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Microstructures and Mechanical Properties of
API J55 steel with Heat treatment conditions
and Alloying elements(B, Ti)
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Abstract This study examined the effect of the heat treatment and alloying elements (B, Ti) on the microstructures
and mechanical properties of API J55 steel. The experiments were carried out using various austenization temperatures
(880C, 910C, 9407), cooling methods (water quenching, oil quenching) and tempering temperatures (none, 550C,
650C) with J55 and J55+B,Ti steels. The phase diagram and CCT curve were simulated based on the chemical
compositions of the J55 and J55+B,Ti steels to predict the microstructures. The results showed that the Al and A3
temperatures decreased and, as a result, the noses of the ferrite and bainite parts of the CCT curve moved to the
right. Various microstructures were formed, namely martensite, bainite, ferrite and pearlite, in accordance with the heat
treatment, which had an effect on the hardness, tensile strength and toughness. Martensite was formed after water
quenching, but bainite and ferrite appeared after oil quenching with the J55 specimens. On the other hand, martensite
was formed, regardless of the cooling method (water quenching, oil quenching), with the J55+B,Ti specimens, because
of the improvement of the hardenability caused by the addition of boron. Therefore, the J55+B,Ti specimens exhibited
much higher mechanical properties than the J55 specimens, even after the tempering treatment, since the addition of
Ti caused fine precipitates to be formed, which inhibited grain growth at the recrystallization temperature.
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Table 1. Chemical composition of J55 steel
Steel C Si Mn P S Cr Ni B Nb Ti A% Al
55 0234 016 142 00165 0.0062  0.01 0.02  0.0006 0.0135 0.0025 0.004  0.041
J55+B, Ti 0.248 0.18 1.4 0.0146  0.0022  0.02 0.01  0.0018 0009 0024 0005 0033
Table 2. Heat treatments condition of J55 steel 22 Holst A|23|0|M
Austenization Cooling Tempering
Tomp, Rates Temp. JEAol e S8l Qelsh AHE xmowel
3L aﬂ 2 0]83
0T Woa0TCH) p— Thermal Calc 2} CCT Z 2129l Jmat Pro & ©]-&3}
550C %At Thermal Cale EZZIIZTYA] J55 A9 A2
650°C
00650 P C(0.23wt%), Si(0.16wt%), Mn(1.35wt%), P(0.014wt%),
550C S(0.015wt%), Ti(0.003wt%), B(0.0006wt%) ©]T}. J.mat
650C T Al Al Z A0 =0
910 W.Q(107C/s) one Pro ——EJEH o ] ]1_’] o ‘149} S O}ﬂ] 0}')«)\~
550C H O AHUelE A% 910C, 2AHA7] 10.5m =}
6501 1 7 Fol] AslEkel
0.Q(35Cls) none AL 718 spell ekl
550°C
650C 23 gEAl;—‘I
940 W.Q(107C/s) none ’
550°C Aol M BEFS ¢7] HE nfola R HjA~
650 LA 7 2 0]-8-3] =251
00G5TH — 18 71(HM-100, Mitutoyo)E ©]-83Fo] 43} Th
550C A% AL 8ks 0.5kgf, sk F-HAIRE 1059 2312
650°C
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Fig. 1. Fe-C phase diagram(a) and simulation result of
J55 phase diagram(b)
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Fig. 2. Simulation results of J55 steel CCT curve with
and without B, Ti
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Fig. 4. OM images of water quenched J55+B,Ti steel specunen51(Austemzat10n temp., Cooling method, Tempering temp.)
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Fig. 6. OM images of oil quenched J55+B,Ti steel specimens(Austenization temp., Cooling method, Tempering temp.)
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Table 3. Phase fraction and Tensile strength of J55 and J55+B,Ti specimens under heat treatment conditions (%)

Austenization Cooling Tempering Phase fraction Tensile strength(MPa)
Temp.(C) Methods Temp.(C) J55 J55+B,Ti J55 J55+B,Ti
880
w.Q
none 98%M+2%F M 1566 1716
550 90%TM+10%F ™ 848 850
650 88%TM+12%F 99%TM+1%F 730 773
0.Q
none 94%B+6%F M 1430 1430
550 92%B+8%F ™ 676 900
650 94%B+6%F 98%TM+2%F 627 776
910
w.Q
none 98%M+2%F M 1625 1678
550 96%TM+4%F ™ 598 858
650 93%TM+7%F ™ 716 792
0.Q
none B M 1418 1413
550 98%B+2%F ™ 522 876
650 89%B+11%F ™ 484 752
940
w.Q
none M M 1589 1658
550 99%TM+1%F ™ 555 880
650 93%TM+7%F ™ 563 739
0.Q
none B M 1411 1364
550 99%B+1%F ™ 489 876
650 95%B+5%F ™ 482 759
*M: Martensite, TM: Tempered Martensite, B: Bainite, F: Ferrite
A7l W2 A3l A T3 AlEYe)A dEryg omg o AHUolE 24& vAsH 2dsks Aol F
A A AL & 5 vk Do Bof Aol asth Tiel MR Q18] ISSHBTIAAL MAE 9
B #rshd Ashsol A FdE o] Martensite22]  HUOE A& AAFst] QxHUolE A ewrt F
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Table 4. Hardness and elongation of J55 and J55+B,Ti specimens under heat treatment conditions (%)

Austenization Cooling Tempering Hardness(Hv) Elongation(%)
Temp.(C) Methods Temp.(C) 155 J55+B,Ti 155 J55+B,Ti
880
w.Q
none 506+12 52543 5.55 10.14
550 283+6 304+2 13.65 13.66
650 242+7 265+2 16.23 14.34
0.Q
none 282+12 480+2 5.61 7.36
550 180+8 293+£3 13.34 13.51
650 1727 2664 15.78 16.30
910
W.Q
none 504+6 505+10 5.09 8.59
550 268+8 285+5 15.39 13.10
650 236£5 260+3 14.74 14.23
0.Q
none 292+15 462+6 6.11 9.09
550 183+6 289+4 15.14 14.68
650 169+9 25942 22.98 15.71
940
W.Q
none 499+£13 494+7 8.86 6.69
550 245+9 276+2 15.15 12.86
650 210£7 2604 15.75 15.59
0.Q
none 298+14 45248 5.14 3.95
550 182+7 281+4 16.99 13.45
650 169+2 268+5 20.95 15.61
4. A= AlgE e 2Ll E AR HE FAIske] |l A o]
FAE e /AH 44e et
B ATelM= 1557] 71A1A B4l vAl= B, Ti
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