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Preparation and corrosion resistance of plasma electrolytic
oxidation coatings on 2A97 aluminium-lithium alloy
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Abstract: The plasma electrolytic oxidation(PEO) processes of 2A97 aluminium-lithium alloy in silicate electrolyte were
studied. The PEO processes were carried out with DC regime, and the factors such as current density and treatment time
on the morphologies of surface and the cross section of the coatings and the corrosion resistance of coatings were
analyzed. The results show that the PEO processing enhances the corrosion resistance of the aluminium-lithium alloy,
however, the corrosion resistance will be deteriorated by long processing time, due to more defects developed in the
coatings, and the corrosion resistance of the coatings is also little affected by increasing the current density. There are two
types of microstructures existing in the PEO coatings of aluminium-lithium alloy, which are resulted from the different
types of discharging. The microstructure resulted from the discharge originated at substrate/coating interface contains
more content of Al, while the discharge happening on the surface or shallow depth of PEO coating causes the formation
of the cauliflower-like structure with electrolyte species on the surface of the PEO coatings. The main phase composion
of the coatings is y-Al,O;.
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Fig. 1 Voltage—time curve during PEO process of 2A97

aluminium-lithium alloy at current density of 100 mA/cm?
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Fig. 2 Growth kinetics of PEO coatings of 2A97

aluminium-lithium alloy
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Fig. 3 Potentiodynamic polarization curves of 2A97
aluminium-lithium alloy substrate and PEO coatings with

different treatment times at current density of 100 mA/cm?
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Table 1 Free corrosion current densities of substrate and PEO

coatings corresponding to Fig. 3

Time/min Corrosion current density/(pA-cm )
Substrate 4.65
1 2.18
5 1.05
10 1.29
30 4.23
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Fig. 4  Potentiodynamic polarization curves of 2A97
aluminium-lithium alloy substrate and PEO coatings underwent

for different treatment times at constant current density of 200
mA/cm?
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Table 2 Free corrosion current densities of substrate and PEO

coatings corresponding to Fig. 4

Time/min Corrosion current density/(pA-cm %)
Substrate 4.65

1 1.06

5 2.44

10 3.12
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Fig. 5 Second electron images of cross-sections of 2A97 aluminium-lithium alloy PEO coatings with different treatment times: (a)

1 min; (b) 5 min; (¢) 10 min; (d) 30 min
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Fig. 6 Surface morphologies of 2A97 aluminium-lithium alloy PEO coatings with different treatment times: (a), (b) 1 min; (c), (d)
5 min; (e), (f) 10 min; (g), (h) 30 min
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Fig. 7

XRD patterns of aluminium-lithium alloy PEO
coatings with treatment time of 10 min and current density of

100 mA/cm?>

4, K4 MONFORT “5POAafEo, HoZE FZA N
y-ALO; Fl a-ALOs3, Hrf y-ALO; (5 3 AT, Ak,
2 PEO R HLET & 2] 470 VDL ERS, REJZ T8
SHIDER] 5-ALOs. > HUMR R AERR £k 1)k FE 4
Bl R, BEZE AR AH(RTREE Si02) o1
B, XRD fird thZe o W R AR S AL, BeAh, mrae
23 I ALSIOs 58 AlgSi;O5 AH. Na,SiO; 71 PEO it %
(RIAE 2 PT DA i 23 ) AR, [ ads m] LA
BRLERIE B AR TR Ak, B Na,Sios
WAL AT HE AR L SR AT (3ALO5-2810,) 2 F 2L B oy
IR, BERAT HAT B AR 24 AR e 1P

MIE 7 W41, 5 MONFORT 2B Foe 2, A
RSP 2 2 AN G5 R S p-AL 5o JEZ A 3L
KA. ALSIOs 5G AlgSi, O3 S5, L5t AN 2 AT 5T
JIT R F I O R h B IR, AAR, TR ]
REAEAE— & S AR AL AH, K4 EDS Beil 45 %
WA P AEAERE, TER 7 PEE AL, B4, BT
EDS (1) BE, el i ABeR 208, T HE 7 1
XRD %A W AR, Xt DR & 4
MIREI i Eesa i b, AR XRD Al 2 kg
JEAE, (HIFARES AR 54210 PEO JEZ A H)
FAIAEAE . DT A e, FF EERAN AT
W, WE p-ALOs & —FIATEM, ERIERF PEO
SRR BB FNA HIRFIER % /5 PEO IR, frip—
(KA TR K S s TR R P f Rl ) o R el fde o
filr, WG R 10° Kis RO ELEER, 5 i
WA ISR, KA I8 T8 () SE R T AL SR
FEAA (A DA B A T80 HL S0 T D P R T ST A R



1920

A G A R

201347 H

P-ALO; X P AERRE AH . SR1T, “MIX AR E AL 1
FEFEPAT R RS2 b i S s o 2 I R b (i o i A
PRI B B8 ), SN X B RRRAS 7-ALO,
AR N HFE ) a-ALOs. IEAh, PEO WFEHIE
AFAE 35 TR R B0 PR B A B 5 5 X 1] e
HL RS TR TR S A 1 C B, eI Py Rh
LT, FREL RS PEO 2 & AR dn b B KRR Lt
T, AN S5 p-ALO; [ a-ALO; [IHEAFEY . ASZI
XRD 4 &M, G 4E I PEO B2 EZAA
FRIEM p-ALOs M, 1X— BRISCHR[36] 145 A, I
5 DRI AT i kg AR 5256 A 8 ) B TRV 0 S 2 e i (Pl 7 o
XM AL EE 10 min [ PEO 522K 13.3 pum), i
J2 T35 5 5% B B T ARSI y-ALOs, 11 3C
BR[36]7 PEO JELJZ FALFE R (] fE 350 min, )25
2920 120 pm, BZRET T2 i, 523034
RN IR SE R T J% a-ALOs o

3 Zig

1) KBRS ST R, TRk Eh il
W 2A97 H4 44 PEO IRJZ. £F 100 mA/cm®
ZATF, Ab3E 30 min NI PEO )2 1 51 31 40
Hm fifio

2) HWAbEER A 2k 45 SRR B, PEO b3 5 T 44
B ST, (E AN TR K, S 2 P i e
ANF, i LR LI 2 2] 200 mA/em? i, HiIAE A
JE PRI PPt A B SR R DX o A B S TR PR 1
TS L A A 2 P MR 5 g B 3 22 () &5

3) BRI A5 B 1 i A AR A MBI 45 ) T A7
TEPIRARIBORR M S B FIE L1, B B L AR g
ISR AL AL T A R C AU R 2 (3R
T AR OB A 82 22 YU Rk IR S AR 45 44« XRD 45
BRI, BRI T -ALOs.

REFERENCES

(1] X3, &7, BDR, s, Gl b
JEREVERIBEFL[I]. Wt SR, 2007, 27(2): 25-27.
LIU Yi-yang, ZHAO Zhi-long, YAN Guang-ming, HOU
Jun-zhan. Properties research of ceramic coating on Al-Li alloy
by micro-arc oxidation[J]. Electroplating and Pollution Control,
2007, 27(2): 25-27.

[2]  BION, WM, B, s, FO0R, AI0E, HiIEE.
B Al-Cu-Li-(Sc+Zn) &5 S iAT Jy (9], BB i b 5 97 2
1, 2009, 29(1): 30-34.

[10]

LIANG Wen-jie, PAN Qing-lin, LI Yun-chun, HE Yun-bin, LI
Wen-bin, ZHOU Ying-chun, LU Cong-ge. Exfollation corrosion
behaviors of Al-Cu-Li-(Sc+Zr) alloy[J].
Society for Corrosion and Protection, 2009, 29(1): 30—34.
TN, BREEE, 2= R, R OB mEBTHE 7055 A
<6z Jed S S ek RE R N R[], WA <R A RS TR, 2007,
36(9): 1628—1633.

HUANG Lan-ping, CHEN Kang-hua, LI Song, SONG Min.

Journal of Chinese

Influence of high-temperature pre-precipitation on local
corrosion behaviors and ageing harden of 7055 aluminum
alloy[J]. Rare Metal Materials and Engineering, 2007, 36(9):
1628-1633.

EN, kOB, TRUEEE, WER. B-EA E kR UEAT
SRR, E S B Az, 2003, 23(5): 316-320.

LI Jin-feng, ZHANG Zhao, ZHANG Jian-qing, CAO Chu-nan.
Review of research on corrosion behavior of Al-Li alloys[J].
Journal of Chinese Society for Corrosion and Protection, 2003,
23(5): 316-320.

ZEN, IBHE, R, WS, RO, TAIZE. 2195 8-
B < 1) b S AT S WESET]. AERLRR S 5 TR 24,
2004, 22(5): 640—643.

LI Jin-feng, ZHENG Zi-qiao, LI Shi-chen, TAN Cheng-yu,
LIANG Ying, YU Li-jun. Study on intergranular corrosion and
exfoliation corrosion behaviors of 2195 Al-Li alloy[J]. Journal of
Materials Science and Engineering, 2004, 22(5): 640—643.
VOEVODIN A A, YEROKHIN A L, LYUBIMOV V V,
DONLEY M S, ZABINSKI J S. Characterization of wear
protective Al-Si-O coatings formed on Al-based alloys by
micro-arc  discharge Surface
Technology, 1996, 86/87(2): 516—521.
RUDNEV V S, LYSENKO A E, NEDOZOROV P M,

YAROVAYA T P, MINAEV A N. Thermal behaviour of an

treatment[J]. and Coating

oxide layer on aluminum([J]. Protection of Metals, 2007, 43(5):
465-469.

LUKIYANCHUK I V, RUDNEV V S, KURYAVYI V G,
BOGUTA D L, BULANOVA S B, GORDIENKO P S. Surface
morphology, composition and thermal behaviour of tungsten
containing anodic spark coatings on aluminium alloy[J]. Thin
Solid Films, 2004, 446(1): 54—60.

RAMA KRISHNA L, SOMARAJU K R C, SUNDARARAJAN
G. The tribological performance of ultra-hard ceramic composite
coatings obtained through microarc oxidation[J]. Surface and
Coating Technology, 2003, 163/164: 484—490.

CURRAN J A, CLYNE T W. The thermal conductivity of plasma
electrolytic oxide coatings on aluminium and magnesium[J].
Surface and Coating Technology, 2005, 199(2): 177-183.

B B, HE R, ETE LY12 A SR T
ARSI, o E A 8 R #), 2010, 20(10): 1949-1954.
YANG Wei, JIANG Bai-ling, SHI Hui-ying. Formation and

growth mechanism of microarc oxidation coating on LY12



H23BH T HEERI, 5

2A97 BRI A A% 187 PR S DA ) 6 R e

1921

[12]

[13]

[16]

[17]

[20]

aluminium alloy[J]. The Chinese Journal of Nonferrous Metals,
2010, 20(10): 1949—-1954.

B #, WA, SRR, T W TR S SRR
B 2 T B R TR A I HLBR D). o IR A (L e B 2
2009, 19(3): 464—468.

YANG Wei, JIANG Bai-ling, XIAN Lin-yun, SHI Hui-ying.
Action mechanism of solute ions on forming process of microarc
oxidation coatings on aluminium alloy[J]. The Chinese Journal
of Nonferrous Metals, 2009, 19(3): 464—468.

R, UL, R/, RIEE, RAE. SRR TR
A M AL B I i 3 PR R D], b AT (e B 244,
2012, 22(2): 337-342.

HAN Xiao-guang, LEI Ming-kai, ZHU Xiao-peng, SHAN
Ying-chun, XU Jiu-jun. Anti-corrosion properties of micro-arc
oxidation films on AZ31 magnesium alloy irradiated by
high-intensity pulsed ion beam[J]. The Chinese Journal of
Nonferrous Metals, 2012, 22(2): 337-342.

KB, M, EMENE, g, BEA SMOTAPE R 2 &
TP H R LB BE D). of [ A A G i 24 4R, 2011, 21(7):
1562—1569.

JIANG Yong-feng, YANG Hua-shan, BAO Ye-feng, LIU
Yi-yang. Formation mechanism of electrophoretically deposited
organic layer on PEO film of magnesium alloy[J]. The Chinese
Journal of Nonferrous Metals, 2011, 21(7): 1562—1569.

ZHANG L J, FAN J J, Zhang Z, CAO F H, ZHANG J Q, CAO
C N. Study on the anodic film formation process of AZ91D
magnesium alloy[J]. Electrochimica Acta, 2007, 52(17):
5325-5333.

WU C S, ZHANG Z , CAO F H, ZHANG L J , ZHANG J Q,
CAO C N. Study on the anodizing of AZ31 magnesium alloys in
alkaline borate solutions[J]. Applied Surface Science, 2007,
253(8): 3893—3898.

WU Hai-lan, CHENG Ying-liang, CHEN Zhen-hua, WANG
Hui-min, ZHANG Zhao. The anodization of ZK60 magnesium
alloy in alkaline solution containing silicate and corrosion
properties of the anodized films[J]. Applied Surface Science,
2007, 253(24): 9387-9394.

EHEFS, BAAGE, WOCH, K. BEHIRE ST 5
JRHG R IERERED]. B A (G A, 2010, 20(S1):
s188-s192.

WANG Yan-ling, HUI Song-xiao, YE Wen-jun, Ml Xu-jun.
Microstructure and its wear property of micro-arc oxidation
coating on biomedical titanium alloy[J]. The Chinese Journal of
Nonferrous Metals, 2010, 20(S1): s188—s192.

LIU X Y, CHU P K, DING C X. Surface modification of
titanium, titanium alloys, and related materials for biomediacal
applications[J].
47(3/4): 49-121.
MARTINI C, CESCHINI L, TARTERINI F, PAILLARD J M,
CURRAN J A. PEO layers obtained from mixed aluminate-

Material Science and Engineering A, 2004,

[21]

(23]

[24]

[25]

[27]

[29]

[30]

phosphate baths on Ti-6Al-4V: Dry sliding behaviour and
influence of a PTFE topcoat[J]. Wear, 2010, 269(11/12):
747-756.

KHORASANIAN M, DEHGHAN A, SHARIAT M H,
BAHROLOLOOM M E, JAVADPOUR S. Microstructure and
wear resistance of oxide coatings on Ti-6Al-4V produced by
plasma electrolytic oxidation in an inexpensive electrolyte[J].
Surface and Coating Technology, 2011, 206(6): 1495—1502.
WANG Y M,JIAD C,GUO L X, LEI T Q, JIANG B L. Effect
of discharge pulsating on microarc oxidation coatings formed on
Ti6Al4V alloy[J]. Material Chemistry and Physics, 2005, 90(1):
128-133.

YEROKHIN A L, NIE X, LEYLAND A, MATTHEWS A.
Characterization of oxide films produced by plasma electrolytic
oxidation of a Ti-6Al-4V alloy[J].
Technology, 2000, 130(2/3): 195-206.
CHENG Ying-liang, WU Fan. Plasma electrolytic oxidation of

Surface and Coating

Zircaloy-4 alloy with DC regime and properties of coatings[J].
Transactions of Nonferrous Metals Society of China, 2012, 22(7):
1638—1646.

CHENG Y, MATYKINA E, SKELDON P, THOMPSON G.
Characterization of plasma electrolytic oxidation coatings on
Zircaloy-4 formed in different electrolytes with AC current
regime[J]. Electrochimica Acta, 2011, 56(24): 8467-8476.
CHENG Y, MATYKINA E , ARRABAL R, SKELDON P,
THOMPSON G E. Plasma electrolytic oxidation and corrosion
protection of Zircaloy-4[J]. Surface and Coating Technology,
2012,206(14): 3230-3239.

CHENG Y, WU F, MATYKINA E, SKELDON P,
THOMPSON G E. The influences of microdischarge types and
silicate on the morphologies and phase compositions of plasma
electrolytic oxidation coatings on Zircaloy-2[J]. Corrosion
Science, 2012, 59: 307-315.

Fegess, M WL Cu® RS 1 AU AL B Zr-4 45 4
PEREMIRZIA[I]. A (4 s 253, 2012, 22(6): 1616-1623.
CHENG Ying-liang, WU Fan. Effects of Cu** and plasma
electrolytic oxidation on corrosion properties of Zircaloy-4
alloy[J]. The Chinese Journal of Nonferrous Metals, 2012, 22(6):
1616-1623.

YEROKHIN A L, NIE X, LEYLAND A, MATTHEWS S J,
DOWEY S J. Plasma electrolysis for surface engineering[J].
Surface and Coatings Technology, 1999, 122(2/3): 73—93.
MONFORT F, BERKANI A, MATYKINA E, SKELDON P,
THOMPSON G E, HABAZAKI H, SHIMIZU K, Development
of anodic coatings on aluminium under sparking conditions in
silicate electrolyte[J]. Corrosion Science, 2007, 49(2): 672—693.
BT, X, DL 2090 -4 SRR AL Y B IR
FEEMOEIE]. B S ERR, 2008, 28(5): 36-38.

ZHAO Zhi-long, LIU Ui-yang, YAN Guang-ming. Research on

properties of ceramic coating on 2090 Al-Li alloy by micro-arc



1922

A G A R

201347 H

[32]

[34]

oxidation[J]. Electroplating and Pollution Control, 2008, 28(5):
36-38.

DUAN H, YAN C, WANG F. Growth process of plasma
electrolytic oxidation films formed on magnesium alloy AZ91D
in silicate solution[J]. Electrochimica Acta, 2007, 52(15):
5002-5009.

SNIZHKO L O, YEROKIN A L, PILKINGTON A,
GUREVINA N L, MISNYANKIN D O, LEYLAND A,
MATTHEWS A. Anodic processes in plasma electrolytic
oxidation of aluminium in alkaline solutions[J]. Electrochimica
Acta, 2004, 49(13): 2085-2095.

HUSSEIN R O, NIE X, NORTHWOOD D O. Influence of

[35]

process parameters on electrolytic plasma discharging behaviour
and aluminum oxide coating microstructure[J]. Surface and
Coating Technology, 2010, 205(6): 1659—1667.

HUSSEIN R O, NIE X, NORTHWOOD D O, YEROKIN A,
MATTHEWS A. Spectroscopic study of electrolytic plasma and
discharging behaviour during the plasma electrolytic
oxidation(PEO) process[J].
Physics, 2010, 43(10): 105203.

KALKANCI H, KURNAZ S C. The effect of process parameters

Journal of Physics D: Applied

on mullite-based plasma electrolytic oxide coatings[J]. Surface
and Coatings Technology, 2008, 203(1/2): 15-22.

(4mig  IF48)



