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R&D Progress on High Strength Pipeline Steel at Home and Abroad

Chen Yan, Mu Hao and Qi Dianwei
( Technology Center. Ansteel Co Ltd, Anshan 114009)

Abstract

Based on published patented manufactured technologies for high strength pipeline steel including heavy

plate, hot rolled coil and seamless tube at home and abroad in 2011, the key manufacturing technologies, structure and
properties of pipeline steel with excellent anti-large-strain-deformation, low temperature toughness and corrosion resistance
are summarized. The main R&D characteristics and trend on high strength pipeline steel are excellent anti-large-strain-de-
formation steel- through dispersed M/ A to increase strength of steel; low temperature toughness steel- using Mn-Nb-Mo allo-
ving and control rolling to get main ferrite and/or bainite structure; and anti-HIC ( hvdrogen-induced cracking) pipeline
steel- with prerequisite to control C, P, Mn segregation induced HIC, lowing Nb and Ti content in steel to prevent Nb, Ti

carho-nitride inducing hvdrogen-induced cracking.
Material Index
HIC, Patent, R&D Progress
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Table 1 Recent R&D key field for high strength pipeline
steel
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Table 2 Chemical composition, key manufacturing technologies, structure and properties of typical pipeline steel plate with
excellent anti-large-strain-deformation performance

2] {5 % KA HY Y
ARG 0.060C, 0.20Si, 1.50Mn, TMCP ( Thermal Mechanical Control Process- JERIRBE 510 ~ 580 MPa, f{ IR
0.010P, 0.0008S.  0.20Cr. ing, HHUMELH) ¥, HIEM#1150 ~ 1250 630 ~720 MPa, {14 % 26% ~40% , [
0.054Nb,  0.010Ti.  0.20Ni. C,H# 950 ~1050 C #F4L 75 880 ~900 C: Wik <0.8, HANGRE N REMIE
0. 024A1,0. 039Cu HEERSE, K600 ~650 C B HIEES ~ 4 MA, B ¥k 20% ~60% .
15 C/s; RIGHFT Acy ~ Acy FIAHXEK L (RIE2
min/mm x $J& + 10 min.
hF i 0.050C, 0.25Si, 1.68Mn, # AR WS TSN TS JCO & S E KRR <21 mm f XT0
0.00205,0.01Mo, Ni + Cr + Cu = H E4HR BEHANIMERETF £7EH 4 m A _
0.688 .V + Nb +Ti =0. 055 BIRE. AR AN ER ALK
JFE 0.052 ~ 0.062C, 0.20Si, SR B 000 ~ 1300 C, Ary BA &304, IR + MA ,MA 3% ~20% , B34

2. 50Mn 0. 008P 0. 0015 ,0. 034Nb ,
0.014Ti 0. 030AI.0. 004N ,0. 0020,
Ti/N=3.5

900 CLUUTHRITETE=50%, 7 Ar, L E&
5,25 C/s¥%HZ 500 ~680 C,Lh=2 C/sH
INEAZ 550 ~ 750 O , {28 <30 min.

BEZ<3.0 pm, WOMEKE=T% ,E
MR <0.85,

01 EE K 5% ~70% ,MA 3% ~20% ,
YREZR<3.0 um, HANBHBER
5 KR =T%, H3EH <0.85.
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Table 3 Chemical composition, key manufacturing technologies, structure and properties of typical pipeline steel plate with

excellent low temperature toughness

AF 1L RS/ % XBHAR 4 FERE

R i 0.120C, 0.36Si, 1.68Mn. HPumn Ca b8 KB HEMETKS, X100 R &M E 4, B2 508 ~
0.0090P, 0.0030S. 0.23Cr, #{FHRBBHE, HITMMAI1200 C, 41000 ~ 1422 mm , GEEEH 15 ~35 mm B
0.070Nb,  0.030Ti, 0.17Cu, 1100 CHI%¥.,700 ~950 CH5., LG HIHEE /B30 ~70 mm, /A H <0.93, K KR>
0.25Mo., 0.0700N,  0.30Ni, 20~50 C/s #RiRBERNE BEHZ 930~ 25%, -35~ -50 C @iy
0. 030A1.0. 003 0Ca 0. 001 5B; 1030 CRERY NI RL 10 ~90° 5% , Wik WH), 60~2501].

0.100C, 0.30Si, 1.90Mn, FEMHZE 600~700 C,2~3 h \@k,K&,
0.015P, 0.010S, 0.4Cr, 0.10Nb, BB ERSTRE RERABEARE X80 RFHK BB =FRT L,
0.020Ti,0.30Cu, 0. 35Mo. 3. 50Ni, A, M BB ¥ 800 ~ 1000 C, H 900~ FI2% 406 ~ 1422 mm, BEE 15 ~ 60
0.050A1.0.001 0B .0.05V 1050 Tk ,520 ~650 CEIK, AHEE>15 mm HENNEERNEE + GRIE,
C/s. —45 CHIMERILTN =40 ],

L 0.062C. 0.19Si. 1.53Mn, WAL 120 ~1210 C,1.5~2.5 h, 51 X70 RiGRELRM, RE 25 ~35
0.0090P, 0.0020S, 0.18Cr, REI80~1070 C.HERESEFBMELT mm, Y\ JE 5% E =500 MPa, IXHI35
0.048Nb, 0.018Ti. 0.23Cu, EEHR60% ~75% , BHKERE 15.5% ~ K =620 MPa, /B <0.83, -60 CH
0. 17Mo 0. 18Ni 0. 042Alt 30% ,Bf53 MERET R 223% WEHFH @ rhdizh=240 J,50% FATT( FIEF

850 ~920 °C, %%, 760 ~840 C, P E AR IEE) < -60 T, —40 TDWTT( Drop

70% ~80% , B J5LA 12 ~28 C/siHI FE 455 ~  Weight Tear Test, SRS 2RI ) W U1 &

570 C, FA(SA% ) B {H=260% ,$HIRER B 1K .

wHE 0(;.0428\0860851\ L. 75Mn SRIEAIAL 100 ~1250 °C, 7900 TLL L& HLHIZRHE 2600 MPa, #.0> Mn Nb .,

o oaos oaass g;gg GRBERMASL, B 750 ~900 CRELR Ti WRHFEAF<2.0,<4.0 fi<4.0,
0. 10Mo. y . SOV R KEAEL, 750 CTLA L FFERKW F400 ~500 RO REFAOBRTERE (HV) <400, MK
(10Mo. 002N, O ISNi. o, + DR 290%, KA ERIE, B
0.008Al1, 0.0021 Ca, 0.0053 Mg, FREATHER<I0 um,
0-0030025(: o3s 130M RABETRAR, BRBORENAE B > 18 mm, & IR & B = 450
0.0060P. 0 00-4451\ o -062\‘2\ 1500 CLUTF,850 CLUERitETFT % 240% 4% MPa, 818 Mn . Si.P R FL D <
00T o1 v B SND ELRERT00 ~800 C,AHETH . EREH 17,15, <8.0, HAUBEEMk
-OITi,  0.15Mo.  0.0039N.  4=300"_'500 °C [{] A 4b 3. Fik%E MA<L.5%, -20 T DWTT
0.006Al, 0.0032Ca, 0.0580 V, SA% =70%
0.001 1B.0. 000 80 :

POSCO 0.053C, 0.15Si, 1.90Mn, WEEMB 050 ~1 150 C, REREFLE KR HHIRE =930 MPa, REHEE
0.0052P, 0.0011S, 0.48Cr, @il L34, RIETETHE20% ~60% ; RIS 170 ~260 HV, =40 C k312230 J,
0.038Nb,  0.014Ti,  0.20Cu, Ar, BIRKARZEBEZELH, RITETE AAXH 75% U k806 5% K Kk
0.12Mo, ~ 0.0042N,  0.48Ni. 40% ~80% ;5 ~15 C/s¥HHIF (Ar;-20) ~ (Ar,- FPRECKIL 5% LUT sykoiR Ol ik 3L

Ak 0.040C. 0.25Si, 1.90Mn, BRI 1100 ~ 1200 C, &4 750 ~ 770 JB BRGR I 730 ~ 750 MPa, L8
0.0080P, 0.00205, 0.040Nb. <C <15 CT/sh 740 ~760 CHEIZE 400 C, 820 ~850 MPa, -40 C /&1 ;250?,

0.015Ti, 0. 20Cu , 0. 30Mo, 0. 20Ni ,
0. 030A1,0.060 0V
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Table 4 Chemical composition, key manufacturing technologies, structure and properties of typical pipeline steel plate with

excellent corrosion resistance

K E B/ %

KA

AL e

AR 0.06C., 0.22Si,
0.009P, 0.0007S,
0.016Ti. 0.035Al,
0.17Cr.0. 02N

1. 55Mn,
0. 050Nb |
0.040 0Cu ,

KRR 0.06C, 0.40Si, 0.91Mn,
0.010P, 0.0008S, 0.006Nb,
0.024Al1, 0.0060 Mo, 0.0042N,
0.00100;

0.05C, 0.11Si, 1.40Mn,
0.005P, 0.0004S, 0.038Nb,
0.013Ti, 0.029A1, 0.0019Ca,
0.041V0.1<Cu+Ni+Cr+Mo<
1.5

FHE M1 150 ~ 1250 °C, %1000 ~
1100 C, #4850 ~1000 C; ZM¥H, R
450 ~600 °C , ¥ #IE#5 ~25 C/s; BRI, &
4% 910 ~950 C 20 ~ 50 min, [H :k 450 ~ 700 C
20 ~50 min, 55¥ .

PERINEA Acy ~1000 C, 2930 CHE, =
800 CHEELLH.;5~80 C/sM A, LIEIRESR
400 ~550 CESH.

FIEMAL 100 ~ 1200 C,#45., EXF A,
BEELLS ~30 C/sidd.

AL NS/ FPRCR TR IR A
ﬁffﬁﬁ%ﬁl REMBEREUREER
HE.

B =20 mm, JE AR 3% BE 448 ~ 483
MPa, L $i 38 ¥ 531 ~ 565 MPa, 411
MERENE.

HE6.0~38.1 mm, BRBE =
483 MPa.

T BFET L 5% B EI Nb S8 <0.06% .Ti 38 <0.025% .
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Table 5 Chemical composition, key manufacturing technologies, structure and properties of typical pipeline steel strip coil

with excellent low temperature toughness

NG| {LF R 5/ %

KEEAR

EL HERE

JFE 0.055C, 0.23Si, 1.77Mn,
0.010P, 0.0020S, 0.080Nb,
0.010Ti 0. 120V ,0. 022A1 0. 004N,
0. 29Mo;

0.080C, 0.20Si, 0.99Mn,
0.006P,  0.0003S, 0.24Cr,
0.055Nb 0. 011Ti 0. 070V 0. 17Cu,
0. 17Ni 0. 040A1, (Ti + Nb/2)/C <

4;
0.046C, 0.23Si, 1.21Mn,
0.006P,  0.0004S5, 0.24Cr,

0. 049Nb 0. 011Ti 0. 069V 0. 16Cu ,

0. 17Ni 0. 041A1 (Ti + Nb/2)/C <4

POSCO 0.080C, 0.208i, 1.60Mn,
0.20Cr, 0.060Nb, 0.020Ti. OV,

Mn/20 +Si/14 + Cr/24 20. 11

HERANER1 100 ~ 1300 °C,950 C LA FEE
XA BT ETE=45%  FILEH = (Ar,-
30)C, 5L, L >20 CT/sBH E 550 ~ 650 C,
T ERE, UREINEELAHEE<]
C/sh -

SWEHTE . (D RELE, L= (20 T/s
~ DR (A M 8 ) BT 3908 3 B
BHL () E-REHE BIREFLEAE S0
~600 °C, BRI AIETIR] <60 s; (3) MM
BUS W EEH E1/4 ~ 37440 1R B (RIFLE 350
~600 C =30 min,

SERAHILE (1) RELE, LA =30 C/sif
B EE S EF 500 CUT; (2)B—RAH
&L 10 s LINAIZE 5 (3) LA =10 T/ E
P E ERERO 2R E 350 ~600 C.
AH) S EHE] <60 5,350 ~600 °C#HL,

WAL E] 950 ~ 1100 C#4L, BitET
R260% ,F/53 ERMET RN =18% , &5
750 ~ 880 °C, S HEE =10 ~ 50 C/s, B
450 ~600 C .

3R JF =760 MPa, £ #1 HAZ
(Heat Affected Zone, B iE$E X ) 9
PIME s TR B 4> 508 - 100 C A0 -40
C. AENNKE, ARFHHAEE
B Nb VB E L4 .

wE20.0~35.4 mm, {iFiBE =
535 MPa, -80 C#;zh=200 J.

RE20.0~35.4 mm BT =
535 MPa, B2 4 A 50% LU M Dk &
HERRTEBBRENKE S8BT &
REEMN10% LT . -80 Crhdidh=.
200 J.

JBARIE =560 MPa, fiH iR /¥ =
625 MPa, -20 Crhi =272 J.

2.2.2 Tithghhk

2011 AT EMELXNER(HRNE) T
Al EE iR+ B R EEFIERT R ER i iKE
£ R BT A tEBE . BRBR A Ti 4638 .C-Mn-Nb
BAy B, E R e TR AR KR R T
i HIC B M1 #t SSCC ( Sulfide Stress Corrosion
Cracking, AL N /1 BT . 1 H &KX WE

AT R AL 2R, 32 & 918 A9 HIC 68, b3
BREBERM MRS E(CE)E¥E, JFE @dxf
12Cr GRAAGNEENEEHITIEEHALHE, #
T X 4 AT A L ] 7 A A P 384 (IGSCC) , 2011
SENTF B SLRY T I Tl A R B AR AL R K
HFARRE 6,
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Table 6 Chemical composition, key manufacturing technologies, structure and properties of typical pipeline steel strip coil

with excellent corrosion resistance

2+ ¥ S5/ %

REHA

M AL

B 0.040C, 0.19Si, 1.30Mn,
0.009P, 0.0014S,  0.012Ti,
0.026Als, 0.0018Ca, 0.02Nb,
0.003 4N ,0.00080.0.000 LH

0.054C, 0.25Si, 1.05Mn,
0.008P,  0.0008S, 0.035V,
0.021Ti, 0.026Als, 0.0025Ca,
0.015Nb ,0.002 1N 0.001 70

IFE 0.0112 C, 0.21Si, 0.52Mn,
0.014P. 0.001S. 12.5Cr, 2. 1Mo,
0.033V 0. 075Ti 0. 022Als.0.002 0

HHZ

PEHETT 500 ~ 850 C#% . 1150 ~ 1250 C
tEL HEL LS 950 ~ 1050 C HELKEF 770 ~
870 C MEELE T H >60% B H S HEE
8 ~20 C/s .2 550 ~700 C .4 H G HEE

R RERGHE, M E (1250CE +
225)C LA E Ac, BL700 CLAF(RF CE=C +
Mi/6 + (Ni +Cu)/15+(Cr+ Mo +V)/5) 230 s.

WELE AR AT K AR R R
5 X258 HE 4T 550 ~ 700 C R 1 ~20 min fY
mﬂiﬁ:

X65 RELFHKR.4EE 625 ~
12.5 mm, R 408 R 3 F 0 4k B
Feik, FEEHARANATE

X65 LA b &k FRE . FEEE
2530 MPa.CE 7 0.22 ~0.30

Th R A5 W, a IR 5R B = 590
MPa, JT 338 B =760 MPa, {8 =
21%

Ca 0. 024Nb 0. 011N 5. 5Ni 1. 1Cu

2011 EFHTHSBENEEELHEIEES
ERERRELXHTEENMAE. RENERAR
R#E R, — T HRRNE R REEET FE
YEIRRE ; 53— 77 T A DRt S f e LRI B . R
SR ETRN R AT R ETHT, RAMES
HAE K TR Z EE A5 XA, R & H . 2011
FATTHI R KIR B R B S M ICa B R

G KBEARRET T,

3 REEEXNNAEARER

(1) & 2B REIR T 3K B9 W73 LA & RE IR
FRAZEBRBRES, IR MBI, L
AMEREAREREE AR R ES FHRALE
RESHMENEXNT R EZEN, S B A EFWR
(B) &bt kY
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Table 7 Chemical compesition, key manufacturing technologies, structure and properties of typical seamless tube for pipe-

line used in sea with excellent low temperature toughness

AL fLFE B/ %

KA

HH M

REWE 0.080C, 0.23Si, 1.25Mn,
0.011P,0.001 0S5,0. 08Cr 0. 10Mo,
0. 060V 0. 030Nb 0. 12Cu 0. 10Ni,
0.029Als

0.062C, 0.24Si, 1.51Mn,
0.014P .0.001 15.0. 24Cr 0. 16Mo,
0.015V, 0. 026Nb , 0. 19Ni |
0.032Als, 0.0021 Ca, 0.003Ti,
0.004 IN

fER&R

HLITP RS VD, Ca 2078 85T, 355 I
1260 ~ 1320 C,FFLEE 100 ~ 1200 C &%
900 ~950 CHL#RHE . MEMME Ac, BE
LA E20~25 C .30 ~68 min, KiE.RWELE4L s
HEHZEER, [ (11420-12Y)/7]CH k. H
Y R8RSR . {RIR 54 ~ 130 min.

B SF M1 100 ~ 1300 C, R HELLHE
B REZRIARLEER HIMME %00 -
1100 C (Rl <30 min, LA 100 C/minl) |- fY3%
BAHZE An LTV REE Acy U ESTHEAL
B ORUSTE Ac, UTFHFTEXGE.

BEFEL 12 ~50 mm, @R A0 F 6k
BB 2625 MPa, -40 CH[ 2
R-FEHHI =150 ) hmmdh =
160 ). i & # = 20% , DWTT SA% =
90% SR FyHy L el kUL K

BRI 0 5 (R R R UL 1K B IR
SB =450 MPa  BE[E =32 mm, H 5 ¥
TRE<-70C .

F R Ti+V+Nb<0.06,CE=C+Mn/6 + (Cr+ Mo +V)/’5+(Ni+Cu)/1520.38.

AR AEET , BRI Gy 3R A A AL 28 7 05 A 2R
BB AR B AR R, F58 i 45 4 F 4 43 L
f9 MA 4T, R E W E95RE .

KR EE L R B MR LIRA Mo-Nb-Mo & 4
AR R BT A, HA LIS R 71/ Rk
AE,BARFREEETHER.

PLHIC R EXMH RN ERENFTREE
% C.P.Mn {R#7 5| & a9 HIC BIFTIR T, MK Nb,
Ti &, 871 A Nb. Ti Bk A LW5I R ER
R

(3) Mk UOE M MR RE N A B LA R FEAR

BERMETRAFER, kARG EE NIRERE
U UOE MERIBT R ABIRA B A E 598 E f1K
BEENEXAERRNAESHRTAR, ERER
T HA MY, F A 8 5R AL FIAT 58 L R85
8B AR AL IR G R EE KR B E BN
EEMRNEETFER.

(4) BEE A X Ll HE & T 2t R 8
FU EEE BRHBELESRMRE, THER
Tl BRI R, (Rt T BB ER AR, B
IV B I A R RS B IR SO U S B E
RAMZ—
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