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3041 1.4307 18 0 ] 1 0 18 18 i |
300 3160 1.4401 17 2 11 1 0 24 24 24
aD4l N 1.4339 20 4 25 1 1.5 0.1 33 35 35
5 32304 1.4362] 23 1] 4 1 0,13 23 25 25
Standard S 32205 1.4462) 22 3 ] 1 017 32 35 35
DUPLEX |® S32750 1.4410) 25 3,5 7 1 0,27 37 41 41
(1996) S 32760 1.4501 25 3.8 7 1 07 027 0.7W 38 42 43
S 32520 1.4507 25 3.5 7 1 1.5 0.25 37 41 4

Table 1: differences in composition and corrosiodex between some widely used duplex and
stainless steefs"
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Figure 1: Schaeffler-Delong diagram with showed pleecents of ferrite. There are also indicated
some widespread stainlessstelfs.
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Figure 2 Typical application of the stainless stciel the 60es and the 708s.
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Figure 3 Super duplex 2507 turbine feed pipelifie.
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Table 2: Chemical composition of the steel undeestigation
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Figure 4: chemical free energies of austenite aratensite phases as a function of temperature
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austenite

Figure 7 schematic diagram of sigma phase nucleadicthe ferrite/austenite interface and its
increase in the ferrite
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Figure 9 depth of the beam and provenience ofélveral scattered electrons.
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Figure 10 picture of the internal disposition oetBEM component
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Figure 11. Electron interaction with crystalline teaal (Si), how the kikuchi lines forms’
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Figure 12. Spatial distribution of Taylor factorifdctly proportional to the stored energy) in which
the gray level is proportional to the local storedergy®®
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Figure 13. Example of a very bad image quality tiuthe stress in the
material.
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Figure 14 indententation shapes.
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Figure 15: how the x-rays can be reflected by ttystal planes.
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Figure 16 Magnetic moments produced by an electron orbitiregriucleus and that produced by
spin of the electron.
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Figure 17 In (a) it is showed the start conditiaxfdhe domains, in (b) the situation is when an
external field is applied.
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Figure 18 sudden movements of the domair(l)
walls represented on the hysteresis curve (
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Figure 19: Saturation Hysteresis loop of a ferromatic material.
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Figure 21 graph of correlation between aspect ranal demagnetizing factor, with several shapes.
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EF

Figure 23: (a) when the sample is perpendiculathi® sensors they detect only the horizontal
component while the perpendicular is zero. (b) wiensample, that is magnetized is move out from
the center, the sensor detect a inducted curretilt igaching the maximum value of this.
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Figure 24 schematic of the Stablein-Steinitz inskent.
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a) b)

Figure 1 (a) Base Material and (b) 10% reductibicknes both at 100x of magnification.

a) b)
Figure 2: 50% reduction thickness (a) and 85% tledkness (b) both at 500x, longitudinal section.
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Figure 2 10% red thickness at 508kmagnification, longitudinal sectio
it is possible to see partition of ferrite graiafter the treatment at 400°C.

Figure 3 65% thickness reduction , is possiblefpraciate the deformation bands
on the austenite .
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Figure 3 (a) base material at 500x magnificatiob) 25% thickness reduction at 500x magnification;
(c) 50% thickness reduction at 500x magnificatitve, precipitation of sigma into the austenite is
evident (d) 85% reduction thickness at 1000x magtibn. All the pictures were taken after the

treatment at 900°C, indeed there is a wide preath of sigma phase (in white).
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Figure 5 This graph show the image analysis reswlh the non treated samples only.
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Figure 6 Deformation bands and twins in the auggeon the 50%
thickness reduction. Is possible to see also a baght dot, should be
molybdenum carbide.
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Figure 1 Ferrite grains partition after the treaémt at 400°C. Base material,
etched part.

Figure 2 Grain elongation, sample deformed at 85%rad00°C
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Figure 3 50% thickness reduction after 900°C tneent. It is possible to see the
partition of the austenite grains by the sigmadiftrecipitates, and the great
decomposition of the ferrite.

Figure 4 85% thickness reduction after the gratomposition of ferrite and
the wide precipitation of sigma into the austengitains.
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Table 2 No difference in composition was found betwthe bright and dark areas into the same
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Table 2: differences in composition between auttghase about three different samples after the
treatment at 900°C. The molybdenum seems to inenedhk the deformation rate.
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Table 3 Average composition of the sigma phasekelieio the samples.
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Table 3 comparison of the content aind between samples after the treatment at 900°C ddte |
row is partially empty because there are not measier ferrite in the first two samples
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Legend

Figure 5 : base material before each treatment.

Figure 6 On the left is shown the BM, on the ridife 50% thickness reduction; both after the
treatment at 900°C

Figure 7 85% thickness reduction after the treatiat
900°C.
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Table 5 Percents of sigma phase and austeniteeithttee samples, it seems the sigma phase decrease
in content from the 50% to the 85%thickness reducti

c ) )

Figure 8: IQmap versus Phase map. On the areas of nucleatisigiofa phase the pixels are darl
it means there was a stress rise.
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Figure 9 IPF of the following phases:(a) austemmteentation on the base material; (b)Ferrite
orientation on the 50% reduction thickness (c) angé orientation after precipitation of sigroa the
base material.
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Figure 10: IPF of the sigma phase. Left 50% thadsreduction; right, base material.
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Figure 8: Vickers hardness of the samples befockadter the treatments.
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Table 4 Differences in the ferrite content measuretiveen the face and the sides polished with
different mesh.
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Figure 9:relative permeability before and afterceareatment. The AC test failed to magnetize
the very low amount of ferrite remained after treatment at 900° for 40 minutes.

71



1 g ( 4
I #

1 -(
) 4 *)
7IIIIII/M . 4 @
$ 8 8
D ) ) - n II7 8
8 VI8
2400 —=— Hc (forster) 400 - 500
2200 - —e— Hc forsterno TT
2000 —m—Hvino TT _/
] —m—Hv 400 S
18001 —=— Hv 900
1600 - 400
1400 -
E 1200 g
4 o
~ 1000 /. s \N;
T ] - I
800 1300
600
400 -
200
04
T T T T T T T T T T 200
20 0 20 40 60 80 100

% thickness reduction

Figure 8:Comparison between the measured hardneddte coercivity by Foster.
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Figure 8:First magnetization curves of the sampleenly cold rolled state: there no detection of
further ferromagnetic phase..
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Figure 8: First magnetization curves of the saml#sr the treatments. The device detect
appreciable ferromagnetic phase only on the fingt samples.
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Figure 11XRD patterns of the three samples analyzed. Thiesgeave not comprensil
behavior
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Figure 8: NFP and austenite content on the samales and before the treatments.
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Table 5 Average contents of austenite and sigmaeplmthe samples after the last treatment.
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Table 6: Differences in molybdenum content betvgaemples and treatments, both in austenite both
in sigma phase.
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