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In this work the eutectoidal decomposition of ferrite in 2507 type super duplex stainless steel was investigated with magnetic 

measurements. The main task was how the previous cold rolling of the duplex plate can influence the heat assisted phase decompo-

sition of ferrite phase. The obtained results can be applied in welding technology. It could give information about the critical tem-

perature at the dangerous sigma phase can appear in cold rolled samples. The rolled and heat treated samples were tested by hard-

ness tester, AC (alternating current) magnetometer and DC (direct current) coercimeter.  
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1 INTRODUCTION 
 

 

 

 

In this work the thermal induced eutectic decomposi-

tion process of ferrite (δ → σ + γ2) was studied. The spe-
cial goal of this project was studying the effect of previ-

ously applied cold working (rolling) on the rate of eutectic 

decomposition. 

Thirty-five samples of 2507 type super duplex stain-

less steel (SDSS) were cold rolled at different rates, ana-

lyzed in this state and also after the ageing for 30 minutes 

at 700, 750, 800 and 850°C temperatures. After heat 

treatment the hardness of the samples was measured by a 

Vickers hardness tester. The amount of ferromagnetic 

phase (δ-ferrite) was determined by magnetic measure-

ments. The hysteresis and normal magnetization curves 

were measured by an AC magnetometer. The exact value 

of coercivity was determined by a Foerster-type DC mag-

netometer.  
 
 

 

 

 

2 THEORY  
 

 

 

Duplex stainless steel (DSS) is a particular category of 

stainless steels characterized by a double-phase micro-

structure with about equal proportions of austenite and 

ferrite. The combination of properties, including high 

strength and excellent resistance to corrosion and chloride 

stress corrosion cracking made DSS very attractive for 

many applications. The mixed ferrite/austenite microstruc-

ture leads to different advantages if compared with the 

unique structure of the austenitic and ferritic stainless 

steels. In fact, DSS show higher toughness than most fer-

ritic grades, improved SCC (stress corrosion cracking) 

resistance than most austenitic grades, and higher strength 

than most grades of either type. [1, 2] 

Unfortunately, there are several disadvantages due to 

the metastable structure of duplex stainless steels. Unde-

sirable secondary phases can form during improper heat 

treatments in the critical temperature range 300-1000°C  

[3]. The precipitation is mainly associated with the fer-

ritic phase, due to the larger amounts of Cr and Mo and 

the lower solubility and faster diffusion of N and C within 

the BCC (body-cantered cubic) lattice than austenitic 

phase. The decomposition of ferrite leads to the formation 

of many different secondary phases, as σ-phase, χ-phase, 

carbides of M7C3 and M23C6, nitrides Cr2N and CrN, sec-

ondary austenite, R-phase, π-phase. The appearances of 

these chemical compound phases are dangerous because it 

can cause decrease the ductility dramatically. The most 

important phase transformation in duplex stainless steels 

is the eutectoidal decomposition of δ-ferrite [4]. The ki-

netics of the eutectoidal decomposition of the δ-ferrite is 

known. The chromium and molybdenum rich sigma phase 

grains appear along grain boundaries of δ-ferrite and aus-

tenite. Therefore the neighbouring δ-ferrite grains become 

poor from these components. So the stability of the δ-

ferrite decreases and it transforms to secondary austenite 

simultaneously with the appearance of sigma phase [5, 6]. 
 
 

 
 
 
 
 
 

 
 

3 EXPERIMENTS  
 
 
 
 
 

 
 
 

At the beginning of the experimental work 35 samples 

were made from the base DSS plate which had a size 

10x15x100 mm.  

A pre-experiment was prepared to determine the max-

imum rate of the possible rolling. The sample was rolled 

as long as it began to curve. Therefore the maximum de-

formation was chosen to be 60 %, so the 10 mm thick of 

the sample was reduced to 4 mm by cold rolling. Differ-

ently cold rolled sample series were prepared with 60 %, 

50%, 40%, 30%, 20%, 10% deformation and the unde-

formed, reference sample series (0 %). 5-5 samples were 

rolled in the case of every deformation extent.  After that 

1-1 samples were heat treated for 30 minutes at 700°C, 

750°C, 800°C and 850°C from every deformation extent, 

and one sample series stayed without heat treatment. 
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Fig. 1. Hardness values as a function of the heat treatment 

temperature and rolling extent 

 
 

Fig. 2. Magnetic hysteresis curves of those samples which 

were rolled at extent of 60 % 

 

After heat treatment the hardness of the samples was 

determined by a Vickers hardness tester. Figure 1 shows 

the hardness values of the samples as a function of the 

heat treatment temperature and the rolling extent. It can be 

seen that the hardness increases slightly in the case of the 

undeformed (ε = 0 %) samples as a function of the heat 

treatment temperature. The difference of the hardness val-

ues is about 40 HV between the not heat treated and at the 

850°C heat treated samples. The growth of hardness is 

more intensive in case of the rolled samples (for example 

at ε = 50 % or ε = 60 %). When the extent of the defor-

mation was 60 % the increase of the hardness was more 

than 140 HV, compared to the not heat treated sam-

ples with the 850°C heat treated samples.  

 

It can be explained by the eutectoidal decomposition 

of the δ-ferrite. In this process the δ-ferrite phase partially 

transformed into secondary austenite and sigma phase due 

to the heat treatment and the appearance of the brittle 

sigma phase causes the growth of the hardness. It can be 

seen that the increase of the hardness is significantly 

higher at 800°C and 850°C by those samples which were 

deformed at 60 % compared to the undeformed ones (ε = 0 

%). It is considered that the reason of this phenomenon is 

the deformation stored energy which is an additional driv-

ing force of the phase transformation. 

 

 
 

Fig. 3. Normal magnetisation curves of samples: (left) - not heat treated, and (right) - heat treated at 850 °C 

 

Thus, more measure of the rolling causes a higher hard-

ness rising because of the growing amount of sigma phase 

in the case of the same heat treatment temperature. It can 

be concluded that the cold rolling before heat treatment 

really speeded up the decomposition rate of the δ-ferrite.  

An AC single sheet tester type magnetic analyzer was 

applied for measuring the series of symmetrical minor 

magnetic hysteresis loops. The applied measuring yoke 

contains two symmetrical U-shaped laminated FeSi iron 

cores to close the magnetic circuit.  The excitation current 
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Fig. 4. Maximal polarization as a function of the heat 

treatment temperature 

 
 

Fig. 5. Extent of the decomposed δ-ferrite as a function of the 

heat treatment temperature 
 

 

was sinusoidal produced by a digital function generator 

and a power amplifier, used in voltage regulated, current 

generator mode. The driving coil and the pick-up coil 

were around the middle part of the specimen. The magnet-

ic tester was controlled by a computer in which a 16 bit 

input-output data acquisition card accomplished the meas-

urements. The applied maximum excitation field strength 

was 12800 A/m. In case of each samples 200 minor hyste-

resis loops were measured. Each minor hysteresis loops 

were recorded by measuring 500 points of them. The 

measurements were carried out by using sinusoidal excita-

tion at a frequency of 5 Hz.  
 

Magnetization curves were constructed from the peak 

points of the symmetrical minor loops. The set of the 

measured hysteresis and normal magnetization curves can 

be seen in Fig. 2 and Fig. 3. The aim of the AC magne-

tometer experiment was to determine the maximum polar-

ization of the samples. There is a well known direct ratio 

between the ferrite content of the samples and the meas-

ured maximum polarization [7]. 
 

Ferrite content of the original SDSS was known from 

its data sheet. Maximum polarization of the original, un-

deformed and not heat treated sample was determined by 

AC magnetometer measurement. This maximum polariza-

tion is proportional with the original δ-ferrite content. 

Therefore it was possible to deduce the δ-ferrite content of 

the heat treated and rolled specimens too.  

Figure 2 shows the higher the heat treatment tempera-

ture is, the smaller the value of the maximum polarization 

is. Figure 3(a) shows that the normal magnetisation curves 

covered each other by those samples which were not heat 

treated but were rolled. The decomposition of the δ-ferrite 

and the increase of the extent of the sigma phase didnot 

occur without heat treatment. On the other hand the previ-

ous rolling did not change the values of the maximum 

polarization. So the appearance of strain induced marten-

site phase can not be detected. The austenite of the studied 

SDSS is thermodynamically stable. 

Figure 3(b) shows that the maximum polarization de-

creased when the temperature of the heat treatment was 

850°C. The bigger the extent of the previous rolling was, 

the smaller the rise of the curves was. So the amount of 

the ferromagnetic phase reduced progressively in the de-

formed samples. It can be told those samples which were 

rolled in 50 % and 60 % were practically paramagnetic. 

The AC magnetometer measurement verified too, the big-

ger the measure of the previous deformation was, the 

more the δ-ferrite decomposed during the heat treatment. 

Figure 4 shows the maximal polarization as a function 

of the heat treatment temperature in the case of the differ-

ent rolling extents. It can be seen that the maximum polar-

ization of the undeformed samples decreased progressive-

ly from 0.31 T to 0.11 T during the heat treatment. But the 

maximum polarization reduced from 0.31 T to 0.01 T in 

case of the 60 % rolled samples. This curve fell down 

suddenly between 750°C and 800°C. So the decomposi-

tion of δ-ferrite occurred at lower temperature by the 

strongly deformed samples.  However same extent de-

composition of the δ-ferrite happened at higher tempera-

ture by the small extent rolled samples. 

The amount of the decomposed δ-ferrite as a function 

of the heat treatment temperature in the case of different 

rolling extents can be seen in Fig. 5. The ferrite content of 

the samples was determined from the maximum polariza-

tion as it was mentioned previously. It can be seen that the 

intensive decomposition of the δ-ferrite began above 

750°C. At 800°C the extent of the decomposed δ-ferrite 

was nearly equal by the less deformed samples (0, 10, 20, 

30 %). So the rate of the decomposed δ-ferrite was inde-

pendent from the extent of the rolling. But in the case of 

more deformation the higher the measure of the rolling 

was the more the decomposed δ-ferrite was. The tendency 
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is similar at 850°C and the amount of the decomposed 

ferrite was the most significant on this temperature. 

The exact value of coercive field was measured by a 

DC coercimeter. The coercive field strength (Hc) is deter-

mined by a Foerster-type DC coercimeter. It contains a 

solenoid coil in an open magnetization circuit. The meas-

ured sample is magnetized inside the coil to the saturation. 

The polarization of the sample is measured by two Fluxset 

sensors which are exactly in the middle outside of the 

coil. A reverse field is subsequently built up until the po-

larization becomes zero. In this case the reverse field 

strength is equal with the coercivity of the sample. The 

highest magnetization field strength in the applied DC 

coercimeter was 1000 A/cm which is definitely enough 

for the complete saturation of the sample. 

 

 
 

Fig. 6. Coercive field as a function of the heat treatment 

temperature 

 

Figure 6 shows the coercive field as a function of the 

heat treatment temperature. It can be seen that the value of 

the coercive field increases less in case of the undeformed 

samples than in case of the strongly rolled samples.  

There are two parts at the diagram. It is considered that 

the reason of the increasing coercive field under 750°C is 

the strain hardening. Above 750°C the coercive field in-

creases due to the appearance of the sigma phase and the 

sigma phase grains prohibits the movement of the domain 

wall movement. If the previously applied cold rolling is 

higher, larger amount of sigma phase will appear in the 

material so the coercivity increases significantly. 

 

 

 

 

 

 

SUMMARY AND CONCLUSIONS 

 

In this work the eutectic decomposition process of fer-

rite was studied in 2507 type super duplex stainless steel.  

It was found that if more rolling is used before the heat 

treatment, the amount of δ –ferrite will decrease more 

during the heat treatment process. 

The harness of the samples increased more intensively 

if the extent of the previous rolling was higher because of 

the appearance of more sigma phase nuclei.  

The results showed that the higher the extent of the 

previous rolling was, the lower the value of the maximum 

polarization was. The amount of the ferromagnetic phase 

(δ-ferrite) decreased because of the increasing previous 

deformation. The decomposition of the δ –ferrite started at 

lower temperature in the case of strongly rolled samples. 

It was found if the extent of the previous cold rolling is 

higher the value of the coercive field will increase. 

The experiment results could have an important effect 

on the welding processes. If a strongly rolled duplex plate 

is welded, the sigma phase already appears at lower tem-

perature. It could be especially important in the heat effect 

zone, where the appearance of the brittle sigma phase 

could reduce the toughness of the material. 
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