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Study on Strength and Toughness of Nb-Ti Microalloying X65MO
Deep Sea Pipeline Steel Plate and Steel Tube

Fang Lei' ,Zuo Xiurong® , Jiang Jinxing' , Liu Shuai' and Zhai Dongyu'
(1 Nanjing Iron and Steel Co Ltd, Nanjing 210035
2 School of Physical Science & Technology, Key Laboratory of Material Physics Ministry of
Education, Zhengzhou University, Zhengzhou 450052 )

Abstract The test of tensile, impact and low temperature drop weight tests on X65MO steel 22. 2 mm and 24. 0 mm
plates, ®558. 8 mm pipes and welded joints and the analyzing on structure and performance have been carried out. Through
thermomechanical controlled rolling and cooling technology, i. e. the thickness of the billet to be warmed is 88 mm, the re-
duction ratio is greater than 10, the second beginning rolling temperature is set to 870 ~880 “C, and the final rolling tem-
perature is set to 820 ~830 °C ,using ultra-fast cooling for cooling i. e. the inlet water temperature is set to 750 ~760 °C
and the final cooling temperature is 460 ~500 “C, the mixed structure of ferrite and bainite is obtained, the ferrite content

is 509% ~609% , and the strength and toughness of pipeline steel pipe meet the customer requirements.
Material Index Nb-Ti Microalloying X65MO Deep Sea Pipeline Steel, Low Temperature Toughness, Welding Per-

formance
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Table 1 Chemical composition of specimen steel /%

WiHL, L 510 ~ 550 A, HL 35 ~38 V,3

C

Mn Si P S Ni Cr Mo Nb Ti N

SR AL, LI 420 ~ 460 A, HL R

0.049 1

.54 0.20 0.008 0.0012 0.10 0.12 0.03 0.038 0.011 0.0035
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Table 2 Chemical composition of welding wire for steel pipe /%

FAZZ L HE, HLIES60 ~ 580 A, FiLJE 36 ~

C Mn

Si P 8 Ni Cr Mo Cu Ti N B

0.07 1.60

40 V,3 52K AT, HL I 410 ~450
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Fig. 1 Welded pipe sample position

2.1.1 SRR HERE

AR P A L BE S B LR 3. R 3 AT AL,
24 mm B AHGE B W 1 T 22. 2 mm, [R]E, EfH R
T FRE PIRLAS BAR A B A0 3R L AR T, B R
PR, AR 1Y <0.83, I FHISH B AL
i AR ARG B L, PR O R A e 58 A A
FHlEEP TR
2.1.2  WRKIR BT

4 0, AR -20 CapTh K F
380 J, 8y Uj m 1 ky 100% , DWTT 8§ 4] i 2 K+
86% . Wik b ML DWTT #EE &R EK, K
B R
2.1.3  HRBSRUE phil Zhar

25 A] UL, PO AS AR FE #EAT T 5% N 28 )5

F®3 MR RERE
Table 3 Tensile properties of steel plate
it JEIRGRE/MPa HTRGREE/MPa  JEFRE /% JE 54t
mm g M B HAm Bim s Bim m
450 0.76 0.74
460 0.74 0.74

22.2
24.0

430
450

595
620
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610
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49
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Table 4 Low temperature toughness of steel plate at —20°C

BfifE. N T2EME T mpmm
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& RAE -20 CREVRBEA R mm T 1

2 03 HME o1 2 3 HME o1 2 M

22.2 -20
24.0 -20

LFeg wp e M, BB W R F

490 460 450 467 100 100 100 100 89 90 90
390 380 422 397 100 100 100 100 95 90 93
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Table 5 Impact energy at —20 °C of steel plate after aging
at 250 C for 1 h

B/ whifigh /1 B /%

mm: | 2 3 THEE 1 2 3 A
22.2 367 343 306 339 100 100 100 100
22.2 322 321 392 345 100 100 100 100

24.0 385 387 373 382 100 100 100 100
24.0 395 377 393 388 100 100 100 100
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Table 6 Tensile properties of ®558. 8 mm x22. 2 mm and
®558. 8 mm x24. 0 mm pipe body and weld seam

@558.8 mm x22.2 mm 4 @®558.8 mm x24.0 mm 4

i ik Bk BaE EsE Gk Bk JBRE (RS
(i) (i) Chmn) () (i) () (4 ()
EiEE/MPa 479 498 - - S0 52 - -
PRERE/MPa 590 598 683 60 S16 59 62 628
R % 55 5% - - 5 % - -
RS 081 0.8 - - 08 08 - -

F+7 ®558.8 mm x22.2 mm F1 ®558.8 mm x24. 0 mm & hFHEHE
Table 7 Impact toughness of ®558.8 mm x22.2 mm and ®558.8 mm x 24. 0 mm pipe

@558. 8 mm x22.2 mm &

®558. 8 mm x24. 0 mm &

fir s Mg -20°C) /]

B U ( -20°C) /%

2 ( -20°C) /] ST -20°C) /%

1 2 3 CPE bRMEE 1 2 3

A 1 2 3

T pRfEE 1 2 3 FHE

A 502 497 506 502 3.7 100 100 100
BE% 483 465 365 436 67.1 90 S0 90
BEALR +2mm 449 463 456 456 6.6 95 95 95
1RLE 156 161 179 160 19.7 68 68 68

100 482 481 490 484 2.6 100 100 100 100
90 445 428 420 430 11.7 96 95 93 95
95 405 431 439 427  19.1 96 95 97 96
68 193 176 158 176  17.5 73 73 75 76
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Fig.5 Microstructure of ®558.8 mm x22.2 mm welded joint; (a) weld seam; HAZ- (b)

coarse-grain region; (c¢) fine-grain region and (d) part mixed grain region
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