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Development of Continuous Casting Round Billet for P92
Heat—-resistant Steel for Ultra—supercritical Boiler Tubes

Yang Zhiqgiang, Gong Zhixiang, Wang Kaizhong, Hu Fangzhong, Chen Enxin
(Special Steel Company of Ma’anshan Iron and Steel Co., Ltd., Ma’anshan 243000, China)

Abstract: The production process of P92 heat-resistant steel continuous casting billets ($380 mm-¢1 000 mm) for ultra-
supercritical boiler tubes was introduced by Special Steel Company of Ma’anshan Iron and Steel, the process involved elec-
tric furnace/converter steelmaking — LF refining — RH vacuum degassing — CCM continuous casting. By adopting pro-
cesses such as charging refined materials in the furnace, full-process foam slag operation in electric arc furnaces, EBT al-
loying during steel tapping, white slag operations during refining, electromagnetic stirring in three stages of continuous
casting, and full-process protective pouring, w[Cr] was kept at <8.75%, w[Ni] at 20.20%, and w[N] at =0. 050%.
This effectively controlled high-temperature ferrite. By controlling the white slag time to be =20 min, the w[T. 0] <
0. 003 0% of the billet is maintained, with low levels of various microstructure defects and center cracks in the continuous
casting billet being <2. 0 grade. The final ultra-supercritical boiler tubes exhibited high purity, with A, B, C, D, coarse
series inclusions at level <1.0, and A, B, C, D fine series and DS inclusions at level <1. 5. Using a $500 mm P92 con-
tinuous casting billet, after oblique rolling into tube and heat treatment at 1 040 “C normalizing + 760 ‘C tempering, the
steel tube demonstrated room temperature tensile strength =730 MPa, high-temperature tensile strength at 625 °‘C =280
MPa, yield strength >260 MPa, and an extrapolated value of 100 000 hour creep strength of 96.9 MPa (110 MPa for
25200 hours without failure) , meeting the metallurgical quality requirements of manufacturers producing ultra-
supercritical boiler tubes.

Key Words: Electric Furnace Process; P92 Heat-resistant Steel; Continuous Casting Round Billet; Inclusions; Macro-
structure
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Table 1 Common boiler tube usage condition
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Table 2 Main equipment parameters for continuous cast-
ing round billet production
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Fig. 1 P92 continuous casting round billet production process
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Table 3 Standard requirements for chemical composition of P92 steel %
C Si Mn P S Cr Mo B
0.07~0.13 <0.50 0.30~0.60 <0.020 <0.010 8.50~9.50 0.30~0.60 0.001~0.006
v Nb Ni Al W N N/AL T.0
0.15~0.25 0.06~0.09 <0.40 <0.020 1.50~2.0 0.030~0.070 >4 <0.004 0
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Fig. 2 Diagram of P92 composition and microstructure
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Table 4 Electromagnetic stirring test results of P92 steel
with a diameter of 1 000 mm

S S
grEas —aapr oo VB QU9 A%

— i i i 1 25 25
- i G G 2 1.5 0.5
= i h ER 3 3.0 1.9
80t
70}
¥
18 60
=
L=
= 50
40}

0 1 L 1 1 L 1 1L 1 1L
500 600 700 800 900 1000 1100 1200 1300
R EE/C

K3 PO2HYYAMES IRLEE A G AR £k
Fig. 3 Relationship between plasticity and temperature of P92

steel
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Fig. 5 Macrostructure morphology of P92 with a ¢1 000 mm
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Table 5 Macrostructure rating results of ¢1 000 mm P92
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Table 6 P92 steel pipe inclusion rating results 2§
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Table 7 Mechanical properties of P92 steel pipe (outer di-
ameter ¢508 mm, wall thickness 60 mm) at room tempera-

ture
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730 586 32 75 155
730 584 31 75 146
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Table 8 Mechanical properties of P92 steel pipe at high
temperature

IR iR JEIReR WSS BT e R
EC FE/MPa  J&/MPa R/% RI%  FrifE/MPa
349 322 30 87
575 -
348 322 30 88
312 291 30 90
600 >251
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286 272 32 92
625 -
278 263 32 92
245 225 32 93
650 -
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Table 9 High temperature endurance performance of P92
steel pipe
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6 PO THOLZI ]
Fig. 6 Microstructure of P92 steel
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