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Development of API X100 UOE Line Pipe
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Abstract

With the aim of developing API grade X100 line pipe with excellent low-temperature toughness of both
base material and heat-affected zone (HAZ) and also excellent field weldability, chemical compositions of
base material and thermomechanical control process (TMCP) conditions were studied on two basic
chemical systems, that is, a Nb-Mo system and a Nb-B system. Based on the experimental results, X100 line
pipe was manufactured on a large scale and its properties were examined. This trial pipe exhibited excellent
field weldability as well as sufficient strength and good low-temperature toughness.
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Peak temperature (C)
Chemical composition (mass %)
Steei C Si  Mn P S Nb Ti Al N

Ti0O 0.07 025 181 0.008 0.001 0.039 0.017 0.003 0.002
TiN  0.07 025 1.81 0.008 0.001 0.03% 0.017 0.019 0.003

2 BEHHAZHHIIRIZTE-7BENE

Type | Type Il
Direct quenching Interrupted accelerated
and tempering cooling
Slab—
reheating
I Thermomechanical
S rolling
<
2
; m
& i
Hi
1]
!! Tempering

3 HIFELE - IEGH 7O & A (TMCP) DERE

WL L TENRLESEIFERTE S, TMCPIZBWT, RO
ERKEHMEIZ AT 7HEHNR»SHBMEE, ZLTHAETD
HBAenGECKETAHOINLORBEILILETH S,

BB BED 5132 T 7HMMERE & ¢ RBFERBTOE
HENFRLEETHD, A7 7TENBRBEVETIIBNRFOy ML
NEL L, BREEBEORRABOMMILIIKE(FST S,

NAF A MABORBRHERERTR 7274 MHREELRY
OEM{ELIHy OB E ROBEBERS S D, ZoMEE
ELFTAHIE LNV EREHIIRESND, y KBHERNTORE
ETFEOHEINZOTEREBROETICL ) R OESRE LAY
WOBBENSLTEILNTES,

SR I IE S EEE O K G BRIRE & KIS ILIREIHR CRFET
5, whAGEERCIHERMM L HAZBR(LIZ KIS EILREICRE
ENb, KEEZILEEQETIEVEREIXERT ), KGELR
EOBMELETREEOM* 2K SETREAEzHLEEE L
B, HAZBRIEDP KR E K R Y HFOFRBELERT S 5,

4 LB L SRR OFRIE S (TS) DEICRIZT KGELRED



X10031 >34 T7DM%

R INT . KFHEILIIEAM00'C D & & BH DTS & B E DTS A
E ARG va)‘ 400CHTIZR D t«;??,félhl&i%.,ztl?rt BWTHAZIL
LERTHENT L T, «Aqfﬁlm erﬂi'LTJIT?J'@'W"‘ot DL D, T

HbiE i:.a-lm EEMOMEL Y bRELCTIHE, KEELR
J#13400°C 1A Lawo z Ur-u;z F Ly BEL, ABOBIEARR

RIEDFIRAEA IR L TR L VEFlie 2 20T, EB213400
TLY ww&w RIS THETE S, Jﬂa):‘—r@HAzlj\fo B+ 5

2.4 X1005 4 > 181 TDALEE

X1007 1 > 234 T OERWIN % TH HNb-Mosk, Nb-BARDELR
EREHRERICOVTIENS . T 1RO ILERS 4 Rde T212
MWOBLE 7 0¥ ARG L TT, HEBRERR U AR %
& LTH, B5 IINb-MoATMCPHRAR (Steel Al ~ Ad) D HEH

BB IZRIZTTMoB DB E 2 R T, K EILIREII450CH—E L

L72c MOEDHIMUZIEOWTSIZER L, 02%L EOMoEIITXI00

ZOONREEILOTHITMOLFER S, RITRUEHHEE & L1208 ELTOREEBRTE 2, MRNEIIMoF DIV HILT
HT b, SEFNZH B A, 03%DMoifSITd RIFREZ/RLTVwA, 37
+50 900
= 8001 % 100Ts 1 S
= S ®
2 0 i 400 =
b 700 |- _fa00
2 | . g
! ! £ Ys M
= ® ! = O’/,o———o—o- =
g 8 | T 6001 ~{300 § —-60
s —50 | i 2 -
2 ' § °- Energy % s\é
— 1 2] e T, . z
- ~0~_ A— i
o : 500 > - & —200 2 80 <
< | A éj
L ! y 1 L ~F ,
—100 400 A —-— FATT —{ 100 —{—100 2
RT 200 400 600 TMR 0 il 5
Stop temperature of ACC ('C) | | | |
Note) 300 0 - =120
1. Nb-V steel (Plate thickness 22mm ) 0 0.1 0.2 0.3
2, Tensile test specimen  10mm ¢ round bar specimen  (Gage length 50mm) Mo (%)
4 B &R O BEMR 2 00 3 I T A - SRR o) B B 5 Nb-MoATMCPHI O M H 12 BIT$ Mot 0 i %
(Steel A1~ A4)
&1 HMOLERD (mass%, *ppm)
Steel C Si Mn P S# Mo Nb Ti B* Others Cey"! Pep®
Al 0.056 0.27 1.95 60 30 - 0.044 0.012 - Ni, Cu 0.42 0.18
A2 ” s v K v 0.11 z v - 4 0.44 0.19
A3 v 7 K s e 022 ” v - (e 0.47 0.20
Ad ” 7 ” 7 7 0.31 2 2 - 4 0.48 0.20
B 0.061 0.29 1.92 80 30 0.10 0.042 0.015 - K 0.42 0.18
C1 0.067 0.26 2,00 40 10 0.10 0.036 0.019 - ” 0.43 0.18
C2 z ” o v v v K v 16 v 0.43 0.19
D 0.043 0.26 1.98 130 39 0.11 0.038 0.019 11 v 0.40 0.16
Ei 0.060 0.24 1.60 40 8 0.20 0.045 0.012 7 4 0.41 0.19
E2 7 7 s K s 0.29 “ ” 9 4 043 0.19
E3 P 5 4 4 2 0.38 2 v 8 “ 0.45 0.20
E4 0.060 0.06 1.90 50 7 0.20 0.032 0.017 7 v 0.47 0.20
ES v v K e v 0.29 ” “ 6 K 0.49 0.21
E6 ” e 4 (e 4 0.39 K K 7 v 0.50 0.21
NCey=C+Mn/6 + (Cu + Ni)/15 + (Cr + Mo + V)/5
D Pey = C + Si/30 + (Mn + Cu + Cr)/20 + Nif60 + Mo/15 + V/10 + 5B
® 2 TMCP%&f*
Steel A Steel B Steel C Steel D Steel E
1. Slab-reheating temperature (C) 1150 1150 1150 950 -1250 1150
2. Cumulative reduction below 930°C (%) 75 75 75 75 63
3. Finish rolling temperature (C) 740 740 730 720 880
4. Cooling rate of ACC (C/s) 20 20 25 20 25
5. Stop temperature of ACC (C) 450 RT - 440 410 450 RT
6. Tempering condition - - - - 5507 X 20min
7. Plate thickness (mm) 20 20 18 20 18
—40— OB B OEOW 362 (o
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Tensile properties CVN impact properties
Steel | Process | YS TS El Energy at | 50% FATT
(MPa) | (MPa) | (%) | —40C () ()
Cl TMRD | 437 619 47 247 =110
ACCY | 550 670 44 368 —110
C2 TMR 537 746 36 249 —100
ACC 633 805 34 254 - 100

Y TMR : Thermomechanical rolling
, g
2V ACC : Accelerated cooling after rolling
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0.060]0.22 [ 1.96| 60 | 26 |0.39 [0.17[0.11 [0.045]0.013| 0.45 [0.19
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Pipe size Base material Seam welded joint
ob wT Tensile properties*! CVNimp ait BDWTT Tensile properties*™ CVN impact Properties*®
(mm) (mm) properties** properties
YS TS El Energy at 85% shear TS Location of vE_ o)
(MPa) | (MPa) (%) =20T (3 FATT (C) (MPa) fracture WM HAZ1 | HAZ2
762 | 19.05 710 848 30 133 —15 793 HAZ 144 71 130

*DAPI 5L specimen taken from transverse direction

*Fyl]-size specimen taken from transverse direction

*HAverage value, notch position
WM : Weld metal centerline

HAZ1 : Fusion line

*ITransverse weld specimen with reinforcement

42— i

HAZ2 : Fusion line + 2mm
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