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ABSTRACT: The work aims to improve the corrosion resistance of magnesium alloys. AZ61 magnesium alloy coated with
NiCrAl by high-velocity oxy-fuel thermally spraying was used as the intermediate layer and a layer of Fe-based amorphous
coating was fabricated on magnesium alloy. The morphology characteristics, microstructure, thermal stability, mechanical prop-
erties, corrosion behavior and surface properties of the Fe-based amorphous coating and AZ61 magnesium alloy were investi-
gated by scanning electron microscope, X-ray diffractometer, differential thermal analyzer, microhardness tests, open circuit
potential measurement, potentiodynamic polarization tests, X-ray photoelectron spectroscopy and contact angle measurement,

respectively. A layer of Fe-based amorphous coating with a thickness of about 200~240 pm was successfully formed on the sur-
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face of AZ61 magnesium alloy. The coating exhibited an amorphous structure within the effective resolution of XRD. From the

thermal analysis, the crystallization temperature of the coating with extremely high thermal stability was up to 657 “C. The mi-

crohardness of amorphous coating and AZ61 magnesium alloy were 892 HV and 71 HV, respectively, which was increased by

more than 10 times of hardness. In simulated seawater, the steady-state open circuit potentials and corrosion current densities of

the Fe-based amorphous coatings and AZ61 magnesium alloy were —0.59 V and —1.58 V, 80 pA/cm’ and 4 pA/cm’, respec-

tively. In the simulated acid rain, the open circuit potentials and corrosion current densities of the Fe-based amorphous coatings

and AZ61 magnesium alloy were —0.45 V and —1.51 V, 7.27 pA/em® and 1.64 pA/cm?, respectively. The surface wetting angle

of deionized water in AZ61 magnesium alloy was (59.8+1.5)°, while the contact angle of Fe-based amorphous coating was

(74.4£0.6)°. In-situ formed Fe-based amorphous coating on the surface of magnesium alloy can significantly improve the corro-

sion resistance of magnesium alloy. In addition, the high thermal stability and microhardness imply the improvement of heat re-

sistance and wear performance of magnesium alloy.

KEY WORDS: magnesium alloy; high velocity oxygen fuel; Fe-based amorphous coating; hardness; corrosion resistance;

simulated seawater; simulated acid rain
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Fig.1 Morphologies and microstructure of the NiCrAl and Fe-based amorphous powder before and after HVOF:
a) morphologies of NiCrAl amorphous powder; b) morphologies of Fe-based amorphous powder;
¢) microstructure of NiCrAl after HVOF; d) microstructure of Fe after HVOF
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Fig.2 SEM images of the cross section (a), corresponding

microhardness (b) and thermal analysis curve
(c) of AZ61 Mg alloy
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Fig.3 Open-circuit potential and polarization curve of AZ61 Mg alloy and Fe-based amorphous coating in simulated
seawater and simulated acid rain: a) OCP in simulated seawater; b) polarization curve in simulated seawater;
¢) OCP in acid rain; d) polarization curve in acid rain

2.4 AZ61 R MIERFENE MR

Bl 48 AZ61 B 4 Sk IEAE A Bl TR 2 AR AR AU
K (a, b B) FMEIERN (c. d B) HIEBRS M
SEM JE LA . TEBUIRE KT, AZ61 BEG G JE P
R FEFLUA M, WA 4a Fik R, TR AR
A IR 2 F A A R S B0 R LI AT (1%
Bt AR IRE S B h X ), EEIEAE SRR E
B ok 3 S B A M S AR A S 4
0 (K 4b), X 5ah AL R —E 1
BRI A, BEA S o ™ &, E 4c r
N, BAEREAMEZ BT, KRSy e
A4 T R R IR S 2 AT IR P A X R
I, A JRHA D EEMmITE I (B 4d), X EZH

TAR S VR JE A o5 o A b A W]k g M AR T A AL
Yyl e Je s o

25 AZ61 R eMERRENRE MR

VR T 3 T 1) il 2 0 5 RV, T 3 )
WAk FR . RS 0<90°, J&TEKARE, THEE
10BN, B R TRATE B AR R, Rz, i
WA 60>90°, BRI [EREA BKME, THRA 6
R, WBAATE R T A Wi iR kR . 18T 5 o T
EETIKTE AZ61 B4 (I Sa) JAgIEAE S B b i
JZ (& 5b) MR, AZ61 BEA 4R e/ ok
(59.8+1.5)°, TIERHEE fh I 2 B4 fil 0 1 Ry (74.4+
0.6)°, MR G 4R M WoR T RAKRE, (Hi2Ek
BAEMIRZ B ER S T A aRm M A , DR



F4a8E 3

MRS  BEG @R AR IR IR SRR T

TR + 45 -

20kV

a BANEKPIAZ61 B A&

SEI  10kV

c RWHIMAZ61EEA 4

b K PSR R PTIRIR

SEI  10kV

d BRI B R

Kl 4 AZ61 B4 MR EAE S vk 2 AEASTDLEE AR R Hh B 15 19 SEM B 55 4
Fig.4 SEM morphologies of AZ61 Mg alloy and Fe-based amorphous coating after corrosion in simulated seawater and
acid rain: a) AZ61 Mg alloy in simulated seawater; b) Fe-based amorphous protective coating in simulated seawater;
c) AZ61 Mg alloy in acid rain; d) Fe-based amorphous protective coating in acid rain
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