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Study on the Corrosion Performance of Hot Wire Pulsed TIG Surfacing

Inconel 625 with Different Surfacing Layers
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Abstract: For studying the difference of corrosion performance of Inconel 625 surfacing layers obtained through hot wire pulse TIG ( Tungsten
Inert Gas Welding) surfacing, single-layer and double-layer coatings of Inconel 625 were applied on the surface of 20 steel through surfacing.
The corrosion performance of surfacing layers with varying number was analyzed by electrochemical test, intergranular corrosion test and EDS
component analysis. Results showed that in Bode diagram, the phase angle of double - layer surfacing was 80°, and that of the single - layer
surfacing and substrate decreased by 5°and 20° respectively. The slope of impedance modulus and frequency of double - layer surfacing was the
largest, followed by single - layer surfacing, and the minimum was the that of substrate. Additionally, the base material had Warbug diffusion
and the smallest capacitance arc, while the double-layer surfacing had the largest capacitance arc. Self-corrosion potentials in single-layer and
double - layer surfacing were 374.0 mV and 392.0 mV higher than that of the base material respectively, the corrosion current density decreased
by about 99.3% and 99.8%, and the double-layer surfacing spot corrosion potential was 430 mV higher than that of the single-layer. After the
intergranular corrosion test, no obvious intergranular corrosion appeared in the surfacing layer, but pitting corrosion was observed. Moreover,
the weight loss of the double - layer surfacing corrosion was about 1/5 of the single - layer, and the corrosion penetrated along the columnar
intergranular. The alloy elements in the fusion zone between layers and the interface with substrate changed significantly and distributed evenly
within each layer. The Fe content of double - layer surfacing was lower than that of the single - layer surfacing, and thus the former had a better
corrosion resistance.
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Table 1 Chemical composition of matrix
20 steel (mass fraction)

TTE C Mn P S Si Cu Ni
w/ % 0.180 1.240 0.011 0.002 0310 0.020 0.010
TLE Al Ti Cr Nb Mo Fe

w/ % 0.030 0.004 0.020 0.001 0.010 <F=E

222 Inconel 6258 ZHLFEST (BT ED
Table 2 Chemical composition of Inconel 625

welding wire (mass fraction)

TLER c Fe P S Si Cu Ni
w/%  0.009 0.180 0.003 - 0.050 0.004 65.000
TLHE Al Ti Cr Nb Mo  Efth

w/% 0170 0210 22.600 3.450 8.700 <0.500
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Table 3 Parameters of hot wire pulsed TIG surfacing

RE AZEBOTET R A FIIHIEREER / SERE/
BE A EMz gE  HEE  E/V (m-min-1) (L-min-1)

Z517=40~60 25 225~235 125~135 12~15 18 10~15

ZE2J7240~60 25 230~240 130~140 12~15 19 10~15
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Fig. 1 Bode and Nquist diagrams ofsingle-layer and double-layer surfacing of Inconel 625 and substrate in 3.5%NaCl solution
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Fig. 2 Electrokinetic polarization curves of Inconel 625
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layers and substrate in 3.5%NaCl solution



Vol.55 No.5 May 2022

Z=4  Inconel 6252 WEHIEE REME
3'5/LNaCIER FHYEALFERE
Table 4 Electrochemical properties of Inconel 625
single - layer and double - layer surfacing layers and

substrates in 3:5 JLNaCl solution

=N EcMV scor/(pA - Ch2) Eb/mV

204 -513.0 10.40 -
HAEHER -139.0 0.08 650
WEHEST -121.0 0.03 1 080

SR B A AR S o BRI IR Y H I Tl BT Ew-- )
-139.0 mV I ZEHEEAVEM/y-121.0 mV, AHEEESAE,
HIE AL AERE T 374.0 mVA1392.0 mV,3&HH
Inconel 625E(F = 1T i 2 [ (R 2080 B4R 1Y &3t i e,
M2 HE VR T T B 7] B B PR HE IR Y AR o FAAR 2050
HY BB Tl FL 7 % JCor /7 10,40 ~MA/emiz B2 EHERE AT
[EHEIREY E ETh R R S Bl T 420.08 ~A/em=]
0.03 pA/cmz, 535 FE T £4999.3%741199.8%  ME 77
SFFYFE T 225 Inconel 625HE)E S HIE AR BLER

(a) BRJEHEIR - REBF IS

(c) FAEHEIT - BRI TIPSR

= H HN BRI R T 23RS N T g EHERAY

Rt EEREPTRS IR LR 2% MBI fIiR g )=+
F4IE 53 Hr,Inconel 625HEIR 5 HilitH9 5 thiaE F18H (2.
P s, WS HER R g E R B s 9 HE IR AV 5
THEESTE S T EHEAY
2. 2 (Al e

P37y Inconel 62558 = FIN EHENRAE & (R & Tl
¥ fEHY R A SEMIE S - MEISRILLUEH $E
HENRE Y F IRV TR SR, IS T = i B AL A
Rebtz E3a NWEHHERHEZE T %S S My
[&riva BA/VENEMPUAZCHEERE E3b
FHENG TSI EL B0 B 8 SR TR LT - 2
HEFRHYEL A TR E 2780 pm [E]3c |, M ZEHERHY
JEFHZERE 240 pm E3d - HAEHEIEAYE AL E T
268.30 g/mz, W EHEIRHYE TS EE955.93 g/mz, NZE
HEIRHVL B R 20N SR EHERAYL/5, 45 & R AR S
TS HEE SR TR T R S A iR S 2L
MR S P A Bl B N AR IS ThET 3

(b)) WZEHR > FHEIE IS

(d) IZHERE > SIS TR

=& [EIE 1120 hfInconel 6255 = I EHENF IAFEHY R EAIEL FHISEMIP 4t

Fig. 3 SEM micrographs of surface and section of single - layer and double - layer surfacing specimens after intergranular corrosion for 120 h
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