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Structure Feature and Strength-Toughness of High Grade Pipeline Steels
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Abstract The test results with electron backscattered diffraction (EBSD) and scanning electron microscope ( SEM)
study and mechanical properties examination show that the structure of microalloying X70, X80 and X100 pipeline steels
consists of acicular ferrite, granular bainite and a litile lower bainite, and with decreasing effective grain size, increasing
bainite content and improve structural homogeneity the strength and toughness of high grade pipeline steels increase obviously.

Material Index High Grade Pipeline Steel, Electron Backscattered Diffraction Microscope, Effective Grain Size,

Acicular Ferrite, Bainite, Strength and Toughness
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Table 1 Chemical compositions of high grade pipeline steels / %

M C Si Mn P S Cr Mo

Nb v Ti Cu B Al C P

X70 0.066 0.15 1.59
X80 0.071 0.13 1.71
X100 0.076  0.26 1.95

0.013 0.003 0.027 0.19 0.08
0.012 0.004 0.037 0.20 0.30
0.011 0.003 0.026 0.24 0.36

eq cm
0.04 0.04 0.01 0.08 0.0008 0.023 0.391 0.177
0.04 0.01 0.01 0.12 0.0007 0.022 0.432 0.190
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2 HRSE
2.1 WHEEAMAL S LR
X70.X80 & £ 4 (¥ 4R LR 2 0 T B (K CRR
) + SR + BObIE, X100 FALLIRR T
P, SHRLEE 12 ¢, T4 BRIR 5% 5.6
R4 PR £ $ 8 B — 553 47, SEM
AFAHIIE 1(a) (b) . (e) () fEEHH S
BRI K AAE T 8 MR 1A 1

HEERR YRR A, X80 81 AR 2 XT70
i 2 15,3 H X80-1 MR YI MR BB e #H K, M
X80-2 B R My 2 /), T ELZ Rk 5 @RDR 2 A T
BREBE ARG RAOUE, AR EF,XT0
FARBARR K L FRRY, T X80 h £
PR EEE LA ERCRY) FFERER 2 ~3 1
BRARK, T X100 th SR B L, o, T
L G 4H P R T LA AR B RE (A b A A AR L RE I


http://www.cqvip.com
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Fig. 1 Morphology of structure of pipeline steels, SEM, x2500. (a) X70; (b) X80-1; (c) X80-2; (d) X100
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Fig.2 Fine precipitates in ferrite base of pipeline steel
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Fig.3 Distribution of acicular ferrite and Fe,C analyzed by
EBSD
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Table 2 Mechanical properties of X70 and X80 pipeline
steels

\ R,/ Ros/ A/ Ruos/ Cw/
R BRI MBS e % R, 0¢C -80%
X70 671 547 44.00 0.815 208 83
Bif1 X801 733 610 37.80 0.832 193 76
£T0 X802 733 610 37.80 0.832 316 133
X70 643 543 44.20 0.844

2

Al X80 710 613 39.40 0.863

B X70 613 565 25.00 0.922
i X80 720 635 23.60 0.882

Y X70 609 499 30.20 0.819

X80 696 572 27.20 0.822
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Table 3 Average Fe,C size and content in pipeline steels,

and effective grain size measured by EBSD

MR Fe,CVFHRF/um JFLILH/% FHARRBR T/ pm

X65 0.6257 1.5320 2.3932
X70 0.6182 1.5550 2.1776
X80-1 0.665 8 2.1250 2.0422
X80-2 0.478 8 2.1250 -
0.4
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Fig. 4 Distribution of effective grain size of two pipeline
steels: (a) X70; (b) X80

M 4 F XT70 X80 B LR 4% ¥ 0 AR kL4 A Al
LA LIE B, X80 HRNE & X710 EEMKE 4
i X FEST UL X80 BRMMBLE 4 i FHE,

RERBE LT Fe,C IS B R FHRE
W3, W ERARMTE R B 5 30 IR B AT o Bk
R R AT BAT RS, B8R Fe,C MItTH
HAREHER RALBR AT £ 2 (BB L, B
ENRMER, Fe, C M REWMK; B0, HEEW
RIIRE ,7E X80-1 HL M+ Fe,C MR F it n,
M X802 H Fe,C MR T8/, 53CHR[7 ] 458 —
B,

RSLH; X80-1 5 Fe,C & EBE & T X70, Bl £
HppoR N RAS BT X70, B Mi#48 3 Sharpy
phis ThE -l B 2 S M B W T X70; W72 #0-Be
HEAR R BEMEE K& LR M X70 A%, Xt 754355 BA
X80 B LMA W FIRIR R B
3 &g

(1)7E X70 X80 RMRERMAL NEHREE
& CRRR T ERAR D8R DL IR {4 X100 R R L
WAL RAR I A

(BB HRAYIE I REE 'R
FIAERNEEL WAL EMEESH

(3) FEE A BFRLR T I FEAR, IR & B ¥
BMAE KRR R/, U RARS SRR, &
WRELMFIH FEAIL R AR I ACHRHE

B3k

1 GRSE, A ERRRERRE NI H RS KRN, ow
% % ,2005(1) :1

2 SRUNIE L OMEEE BOUE S X80 BB LR NINAL T b, 55
89,2006,27(3) : 11

3 Smith Y E, Coldren A P,Cryderman R L. Toward Improved Ductility
and Toughness, Tokyo: Climax Molybdenum Company Ltd. 1972:119

4 Glover A G,Mcgrath ] T,Weatherly G C, et al. The Influence of Cool-
ing Rate and Composition on Weld Metal Microstructures in a C/Mn
and HSLA Steel. Welding Journal ,1977,56(9) :225

5y, DUIRAAEAE. AbE R B R AL, 1999
Diaz-fuentes M ,Iza-mendia A, Gutierrez 1. Analysis of Different Acic-
ular Ferrite Microstructures in Low-carbon Steels by Electron Back-
scattered Diffraction. Study of Their Toughness Behavior. Metallurgical
and Materials Transactions A,2003,34:1043

TS B BAE, UK, EORR T B A A R A4 e R
AR X e M B RN AR BT 2F 4 ,2005,17 (1) 142

Kol L(1969-) , %, L5, BRI, 2004 £ %2558
REE A, RAEWBMRRRELRNTR.

o8 H $4.2006-05-13


http://www.cqvip.com

