FmFEAR 2k B
- 152 - SURFACE TECHNOLOGY 2023 41 A

S ERM CeO, TS RMIAIL
S aRER G & R ERE ST

FInia, ZEE, KKX, ENE, FiEF, TUE, =W
(WHEBIT KR Ml LES, Wik &$E 255000)

HE: B RSWAFSLNIRIE, 4R AT HITH RS L MINE (MAO ), FFR 4 ABUE CeO, 4 AL
SRR AR . ik VA Na,SiOs;-9H,0. NaOH 69 a-iik AF A v ffik , 4R 4 62 B ATIKEAAL, VA
BB E Fe B SRk RE B4R AR, SRR, EdRE, REB/E, b FILBTES KB E
ST, 1FEFAEBINEAE AR, H CeO, RMB|RA VMR T, B EHESLMIRNENE SR E, @it
SEM. EDS. XRD. )W A5l il £k Fo AL 57 3 AU K5 T8, AR CeO, K BA AT L& & f . AR
\ﬁvé’m’iwﬁ/%ﬁﬂﬁx YR PSR RO W A Fe iR B 0 v R A B BRI B £ B4
AR, TR R R 1Bt E SR IS Fe L E 5T, 1F B T 4RGE A AN AL AR & A A, BAL AT A] % 80 min,
B EH A 20%, EGBIEA S50 V, RE®IEH S V, Kk CeO, 89 354R0KAM, MINBAIEE R & A4
SN BEAMKBE Ce0, /5, AAMERTTIFR AT, Rkt /E Ra /A 3.883 ym K%
3.331 pm, FUMRFA4 dBES L aT8 35.11%% £ 32.98%, M4 CeO, Mt H e, BELRTH C. O, Si.

Ce L&¥Mm, Cu. Zn LETHK, BELA@GMABEEZEH CuO. ZnO. CeO,F» SiO, k. #ABA CeO,
BTG, BEALSHAAKESEE, RN, TAEBRERBGRKT G, Cufe Zn LXEZTHEY
EAEHEAETAE, @ O F= Si 76%‘/:?’2‘3;4’0#1 A RIE I, JERm N EiH K, BUAESHLAT, MAO &M AR
TR EIE Joon A 8.095x107% Alem?, B KBE Ce0,)5, Jon A 7.402x107° Alem®, # k5 4RIk
Jeorr (1.236x1072 A/em®) A8¥, 2R FHT 2, 3AKZTAR, 4t MAFSEHITHIRENTALES L AT
H 1 5 LA RIFRR A R R, SR BE CeO, 94578, %A K E4REE -2 MINBALTE A6 % 3L
SEH), BEARIUIE &, PLAFSNSR AR & F 094N, 3G IR R 69 ot i AR At

K@ AELSE; BORNEAL; —8ALE; BkES A, kR RERAE

hESES: TG1744  THEERIRED: A Iigﬁ?: 1001-3660(2023)01-0152-10

DOI: 10.16490/j.cnki.issn.1001-3660.2023.01.016

Hs HEA: 2021-12-08; 1&ITHEA: 2022-03-17

Received: 2021-12-08; Revised: 2022-03-17

E&WE: BFAAAFES (51875328); L A4 A RHMFEE (ZR2021MELS9)

Fund: The National Natural Science Foundation of China (51875328); Shandong Natural Science Foundation (ZR2021ME159)

EERIN: E00AT (1998—), F, MEARAE, 2R 75 %% EDM/ECM 47 & 4869 A & Btk

Biography: WANG Shuai-ke (1998-), Male, Postgraduate, Research focus: surface modification of EDM/ECM copper electrode.

BIREE: 4% (1978—), ¥, ¥, 83, T MR T AN EREEEBEBEHRER,

Corresponding author : MENG Jian-bing (1978-), Male, Doctor, Associate professor, Research focus: surface modification technology of metal
or allo

3] Scfrﬁyt FohAT, FAR, 2R, F. AHASLRE CeO, M L HINAAL B AR E 6 F & A ik #r[1]. A @mILAK, 2023, 52(1):
152-161.

WANG Shuai-ke, MENG Jian-bing, GUAN Qing-yi, et al. Fabrication and Performance of Micro-Arc Oxidized Composite Film Doped with
CeO, Particles[J]. Surface Technology, 2023, 52(1): 152-161.



w52k 1M

FEORT, S HEES SR CeO, WRIB AN AR & IR)Z 19 H 5 L PERE S Hr <153 -

Fabrication and Performance of Micro-Arc Oxidized Composite
Film Doped with CeO, Particles

WANG Shuai-ke, MENG Jian-bing, GUAN Qing-yi, DONG Xiao-juan, YU Hao-yang, L1 Hong-mei, LI Li

(School of Mechanical Engineering, Shandong University of Technology, Shandong Zibo 255000, China)

ABSTRACT: For copper and copper alloy, because copper is a non-valve metal, such as steel, zinc, nickel, niobium and
other metals, it is generally considered that it is difficult to establish a stable plasma discharge channel in the initial stage
of plasma electrolytic oxidation, and it is difficult to form a dense insulating film.

The work aims to carry out particle doping micro-arc oxidation (MAO) on the surface of brass and study the effects of nanoparticle
CeO, on the properties of composite films to improve the corrosion resistance of copper-zinc alloy. The mixed solution of
Na,SiO;-9H,0 and NaOH was used as the electrolyte to conduct micro-arc oxidation on Cu-Zn alloy. The film thickness and self-
corrosion current density were taken as evaluation indexes. The oxidation time, forward voltage, reverse voltage and duty cycle were
analyzed by orthogonal test and range analysis, and the optimal micro-arc oxidation electrical parameters were obtained. CeO, was
added to the mixed electrolyte to prepare the micro-arc oxidation composite film. By means of SEM, EDS, XRD, potentiodynamic
polarization curve and electrochemical AC impedance test, the effects of CeO, nanoparticles on the microscopic morphology and com-
position of the film surface and cross-section, the physical phase structure and the corrosion resistance of the film surface were studied.

With the self-corrosion current density as the main evaluation index and after considering the film thickness, the optimum
combination of electrical parameters for micro-arc oxidation of Cu-Zn alloy was obtained by orthogonal test and range analysis, that
was: oxidation time 80 min, duty cycle 20%, forward voltage 550 V, reverse voltage 5 V. The surface of the micro-arc oxidation film of
brass specimens without CeO, was rough and porous. The surface of the composite film became more flat, and the surface roughness
Ra value decreased from 3.883 um to 3.331 um after CeO, doping, the porosity of the doped particles also decreased from 35.11% to
32.98%. With the doping of CeO, particles, elements C, O, Si and Ce on the film surface increased, while elements Cu and Zn
decreased. The phase on the film surface was mainly composed by CuO, ZnO, CeO, and SiO,. Along the surface of the film towards
the matrix, Cu and Zn elements rose briefly and remained stable after, while the changes of elements O and Si increased and then
decreased to disappear, the content of carbon element was low. Furthermore, a small amount of cerium element appeared in the particle
doping film. The self-corrosive current density of MAO film was 8.095x10™* A/cm? before particle doping, and after the CeO, doping,
the Joorr Was 7.402x107° A/em?. Compared with the J.,,, of brass substrate 1.236x10% A/em?, it was decresed by two and three orders
of magnitude respectively.

Micro-arc oxidation of copper-zinc alloy could produce a porous ceramic film layer on the surface of the alloy that is closely
bonded with the matrix and has good corrosion resistance. The doping of nanoparticle CeO, can effectively improve the porous
structure of the copper-zinc alloy micro-arc oxidation film, reduce the roughness and porosity of the film, hinder the intrusion of
external corrosive ions, and enhance the corrosion resistance of the film.

KEY WORDS: Cu-Zn alloy; micro-arc oxidation; CeO,; particle doping; corrosion resistance; film thickness
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Tab.1 Orthogonal test factor level

Level O_xidatif)n Duty Forward Reverse
time/min cycle/%  voltage/V voltage/V
1 80 10 450 5
2 85 20 500 25
90 30 550 45

F R BRI pERE ( A PRETREE ) 1E MR bRIE,
SBUN & =0 T o = Ao 1 BNl E AN Y 10 WA T
BT H R S A L SR A o TR A R R S Ik AR
300 nm [ CeO, Piki, FETFRATHIR RN R IR, EHE
FTE B R 2 g/L (1) CeO,, X HIEEG 4 il FEdE T i A
A T RONAERAL B, Ml & CeO, FikL
BREAHZ,

1.3 MESRIE

AT 1-MPOD 3§58y 3t 00 JE2ASCT J5 J= P2 38 A 5
i, WEARTEER MAO EEMIERE .. RA HW
RE T 1S 377 4 26 4148 Fi 1 OB 20 T JBE )2 B BRI

5 (SEM) FICZE 4 (EDS) . {58 ZSX-100e %!
S0 X PHERATHMY (XRD ) X 2 2% T (9 4 AR 40 %
AT M. R CHIG60E BIHLfb2# T AES,, 7%
TR AE T BT ot 8 0 R e A 2 5 A BEL BT 3
FRATURE 10 Bl e (57 W% Ak 2 R BELA7C A5 16 451 2R A8 AL 1)
Bode R, HATHRIA R DARHE ZBARIA R HEF
A ialRE L R A H IR AR RN H AR A AR R TAE H
W S EWAGTBI BN A B 3.5% NaCl
W, S AR RN 1 mV/s, HALTERIN -
0.75~0.5V, JFREHE N 0.01 Hz~10 kHz, £3)
FSPRIE R S mV, FE S AEDEAT HL Ak 2 J8 Tk S 56 2 i
THEAE 3.5%1 NaCl ¥ P2 2 h,

2 HR5ITE

21 HESHIEE

IEACIRIS MR 22 T 45 2R L3k 2—4. MFR 3
ATLLAE Y, 32 2 WY 4 4 DR 28 ) I8 J2 L 8 1) 53 e g
KKK : A>D>B>C, IS G N AsB,CsD .
DL JE ik i % B R VR AR AR, R 4 RO 2E e B 2
R, R KB N HES D C>A>B>D, i
R SEEH AR AB.CsDyo XTELER 3 FiIZk 4 LIk
PR, FEAAIE] 525 o L O ) H R RS ) Ei R /K S B
DU, ISR P S 2 1 B B 0 6 ok b 28 8 4l ik
B4 A M ERAE 1Ah, 3R 3 MR 4 hia T LIAE
SAC AR B[] T 22 T2 88 R 1 ok e 3 P R T AS
FHIE, AR S EE MAO 2B N2
FBEAN I SNZ AL RR , 5 AR 52 P52 1 i S f o) [i) 1 928
MR, (HEAFEREMITENNZ, SN2,
HIR AR I A A A o 228 DA L dr, s
FE DL T iy R 3 2 B I RO R H bR, e b2 5
B, Lk T T CeO, BRI 22N AL A )=
il 55 1 L S5 A, BIAAR A ] 80 min ., 525 HE 20% .
WERHEE S50V, RIEHEE SV,

*2 EXRKBER
Tab.2 Result of orthogonal test

Electrical parameters of micro arc oxidation Film J./
Sample ) corr/
Oxidation time A/min ~ Duty cycle B/%  Forward voltage C/V  Reverse voltage D/v  thickness/um  (A-cm™)
1 80 10 450 5 39.06 2.088x107°
2 80 20 500 25 40.26 2.323x107°
3 80 30 550 45 43.66 8.464x10™
4 85 10 500 45 44 .88 1.837x107°
5 85 20 550 5 49.12 8.095x10°*
6 85 30 450 25 43.02 1.044x1072
7 90 10 550 25 46.68 4.768x107°
8 90 20 450 45 50.17 2.243x107°
9 90 30 500 5 52.62 1.046x107
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Tab.3 Range analysis of film thickness

Factor A B C D
Ki 40.99 43.54 44.08 46.93
K, 45.67 46.52 45.92 43.32
K 49.82 46.43 46.49 46.24
R 8.83 2.98 2.41 3.61
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Tab.4 Range analysis of self-corrosion current density

x107*
Factor A B C D
K, 9.86 13.24 49.24 13.14
K, 43.62 10.25 9.69 35.04
K3 11.12 41.11 5.68 16.42
R 33.76 30.86 43.56 21.89
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Fig.2 Surface morphology of MAO film without CeO, particles
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Fig.3 Surface morphology of MAO film with CeO, particles
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Fig.4 Surface components of MAO film without CeO, particles
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Fig.5 Surface components of MAO film with CeO, particles
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Tab.5 Elementary composition of brassand MAO film
at.%

Sample Cu Zn C (0] Si Ce

Brass 58.71 3736 3.15 0.78

MAO 21.22 17.08 1.94 40.12 19.64
MAO-CeO, 20.17 12.37 231 41.57 20.72 2.86
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Fig.6 Morphology of cross-section (a) and elemental line scan (b) of MAO film without CeO, particles
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Fig.7 Morphology of cross-section (a) of and elemental line scanning (b) of MAO film with CeO, particles
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