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The growth mechanism and mechanical propertietashya electrolytic

oxidation coatings

XIA Yuan, DUAN Hongping, LEI Xianqi
(Institute of Mechanics, Chinese Academy of ScienBeging, China, 100190)

ABSTRACT: Plasma Electrolytic Oxidation (PEO), as an emwvinental surface treatment

technique developed recently, has been broughhpoove surface properties of valve metals.
Especially, it has significant value in ceramictoogs fabrication on aluminium engine cylinder,
textile parts and so on. Because PEO was a typxtedme non-equilibrium process coupled by
many reactions, the mechanism of plasma dischamgecaating growth was complex, and

many theoretical models has been developed reggattan growth process of PEO coatings.
The three most important models were discussedaaatyzed systematically in the paper as
follows, such as, Ikonopisov model, the stochasticcession of avalanche breakdown model
and the electrolyte species of avalanche breakdowedgel. Due to the effect of micro discharge
and high-temperature sintering, there existed pimema of coating breakdown, melting,

solidification and also phase transition during towa growth process. As a result ceramic
coatings with many micro pores were formed. Thegde performance of PEO coatings

strongly depended on its porous structure. In phiger, the methods to study porosity of PEO
coatings were introduced. Furthermore, some mechbproperties, such as the anti-fatigue
properties, tensile strength, and friction and wesavior were summarized. Moreover, the
research focus, development, application filed prodpect of PEO technique in the future was
brought forward.

Key words: Plasma electrolytic oxidation; growth mechanismragc@c coating; porosity;
mechanical properties
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Electrolyte Oxide film Metal
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TR 2R 2R, YL12 #5644 PEO FEA G b e —a e, HPEEER
WA, AR R 0 H R B, K WURIE Y T A AR BN AZ91. Al1gB,03/AZ91 il
SICW/AZ91 864 M AR h AR PERE R 52 (1] 4.2), s PEOARBEBE U FEAIC T Mg & 411
P ARG NG, R — @ FE K T B e MR

5 120

(a) o) [ ] Uncoated substrates
J 1o} [II] Coated at 6A/dm’ i
[__1Uncoated substrates B Coated at 12A4/dm* [~ |
[ Coated at 6A/dm’ o}
r I Coated at 12A/dm’ —

Elongation (%)

Elastic modulus (GPa)
& 3

1

AZ91 alloy  AlLB,O, WAZI1  SiCWAZI1 AZ9lalloy Al B0 wAZ91  SiICwAZI1

14T n

=]

Bl 4.2 B M AL (1) 2 g0

AT PEOALHR 5 1 BEEE T T e DK 55 T o0, PRI S0 55 AT A BT v e+
Sy, AL Yerokhif™ X LM T Mg & 427E Keronite T2 F 3545105 % 4 7um Al 15um
BRI IHAT A, MR D] PEOWR K 5 AN 10% M S5 IR R 4. B. LonyukP®r#r
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TAEH BRI 7 B S PEO XM B 07 R RAT N RISE. 4i R EoR, PEO FRE
(65um) fHHR BRI 57 s BEAIG, 57 9 L K PR S B e J2 IR B U A7 5%, B8
BT 5 T BB e S 2R (7 A

Y UGEIR R ST YRS, D.T. Asquith™ i S X SE R T I AUAL L, £ TP R T U R )
Y, AT PEOKEALAL Y, THAL SR IR AR T ML A N 03 0 A1 kg v 1l (K
FIRIR, B8N T TR I TERE .

4.3 MR R PV EE e R REBR BE RA A

431 PAEEEEE

H T A AR M 2 A AT, 493 PEOW A2 LA e P (0 B P B o SCHRU P48,
BEAr 4y PEOW S J2 A BLIE i S B Pk RESEAT T HIDEHFFE . MIRAZE W A4 32 1) Al 6062 54
Sk T RBL N 17TOWNK™, PEO A3 S b I ik 5 2R LL LA AlLOs BEEMEE— /M it 42,
AL AWK, LR T PEOYRJZ I £ 154 JE it A EL S R~ 45/ (40~8Qum) Y.

S.G. Xid SRl 22 AT T 84 S W 2 AL B, 75 815C AcAy, M2 PN 114y SO,
Ak S & A Ak s 7E 50~600°C [X 7] 1, PEOM: 2 I IK R 54 0 6.6x10°K ™, HAH A T a-Al .05
(A 250 (7.8x10°KY), 7 T30k AT Bk R 40(4.8x10%K Y 43tk R4 5 600C, J5ilk
ATEIKTE, FE5 5 WAGEIRER, RRARZHENS . S.V. Gnedenkd ¥ iHF5T W45
PEO M & /2 ¢ e AABH P4 rT ik 870C

432 EEETEE

T.B. Wei 25 NP5 T 513k PEOM %22 £5 AN [FIER 5 5 400 Wi Bt J35 1) R IS 45347 4
S AR WK 4.2 7R . AET GRS, SRR, B REL 0.27~0.33 (i EATH
I, BEERECRARE] 0.1, R R MR 5P BeIAxt B, F 8= e Il
SEAR PR B AR B B 0%

% 4.2 PEOVE G270 T S SR VBRI 1R B4 R () RIS 53 36 ()14

Load (IN) Against steel ring Against ceramic ring
Dry friction 01l lubrication Dry friction (il lubrication

300 & 0.33 028

@ 1.55 » 1072 1.03 x 107°
600 & 027 0.030 021 023

] 1.69 % 108 1.92 x 109 132 % 10-¢% 119 = 10-#
800 [ 0.038 0,034

@ 553 % 1070 410 x 1077
1000 [ 0.041 0.032

a 6.10 = 10~ 47810~
1200 & 0.055 0.029

@ 8.07 x 107° 439 x 107°
1400 & 0.049 0.026

] 7.56 % 10-9 4351107

Note: The sliding distances under dry friction and oil lubricating condition are 0.8 and 18.7 km_ respectively.

X. Nig®R i B FHE AN T2 PEOW % 2R 4 28 & M Wl (DLC), TR R
#0 0.1~0.22 E SR PEOKH B2 DU vk RERC T, EI 5 SRS B AR 1) B AR MU,
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STl WC BR, il 4NN, BEERBONT 0.7, Nidsk PEOW %2 ek RE, — it
R E A K PEOHA, 8 PEOPR)ZME Wi e #4J2, e JLaR T i % [ 4433 )2,
M RCH A PEOKE % 2 1 PEHE 25k

H. Samif*®:%H 3K E 745 AIP(Arc ion plating)l. Z7F PEOK & 2 M 4% TIN T M i,
ST UR 2 IR BE 5 AR B R S e /S, 43l 1.25mis #4 300~700NI, JEE#E &
$ 4 0.22~0.39¢ 51+ 4 WC-Co¥k).

5. FiE

FETRRAN (PEOQ) Jridot @i e — M RIRIN G R - A B U - R DU AR AR &R
e HHT, R PEOJ LM R R iR = O D L AR R, e pii. Bk Bk,
MY e)E, RS T, M. B EREEMER D TREYE RIS, JEENLEL.
T2 R ETAAE — E R R RS I8 . 1% 77T 4% R B v R O v, R
REPL R, MG, SHEARMEE . KERS, R REL. RuldsRimi i, kA
PIe= FRRL D REAL S5 7 T EAT T2 NI 5o

1) AKHLEIRERR

YOG B T AR R R DR, e B O et . TEMMBE ALK, 1L F]
MRS WU A B FCSOBEHLER R B R, LU T MR R & PEO T 2R R,
KT8 2 AL AT SE SR AATRIRE . B AR AR 1T PEOKE ZALE. BIAREN
TR, BLK PEOWRSAR ZRFIEPISE 5T 426 155 & A LR s AL i P . (B3 B A D i
AT I A AEVE 22 QB AT s i o L PP B H ARV P B IR T i I AR 2R AIE
FLBRAR S B P RIIAT X B REER R A n] S 1 BRI IR AT e oK

2) G5 RBERE

S5 B T R SR A TR DA SR 0 22 RO R B T R, A S R R 2
L5 SN B AT A R AR vt vt s G 45 A P B VR ) B 25 TR KL, T st AR BT
A2 AL ER, LA BAT SRR . 822 1R 2 FLAS R s Ae g IR AR e 1] S 3Bk v
Frilt— DR X PEOKI R R SLBA 10 E e B0 A AW T EAT OQUE s FEAAREE B2 5%
RN BRI MR Az i (R R S Z T8 73 VRO . BN, ST il BE R B L AT % 2 161
A ATHEOR, IR TRDRS i e R4 B3 R S0 Ay S EA T S 2 THT D A BE v R 2 1T TR 1K)
s,

3. PEC Mg&REThRefb vt RN

5SS 2 PEOFEBE IR B (N, FEBR & R A T Z ikl & A s i i 2
RO HEE AR T@NFT B USRI ER, F B2 8, HMsL R L
PRI HAN LS . 1y PEORERE H BRAEDAH AR ES . BoCa 1Al iR S, X LR
RFERIER A g, WK, A PEOMIER M AR s E, Bkl wRAeS A  BHE &)=
I fLaitty, TISRARE AR KB FLBRAR . SLBRRC MGk, S5 Bk a G i am AN A B
AR, KSR L B B A KL

Bea SR . R PUR M R A B iR v, e A Al B A T S i
B 4 PEOTRIZ CIASEHLR A R8I B AR inSuanh Jo e 225K, 1) o 22
WA X B4 PEOKC B S EORA R P I BEIRZ o« I AR e 1t 3 R Ak s L
T RESRHE s H AR R R S BB A AL BELR T RSAN [R] L BSUR  3R 91 3 AL 45
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AR oE5, JCHBG SR M AR B AR IAYE S, A HLR)Z ULRC RIS AN 7850

PEO Jy i3 ARL I T VAN S G RATM BRI BT, ARG B LD RER =, (2 EfE
JE B T PEOJ IRMIE T VaE . (HAHER NS, PEOJVARMNR AL B AW FTIA AL TR B
Bt WERAEANR TS R SR PR 2=, R AL PUA B b BT K b o BEAb, 1205k

FEDNRER AT AR — @ N, W 8 R b2 B B 45 A 1 H 1 RS
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