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Evolution of Microstructure of High-Grade Pipeline Steel

Zhang Xiaoli', Feng Yaorong®, Zhao Wenzhen® and Huo Chunyong’
(1 Materials and Chemical Engineering School of Zhongyuan University of Technology, Zhengzhou 450007 ;
2 School of Materials Science and Engineering, Xi’an Jiaotong University, Xi’an 710049)

Abstract With increasing the strength and toughness of pipeline steel, the corresponding evolution of structure is
pearlite-ferrite ( X65 grade) , acicular ferrite ( X80 grade) , particle bainite-ferrite (X100 grade) and lower bainite ( X120
grade). Grain refining and dispersed secondary phase are also important measures to increase the strength and toughness of
pipeline steel. In general the structure of pipeline steel is improved by optimizing composition of steel and increasing cool-

ing speed of control rolling process.

Material Index High-Grade Pipeline Steel, Pearlite, Acicular Ferrite, Bainite, Grain Refining
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Table1 Chemical compositions and structure type of dif-
ferent high-grade pipeline steels

gﬁé’% Ni+Cr+Cu C, i% HARH E?Eﬁ
X65  0.308 0.279 TMCP B(LA By AE) +PF+P 11.6
X70  0.357  0.387 TMCP B(LIBy BE) +PF+P 11.6
X80  0.750  0.484 TMCP B(UA By HE) +AF+P 11.6

X100 0. 586 0.492 TMCP Bﬂ 12.6
&:(I)Ceq =C+Mn/6+(Mo+Cr+V)/5+(Ni+Cu)/l5;
(2) TMCP- Thermal Mechanical Control Process( 8 5,# %3 ) ;
(3) B- bainite J! Fo{d , PF- polygonal ferrite 2318k R 1%, P- pearlite
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Fig. 1 Morphology of structure of X65 and X70 grade pipeline
steels: B ( mainly particle B) + PF + P, grain rating 11.6)
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Fig.2 Effect of structure on impact energy of X70 grade steel
products: 1- mainly acicular ferrite; 2- mainly polygonal ferrite

2 SPRSGRERELIN

HREREBHEARKEBET 5N KAHEER
ERXBAE R, hFEREREEAR T8N,
XA KAERR FEUEHMEEE S
RIARGE S, FRERN R R T LR
BRI HEH,

SHIREEF f& (acicular ferrite ) i& #7E (BEH) 1%
BEMBETE PR, NIRRT L&,

BRI TR R e S W B AR B B
BB KR, BRI TR, sHIRGE
FERRTE TR, LR R RO, REMEA R
A HERAR(IPS BY) 451E, ETERIRERS, &EK

TR AR SR BB, [PS RYVR (N AT SR A AR T Oy

A, TER KRR, SCIAFST, shR e E (R bt
WRERL 10" m™* XSRE TS 145 MPa,

1150 °C, 3 min JHWK1

H k2
BB BEA45, 25, 15, 8 Cls

30 C/s

HK HE/C ETHR/%

1 1150 25
2 1100 20 ,

3 950 25 IR
4 900 23

B A /s

3 X80 RELMEHNTEAEA
Fig.3 Schematic of rolling process for X80 grade pipeline steel
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Fig.4  Structure morphology of acicnlar ferrite X80 grade pipe-
line steel: B (mainly particle B) + PF +P, grain rating 11. 6)
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Fig. 5 Morphology of structure of X100 grade pipeline steel;
Particle B, grain rating 12. 6
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Table 2 Typical chemical composition and mechanical properties of steel X120 grade

WEBS % R P HARRBE(FE)  CVN fERRHE
c Mn Mo Ti B - BItE (-30C)
0.042 1.94 0.29 0.013 0.000 9 Cu,Ni, Cr,Nb 0.21  YSz=827 MPa(120 ksi) =231]
P, =C+5i/30 + (Mn + Cu + Cr)/20 + Mo/15 + Ni/60 + V/10 + 5B
— R EEEHE R E B,
| 0.06%C
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Fig. 6  Relation between 50% transition temperature and

strength of pipeline steel
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