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Effect of Frequency Optimization Combined with Stearic Acid Modification on
Hydrophobicity and Corrosion Resistance of MAQO Coatings on 7075 Aluminum
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Abstract: In this study, micro-arc oxidation (MAQ) ceramic coatings were prepared on 7075 aluminum alloy
substrate at frequencies of 100, 400, 700 and 1000 Hz, and further modified with stearic acid to investigate the
effects and mechanisms of MAO frequency on coating microstructure, surface wettability and corrosion resistance.
The results show that MAO frequency significantly changes the micromorphology and porosity of the coatings. The
coating fabricated at 400 Hz has the densest structure with a porosity of 1.24%, while the porosities of the coatings
obtained at 100 Hz and 1000 Hz are 2.13% and 3.95%, respectively. After stearic acid modification, the contact
angle of the coatings increases from 43.2°~59.1° to 117.8°~123.4°, showing low surface energy characteristics. The
modified coating at 400 Hz achieves a maximum contact angle of 123.4° and a minimum surface energy of 15.45
mJ/m?. Electrochemical tests demonstrate that the 400 Hz MAO coating exhibits the lowest corrosion current
density (1.05x10° A/cm?) and the highest polarization resistance (4.91x107 Q-cm?), and the modified coating
retains a polarization resistance of 1.45x107 Q-cm?. Neutral salt spray tests indicate that the modified coatings show
no obvious corrosion, while corrosion products accumulate on unmodified coatings. This study reveals that MAO
frequency affects the structure and surface state of coatings by regulating discharge behavior, thereby influencing
hydrophobic modification and corrosion performance. The coating prepared at 400 Hz possesses optimal
comprehensive performance, which provides a reference for the design and preparation of high-performance
protective coatings for aluminum alloys.
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1 SERGERSY
1.1 SRR

LI 7075 fa G A v EAAAORE, HAR SR IR 1. WFE RSS9 50 mm x 30 mm x 4 mm, HIF
MR FIRAG . NIRIERES SR, WEERERICR 3204, 600#. 800#. 10004/ 15004 AL EERDAR
BEAT BT S, JHER W2.5 NIARTE B T, DHRmRIE-FEE. BE, HiEE T KL
FE A TG BE 15 min, DARBRFREMG SR, TEE&H.

Rz 17075 REENUERSD (wt.%)

Tab.1 Chemical composition of 7075 aluminum alloy (wt.%)

Material Al Zn Mg Cu Cr Fe Si Mn Ti Others

7075 Al alloy Balance 51~6.1 2.1~29 12~20 02~03 <05 <04 <03 <02 <0.2
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WA, 7075 55 SAE N LAEHRMN ONASRIT R EE T AR, AN 2 E RN AE A Bk S
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B 12he BRIEEHRSE, FEMABATIEGACE, B SRR T IS BRSSO S RS 2 e
MS-100. MS-400. MS-700 1 MS-1000.
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Fig. 1 Voltage-time responses of MAQO coatings prepared at different frequencies
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B2 RESRERZGT MAO MERIRE SEM 5. MNASIBMARE. T Image] AHFEINFLEE —E R EKRUK EDS
TE@PH: (a) M-100, (b) M-400, (c) M-700, (d) M-1000
Fig. 2 Surface SEM morphologies, corresponding high-magnification images, pore binary images obtained by ImageJ
analysis, and EDS elemental mappings of MAO coatings prepared at different frequencies: (a) M-100, (b) M-400, (c¢) M-700,
and (d) M-1000
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Fig. 3 Cross-sectional SEM images and EDS analysis of MAO coatings prepared at different frequencies: (a) M-100, (b) M-
400, (c) M-700, and (d) M-1000
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Fig. 4 Cross-sectional EDS analysis of MAO coatings prepared at different frequencies
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Fig. 5 Thickness statistics of MAO coatings prepared under different frequencies
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Fig. 6 XRD patterns of MAO coatings prepared at different frequencies
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Fig. 7 XPS spectra of the M-400 coating: (a) XPS survey spectrum, (b) high-resolution Mo 3d spectrum

Kl 7(b) 1 Mo3d =7 HHEIE rT G 30 th 2 A RHIENE . 455186050 M, 235V, 228 eV il 232eV 4t
FHIEUE 3 % B2 MoO2 5 MoOs, £WHITR FELLEMSAAAAE TIRZE PR XU W HRR A 1 I AR
T MR, TR AR B T ABORAE ] TR S 5IRE R . A AR ), S O s TE
Mk T v Tk PR (S PR AR A LE BRI 73, 3BT A2 B MoO Il MoOs, e B2 LA (1) 2(2):

Binding energy / eV

MoO; — MoO, +0, T +2¢” (1)

MoO, +0* — MoO, +2e" Q)

[FINAE 226 eV PRI 2SS MoC, RFLIE, I AL B TR Ll E A BT R e di R A I B
FRE G CA SCHRIESE, CHEIE IR BEAT#E 3000 K, myift A 7K 73 St AT MU, T R0R EE SR R 5%
B0l AHr IR ER AR AR b, S AR BT PT 5 FE AR LA T 2 R BRI R A2 S S, 2D B2 B Mo Ci AP
i RENAR BRI BCS AT R, AR S BRA NS S T IREE K BN S T A R RN .

BeAh, ARIFREES EMRE (0h) I, B INHRRBAH] 2% 1R B AR IR R (R BOL IR 2 7 S oo
MO FERR TR ), 3% 2 K8 MoOs 2R 4, MoOy Btk KB, 33Xt M5 LB AR 4K i B2 ) 42 i ) 1
Na;MoOs 25 T BE L 2

L3 XPS 5 SEM LR AR, HRIRE T A5 T MAO JRBERLRE,  [RI H o0 i = M)k ] e 2 i
R AR T R S T ORAT Ja, DT XS i J2 R T A A — S R
2.1 EASER I BRI K I RE

Nt —DAEWIAE AR R IR B T MAO JRJZ 4K 1, B 8 for 7 A ARER I 12 h J5 KR SEM JE3)

3



S EDS 2558, 9 JE/R T eERT 5182 1 XPS MHRSE B CRIFFATIRG 2 ab ) . Hb, B 9(a) iy MS-
400 £ 1 XPS s EuE, K 9(b)5 B 9(c) BN BT M-400 5 Bt J5 MS-400 #4511 C 1s &0 7%

FEAR1E .

& 2 5
= -N‘ ! "'-‘:'

8 TRBAEFZMT MAO HREELEIEEL M 12h FEYSRE SEM F5R K EDS R
Fig. 8 Surface SEM morphologies and EDS results of MAO coatings modified with stearic acid for 12 h under different

frequencies
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Fig. 9 XPS spectra of the coatings fabricated at 400 Hz before and after stearic acid modification: (a) XPS survey spectrum of

the MS-400 sample, (b) high-resolution C 1s spectrum of the M-400 sample, (c) high-resolution C 1s spectrum of the MS-400

sample
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Fig. 10 Water contact angles of MAO coatings before Fig. 11 Water contact angles after stearic acid modification
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Fig. 12 Potentiodynamic polarization curves of substrate and MAO coatings before and after stearic acid modification

prepared at different frequencies
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Tab.2 Electrochemical parameters derived from polarization curves, including corrosion potential (Ecorr), corrosion

current density (icorr), Tafel slopes (fa, fic), and polarization resistance (Rp)

Sample Econ(V) icorr(A/cm?) Ba(mV/dec) B(mV/dec) Rp(Q-cm?)
Substrate -0.70 2.34 x 107 300.18 254.07 2.55 x 10°
M-100 -0.89 5.21 x 107 603.62 380.42 1.94 x 10°
M-400 -1.42 1.05 x 10 240.52 235.15 4.91 x 107
M-700 -0.95 3.70 x 10°® 169.61 165.07 9.82 x 10°
M-1000 -0.94 5.36 x 10°® 106.53 136.31 4.83 x 10°
MS-100 -0.84 7.09 x 10°® 91.65 133.11 3.33 x 10°
MS-400 -0.80 1.14 x 10 96.44 63.10 1.45 x 107
MS-700 -1.18 6.72 x 107 112.42 158.46 4.24 x 10°
MS-1000 -0.74 6.77 x 107 300.18 254.07 8.83 x 10°

B 13 s T AR 644 MAO 2 S AT G 7E 3R 5 S b (M R T AL . BTSSR TE
FEWAII (0h) RMBBATEE, AW LR ERE, SHREEVEN B & — 2 1B R .

B SRR R B K 2 504 h, ReCPHERER TG H I R, A [FATER A L 35 m A4 218 e =)
RAE R BRI R . Horhr, M-100 5 M-1000 A% & 3% 1 2 H B BTS2 B 1l X3, 10 M-700 230N =)
WERAUE M AHEZE, M-400 £f SRR EARE, (URI/DESBUEMAT, R\ PSR KT
TE R R 2 Sk BA EARRIPUR e ). SRR, &R AE 504 h R RIFECN E 8, AR
RPN WD IR, UK E B A ROE SR A BRI R R I N 5 2Bl A . 2 i )k — 2P
JEKE 840h, AREMERZHH I R RMEEN S, REEM-MEZENZ . K, M-100 5 M-1000
Tt S g Ry P B, R I ORTRI R o [X 3 A B S22 P T o = ) HE AR . M-700 TR T M-400 AT3 ERIEAF X 452
BRI AEE, U IR Z AR A N R & — R ML T, SR E RS I R
TEARWIR ST, AT N G R BRSO R o AR T B — R IR E T . SR



fE MS-100 5 MS-1000 Ff i A5 WL R R E0 I v RIS, U I 4 iR 2 S5 AR R BOR FLBR BN 5 &) 1
i, B JEME DL E AL A BR B RSB E

GG RTRGE ) ST EA WA, 25 R MAT N R E IR EEE S RIERRES K R —7
[, 400 Hz 551 T T8 MU BUE P9 2 Re s A AL BELINT RS i/ SR AR e 4% S — 7 T, BRI e S NI R
I e ST P T IVRTE R T AT RERE 70, AT AE 2 R T R MK R AE 58 R . Mgs I BRIEI 2 (U AR EuE
TR B, JEE A 0T B S I AL RSHE N IR A, BMEER TR B, A AR A R 047 52 2 R

GORAE, SSRE RS B A i — DB K ERUR, SRR A BB R AT . Hodr, R
AN (400 Hz) REMETESE MBI M K Ao Ve A1 e IR AR UTIT, AT 22 300t S5 A0 T el 4 B

Corrosion Before modification After modification
time / h M-100 M-400 M-700  M-1000 MS-100  MS-400  MS-700  MS-1000

B 13 TESIE MAO REXMAIEAERERMAERE (00 504 h 840 h) THREMHEMN
Fig. 13 Surface morphologies of MAO coatings before and after modification during salt spray corrosion for different

exposure times (0, 504 h, and 840 h)
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