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Abstract: The research progress of multifuctional ceramic coatings formed by microarc oxidation (MAO) technique on metals
are reviewed from the views of scientific mechanism, technological design fabrication and applicable performance. The growth
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Fig.2 Schematic of chemical reactions and structural evolution developed during microarc oxidation process
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Fig.4 Pores remained after spark decaying and columnar crystal microstructure grown on pore walls and columnar crystal microstructure

formed in coating
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Table 1 Electrolyte systems and coating phase constituents formed on metal-based composites by MAO process

_ Na:SiOs, 6-10 /L Mullite, a-AL0s, y-ALOs, _ 4
N 2024/15% SiCp ~12.8 ﬁozlgcf_zl f“/ Lg . Sizoj 7-ALO3 AmT_Cormsfon [35.36]
A356/20% SiCp szlloi 3 g/i Mullite, a-ALOs, 7-ALOs fv:;;izz;);f:e (371
ZC71/12% SiCp 2-20 Nax$i03, 0.05 moliL o \gssion Anti-corrosion  [38]

Mg AZ91/22% AlisBsOs3w,
AZ91/22% SiCw

KOH, 0.1 mol/L
NazSiOs, 15 g/L
KF, 8 g/L, KOH, 8 g/L

MgO, Mg2SiO4, MgF2 Anti-corrosion  [39-41]

24 REIZMEEESBENZIE

HRE B4 5 50 B 2 4% P IR AL T RE IR 2 S B
FAAE AR AT IR . B R L TR 2
s aitm, —BIEESGRIERS. H
TEAFR RO AL T 20T, ARG S Y
Rt BRI ZE R, IIRITIRZE T AR B
ZEE RS MR AR 2 . AR R AR
T AR AL TR = RO A A SR B AN 2 PR,

(1) KALT PR35 B2 X [ REZE 5 50 HE 2 M)

e R T R UL T BRI AR A AT i i
R, WEARKERR, WREREEEA, Bkt

TE MR S H s ZUKAE A, S AL AL TR SR Y
HomtE, JEMERRZ WL AR, @ E N
OUF, WIZMERERGN, BUREE R, B
SEA TR RRMK. Tang U T 525 HEXT AZ31B
HASHONEIRZE AR, B 52 b
e, WZEEEREAL, BYUISRESE N, S
40% B}, RGN 24.5 MPa, HAN J 14
R, FEEK G A R ARG SR R 1 b
BWZE, SEERZNGS GBI BEL. K5H
SEUSTE Ta A 4 3R AN R FE ROV LR 2,
RS VB RS



26 b B xR T LT IR

2018 4

®2 eREAREMINENAENESGREE

Table 2 Bond strength of microarc oxidation coatings formed on metals

Substrate ~ Grade Electrolyte systems Coating phase constituents Test method Bonding strength Reference
AZ31B NazSiOs, KF, glycerol MgO, MgSiOs Lap-shear strength 24.5 MPa [43]
M AZ31 K3PO4, NaAlO2, MoS:2 MgO, MgA1>04, MoS> Scratch test Critical load>50 N [44]
g
MgO, MgF>2, ZnO, ZnF>,
NaxHPO4-12H>0,
+
ZK60 NasPOsH:0, (NaPO3)s CaO, CaFa, Scratch test (127.3+1.4) MPa [45]
Ca3(PO4)2
2024 Al NazSiOs3, NaxP2O7 a-AL0Os3, y-Al203 Scratch test Critical load: 100 N [46]
Al
6063 Al NazSiO3+TiO2 a-Al03, y-Al203, TiO2 Scratch test Critical load: ~72 N [47]
(CH3COO0)2Ca-H20, Adhesion-tension
+
Ta Pure Ta C3H7Na2OgP-SH20 Ta,0s, TaO, CaTa206 test (33.22+3.84) MPa [48]
. . Rutile TiO2, Adhesion-tension  (14.4+0.8) MPa and
Ti6Al4 N ‘9H>0, NaOH . 4
16Al4V 325103-9H20, NaO amorphous SiO2 test (4.3£0.3) MPa [49]
Ti Ti6Al4V  NaAlOz, NaxCOs, AlTiOs Lap-shear strength 110 MPa [50]
Ti6AI4V  NasPOs, FeSO4 a-TiO2, 3-TiO2 Adhesion-tension 5 5 \pp, [52]
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1k (LA TiO2 2 F) MREFEIAF] 700 HV. UL ALOs.
ALTiOs 8% ZrO2 i E MR LA 1 500 HVLL L. %
Flal—F A, B RS B A, SR
15 A LS D2 5 A 114 U 2 0 A AL S O 2
¥, T T R RS B BT IR 12

T SR A e S ik JEE ) e £ 1T 38 Ao %o 0% )23 )
O3 BB ARSI . DIl PR L S H (L
MOV E BE . INFIR], AR SE) SRR o (BEA R
fRBAIRR . KR F MR R), RS EEY)
FHELAY, DABR SR PSR RE ;. Qi Xt
WORAA/ B T 224 (WiR. IS Bt
BEIZERWZ.

323 B TN A S 4 JR IR (AL Mg, Ti)
O AT B TR J2 R R S PR, andR G
SO AR Z b A ALOs, it a-ALOs
AHELAE S A RE B . AT S A S A R
AT HRAT S a-Al,O3 &R JEPY . Krishna
FUMFR KRR G aRA, HERZT 0-ALOs
2, WENPUEEER S, BB ERINRE
MBS FR % B R LR T B A e AR (NI

Si3sN4. ZrOa. TiN 4%) 5 HIE# (f155. PTFE,
CNTs. MoSz %) i LA B Uk 2 AP s sl e
fig. Yirektiirk 251 i 78 HEL AR TR I CNTs,
XTI TR Z M HUE N, RUB A MO E L
W EHA R IEESCR . Chen VR R T
PTFE FLIK & AR 2 W EE BRI R e s, 45
25124 PTFE JFi&/3%% 20 g/L i, f#R%AL 5 min,
TR IZHA AL H AR BRI AL, 1R 0.08,

TR SA AL 2 22 1 [ A 1Y) Z2 L2548 Ry el v &
G Z RS A UIRE TR )2 P AR I o 3R 1
HEWIR, B2k, i, S5 IR ik
ANEFFEARC SHMONVEEE S, DAl IREE A
B, BRI ESRZ.

T EE I IR G 4 SR G A R TRy
HAK TiO: J/490K ALOs JEIREEFT PR & IR )2
GEMET = R EE R BUR AR R T R AR
R N BEVR 2 S A KOG R AR, SEB T
i B o i TR A2 4 e R P R U BE IS U 2 1) D o
YHK TiO2 FEUEE LIS P B U 2N T XX KHES)
KA A ) FR Bk B A S B AR X U B % 5T

R3 SEFREANMBREAREBRARSABERSHTS
Table 3  Electrolyte systems and coating phase constituents formed on metals for wear resistance and antifriction
Substrate Grade Electrolyte systems Coating phase constituents Properties Application Reference
Friction coefficient: 0.5—0.6
. ) ) (WC-6Co, 0.874 MPa) . )
6061 Al NaxSiO3 a-Al O3, y-ALO3 Wear rate decreases a factor of 12 Wear resistance [58-59]
(silica sand, 1 N)
NazSiOs, H3BO3 . Friction coefficient: 0.29 wear resistance
1Al . ’ ’ -Al . . 1
Al 606 diamond 7-AL0s, diamond (Cr-steel, 2 N) and anti-corrosion [61]
NazSiO3-5H20, a-Al203, y-Al203 Friction coefficient: 0.2 .
ADCI2 Al NH4VOs3, ZrO2 m-Z102, t-ZrO2 (AL03,2 N) Wear resistance [63]
Wear rate decreases 3 orders of
6082 Al NaxAlO3, CNT a-Al03, y-Al203 magnitude Wear resistance [64]
(SisN4, 4 N)
Friction coefficient: 0.10 .
ZK60  Na3POs MgO (52100 steel, 2 N) Wear resistance [65]
EV3IA NasP3010, Na2SiOs  MgO, Mg2SiO4 Wear rate decreases ~80% Wear resistance [68]
Me graphite Mg3(PO4)2 (52100 steel, 2 N) and anti-corrosion
Na3PO4 MgO, Mg3(PO4)2 Friction coefficient: 0.08 .
AZ91 PTFE PTFE (52100 steel, 5 N) Wear resistance [70]
AZ31 NazSiO3-9H20 MgO, Mg>SiO4 Wear rate decreases 90% Wear resistance (72]
(NaPOs3)s, SiC SiC (52100 steel, 10 N) and anti-corrosion
. Rutile TiO2 o .
. NazSiO3, P Friction coefficient: 0.4 .
Pure Ti HsPO4 Apatase TiOz2, (52100 steel, 5 N) Wear resistance [74]
Ti20s
NazSi03-9H20, R . .. Lo - .
TIGAI4V (NaPO3)s, NaAIO2, Rutile Tle, Friction coefficient: 0.12—0.3 Wear re'smtance.: (75-77]
Anatase TiO2 (52100 steel) and anti-corrosion
. Na3zMoOg4
Ti Rutile TiO>
. Na3zPOs, iy Friction coefficient: 0.15 .
Ti6Al4V MoS, Anatase TiO2, (52100 steel, 2 N) Wear resistance [81]
MoS2
MAO: NaAlO, L. Lo .
Ti6AI4V NasCOs+ ALTIOs, ALOs, TiOs Friction coefficient: 0.12 Wear resistance (82]

Spraying graphite

(52100 steel, 1 N)

and anti-corrosion
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K, RIRZ T LGN T XX R 815 25 4T
SR AR AloOs HEUSUEE T B 8 Uk 2 N
T XX $irarflik R e e eashai. Lk
A A DR R R PR BR A < R A B T AR DA R DR B
JE T AR I, SR LA o 4 T R AU e
VR I AT, R e AR R ]
HEENE.

32 WMEMRERITSHIE

Bt e mA4 (AL Mg, Ti) b H THizs it
KRB K S PLAFSUR, YIRS T IR R
K, RS IR, R MR A
PFECF AR I, R e S AL AR T A
DU A 5 sz B ik, TR EERI 2 T & Jm i
PFE i RIS A A i . OSSN  EIR 2 R
BIRZ AR — P R A RUR e . WOTSAA TR
JE— B HARUZEH . SR AU TN BB ES
TR MRS g ERnZURRBRHERE, W
BNy, A BB U J2 0 TR 2= R A R T
TR BISCHIERIEHIC . NERSEL Bfii. hi T
BARUMESFMEAT, MdRESHBOT, 2
o A B U J2 AN 2 LR Y BOR Tk TR 2
AP I ERE s I BLROISA AL TR 2 2R H 19 £ AL T

ZnRE. iR EE, B PTRL, AR, AR
B AR 1 U 2 I PR Tk M R 1 — oA SGE
s BEAMCE RS M e T BOAMI S . &8
FERRIEHTAEFE (KAL) PRI A AL 2 e 24T
W57 GHUR M EGIRIZ; ERONEAS R
N B DL S oS R E8om iR
JEIBTE R

4 BT AR B BHA SR
AP TR 2R R SRR LS R, oA b
b BT B R A AR R ik R
Uit o I XT FL AR B A Y R4 (AL2Os. CeO2, R
oA 3B 05 SR8 ) T i — 2D B i Ak L R
2~3 NMUEH . Zhao EFETH GO W H R
il 28 9 SO AU R 2 AT AR ol L 3 36 3 400
9, WERERE R, BAh, XSHRORE L2
KHTIRE R E & (A, k. BIRE)
FMEAL, RERZHEENE, TAHRGERZ
(AT PR BE o Zhang S0 25 1 IR Ak /b~
AR IZ TR AL RE 4 RS ; Gnedenkov
O AL IS IR T PTFE W, #4
PR, AR A S T 1300, ELR R il
Al R, TR A O E RO E AT, RA
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Table 4 Electrolyte systems and coating phase constituents formed on metal for corrosion resistance

Substrate Grade Electrolyte systems

Coating phase constituents

Properties Application Reference

7075 Al K2ZrFs, NaH2PO4 t-Z102, 0-A1203

icorr: decreases 2 orders of Anti-corrosion

(85]

magnitude and wear resistance
Al 6063 Al NasSiOs, NasBiO7  a-A120s, y-A1,03, Alsi Lo decreases Zordersof - o o oion [86]
magnitude
7075 Al NazSiOs, CeOa y-A1203, CeOs Impedance value improves 5, 1 o rrosion 87]
orders of magnitude
AZ31 NazHPO4, NaF, sodium MeO icorr: d'ecreases 2 orders of Anti-corrosion [89]
citrate, GO magnitude
NazSi03-9H20, . . icorr: decreases 2 orders of . .
ZK60 NaFspinning GO MgO, MgSiO3, Mg2SiO4 magnitude Anti-corrosion [91]
. Polarization resistance
+
AZ31 cNoe;lileCr)szionchemlcal MgO, Al203, LDH improves 4 orders of Anti-corrosion [92]
Mg magnitude
Contact angle >130°
NasSiO4, NaF+dipping . Polarization resistance Anti-corrosion
MAS PTFE MgO, Mg:SiOs4, PTFE improves 3 orders of and wear resistance [93]
magnitude
AZ91 NazSiO3, NaAlOz2+cold MgO, MgAL2O4, MgSiO4,  jcon: decreases 3 orders of Anti-corrosion [94]
spray Mg3Alx(SiO4)3 magnitude
Pure Ti Na28i03, NasPOs, Rutile TiOz, Anatase TiOz, Egioarl;i?sl(;n—;e(s):dt::sczf Anti-corrosion [95-97]
+
NaAlOx+ Al203/CeO2  AlO3, CeO2 magnitude
Ti Contact angle >150°
" . .
Ti-6Al-ay NBPOSAPFOTS post e TiO: Polarization resistance Anti-corrosion [98]
treatment improves 1 orders of

magnitude
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FALBATEE (SMAT) 1€ LY 12 Al &4 # 1 il 5%
YOK ISR, IFEGOR ZE LT RO E LR
A, BRI 2 )2 S5 MR 2 AR IR I e
AR BB E SR, AR T RZ NP0
e, JF HIR 97 Har 10%~20%.

BEAh, R FHEVRRR T 00T M4 s (A% s e
BRORH e IS G 4r) T B 1A e I I i s R T
ML I MERE . FEES & 4R T R R R R i
TR T ROISEAL B &R Z . WY T R R
XFURZ T B e Re R e, 25 SRR T NaaSios
VR T 45 B9 A TE LIOH Ji ik g h B 1 S i
JEPERE R JZ 00 [, 2EE TR A A
KHRA L., E¥HAES S WIET T 48 5
TiPERR I ERFR U010,

. BESRRA S HONE R Z L R UE ik
P8 S BT fih i (B8 1oh 1T € 8BS T — 26
HERE . ZL114 504 4 1 /K U 5o (AR 3% 1 i % i B
BURIE (5 20 um), IR)Z0THSECEDUE MERE,
RS 1500 h 5, TRIZFREICH] R E MR,
AT 8B e8RS R &, W2EEM
H— UL, s 50 E AR & A, T
WP T 56 5 P e 22 ) ke A T i g oy, R T
SATATFREL, IEAh, BEA S RUEIE DR
2N =B E A, TR IR m,
PR E I 2 000 h DAL, f# T BES S hUE
REZ= M),

3.3 ARPRERTSHE
REEREGE B . B KEae. BE

G55 MHE A ARE s A TR IR, R BIHLA
Ui HR 1 L M S ST AR i e kR A Tl T H g
%, [BTEEIRA G e T, ARG Bk
AACIRC A EME 2R, S B ERRHARE
B, BEARENHOTEEERZ, A
SR SPUAEME, ERPTArERE, B
BIZR AW, 5 BT SRR E AL AR
PRZ AR R SHRRZE R, Curran UG
WO 8L P B 1R SR T A 1 W/(m-K) 22
A, JF HANEA R 20T (R 5 YA
) Hil e AR TR IR )2 . WNFE Na2SiOs L
fifE i T ARG AR E A B S IR R R Bk
AM, WENASFEAFER 0.5 W/(m-K)!";
Apelfeld " HE Zr A &R & W HONEL TR 2
HFFNN 0.2 Wi m K), F BRI B 5
PR TR

T PTHGEME R R IE &8 (B 4) 7ER iR
B IR A B R . WFE R, TieAl4V
R E AL IR EAEZ 52 500 °C T 700 C HUEEIR
25 UM K gl Al FIOIE AR 2R AE 450 °C T3
40 WE", WIBPAGTE T — Lo, M
TESARA KA

REMIVEMARZERIZIL, (ARIZNEHK
W, AR R R A R T T
Jg. FEHUTE Ti6A14V 210 ] £ o 1k 1%
JZ, 700 C FHEF%ELL 80 h, HEFE N 0.98 mg/cm?
TCA TR IS T (20 mg/em?); IEAM, 7E Ti2AINb
B A F M AP VR 2 AE 800 C TR, 150 h
J5 IR R AL IS R 0.003 1 mg®/(em*-h),

RS CREEAMFARERRGARSARERENTR

Table 5 Electrolyte systems and coating phase constituents formed on metal for thermal protection

Substrate  Grade Electrolyte systems ~ Coating phase constituents Properties Application Reference
. a-AlxO3, y-Al203 Thermal conductivity .
6082 Al NazSiO4 mullite 0.5 Wem 'K ! Thermal protection [107]
Al Hot dipping Al + ..
NSA  NasP207, Z_erg)z’ 210 F{E:;Eﬂ'?fducuvny Thermal protection [108]
Zr(CO3)2(OH): >
5 = —
Zr Zr-1% Nb NazSiOs-SH20 m-Z1Oz, t-ZrO2, c-ZrO2 Thermal conductivity Thermal protection [113]

alloy Na(PH202)

0.2 W-m-K"' (13270)

Ti2AINb NaAlOz, NaxCrO4

NazSiOs, NasPOs+

Ti TCl11 .
magnetron sputtering

Ti-6Al-4V Na,SiO3, Na;CrO4

Rutile TiO2, a-Al203,
7-Al203(Al0.928Cr0.052)203,
Cr;0

TiO2, AlTi

a-AlO3, Al3Ti,

Rutile TiO2,
Anatase TiO2

Parabolic rate constant Oxidation resistance
0.04 mg*/(cm*-h) (800 C)

Parabolic rate constant Oxidation resistance
0.030 mg*/(cm*-h) (700 C)

Mass gain decreases a

factor of 3, 0.0373 mg/cm’ Oxidation resistance
(500 C)

[115]

[116]

[117]

Pack cementation
Nb Nb-Hf +NaAlO,

Nb205-Si02-Al203/NbSiz/
NbsSi3

Parabolic rate constant Oxidation resistance
0.06 mg?/(cm*h)(1250 C)

[118]
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T B IR 24.97%9, BT, HlEE
AR A E R Z A RE . Du S
1E TC11 SR M Tio2 IRE)G, BRIk
SHRZE, s P B HY R NS R, SR
TS G E RS a-ALOs & TiAl 48 L&
A EEMERIZE . ZIR)ZTE 700 C AL E
BAMLZE 0.03 mg*/(cm*h), AR 1/10,
B AFU SR P IS 5 O E LB R TE Nb &4
LW R T H A NbSiz/NbsSiz/Nb205-SiO-
ALO; ZEEIRZE, ZIREESIREAL (1250 C)
AP REAEHEIR L 15 h A4 fiE R, HAUERIL R
0.06 mg*/(cm*-h), N —~MHBEN 1/12, B
FUCEE TRASNYUEIRE R

T A IR A MR AR e AR R, AR
S BAN AL E AR B ER , Mg AomEy
SR WO E A &R DR i, £
BAEMN R, SR OB B AR [ fS , 4R
BETEEAY, MR AR )20 ki, e
PEREML S, EAATAIE . RIS 48 A & T-REsR
TR 01 B 8 7% ) L, SR B A S Ak AN T

KGR RLRE I, TR O R IR )Z
HASIm b, prheiitiae, Wz 2 000 C
AR b, 20 s AN

34 RIERERITSHIE

Bl LR AR R A S, AP IR 2 R VR i
KAS/m U CAT A RN T 2 G2, s TR
JZ 23 L R T AR SR TH A R BHIR R (o) TR S
() KA RAIREE . T  BTTR Z R AL
5 R Z5 R AR R TR A i
AACHL IR A R SR B . S HORE, FITER.
B BRI G aRmEH AL — ROAERE ., H
o R R A3 B B X R 2 I IBCR (as) FAE
S () W AR EPEAE T, BIANAS R 2 53 A s
Jin¥ (KMnO4, FeSOs, Cr203 #1 NH4VO3 &%) 1]
RAFARDEEEFE A TR IR Z . AR 4R 2
A 3 T fCo A Ak B U 2 1 B R 5 45 S 5 1
e 61204 YRR G 4 R T i AR A I T A 1Y
PIRWRZTE 0.2~2.5 pm 5 BN IRICR>0.9, &4t
H>0.771, AZ9ID FBTEE A NasVOs R

*o6o EREAAARAEEBRGARSRABHEHRENTR

Table 6 Electrolyte systems and coating phase constituents formed on metal for thermal control

Substrate  Grade Electrolyte systems  Coating phase constituents Properties Application  Reference
NazSiO3 Emissivity 0.85 (500 C) o
2024 Al (NaPOs)s y-ALO3 (3-20 um) Thermal radiation  [120]
. a-Al203, y-AlO3, Emissivity 0.87 (70 'C) o
6061 Al NazSiO3 SiO2, ALSIOs (816 um) Thermal radiation  [121]
Emissivity 0.892 (100 'C
Purc Al NaxSiO3 CuO, Cus0, ALO3 TISSIVEY ( ) Thermal radiation  [122]
(5-20 pm)
Al NazSiO3-9H20 Lo
Al .
7075 Al (NH4)sM07024-4H20  7-ALO3 bsorptance (0.9), emissivity i control  [123]
. 0.79 (0.2—1.4 pm)
K> TiFe
Absorptance >90, emissivity
2024 Al NaAl -Al -Al ? Th 1 1 124
0 aAlOz a-Al2 O3, y-Al203 >0.77 (300 K) (0.2-2.5 um) ermal contro [124]
Emissivity 0.9 (80 'C
7075 Al NazSiOsCNT AL-O-SiCNT missivity 0.9 (80 C) Thermal radiation ~ [125]
(5-20 pm)
. . Emissivity 0.8 (350 'C) .
AZ91D NazSiO3 MgO, Mg2SiO4 (8-20 um) Thermal radiation  [126]
AZ9ID NasSiOs, NasVOs  MgSiOs, MgO, MgALos  Dsomptance 0.918, emissivity .y ool [127]
Mg 29103, NasViou 251004, ML, MEARDA .80 (25 °C) (0.2-2.5 pm)
. . . Absorptance 0.35, emissivity
Mg-Li  NazSiO3 Mg>SiO4, MgO 0.82(25 ‘C) (0.25-2.5 um) Thermal control [128]
Absorptance 0.35 (200—2 500 nm),
AZ31 Mg NasP3010ZnSOs MgO, ZnO emissivity 0.88 (2-16 um) Thermal control [129]
. . . Rutile TiO2, anatase TiO2, Emissivity>0.8 (600 C) o
Ti2AINb Na»SiOs3, SiC TiOs, ALSIOs (3-20 um) Thermal radiation  [130]
. . S . Emissivity 0.9 (700 C) o
Pure Ti NazSiOs, NaAlO2 Rutile TiO2, anatase TiOz, (8-14 um) Thermal radiation  [131]
Ti R . Lo .
. Rutile TiO2, anatase TiO2, Emissivity 0.87 (700 ‘C) o
Ti6Al4V NaszPOs, Fe203 Fe05 (3-20 pm) Thermal radiation  [132]
NazSiOs, Rutile TiO, anatase TiO,, Emissivity 0.89 (50 ) .
TC4 (NaPO3)eKaZrFs brookite TiO» (8-20 pum) Thermal radiation  [133]
i Emissivity 0.8 (600 C
Nb  PureNb L2505 Nb20s, SiC missivity 0.8 ( ) Thermal radiation  [134]

NazSi03, NaAlO», SiC

(0.25-2.5 um)
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il B RO R 2 WS R R R S 2R 53 0.918
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48 LRI

3.5 NHEAEZKRERITSHIE

A R HE R IR AR AR
S L e T R 3R T A e B L R
AFTEEE A PERES s eah, BRI I
“HAML RATAY (MEA) " WIBE ST, PRUER SR
e R R T KIS, WEMRN B L%
(4 2o B AR A A R R BN B B LR 2
(4N A1203, SiO2, ZrO» %) HA R w42k ki
i ZEsm i, EALIRZ N TR E R
OV T o TR IR 2 A B R R 1Y) i A i
T BB U J2 D e Y R A KO A R R
B, FRER S SiO2. SiC SRR T-15423
WE, SRIEERMAEERE, 5568485
MR 2 ORI T, 482k 0R 2 T A T
IKTARRL Lo B, AL A4 2 10 44 1R iR i 4
I ALOs P& IR)E, FF3m A weAs vl 4

Fa ] SOOI S A 2 B0 T T 2 OO 285 4 RN 0 A 4
B, DAS e H R e R

TR SA LA F 48 2 D RE AL 55 32F R an 3% 7
AR Zhang SFHE AN R BE 1Y ZrOo ISR
Bz ALK, AR BE T TR
b, WG T ZrOz BYHRE XI5 2 oW LH ZURT H M i
M2, 25K E G IRIZ A M Al fREE 700 V
VL b, JFAl ZeOo B e B I ITTEE 7 T 1R 211
FLHL %Y . Hussein 259 R AN A L L 46 2k TR 2 HL
AR BRIl 7R TR AR RS 2
o [, Walsh 250038 H ROIE AL TR 2 808
Em. RER. mERS, BALS R4 srE
g, He S5 RIS AL B AR TR B 4 I8 e 1w il 4%
M ol AL BB TRZ, X AT A2
OyMT e FLARFSY (55 BRAE SO A T 4 2% P e vk
J2) A AR Ay 2 SR

Br T LR GIR)IZR RSN, SRR B A
RS, R AR H SRR RE, 2T Tlkh
HEMTIREEM AL, R X BEEME, Lu 4E0 -4
IR E AL £ A 1 % BaTiOs 1 BaySri—TiOs3
R, RSB K ZAREE M (B ai Ik Z LB 3,
FHEH T BST B RS FIE P, Wang 5
TE ol kA b il £ 1 BaTiOs 1 SrTiO3 £kHL
W, T EAE SRR, TR T
' -S54 b A S I RIS

AR R FIALAG T, 38 2t 4 Ja 2% 1w I A b
Y 2 FERCER 2, DI E 2 2 v B AL 5 H TP U
MG REBE AR, A1 I v A0 ek AL R FR X6 £r] R 42 i
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Table 7 Electrolyte systems and coating phase constituents formed on metal for dielectric and insulation

Substrate  Grade Electrolyte systems Coating phase constituents Properties Application  Reference
Pure Al C2H602 boric acid ZrOs, ALO3 Breakdown voltage >700 V 51 ‘S'“:]lfacttro‘; [137]
Al . .
. a-AlO3, Insulation resistance 12.3 GQ; .
60634l NazSi0s 7-ALO3, 3AL03-28i0; Breakdown voltage 489 V Insulation [141]
Ti-6A1-2Zr- Phosphate Rutile TiOz, anatase TiO2  Insulation resistance >200 MQ InSl.llatlon,. [142]
1Mo-3Nb anti-corrosion
Ti TiN-Si Ba(OH)2, Sr(OH)2 BaiSr1-+TiOs3, TiN, TiO2 &= 28-248; tand=0.284-0.846 Dielectric [144]
. . . Ps=0.12 pC/em?; Pr=0.032 pC/cm?; Ferroelectric,
Ti6Al4V Ba(OH)2 BaTiO3, BaTiO3., BaCO3 Ec=0.085 MV/m biomedical [146]
Insulati
Be Be Na:C03 BeO Impedance value 1 030.36 kQ-cm? b oot [147]

anti-corrosion
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WA T U, IR AT 2 e RS KA
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BRI

i it SO F R ST (AR TS PERL T T,
W. Co. Mn. Cu. Zn %) #&if, nlil& A &
G R IRZ , N3 8 TR %1590 Friede-
mann S5 STEAN ] A HU AR RS [ S As A 25 4 T
45 B 2 14 2 LI AL TiOo 1Y 22 VA & ke i 42
SEHEIETE M . StojadinovieZE04 O] F MR 4 AL 7E
T TbaO7 B3R T, JE AL Tb 8241
TiO2 1R JZ; FFil i i o A f s [ Th* 551
M AT R T B as N A, BEeE TR
Wtk HAN, Qin ZEUSEEEI A ZnO Yk Uk,
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Table 8 Electrolyte systems and coating phase constituents formed on metal for catalysis

Substrate Grade Electrolyte systems

Coating phase constituents

Properties Application  Reference

Pure Ti Na3PO4 12H20, Tb4O7  Anatase TiO2

Na3PO4, Na2B4O7,
Ti VTI1-0 NaxWO4, Ni(CH3COO)>,
Cu(CH3COO)2

VT10-Ti Na2SiO3

NiO, CuO

Rutile TiO2, Anatase TiO2,

C0304/Si03, TiO2/Ti, CuO/SiO2,
Ti02/TiC0304, CuO/SiO2, TiO2/Ti  42.6—141.8 kJ/mol

Improve photocatalytic

.. Photocatalysis [149]
activity

Enhance the conversion

rate of CO Photocatalysis [154]

Activation energy Photocatalysis [155]

Al Pure Al Brate, silicate AlLO3

Improve catalytic activity =~ Photocatalysis [156]

SR ARAS S AL TR T ER)ZE , PTaE  UOIR
FALHIR)Z, SRR, ER-ER. PUb iy
B, Wit &g 2 41%)% . Rudney 551
FIRAMO A LRI B, B iR, BRI
R -BE I A TR TG VA 53, (2B
PPIKZ, AORBKRSORTRIR S, T A R 5
HEALFIRIRCE . [AIAE, Lukiyanchuk Z87ERERREN
W AT RO RALS S ERS PR Eh VS W iR
W, WA, AR TR R TEIE S SR Co.
Cu. Si. Ti WA E GAEL, Chu S0 HI %
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Table 9 Electrolyte systems and coating phase constituents formed on metal for biomedical properties

Substrate Grade Electrolyte systems

Coating phase constituents

Properties Application ~ Reference

Ca(CH3;COO) H20

Amorphous Si, Ca, Ti, Na,

Biological activity,

TIGAV \18i0s, HA 0, TiO» biocompatibility Biomedical [159]
Pure Ti Ca(CH3COO)z~H20 Rutqe TiO2, anatase TiO2, qud apatite-inducing Biomedical [161]
NazSiOs3 + heat treatment CaTis(PO4)s ability
pure Ti  N2B4O7 LiBiO% g e 110, anatase TiOs Cytocompatibility, Biomedical  [162]
Na;HPO4 osseointegration
3D TisAl4y CA(CHICO0)2 H20, - Rutile TiO», anatase TiO2, Osseointegration Biomedical  [164]
Ti NaH2POs4, HA

TIOAY \HPOs, AGNO3

Calcium acetate,

Pure Ti  Strontium acetate +
hydrothermal treatment
C3H7Na206P-5H20

TC4  Na:SiO3-9H20
+ electrodeposition

HA, CaTiOs

Calcium acetate hydrate, Rutile TiO2, anatase TiOz,

Rutile TiO2, anatase TiOz,
CaSrTiO3, CaoSri(PO4)s(OH)2

Rutile TiO;, anatase TiO2

Biological activity,

antibacterial Biomedical [165]

Cytocompatibility Biomedical [167]

Cytocompatibility Biomedical [168]

Chemical pretreatment
Pure Mg +MAO: phosphate, MgO
Sr(OH)2
AZ31  NaOH, KF+sol-gel HA
AZ31/Pure NazSi03-9H,0 +

hydrothermal treatment
Mg NazSiO3, NazPOs,
AZ91  calcium gluconate +
electrodeposition
NaxSi03, NaB4O7,
AZ31  CgHsO7-H20+ plastic ~ MgO
injection molding

AZ31  Phytic acid+dipping

MgO, HA

MgO, SiO2

MgO, HA, Mg(OH)2

icorr: decreases 1 order of Anti-corrosion,

magnitude biomedical [173]
icorr: decreases 97% Anti-corrosion [176]
. . Anti-corrosion

Improve anti-corrosion biomedical [177-179]
Tensile strength after Anti-corrosion, [180]
immersion 297 MPa mechanical

Tensile strength Anti-corrosion, [181]
120-130 MPa mechanical

icorr: decreases 3 orders of Anti-corrosion [182]

magnitude
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Table 10 Electrolyte systems and coating phase constituents formed on metal for coloration

Substrate ~ Grade Electrolyte systems Coating phase constituents Proterties Application Reference
Calcium acetate, . .
Tialloy glycerophosphoric acid Rutile TiO2, anatase TiO2 ngh.t £ray, yellow, Med{cal . [187]
disodium grayish violet Modification
Ti . . I . Thermal
Ti6Al4V NazSiO3-9H20 Rutile TiO2 Black, white [49]
control
Ti6Al4V (NaPOs)e, NaAlO2+calcine Rutile TiO2, anatase TiO2 Yellow Coloration [188]
Pure Al (NaPOs)s, Na2SiO3, NH4VO3;  AlxO3, V203 Black Coloration [189]
7075A1 NaSiO4-9H20, KoTiFs 7-ALO3 Black Thermal [123]
Al control
6061/pure NaAlO; + Cr203 pigment a-Al0s3, y-Al03 Cr203 Green Coloration [191-192]
Al6061 Al
. Red, yellow, orange, .
+ -
6061 Al NaAlO>+ pigment y-ALO3 blueblack. white Coloration [193]
AZ80 Mg NazSiO3-9H,0, KoTiFe MgO, MgF» Grey Ele‘(’ltmtmc [194]
Mg Electronic
AZ80 Mg NaxSnOs3, Na;SiO3 MgO, SnO2 Yellow [195]

products




Ham LW, 4. SRBOTELYIREM IR BT & SR REIT it R 35

il &t TN FIBIE R IR)Z , OFSE B o i —
JRBEG)Z PR L S R

3.9 FMBMESRBERZFRITSHE

Bl IR AR IE AR 2R 0 TR A
P A B HL AR Rudneva 88077E
T Fea(C204)3 WIHLRIR T, THLA &R m &
A Fe UREMIAERZ, 453K, dkdinixt
R 2 10 P BB R A B RS2 i 48K . Gibaek Lee
SN B O AT i #5 S102/Ti02 K4 IRAE
DL R, IR A S A R R AR
FEVE, RUNZHAA BN AT oM bS
Lo Uil 25 T CNTs 824tk Tio: )2, @it
CNTs 51 TR ERE, BRI T4 b
o
4 MRS RKRARFGERE

EIHT, SRR A B A A 4 2 T ot T
RAZHNEM, RAMINEEA, B RZ0
BT S8R & S D Re AR B IR (T
BEUREE . W, AR, I ek i
fb. AW, WREEAMRENS RS RN
i A4 desh, KRB RE IR S Bk A Ay
FL A YR 2R 1) T {8 0 22 o s AR 3 — 25 BRI
LRI TG T SR . 100, %
AL T2 1E A e JERE IS 18] 72 b AR 07 P (1 3
BrEe, (AN EEENERE SMPUE M, i
RS B, (A R A, XTI A AR
B IME A T REAL IR 2, AR 2 Al s B AT
B, BB AR T

A, HOREAIRZ I LI, & fE
TIRewR Z T & AT I i 29k -
4.1 WOREALLE TR R A SE

AT AL FEHLEE , B 45 2
RefL iR 2 AE— LR THE R M RE Y AT . B T
OISR AL K AE il i e R P AR 0, (A b2
S0, AR S B I 10 (14 3 X AR TR RS 5 W AL
SOt AR [ S R ST A X A B RS X TR 2 )
LG5 H O HR ML A L5 H) sE gk, dEm
SR 2 D REIEI o R AR . R
JGiE (OES). JiF KOS (AES). JiFrm i fH:
BT AR DA Al B2 KA RS J T R RN Sy
fi, RH FIB., TEM(fL$5J1). SEM(f 45 R

A7) 25T BEA AT X 107 Uk 2 £ 4 5 g 1 ) AR 1 7
P58 2 RO SR AL A 80 AR
4.2 RO A LTI RETR 2 TS BT T 5
s Al A AR PR &

(1) s EE DI Refb LR 2

BRutfb g )m (k. RS 4 MEA MR
AN, i 5 AR B, A6 T e
PSS, BORRBEREE, W, WHT
R BTG 25 DB A v, ORI )Z S BUE . IO
B AR BRI PR AR, ARk R AT SR S 3 i TR
[ 2 R Gyl A N BB S T =
BZeif15, PTFE, MoS: Z5(REE B n &2
B WLUEEIOCSE R0 T, LA R ATK
Ui il 3 PO R RE L BB IR TR SRR TR

(2) Mt R AR =

R LR 2T m R e a )R Bk,
Bh4e. MAA4E. A S) LA A MRRET
3 ol 5 S A 5 i ) LA b A, (R RO
AL KAET R AR E , TRIZR AL, 2
QUEFEREG, XM R T s ASRLEE .
O E A S RO T = B0 2 0 e, SE
TRCI i k328 a5 IR 2 1h 0 Ak A AL R IR
5 2% S B3R LA ASARTR B 19 8 A 2 1 e e
JE R RE R RS tbAh, AR I
AT (NEELE b Ab 3, fh2 ek, TRl |
BE. WEIRSE) SR LIRSt P
TPERET T Z AR

(3) B Refk iRz

KRR E S8 (BRI BE G 4. BRAR
Ha. REE. HE6) LE SRR AT
TR (<2 W/(m-K)) BREEFZEIR)Z, TR
BRIV AE D4R 5 8 I I BRI S A R o B
RIS YHIB L (0 Z2r0y), Al HE— L FRR)Z 0
PF A (BRI 2 H R T EAR R R R
(41 100~1 000 pm), ORI & =SS
KIEFEE (>100 pm) WRZHEEER K, IR RIKZE
HHORAEAIRZ . SNE AT RERIZNE &4
FUR 22 T RE R R 42

(4) AL D RE IR 2

TR J2 FE A AL T A A e A AR B Ak
TSR . B SR ACR , AR TR Bl i 45
S, MR, BT A B A IR



36 b B xR T LT IR

2018 4

GOKFE, 9K S5 LR AR sl
AR AL P (ERAL R, - BEIE S ) 2 54
A, DA A m TR TE R N E IR )2

(5) LW R teR)Z

PR SR MO E TR R, v
fem AR, RS A 0] BB RS A
LEARES . MR G B HALATAL B, R
BB A, AL R AR B (B KR 7K
R TR, SINEAL) SFHE— PR ERZ R
Py P o3 5 R 2 AN 45, A Y T A
R B3 B B ol 2 OB O TR, SR AR SRR A 7
)5 AEHHAEYETE S0 ) B AOE DI RER
JZ, VAT B RAE R i 5 e R 2UE 2
MR SCTE M E T 18] o Al A RO B & 4 I
o 5 A o AR S B AR BB P R B SR TR, AR
IR AL VR TR WA A S di A I PHTES 7 004 T8 ok 5 3
PER)Z o AR o R 2 B S B R 3 )
JE& /5 1o JE ok R AR T ST B EE PR, X B E
B G LA SCARBE TR O] Tl PR A S 5 oI
R ESE G S M TIEE S, BREERE, Sk
e RAT Befr i 18 2S00 4 B2 AR A N it
J&, BT sl iR RS R, BILAE AT
R R AF I I i RN B R P S (R AR
ifigo

(6) HADIRELIR)Z

OISR B e 2. P, B OS5
REALTRZ T5 1 IE 5 DT TS H S TAR R i %, 18
[ e SIS 8= e T IR R =R 5 7S A P U
PERONEIRIZR IR, T EZSBIR Sk
BTl EE LR TR R, VSRR LSR5 55
TR TT 10l o

XA B AR RIBISEEA 30 247, NHGE
ZIIRetE Bl SR s A A 2 50T . ARk
K SR BB L5 T

TEFERHBSHTFET7 0, B TR
URJZ B R ALBE UM TR BEAR , W GO 4 Ak
A FE-TRIZEH-TERER AR

TERRENRIZ T 2050, BRIt i
RIRESWEGRONE, USRI RER 2 1
BRGSO o

T TRER DTS T7 10, MR A 7 £ JE
K, SEEERR SR SEOEREGRET S

SRALAS PRI RERAME s MU0 T2, B Refh it
52 B A N AL 338 08 0 DA i B0 I P 97 S % 5
AR DIREACTRIZ B E S (fll) PR PR L
HESN L AR AL B .

SRR

[ 1] YEROKHINAL, VOEVODIN A A, LYUBIMOV V V, et
al. Plasma electrolytic fabrication of oxide ceramic surface
layers for tribotechnical purposes on aluminium alloys[J].
Surface & Coatings Technology, 1998, 110(3): 140-146.

[ 2] YEROKHIN A L, LYUBIMOV V V, ASHITKOV R V.
Phase formation in ceramic coatings during plasma electro-
lytic oxidation of aluminium alloys[J]. Ceramic Internation-
al, 1998, 24(1): 1-6.

[ 31 XINSG,JIANG Z H, WANG F P, et al. Effect of current
density on Al alloy microplasma oxidation[J]. Journal of
Materials Science & Technology, 2001, 17(6): 657-660.

[ 4] TIMOSHENKO A V, MAGUROVA 'Y V. Application of
oxide coatings to metals in electrolyte solutions by micro-
plasma methods[J]. Revista De Metalurgia, 2000, 36(5):
323-330.

[ 5] RUDNEVYVS, YAROVAYA T P, KONSHIN V V. Micro-
plasma oxidation of an aluminum alloy in aqueous solu-
tions containing sodium cyclohexaphosphate and nitrates of
lanthanum and europium[J]. Russian Journal of Electro-
chemistry, 1998, 34(6): 510-516.

[ 6] MAGUROVAY V, TIMOSHENKO A V. The effect of a
cathodic component on ac microplasma oxidation of alu-
minum alloys[J]. Protection of Metals, 1995, 31(4): 414-
418.

[ 71 YEROKHIN A L, NIE X, LEYLAN A, et al. Plasma elec-
trolysis for surface engineering[J]. Surface & Coatings
Technology, 1999, 122(2-3): 73-93.

[ 8 1] BLAWERT C, DIETZEL W, GHALIE, et al. Anodizing
treatments for magnesium alloys and their effect on corro-
sion resistance in various environments[J]. Advanced En-
gineering Materials, 2006, 8(6): 511-533.

[ 9] BRSO, AEL, KK TR, & A 0 m R m ol A f PR

TER[T]. & Jm#LEEE, 2000(1): 3-5.
XUE W B, DENG Z W, LAI Y C, et al. Review of mi-
croarc oxidation technique on surface of non-ferrous
metals[J]. Heat Treatment of Metals, 2000(1): 3-5 (in
Chinese).

[10] British Keronite company website[EB/OL]. [2010.03.21].
http://www keronite.com/plasma-electrolytic-oxidation-
peo.asp.

[11] Germany Magoxid-coat company website[EB/OL].
[2010.05.11]. http://www.aimt-group.com/172-1-basics-.php.


http://www.keronite.com/plasma-electrolytic-oxidation-peo.asp
http://www.keronite.com/plasma-electrolytic-oxidation-peo.asp
http://www.aimt-group.com/172-1-basics-.php
http://www.keronite.com/plasma-electrolytic-oxidation-peo.asp
http://www.keronite.com/plasma-electrolytic-oxidation-peo.asp
http://www.aimt-group.com/172-1-basics-.php

55 4 44 FWH, S SRR LI RE R R R B A S A A R R T e 37
[12] USA microplasmic company website[EB/OL]. scopy of plasma electrolytic oxidation process on 7075 alu-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[2010.03.21]. www.microplasmic.com.

SKET. AR Ti-75 &4 RIEHONEADIEI]. MR R
51, 2006, 21(3): 26-29.

ZHANG Y X. Study on microarc oxidation of marine Ti-75
alloy[J]. Material Development and Application, 2006,
21(3): 26-29 (in Chinese).

JIANG B L, WANG Y M. Plasma electrolytic oxidation
treatment of aluminium and titanium alloys[M]. Cambridge:
Woodhead Publishing, 2010: 110-154.

VIJH A K. Sparking voltage and side reactions during an-
odization of valve metals in terms of electron tunneling[J].
Corrosion Science, 1971, 11(6): 411-417.

IKONOPISOV S, GIRGINOV A, MACHKOVA M. Post-
breakdown anodization of aluminium[J]. Electrochimica
Acta, 1977, 22(11): 1283-1286.

IKONOPISOV S. Theory of electrical breakdown during
formation of barrier anodic films[J]. Electrochimica Acta,
1977, 22(10): 1077-1082.

ALBELLA J M, Montero I, MARTINEZ J M. Electron in-
jection and avalanche during the anodic oxidation of tan-
talum[J]. Journal of the Electrochemical Society, 1984,
131(5): 1101-1104.

YEROKHIN A L, SNIZHKO L O, GUREVINA N L, et al.
Discharge characterization in plasma electrolytic oxidation
of aluminium[J]. Journal of Physics D: Applied Physics,
2003, 36(17): 2110.

TCHERNENKO V I, SNEZHKO L A, PAPANOVATI.
Coatings by anodic spark electrolysis[J]. Khimiya, Lenin-
grad, 1991 (in Russian).

SNIZHKO L O, YEROKHIN A L, PILKINGTON A, et al.
Anodic processes in plasma electrolytic oxidation of alu-
minium in alkaline solutions[J]. Electrochimica Acta, 2004,
49(13): 2085-2095.

HUSSEIN R O, NIE X, NORTHWOOD D O. An investig-
ation of ceramic coating growth mechanisms in plasma
electrolytic oxidation (PEO) processing[J]. Electrochimica
Acta, 2013, 112: 111-119.

ZOU Y, WANG Y, SUN Z, et al. Plasma electrolytic oxida-
tion induced ‘local over-growth’characteristic across sub-
strate/coating interface: Effects and tailoring strategy of in-
dividual pulse energy[J]. Surface & Coatings Technology,
2018, 342: 198-208.

NOMINE A, TROUGHTON S C, NOMINE A V, et al.
High speed video evidence for localised discharge cascades
during plasma electrolytic oxidation[J]. Surface & Coat-
ings Technology, 2015, 269: 125-130.

YANG X, CHEN L, QU Y, et al. Optical emission spectro-

[26]

[27]

[28]

[291]

[30]

[31]

[32]

[331]

[34]

[351]

[36]

[37]

minum alloy[J]. Surface & Coatings Technology, 2017,
324: 18-25.

CHENG Y L, WANG T, LIS, et al. The effects of anion
deposition and negative pulse on the behaviours of plasma
electrolytic oxidation (PEO)-a systematic study of the PEO
of a Zirlo alloy in aluminate electrolytes[J]. Electrochimica
Acta, 2017, 225: 47-68.

KUSKOV V M, KUSKOV Y U N, KOVENSKII I M, et al.
Phase composition and microhardness of coatings pro-
duced by microarc oxidation[J]. Physics and Chemistry of
Materials Treatment, 1990(6): 619-621.

WANG Y M, JIA D C, GUO L X, et al. Effect of discharge
pulsating on microarc oxidation coatings formed on
Ti6Al4V alloy[J]. Materials Chemistry and Physics, 2005,
90(1): 128-133.

LIANG J,HUL T, HAO J C. Improvement of corrosion
properties of microarc oxidation coating on magnesium al-
loy by optimizing current density parameters[J]. Applied
Surface Science, 2007, 253(16): 6939-6945.

HE J, CAI Q Z, LUO H H, et al. Influence of silicon on
growth process of plasma electrolytic oxidation coating on
Al-Si alloy[J]. Journal of Alloys and Compounds, 2009,
471(1-2): 395-399.

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.

AMBAT R, AUNG N N, ZHOU W. Evaluation of micro-
structural effects on corrosion behaviour of AZ91D mag-
nesium alloy[J]. Corrosion Science, 2000, 42(8): 1433-
1455.

SHAHID M. Mechanism of film growth during anodizing
of Al-alloy-8090/SiC metal matrix composite in sulphuric
acid electrolyte[J]. Journal of Materials Science, 1997,
32(14): 3775-3781.

PICAS J A, FORN A, RUPEREZ E, et al. Hard anodizing
of aluminium matrix composite A6061/(Al203)p for wear
and corrosion resistance improvement[J]. Plasma Processes
and Polymers, 2007, 4(S1): S579-S583.

XUE W B, WU X L, LI X J, et al. Anti-corrosion film on
2024/SiC aluminum matrix composite fabricated by mi-
croarc oxidation in silicate electrolyte[J]. Journal of Alloys
and Compounds, 2006, 425(1-2): 302-306.

XUE W B. Features of film growth during plasma anodiz-
ing of Al 2024/SiC metal matrix composite[J]. Applied Sur-
face Science, 2006, 252(18): 6195-6200.

LEE J M, KANG S B, HAN J. Dry sliding wear of MAO-



38 b B xR T LT IR 2018 4
coated A356/20 vol.% SiCp composites in the temperature 2016, 361: 190-198.
range 25-180 °C[J]. Wear, 2008, 264(1-2): 75-85. [49] HANJ, CHENGY, TU W, et al. The black and white coat-
[38] ARRABAL R, MATYKINA E, SKELDON P, et al. Coat- ings on Ti-6Al1-4V alloy or pure titanium by plasma electro-

[391]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

ing formation by plasma electrolytic oxidation on
ZC71/SiC/12p-T6 magnesium metal matrix composite[J].
Applied Surface Science, 2009, 255(9): 5071-5078.

WU K, WANG Y Q, ZHENG M Y. Effects of microarc ox-
idation surface treatment on the mechanical properties of
Mg alloy and Mg matrix composites[J]. Materials Science
and Engineering: A, 2007, 447(1-2): 227-232.

WANG Y Q, WU K, ZHENG M Y. Effects of reinforce-
ment phases in magnesium matrix composites on microarc
discharge behavior and characteristics of microarc oxida-
tion coatings[J]. Surface & Coatings Technology, 2006,
201(1-2): 353-360.

WANG Y Q, ZHENG M Y, WU K. Microarc oxidation
coating formed on SiCw/AZ91 magnesium matrix compos-
ite and its corrosion resistance[J]. Materials Letters, 2005,
59(14-15): 1727-1731.

CUI S, HAN J, DU Y, et al. Corrosion resistance and wear
resistance of plasma electrolytic oxidation coatings on met-
al matrix composites[J]. Surface & Coatings Technology,
2007, 201(9-11): 5306-5309.

TANG Y, ZHAO X, JIANG K, et al. The influences of duty
cycle on the bonding strength of AZ31B magnesium alloy
by microarc oxidation treatment[J]. Surface & Coatings
Technology, 2010, 205(6): 1789-1792.

LOU B S, LEE J W, TSENG C M, et al. Mechanical prop-
erty and corrosion resistance evaluation of AZ31 magnesi-
um alloys by plasma electrolytic oxidation treatment: Ef-
fect of MoS: particle addition[J]. Surface & Coatings Tech-
nology, 2018. doi: org/10.1016/j.surfcoat.2018.04.044.
PAN Y K, CHEN C Z, WANG D G, et al. Effects of phos-
phates on microstructure and bioactivity of micro-arc oxid-
ized calcium phosphate coatings on Mg-Zn-Zr magnesium
alloy[J]. Colloids and Surfaces B: Biointerfaces, 2013, 109:
1-9.

YEROKHIN A L, SHATROV A, SAMSONOV V, et al.
Oxide ceramic coatings on aluminium alloys produced by a
pulsed bipolar plasma electrolytic oxidation process[J]. Sur-
face & Coatings Technology, 2005, 199(2-3): 150-157.

LI H, SONG R, JI Z. Effects of nano-additive TiO2 on per-
formance of micro-arc oxidation coatings formed on 6063
aluminum alloy[J]. Transactions of Nonferrous Metals So-
ciety of China, 2013, 23(2): 406-411.

WANG C, WANG F, HAN Y. The structure, bond strength
and apatite-inducing ability of micro-arc oxidized tantalum

and their response to annealing[J]. Applied Surface Science,

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

lytic oxidation in concentrated silicate electrolyte[J]. Ap-
plied Surface Science, 2018, 428: 684-697.

WANG Y M, GUO L X, OUYANG J H, et al. Interface ad-
hesion properties of functional coatings on titanium alloy
formed by microarc oxidation method[J]. Applied Surface
Science, 2009, 255(15): 6875-6880.

YEROKHIN A L, NIE X, LEYLAND A, et al. Character-
isation of oxide films produced by plasma electrolytic oxid-
ation of a Ti-6Al-4V alloy[J]. Surface & Coatings Techno-
logy, 2000, 130(2-3): 195-206.

TANG H, XIN T, SUN Q, et al. Influence of FeSO4 con-
centration on thermal emissivity of coatings formed on ti-
tanium alloy by micro-arc oxidation[J]. Applied Surface
Science, 2011, 257(24): 10839-10844.

TANG H, TAO W, WANG H, et al. High-performance in-
frared emissivity of micro-arc oxidation coatings formed on
titanium alloy for aerospace applications[J]. International
Journal of Applied Ceramic Technology, 2018, 15(3): 579-
591.

2E RS SR E L ZIRELROR S R 2. AR IT
RE45 AR BE RN AE : GB/T 8642-2002[S]. 2002.

National Technical Committee for Standardization of Met-
al and Non-metal Coatings. Thermal spraying-determina-
tion of tensile adhesive strength: GB/T 8642-2002[S]. 2002
(in Chinese).

[ 5 R MR 2 B 2. i AETR 2 B U156 B2 ) U 52 -
YS/T 550-2006[S]. 2006.

National Development and Reform Commission. Thermal
sprayed metallic coatings-determination of shear strength:
YS/T 550-2006[S]. 2006 (in Chinese).

ASTM. Standard test method for adhesion strength and
mechanical failure modes of ceramic coatings by quantitat-
ive single point scratch testing[S]. 2005.

2 F Tk PR R R B 2 AP IR 2 B 1
BB T AT [URIRIA: JC/T 2174[S].2013.

National Technical Committee for Industrial Ceramics
Standardization. Fine ceramics (advanced ceramics, ad-
vanced technical ceramics)-Rockwell indentation test for
evaluation of adhesion of ceramic coatings: JC/T 2174-
2013[S]. 2013 (in Chinese).

KRISHNA L R, GUPTA P S V N B, SUNDARARAJAN
G. The influence of phase gradient within the micro arc ox-
idation (MAO) coatings on mechanical and tribological be-
haviors[J]. Surface & Coatings Technology, 2015, 269: 54-
63.


http://dx.doi.org/org/10.1016/j.surfcoat.2018.04.044
http://dx.doi.org/org/10.1016/j.surfcoat.2018.04.044

4 EWH, A SRBOUE LI REM Rk = B &5 (A ERERT T 1t 39
[59] KRISHNA LR, PURNIMA A S, SUNDARARAJAN G. A 379-388.

[60]

[o1]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

comparative study of tribological behavior of microarc ox-
idation and hard-anodized coatings[J]. Wear, 2006,
261(10): 1095-1101.

QIN D, XU G, YANG Y, et al. Multiphase ceramic coat-
ings with high hardness and wear resistance on 5052 alu-
minum alloy by a microarc oxidation method[J]. ACS Sus-
tainable Chemistry & Engineering, 2018, 6(2): 2431-2437.
TRAN QP,CHINT S, KUO Y C, et al. Diamond powder
incorporated oxide layers formed on 6061 Al alloy by
plasma electrolytic oxidation[J]. Journal of Alloys and
Compounds, 2018, 751: 289-298.

WU X, QIN W, GUO Y, et al. Self-lubricative coating
grown by micro-plasma oxidation on aluminum alloys in
the solution of aluminate-graphite[J]. Applied Surface Sci-
ence, 2008, 254(20): 6395-6399.

HU C J, HSIEH M H. Preparation of ceramic coatings on
an Al-Si alloy by the incorporation of ZrO; particles in mi-
croarc oxidation[J]. Surface & Coatings Technology, 2014,
258:275-283.

YUREKTURK Y, MUHAFFEL F, BAYDOGAN M. Char-
acterization of micro arc oxidized 6082 aluminum alloy in
an electrolyte containing carbon nanotubes[J]. Surface &
Coatings Technology, 2015, 269: 83-90.

WU X, SU P, JIANG Z, et al. Influences of current density
on tribological characteristics of ceramic coatings on ZK60
Mg alloy by plasma electrolytic oxidation[J]. ACS Applied
Materials & Interfaces, 2010, 2(3): 808-812.
SRINIVASAN P B, LIANG J, BLAWERT C, et al. Dry
sliding wear behaviour of magnesium oxide and zirconium
oxide plasma electrolytic oxidation coated magnesium al-
loy[J]. Applied Surface Science, 2010, 256(10): 3265-3273.
HUSSEIN R O, NORTHWOOD D O, SUJF, et al. A
study of the interactive effects of hybrid current modes on
the tribological properties of a PEO (plasma electrolytic ox-
idation) coated AM60B Mg-alloy[J]. Surface & Coatings
Technology, 2013, 215: 421-430.

TONELLI L, PEZZATO L, DOLCET P, et al. Effects of
graphite nano-particle additions on dry sliding behaviour of
plasma-electrolytic-oxidation-treated EV31A magnesium
alloy against steel in air[J]. Wear, 2018, 404-405: 122-132.
LOUBS,LINY Y, TSENG C M, et al. Plasma electrolyt-
ic oxidation coatings on AZ31 magnesium alloys with
Si3N4 nanoparticle additives[J]. Surface & Coatings Tech-
nology, 2017, 332: 358-367.

CHEN Y, LU X, BLAWERT C, et al. Formation of self-
lubricating PEO coating via in-situ incorporation of PTFE

particles[J]. Surface & Coatings Technology, 2018, 337:

[71]

[72]

[731]

[74]

[75]

[761]

[77]

[781]

[79]

[80]

[81]

LU X, BLAWERT C, HUANG Y, et al. Plasma electrolyt-
ic oxidation coatings on Mg alloy with addition of SiO2
particles[J]. Electrochimica Acta, 2016, 187: 20-33.

YU L, CAO J, CHENG Y. An improvement of the wear
and corrosion resistances of AZ31 magnesium alloy by
plasma electrolytic oxidation in a silicate-hexametaphos-
phate electrolyte with the suspension of SiC
nanoparticles[J]. Surface & Coatings Technology, 2015,
276: 266-278.

MASHTALYAR D V, GNEDENKOV S V, SINEBRYUK-
HOV S L, et al. Plasma electrolytic oxidation of the mag-
nesium alloy MAS in electrolytes containing TiN nano-
particles[J]. Journal of Materials Science & Technology,
2017, 33(5): 461-468.

ALIASGHARI S, SKELDON P, THOMPSON G E. Plasma
electrolytic oxidation of titanium in a phosphate/silicate
electrolyte and tribological performance of the coatings[J].
Applied Surface Science, 2014, 316: 463-476.

WANG Y M, JIANG B L, LEI T Q, et al. Microarc oxida-
tion coatings formed on Ti6Al4V in Na>SiO3 system solu-
tion: Microstructure, mechanical and tribological proper-
ties[J]. Surface & Coatings Technology, 2006, 201(1-2):
82-89.

WANG Y M, JIANG B L, GUO L X, et al. Tribological be-
havior of microarc oxidation coatings formed on titanium
alloys against steel in dry and solid lubrication sliding[J].
Applied Surface Science, 2006, 252(8): 2989-2998.

WANG Y, LEI T, GUO L, et al. Fretting wear behaviour of
microarc oxidation coatings formed on titanium alloy
against steel in unlubrication and oil lubrication[J]. Applied
Surface Science, 2006, 252(23): 8113-8120.

CHENG Y L, WU X Q, XUE Z G, et al. Microstructure,
corrosion and wear performance of plasma electrolytic ox-
idation coatings formed on Ti-6Al-4V alloy in silicate-
hexametaphosphate electrolyte[J]. Surface & Coatings
Technology, 2013, 217: 129-139.

OUYANG J H, WANG Y H, LIU Z G, et al. Preparation
and high temperature tribological properties of microarc ox-
idation ceramic coatings formed on Ti2AINbD alloy[J]. Wear,
2015, 330-331: 239-249.

CHEN L, JIN X, QU Y, et al. High temperature tribologic-
al behavior of microarc oxidation film on Ti-39Nb-6Zr al-
loy[J]. Surface & Coatings Technology, 2018, 347: 29-37.
MU M, LIANG J, ZHOU X, et al. One-step preparation of
Ti02/MoS2 composite coating on Ti6Al4V alloy by plasma
electrolytic oxidation and its tribological properties[J]. Sur-

face & Coatings Technology, 2013, 214: 124-130.



40 b B KR BT L E 2018 4

[82] WANGY M, JIANGBL,LEITQ, et al. Microarc oxida- YAR D V, et al. Composite coatings formed on the PEO-
tion and spraying graphite duplex coating formed on titani- layers with the use of solutions of tetrafluoroethylene te-
um alloy for antifriction purpose[J]. Applied Surface Sci- lomers[J]. Surface & Coatings Technology, 2018, 346: 53-
ence, 2005, 246(1-3): 214-221. 62.

[83] FATKULLIN A R, PARFENOV E V, YEROKHIN A, et [94] RAMA KRISHNA L, POSHAL G, JYOTHIRMAYT A, et
al. Effect of positive and negative pulse voltages on surface al. Compositionally modulated CGDS+MAO duplex coat-
properties and equivalent circuit of the plasma electrolytic ings for corrosion protection of AZ91 magnesium alloy[J].
oxidation process[J]. Surface & Coatings Technology, Journal of Alloys and Compounds, 2013, 578: 355-361.
2015, 284: 427-437. [95] NABAVIHF, ALIOFKHAZRAEI M, ROUHAGHDAM

[84] MATYKINA E, ARRABAL R, SKELDON P, et al. Invest- A S. Electrical characteristics and discharge properties of
igation of the growth processes of coatings formed by AC hybrid plasma electrolytic oxidation on titanium[J]. Journal
plasma electrolytic oxidation of aluminium[J]. Electrochim- of Alloys and Compounds, 2017, 728: 464-475.
ica Acta, 2009, 54(27): 6767-6778. [96] NIAZIH, YARI S, GOLESTANI-FARD F, et al. How de-

[85] BARATIN, YEROKHIN A, GOLESTANIFARD F, et al. position parameters affect corrosion behavior of TiOz-
Alumina-zirconia coatings produced by plasma electrolytic Al>O3 nanocomposite coatings[J]. Applied Surface Science,
oxidation on Al alloy for corrosion resistance 2015, 353: 1242-1252.
improvement[J]. Journal of Alloys and Compounds, 2017, [97] DIS,GUOY,LV H, et al. Microstructure and properties of
724: 435-442. rare earth CeOz-doped TiO2 nanostructured composite coat-

[86] XIANG N, SONG R G, LI H, et al. Study on microstruc- ings through micro-arc oxidation[J]. Ceramics International,
ture and electrochemical corrosion behavior of PEO coat- 2015, 41(5): 6178-6186.
ings formed on aluminum alloy[J]. Journal of Materials En- [98] JIANGIJY,XUIJL,LIUZ H, et al. Preparation, corrosion
gineering and Performance, 2015, 24(12): 5022-5031. resistance and hemocompatibility of the superhydrophobic

[87] ARUNNELLAIAPPAN T, ASHFAQ M, KRISHNA L R, TiOz coatings on biomedical Ti-6Al-4V alloys[J]. Applied
et al. Fabrication of corrosion-resistant Al,03-CeO2 com- Surface Science, 2015, 347: 591-595.
posite coating on AA7075 via plasma electrolytic oxidation [99] WENL, WANG Y M, ZHOU Y, et al. Microstructure and
coupled with electrophoretic deposition[J]. Ceramics Inter- corrosion resistance of modified 2024 Al alloy using sur-
national, 2016, 42(5): 5897-5905. face mechanical attrition treatment combined with mi-

[88] LIZ,YUANY, SUN P, et al. Ceramic coatings of LA141 croarc oxidation process[J]. Corrosion Science, 2011, 53(1):
alloy formed by plasma electrolytic oxidation for corrosion 473-480.
protection[J]. ACS Applied Materials & Interfaces, 2011, [100] WENL, WANG Y M, LIU Y, et al. EIS study of a self-re-
3(9): 3682-3690. pairing microarc oxidation coating[J]. Corrosion Science,

[89] ZHAO J, XIE X, ZHANG C. Effect of the graphene oxide 2011, 53(2): 618-623.
additive on the corrosion resistance of the plasma electro- [101] WENL, WANG Y, ZHOU Y, et al. Iron-rich layer intro-
lytic oxidation coating of the AZ31 magnesium alloy[J]. duced by SMAT and its effect on corrosion resistance and
Corrosion Science, 2017, 114: 146-155. wear behavior of 2024 Al alloy[J]. Materials Chemistry and

[90] QUL,LIM,LIUM, et al. Microstructure and corrosion Physics, 2011, 126(1-2): 301-309.
resistance of ultrasonic micro-arc oxidation biocoatings on [102] WANG Y M, FENG W, XING Y R, et al. Degradation and
magnesium alloy[J]. Journal of Advanced Ceramics, 2013, structure evolution in corrosive LiOH solution of microarc
2(3): 227-234. oxidation coated zircaloy-4 alloy in silicate and phosphate

[91] QIUZ, WANG R, WU J, et al. Graphene oxide as a corro- electrolytes[J]. Applied Surface Science, 2018, 431: 2-12.
sion-inhibitive coating on magnesium alloys[J]. RSC Ad- [103] ZOU Z, XUE W, JIA X, et al. Effect of voltage on proper-
vances, 2015, 5(55): 44149-44159. ties of microarc oxidation films prepared in phosphate elec-

[92] ZHANG G, WU L, TANG A, et al. Active corrosion pro- trolyte on Zr-1Nb alloy[J]. Surface & Coatings Technology,
tection by a smart coating based on a MgAl-layered double 2013, 222: 62-67.
hydroxide on a cerium-modified plasma electrolytic oxida- [104] CHENGY, WU F, MATYKINA E, et al. The influences of
tion coating on Mg alloy AZ31[J]. Corrosion Science, 2018, microdischarge types and silicate on the morphologies and
139: 370-382. phase compositions of plasma electrolytic oxidation coat-

[93] GNEDENKOV SV, SINEBRYUKHOV S L, MASHTAL- ings on zircaloy-2[J]. Corrosion Science, 2012, 59: 307-



54 EWH], . SEBOTETIER &R o S AR AR R 41
315. NaAlO2-NaxCrOs4 electrolyte[J]. Journal of Materials Sci-
[105] SOWA M, WOREK J, DERCZ G, et al. Surface character- ence, 2018, 53(14): 9978-9987.

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

isation and corrosion behaviour of niobium treated in a Ca-
and P-containing solution under sparking conditions[J].
Electrochimica Acta, 2016, 198: 91-103.

SOWA M, SIMKA W. Electrochemical impedance and po-
larization corrosion studies of tantalum surface modified by
DC plasma electrolytic oxidation[J]. Materials, 2018, 11(4):
545.

CURRANJ A, KALKANCI H, MAGUROVA' Y, et al.
Mullite-rich plasma electrolytic oxide coatings for thermal
barrier applications[J]. Surface & Coatings Technology,
2007, 201(21): 8683-8687.

CURRAN J A, CLYNE T W. The thermal conductivity of
plasma electrolytic oxide coatings on aluminium and mag-
nesium[J]. Surface & Coatings Technology, 2005, 199(2-3):
177-183.

AKATSU T, KATO T, SHINODA Y, et al. Thermal barri-
er coating made of porous zirconium oxide on a nickel-
based single crystal superalloy formed by plasma electrolyt-
ic oxidation[J]. Surface & Coatings Technology, 2013, 223:
47-51.

SHEN X, NIE X, HU H, et al. Effects of coating thickness
on thermal conductivities of alumina coatings and
alumina/aluminum hybrid materials prepared using plasma
electrolytic oxidation[J]. Surface & Coatings Technology,
2012, 207: 96-101.

WANG Y M, LEIT Q, GUO L X, et al. Thermal shock and
oxidation resistance property of microarc oxidation coating
formed on Ti6Al4V alloy[R]. The Sth China International
Conference on High-performance Ceramics, 2006, Chang-
sha, 5.

SHEN D J, WANG Y L, NASH P, et al. Microstructure,
temperature estimation and thermal shock resistance of
PEO ceramic coatings on aluminum[J]. Journal of Materi-
als Processing Technology, 2008, 205(1-3): 477-481.
APELFELD A V, BORISOV A M, KRIT B L, et al. The
study of plasma electrolytic oxidation coatings on Zr and
Zr-1%Nb alloy at thermal cycling[J]. Surface & Coatings
Technology, 2015, 269: 279-285.

WANG Y H, LIU Z G, OUYANG J H, et al. Influence of
electrolyte compositions on structure and high-temperature
oxidation resistance of microarc oxidation coatings formed
on Ti2AIND alloy[J]. Journal of Alloys and Compounds,
2015, 647: 431-437.

DING Z Y, WANG Y H, OUYANG J H, et al. Insights in-
to structure and high-temperature oxidation behavior of

plasma electrolytic oxidation ceramic coatings formed in

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

DU W B, ZHANG S S, LUO X X, et al. In-situ reaction
synthesis of composite coating on titanium alloy for im-
proving high temperature oxidation resistance[J]. Journal of
Alloys and Compounds, 2017, 729: 970-977.

XUYIJ, YAO ZP,JIAF Z, et al. Preparation of PEO
ceramic coating on Ti alloy and its high temperature oxida-
tion resistance[J]. Current Applied Physics, 2010, 10(2):
698-702.

GEY L, WANG Y M, CHEN J C, et al. An Nb205-SiO2-
Al203/NbSi2/NbsSiz multilayer coating on Nb-Hf alloy to
improve oxidation resistance[J]. Journal of Alloys and
Compounds, 2018, 745: 271-281.

PSR, A T3, SR A, S5 BT AR 5 B IO AL BORTE
TRESRUBR I RE Ty T B I]. SRR, 2016, 45(6):
167-172.

SUNL R, ZHAO G W, ZHANG L Y, et al. Application of
superhard alloy micro-arc oxidation technology in the
shrapnel ablation resistance[J]. Surface Technology, 2016,
45(6): 167-172 (in Chinese).

WANG Y M, TIAN H, SHEN X E, et al. An elevated tem-
perature infrared emissivity ceramic coating formed on
2024 aluminium alloy by microarc oxidation[J]. Ceramics
International, 2013, 39(3): 2869-2875.

Al BOSTA M M S, MA K J, CHIEN H H. The effect of
MAO processing time on surface properties and low tem-
perature infrared emissivity of ceramic coating on alumini-
um 6061 alloy[J]. Infrared Physics & Technology, 2013,
60: 323-334.

KIM D, SUNG D, LEE J, et al. Composite plasma electro-
lytic oxidation to improve the thermal radiation perform-
ance and corrosion resistance on an Al substrate[J]. Ap-
plied Surface Science, 2015, 357: 1396-1402.
ARUNNELLAIAPPAN T, RAMA K L, ANOOP S, et al.
Fabrication of multifunctional black PEO coatings on
AAT7075 for spacecraft applications[J]. Surface & Coatings
Technology, 2016, 307: 735-746.

WU X H, QIN W, CUI B, et al. Black ceramic thermal con-
trol coating prepared by microarc oxidation[J]. Internation-
al Journal of Applied Ceramic Technology, 2007, 4(3):
269-275.

KIMY S, YANG H W, SHIN K R, et al. Heat dissipation
properties of oxide layers formed on 7075 Al alloy via
plasma electrolytic oxidation[J]. Surface & Coatings Tech-
nology, 2015, 269: 114-118.

WANG Y M, ZOU Y C, TIAN H, et al. Microarc oxida-

tion coated magnesium alloy radiator for light emitting di-



42

b B xR T LT IR

2018 4

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

ode: microstructure, thermal radiative and dissipating prop-
erty[J]. Surface & Coatings Technology, 2016, 294: 102-
108.

WANG L Q, ZHOU J S, LIANG J, et al. Thermal control
coatings on magnesium alloys prepared by plasma electro-
lytic oxidation[J]. Applied Surface Science, 2013, 280: 151-
155.

YAO Z, XIA Q, JU P, et al. Investigation of absorptance
and emissivity of thermal control coatings on Mg-Li alloys
and OES analysis during PEO process[J]. Scientific Re-
ports, 2016, 6: 29563.

LI H, LU S T, QIN W, et al. In-situ grown MgO-ZnO
ceramic coating with high thermal emittance on Mg alloy
by plasma electrolytic oxidation[J]. Acta Astronautica,
2017, 136: 230-235.

WANG Y H, LIU Z G, OUYANG J H, et al. Dependence
of the infrared emissivity on SiC content and microstruc-
ture of microarc oxidation ceramic coatings formed in
NazSiOs electrolyte[J]. Applied Surface Science, 2018, 431:
17-23.

WANG Z W, WANG Y M, LIU Y, et al. Microstructure
and infrared emissivity property of coating containing TiO2
formed on titanium alloy by microarc oxidation[J]. Current
Applied Physics, 2011, 11(6): 1405-1409.

TANG H, WANG F. Effects of nano-Fe203 powder on
thermal emission property of microarc oxidation coating on
titanium alloy[J]. Materials Science and Technology, 2013,
28(12): 1523-1526.

GAO G, L1Y, HU D, et al. Structure and infrared emissiv-
ity properties of the MAO coatings formed on TC4 alloys in
K2ZrF¢-Based solution[J]. Materials (Basel), 2018, 11(2):
254.

GEY L, WANG Y M, ZHANG Y F, et al. The improved
thermal radiation property of SiC doped microarc oxidation
ceramic coating formed on niobium metal for metal thermal
protective system[J]. Surface & Coatings Technology,
2017, 309: 880-886.

ZWEBEN C. Advances in composite materials for thermal
management in electronic packaging[J]. Jom, 1998, 50(6):
47-51.

FANG L, COTTON I, WANG Z J, et al. Insulation per-
formance evaluation of high temperature wire candidates
for aerospace electrical machine winding application[C].
Electrical Insulation Conference (EIC), 2013 IEEE, 2013:
253-256.

ZHANG K Q, PARK S S. Effects of ZrOz sol concentra-
tion on microstructure and electrical properties of ZrOz-

AlOs3 dielectrics formed on Al foils[J]. Surface & Coatings

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

Technology, 2018, 342: 159-166.

HUSSEIN R O, NORTHWOOD D O. Production of anti-
corrosion coatings on light alloys (Al, Mg, Ti) by plasma-
electrolytic oxidation (PEO)[M]. Developments in Corro-
sion Protection, 2014.

WALSHF C,LOW C TJ, WOOD R J K, et al. Plasma
electrolytic oxidation (PEO) for production of anodised
coatings on lightweight metal (Al, Mg, Ti) alloys[J]. Trans-
actions of the IMF, 2009, 87(3): 122-135.

TR, B, M, 4. MR I AU P e R v A 2%
PER T ZRZEBRI). APRIF &5 R, 2002(4): 22-23.
SHEN J D, LIAO B, WANG Y L, et al. Effect of technolo-
gical factors on electric insulance of micro-arc oxidated
ceramic coat on aluminium[J]. Material Development and
Application, 2002(4): 22-23 (in Chinese).

o3, REAFL A5 SR MY B S B ZAEREDIFE]. %
THRRL S TR, 2013, 36(1): 39-42.

HE X, XIONG M Y. Preparation and insulating property of
ceramic coating on aluminum alloy surface[J]. Ordnance
Material Science and Engineering, 2013, 36(1): 39-42 (in
Chinese).

2k, BERIE, E587, 4. Ti-6Al-2Zr-1Mo-3Nb 441
I P T R Y 250 S PERE (). W AR AR,
2011, 40(1): 40-44.

LIZF, LIAO Z Q, KUANG M 8, et al. Microstructure and
properties of ceramic coatings on Ti-6Al-2Zr-1Mo-3Nb al-
loys by micro-arc oxidation[J]. Rare Metall Materials and
Engineering, 2011, 40(1): 40-44 (in Chinese).

TSAIWY, YANG C J, ZENG J L, et al. Synthesis and
characterization of barium titanate films on Ti-coated Si
substrates by plasma electrolytic oxidation[J]. Surface &
Coatings Technology, 2014, 259: 297-301.

TENG H P, HSU HW, LU F H. Formation of Ba,Sr;-xTiO3
films on TiN-coated substrates by plasma electrolytic oxid-
ation[J]. Ceramics International, 2017, 43: S584-S590.
WANG M, ZHANG G G, LI W F, et al. Microstructure and
properties of BaTiOs3 ferroelectric films prepared by DC mi-
cro arc oxidation[J]. Bulletin of the Korean Chemical Soci-
ety, 2015, 36(4): 1178-1182.

MAO Y F, YANJY, WANG L L, et al. Formation and
properties of bioactive barium titanate coatings produced by
plasma electrolytic oxidation[J]. Ceramics International,
2018: 12978-12986.

HE S X, MA Y L, YE H, et al. Ceramic oxide coating
formed on beryllium by micro-arc oxidation[J]. Corrosion
Science, 2017, 122: 108-117.

FRIEDEMANN A E R, THIEL K, GESING T M, et al.

Photocatalytic activity of TiOz layers produced with plasma



41

LW, 4. SRBOTELYIREM IR BT & SR REIT it R 43

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

electrolytic oxidation[J]. Surface & Coatings Technology,
2018, 344: 710-721.

STOJADINOVIC S, TADIC N, RADIC N, et al. Effect of
Tb** doping on the photocatalytic activity of TiO2 coatings
formed by plasma electrolytic oxidation of titanium[J]. Sur-
face & Coatings Technology, 2018, 337: 279-289.
STOJADINOVIC S, TADIC N, RADIC N, et al. CdS
particles modified TiOz coatings formed by plasma electro-
lytic oxidation with enhanced photocatalytic activity[J].
Surface & Coatings Technology, 2018, 344: 528-533.
QINHL,CHENL, YU X W, et al. Preparation and pho-
tocatalytic performance of ZnO/WO3/TiO2 composite coat-
ings formed by plasma electrolytic oxidation[J]. Journal of
Materials Science-Materials in Electronics, 2018, 29(3):
2060-2071.

LUKIYANCHUK I V, RUDNEV V S, TYRINA L M.
Plasma electrolytic oxide layers as promising systems for
catalysis[J]. Surface & Coatings Technology, 2016, 307:
1183-1193.

BAYATI M R, MOLAEI R, ZARGAR H R, et al. A facile
method to grow V-doped TiO2 hydrophilic layers with
nano-sheet morphology[J]. Materials Letters, 2010, 64(22):
2498-2501.

LUKIYANCHUK IV, CHERNYKH IV, RUDNEV V §,
et al. Silicate coatings on titanium modified by cobalt
and/or copper oxides and their activity in CO oxidation[J].
Protection of Metals and Physical Chemistry of Surfaces,
2015, 51(3): 448-457.

CHU P J, WU SY, CHEN K C, et al. Nano-structured TiO2
films by plasma electrolytic oxidation combined with chem-
ical and thermal post-treatments of titanium, for dye-sensit-
ised solar cell applications[J]. Thin Solid Films, 2010,
519(5): 1723-1728.

MARKOV M A, KRASIKOV A V, ULIN 1V, et al. Form-
ation of porous ceramic supports for catalysts by microarc
oxidation[J]. Russian Journal of Applied Chemistry, 2017,
90(9): 1417-1424.

CHEN Q, THOUAS G A. Metallic Implant Biomaterials[J].
Materials Science and Engineering R Reports, 2015, 87: 1-
57.

WANG Y M, GUO J W, ZHUANG J P, et al. Develop-
ment and characterization of MAO bioactive ceramic coat-
ing grown on micro-patterned Ti6Al4V alloy surface[J].
Applied Surface Science, 2014, 299: 58-65.

WEI D Q, ZHOU Y. Characteristic and biocompatibility of
the TiO2-based coatings containing amorphous calcium
phosphate before and after heat treatment[J]. Applied Sur-
face Science, 2009, 255(12): 6232-6239.

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

ZHOU R, WEI D, CHENG 8, et al. Structure, MC3T3-El1
cell response, and osseointegration of macroporous titani-
um implants covered by a bioactive microarc oxidation
coating with microporous structure[J]. ACS Applied Mater-
ials & Interfaces, 2014, 6(7): 4797-4811.

ZHOU R, WEI D, CAO J, et al. Effect of heat treatment at-
mosphere on the structure and apatite-inducing ability of
Ca, P, Si and Na incorporated microarc oxidation coating
on titanium[J]. Surface & Coatings Technology, 2017, 310:
190-198.

LIY, WANG W, LIU H, et al. Formation and in vitro/in
vivo performance of “cortex-like” micro/nano-structured
TiO2 coatings on titanium by micro-arc oxidation[J]. Mater-
ials Science and Engineering: C, 2018, 87: 90-103.
SANTOS-COQUILLAT A, TENORIO R G, MO-
HEDANO M, et al. Tailoring of antibacterial and osteogen-
ic properties of Ti6Al4V by plasma electrolytic
oxidation[J]. Applied Surface Science, 2018, 454: 157-172.
XIU P, JIA Z, LV ], et al. Tailored surface treatment of 3D
printed porous Ti6Al4V by microarc oxidation for en-
hanced osseointegration via optimized bone in-growth pat-
terns and interlocked bone/implant interface[J]. ACS Ap-
plied Materials & Interfaces, 2016, 8(28): 17964-17975.
MUHAFFEL F, CEMPURA G, MENEKSE M, et al. Char-
acteristics of multi-layer coatings synthesized on Ti6Al4V
alloy by micro-arc oxidation in silver nitrate added electro-
lytes[J]. Surface & Coatings Technology, 2016, 307: 308-
315.

WANG Y, LOU J, ZENG L, et al. Osteogenic potential of a
novel microarc oxidized coating formed on Ti6A14V
alloys[J]. Applied Surface Science, 2017, 412: 29-36.
ZHOU J, LI B, LU S, et al. Regulation of osteoblast prolif-
eration and differentiation by interrod spacing of Sr-HA
nanorods on microporous titania coatings[J]. ACS Applied
Materials & Interfaces, 2013, 5(11): 5358-5365.

LI G, CAO H, ZHANG W, et al. Enhanced osseointegra-
tion of hierarchical micro/nanotopographic titanium fabric-
ated by microarc oxidation and electrochemical
treatment[J]. ACS Applied Materials & Interfaces, 2016,
8(6): 3840-3852.

XIE L, LIAO X, XU H, et al. A facile one-step anodization
treatment to prepare multi-level porous titania layer on ti-
tanium[J]. Materials Letters, 2012, 72: 141-144.

WEID Q, ZHOU Y, YANG C H. Characteristic and micro-
structure of the microarc oxidized TiOz-based film contain-
ing P before and after chemical-and heat treatment[J]. Ap-
plied Surface Science, 2009, 255(18): 7851-7857.

ZHOU R, WEI D, CHENG S, et al. The structure and in



44

b B xR T LT IR

2018 4

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

vitro apatite formation ability of porous titanium covered
bioactive microarc oxidized TiO2-based coatings contain-
ing Si, Na and Ca[J]. Ceramics International, 2014, 40(1):
501-509.

ZHOU R, WEI D, CAO J, et al. Synergistic effects of sur-
face chemistry and topologic structure from modified mi-
croarc oxidation coatings on Ti implants for improving os-
seointegration[J]. ACS Applied Materials & Interfaces,
2015, 7(16): 8932-8941.

LU Y J, WAN P, TAN L L, et al. Preliminary study on a
bioactive Sr containing Ca-P coating on pure magnesium by
a two-step procedure[J]. Surface & Coatings Technology,
2014, 252: 79-86.

TOORANI M, ALIOFKHAZRAEI M, GOLABADI M, et
al. Effect of lanthanum nitrate on the microstructure and
electrochemical behavior of PEO coatings on AZ31 Mg al-
loy[J]. Journal of Alloys and Compounds, 2017, 719: 242-
255.

GU X N, LIN, ZHOU W R, et al. Corrosion resistance and
surface biocompatibility of a microarc oxidation coating on
a Mg-Ca alloy[J]. Acta Biomaterialia, 2011, 7(4): 1880-
1889.

NIU B, SHI P, SHANSHAN E, et al. Preparation and char-
acterization of HA sol-gel coating on MAO coated AZ31
alloy[J]. Surface & Coatings Technology, 2016, 286: 42-48.
TIAN P, LIU X, DING C. In vitro degradation behavior and
cytocompatibility of biodegradable AZ31 alloy with
PEO/HT composite coating[J]. Colloids and Surfaces B:
Biointerfaces, 2015, 128: 44-54.

GUO J W, SUN S Y, WANG Y M, et al. Hydrothermal
biomimetic modification of microarc oxidized magnesium
alloy for enhanced corrosion resistance and deposition be-
haviors in SBF[J]. Surface & Coatings Technology, 2015,
269: 183-190.

LI B, HAN Y, QI K. Formation mechanism, degradation
behavior, and cytocompatibility of a nanorod-shaped HA
and pore-sealed MgO bilayer coating on magnesium[J].
ACS Applied Materials & Interfaces, 2014, 6(20): 18258-
18274.

JIN J, ZHANG W, LI H. A composite coating formed on
AZ91D magnesium alloy by micro-arc oxidation and elec-
trochemical deposition[J]. Materials Technology, 2017,
32(12): 707-715.

BUTT M S, BAIJ, WAN X, et al. Mechanical and degrada-
tion properties of biodegradable Mg strengthened poly-lact-
ic acid composite through plastic injection molding[J]. Ma-
terials Science and Engineering C, 2017, 70: 141-147.
CUILY,GAO S D, LIP P, et al. Corrosion resistance of a

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

self-healing micro-arc oxidation/polymethyltrimethoxysil-
ane composite coating on magnesium alloy AZ31[J]. Corro-
sion Science, 2017, 118: 84-95.

ZHANG J, DAI C, WEI J, et al. Degradable behavior and
bioactivity of micro-arc oxidized AZ91D Mg alloy with
calcium phosphate/chitosan composite coating in m-SBF[J].
Colloids and Surfaces B: Biointerfaces, 2013, 111: 179-
187.

ZENG R C, CUI L, JIANG K, et al. In vitro corrosion and
cytocompatibility of a microarc oxidation coating and poly
(I-lactic acid) composite coating on Mg-1Li-1Ca alloy for
orthopedic implants[J]. ACS Applied Materials & Inter-
faces, 2016, 8(15): 10014-10028.

WU Y F, WANG Y M, LIU H, et al. The fabrication and
hydrophobic property of micro-nano patterned surface on
magnesium alloy using combined sparking sculpture and
etching route[J]. Applied Surface Science, 2016, 389: 80-
87.

XN, RERIG, ZE5EH), 4, alBEH P Mol A b -HmR -4
BEAYIER B & S PO TE)]. T ESR W AR, 2016,
29(6): 83-89.

LIUJ G, SONGJ Q, LI M Q, et al. Antibacterial properties
of pure magnesium made on biological film treated by ul-
trasonic micro-arc oxidation phytic acid with chemical gal-
vanizing[J]. China Surface Engineering, 2016, 29(6): 83-89
(in Chinese).

HWANG M J, CHOI H R, SONG H J, et al. Characteriza-
tion and colorization of microarc-oxidized layers of binary
titanium alloys[J]. Journal of Alloys and Compounds, 2018,
732: 95-106.

JIANG Y, WANG J, HU B, et al. Preparation of a novel
yellow ceramic coating on Ti alloys by plasma electrolytic
oxidation[J]. Surface & Coatings Technology, 2016, 307:
1297-1302.

LI J, CAI H, JIANG B. Growth mechanism of black ceram-
ic layers formed by microarc oxidation[J]. Surface & Coat-
ings Technology, 2007, 201(21): 8702-8078.

LI K, LI W, ZHANG G, et al. Preparation of black PEO
layers on Al-Si alloy and the colorizing analysis[J]. Vacu-
um, 2015, 111: 131-136.

LIUCY, TSAID S, WANG J M, et al. Particle size influ-
ences on the coating microstructure through green chromia
inclusion in plasma electrolytic oxidation[J]. ACS Applied
Materials & Interfaces, 2017, 9(26): 21864-21871.

WANG J M, TSAID S, TSAILJ T J, et al. Coloring the alu-
minum alloy surface in plasma electrolytic oxidation with
the green pigment colloid[J]. Surface & Coatings Techno-
logy, 2017, 321: 164-170.



Ham LW, 4. SRBOTELYIREM IR BT & SR REIT it R 45

[193] YEH S C, TSAID S, WANG J M, et al. Coloration of the ism of K2TiO(C204)2 in microarc oxidation process on alu-
aluminum alloy surface with dye emulsions while growing minum alloy[J]. China Surface Engineering, 2015, 28(1):
a plasma electrolytic oxide layer[J]. Surface & Coatings 90-95 (in Chinese).

Technology, 2016, 287: 61-66. [197] RUDNEV V S, ADIGAMOVA M V, TKACHENKO I A,

[194] YANG W, WANG J, XU D, et al. Characterization and et al. Effect of electrolyte components on the magnetic and
formation mechanism of grey micro-arc oxidation coatings magnetoresistive characteristics of Fe-containing plasma
on magnesium alloy[J]. Surface & Coatings Technology, electrolytic oxide coatings on titanium[J]. Russian Journal
2015, 283: 281-285. of Physical Chemistry A, 2017, 91(3): 599-603.

[195] YANG W, XU D, YAO X, et al. Stable preparation and [198] LEE G, KIM S, KIM S, et al. Si02/TiO2 Composite film for
characterization of yellow micro arc oxidation coating on high capacity and excellent cycling stability in lithium-ion
magnesium alloy[J]. Journal of Alloys and Compounds, battery anodes[J]. Advanced Functional Materials, 2017,
2018, 745: 609-616. 27(39).

[196] SKIRAE, ¥ E R, FrEAr. EREMIER S SO it [199] LO W C, SUS H, CHU H J, et al. TiO2-CNTs grown on ti-
FEHRYE AHLEI[I]. H E T TR, 2015, 28(1): 90-95. tanium as an anode layer for lithium-ion batteries[J]. Sur-
ZHANG S Y, JIANG B L, FANG A C. Coloring mechan- face & Coatings Technology, 2018, 337: 544-551.

= N
(ATl 130F)

o AT ¢
2018 EREEFMHSF PP RRT 12 BEKERT

2018 4F 12 H 8—10 H, o EEMSBiir2#2 FI00 2018 55 T mi AR S B K& T
IRERUFHTT, UL VR IE A7 R 7 N 8, H S oG, AEfflizs i, phRkeia.

B TP S R D 13 N K WD /R 1/ N A L = Y A1 S | E A ) N B = i
5SS AL RGBT s, ARSI B GS BR S, ARTE DL R Ak & R
SWEEHE ot Hatlid. KBRS, ik B R MS B R AT 8 ekt
St RS RN RO TAARL. AR RrRErEAR . ZEsig AR BRRRR SO iR e
BEA I SRR Tk 2R Th AL BEAE AR

SVGHATIE SCIEAE , FLS AR ol 55 B B SR S ORI 28 )R . AR, . TR . G
i) FAR IR AT LI SOE X8R . MO B R Al v i O h B v S5 8 . (S H
™) : www.ecorr.org,

SRR N K 18, EIWF; BEERHEE: 010-62345564-810/ 010-62316122-812/ 010-62313558-806,

(P S Brer 2ok a8 i)



