both phases after solution annealing at the
temperatures 1200°C-1050°C {10, 11].

3. Results and discussion
3.1. Microstructure after hot-rolling

The specific character of the initial ferrite-austenite
morphology is the result of the hot-deformation process
applied in the case of both examined duplex steels. Af-
ter hot-rolling the ferritic @-phase constituted the ma-
trix with elongated islands and bands of the austenitic
v-phase parallel to the rolling plane (Fig. 2 a, b). The
volume fractions of austenite (VC) in steels F and S
were estimated at 38% and 39% respectively. Two-phase
microstructures display a certain degree of heterogene-
ity, which concerns the size and shape as well as the
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arrangement of the areas of both component phases.
On the longitudinal sections (LS) the areas with strong-
ly pronounced banding predominate. Nearly continuous
and strongly elongated bands of austenite with differ-
entiated thickness are observed parallel to RD within
the ferrite matrix. Due to the ferrite volume fraction
(Vr{, >60%) the bands and elongated areas of ferrite are
linked-up in a net-like form (Fig. 2). There are how-
ever regions within the y-phase with the characteristic
rhomboidal shapes. Their occurrence after hot-rolling
indicates apparently at not fully recrystallized austenite
structure. The ferrite-austenite microstructure observed
on the cross-sections (CS) of the hot-rolled sheets is
more heterogeneous and displays significantly lower de-
gree of banding, that is much smaller elongation along
TD. Additionally the flat areas of austenite, which are
inclined at some angle to the rolling plane are also
observed (Fig. 2 b). That is why the two parameters,
i.e. elongation factor (L%) and Feret’s ratio (R%), were
selected to analyse the morphology of ferrite-austenite
microstructure. Due to the pronounced elongation of
austenite islands along the RD, the values of both param-
eters are markedly higher on the longitudinal sections of
both steels (Table 2). The fact that the values of both pa-
rameters are rather close and relatively high on the two
examined sections, indicates at significant degree of di-
rectionality and formation of strongly oriented two-phase

microstructure.
TABLE 2
Volume fractions (VC) and the values of elongation factor (Lg) and
the ratios of Feret’s diameters (Ré) for austenite on the longitudinal
and cross sections of the hot-rolled steels F and S

LA RA VA
(Dmax/Dmin) (FX/FY) [%]
F/HR-CS 3.59 3.22 38.0
F/HR-LS 4.78 438 )
S/HR-CS 3.53 3.19 390
S/HR-LS 4.51 4.16

Comparison of the results for both steels reveals that
in two sections (LS and CS) somewhat higher values of
the Feret’s ratio and the elongation factor, are in the case
of steel F (Table 2). Since both parameters reflect elon-
gation of the austenite islands within the ferrite matrix
(along RD and TD), it seems that such result may be ex-
plained by solution hardening of the austenitic y-phase
by alloying elements, especially nitrogen. The results of
a number of works (see {10, 11]) indicate that after an-
nealing at 1200-1050°C the concentration of nitrogen
in austenite may be even up to 7-8 times higher than
in ferrite. Taking into account the average contents of
nitrogen, 0.19% in steel F and 0.26% in steel S, and
assuming approximately equal proportions of both pha-
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ses, the concentrations of nitrogen in the austenitic pha-
ses of both steels may reach values up to about 0.35%
and 0.45% respectively. Hence in the case of steel S
the austenitic phase might appear less ductile due to the
higher nitrogen concentration.

3.2. Microstructure after annealing

The most striking result after the solution annealing
at the temperatures 1200°C and 1150°C is relatively high
amount of the austenitic y-phase within the microstruc-
ture of both steels. In the case of the steel F the volume
fractions of austenite (V(\,) were evaluated at 36.5% and
40% respectively (Table 3, Fig. 3) and for the steel S
at about 39.5% and 42% (Table 3, Fig. 4). It appears
that in both examined steels the temperature range for
austenite precipitation is shifted to higher temperatures.
Additionally for all the applied annealing temperatures
the estimated volume fractions of the austenitic phase are
higher in the case of the superduplex steel S with higher
nitrogen addition. The values of the austenite volume
fractions, as estimated for the successive annealing tem-

peratures from the range 1200°C-1050°C, are listed in
Table 3 and Figure 5 illustrates the results in the form
of the plot V4 = f(T).

% A
S/HR-CS

Fig. 2. Microstructures of steel F(a) and steel S(b) after hot-rolling on
the cross-sections (CS) and longitudinal sections (LS) of the sheets

“FM200_LS

Fig. 3. Microstructures of hot-rolled steel F after solution annealing at the temperatures 1050, 1100, 1150 and 1200°C (a-d respectively) on

the cross-sections (CS) and the longitudinal sections (LS) of the sheets



TABLE 3
The mean values of austenite volume fractions (VQ) after solution
annealing, as measured on the longitudinal and cross sections
(LS+CS) for both steels F and S

Steel F | Steel S

Temp.[°C] | Section | V& [%] | V& [%]
1050 LS +CS 46.8 49.0
1100 LS + CS 435 45.1
1150 LS +CS 39.9 41.7
1200 LS + CS 36.5 39.5

Worth to note is the fact that solidification process-
es of two-phase austenitic-ferritic steels start up with
the formation of ferrite. It is possible to obtain 100%
of ferrite within the structure of a steel by applying

5/1050-CS

et R SR SRR TSNS (b)

(c)

(d)
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rapid quenching from temperatures close to solidus.
Whereas the slow cooling down to the temperature
range 1000-900°C favours diffusion and as the result the
(@ — y) transformation. At high temperatures, of about
1300°C, austenite nucleates and grows at the ferrite grain
boundaries and afterwards along the preferential crystal-
lographic directions within the ferrite grains [1, 5]. In
the course of the (¢ — 7) transformation the diffusion
of alloying elements takes place. Degree of the (@ — )
transformation depends on the relative contents of ferrite
and austenite forming elements in the steel, temperature
and time of diffusion as well as diffusion rates of alloying
elements. The austenite stabilizers (i.e. N, Ni, Cu) diffuse
into the y-phase while the ferrite forming elements (i.e.
Cr, Mo) are supposed to concentrate mainly within the
a-phase [10, 11].

Fig. 4. Microstructures of hot-rolled steel S after solution annealing at the temperatures 1050, 1100, 1150 and 1200°C (a-d respectively) on
the cross-sections (CS) and the longitudinal sections (LS) of the sheets
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Fig. 5. The mean values of austenite volume fractions (V@) as mea-
sured on the longitudinal and cross sections (L.S+CS) versus the ap-
plied annealing temperature for both steels F and S
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Fig. 6. Values of the elongation factor Lé (a) and the Feret’s ratios
Rl’} (b) for austenite as measured on the longitudinal (L.S) and cross
sections (CS) plotted against the annealing temperatures for both
steels F and S

Due to the oscillations in local concentrations and
the qualitative character of the analysis, the level of par-
titioning in two examined steels F and S was evaluated
based on the concentration difference of a given ele-
ment within the ferrite and austenite phases (ACg =
]CEI - Cgl). The estimation was conducted for the three
major alloying additions, i.e. Cr, Ni and Mo, at two tem-
peratures 1200°C and 1050°C, and the results are listed

in Table 4.
TABLE 4
Concentration differences of alloying elements in ferrite and
austenite (in wt. %)

Steel F Steel S
Temp. [°C] | ACe; | ACni | ACymo | ACe | ACN | A Cymo
1200 <20 | ~22 | ~125 | ~19 | ~22 | ~1.30
1050 ~34 ] >25 | ~140 | <37 | ~27 | <1.55

In general, the concentration differences of the three
alloying elements are not very high in comparison to
their average contents in both steels. Additionally, for
the temperature 1200°C the concentration difference of
Cr, Ni and Mo in both component phases, that is the le-
vel of partitioning, is distinctly smaller. Except nitro-
gen, all the alloying additions are the substitutional el-
ements with lower diffusion rates. That is why it seems
that the addition of nitrogen, which is strong austen-
ite stabilizer and interstitial element with high diffusion
rate, is responsible for the relatively high austenite vol-
ume fractions in both examined DSS at higher tempera-
tures.

After solution annealing significant changes are ob-
served in two-phase microstructure, which strongly de-
pend on the applied annealing temperature (Figs. 3 and
4). These changes concern not only the amounts (volume
fractions) of both phases but also the morphology of the
second phase, that is austenite. The mean values of the
elongation factor (L) and Feret’s ratio (R%) as measured
on the longitudinal (LS) and cross sections (CS) for the
applied annealing temperatures are listed in Table 5 and
presented in the form of plots in Figure 6a, b. On the
longitudinal sections (LS) a considerable directionality
of the ferrite-austenite microstructure is still observed.
The arrangement and elongatéd shape of the austenite
areas along the RD remained unchanged after anneal-
ing. However the bands exhibit distinctly less continuous
character, especially at higher temperatures, i.e. 1200°C
and 1150°C (Figs. 3c, d and 4c, d). It finds reflection in
much smaller values of both parameters in comparison
to the microstructure after hot-rolling (Tables 2 and 5).
More comparable are the values of the elongation fac-
tor and Feret’s ratio on the longitudinal sections (LS)
after hot-rolling and subsequent solution annealing at
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TABLE 5

Values of the elongation factor (Lé) and the Feret’s ratios (R?) for austenite after solution annealing on the longitudinal (LS) and
cross-sections (CS) for steels F and S

LA RA LA RA
Steel/Temp./Sec. (Dmux/EDmin) F x/Ii:y) Steel/Temp./Sec. (Do /EDmin) F x/%y)

F/1050 - LS 3.68 3.45 S /1050 - LS 4.54 4.27
F/ 1100 - LS 3.67 3.45 S /1100 - LS 4.47 4.10
F/1150-LS 2.87 261 S/ 1150 -LS 3.69 3.45
F /1200 - LS 2.69 248 $ /71200 - LS 2.99 2.78
F /1050 - CS 297 2.69 S /71050 - CS 3.58 3.22
F/ 1100 - CS 2.53 2.19 S /1100 - CS 3.07 2.76
F/ 1150 - CS 2.16 1.77 S/ 1150 - CS 3.02 2.63
F /1200 -CS 1.91 1.55 S /1200 - CS 243 2.14

1050°C. This is mainly due to the change of austenite
volume fraction, that increased from 38% and 39% after
rolling to about 47% and 49% after annealing in both
steels F and S respectively. Higher values of both pa-
rameters at 1050°C correspond with more elongated and
continuous austenite bands (Figs. 3a and 4a). Therefore it
appears that the morphology of the ferrite-austenite mi-
crostructure after thermo-mechanical treatment is related
with the austenite volume fraction and strongly depends
on the temperature of solution annealing applied after
hot-rolling.

It seems however, that much more substantial
changes within the ferrite-austenite morphology after so-
lution annealing concern the microstructures observed
on the cross-sections (CS) of the examined steels (Figs. 3
and 4). This conclusion results especially from the com-
parison of the values of elongation factor (LQ) and Fer-
et’s ratio (RQ) after hot-rolling with those after annealing
in the case of steel F (Tables. 2 and 5). In hot-rolled
sheets the mean values of both parameters were rela-
tively high, that is LE = 3.59 and R% = 3.22, whereas
after annealing markedly decreased with increasing tem-
perature to L’g =2.97-191 and Ré = 2.69-1.55. In par-
ticular this effect is well visible on the microstructures
of steel F for the higher annealing temperatures (Fig. 3c,
d). On the contrary, the microstructures of steel S display
markedly higher degree of structural anisotropy and in
consequence higher values of elongation factor and Fe-
ret’s ratio in comparison to steel F. It should be noted
additionally, that in few cases the values of both param-
eters (L4 and R%) after annealing exceeded those after
hot-rolling. This situation concerns the microstructures
of steel S after annealing at 1050°C and may be ex-
plained once again by substantially higher volume frac-
tions of austenite after solution annealing at lower tem-
perature.

4. Concluding remarks

Two examined steels exhibit significant degree of
banding after hot-rolling but also considerable hetero-
geneity of the ferrite-austenite microstructure, which
concerns the size and shape as well as the arrangement
of the areas of both component phases. The estimated
volume fractions of austenite are 38% and 39% for steels
F and S respectively.

On the longitudinal sections (LS) of the hot-rolled
sheets, the bands and strongly elongated islands of
austenite (along the RD) are mainly observed on the
background of the ferrite matrix. The microstructure on
the cross-sections (CS) is more heterogeneous and dis-
plays lower degree of banding, that is much smaller
elongation of austenite areas along TD. The values of
elongation factor and the ratios of Feret’s diameters es-
timated for austenite on both sections (LS and CS) are
higher in the case of steel F. It seems that the austenitic
phase of steel S is less ductile due to the higher nitrogen
concentration.

After solution annealing significant changes are
observed in the ferrite-austenite microstructure, which
strongly depend on the applied annealing temperature.
These changes concern not only the amounts of both
phases but also the morphology of the second phase, that
is austenite. The volume fractions of austenite, as esti-
mated at temperatures 1200°C-1050°C, changed within
the range 36,5-47% for steels F and 39,5-49% in the case
of steel S.

After annealing at higher temperatures (i.e. 1200°C
and 1150°C) relatively high amounts of the austenitic
v-phase were found within the microstructures of both
steels. Additionally, for all the applied annealing tem-
peratures, the estimated volume fractions of austenite
are higher in steel S in comparison to steel F. It seems
that the addition of nitrogen, which is strong austenite
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stabilizer and interstitial element with high diffusion rate,
is responsible for the higher austenite volume fractions
in steel S, and shifts the temperature range of austenite
precipitation to higher temperatures in the case of both
steels.

It appears that the morphology of the ferrite-
-austenite microstructure after thermo-mechanical treat-
ment is strongly related with the austenite volume frac-
tion. The arrangement of the austenite areas, as observed
on the longitudinal sections (LS), remained unchanged
after annealing, however at higher temperatures these
areas are less continuous. With decreasing temperature
and increasing austenite volume fraction the bands of
austenite become more continuous. This especially ap-
plies to steel S, which displays markedly higher degree
of structural anisotropy and in consequence higher va-
lues of elongation factor and Feret’s ratio in comparison
to steel F on both examined sections. On the contrary
the austenite morphology on the cross-sections (CS) of
steel F is markedly more isotropic, especially at higher
temperatures (i.e. 1200°C and 1150°C).

Acknowledgements

The work was supported by the Polish Committee for Scientific
Research (KBN) under the contract No. 10.10.110.720.

REFERENCES

[1] J.R. Davies, Ed., ASM Specialty Handbook, Stain-
less Steels, ASM Int., Materials Park, Ohio (1994).

Received: 3 December 2007.

(2]

(3]

(4]

(5]

(6]

(7]

[8]

[9]

(10]

[11]

J.-O. Nilsson, Super Duplex Stainless Steels, Mater.
Science & Techn. 8, 685-700 (1992).

J.R. D avies, Ed., Alloy Digest Sourcebook, Stainless
Steels, ASM Int., Materials Park, Ohio (2000).

A. Desestret, J. Charles, Duplex Stainless
Steels, in Stainless Steels, P. Lacombe, B. Baroux, G.
Beranger, Eds., Les Editions de Physique, Les Ulis,
613-658 (1993).

T.Maki, T Furuhara, K. Tsuzaki, Microstruc-
ture Development by Thermo-mechanical Processing in
Duplex Stainless Steel, ISIJ International 41, 571-579
(2001).

T. Furuhara, Y. Mizuno, T Maki, Microstruc-
ture Development and Superplasticity in (@ + y) Mi-
croduplex Alloys with Different Matrix Phase, Mater.
Trans. JIM 40, 815-824 (1999).

N. Akdut, J. Foct, Microstructure and Deformation
Behaviour of High Nitrogen Duplex Stainless Steel, ISIJ
International 36, 883 (1996).

J. Komenda, R. Sandstrdm, Automatic Assess-
ment of Two-Phase Structure in the Duplex Stainless
Steel SAF 2205, Materials Characterization 31, 155-165
(1993).

J. S zala, Zastosowanie metod komputerowej analizy
obrazu do ilo§ciowe] oceny struktury materiatéw, Zeszy-
ty Naukowe Politechniki Slaskicj 61 (2001).

H. Vannevik, J-O. Nilsson, J. Frodigh, P.
Kangas, Effect of Elemental Partitioning on Pitting
Resistance of High Nitrogen Duplex Stainless Steels,
ISIJ International 36, 807-812 (1996).

L. Weber, P.J. Uggowitzer, Partitioning of
Chromium and Molybdenum in Super Duplex Stain-
less Steels with Respect to Nitrogen and Nickel Content,
Mater. Science & Eng. A242, 222-229 (1998).





