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Effect of Nonmetallic Inclusion on Impact Toughness of
High Strength Oil Casing

Deng Xuyan, Wang Juchao, Zhang Lingtong, Wang Shuling
(Dalipal Pipe Company, Cangzhou 061000, China)

Abstract: The number, size, chemical composition and morphology of inclusions in continuous casting billet samples
were analyzed using SEM and bulk sample electrolysis for high strength OCTG steel. The results show that the micro inclu-
sions and large inclusions in the continuous casting billets are significantly higher than the stable casting state in the bigin-
ning casting stage of the tundish. T. O content in the billet is less than 10x10°, and the macro inclusion content in the bil-
let is less than 1.5 mg/10 kg in the stable casting stage. The seamless steel pipes produced from round billets at casting
start stage exhibit significant fluctuations in impact energy, with the maximum impact energy being 1. 4 times the mini-
mum. The impact energy decreases as the T. O content in the steel increases. Samples with lower impact energy show a
higher area fraction of inclusions, the inclusion area fraction in the 37 J sample is 2. 1 times that of the 53 J sample. Non-
metallic inclusions in the steel are the primary cause of the impact energy fluctuations.
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Table 1 Chemical composition requirement of 140V high strength steel %
C Si Mn P Cr Mo Al Nb+V+Ti
0.24~0.28 0.25~0.40 0.90~1.10 <0.010 <0.001 0.90~1.10 0.30~0.60 0.02~0.05 bty
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Fig. 2 Typical inclusion morphology and EDS mapping in the 140V high—strength steel continuous casting billets
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Fig. 3 Macro inclusion variation of 140V steel in the process of

casting
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Table 2 Inclusion composition at the detection points in Fig. 4 %
il s Mg Al Si S Ca Mn Cr K
1 3.77 35.39 1.61 1.33 52.07 - 5.83 -
2 14.45 30.25 26.00 - 22.27 - - 7.04
3 4.71 22.79 13.75 - 47.09 - 8.09 3.61
4 3.86 14.73 26.00 - 17.45 33.15 - 4.81
5 2.86 40.53 4.50 - 42.66 - 9.40 -
6 5.40 47.61 - - 44.10 2.96 - -
7 4.32 40.96 3.76 - 50.96 - - -
8 5.50 29.48 - - 32.78 32.26 - -
9 - 3291 - - 22.26 44.73 - -
10 19.22 36.00 - 6.91 38.37 - - -
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Fig. 5 Distribution figure of mechanical properties of 140V steel : (a)yield strengthen, (b)tensile strengthen, (¢)impact toughness
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Fig. 7 Microscopic morphology of impact test specimen fracture of 140V steel : (a)sample L, (b)sample M, (¢)sample H
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Table 3 Inclusion composition at the detection points in

Fig. 7 %
.

%‘f‘“ Mg Al Si S Ca  Ma Cr K
1 1977 4253 0.68 1735 1520 365 082 -
2 630 2519 - 2826 3178 435 - 413
3 642 2977 044 27.16 2988 295 186 1.52
4 146 1317 146 2721 4943 251 475 -
5 1870 5447 139 1073 1417 053 - -
6 639 4580 - 682 4099 - - -
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Fig. 8 Area fraction of inclusions in the impact testing speci-
mens of 140V steel
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Fig. 9 Number density of inclusions in the impact testing

specimens of 140V steel
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