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Effect of Heat Treatments on the Microstructures
and Mechanical Properties of OCTG

Jong-Min Choi’, Sang-Woo Noh, Won-Jae Yi
Defense Agency for Technology and Quality
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Abstract This study examined the effect of heat treatment on the microstructure and mechanical properties of J55
line pipe steel. The experiments were carried out at under the following various conditions: austenization
temperature(880C, 910C, 940C), cooling methods(water quenching, oil quenching) and tempering temperature(none,
5507, 650C). The phase diagram and CCT curve were simulated based on the chemical composition of J55 steel
to predict the microstructures. In the results, Al, A3 temperature decreased. As the austenization temperature
increased, existing austenite grains grew exponentially which seriously degraded their mechanical properties. Various
microstructures, including martensite, bainite, ferrite, and pearlite, developed in accordance with the heat treatments
and were closely correlated with hardness, tensile strength and toughness. Martensite was formed after water
quenching, but bainite and ferrite appeared after oil quenching. FeC precipitation formed and coarsened during
tempering, which improved their toughness.
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Table 1. Chemical composition of J55 steel
Steel C Si Mn P S Cr Ni B Nb Ti \' Al
J55 0.234 0.16 1.42 0.0165 0.0062 0.01 0.02 0.0006 0.0135 0.0025 0.004 0.041
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Table 2. Heat treatments condition of J55 steel .
Austenization Cooling Tempering 850 | FCC_AT e
Steel
Temp. Rates Temp. % 800 . : _/g
155 & i e
880°C W.Q(107C/s) 550°C %‘ 750 BCC_A+FCCIAL / r
650C g 7004 - .’5-__: " -
750°C = - |
0.QB35Crs) 550C o 6507 ! r
650C % 600 - | BCC_A2+CEMENTIT -
750C = !
550 1 L
910 W.Q(107C/s) 550C :
et 500 c')‘ 02 o4 05 08 10
50T A MASS_PERCENT C
0.QB35C/s) 550C )
650C
750C
940 W.Q(I07C/s) 550C Fig. 1. Fe-C phase diagram(a) and simulation result of
650C J55 phase diagram(b)
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750C
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Fig. 2. Simulation result of J55 CCT Curve
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Fig. 3. OM images of prior austenite grain based on the austenization temperature
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Fig. 6. SEM images of water quenching specimens(Austenization temp., Cooling method, Tempering temp.)
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Fig. 8. SEM images of oil quenching specimens(Austenization temp., Cooling method, Tempering temp.)
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Table 3. Phase fraction of specimens under heat treatment conditions

Austenization Temp.(C)

Cooling Tempering
Methods Temp.(C) 880 910 940
W.Q
none 98%M+2%F 98%M+2%F M
550 90%TM+10%F 96%TM+4%F 99%TM+1%F
650 88%TM+12%F 93%TM+7%F 93%TM+7%F
0.Q
none 94%B+6%F B B
550 92%B+8%F 98%B+2%F 99%B+1%F
650 94%B+6%F 89%B+11%F 95%B+5%F
Table 4. Hardness of specimens under heat treatment conditions (Hv)
Cooling Tempering Austenization Temp.(C)
Methods Temp.(T) 880 910 940
w.Q
none 506+12 504+6 499+13
550 28346 268+8 24549
650 24247 236+5 210+7
0.Q
none 282+12 292+15 208+14
550 180+8 1836 18247
650 172+7 169+9 169+2
Table 5. Tensile strength of specimens under heat treatment conditions (MPa)
Cooling Tempering Austenization Temp.(C)
Methods Temp.(C) 880 910 940
W.Q
none 506+12 504+6 499+13
550 28316 268+8 24549
650 24247 236+5 210+7
0.Q
none 282+12 292+15 208+14
550 180+8 1836 182+7
650 172+7 169+9 169+2
Table 6. Elongation of specimens under heat treatment conditions (%)
Cooling Tempering Austenization Temp.(C)
Methods Temp.(C) 880 910 940
w.Q
none 506+12 504+6 499+13
550 28346 268+8 24549
650 24247 236+5 210+7
0.Q
none 282412 292+15 298+14
550 180+8 1836 182+7
650 172+7 169+9 169+2
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Fig. 9. Martensite(left) and bainite(right) under heat treatment condition(Austenization temp., Cooling method, Tempering

temp.)
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