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Lowering of the Yield Ratio in Solution Hardened Interstitial-free Steel
by Employing Transformation Microstructure

Kei Sakata, Kaneharu Oxupa, Kazuhivo Sero and Takashi Osara

Synopsis :

The employment of the transformation structure by the (a+ ) intercritical annealing was investigated for achieving

advantageous decrement of yield ratio (yield strength / tensile strength) in TS 440MPa grade extra low carbon IF steel
with the solution hardening by preferential P addition. The transformed microstructure obtained from dual phase
annealing induced remarkable low yield ratio even in the high P-added steel (0.10%P-1.5%Mn-05%Si). This
phenomena, associated with decrease of yield point elongation of as-annealed steel is attributable to the formation of
the low temperature transformed phase, which is classified as the granular bainitic ferrite (ag) or bainitic ferrite (a§)
with high dislocation density. It can induce the much movable dislocation in ferrite matrix around the second phase.
Low yield ratio was obtained even in the high Mn steel (0.04%P-2.2%Mn-0.4%Si). However, progress of y transfor-
mation exhibited considerable increase of both yield and tensile strengths predominantly, which is caused by extremely
high distribution of Mn in y phase. Addition of B also affects the yielding behavior in the intercritically annealed steel.
This can be explained by the contribution of B addition on the Mneg. formula.
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Table 1. Chemical composition of the steels used in
this study. (wt%)

Steel C Si Mn P Ti B
1 0.0021 049 149 009 0.040 0.0015
2 0.0019 051 1.83 0.050 0.037 0.0016
3 00025 033 215 0.041 0.031 0.0014
4 00030 030 220 0.035 0.077 <0.0002
5 0.0019 030 223 0.030 0.029 <0.0002
Others: Al=0.025-0.031%, S=0.003-0.004%,
N=0.0019-0.0025%, Nb=0.005-0.012%
Hot Cold Continuous Temper
rolling rolling [Tannealing [*] rolling
FT=880~890°C  0.8mm thick 810-920C elongation
25—4mm thick Reduction: 80%  for 40sec )

Fig. 1. Experimental procedures.
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Table 2. Tensile properties of the Steelsc 1-3 an-
nealed at the ferrite region. Holding time :

40s.
Steel Ann. T/C YS'/MPa YS/MPa TS/MPa YR
1 870 351 307 462 0.66
2 850 260 254 425 0.60
3 830 245 261 429 0.61

YS: Yield strength after temper rolling

YS": Yield strength without temper rolling

YR: Yield ratio (=YS/TS)

Ann. T: Annealing temperature in the ferrite region

Steel 1:0.10%P-1.5%Mn-0.5%Si
Steel 2: 0.05%P-1.8%Mn-0.5%Si
Steel 3: 0.04%P-2.2%Mn-0.3%Si
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Annealing temperature / C

Fig. 2. Effect of alloying elements and annealing temperature on tensile properties. YS and TS of figures (a) and
(b) are subjected to 0.5% temper rolling treatment. The numbers shown in the figure (b) indicate yield
ratio (YR). YPEI in the figure (c) is yield point elongation; YS’ shown in (d) indicates the yield strength
prior to temper rolling. The () mark in the figure indicates the A, transformation point.
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Fig. 3. Cross-sectional microstructure of the Steels 1 and 3 shown in the figures (a) and (b), respectively.
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Fig. 4. Transmission electron micrograph of the
Steel 1 annealed at 830°C for 40s.(0.10%P-1.5
%Mn-0.5%51)
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Fig. 5. Change of y volume fraction during inter-
critical annealing
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Fig. 6. CCT diagram of the Steel 1.
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Fig. 7. Effect of Ti and B addition on tensile prop-
erty of 0.04%P-2.2%Mn-0.3%Si steel.
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Fig. 8. Change of @ and y phase during intercritical annealing in (a) Steel 1, (b) Steel 3 and (c) 0.05%P-1.0%
Mn-1.0%Si steel, respectively. For the calculation, the Thermo-Calc technique is applied.
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Fig. 9. Change of mass fraction of the solution hardening alloying element during intercritical annealing in (a)
Steel 1, (b) Steel 3 and (c) 0.05%P-1.0%Mn-1.0%Si steel, respectively. The Thermo-Calc technique is

also applied.
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