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Microstructure and Mechanical Properties of
X80 Pipeline Steel with Excellent Deformability
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Abstract: By Heating On-line Partitioning (HOP) method to obtain (B+M/A ) dual phase, the mi-
crostructure and property of a dual phase pipeline steel are investigated. The results show that , in the
context of meeting the strength and toughness requirements of the second west-east gas pipeline pro-
ject in China, the (B+M/A) dual phase pipeline steel also possesses a lower yield/tensile ratio and
higher uniform elongation, showing excellent deformation ability. The bainitic matrix, M/A compo-
nent and the precipitation of carbonitride are the microstructure characteristics of experimental steel.
Key words: pipeline steels with excellent deformability; (B+M/A) dual phase;microstructure;mechan-

ical property
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Table 1 The chemical composition of X80 steel (mass fraction/ %)

C Si Mn P S Cr Mo

Nb \Y% Ti Cu B Al Fe

0. 059 0.17 1.82 0.0068 0.0006 0.019 0. 24

0.021 0. 005 0.01 0.29 0.0003  0.023 Bal
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Fig.1 The HOP process of obtaining B+ M/A dual phase
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Fig. 2 The tensile stress-strain curves of tested steel (a)rectangle specimen;(b)round specimen
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Table 2 The mechanical properties of the B+M/A dual phase X80 pipeline steel

Sample Tensile testing Charpy impact testing(—10°C) DWTT(0C)
R./MPa Ry ;/MPa  A/% Ruo.s/Rn  Ag/% A/l SA/ % FATTs SA/ % FATTSS
(B+M/A)X80 Rectangle 729 569 24.3 0.78 7.8
272 100 < —60C 99 —40°C
Round 722 581 43.2 0. 81 7.9
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Fig. 3 The transformation temperature curves of Charpy impact toughness (a) and shear

area (b) of X80 steel with excellent deformability
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Fig.4 The transformation temperature curve of DWTT shear

area of X80 steel with excellent deformability

AU BRI, B KR T X80 4 £k AR i i 14 Y A
ELAT R G AR IR T e e 2 R T
2.2 ZHRFNMERAR

SR O B A S 5 ron . th Bl Al
U, 3 HOP $ AR AT 3R A% (B4 M/ A) SUAHZL 21, Hor
FEEM N BOIE B AN A M-A 4o K& HGB b
A

KRAZTE X80 B L2 2 e 4

OM microstructure of X80 steel with

excellent deformability



64

MR T AR /2012 4E 3 1

3 o5t

RS ARl ik HOP HOR  7E 3RS 5 58 1)
A [ A o {52 6 A AT B AER A JiE 9 LE (R 5 /Ry S B
o5 FR BT R 3 CAD AN 2 R AR (A L T RAE TR A
MBI ZEOR . XM R PR RE Y 2R R S (B M/
A) SRS LN 1 LT 2 VR IE B A G
3.1 MREEME

ZAR LRI o3 b PR o 52 50 4 v DL FR R S A it 7Y
BT W AR R 6, Y DL A R A% R A A
N AL o3 o T DL AR RSF 2 228 55 B &2
B3 AT AR RERHEAT BN A RR R RS T ELAE DL
PR A EL A /0N ) 7 465 R R 6 v s R 14 T ) A i DAL T
it DL QAR B AT R ) s 0 M [ I 7 A 4T 20 i A
TR AP AR A L4 Ve aod i P DR v A I Y R AR
Ty A LA B 0L b T DL EAAR R B HORE o R IR
PR b AT DU EG AR Hh e A S 6 2 D 5 A W A DR )N
PRIt » 28 1 I 0 Ak B S5 56 09 7 e o 0 1 ) R
HA B (BRI fig

B 6 RAIE X80 A DL [T i FE 1A

Fig. 6 Bainite of X80 steel with excellent deformability
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Fig. 7 The SEM microstructure of X80 steel

with excellent deformability
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Fig. 8 M-A structure of X80 steel with excellent deformability (a)bright field; (b)dark field; (¢)diffraction spot



— BRI A R A 418 B S A7

65

3.3 mM.ALEY

£ HOP Ah ¥ FE b, B R h iy — N ZE 4
SEf EALE PRI . L B A R Ak
AT H s DABE AT JE 008 1 ik T 43 35 B E 4% v i il L £ A%
A e M 2 v o 38 SR RN R N A R ST, ALLP
I BRI R ORAIE DG R R R L A N
(1) Siy AL P 5 & b2 BRI AE AR A AT | T B
() Si, AL P & fE LM HOP kb3 B2 b, 22 %
AUEE B R R BT . SIS AR B L AR W BT Y
B T BT A RN 9 iR, iR AR
B TSR R AT MR A A TS L o AR b TR AT
s TERHIB B y-o 5628 20 A8 b 1 40 0T H 50D 3 1
H o HPT s A ]k B 7E HOP &b B85 72 b i #r 1 45
SR . AR kB e HOP 4 33t 7 b i
Bt Hh T8 R BT LR 04 ST 389 RSE /N P A GE R RS
KBV GO, DRI 1 A T X0 B R A AT LA
FH ] 7= A 2 B D E R AL R

L ot T

B9 KA X80 Mk . & 1k & W T i
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with excellent deformability

TR

(D HOP T AR, SER N 4R 15 (B+M/A)
SUAHLH A,

(2) (B+M/A) XA X80 45 45 50 EL A5 &5 1 i ) 1k
AIEG 4 190 i 2 72 0 5 W 2 R PR RO e R TR
1R 5 1) M R LK

(3) (B+M/A)RUAH X80 8 £ 4 HA Ik iy Ji 5 L
o F DT iR SRR A AR L i R R T A N Y
BARTR,

() ZALm AR ) BLAR/N 5T 09 M/ A DL K4k
G RAL S HT A LN R R T S50 A v A o
AL BB A T e

&% ik

(1] s EE TRmERSE S EEWM R RERT] B,
2010,33(11):5—18.

(2] Voo, m il A, % BRW B MHER T 5% MM
PG4 - B VE AL ) A, 2008.

[3] WILLIAN M , ROBIN G, ROBERT S. Strain-based design
guidelines for pipeline girth welds[ A]. Proc of the 14th Interna-
tional Offshore and Engineering Conference[ CJ]. Toulon: ASME,
2004.10—17.

[4] ISHIKAWA N, OKATSU M , ENDO S, et al. Design concept
and production of high deformability linepipe[ AJ]. Proc of 6th In-
ternational Pipeline Conference [ C ]. Calgary: ASME, 2006.
1PC2006—10240.

(5] i, A& R -2 20 PhAR AR 3T MM 7Y 22« Pk v RL 4 i Rkt
1995.

[6] ISHIKAWA N, OKATSU M , ENDO S, et al. Development of
high strength linepipe with excellent deformability[ A]. Seminar
Forum of X100/X120 Grade High Performance Pipe Steels[ C].
Beijing: China National Petroleum Corporation, 2005. 201 —212.

[7] ISHIKAWA N, OKATSU M, MURAOKA R , et al. Material
development and strain capacity of grade X100 high strain linepipe
produced by heat treatment online process[ AJ]. Proc of 7th Inter-
national Pipeline Conference[ C]. Calgarya: ASME, 2008. 713—
720.

[8] MOOR E D, LACROIX S, CLARKE S, et al. Effect of retained
austenite stabilized via quench and partitioning on strain hardening
of martensitic steels[ J]. Metallurgical and Materials Transactions
A,2008,39:2586—2595.

[9] EDMONDS D V,HE K, MILLE M K , et al. Microstructural
features of quenching and partitioning: a new martensitic steel
heat treatment[ ] ]. Materials Science Furum, 2007,539 — 543
4819—4825.

[10] SPEERJ ,MATLOCK D K , COOMAN B C , et al. Carbon

partitioning into austenite after martensite transformation[ ] ].

Acta Materialia ,2003,51:2611—2622.

ESTB : H K A RFE2F A4 P B H (50874090,51174165)

s B H#3:2011-04-07 ; f&1T H#7:2011-11-30

EFE B 967 B A AFIE A L BF 58 05 1] R 45 4K M A T
TR B R M bl - PTG 2 P TS X T B AR B 18 S Al K
SRR R S T AR B (710065) , E-mail : 315809994 @ qq. com




