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1- Introduction

Ferritic-Martensitic dual-phase steels are widely used in
car manufacturing industries because of the attractive
mechanical properties such as significant tensile strength
and good formability. It is clear that the mechanical
properties of these steels are dependent on the
microstructural characteristics like the fraction of
different phases and the dislocation density of each phase
that are both affected by the thermomechanical history.
One of the main thermomechanical treatments applied on
the mentioned steel to form the dual phase microstructure
is inter-critical annealing (I1A) and subsequent quenching.
The aim of the current work is to investigate the effect of
the IA temperature of the JIS-SAPH440 steel on its tensile
characteristics like the tensile strength and the strain rate
sensitivity of flow stress (SRS).

2- Materials and Methods

JIS-SPAH440 steel is received in form of a cold-rolled
sheet and after cutting, it is subjected to normalizing at
900 °C for 20 min. Then, the normalized pieces are
subjected to IA at different temperatures of 750 °C, 770
°C, and 790 °C. Afterwards, the tension test at room
temperature is applied using two different strain rates.
Also, the microstructure evolution of different pieces is
studied using optical microscopy, scanning electron
microscopy (SEM), and X-ray diffraction examination.
The Williamson-Hall method is applied to evaluate the
dislocation density (p) of the ferrite phase of specimens.

3- Results and Discussion

As shown in Fig. 1, the increase of the 1A temperature
from 750 °C to 790 °C causes an increase of the martensite
fraction from 31% to 45%. This increase of the annealing
temperature also increases the dislocation density of the
ferrite phase from 5x10% to 1.54x10%, As shown in Fig.
2, the alloy tensile strength increases while its SRS
decreases as results of the applied increase of the
annealing temperature. Table 1 compares the results of the
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tension test and microstructural studies of different
specimens.

Considering the microstructure of the specimens, one can
propose a mixture rule to model the strength of the
specimens as below:

or = fror + fuon 1)
The strength of martesite (o,,) can be evaluated using its
hardness while the strength of ferrite (or) can be
evaluated considering its dislocation density as below:

Op = aGb\/Z 2)
Results of this model and the experimental strength of the
specimens are compared in Table 2. Also, the decrease of
the SRS is attributed to the increase of the dislocation
density of the specimens which increase the number of
mobile dislocations.

4- Conclusions

The increase of the 1A temperature of the JIS-SAPH440
increases its strength. This effect is attributed to the
increase of the martensite fraction and the dislocation
density of the ferrite phase in the alloy. The increase of
the 1A temperature also decreases the SRS of the alloy
attributed to the increase of the dislocation density of the
ferrite.

Table 1. Comparison of a microstructural characteristics
and mechanical properties of the normalized and the inter-
critically annealed specimens.
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Normalized 0 8.87E14 0 0.0084

750 31 5E15 336 0.017
770 38 9.61E15 337 0.0026
790 45 1.54E16 347 0.00037
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Table 2. Comparison of the tensile strength evaluated using Eqgs. 1-2 with the tension test results.
All strength are in MPa

IA Temperature | Martensite Ferrite Evaluated Tensile Experimental
(°C) Strength Strength Strength Tensile Strength
750 1164 645 806 803
770 1168 919 1010 973
790 1211 1160 1180 1088
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Figure. 2 Tension test results of (a) normalized and intercritically annealed at (b) 750 °C, (c) 770 °C and (d) 790 °C
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Effect of Inter-critical Annealing Temperature on the Tensile Behavior of JIS-SAPH440 Steel*

Mehran Salehifar Mohammad Hassan Farshidi Mohammad Mazinani

Abstract Ferritic-Martensitic dual-phase steels are widely used in car manufacturing industries because of their attractive mechanical
properties like significant tensile strength and good formability. It is clear that the mechanical properties of these steels are dependent
on their microstructural characteristics like the fraction of different phases and the dislocation density of each phase, and these
characteristics are affected by the thermomechanical history. The aim of this work is to investigate the effect of the microstructure of
the Ferritic-Martensitic SAPH440 steel on its tensile behavior like the tensile strength and the strain rate sensitivity of flow stress. For
this purpose, the steel is subjected to inter-critical annealing at different temperatures between 750 °C to 790 °C and then, it is subjected
to the tension test at room temperature using two different strain rates. Also, the microstructure evolutions of this steel are studied using
optical microscopy, scanning electron microscopy, and X-ray diffraction. Results show that the increase of the intercritical annealing
temperature from 750 °C to 790 °C causes an increase of the martensite fraction from 31% to 45% and the increase of dislocation
density of ferrite from 5x10% to 1.54x10%6, These variations cause the increase of the tensile strength from 800 MPa to 1100 MPa
while the strain rate sensitivity of the flow stress decreases to a negligible amount.

Keywords: Dual-phase steel, Ferritic-Martensitic, Tensile behavior, Dislocation density, Martensite fraction.
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