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Study on the Properties of Ni-based Corrosion Resistant Coating by Me-
chanical Gas Tungsten Arc Welding Overlayed on Bimetallic Composite Pipe

ZHANG Kai, CHENG Xianping', TIAN Lei, LIU Wenting, ZHANG Hengwei

Offshore Petroleum Engineering (Qingdao) Co., Ltd., Qingdao 266520, China

Abstract: In order to solve the problem that the side wall of bimetallic composite pipe is easy to corrode without corrosion
resistant layer, this paper adopted the method of Mechanical Gas tungsten arc welding to prepare ERNiCrMo-3 Ni-based cor-
rosion resistant layer on the side inner wall of API SL X65Q+625 Clad pipe and and comparative study of manual argon arc
corrosion-resistant layer of the preparation of the organization and performance. The results show that mechanical argon arc
welding has higher efficiency and lower heat input than manual argon arc welding. The nickel-based cladding layer has good
forming, excellent mechanical properties and corrosion resistance. Among them, the mechanical argon arc welding prepara-
tion of nickel-based corrosion resistant layer microstructure is finer than the manual cladding and no intermetallic com-
pounds, carbides, nitrides and other precipitation phases; cladding layer, heat-affected zone, the average microhardness of
the substrate were 226 HV, 200 HV, 179 HV. Mechanical cladding layer have lower microhardness than manual argon arc
cladding layer and did not have local hardening area; At the same time, corrosion-resistant layer has a lower dilution rate, the
iron element content is 5.74%, corrosion resistance equivalent PREN up to 50, showing good resistance to pitting corrosion;
ASTM G28-2 (2015) method A test conditions of intergranular corrosion is only 0.437 mm/y, showing good resistance to in-
tergranular corrosion performance.
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Table 1 Chemical composition of test substrate (wt. %)

g C Mn Si Ni Cr Cu P S Al Nb A Fe
API 5L X65 0.09 1.12 0.24 0.15 0.17 0.16 0.011  0.001 0032 0021 0030 4
625Clad 0.10 0.50 0.50 58 20.0 — — — 0.40 3.15 — —

x2 HEABRMULERS (RESE, %)

Table 2 Chemical composition of filler metal for testing (wt. %)

C Mn Fe P S Si Cu

Ni Al Ti Cr Nb+Ta Mo Others

0.009 0.07 0.38 0.003 0.001 0.04 0.01

64 0.13 0.22 22.5 3.45 8.8 <0.50
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Table 3 Parameters of surfacing welding process

. pora [ESia JRFE LR SR A
Jik - - — - - HLR/V L .
HA%/mm JEEE R R pyi| WE/(Lomm™)  ZSH&A FHLIL/A /(mm-min™")  /(kJ-mm™)

F 1k 24 ERNiCrMo-3 Ar 15-25 DCEN 160~190 11~13 80~110 1.0~1.3

HUBR AT 0.9 ERNiCrMo-3 Ar 15-25 DCEN 170~190 11~13 290~300 0.5~0.7
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Fig. 1 Surfacing equipment and the appearance of the workpiece

before and after surfacing
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Fig.2 Microstructure of the surfacing layer and the base material in
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two surfacing methods
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Fig.3 Microscopic morphology of the prepared nickel-based

corrosion-resistant layer
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Fig. 4 Specimen position for hardness test
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Table 4 Hardness test results (HV)

‘ . WM HAZ BM
YRk
1 2 3 4 5 7 8 9 10 11 12 13 14
TR 231 243 247 221 227 230 218 211 212 209 217 179 188 188

HUBR AT 243 222 232 222 223 211

198 200 207 198 196 182 168 186
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Table 5 Chemical composition of Ni-based corrosion resistant layer (wt. %)

T T TR R T ok S22 A S Ak XY B X 50, TR A5
THLBE A Y s AU I AR ) 25 (1) B SE i o 23 Fe
TUR &R 5.74% , W 8 /D FF T a1 9.92%, iX
152 T BB TR G 1 1 O R A B A, ME A
T AR PR ()RR B AR, (AT AL A T oI S ]
PR L T8 o 22 EL A B e g i ok

Ik C Mn Fe P S Si Cu Ni
Tk <0.10 <0.50 <10 <0.02 <0.015 <0.50 <0.50 >58.0
FTEIR 0.02 0.10 9.92 <0.01 <0.02 0.048 0.087 54.89
BT 0.01 0.15 5.74 <0.01 <0.002 0.026 0.093 60.99
rik Al Ti Cr Nb Ta Mo N PREN
TR <0.40 0.40 20.0~23.0 Nb+Ta:3.15~4.15 8.0~10.0 — >45
TN 0.14 0.19 22.58 3.60 <0.01 8.51 — 50
IR 0.15 0.21 21.12 3.35 <0.01 8.58 0.0086 50
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Table 6 Results of intergranular corrosion test

JE iR/ (mm/y ) s
WS B R ;;%L 2 gi% ERik 50, FEI0HY BT S g
2 s
ES R 30%20%2 120 0.698
<0.914
MBI 30%20%2 120 0.437

3 #ieE5RE

3.1 it
IR S5 ) R P AL G A - T G R ey i

SR S EE R 0.437 mm/y .
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