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Effect of Controlled Rolling and Cooling Process on Microstructure
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Abstract According to the applied characteristics of X70 pipeline steel with hydrogen sulfide corrosion resistance,
the technical ideas of low carbon, ultra-low sulfur, ultra-low phosphorus and controlled Mn content are used to control the
number and shape of MnS inclusions, as well as dendritic segregation and center segregation of casting blank. Through con-
trolled rolling and cooling experiment in laboratory, the effects of various finishing temperatures and final cooling tempera-
tures on the microstructure and performance are analyzed. The experiment results show that, with finishing rolling at 820 °C
or 840 °C, the microstructure of quasi-polygonal ferrite + granular bainite can be obtained, with the decrease of finishing
temperature, grain size decreases; with the decrease of coiling temperature, the content of granular bainite increases.
Based on the experiment results, the industrial production plan is determined, and the trial production has been completed.
The experiment results show that, with finishing rolling at 820 °C and coiling at 400 °C, the product with microstructure of
quasi-polygonal ferrite + granular bainite can be obtained, it shows excellent comprehensive performance, the anti-HIC
sensitivity is 0, and the anti-SSCC performance is not invalid.
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Table 1 Chemical composition of test steel /%

C Si Mn P S Me Nb Ti C Ni Cu

0.03 0.24 1.30 = = 0.18 0.05 0.02 0.22 0.21 0.23

0.005 0.002
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Table 2 Experiment plan
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B 1 X70 B NAELIR B 840 C/K¥SZE 400 °C 1 h(a),450 °C 1 h(b) #1500 C 1 h(c) A MALTEH
Fig.1 Morphology of structure of X70 pipeline steel finishing rolling temperature at 840 °C, water cooling to 400 °C for 1 h (a),

450 °C for 1 h (b) and 500 °C for 1 h (c) ,furnace cooling
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Fig.2 Morphology of structure (a, ) (b,) and (c,) and M-A island (a,),(b,) and (c,) of X70 pipeline steel finishing rolling temper-

ature at 820 °C ,water cooling t0400 °C 1 h (a,)(a,) and 500 °C 1 h (b, ) (b,) furnace cooling, and water cooling to 400 C air cooling
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Table 3 Mechanical performance of steel X70
R/ RELBE/ KRBREE/ Re.s/ R,/ Ase/ _
%%‘ oC oC ‘C ﬁﬁﬁiﬁ MPa MPa % Egﬁtt 20 OC AKV/J
1 1200 840 400 503 573 25.5 0.88 283
2 1200 840 450 HRE1 hFEPLRAER 491 552 24.0 0.89 303
3 1200 840 500 476 542 30.0 0.88 190
4 1200 820 400 N 521 581 23.0 0.90 304
5 1 200 820 500 R 1 b EAREER 502 578 23.5 0.87 298
6 1200 820 400 = 481 546 27.5 0.88 261
RETER 485 ~635 570~760 =23.0 =<0.93 -20°C,=220])
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Table 4 Chemical composition of industrial trial steel X70/ %

C Si Mn S P Mo

Nb Ti Als Cr Ni Cu

0.020 ~0.050 0.10~0.30 1.00~1.50 <0.001 <0.010 0.10~0.30 0.030~0.065 0.01 ~0.02 0.02~0.05 0.10~0.50 0.10~0.50 0.10 ~0.50
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Table 5 Rolling process of industrial production of steel X70

MPGRE, AR KRR/ WHRE/ BEREE/
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Table 6 Mechanical performance of commercial pilot
X70MS steel

BB Rgs/ R,/ Asp/ Ros/ -20°C -20C DWIT 180°,
%S MPa MPa % R, Ax/] HYIER% d=2a

1* 547 611 36.0 0.90 290.3 98.5 —
2* 555 616 39.0 0.90 307.7 100.0
3* 578 653 41.2 0.89 315.0 100.0 &

4" 522 596 38.8 0.88 300.7 98.0

5* 540 598 39.6 0.90 305.7 100.0

6" 545 613 30.0 0.89 320.3 100.0

7" 550 616 36.0 0.89 304.7 99.0

8% 568 615 38.0 0.92 321.3 100.0
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Fig.3 Microsturcture morphology of typical commercial pilot X70MS steel: (a) optical, (b) SEM, (¢) M/A island
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