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Development of TP310HCDbN Seamless Pipe of TISCO for
Ultra-Supercritical Power Plant Boiler

FANG Xu-dong'?, HAN Pei-de'
(1. Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030003, Shanxi, China;
2. Technology Center, Shanxi Taiyuan Stainless Steel Co. , Ltd. , Taiyuan 030003, Shanxi ,China)

Abstract: According to the characteristics of the environment for the use of ultra-supercritical thermal power units
key stainless steel, the principle of the TISCO heat-resistant steel TP310HCbN design, strengthening mechanisms,
technical measures and the production process was set forth. The microstructure, weld and precipitates were re-
searched by using TEM and EDS analysis test, and the conventional mechanical properties, high-temperature tensile
properties and creep and rupture mechanical were investigated. The development of TP310HCbN heat-resistant
seamless steel pipe has uniform organization and comprehensive performance, and the products has entered the stage
of mass production.
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1 TP310HCbN ( )
Table 1 Chemical composition and control level for TP310HCbN seamless pipe of TISCO %
C Si Mn P S Ni Cr Nb N
0.04~0.1 <0.75 <2.00 <20. 030 <0.03 17.0~23 24~26 0.2~0.6 0.15~0.35
0.073 0.58 1.35 0.023 0.003 19.78 25.13 0.49 0.27
0.047 0.31 0. 96 0.021 0.001 19.12 24.48 0. 30 0.23
0. 054 0. 38 1.15 0.021 0.001 19. 41 24.90 0. 36 0.23
2 TP310HCbN ( )
Table 2 Compositions harmful element and residual elements for TP310HCbN seamless pipe of TISCO
/% /%
/mm - ;
Pb Sn As Sb Bi A% Ti
$#57 X 8 <20.0010 0.0020 <20.0010 <20.0010 <20.0010
$60 X5 0.0020 0.0020 <20.0010 <20.0010 <£0.0010
#57 X8 0.0020 0.0010 0.0040 0.0020 0.0010 0.03 0.02
$44.5X8.5 0.0030 0.0010 0.0010 0.0010 0.0010
$60 X5 0.0018 0.0036 0.0025 0.0091 0.0023
C.Cr.Ni,N,Nb )
, o 3,
2.1.2 : TP310HCbN
GB/T 10561 , TP310HCbN GB5310 ASMESA-213M
3 TP310HCbN
Table 3 Measured inclusion for TP310HCbN seamless pipe of TISCO
A B C D DS
$#57 mm X 8 mm 0 0 1.5 0 0 0.5 1.5 0.5 0
$60 mm X 5 mm 0 0 0.5 0 0 0.5 0.5 0 0
$578 mm 0 0 1.5 0 0 0 1.0 0 0
#44. 5mm X 8. 5 mm 0 0 0 0 0 0 1.0 0 0
$#60 mm X 5 mm 0 0 0 0 0 0 0.5 0 0
<2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5
GB5310
A.B.C.D 6.5,A.B.C.D 6.5

. TP310HCbHN

2.2

GB/T 13298 GB/T 6394 .
TP310HCbHN

s R 5~
6 , GB5310  ASME SA-213M
C D,

2.3
2.3.1 .

GB/T 228 GB 231.1 ’ Fig.1 Crystal grain size for TP310HCbN
TP310HCbN

seamless pipe of TISCO
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) 4, s ASTM A213/A213M
TP310HCbN GB 5310, o

4 TP310HCbN
Table 3 Mechanical behavior under room temperature and hardness tested for TP310HCbN seamless pipe of TISCO

Ry.2/MPa R../MPa A%
$57 mm X 8 mm 380/370 745/750 45.5/45.5 172/172/174HBW
$60 mm X 5 mm 415/420 810/805 44.0/45.5 177/175/177THBW
$57 mm X 8 mm 140/425 745/750 54/52 95/96 HRB
$44. 5mm X 8. 5 mm 510/515 770/780 44.5/44.0 204HBW
#60 mm X5 mm 515/505 810/810 47.0/39.0 187/187/180HBW
ASTM A213/A213M =295 =655 =30 <100HRB, 256 HBW
GB5310 =295 =655 =30 <100HRB, 256 HBW
2.3.2 5 TP310HCbHN
GBA4338 . TP310HChN 700°C
, 2, Table 5 Endurance life test for TP310HCbN seamless
, TP310HCHN pipe of TISCO at 700 ‘C
GB5310 . / / / /
mm mm MPa N /h
800 70 501 2.56 5.03 240 3090 101
700F e Lt 660 mm-S mm R, {65 502 2.62 5.0 220 2899 116
600k "'4-. S c-fm,,_ fn’ﬁmnmmﬁmﬂ 460 503 2. 60 5. 04 200 2620 219
lmw*mm S A, e i 504 2. 64 5. 04 180 2395 490
& 3 W “‘fﬁ*{‘m “'“"'”‘k > % 505 2.64  5.04 160 2128 825
54”0” B TH - ;‘;I'a;d’;?mm G 7Oy 506 2.62 5.03 140 1845 2370
¥ 300k by e ot A "‘\m,l_g& &60 mm=smm 4 445 £ 507 2.66 5.04 120 1608 3908
200F .'{ . a0 509 2.63 5.03 110 1455 6576
100k A 135 508 2.61 5.04 95 1249 11160
uw,wmm EmmA
b 130
0 T00 200 300 300 500 600 700 800
i B/
2 TP310HCbN

Fig.2 Tensile property under high temperature for for
TP310HCDbN seamless pipe of TISCO

2.3.3
TP310HCbN 700°C
, 5,
3 TP310HCbN
700°C ., 10 h Fig. 3 Intercrystalline resistant corrosion for
166 8 MPa, GB5310—2008 TP310HCbN TP310HCbHN seamless pipe of TISCO
700°C.10 h 62 MPa
o 2.4
2.3.4 2.4.1
TP310HCbN GB/T ASME SA—450M , TP310HCbN
4334—2008 ASTM A262-02a E , 4
C 3 :  TP310HCbN o . TP310HCbN
GB5310 GB5310
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Fig. 4 Pipe-expanding and flattening test for TP310HCbN seamless pipe of TISCO

2.4.2 58
AH7mmX8mm  $45mmX 8. S5 mm
TP310HCbN o
o
THERMANT617 )
2.6~3
5, 6. 6 2
70 H 5
TP310HCbHN Fig. 5 Diagrammatic sketch of welding joint
6
Table 6 Parameters of welding process
/ / /
/A Y /mm /C
(mm * min~ 1) (L +min™ 1) (L *min™ 1)
TIG 65~85 10~12 50~70 2.5 8§~10 6~8 <100
& 7
> Table 7 Results of tensile test of welding joint
: and bending test
( d=3a.180°)
/mm
R../MPa
$57 X 8 685/675
$45X 8.5 690/675
100 pm 3 oAb
p 3.1
Fig. 6 Metallurgical structure of welding joint TP310HCbN 1P310
Nb,N
JB 4708-2000  GB5310 o . S30432 ,
2.5 N
TP310HCBbN . TP310 )
, GB5310 N o o
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Fig.7 TEM and EDS analysis on precipitated phase of Nb(C,N) for TP310HCbN seamless pipe of TISCO
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Fig.8 TEM and EDS analysis on precipitated phase of NbCrN for TP310HCbHN seamless pipe of TISCO

3.1.2 “ C, N, Nb,Cu, Cr.Ni ”
TP310HCbN . ,
, . . . ( %) :C 0.05~0.08,Si<<
. . 0. 65, Mn<C1.5,P<C0. 025,S<C0. 002,Cr 24. 0~
, C 10, 26.0, Ni19.0~20.0,Nb 0.35~0.55,N 0. 20~
0. 30,
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Fig. 9 TEM and EDS analysis on precipitated phase of Cr23C6 for TP310HCbN seamless pipe of TISCO
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Fig. 10 Composition design of alloy element for
TP310HCbHN of TISCO
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L9 (P<C0. 025,S<0. 002,
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Table 8 Control level of N during smelting of TP310HCbN

/% /% /%
3 0.15~0.35 0.22~0.28  0.23~0.27 +0.02
3.5
s 1220~1250°C,
NbN

1180~1200°C,

b

3.6
1200~1220°C s
5~6 )
TP310HCDbHN
GB5310 ASME SA—213M
, TP310HCDbHN N
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