846 % %5 P - S S ¢ Vol. 46(5):94 — 104
2025 % 5 F TRANSACTIONS OF THE CHINA WELDING INSTITUTION May 2025

HE R EWNBRAZL TIG IR 625 RESEE
28 21 e ifit /& T 1 e

HAE Y, maARS, SRR, R4, IMed, RAARS
(1. B TR, B aekvE Sk TR, F¥E, 201209; 2. TEORRHE R, AERRLE S THRARR, BEIT, 212003; 3. thE
B e 2 T I REMURBF S B BRAA 7, T, 3157005 4. ERMHLBIFZE Fra BRAA 7, KB, 450052)

FEE: SR FH b S R VRS S ) SRS A P22 TIG B AR TR i i 1 5 0 PN BE 1) 45 T 22 Inconel 625 B34 G HEXRZ, JFHUREXT
BRI A AREA T 800 °C 1 900 °C [EFA AN, FH 4 AH 08 foft B AT 48 Hho B X AR T 60 T 5 A T B A S AR A2 5 B P R
LV SRR BIEA T 34T, WP ER A 2 A AR A T Rl AR b S D, R X ER AL & R R R SR T W B AL I HE T T XPS 43-#T
SERFW,EET, B 2RSSR 2 BT eI AP A, B RIS SRR I LASE — 2 SRR
Bt A AR TR, ) A R P AR A 2% s 58 2 X058 — 2 FIAE R, 565 — 2L G &R A )2 ik R
SERYN/N; AR, AR/ AR A AR P A A R X 12 RS T SN S Ak, AR/ HE KR A RS 4L 2 R e
S IURE B S AR, HARRIUO RS S AR Z (220 HV) 235 w5 T i SN AEA (140 HV), 1B (ARG M) X DR 52 K A i
IMER = 8V AL, FEREBEE (100 HV) FAIR, 35 A0 A X R DI A3 0. [T A BRIELE ) 800 °C B, #RILA 44k
FLZThHT YR AR L B TR R, (o7 45 K, T (B . 800 °C [EIVA AL PN T 4834 4 MEAR 2 P Nb Fll Mo TEE A%
fife, i Laves A FIBRALPIAHIE D, EHIR & ARG, BERTERFL A G HEXR 2 MR M i . XML S HEIR 2 T XPS 4347
LA EifbZNZ EEH Cr, Fe, Nb F1 Mo 1Y%k, SN2 EZEH Cr, Fe, Nb Fil Mo B2 A L4).

BIFTAR: (1) RN TIG FARLEHITMATE P EER] 45 Inconel 625 & 4 HEXRZ BAT RAIE.
(2) 800 °C [E¥A AL FREE T T 42 /AN B A A HP AR G ] X 2H 23 B PR B, RIAF 71 T Inconel 625 B3 A 4 M K8 2 BTt Ji
g,
KRR A INZL TIG HEIRH R 5 625 BRIEA 4 THOWA 2L 1% s A4 i il A
FE 5SS TG 455 XERFRIAED: A doi: 10. 12073/j. hjxb. 20240207001

Microstructure and corrosion properties of 625 Ni-based alloy surfacing
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Abstract: Two Inconel 625 Ni-based alloy surfacing layers were prepared on the inner wall of high-strength steel in oil pipeline by
using double tungsten electrode TIG technology with hot wire that was controlled by independent power supply. The samples
obtained from the oil pipeline were solution treated at the temperature of 800 °C and 900 °C, respectively. The microstructure and
composition of Ni/steel surfacing plates were analyzed by optical microscope (OM) and scanning electron microscope (SEM). Its

hardness and electrochemical corrosion resistance were tested and its passive film was analyzed by X-ray photoelectron
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spectroscopy (XPS). The results showed that in the as-welded state, the first layer of Ni-based surfacing alloy grew upwards in
order perpendicular to the steel, however, the second layer nucleated on the substrate and from precipitates in the substrate of the
first layer alloy, and its growth sequence became chaotic. Meanwhile, the grain size of the first layer was smaller than that of the
second layer owing to the heat effect of the second layer on the first layer. After solid solution treatment, the microstructure of HAZ
became more uniform and refined compared to that in the as-welded state, and this could improve the strength and toughness of the
Ni/steel interface. In the as-welded state, the microstructure of Ni/steel surfacing composite plate presents a gradient distribution,
which shows that the Ni/steel surfacing layer (220 HV) is significantly higher than that of the high strength steel substrate (140 HV),
and the steel matrix HAZ has the lowest hardness (100 HV) due to the microstructure softening caused by the welding heat cycle.
The process of solid solution treatment can increase the corresponding hardness, especially, when the solid solution treatment
temperature was 800 °C, secondary Ni-based austenite y" phase, whose dislocation density was large, started to form, thus the
hardness value of Ni-based alloy was up to the maximum. Moreover, when the solution treatment temperature was 800 °C, the
dissolution of Nb and Mo elements increased, the Laves phase and carbide phase reduced, and the needle-like 6 phase appeared, thus
the corrosion resistance of Ni-based alloy reached the optimal value. The passivation film was composed of two layers that the inner
layer consisted of Cr, Fe, Nb, Mo oxides and the outer layer consisted of Cr, Fe, Nb, Mo hydroxide.
Highlights: (1) The use of TIG technology with dual-tungsten and hot-wire for depositing Inconel 625 alloy cladding layer on the
internal surface of oil pipelines is innovative.

(2) Solution treatment at 800 °C enhances both the microstructure and mechanical properties of the steel heat-affected

zone (HAZ) in nickel/steel cladding plates, while simultaneously improving the corrosion resistance of the Inconel 625 nickel alloy

cladding layer.

Key words: double tungsten electrode TIG surfacing technology with hot wire; 625 Ni-based alloy; microstructure; hardness;

electrochemical corrosion performance
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Table 1 Chemical composition of Gr.B steel and ERNiCrMo-3 welding wire
M C Si Mn Ni Cr Mo Fe Nb Al Ti
Gr.B 0.190 0 0.250 0.400 0.04 0.01 0.003 R 0.004 — 0.002
ERNiCrMo-3 0.009 3 0.026 0.012 R 22.18 9.080 0.101 3.730 0.2 0.300
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Fig. 1

Physical drawings and schematic drawings of surfacing welding process. (a) photo of pipeline cladding

application; (b) photo of dual-torch TIG welding system; (c) schematic diagram of dual-power dual-tungsten

parallel configuration
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Fig. 2 Cross-section microstructure morphology of Ni/steel surfacing plates. (a) as-welded state; (b) solution treatment

at 800 C; (c) solution treatment at 900 T
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Fig. 3 Enlarged view on microstructure morphology of Ni-based alloy surfacing layers. (a) as-welded state; (b) solution

treatment at 800 C; (c) solution treatment at 900 C
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Fig. 4 Morphologies and corresponding local magnified image in the nickel-based alloy surfacing layer. (a) as-welded
state; (b) solution treatment at 800 C; (c) solution treatment at 900 C; (d) Fig. 4(a) magnified view; (e) Fig. 4(b)

magnified view; (f) Fig. 4(c) magnified view
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Table 2 Energy spectrum analysis results of characteristic points in nickel-based alloy surfacing layer

FHIE AL Ni Cr Nb Fe Mo Ti C
A 43.27 16.05 10.19 19.42 7.02 4.05 —
B 11.89 2.92 67.03 6.93 — 0.11 11.12
C 58.32 17.93 8.83 7.29 7.35 0.28 —
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Fig. 5 Hardness distribution of Ni/steel surfacing plates
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Table 3 Corrosion potential and corrosion current
density of different specimens
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Fig. 7 Nyquist diagram of different samples in
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