Chinese Physical Society

%fg%"—*ﬁActa Physica Sinica

Institute of Physics, CAS

£ B M A S UTARTAL 0, ~Cof 2 WML S T 5
EETF BB TR RF ORAEF
Effects of multi—energy field electrodeposition on properties of Al,0;—-Co composite films

Qi Yun-Kai  Yang Shu-Min  LiXin XuQin  Gu Jian-Jun

5| {5 B, Citation: Acta Physica Sinica, 71, 017801 (2022) DOI: 10.7498/aps.71.20211313
TEZL I View online: https://doi.org/10.7498/aps.71.20211313
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

LR BRI HoA S EE

Articles you may be interested in


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20211313
http://wulixb.iphy.ac.cn

) 32 Z 3R Acta Phys. Sin. Vol. 71, No. 1 (2022) 017801

% HE17 S & BRI ALO,-Co 54 4
WA 2 I 5

N

g =gy

Z Ry

o D1

w7

1) (b RE AL 2 Be 8 5 o TR 4B, 7R4E 067000)
2) (FE TV K2 BAARE, KHE 300401)

(2021 4E 7 A 15 HIg#); 2021 45 9 A 19 B EHEH)

K F 2 685 5 4 T L ORI T BOR, i 4 1 IOV &5 40 ¥ A8 1) 22 R 45 1 (i P AL O5-Co B2 7 Wi . 7
DURAB A Z 3 BRI IR T, AW A O ES 1 . DG Rp P R REAE T I 5% FR 3% 07 1] 22 BT AR R AL
i 2ok A T O 5 R A AR IR I AT T SR W R OO 5 R S A LB 3 R O L e A T T e e
Ji 1) Co & F ORI 5 BE A0 A FLARE, 0 L4525 5 BB AT S M S I 45 AW & . BFSE R, RIIZ Re5 4 1
TR R AR B AR R LA M AROUL A J3E 81 4 52 5 W SR DX 45 4, 5 A Il DX = AR I 2 A P P 0 20 0 4

KR FMBE SR, ZRE AT, 46
PACS: 78.55.Mb, 78.67.-n, 75.75.-¢, 81.15.Pq

1 5 =

RS DURRE A E AR Y f A 22 B, RIS
P00 i BH 1 A Kl ek B A A 3R
oL T AR A SO, DURR H R 2 S 4 9 n T 07
5. AR DRI THAR T E 209 kA EOK
P EL R RIPERERT AR A R, HLBAT JCOIHI
J2J3 TS XA i AR AL, )iz Y
BT 2 e G R it -5,

ZALA I AR W By O AR LR
BHAE AL L B O L BURE  HEAL A TT L EAT ) R A4 10
AT, 52 B AR ZRHIT/INAL A T 018, 4Rk,
NATT38 i ol 2 Fi A = DR T S A BRI A 4
KALTR P IUARG SR AR L IR LA M R 1. 1
ORI b, Al OB R el T4 - BR A i 5 DR A
TR AL, H e - RE A 1Y JR A A 2

DOI: 10.7498/aps.71.20211313

AT S AU RN, Kapoor 45 199 Sistani &5 201 Fll
Fang % 20 ¥ — & TR KL PR LB T 2K 4 -
P PR I s IS Bk, T2 AL
AR AR S LR A, SR B E TR
AL FECGR AN, (ORI INEZARTT ). LA
ZALE AR B 8 A AR -4 IR YR R G b
BT LUK 40 I A0 oK 2 i 285 B2 L K B R ELAR,
RIS i T AR AR 1Y) ) PR RE NS k.
I, FIH 2L AR VR BRI 92 9 oK RUBE 8 k5
R A MELAE R AR RE AR AL, AL
RIS G BPBHE A 22 S i o AR AL T — R4
-5

TERTH LA 2 FL AR AR TR & & Co
YKL 5T 1 R v R B 122 8 ek AR E RO AR
AEXIE B, AT AR S AR R 1 AR AR Y S TR
HY, FECUTAR IR % B S AR A oA, 153
W& ¥4 AN 78 1 Al,O5-Co 4R K 26 52 4 T

* b HRBRERLS (MES: A2012101001, A2019202190) FILE EZRAA BB H (S A2016002040) ¥ Bh IS

t BIEMEE. E-mail: jjungu@126.com
©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

017801-1


http://doi.org/10.7498/aps.71.20211313
mailto:jjungu@126.com
mailto:jjungu@126.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 71, No. 1 (2022)

017801

WFFE 4 B R, R HEY 2 DU 3 % ALO,-
Co YKL A WK R -7 45F Fp
R AR, B OB AR T OB f i AR 24 50 4 A
MEIET 0T, K8 B T2 AL - S B A0k
AAMBIEE YR | AL AP 557 T AR .

AU Z AL BAR A AR TE AR, SR 268
AW B AL TR TH AR, 76 DR L 37 i 3L b
I, @B ASMIMR S ST AR S Z A Y, 1
22 FLAAL T B T R T R A K F L Hp R 2 B B A7
B SR REYE 4B BT Co, SEBIN [] — i i
ARG | 2P RE RS AN 45, 15 2 AR 454
ERIRENER) AlyOs-Co B G, 38 1 3SR
AED5 B EMR L B 3 F Co b FULRLHL I 2%
AYATFLAE, A3 e B 0 R OO 2 4 |
SRR PR LR,

2 SErifE

AR TE (99.999%) TEIR KB 400 °C F I
2R K 2 h, SRIGFER AR TR LI (R 1:4)
VR SRR RO 5 min, BEOC I ROERS TR
1 25 B 1 /KA DE T T TR 6 wt% MYBEIR
VEURAE R L, LASR T B, s B, I
R IEE A 10 em, 7EEME 20 C, EALHE N
20 V, SEALIHE A 1114 min £ F#f7oik%
FHAR S Ak, 15 21 2L A b AR T

AT 2 e E A B DT SE 5 B 450 R
HELEL 1. ¥ Z LA R A S B s T
ff R v B SR o FELA, PRRFFEAR BIEER 10 cm. L
H 0.12 mol/L Y CoSO,-7TH,0 £10.39 mol /L Hlifig
VE R HL M, AC T DT R A ZU(E A 11—13 V

K1 ZREMESHRIIBEEERER

Fig. 1. Schematic diagram of electrodeposition device with multienergy composite field. (a) Structure schematic diagram; (b) elec-

trodeposition diagram.

(50 Hz), TLFREE] R 30—60 s. 7E HL A0 B2 FH 2R
SR ORI PR P AT BB A S A e H 3 1) H
e, fifi % He 37 T L T R DURR R AT), Ini e L3708
100140 V/m, % F#51 Al,05-Co & G 5.
R T LR, A SCHLE WA 1) Ay i v 373 1 L Ao
F& 5] S R AT ).

HEESAHHL (Canon EOS600 D) X Al,O4-Co
A R S50 (@ E AT RAE, A S T A
5% (scanning Electron Microscope, SEM, Hitachi
S-4800, HV 20 kV) Fl X S A7 4 (X-ray diff-
ractometer, XRD, Cu-K,,) 433X} & A3 R X T2
SR SRR ZE R HEA T RAE, R 2240 AT W4 O B
11 (Hitachi U-3010) X4 i AT UL S5 5 15 #5470
i, BEYESR 26 E 3 R 48 (physical property
measurement system, PPMS-6) #E47Jll &.

3 LRARAITR

AL E 20 V, EALKE R 11 min 04
il 25 ) AL AR B IR AR 1 ARG T LA A RS R R
[’ 2(a) IR, DLZEAER TR B, SEHOTR
JE N 12 V, %5 H3% R 120 V/m, JUERETE 60 s,
il 5 Al,O5-Co &AM, HARGIE R ani&l 2(b) fr
7K. ML 2(b) H S B8 R Rl U, SR R
G4 25 0 285 44 0 S AR AR WA B, AL O5-Co &
B MR LT S AN BT AR S R €5, S5 AL (L A
m (A F] C) RYCH LT LA, a8 aniEa
T I XA, AL (8 X X T A R A AL R
FEE, T ER ST AT LS U ik 95%, S EaliA
FLER TR RS2 AR C R AR MG, Y7 E AR AR AL
BRIV Co KiT )5, 1552 A W4 14,

12 J— 1. FIE AR

2. AT

3. AR AR
4. W9

5. /MEFL

6. /NEIFLEE
[APNER

8. HifRfEE

9. R

10. BREE

11. DU EDE
12. fhdh TR

(a) Z5HIR R (b) BTTEUR EE

017801-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 71, No. 1 (2022) 017801

(b)

B 2 AL WA ALO4-Co &4 WA IR i K XRD [ 1%

()

o b (101)
b=
a i J
E .
-
5 o
S~
el
3z
8 (101)
=
Co(JCPD#01-089-7373)
T I I T T 1 T 1
30 40 50 60 70 80

20/(%)

(a) b 20 V, AL ] 11 min 4508 T il 5 0 S A 40

BB 5 (b) PLAURIE 12 V, SUREE] 60 s, i 3% 120 V/m 24 T il # 89 ALO3-Co B A W REHD I A5 (c) 1B 2(b) Bz i

1y XRD &%

Fig. 2. Digital photos of alumina film and Al,03-Co composite film and XRD diffraction pattern: (a) Digital photo of alumina film
oxidized with a voltage of 20 V for 11 min; (b) digital photo of Al,03-Co composite film deposited with a voltage of 12 V for 60 s
and deflection field of 120 V/m; (c) XRD diffraction pattern of Al;03-Co composite film shown in Fig. 2(b).
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Fig. 3. SEM surface and cross-sectional images of Al,05-Co composite film: (a)—(c) corresponding to positions A to C in Fig. 2(b).
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Fig. 4. The structural models of Al;O3-Co composite film: (a)—(c) corresponding to positions A to C in Fig. 2(b).
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Table 1.  The parameters of different regions shown
in Fig. 2(b).
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Fig. 5. The reflection spectrum of Al,03-Co composite film

shown in Fig.2 (b).
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Fig. 6. The curve of deposition current density along the ra-
dial of Al,03-Co composite film shown in Fig.2 (b).
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Fig. 7. Partition diagram and curve of per unit area depos-
ition rate of Al,O3-Co composite film: (a) Diagram of differ-
ent regions along the radial direction of Aly,O3-Co compos-
ite film shown in Fig.2 (b); (b) the curve of deposition rate

per unit area via divided regions.
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Fig. 8. Diagram of Co ion distribution on Al,03-Co compos-

ite film surface shown in Fig.2 (b).
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Fig. 9. Hysteresis loops of different positions on AlyO3-Co
composite film at room temperature. Curves a—c corres-
pond to positions A to C in Fig. 2(b).
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Fig. 10. Digital photos of Al,O3-Co composite films: (a) The films were oxidized with a voltage of 20 V for 14 min. Then they were
deposited with a voltage of 12 V for 30, 40, 50, 60 s and deflection field of 120 V/m; (b) the films were oxidized with a voltage of
20 V for 12, 13, 14 and 15 min. Then they were deposited with a voltage of 12 V for 60 s and deflection field of 120 V/m.
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Fig. 11. Digital photos of Al,03-Co composite films: (a) The
films were oxidized with a voltage of 20 V for 14 min. Then
they were deposited with voltage 11, 12, 13 V for 60 s and
deflection field of 120 V/m; (b) the films were oxidized with
a voltage of 20 V for 14 min. Then they were deposited
with a voltage 12 V for 60 s and deflection field of 100,
120 and 140 V/m.
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Effects of multi-energy field electrodeposition
on properties of Al,0;-Co composite films”
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Abstract

The multi-energy composite field micro-electrodeposition processing technology is used to prepare colorful
structural coloration magnetic Al;03-Co composite films each with a gradual microstructure. Under the action
of the deposition electric field and the deflection electric field perpendicular to it, the microstructure, optical
properties and magnetic properties of the composite films show gradual characteristics along the direction of the
deflection electric field. By establishing an equivalent model of the microstructure, the mechanism of the
microstructure change of the composite film is theoretically analyzed. Through software simulation, the
distribution of Co ion deposition current density along the direction of the deflection electric field is
quantitatively analyzed. The simulation results are consistent with the theoretical and experimental results.
Through this study, we find that the micro-electrodeposition processing technology with using multi-energy field
composite can control the micro-domain structure of the composite film from a microscopic point of view, and

achieve the fine control of the magnetic and optical properties of the film micro-domain.

Keywords: alumina composite films, multi-energy composite field, structural coloration
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