5545 % 5 s i)
2024 4F 8 H

J& e 55 B
CORROSION & PROTECTION

Vol. 45 No. 8
August 2024

DOI:10.11973/fsyfh-202408007

BN & R E & & IF 42 X808 ih XU 5 BR R R O

£ B ,xkR',ZE

F L ERM, X

2'kON, ERR, EEE

Q. A EA IR RSB PR B PE R A A s AL SH 35 6350005
2. R TR AR5 B AL s B RA L L 102209

OB, ALY IR R T A L360QS/N08825 M4 & A A F A& (L360QS 4R) 5 1% 48 (625
SR BALFIT A RAT T AR IRIT T AR AR T A R OR R AR 8 ik e 69 % e, I R R
MRS T o T RERREBEBEAKTLGRNE, ARARTEREN T AT RER
E@RBRLTARLRGY 0, EREAV . ELARES T AFEEMEEER P HELER G VS
AR R K s 320 MR AR T AR R E FTHE Bk, ARy RS TRELAKTFEAKN

M EARAEY T MAELATREORBH R DA WG A BB LB e s IR EHrh L A

EA, AR B,

. WA BT LIEER ARk ST AR

FESES: TG174 XERFRERRD: A

TIPS T R M BOR, ANE B R e
2 RSN 2 5 B PR A ZE A =, BT
ZEREE WS — B, YRS TEES -
e kG L L (R R S e TR AR A
R, B i 2 e e 2 e AR B MERE L S W T
et 5 T PR PR DU X 3k Bt B 157 ‘8 39R4 T T #h 7R 089
TR A ol 3 AL 5 A 2 3 43 B A2 A ik o

PO R A S R SR L360QS/
N08825 M4 E A8 (LA F M4 8 2 &8 fit ik
R R T T A A T o IR A, O R
3PE By J§ 12 5 A0 e 3 B AR P4y =X ol 45 1 A1
JiE b, A4 TR A LA L360QS BiRAT M A 2 Kk
& \N08825(Incoloy 825) i34 4 (LI FFK 825 &
%) NN ERE, HdFH N06625 (Inconel625) £ 3k
B (LUTFRR 625 Aa) et i, 625 545
1.360QS MAFAE— & HL {7 22 . — B =)0 B 8 1l J2
PR WD 4w 25 & AR AR bl W e B 2 A
T R ok RGO o k5 1 e 3 B
W ARPVE T S FEAEBEbA | KR4 DX ol %) g o JRUS: 2 i
RIEMAIRG Y HAT, X T WA B A R
DX B i A 5 T2 B2 AR rh e PR ol A B X e A DXk
JEE AT S BB AR T B e AR R S

%5 H H#A:2024-02-28
BEER KR (1998 —) , TREIR, W+, I ML 1l 5
B4 TAE, 15191970570, 1279855469@qqg. com

o 4D .

NEHS: 1005-748X(2024)08-0042-08

SR FH AR AL 38T B B e R AR A U S AR T
XTI R R B AR A X L 4 R A
Y4 DX SR AT R e B g 2 BRI L R A
FOU T R Ry P DX Tl 875 ok )2 A 4 L A it o ) £ 4
RS VAN T FEA N B R L IE % BA AR L Bt O 4
SRR AR 5 KR A AR - SRR R A H AR kX
W 2k — 20 R T 4 RO 8 B A 1 22 i T AR 9]
W ARIP R RE R Ry W4 i 5 A48 AR DR AP 4
FN FH S HEHNS LR A S BR 2250
1 i @
1.1 RBewr A

RIS R4 R R A A L360QS W . K4k
PRE 625 A4 BRI 22 W3R 1. S35 3CR17]
DASEADL 4 8 3 Y Sy i 30 0 W L B - o i 0 B
0.012 1 mg/g Ca®" .0.012 1 mg/g Cl” .0.009 5 mg/g
K".0.004 9 mg/g Mg®",0.008 3 mg/g Na'.
0.016 1 mg/g NO; ,0.009 2 mg/g SOT ,0.190 mg/g
HCO, ,pH 2} 7.09,
1.2 BiEK

£ GB/T 40299 — 2021 4 J& 4 42 14 &g ok
i e P A 2 0 3 L) o A AL
WP I A 5 AR AE T R i Ak 2 I . YRR
CS HLAb2= TAE, , R R G M hn i = IR R T
YEEA A 1L360QS 85 625 &4 . M B N EA A,
2 H AR R A AT H R A (SCE) M,



FE BH LA 2 X e A A A DXl ol XU K B R AR PP

®1 VNEREAENHLERS

Tab.1 Chemical composition of bimetallic composite pipe

T %
PR - - -
Si Mn P S Cr Ni Mo Cu Al Ti Fe A% Nb
1.360QS 0.14 0.45 1.65 0.018 0.003 0.3 0.003 0.15 0.35 0.006 0.025 S ie 0.05 0.025
625 0.043 0.42 0.06 0.008 0.002 22.03 i 8.62 — 0.32 0.37 4.04 0.001 3.53
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Fig. 1 Schematic diagram of galvanic corrosion device
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Fig. 2 Schematic diagram of cathodic protection effect test
A BORIEAE T A O IR 3 h s
I B B A EA B S IR AR 1 AR B L, SR
GRIDERVERERAAG e - 1B | L2yl SR VA )
—0.9,—1L0,—1.2 V.l L 1 h J5 705 I A8 5 0
ST A FL L LAWY F FR A 7 2k B A/ MR AP LA
(—0.85 V) B, PP 3 R B BILRACR 7

2 FHR5ITE

2.1 EBieEiEee

L3 AT I, 7E A W L360QS W
625 &4 AT A —0.714 V Hl—0.411 V, H,
fii2% 303 mV.ZFprifE T/CSTM 0046.12 — 2018
8 P A RA LA A VS TE H A IS ol XU, 5 L360QS
(9 1 ke S 5 B R 5.88 <10 % A/em?, 625 A4
) T e b 97 8 B ¢ 1L360QS AN/ 1 4Bl 4 . X
g 2.77X1077 Afem® , JE XU B

0.2 -

L360QS

62544

-14 . .
=10 =9 =—§

-7 6 -5 -4 -3 -2
1g[J/(A-cm™)]

B3 L360QS 5 625 & & 78 T HEBUR R P EIRAL th 2%
Fig. 3 Polarization curves of L360QS steel and 625 alloy in

soil simulated solution
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Fig. 4 Corrosion rates of 1L.360QS/625 before and after coupling in soil

simulation solution under different cathodic protection conditions
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Fig.5 Macrographs of uncoupled L360QS steel surfaces after

corrosion without cathodic protection before (a) and after

(b) removing corrosion products
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Fig.6 Macrgraphs of surfaces of 1L.360QS steel (a) and

625 alloy (b) before corrosion
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Fig.7 Macrgraphs of coupled L360QS steel and 625 alloy surfaces

without cathodic protection before (a,b) and (c,d) after

&7

removing corrosion products
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Fig.8 Micro morphology of uncoupled (a) and coupled (b) L360QS steel surfaces after corrosion without cathodic protection
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Tab. 2 Chemical composition of corrosion products on 1.360QS steel surface without cathodic protection

JEF43 50 %
etk : . ‘
C O Al Si S Cl Ca Fe
EN i 4.7140.14  50.3640.46 — 0.154+0.06 0.004-0.04 0.084-0.04 — 44.7040.50
oA 6.0740.16  52.66+0.47  0.1940.06  0.2440.06  0.14--0.04 0.14+0.04 0.1640.05  40.4040.47
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Fig.9 XRD patterns of corrosion products on uncoupled (a) and coupled (b) L360QS steel without cathodic protection
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Fig.10 Macrographs of coupled L360QS steel and 625 alloy

surfaces under normal cathodic protection before (a, b)

and after (c,d) removing corrosion products
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Fig.11 Macrographs of coupled L360QS steel and 625 alloy

surfaces under excessive cathodic protection before (a, b)

and after (c,d) removing corrosion products
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Fig. 12 Mechanism diagram of galvanic corrosion of

L360QS steel and 625 alloy
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Fig. 13 Schematic diagram of cathodic protection
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Fig. 14 Micro morphology of cross-section of coupled 625 alloy
after hydrogen induced cracking test under excessive

cathodic protection
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Tab. 3 Free corrosion potentials of pipe sections with

different ratios of exposed area in simulated soil solution

HA S ARAENY FIB ke fr /v
RF ML S JR5E
5.0:1 —0.712 8 —0.276 9
1.0:1 —0.641 7 —0.521 6
0.2:1 —0.567 5 —0.567 3
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Tab. 4 Off-potentials of pipe sections with different

ratios of exposed area
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0.2:1 —1.10 —0.95
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Evaluation of Corrosion Risk and Cathodic Protection Effect for Weld of

Buried Bimetal Composite Pipe

REN Yang', LIU Yongliang' s WANG Yang', ZENG Yunfan', LIU Jian',
ZHANG Shaogang®, WANG Xiuyun’s WANG Maomao®
(1. Chuanbei Gas Mine, Southwest Qil & Gas Field Branch of Petrochina, Dazhou 635000, China;
2. Safetech Research Institute, Beijing 102209, China)

Abstract: The electrochemical behavior of the base pipe (1.360QS steel) and the weld (625 alloy) of L360QS/N08825
bimetallic composite pipe was studied in simulated soil solution in field. The effect of cathodic protection on the risk of galvanic
corrosion in weld area was discussed. The risk of hydrogen induced cracking caused by galvanic corrosion in the weld area was
further analyzed under excessive cathodic protection. The effect of exposed area ratios of base pipe to weld on the effectiveness
of cathodic protection was analyzed using full-size pipe sections. The results show that in the absence of cathodic protection,
the base pipe had a high risk of galvanic corrosion in simulated soil solution. Forced current cathodic protection could effectively
slow down the corrosion of base pipe, and there was no risk of hydrogen induced cracking in weld area under excessive cathodic
protection condition. Under cathodic protection. as the exposed area of base pipe gradually decreased, the free corrosion
potential and off-potential of base pipe shifted positively under the influence of weld, and the cathodic protection effect

decreased.

Key words: bimetallic composite pipe; soil solution; galvanic corrosion; hydrogen induced cracking; cathodic protection
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