Applied Physics [ Fi#3, 2021, 11(2), 108-118 Hans XMl
Published Online February 2021 in Hans. http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2021.112013

a2 AR S S WIS IR =R BRIt R RN

b, FE, KO
TTIE RS BT RO, LT K&

Email: 'm.zhang@live.com

WekE H . 2020E12H29H ;. FAHHM: 202141 H28H; KATHM: 202142 H5H

R

R AMIMEA T ARE2A5048 4 &R R ALAE R BN B E MG EE, BRIER 5% HX2A504
HERMPEENTHAE. FIRAMETHRE. XESRTHUETEMINENEERMREL . WHEA
B, R B AR S R R, il R BRI S5 B OO R TN B k. 4
BRI, WEEXERS Na-AL0s5y-Al03; MIE[E GE /N T25%K, BESZE AN, AREN
v-ALO;ZHT T AR E N a-AlL0s, MEEEWBHRE. B ETHRT25%N, BEENBFLRES
mEREK; EHEEHA25%, MEERNEERK(Z1107 HVes), BHREEK(D2.67 x 10-1° cm3
(N-m)-1), BRREBEMNBER, SEWEMERLE.

K §Eia

WlEl, HEEE, BEEESR, ST

Effect of Anode Duty Ratio on Friction
and Wear Characteristics of Ceramic
Film Produced on Aluminum Alloy

by Micro-Arc Oxidation

Shuai Wen, Xiaojing Li, Min Zhang"

School of Physics and Electronic Technology, Liaoning Normal University, Dalian Liaoning
Email: "'m.zhang@live.com

Received: Dec. 29th, 2020; accepted: Jan. 28th, 2021; published: Feb. Sth, 2021

Abstract

Hard and wear-resistant ceramic coatings were prepared on the surface of 2A50 aluminum alloy
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using micro-arc oxidation (MAO) technique to investigate the effect of the anode duty cycle on the
ceramic coating. The microstructure and phase composition of the MAO ceramic coatings were
characterized by scanning electron microscopy and X-ray diffractometry. The hardness of the
coatings was tested by microhardness tester, and the wear resistance was evaluated by friction
and wear tester. The results show that the main components of the ceramic coatings are a-Al>03
and y-Al;03. When the anode duty ratio is less than 25%, the unstable y-Al,03 gradually changes
into stable a-Al;03 with the increase of duty ratio, and the ceramic coatings become gradually
denser. When the duty cycle is more than 25%, the compactness and crystallinity of the ceramic
coatings decrease; when the duty cycle is 25%, the hardness of the ceramic coatings is the highest
(about 1107 HVy5), the wear rate is low (about 2.67 x 10-10cm3 (N-m)-1), the worn track is regular
and shallow, and the comprehensive wear resistance is the best.
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1. 5|8

ERW WS B e, & AANRN 1% 5Bk, 2T &Mk, Hf, 2A50
G SENT U E ARG, T HIETRE 28 1) h &8 g A . (HERE S A T
Gy RAE R AR R A, T TR R R i B A S R R AR, DU TN
R THREREE[1] [2] [3] [4] R4 AL (Micro-Arc Oxidation, MAO)ER %5 B -1 HiL i %1k (Plasma Electrolysis
Oxidation, PEO)& —Fh R [ i M Fi A, nld@ i ol R R A 4:(AlL, Mg A1 Ti)3R AL BRI PR & ik
JZ[5]. HHBI PPN EEA IR Z 6140 L, MAO PR&iR)Z AR ERE, Bt B 7], e e8],
PURGETE9], JeHEALTERE[10], AVIARB 11 FNEEBURIE[12]. 5 H A S RO AL A2 T A B
v b P P 28 = FA AR i RGBS ), X 8e v /2 AT AE v SR B L0 S AR R =, R T PRI A ) A
FEEE, RiRHe & a &M B B ol E B R 7 REBE T, RIMIVEAR TS 80n g
R FSECEIRE. . FIREE . A L RIUREE) . PRI o 5550 W 8 2 I A R R i)
[13] [14]. Hussein 5 AT RS GIERT T 7 R IO Ti-6A1-4V & & 2% ISR T ARNE iR =
(RIREIA , R IR 5 B 1 LA SR B, kb OO P P I8 (0 5 50 v e O Ve AR 1 1 S5 8 7 A B P TR BRI
RS ZE K i L I ) S G oK AE 8 B, AT A5 28508 . BT vy ELRG B J05B MR 2, 3RTF T B2 (i ik
PE[15]. Mustafa %5 N A G E ARERTE T 9I4% i e ki SR s () 0645 4 7RI I8 VR P B 2
PERERZI, YOk, RS A B TS m R BN ESUE R, AMAHLL T & st KA
SRR AX T TR BSG in F A fok v B P B 25 5 1k — 0 8 I 8 2 O R 5 803 v, (R4 RRad 19 0 o5 23 TR
SP16]0 Lu S ASIRFKI, BACHBSWERAT, WREAKERIZHII17]. B AR )
H AT 6061 FRA SRR Z 250 S e f sz m, RIS & 2ty 25/75 HIRRIE S & R IT,
MR SR 18] [ Py AhE g 50 o 23 LU IR A ok FE AN BT A J P 2 )2 (R B2 AT T K& I 7E T4k, 2
BT 2A50 #56 & AT MOV IR 25 52 1E 1) o 25 LU i B2 2 i B 1k BE I FOE AN 2 . 4k, TEFLSELT
B 50 HR TR IE 1] & 25 B BRI ST R ik, SOARIIE A0SR F OO M ik s, R TAERESR, #5416
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2. FiERGR

KA RS89 20 mm x 30 mm x 3 mm [ 2A50 #5854 (%4 : Si: 0.7~1.2, Fe: 0.7, Cu: 1.8~2.6. Mn:
0.4~0.8. Mg: 0.4~0.8. &E A ADVEREE, 4 800-2000 H/KWPAL S &N A W EE BT R E, HH 2
i P 5 10 min DA R BEANRE S BA A [F] (A0 48 22 170 2% 1 - RO ARVRCR FHRERR #h 44 &R, L4 4 Na,SiO; (11
g/L)5 KOH (1.7 g/L). TR A S50 FH XU PR ko B s, st 28 R B E W E 1 fos. T A
FKH IR oy BT toniy 7PN RARTE — Ak B R, TE L Sbkab B o5 fss ). UIE, 47 5 2 B RoR o :
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1E. SR LR BIMEE N 400 V. =50 V, AR IH 100 Hz, FHOREAES 18] 30 min. {8 #7150 E 2% PRALE
HARIR 3 S, AT AR 21K R G4 R E AL 40°C AT o e/, MR P ICHI AR, 2
BEEBET KU, AR,

J
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{on(cathode)
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Figure 1. Schematic diagram of controlling of parameters on power source
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EMPYREAN-X $HERTFMC G LI N Cu i Ka HF2k, KA 0.02°, JEEA 260 M 20° % 80°HIFFH I 5t
WIEAHAL G, HVS-1000A HE 4R %00 2 fhli B oF DI B B JZ A R, #0ag 500 go SR FH BREE AR 152 BE 45X
(MS-T300 1) P & )2 FO T BE 14, BE R N 40Cr AER(D = 3 mm), JCiETE T BE#E, e 1V =200 r/min,
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JEE R R 1 AR A PR S R I R T AT 74T B S0 b 28, Ab B 5 (B2 HIREFE 20 0.3 pum.  BEFR BE 451
B Je, 4 FH R HFS BRA(TR200) /3 21 B IR (A 1 96 FE d RN S, s A ARQ) TR H B id %
v[19]s
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Figure 2. Curve of anode current density versus time for micro-arc oxidation
of aluminum alloy
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Figure 3. XRD spectra of ceramic coating surface prepared at different duty
cycles
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SENITE BB RS A, BEIE I S 2 IR, B2 AL B 3 /N e 1 K.

K5 AR o5 22 b T B 2 ORI 3 . AR P R R e BN &, #£H] Photoshop #ift:
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Figure 4. Surface morphology of ceramic coatings with different anode duty cycles: (a) D, = 5%; (b) D, = 10%; (c) D, =
15%; (d) Ds = 20%; (e) Dy =25%; (f) D, =30%

4. REIEM&EZEETHRSMERNREMIR: (2) D =5%; (b) Di = 10%;(c) D: = 15%; (d) D. = 20%; (¢) D; = 25%;
(f) D, =30%

Figure 5. Cross section morphology of ceramic coatings with different anode duty cycles: (a) D+ = 5%; (b) D. = 10%; (c) D+
=15%; (d) D. =20%; (e) D+ =25%; (f) D+ =30%

5. FEIEM&EELE TRERHEEFES: (a) D.=5%; (b)D.=10%; (c) D.=15%; (d) D.=20%; (¢) D, =25%;
(f) D+ =30%

Table 1. Thickness of MAO ceramic coatings
= 1L BlELRERNERE

5% 10% 15% 20% 25% 30%

Thickness (um) 43.89 64.20 52.89 91.41 194.08 104.52
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Figure 6. Hardness of micro-arc oxidation ceramic coatings at different duty
cycles
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Figure 7. Friction coefficient of micro-arc oxidation ceramic coatings
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Figure 8. Abrasion profile of micro-arc oxidation ceramic coating
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Figure 9. Wear rate of micro-arc oxidation ceramic coatings
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Figure 10. Surface morphology of worn tracks of the micro-arc oxidation ceramic coatings:
(a) Ds+ = 5%; (b) D = 10%; (¢) Dy = 15%; (d) D+ = 20%; (e) D+ = 25%; (f) D+ = 30%; (g)
Untreated

& 10. HOMEHRERNEREXERS: () D, =5%; (b) D, =10%; (c) D, = 15%; (d) D,
=20%; (e) D;=25%; (f) D.=30%; (g) Untreated
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