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plasma spray-welded Ni-WC coatings was investigated, and the corrosion and erosion-corrosion mechanisms of the
coatings were revealed.

Ni-WC coatings were prepared on the surface of AISI 4145H steel by plasma spray-welded technology with received
powder (C-p;) and recovered powder (C-p,) as raw materials. The erosion-corrosion behavior of the coatings was studied
by erosion-corrosion device and electrochemical workstation. The microstructure and element distribution of the coatings
before and after erosion-corrosion were characterized by scanning electron microscopy.

Under static conditions, the capacitive arc radius of C-p; was larger than that of C-p,, and the self-corrosion current
(Jeorr) Of C-p; was 2.09x107°% A/cm?, while the J.op Of C-p, was 1.03x107° A/em?, indicating that the corrosion resistance
of C-p; was higher than that of C-p,. Under the condition of erosion-corrosion, with the increase of the erosion angle, the
corrosion resistance of the two coatings first increased and then decreased. When the erosion angle was 0°, the surface of
the coating was most affected by the shear stress, and the oxide film on the surface of the coating was destroyed, which
accelerated the corrosion. With the increase of scouring velocity, the corrosion resistance of the C-p; and C-p, decreased.
The corrosion was the most serious when the scouring velocity was 6 m/s and the erosion angle was 0°, the J.,,, of C-p;

was 1.98x107™* A/cm? and the J.op of C-p, was 1.04x107* A/cm?, respectively, indicating that the erosion-corrosion

resistance of the two coatings was similar.

Under static corrosion conditions, the corrosion resistance of C-p, is worse than that of C-p,, but under erosion-corrosion

conditions, the erosion-corrosion resistance of C-p; and C-p, is similar, indicating that it is feasible to prepare Ni-WC coatings

for erosion-corrosion conditions using recovered powder.

KEY WORDS: powder recycling; plasma spray; Ni-WC coating; erosion-corrosion; electrochemical behavior
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Fig.3 Microstructure of Inconel 625 and WC mixed powder:
a) received powder; b) recovered powder
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Fig.4 Particle size distribution curve of Inconel 625 and WC mixed powder
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Fig.8 Element distribution and line scanning of coatings
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Fig.9 Plasma sprayed Ni-WC coating: a) Nyquist diagram; b) Bode diagram
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Fig.10 Equivalent circuit diagram of electrochemical
impedance spectroscopy (EIS) of Ni-WC coating
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Tab.2 Fitting parameter s of equivalent circuit elementsfor static EIS of plasma sprayed Ni-WC coatings

Q¢

le

Exclz)(;rclililtlii)lgal R/(Q-em’) Yo/(Q om 25" Ri(Q-en’) Yo/(Q ' -em 25" R/(@er’) - R/ (-cm’)
lh 3.19 1.183%x10°° 0.88 2.93 2.07x107° 0.86 5.21x10* 5.21x10*
2h 3.51 2.03x107° 0.87 12.4 1.30x107¢ 0.86 5.74x10* 5.74x10*

C-p; 4h 3.57 2.12x107° 0.87 1.45 1.37x107° 0.86 8.64x10* 8.64x10*
8h 3.74 2.32x10°7° 0.87 41.58 1.10x107* 0.87 1.60x10° 1.60x10°
12h 4.02 3.51x107° 0.85 23.73 4.72x107° 0.86 3.11x10° 3.11x10°
lh 3.02 1.52x107* 0.83 9 080 1.94x1073 0.99 1.11x10* 2.02x10*
2h 3.02 1.56x107* 0.83 9322 2.03x107° 0.99 1.10x10* 2.03x10*

C-p, 4h 3.03 1.58x107* 0.83 10 660 2.64x107° 0.99 1.10x10* 2.17x10*
8h 3.04 1.59x107* 0.83 14 160 3.68x10°° 0.99 1.20x10° 1.34x10°
12h 2.93 1.58x107* 0.83 16 860 5.73%x10°° 0.99 2.48x10° 2.65%x10°
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Fig.11 Potentiodynamic polarization curve of plasma
sprayed Ni-WC coating after 12 h erosion
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Tab.3 Jpassand Ec Of coatings by fitting potentiodynamic
polarization curve at static

Jpass/(A-em™?) Econ(vs. SCE)/V
1.29%x107° -0.336
5.22x107° —0.440
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W 12 s, Bl “1-0-2" 48 C-py ZE PRI K 00,
MR R 2 m/s SF R B iR, AR T DA 2o
“2-0-27 $8 C-p FEMHRIA R 00 PRIEREE R 2 m/s
ZHT RN, HAb bR DAL E 12 ATRLA
B, TR IREREE T, Mol M 0°~90°m], PIIRIZM
BPUIAR I e B W K208/ XFEH C-py I
C-p> W1, 7E 0°. 45°F1 90°f}, C-p; FIAPLIRFR

ﬁjjﬁﬂ: C-pz, %‘:ZE% C—p1 E‘Jﬂﬁi@@%? C-pzo %%‘(FF
il S A 3 T0 L PR 2 B S BT AR B R N

YRS | VWA B ELS RIS R ERE , S
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Tab.4 Fitting parameters of equivalent circuit elements of EIS of C-p; under erosion-corrosion conditions
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Experimental ‘cm ‘cm ‘cm um/(Q-cm
cr())ndition Yo/(Q '-em 5" ! Yo/(Q ' em s ‘
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2 m/s 45° 1.74 3.07x10* 0.75 5244 6.04x107* 0.89 6.24x10° 1.15x10°
90° 3.73 1.37x10™ 0.51 2.888 7.01x107° 0.88 6.11x10° 6.11x10°
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6 m/s 45° 1.98 2.50x10™ 0.78 49.79 8.90x107* 0.76 3.85%10° 3.90x10°
90° 2.59 2.26x10™ 0.78 75.62 1.56x107° 0.30 3.41x10° 3.49x10°
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Tab.5 Fitting parameter s of equivalent circuit elements of EIS of C-p, under erosion-corrosion conditions

smental R(€m) - Ri(@-en’ - Ry(@em)  Ryun/(@-cm’
Experimental (Q-cm - ~ Q-cm”) - ~ Q-cm”?) am/(Q2-cm”?)
SN, Yo/(Q " om s ! Y@ om s t
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90° 2.59 2.26%x107* 0.78 75.62 1.56x107° 0.50 3.41x10° 3.49x10°
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Fig.13 Potentiodynamic polarization curves at 0°, 45° and 90° of coatings at the scouring velocity is 2 m/s (a), 4 m/s (b), 6 m/s (c)
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