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Abstract

strained induced martensitic transformation in 304AISI after tensile
deformation was investigated by magnetic barkhausen noise analysis.
Barkhausen noise is the abrupt changes in magnetic flux during the
magnetization of ferromagnetic materials due to the rapid jumps of
magnetic domain walls from lattice imperfections which pined the
magnetic domain walls. different degrees of deformation were conducted
on 304AISI. Various amounts of the induced martensite according to
different deformation degrees were measured by optical microscopy. It was
demonstrated which the barkhausen signals increase due to the increases of
the martensite volume fraction and the size of coalesced martensites.
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Introduction

Austenitic stainless steels has the most corrosion resistance, formability and weldability among stainless
alloys used in many engineering application like petrochemical, power. nuclear and other industries[1]
stability of austenite in austenitic stainless steels depends on their chemical composition. High alloyed grades
are considered stable and will only form martensite when quenched to cryogenic temperatures. However, the
low alloyed grades are classed as metastable austenitic stainless steels and these can transform to martensite by
quenching to cryogenic temperatures and also during cold working at about room temperature. this type of
transformation during deformation of metastable austenite, called deformation induced martensitic
transformation.

There are two types of deformation induced martensite. e-martensite with HCP structure which formed at the
beginning of deformation and «-martensite with bee structure which transformed from austenite and ¢ during
deformation [2]. is a ferromagnetic phase and ¢ and austenite are paramagnetic phases. This magnetic property
difference is the base of magnetic techniques in measurement of « in austenitic stainless steels. Barkhausen
noise as a nondestructive magnetic based method is widely used in microstructural characterization of
ferromagnetic materials. It is based on the irreversible domain wall motion that occurs when a material is being
magnetized. During magnetization, magnetic domains try to align themselves in the direction of the applied
magnetic field. For this purpose, the domains with orientation close to direction of applied field growing up until
saturation. Growth occurs by motion of domain walls which can be obstructed by lattice imperfections like

dislocations, grain boundaries or precipitates. increasing the applied magnetic field will supply the energy
necessary to break free the pinned wall from obstacles. The rapid jumps of domain walls from pinning sites
produces sudden changes in the magnetic flux which is called barkhausen noise, induces voltage in a coil on top
or around the specimen.

Barkhausen noise is sensitive to microstructure and stresses in steels. In S.Yamaura et.al investigation [3],
barkhausen noise increased by decrease of grain size, they suggested that Grain boundaries are preferable sites
for nucleation of domains and for pinning the motion of domain walls. Jiles investigated plain carbon steels of
the AISI 10xx series[4], documenting how magnetic barkhausen noise changes with carbon content due to
increased pinning of domain walls by carbide particles. M. Kaplan demonstrated the capability of barkhausen
noise in the determination of martensite volume fraction and it's morphology in dual phase steels [5]. the Aging
of 5Cr-0.5Mo steel was investigated by J.N. Mohapatra et.al [6]. Plane carbon steels with Different





[image: image4.jpg]microstructures were separated by the use of barkhausen parameters [7]. The Variation of stress and dislocation
density in tensile and compressive loading were also determined in a low carbon steel [8]. Barkhausen noise
method were examined in Many other literatures, and proved the capability of this method in the distinction of
details of microstructure. In the present study, the ability of this nondestructive method in the characterization of
strain induced martensitic transf changes due
to the increases

Experimental

cight tensile specimens were prepared according to the ASTM-E8M standard from the 304AISI sheet sheet (the
chemical composition given in Table. 1) with 2mm thickn All samples were solution treated at 1095°C for
Ihr, then water quenched to prevent the carbide precipitation, and to eliminate the stain-induced phases (é.€). to
produce different amounts of martensite they were tensile strained to 0.05, 0.1, 0.15, 0.25, 0.3, 0.35, 0.4, 0.44
true strain values (like what is illustrated in Fig, 2 using a Zwick/Z250 testing machine at strain rate of 0.002s"
and room temperature.

Optical microscopy was carried out after conventional metallographic preparation. all samples electro polished
for 40s at 18V by usage of electrolyte (110 ml perchloric acid, 180 ml ethanol and 710 ml methanol). Beraha'
reagent (0.5g of metabisulfite of potash.20ml of Hel and 100ml of distilled water) with etching time from 15 to
30s To reveal the d-martensite, and 60% of HNO; in 40% distilled water for grain boundary etching were used.
o -Martensite phase percentage in each samples were quantified from 15 images with 200 times magnification
by means of the Clemex vision analysis software.

Measurement of the MBN signals were performed using the experimental system which was developed by the
authors. A block diagram of the experimental setup is shown in Fig. 1. A multi frequency function generator
supplies a sinusoidal current to the excitation coil of the yoke with 3000 tumns wounded around it, which
generates the magnetization force to apply to the sample through the U-core poles. the Sudden magnetic flux
changes (barkhausen noise) during magnetization is detected by means of the pick-up coil with 3000 turns
wounded around the specimen. the Pickup voltage is amplified and converted to digital data then interfaced to a
personal computer. The root mean square(RMS) was calculated in 41z magnetization frequency from
barkhausen noise voltages and used to characterize the microstructural changes during the deformation of
specimens.

Results and Discussion

Microstructure

Fig. 2 shows true stress-strain curve and variation of martensite obtained from metallographic image analysis.
The microstructures in the non-deformed (solution treated) state and after 0.05, 0.15, 0.25, 0.3, 0.35, 0.4, 0.44
true strains are shown in Fig. 3. In the non-deformed state, the microstructure is composed of equiaxed
austenitic grains with typical annealing twins. No martensite can be seen in non-deformed state. The average
austenite grain size is 46um. after deformation, thin lath martensite is formed preferentially at isolated and
intersections of shear bands. In the further deformation, wide d-martensites appear and are coalesced with each
other by increasing deformation.

Barkhausen noise characterization

Variations of RMS voltage by martensite percentage is shown in fig. 4. It can be seen, as the martensite
percentage of the samples increase by deformation, the Barkhausen noise RMS increases. Magnetic domain
walls interaction with pinning points such as dislocations, twins and grain (or lath) boundaries, generate
barkhausen noise signals which depend on the volume fraction of magnetic domain walls [9]. Hence, the
increase of martensite as ferromagnetic phase increases the volume fraction of magnetic domains which
increases the RMS voltage

Another significant change in fig. 4 is the continuous rise in slope with the increase of martensite percentage
When the volume fraction of the o martensite is very low, thin martensite laths is randomly distributed in
austenitic matrix. The distances between the ferromagnetic phases is very high. Hence the interaction of domain
walls with the obstac ¢ limited in this isolated ferromagnets. bigger martensites lath in further deformation
provide widespread range of movements. In high deformation degrees martensite lathes reach each other and
make coalesced martensite areas. in wider coalesced ferromagnetic phase, domain walls can interact with more
obstacles and generate more barkhausen signals until saturation which result in steeper slope of the RMS-
percent martensite curve.
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conclusions

in this study, the capability of Barkhausen noise technique in the characterization of martensitic transformation
were investigated. It was found that barkhausen signals increase by deformation due to the rise in amount of
martensite and the size of coalesced martensite. martensite increases the volume fraction of domain walls and
d martensite provides widespread area for motion of domains walls which incre: the interactions
between domain walls and pinning sites resulting in more barkhausen signals. RMS parameter was used to
describe the variation of barkhausen signals as a function of martensite percentage. good correlation coefficient
(R*=0.95) indicates the capability of this method in the characterization of martensite in industrial parts
Regarding to the dependence of the slope of the RMS-Martensite Percentage curve on the size of ferromagnets,
this method can be used in evaluation of morphology of ferromagnetic phases.

coale:
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Figure 1: Schematic of the experimental arrangement used for Barkhausen noise measurement.
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Figure 3: Optical micrographs showing a'-martensite phase etched dark in AISI 304 stainless steel at true strain
values of 0, 0.05, 0.15, 0.25, 0.3, 0.35, 0.4, 0.44.
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Figure 4: RMS voltage versus Martensite percentage.
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Figure 5: variation of Vickers's hardness as a function of RMS voltage.
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