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Effects of Quenching and Tempering Process on Yield to
Tensile Strength Ratio of S770QL High
Strength Seamless Tube

Du Kun'?, Fei Xingang'*, Ma Jinhui"*, Pan Xianming'?*, Li Fuhua'’
(1 Daye Special Steel Co.,Ltd., Huangshi 435001, China;2 Hubei Provincial Key Laboratory of
High—quality Special Steel, Huangshi 435001, China)

Abstract: The yield to tensile strength ratio is the important performance index of seamless steel tube for high strength
structures. Studied the change law of mechanical properties of S770QL steel (mass fraction) /%: 0. 15C,0. 28Si, 1. 30Mn,
0. 009P, 0. 003S, 0. 20Cr, 0. 02Ni, 0. 47Mo, 0. 025A1, 0. 08V, after different quenching and tempering processes above
Ac;, and and the microstructure was analysed. The results show that after the quenching temperature of the steel pipe from
880 “C to 940 “C, the grain size of austenite grain is relatively small, not exceeding 20 pum , and all the microstructure are
transformed into martensite. With the increase of the quenching temperature, the average grain size of austenite gradually
increases. Under the condition of the same tempering process, the bending strength ratio decreases with the increase of the
quenching temperature. After high temperature tempering, all the microstrucute are transformed into tempering chordite.
With the increase of tempering temperature , under the combined action of precipitation enhancement and fine crystal rein-
forcement, the bending strength ratio increases first, and decreases again after the tempering temperature exceeds 660 C.
In comprehensive consideration, 920 “C 60 min quenching (water cooling) + 600 °C -630 ‘C 120 min tempering (air cool-
ing) process is adopted, and the yield strength ratio of steel pipe can be maintained between 0. 89 and 0. 90, and the com-
prehensive performance is optimal.
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Table 1 Chemical composition of tested steel S770QL
high strength seamless tube %
C Si Mn P S Cr Ni Mo Al \4
0.15 0.28 1.30 0.009 0.003 0.20 0.02 0.47 0.025 0.08
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Table 2 Experiment technology and number specification of S770QL high strength seamless tube

ST 880 “Cx60 min VK

900 °Cx60 min 7k

920 “Cx60 min 4K 940 “Cx60 min Ak

(K¥%) (7K¥) (7K¥%) (K¥%)
600 “Cx120 min [1] K (Z575) al bl cl d1
630 °Cx120 min [k (75¥4) a2 b2 c2 d2
660 “Cx120 min [A] K (Z574) a3 b3 c3 d3
690 ‘Cx120 min [A] K (25¥%) a4 b4 c4 d4
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Fig. 1 Tensile property of S770QL high strength seamless tube under different experiment technology : (a) experiment technology al—

a4, (b)experiment technology h1-b4, (c)experiment technology c1-c4, (d)experiment technology d1-d4
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Fig. 2 Yield to tensile strength ratio and —40 °C low temperature impact property of S770QL high strength seamless tube under differ-

ent experiment technology : (a)yield to tensile strength ratio, (b)—-40 °C low temperature impact
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Table 3 Average grain size of austenite under different
quenching temperatures
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Fig. 3 SEM diagram of 9770QL hlgh %trenvth %eamles% steel pipe after water quenching at different temperatures for 60 min : (a)
880 °C, (b)900 °C, (¢)920 °C, (d)940 °C
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Fig. 4 Microstructure of S770QL high strength seamless tube tempered at different tempering temperatures : (a)600 ‘C, (h)630 °C,

(¢)660 °C, (d)690 C
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Fig. 5 SEM photos of S770QL high strength seamless tube tempered at different tempering temperatures : (a)600 °C, (b)630 °C, (c)

660 °C, (d)690 °C
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