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Abstract ð Magnetic Barkhausen noise (MBN) technique 

was used to track fine microstructural changes in partially 
recrystallized low carbon steel. Flat specimens were 

isothermally annealed for 1 hour at laboratory at different 

temperatures to promote recovery, recrystallization and 

grain growth. The specimens were heat treated at 

temperatures between 300 °C and 900°C in increments of 50 
°C and the corresponding MBN measurements were 

conducted. The obtained MBN profile from the as received 

specimen showed abroad, gradually increasing MBN 

activity of low amplitude, and a burst-like activity at higher 

field. Systematic changes of MBN profileôs features were 
observed due to changes in residual stress and micro-

structural state as a result of solid state reaction during 

annealing. The three major metallurgical processes involved 

in annealing treatment; recovery, recrystallization, and 
grain growth were identified. The recovery process stage 

was revealed by a shift of peaks position towards zero field 

whereas the recrystallization process was characterized by 

an increase in the MBN intensity to a maximum value 

followed by a continuous decrease in the grain growth stage. 
The appearance of the complex profile continues upon 

annealing in the recovery and the recrystallization stage but 

completely disappeared in the grain growth stage. The 

results established that a high accuracy MBN system and 

MBN profile analysis can provide subjective information 
about fine details of the annealing process. 

 

Index Terms ð Annealing, partial recrystallization , MBN 

profile, isothermal annealing. 

 

I.  INTRODUCTION 

echniques based on the phenomenon of 

Barkhausen noise are potentially useful for non-

destructive evaluation of ferromagnetic materials. For 

instance, residual tensile stress and over-tempering can be 

detected in ground-finished surfaces using measurements 

of magnetic Barkhausen noise (MBN) [1]. Because of the 

large number o f influential variables, the technique 

produces only relative comparisons between different 

material states. For a given alloy, measurements have to 

be calibrated against a standard microstructural state for 

that particular alloy. Barkhausen noise is produced by the 

irreversible movement of domain walls in a 

magnetization cycle. Domain walls are pinned 

temporarily by microstructural in  homogeneities and then 

released in the increasing magnetic field [2,3]. The 

resulted discrete changes in local magnetization can be 

detected as voltage pulses in a search coil o r magnetic 

read head. Precipitates, grain boundaries and dislocations 

act as effective barriers to domain wall motion so that 

MBN is sensitive to microstructure and plastic 

deformation in the material. A lso, the influence of 

magnetostriction on magnetization makes MBN sensitive 

to applied or residual stress [4].Magnetic Barkhausen 

noise is highly susceptible to structural transformat ions 

and phase transitions taking place during thermal 

processing of steel. The conventional magnetic 

characteristics (the coercive force, magnetic permeability, 

residual magnetic induction, and the area of the hysteresis 

loop) are commonly used in contemporary techniques of 

structural analysis of steel components [5].  

The applications of time-varying magnetic field to 

ferromagnetic material induce volt pulses in an inductive 

search coil near the material. These abrupt changes are 

produced by the discontinuous movement of favorable 

domain walls due to their interaction with pinn ing sites in 

the magnetized landscape. The energetically active 

barriers may be in the form of structural or mechanical 

nature or both.  Microstructural defects may be grain 

boundaries, voids, inclusions, precipitates and other 

lattice defects.  Mechanical barriers may be dislocations, 

residual tensile or compressive stresses, microcracks.  

The corresponding voltage pulses induced in an inductive 

search coil located at the surface of the sample are 

referred to as the magnetic Barkhausen noise (MBN) [6]. 

Since, magnetic Barkhausen noise is sensitive to stresses, 

and to crystalline microstructure of ferromagnetic 

materials like steel.  As a result, this method gives a wide 

range of potential applications to the technique in steel 

processing evaluation.  Due to its potential as a non-

destructive technique, it applicability was extensively 

evaluated.  MBN method was used to: assess the quality 

of heat treatment; to measure surface treatment depth; to 

detect grinding burns, the influence of grain size, carb ide 

precipitates, ferrite, pearlite and martensite phases, and 

dislocations on MBN emission [7]. Also, it has already 

been used to follow the progress of decarburizat ion [8], 

evaluation of bending stress in carburized steel [9];  

uniaxial deformat ion [10] and the effect of texture [11]. 
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However, for part ially recrystallized warm ro lled steel 

evaluation, no description of the influence of the 

microstructural features on MBN is availab le in the 

literature.   

K. Gurruchagaet. al. [12], investigated the capability of 

magnetic Barkhausen noise (MBN) technique to 

characterize recovery and the onset and evolution of 

recrystallizat ion processes occurring during the annealing 

of cold ro lled low carbon steel. In their experiment, cold  

rolled low carbon steel samples were isothermally  

annealed in a laboratory under different conditions in 

order to promote various degrees of recovery or 

recrystallizat ion. They concluded that the amplitude of 

the peak of MBN envelope and the integral below the 

MBN envelope can be useful to monitor recovery due to 

its sensitivity to the reduction in the average dislocation 

density. The time integral of the MBN envelope and 

MBN Energy can detect the onset of recrystallization. 

The opposite evolution with annealing t ime of MBN peak 

height during recovery and recrystallization could be used 

to distinguish between both processes.  

Up to date, it is difficult to derive such a description 

from the partial results availab le on part icular phases, 

since experimental conditions differ markedly in the 

literature. For instance, the experimental conditions differ 

to such an extent that controversial results for the same 

investigation material have been reported. Therefore, this 

study was undertaken to carefully establish the 

characteristics of MBN profile using a well-defined and 

reproducible experimental conditions.  For that purpose, 

an apparatus with the best experimental parameters has 

been used [13]. It provides a very high accuracy, high 

resolution MBN emission measurements capable of 

exploring very fine details of microstructural evolution.  

It is the objective of this paper to t rack the 

microstructural evolution of partially recrystallized steel 

plates during isothermal annealing using a very accurate, 

reliable, lab based MBN apparatus.  

II . MATERIALS AND METHOD 

This experiment was planned to detect fine changes in 

MBN profile shape at different annealing stages 

performed on warm rolled specimens.  Identical low 

carbon steel specimens of 30×150 × 8 mm
3
 were cut from 

a bigger plate to insure metallurgical and mechanical 

uniformity, by machining with low speed saw in a 

lubricant environment. The chemical composition is 

shown in Table 1.The specimens were cleaned and 

prepared for the annealing process. The annealing process 

was carried out using a classical lab based furnace in  

which all specimens experienced similar conditions. 

Furthermore, specimens were furnace cooled after every 

annealing stage. 

A. Metallographic Examination 

In ship construction, predetermined yield strength 

needs to be established in the steel used. This requirement 

implies that the rolling process and the finishing 

temperature are controlled in order to satisfy the design 

criteria. Th is is conducted by reducing the rolling 

temperature to worm ro lling. Warm ro lling has gained 

interest as means of cutting down costs and of extending 

the application range of hot rolled products [14]. 

TABLE I.  COMPOSITION OF STOCK MATERIAL  

Element Wt % 

C 0.116 

Mn 0.095 

Cr 0.049 

Ni 0.011 

Si 0.308 

S 0.021 

P 0.027 

Al 0.004 

Cu 0.141 

 

This type of rolling requires dimin ishing the 

temperatures of the whole process from 850-1250°C to 

approximately  700-1100°C.  In sharp contrast to hot 

rolling where regular new grains are formed, the warm 

rolling microstructure exh ibits bigger grain sizes with 

irregular shape (Figure1a). After warm rolling the ferritic 

microstructure is part ially  recovered and some 

recrystallizat ion takes place. During warm rolling, some 

strain accumulat ion (partial recrystallization) can occur in  

the later pass due to the relat ively  low temperatures 

involved. In ferrite region the mean flow stress values 

increased more rap idly than for the austenitic hot rolling 

when deformation temperature decreased. Warm rolling 

schedule exhibited ferrite grains strongly elongated. Saw 

edges on grains (Figure1a) indicate a certain recovery of 

the ferrit ic structure during rolling. This could be 

associated to the crystallographic nature of ferrite which 

gives a higher mobility to part ial dislocations during 

deformation, mainly during the init ial rolling steps in 

ferrite where temperature is higher.  

Annealing was carried out in steps of 50 °C each 

starting from 300°C for 1 hour up to 900 °C. In order to 

correlate the effect  of annealing with Barkhausen signals, 

metallographic studies were performed by inspecting the 

surface condition of specimens under optical microscope.  

The microstructure of the specimens of the as received 

and the annealed at 800 °C are shown in  Figure 1a, and 

1b respectively. The as-received specimen consists of 

proeutectiod ferrite and some isolated colonies of pearlite 

at ferrite grain boundaries.  The microstructural banding 

is clearly revealed in the microstructure as a result of 

partial recrystallization during the last stage of the warm 

rolling process. The microstructural banding was 

observed due to insufficient deformat ion temperature 

during the last stage of warm ro lling. Figure1a shows that 
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the proeutectiod ferrite is present in the matrix mixed 

with pearlite colonies leading to microstructural banding 

following the rolling direction. Figure1b shows the grain 

growth stage in which the microstructural banding feature 

had disappeared and a homogenous microstructure with 

regular grain size dominates. 

 

 

Figure 1. Optical micrographs of the as rolled and annealed at 800
o
C 

specimens (100X). 

B. Barkhausen Noise Measurements 

The MBN measurements were conducted using 

equipment developed in the authorôs laboratory [15-18]. 

The testing procedure was developed to give a h igh 

degree of reproducibility, i.e., to produce min imum 

variations in a run of tests on the same specimen. To 

produce a constant rate of magnetic induction in the 

specimen, the U-shape electromagnetic yoke is fed by a 

triangular waveform from a b ipolar amplifier to take the 

specimen to near saturation at maximum current. A 

driving current, amplitude1 A at  a frequency of 1 Hz was 

used to produce a maximum magnetic field strength of 

4.5 kA m
ï1

. A relatively low excitation frequency is used 

to minimize eddy current opposition to the applied 

magnetic field and to ensure a relatively slow 

magnetization rate in the sample.  Barkhausen emission is 

detected by a search coil with 1000 turns of 0.01 mm 

insulated copper wire wound around a narrow plastic 

cylinder located at the magnetizing yoke. The signal is 

amplified to 40 dB in two stages. The amplified signal is 

filtered using a 1ï100 kHz band pass filter. 

MBN emission, to a first approximation, was 

correlated with the differential permeability of the 

material.  It fo llows that in a homogeneous material the 

emission is twice maximum in each hysteresis loop. The 

intensity of the MBN emission is anticipated to peak at a 

positive field with increasing energ izing current and peak 

again at a negative field as the state of magnetization of 

the sample moves around the BH loop as shown with the 

device in Figure 2a.  

 

 
Figure 2. Schematic layout of (a)the MBN measurement apparatus, and 

(b) the MBN profileôs parameters. 

An indication of the amplified and filtered output from 

the search coil is shown in Figure 3. It is convenient to 

smooth emissions to produce a measure of the amplitude 

of the envelope enclosing the signal. This was done 

numerically using a Matlab script. The signals were 

rectified by calcu lating the local root mean square using a 

running average of 25 points. Barkhausen noise profile 

analysis has been conducted using special software called 

PeakFit.  By that, the relevant MBN profile parameters 

were extracted such that, peak height (Vp), area (A), peak 

position (Ip) and profile half width (Wh) as shown in 

Figure 2b.  Such parameters were correlated with the 

annealing temperature. The experiment was conducted 

having insured that all experimental variables kept 

unchanged.  In every measurement step, careful attention 

was utilized in the detection coil reallocation at 

specimen's surface.   

III. RESULTS 

A.  Barkhausen Noise Profile Analysis 

The Barkhausen noise profile analysis has been set to 

be as a function of magnetizing current and started with 


