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Effects of Current Density in Electrolyte Containing Graphene on
Properties of 2024 Aluminum Alloy Micro-arc Oxidation Coating
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ABSTRACT: The work aims to study effects of current density on thickness, hardness and wear resistance, corrosion resistance
of MAO coating. Graphene nanoplatelets (GNPs) was added to the electrolyte containing sodium hydroxide and sodium silicate,
micro-arc oxidation (MAO) treatment of 2024 aluminum alloy was completed at different current density in the mode of pulsed

direct current. Morphology and composition of the coating were analyzed using scanning electron microscope (SEM) and ener-
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gy dispersive spectrometer (EDS); corrosion resistance of the coating was tested using polarization curve; phase composition of
the sample was characterized with X-ray diffractometer (XRD); surface mechanical property of the ceramic coating was deter-
mined with multi-functional material surface performance testing machine. Current density increased from 1 A/dm® to 5 A/dm>,
thickness of coating containing GNPs increased from 4.2 um to 5.8 pum, thickness of GNPs-free coating increased from 2.7 ym
to 4.5 pm. After MAO treatment at initial current density of 1 A/dm? the hardness of the coating containing GNPs was up to
163HV, 63% higher than that of GNPs-free coating. Friction coefficient was about 0.5 when current density was 1 A/dm? and it
decreased to 0.3 as current density reached 5 A/dm?* which improved wear resistance of coatings. At the current density of 3
A/dm?, self-corrosion potential increased gradually, and corrosion current tended to decrease, and corrosion resistance of the ce-
ramic coating was the best. Current density had no obvious effects on composition of the ceramic coating. Friction coefficient of
compact layer in the sample significantly decreases and wear resistance improves as current density increases. Higher current
density can effectively reduce number and size of discharge holes on the coating, and improve corrosion resistance of the coat-
ing. The coating exhibits the best corrosion resistance at the current density of 3 A/dm> Thickness, hardness, abrasive resistance
and corrosion resistance of the coating can be improved by adding GNPs.

KEY WORDS: 2024 aluminum alloy; micro-arc oxidation; current density; graphene; hardness; abrasive resistance; corrosion
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Tab.1 Chemical compositions of 2024 aluminum alloy
wt%

Cu Mn Mg Cr Zn Al
3.80~4.90 0.30~1.00 1.20~1.80 0.10 0.25 Bal
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S, NERBRI, ZEIRKIETE, TTK QBEEYE, T
WIS 5 o SRR L H VS R I RE R MR &R (6
FRENA F TG &R ), HEB KIS,
AITFERE . H4H A 10 g/L Na,SiOs+2 g/L NaOH,
TN R 0.5 g/ A BIEWIK A .

DL 2024 FRA SRR R BHME, Bede i IR AN
WA M, TERK RO A L & ( WDL20-L)
AT E AL, [ E 4546k 100 Hz, 725t ol 80%,
HUE 800 V, FEHlF&E R 1. 2, 3, 5A/dm®, 1HI
AL 40 min, HPEFR KR EE AR R RAE < 45°C.

1.3 MM EARYE

o PR 7 3 8 AR 2 A ( HXD-10007MB ) il i
AR ZECRE R, 2l 100 N, B MKFEREE 20
AEHE . R B A R IR (R A R,
TT230 ) I O AR Ak Bl 8 M SRR, B AR I
(MRS E= I O N3 E 01 o1y b S T = = 5
(483, MFT-4000 ) 3 £ $l I 32 A (] /3 2% B
T E IR AR 2 BRI 25 G I 00, K 4 WA 18 R Sk
e T SO AR A U S TR SR 1T L, 3283 i R 3 3%



Farks BT

R

AT AR OO R R T LR RS 2024 575 B BRI AL IR BE A5 TR - 205 -

fof, JFUSIETEEZ S, mE Sk 20 N, mEkE sk 30
N/min, BCH:RE IS HLBE DRI [ 2hF 5 EE i R
BT LB T, SRR A RS (J7E
PGSTAT 302N), fHffEA R, #HITT5Em&
L 25 e G S TR S TR A B, T I S A A B
FE HLA L EE, 0 SRR I B EUR S TR, BT
A3 A4 R IR RE R AL A R L SR X SR
FEHHY (PR, DX-2700) XFkE R A L2 AT
XRD 5K, XML AT B BT o (0 F 4
HLF 08 ( ZEISS EVO MA15 ) WRESHE 2 1 (O
i, JFHREIEI (EDS) /e #rilke A L2 0 £ 2t
EMRE&E,

2 HRSHM

21 HEREEMNEREEEHRI

BT R A P i B2 5 I P 3 2 5 1 A5 £ iy
o HIE 1T AIL, BEFE ARSI, SRR R
JE WG N, FL 2 S i AR R MG
Z. BB ER/D (1 A/dm?) B, & GNPs (1525
BER 4.2 um, A7 GNPs W2 EBE(LUR 2.7 pm; HL
TR K (5 A/dm®) B, F GNPs {152 5 A 5]
5.8 um, A7 GNPs BYJE)Z IR R 4.5 pm, X Al BEJ&

a RIRALL

b J=1 A/dm?

T RS R, e R i P i, B
SRUPR, TR G BRI RGN, ]I 7 SRR
Wt 5 3 e T ] A5 ORR T B SR A R 2= v, R il )
ALO; —EW&EE, W TRz R

7+ —A—With GNPs
—u—Without GNPs 58
L 5.5 .
g6 s2 7
§ 4.8 I/ 0 45
£ 50 42 — 1 :
£ I 1 4.0 *
§ 2.7 28/*
3 +/%
2 1 1 1 1
1 2 3 4 5
JI(A - dm™)

B lOMAA A 2 5 B2 5 v U E A G &R
Fig.1 Thickness of MAO coating at different current density
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Fig.2 SEM image of MAO Al alloy surface: (a) pure 2024 Al alloy; (b) MAO Al alloy at
current density of 1 A/dm?; (c) MAO Al alloy at current density of 3 A/dm?
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Fig.3 EDS analysis of MAO coating at different current density
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Tab.2 Surface elements and relative content of MAO
coating at different current density

) Content/at%
Coating elements 3 3
1 A/dm 3 A/dm
C 5.14 7.23
o 35.85 36.38
Na 0.37 0.48
Al 44.40 45.38
Si 3.19 4.89
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—~ ® AlL,Cu
=1
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2 ot
g s ® A 5 A/dm?
’5 ML 3 A/dmz
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—._AWJJJJLJMJW 1 A/dm?
10 20 30 40 50 60 70 80 90
20/(°)
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Fig.4 XRD diffraction patterns of MAO coatings
on 2024 Al alloy at different current density
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Fig.5 Hardness of MAO coating at different current density
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Fig.6 Friction coefficient curves of MAO coating
at different current density
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Fig.7 Polarization curves of MAO coating
in 3.5% NacCl solution
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Tab.3 Fitting data of polarization curves

Current density/(A-dm™2)  Eeon/V  Joon/ (1070 Accm™)

1 ( With GNPs ) —0.68 1.55
2 ( With GNPs) -0.61 2.51
3 ( With GNPs ) -0.63 1.48
3 ( Without GNPs ) -0.69 4.69
5 ( With GNPs ) -0.58 1.50
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