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Characteristic Parameters of High Grade Pipeline Steels
and Its Relationship with Toughness
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Abstract: The characteristic parameters of high grade pipeline steels were investigated, and their
effects on toughness were explored by means of mechanical testing and microstructural analysis as
EBSD ( Electron Backscattered Diffraction ) and SEM . The results showed that the content of C, Mn
and Cu had important effect on obdurability of pipeline steels, and the microstructural characteristic of
X70 and X80 pipeline steels were dominative acicular ferrite, some granular bainite and a little of low-
er bainite; effective grain size, structural homogeneity and the content of bainite were most important
parameters to the microstructure; with the decreasing of effective grain size, increasing of bainite con-
tent and structural homogeneity, high grade pipeline steels would get the excellent combination of
toughness and strength.
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Table 1 Chemical compositions of base metal of pipeline steels{mass fraction/% )

Content C

Si Mn P S Cr Mo Ni Nb \% Ti Cu B Al Ceq Pem
X70 base metal 0.066 0.15 1.59 0.013 0.0030 0.027 0.19 0.078 0.037 0.034 0.013 0.08 0.0008 0.023 0.391 0.177
X80 base metal 0.071 0.13 1.71 0.012 0.0040 0.037 0.20 0.30 0.034 0.005 0.013 0.12 0.0007 0.022 0.432 0.190

Ceq=C+Mn/6+ (Ni+Cu)/15+ (Cr+ Mo+ V)/5; Pu, =C+Si/30+ (Mn+Cu+Cr)/20+Mo/15+Ni/60+ V/10+5B

1.2 XBAHZE

ATHEMRNESREEEERMEE TS
], EURIE B ST T & BB .
PRBHE(SEM) 47, R 5 4 H R A 2 6 8 il 6
JE AT E B B F B 8% (EBSD) B R R EUEE 4047

SHEGEENTZRMNE LU S HALNE
£t MEFAM & BB R B RS 245 E#iT, WE
ERAVPALEOESER, SHE HE . JEH 3%
5 TR - 5 B e T AR

R F S360 R ¥ B 4% (SEM) X L K S i
BORE S AT MEE 5 5341 s R Al QTS136XL EBSD 5
HEEHTELRWNHES S/ ESHFA. AR
B2 200X 200 4~ &, 2K 2 0. 3pm; A SE 5§ Bk 0% 5B
EHEFHBFT @MU BRMEHER, ZPUKM TR 10mm
X10mm X 55mm M E K V B0, 7 10,
0, —20,—40,—60,—80C 5 MRELKMET, 4%
B GB2975— 82 , GB/T 229294 #)#7 %, 7£ JB2300B
VLR B e b i B AL b A7 v S Pl R
¥R H 612, 5mm KRR, 38 ASTM A370— 2002 7
#E,7E TS810-15 H ahfrfiif g ol b i#17.
2 ZER5iE
2.1 TLEMEIW
AEETEMNBREEROEM T, EEKSE
B 38 , 7 St A 4R b BB AR T R B R, T BL C
K Mn,Cu Al RRERERBRE, YKy K,
HREREMESR A ABRKS . XFF Mn, BRIER
BEEXNTIMIREG S TEMBRA, XEEN N Mn
AR E R, 75, B F Mn, Cu ff v-o 2R 1R
JE A, TN o 0 0B RT BB B4R, IRl B ol i
THAFKMMAR., FREAS,Bm 1. 0%~
L5% M Mnff y-o HHERE TR SOC, HERFBHE
ERRERT R REFESHGREEE. YMnTH
BEEELS5%~2. 0%8, AT #— R KHTRE, £
KT R REE &, I BEH Mo SRR
ERBREFE-RAAMDHNEFETHEY . B,
B PAB I, X T AH ) R BB EL B 5% 4 BAKH Mn &

BXNMTEMEHORERELSE. MHAR Mo &8
RISKRER, 4 Mn SRR, WA 1A E 5 KR

BN 1R,
700

Tensile
s[reng{h
600} s

o0k Yield strength

Yield and tensile strength / MPa

400 1.'3

1 1
1.5 1.7
Content of manganese / %

Bl MnEENHMBENER

Fig. 1 Influence of content of manganese

1.9

on the tensile properties of steel plates

R, 44% 1 A ,X80 % X70 FRMN, NAH
R EEZHRBRBNAPNOERE, BEEHREE
H MR PR ER S RBRENBEER A
RS F RSB HEILE.

2.2 BNEEXNEA[SHAR

B 500 & MH B M PR, X70,X80 B
M S ALY R AF 8, Bk % B(A BR F F) +
PF+P,B-Il K{&; PF-Z 1 8k R 15 P-BRot ik, mbE
H 12 &%, M EIE GB/T 6394— 2002, % % 5 B4 &
PLEFHRBLR K 5. 6pm, 10 2 FiR.

XtELE R E R B — S PR E ST,
HSEM AL ME 3 fiin. AMALATESHALE G
¥R R, X F B R B AR R T XA E 3.
ERREET . FHHEXNRERO X HE FREEN
EEAGFHAERRYOEERFE, X80 N EMHEE
£ X70 40 2 45, 3F B X80-1 BIRLAR ¥ i R < du &
X70 K, T X80-2 KRR By 4i /b, B X E BRLR Y &
FTHREGRMBENRBERULE. NEE EF,X70
HAEGNREEEE EBEERRY, T X80 P2
BEGBEERLHFENRY . FERER 2-3MEKEK
&, WA ERRERARSTETUME B EE 5
AR AMUTERM =M, KRR EEER 55~
60°Je £, N 4f 7w . BRIG r Ar R B0, M4 1,2,3


http://www.cqvip.com

£ 00O http://www.cqvip.com|

RHEZELNHNFLESBREESEIRHMXER 5]

B2 ARZAEXKNESHEAL (2) X705 (b) X80
Fig. 2 Metallurgical structure of high grade pipeline steels (a) X70; (b) X80

B3 ERAFELNSEM A4l (a) X70; (b) X80-1; (c) X80-2
Fig. 3 SEM microstructure of high grade pipeline steels (a) X70; (b) X80-1; (¢) X80-2
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Table 2 Tensile strength of X70 and X80 high grade pipeline steels

Sample Shape Direction Grade R./MPa Ruw.5/MPa A/% Rw.5/Rm UEL/ % n
Cross X70 ° 671 547 44,00 0. 815 9.19 0.090
direction X80 733 610 37. 80 0.832 6.69 0. 091
Strip
Longitudinal X70 643 543 44,20 0. 844 9. 05 0. 081
direction X80 710 613 39. 40 0. 863 7.30 0. 079
Base metal
Cross X70 613 565 25,00 0.922 7. 80 0.071
direction X80 720 635 23. 60 0. 882 8. 84 0. 087
Round
Longitudinal X70 609 499 30. 20 0.819 11.38 0. 106
direction X80 696 572 27.20 0. 822 8.74 0. 105
Q/SY XQ 15—2003 X70 =570 485~620 =22 <0.9 NR NR
Q/CNPC 108—2004 X80 22625 555~690 =21 <0.92 NR NR
NR:no requirement
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Fig. 6 Charpy impact toughness and shearing rate

of X70 and X80 pipeline steels
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Fig. 7 The distribution function of effective particle

size in X70(a) and X80 (b) high grade pipeline steels
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