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Abstract: Aluminum alloys are widely used because of their low density and remarkable strength; however, they are prone to

corrosion and wear. Dyeing microarc oxidation technology has gained widespread attention as an emerging surface treatment method.
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In this study, black microarc oxide coatings are prepared on the surfaces of three aluminum alloy substrates (7075, 7A04, and 2A12)
using the constant-current method. The microstructure, hardness, wear resistance, and corrosion resistance of black microarc oxide
coatings on the surfaces of the aluminum alloy substrates are investigated using scanning electron microscopy, X-ray diffraction,
microhardness testing, friction wear testing, and electrochemical experiments. The black graphite dye improved the microscopic
morphology of the film layer and reduced the micropore sizes. Microcracks are significantly reduced, resulting in increased layer
thickness without a significant decrease in density. In addition, the change in the aluminum alloy matrix did not alter the structure of
the black microarc oxide coatings. The black microarc oxide coatings are mainly composed of a-Al,0; and y-Al,O3, with the
thickness increasing as y-Al,O3 gradually transformed into a-Al,Os3. The thickness of the microarc oxide coatings are significantly
influenced the hardness of the coating layer. For the 7075 aluminum alloy, the average hardness of the black ceramic oxide coating
with a thickness of 40 um is approximately 645 HV, increasing to 731 and 780 HV when the thicknesses of the black microarc oxide
coating reached 50 and 60 um, respectively. The hardness values increased to 790 and 916 HV when the black coating thicknesses
reached 50 and 60 pm, respectively. For the 2A12 aluminum alloy, the hardness of the 60-um-thick black ceramic-oxide coating is
significantly higher than those of the 50- and 40-um-thick coatings, with maximum and minimum hardness values of 904 and 572 HV,
respectively, for the 40-um-thick black ceramic-oxide coating. As the coating thickness increased, the dense density of the coating
increased significantly. The average porosity rate decreased to 0.8%, the proportion of a-Al,O5 in the coating increased, and the wear
resistance increased significantly. Moreover, the frictional factor of the composite coating decreased from 0.6 to 0.3 with the
self-lubrication effect of the black ceramic particles, and the frictional curve tended to change more smoothly. The thickness of the
black microarc oxidation coating increased from 40 to 60 pum, and the wear resistance of the black oxide coating on all three
aluminum alloy substrates increased significantly. The electrochemical results also show that the corrosion resistance of the three
aluminum alloys with black microarc oxide coating thicknesses of 50 and 60 um is superior. The polarization curves indicates that the
corrosion current density of the 60-um-thick black microarc composite coating is two orders of magnitude lower than that of the
40-um-thick black microarc oxide coating, and the self-corrosion potential can be increased by 200 mV. The black microarc oxide
coatings of the 7A04 and 2A12 aluminum alloys are exhibited improved corrosion resistance, close to the excellent corrosion
resistance of the white microarc oxide coating of the 7075 aluminum alloy. The corrosion current density of the 60-um-thick black
microarc oxide coating is two orders of magnitude lower than that of the 40-um-thick coating, and the self-corrosion potential can be
increased by 200 mV. The passivation performance is improved, and the corrosion resistance of the coating is increased significantly.
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(b) Cross-sectional morphology of 40 um black MAO coating

(e) Surface morphology of 60 pm black MAQO coating

(f') Cross-sectional morphology of 60 um black MAO coating

K1 7075 4544 40~60 pm J5 5 ST As A JI 2 2 T A T T 50 ]
Fig. 1 Surface and cross-sectional morphology of 40-60 um thickness black MAO coating on 7075 aluminium alloy
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(a) Surface morphology of 40 pm black MAO coating

(c) Surface morphology of 50 um black MAO coating

(e) Surface morphology of 60 pm black MAQO coating

(d) Cross-sectional morphology of 50 um black MAO coating

(f ) Cross-sectional morphology of 60 um black MAO coating

Kl 2 7A04 55454 40~60 pm J5 PR (O G4 oI J 3 T AN A T T 3 P
Fig. 2 Surface and cross-sectional morphology of 40-60 um thickness black MAO coating on 7A04 aluminium alloy
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(b) Cross-sectional morphology of 40 um black MAO coating

Substrate

100 um

(f') Cross-sectional morphology of 60 pm black MAO coating

K3 2A12 4454 40~60pm S (I AE A R 2 T AR AT T 351 14
Fig. 3 Surface and cross-sectional morphology of 40-60 um thickness black MAO coating on 2A12 aluminium alloy
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Table 1 Average porosity of 40-60 pm thickness black
MAO coating on three aluminium alloys

Sample Thickness T/ um Porosity & /%
40 25
7075 50 2.7
60 2.3
40 2.6
TA04 50 2.3
60 18
40 2.0
2A12 50 14
60 0.8

22 AEHEEEEARZEEREISLIERR XRD Bk
K| 4a &y 7075 55454 40~60 pum J5 F B4 ST
FALIEZ Y XRD EiE . aT LA, A L2
FEH 0-AlO3. y-Al,Os DL ZRAA A K. i
%22 JEL RE BRI AN T 38 5 y-Al03 AW ) a-AlOs #4%,
o-Al0s AW 2 o RTINS gk
BTG ATRE I v-AlOs #, BEE SN ANt
7, EHIBCR s ER T, AR y-Al0s
AL N B WAL N a-ALOs il faE A . K 4b. 4c
5302k TA04 I 2A12 4545 4 40~60pum J5E 12 JE (Al
AL Z ) XRD Kt . AlLLEH, #a a3tk
ANfie R R AT ) 32 BEAH ORI ),
FER PG S R AR B a-AlOs Fil y-AlO3
Y. o-ALOs Hi a5 7075 M4 & A 5.



5 6 1

X F SR AN IR AR R O AR B )5 B EL A R RN BE 1) 52 1) 169

BEAE JERE G, o-AlOs HIAT I IR 2 Y 0,
60 um JEEEREE o-AlOs REAEIE S NI %o Al 1
TSRS Ve Pt A 6% o B S () B4 I 60 o J5E 8 28 7 ik
59, RPAEBEANAR EL PR - HAS S R
NAWT A= B a-AlOs, AT FERE IS .
& 0-AL0;

* 7-ALO;

v Al
4 2A1,05-Si0, &

* .
a
60 pum L * vll v

Intensity

__Sgﬂ_.xx_)\-n__)ﬁn. /\__J

|
Mﬁ | A
1 1 1 1 1 1 1
10 20 30 40 S50 60 70 80 90
20/(7)

(a) 7075 Al alloy

- (I-)'\les

* yv-Al,05

v Al

4 2A1,05-510, »  * . *
+*

Y
60um ¢ M vl le P

50 wm A | )

Intensity

| doum o

10 20 30 40 50 60 70 80 90
201/(%)
(b) 7A04 Al alloy

L] [1-:’\]203
+ Y—r‘\|203
v Al o .
& 2A1,0;-8i0, "l' . A
60 pum ¢ (v v + ¥ *
Il L S| R
k=
E 50
= m
= A_...!i_..._/\..J"u;__)Jl Jl.
40 pm
_.__.il_._,/ull A.JU'L
1 1 L L 1 L 1

20/(°)
(c) 2A12 Al alloy
B4 R4 40-60 pm JELRE A ET
SAAGIBZ ) XRD &]1%
Fig. 4 XRD results of 40-60 um thickness black

MAO coating on three aluminium alloys
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Table 2 Hardness test of 40-60 pm thickness black MAO
coating on three aluminium alloys

Sample Thickness T/ um Hardness / HV

40 645
7075 50 731

60 780

40 670
7A04 50 790

60 916

40 572
2A12 50 788

60 904
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Table 3 Polarisation curve parameters of 40-60 pm thickness black MAO coating on three aluminium alloys

sample Thickness Corrosion potential ~ Corrosion cutrzent Tafel constaﬂt Tafel consta?lt Polarisation resigtors
T/um E./ V lo/ (LA = cm™) Pal (MA « dec™) B! (MA « dec™) Ry / (MQ + cm*)

40 -1.259 3.263 354.3 -111.4 0.861
7075 50 -1.160 0.322 134.8 -64.2 7.460
60 -0.926 0.307 336.5 -199.1 9.670
40 -1.011 4.1 403.8 -157.6 0.125
7TA04 50 -0.941 0.317 132.4 -87.6 7.230
60 -0.829 0.0133 12458 -159.7 14.621
40 -0.981 5.585 314.7 -116.2 0.540
2A12 50 -0.749 0.835 203.2 -72.3 1.356
60 -0.798 0.057 972.6 -128.2 10.689
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Fig. 5 Polarisation curves of 40-60 um thickness black MAO coating on three Al-alloy
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Fig. 6 Nyquist and Bode image of 40-60 um thickness black MAO coating on three aluminium alloys
immersed in 3.5% NaCl solution for 1-28 d
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Table 4 EIS fitting results of 40-60 pm thickness black MAO coating on three aluminium alloys immersed in
3.5% NaCl solution for 1-28 d
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Table 5 Wear rate results of 40-60 pm thickness black MAO coating on two aluminium alloys
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