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Abstract: Bimetal pipes are structurally special with dual requirements on mechanical property and corrosion resistance, so their field
welding is faced with multiple difficulties. For guaranteeing the welding quality of L245NCS/316L bimetal pipes which is used for the
development, gathering and transportation of high sour gas, its butt welding is carried out by performing tungsten argon-arc welding for
scratch coat and manual arc welding for screen. Based on trial and error, TGFA-309L (©2.2 mm), ATS-F316L (2.0 mm), TGS-309MoL
(2.4 mm) and CHE427 (3.2 mm) were selected as welding materials, and welding parameters were determined. Then, the welding
joints were tested by means of X-ray flaw detection, mechanical performance test, microstructure analysis, intercrystalline corrosion ten-
dency test, weight-loss corrosion performance test and CI resistant stress corrosion performance test, and the corrosion product of C1” re-
sistant stress corrosion specimen was analyzed by using XRD and SEM. The X-ray flaw detection result shows that the welding joints are
of level II; that mechanical performance indicators of welding joints are all qualified; that the microstructure of weld zone is mainly acic-
ular ferrite, granular austenite and pearlite; that no cracking is observed on the specimens of intercrystalline corrosion tendency test and
Cl resistant stress corrosion test. The average corrosion rate of gas phase and liquid phase in weight-loss corrosion test is 0.022 3 mm/
a and 0.068 1 mm/a, respectively; and that the XRD and SEM test results of Cl resistant stress corrosion specimen indicate that the main
component of corrosion product film is FeS, which is the crystal of tetragonal system in the pattern of stacking and which can penetrate
easily the corrosion product film on the surface of base metal to corrode the base metal. All performance indicators of the welding joints
indicate that the proposed welding scheme is feasible for the butt welding of L245NB/316L bimetal pipe.

Keywords: Gas pipeline; Bimetal pipe; L245NCS/316L; Butt joint; Welding process; X-ray flaw detection; XRD analysis; SEM analysis
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1.1 REMRREESZE

R HE & HE L245NCS (150 mm X 10 mm)
HEASNE WA 316L BELAERNEE AT, H
RS R IR LR 1. 2. BERGTHRA
PLmYIEl, RIEEmHSEHMEEE, VEIEXRA
FlJIERED, PEXASHSERETE TRYH
NEREEE.

R R R E TR R ATHIE. BEMTEE
2, RAFITHEIIEHTHAMER, BIE2RT
ZHRR, HIE. RENIEERES IRIEREL
B AR A B IE 22 TGFA-309L (E 2K 2.2 mm).
ATS-F316L ( B 424 2.0 mm) #1 TGS-309MoL ( B
BH 2.4 mm), HEAMEHEZERHKOEAFTE~H
{24 CHE427 (H 24 3.2 mm), B340 WE 1.

F 1 L245NCSBI6L ESEREMLFESE

e C Si Mn P S Cu Ni Cr Mo \%

L245NCS  0.130%  0.260%  1.110%  0.007%  0.001%  0.110%  0.120%  0.030%  0.010%  0.008%
316L 0.021%  0.463%  1.173%  0.021%  0.002% / 10.230%  16.829%  2.075% /
TGFA-309L  0.018%  0.410%  1280%  0.025%  0.008%  0.190%  13.590% 23.620%  0.120% /
TGS-316L  0.020%  0.590%  1.740%  0.024%  0.001%  0.230%  11.500% 18.600%  2.210% /
TGS-309MoL  0.018%  0.430%  1.730%  0.024%  0.009%  0.060% 13.100% 24.100%  2.240% /

CHE427 0.072%  0.540%  0.920%  0.019%  0.008%  0.072% 0.0310%  0.034%  0.001%  0.010%

W BB LUR BN
=2 L245NCSI16L E&BEhEMEE 55"~ 65°

WS RS /MPa HTHEEE MPa KR CPIAFET) 0
L245NCS 320 470 / 235
316L 320 590 56% /

1.2 FHOMIFZKBER

FEREHE O R A H A RF AR, SRANL
T HFBE#HTIMT, WEASE T, FZHEVLN
THEEBRDEREmE, HERHAKEDE. Bk
KO 1 o, XA EIERA 2.0 ~ 3.0 mm,
WO MR 55° ~ 65°

FHFLASFR, HREKFREEEREET

E1 HOTEE

&k, XA ERE, EEIES, HREMHEE
N 58% ~ 61%, IR, WEMITIEEE M FEXE
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NF 2 /s, HREM R ER KRS RGENT 5 m/
s, BRI : BEAKT 05mm,. EEFRAKTF 1.6
mm, {EAKT 2.0 mm, FHEFPAEE 2.5 mm B
BEAKTF 50mm, BEEH NS~ 6, HHIELE
B FE H 3 O3 0 0.5 ~ 2.0 mm.

13 BETIZSY

152 BT E B4 O 50 mm Py AT BB RS A R BE R Sk

JRE RIS AR, EE TR A R ALEER
) s EIRNREIEHIE 150 CULF, HZEREEE
B, RAEH BRBEHENEE ; FEE RN X
EAERRREATEE, FHITITRE, REEAES
TEAEHE . AP IELEREIEHT 10 min BA,
HWENHEASENT 200 mg/m’, HZEERG]#E
WEEMR TR ERRIEE. BETIZSHINE 3.

R3 BRIZSER

S4kE / (Lemin)

Fe R84 R HE /V B /A Y EAEHEE /(cm » min')
1EMH ]
1 Eap 10 ~ 12 77 ~ 84 8~9 14 ~ 15 8.5
2 Jicyc 9~ 10 90 ~ 100 7~8 13 ~ 14 7.6
3 LR 11~ 12 95 ~ 110 9~ 10 15~ 16 4.1
4 HEHA R 22 ~ 25 90 ~ 100 / / 6.0
5 o AR 25 ~ 31 100 ~ 105 / / 5.0

2 X H&RGRAFEERET

2.1 ShEETE X SRS

&% SY/T 4109—2005 brifE, XFIEB8E Lt AT
TANRAT I AN X SRR, RERTAN1.6~20
mm, JE4%% R 20.0 ~22.0 mm, EiHE/NT 04
mm, BHEAEN 0.5~ 1.0mm, ERESFL. RL.
RS 320 AN 2R TH] & 5 S R B o X ST R IRAAR I 45 510 T 4%,
B REH (EF2).

2 X GHRRGE

22 hEFtkse

% F R SR SAT Mk bR #E SY/T 4103—2006,
SRR SKAT T hrfd. Bl A R T R (IR
HEHENR. RO RRE - FEEELERBREN
370 MPa, FiHusRE N 500 MPa, FRIRLERMEIEE L
316L ] 33 mm, L245NCS {ll| 43 mm 4t $7 i ; 25
RIKA 180° B A, MEMELRRERYE
B RBRERERA “V” Bk, RTINS

mmX 10 mmX 55 mm, RIEEEN -20 C, [F4E4
M ThE A 33.3 1, IBA LA E ThE A 83
T, RILET COBREE ; ZIRE RN A4S R A

K 48 7 1 ISO 15156-2 2003 X 48 Be kst 4T T
EIREE EEAT I, SEES R &SR A HVS-1000 £ % B i fsE
FETt, #1281 000 g, A REFRS [A] 4 10s, T
RALE B 3 FivR.

AT+ YO E T

E3 BERENQAEREER

WXL R 4 B, J5 4% 10 i B2 b B A 7
H, SEEEEEK RS THEZEEHE. XEHT
TR BT AR 4 )y ATS-309MoL, 4HRTEFE SR it
o ALY SR AT AR, 1R THIES,
EEHEEERR, SEMMARSTER, Lk
HZE = A RDIR DU RAR AR, SR B

3 WUMARSH

R I & 3B GB/T 13298—1991. GB/T 13299—
1991 SRR G HATHMALR 2 (B S5). 154 .
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e. BB X R =

f. BEMIEIR

TR B N IR 4810 4 1) & N AR K IO A 4 B I AR R 0 30
PLETZEARR, HABKRBMHBEEZUAKR, +
HABRRE BN, BRRGEEMLRIA, ZELE
HEERARREG, ISR G E/NSORER R K
RGBT, SPRONEPRE R+ B+ RDR K
k. RELmX . B E TR N/ SR ER ik +
PR, SANEZRFEK, TR M, 28
BEIREEHE SRESER B RS, 3 -
BENTRERBRE+DEBETRS ML EE,
EERNS FH RSB KRR, SRS
R 8 2.

B IRIEEANENE

P th i RE T

R [E 28 £ 46 1 i3t

FRERERE
¥ 100 mL 754 GB/T 665 (4% 2 77 B & 4 D
HI5 HT AR ERH (CuSO, « SH,0) ¥ ##T 700 mL %
Bk, EAIA 100 mL £54 GB/T 625 (AL2EiRF)
R MIERAimER, FHAEHEF/KMEZ 1000 mL,
BC i H,SO,—CuSO, &l RERHAREN 1L K4
(B V4 Bk 2% 1 B T R IR B
412 FEEHRALR
BHBARMER T INT 2 AN FAT KB, 2T B,
BERAMRWME, BHETERREAE —ZH0E0HEY
. BIANBR, RERMFEEA S, KERHE
F i E b HE LA BIK, IRV R R,

4

41

4.1.1

SEIOFESE 24 ho R R G, ik B AWK A B A,
FZEBK KRB, FAERAN S mm Bk k55 7]
BAPEIE R4 Z i 180° (N BEIRAENL T AMUD, FFAE
KB K B R N AT B A i .
XANEBSSEMBEEEEEME (SY/T
6623—2005) = ] & (8] fE td iR B R HEXT IGC-1. IGC-
2. IGC-3. IGC-4. IGC-5 1 IGC-6 iX 6 #H 15 £ 4 3k
s ) 5 b AR AT o5 ) R P PR B A, &5 SRt 6
Fimm. Mg RER . RSt R %iF, ¥
R WL
42 SEFEMmERENIR

R A%

L EEMREKYE GB 10124—1998 #HT.
MR Cl™ & &K 59 gL, SN CO, BE/R 73BN
0.35%, R E SN 15 MPa, REGIRE AN 60 C, iR

421
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c. IGC-3
&6

55 F 4 120 he
422 RXEIERLER

BRI T 6 AN RE, ZA4TEE. 35 BEA RR i
S PR C S RE RSP AR & BRI 1 0 A R i
EEE R BN AT AN 3 NPT R T
ML L, 3APATIRPEE T LA, 2 gk T A
AR, REkER. SESHEHE, @N,RE
4hJ5, BALEHR 99.9% [t CO, & 0.05 MPa, X%
JE 21 JE a2 18 T+l 2 W 50 iR BE 60 C, REG A ) A
120 h.

RILEHRFFERAHNERRIG, BIEBLHEEE,
fE 15 ~ 30 min WFREH K. BUHIRFE, SRS
Je, FHIBRBEGR L, BBk THREH#HITHRE. R
P FE AT 5 0 A S R A, o )it 5 R
FEBUAF AT SCRH 1 8 ke 28
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d. 1GC-4 f. 1GC-6

ar 8] 8tk AR B fR RO S R

iR 346 HL CR-1. CR-2, CR-3. CR4. CR-5 fil CR-6
X 6 AalRE, FOIRHERE kL K 5 ol RE 75 WO 1P
Y516 ol 43 A 0.046 6 mm/a. 0.063 5 mm/a. 0.062
3 mm/a. 0.066 7 mm/a. 0.068 1 mm/a 1 0.038 4 mm/a;
FESUAH H P 25 J ki 643 531 9 0.025 2 mm/a, 0.027
8 mm/a, 0.022 7 mm/a. 0.028 6 mm/a. 0.022 9 mm/a
H10.019 4 mm/a. 3045 KRR « AP E R
4 0.022 4 mm/a, AR HRIEAE N 0.068 3 mm/a.
4.3 1 Cl~ MA@ i ae st

% HE An 1 GB/T 10126—2002 K “U” B3 i:
BEATINR, I RAELE CL IR N 59 /L HI/KVE
BRI 9 60 °C. W5 &K /124 15 MPa Fil CO, &
714 0.05 MPa [R5 S Bk, 22 720 h J5, il 4F 1Y
Felf, ERGU™E. I C1 R iR R ik
FEPIHEAT T XRD 20 H7 K2 SEM W T (& 7. 8).
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M 2 NPT CLT R A B il R R 1= M0 9 XRD 2>
PR UARH, $T CL™ R & iR R = M B i
EEMS N FeS, BTHT BRI [UJ55HR FeS
mik, SR EEATE HETYBEERR, 5%
ERESRRE R, SEEERE> R,
B L8 v = M R A & JR AR 3P 1 IR S .

ME 8 T LLE B, SR H B 51 70 A7 R =4,
FEYIRE A T 1 8-b v 8-a RN, I 8-b
R AN, A WE 8- hEH
k=R HOL T U7 ik, B EIHERIRGE
MHE 8-d PR B RMXILERB DT, HE%EY
K.

ZRRPUAKRBINE R~ DESER 5B,
FIE A REAMMAKMTT B EEZE M, K™Y
JEEZRIUTT & 7 FeS, HEKEEWEEMER—1
S R, X ANE A AR AT IR AR A

5 #FRiE

FRETURBBIER S U, I EHEER
BESARERBITT, FAESTEIRER, FTEEN
BEIZSHGH. ARERATRAEELMHG N : BF
HAKTF 15 MPa, CO, BE/R7TEA KT 0.35%, Cl1™
SERN60g/L HTIERFET.

2 £ x W

[1] ZEr 3, 3ME , 7o, &7 . L415316L EEELTREIRER K

R PERE [J]. AR AL E 23R |, 2014, 35(S2): 149-152.
Li Liying, Sun Jian, Sun Chong, Cao Ning. Corrosion resistance
of welded joints of L415/316L bimetal lined pipe fabricated by
free-argon welding[J]. Transactions of Materials and Heat Treat-
ment, 2014, 35(S2): 149-152.

2] RtEEFR, Tk, 2L, 308, BESR, FRE . KEARE

BEEAEBIFBUR (], Wk 5P H0R | 2011, 23(6): 529-
534.
Zhu Shidong, Wang Dong, Li Guangshan, Wei Bin, Zhao Xuchui,
Li Fagen. Research progress of bimetal clad pipe in oil and gas
fields[J]. Corrosion Science and Protection Technology, 2011,
23(6): 529-534.

[3] Kane RD, Wilheim SM, Yoshida T, Matsui S, Iwase T. Analysis of
bimetallic pipe for sour service[J]. SPE Production Engineering,
1991, 6(3): 291-296.

[4] Mazel AG, Lopatin EV, Romanova IA. Technology of welding
industrial pipelines of X-65 steel for acid gas and oil[J]. Welding
International, 1994, 8(3): 232-235.

[5] Morozov YD, Zikeev VN, Filatov NV. Development of coiled
steels for electric-welded (HFC) oil and gas line pipe, casing, and
pump-compressor tubing with high strength and good resistance to

cold and corrosion[J]. Metallurgist, 2009, 53(9/10): 633-636.

(6] #Z4e , FriRRl , ¥t , Tkif , SREENS , Sk NE . WEBEEE
MR TR SR [J). RASEH W , 2010, 28(6): 22-28.

Xu Aihua, Ruan Zhengang, Yang Guang, Zhang Jing, Zhang Kun-
peng, Zhu Lihui. Welding technology of bimetal clad pipe[J]. Nat-
ural Gas and Qil, 2010, 28(6): 22-28.

[7] Wang Bin, Lei Bobo, Wang Liang, Xu Ming. Analysis on fracture
toughness of the L415MS/N08825 bimetallic composite pipe
welded joint[J]. Materials Science Forum, 2016, 850: 1010-1015.

[8] Chen Hao, Ma Huizhen, Chen Xiaomin, Jiang Shengfei, Wang
Huaijie. Failure analysis of butt weld of bimetal composite
pipes[J]. Journal of Failure Analysis and Prevention, 2015, 15(4):
563-570.

(9] B4, Rkfe, B, WL . 21985685 S HRERE

TZRELMERE (1] REFIR , 2011, 32(9): 25-29.
Ran Guowei, Song Yonglun, Yan Sibo, Lin Jiangbo. Welding pro-
cess and joint properties of hybrid welding on 2219 aluminum al-
loy[J]. Transactions of the China Welding Institution, 2011, 32(9):
25-29.

(101 ¥4 M, REE , 248, BIEH . 825 84 20 WNEBEE
FRETZ ] BEHA 2015, 44(11): 33-36.

Yang Dongming, Zhu Yuanyuan, Cai Rui, Ge Pengli. Welding
process of 825 alloy/20 steel bimetal pipe[J]. Welding Technolo-
gy, 2015, 44(11): 33-36.

[11] Torbati AM, Miranda RM, Quintino L, Williams S. Welding bi-
metal pipes in duplex stainless steel[J]. The International Journal
of Advanced Manufacturing Technology, 2011, 53(9/12): 1039-
1047.

[12] Leibzon VM, Pavlov AA, Pavlova EK. Influence of the area of
the sections of an unremelted production joint on the properties of
weld joints of a bimetal[J]. Chemical and Petroleum Engineering,
1986, 22(5): 236-238.

[13] 2%, Hg%, %K. BLFEREBEESAmNMR ).
#INT T2, 2015, 44(23): 95-97.

‘Wu Xuan, Hu Jianhua, Gao Ge. Study on interface about centrif-
ugal casting composite bimetallic pipe[J]. Hot Working Technol-
ogy, 2015, 44(23): 95-97.

[14] Pinaev VG, Kiryushov VV, Ryabtsev IA, Vasil’ ev VG, Dzyk-
ovich IY. Structure and heat treatment of steel 45-R6MS5 bimetal
prepared by explosive welding[J]. Metal Science and Heat Treat-
ment, 1989, 31(10): 794-797.

[15] TH. REBESEEETZHALNA [J]. BFEHL, 2011,
41(7): 71-73.

Wang Xin. Study on welding technology of double metal com-
posite pipe[J]. Electric Welding Machine, 2011, 41(7): 71-73.

[16] Torbati AM, Miranda RM, Quintino L, Williams S, Yapp D. Op-
timization procedures for GMAW of bimetal pipes[J]. Journal of
Materials Processing Technology, 2011, 211(6): 1112-1116.

[17] Li Fagen, Wei Bin, Zhao Xuehui, Shao Xiaodong, Cai Rui.
Analysis on bimetallic lined pipe for sour service in oil and gas-
field[C]//International Conference on Pipelines & Trenchless
Technology, 16-18 October 2013, Xi'an, China. DOI: http://dx.
doi.org/10.1061/9780784413142.099.

(M EFE A 2016-09-07 4% ® ] B



