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Abstract: The Al203-TiO: film with high dielectric constant was formed on etched foil surface with TiCls as precursor
solution by introducing magnetic field into the electrodeposition process. The effect of magnetohydrodynamics (MHD) on the
behavior of ion diffusion in electrolyte was studied in detail, as well as that on the structure and performance of Al203-TiO2
composite oxide film. The crystalline phase, surface/cross-section morphology and Ti-distribution of the samples were
characterized by XRD, SEM and EDS. The results show that MHD effect increases the Ti*" diffusion rate in electrolyte,
anatase TiO2 amount and its distribution uniformity on etched foil surface and tunnel. Additionally, from the analysis results of
anodization-time curve, Tafel curve and electrochemical impedance spectra (EIS), the MHD effect also enlarges the relative
dielectric constant of composite oxide film, reduces the forming power of anodizing process and raises its specific capacitance
up to 58.29 pF/cm’. Compared with the A1203-TiO> formation foil without MHD, its forming power decreases by 24.6%,
accompanying by 10.1% increment of specific capacitance.
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Fig.1 MHD function model for ion distribution, mass transfer and TiO2 layer
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6 0] R, S BEEGR ISR ALOs-TiO2 55 MREEE 4 S MERE IS M 69

J, BT ik G A I A kL Tit B, 4
TS T AR, PR TR DT R A AL N
Ti* oA 51

g LTk, fERUIRLE R, kR m A
BUELER WY Ti02 B2, JF H MHD & stk T
Ti* [ B PR TE R AAL BT, e 1R R im Sk
FLFRRE 20 Tit W Bt S oA ¥ 530k, 2T A
W2 BERY R TiO2, 1 TiOa B2 F R XS
¥—.

2.5 HEiLEFMHEE
2.5.1  PHBTHH R 2R

P16 Sk TRy JE o 5 BH AR ATk aet 8 o e s B
I AR T . AL 6 HhmT g, 7 AR S AL 0 46 B
Br, A, B IURIGH R & T HAES C R
AHLE (A: 23V; B: 20V; C: 1.4V), XZH
HEVIR TiOo2 IZEM A, B FES & 5d 550 C
PAEFES , 7F TiO2 B2 5MERZ A T —2
ALOs AL, Z ALy BAA — 7 T e
RETIRY y-ALOs B2, AMIUH TG R RE 1 i 22 1L
JERN, S A C RIEFTE— 2T R BT #5 2
1) HARER AL, IS8 AL B BRI TG
FEXE T C RIS L . T8, A FERLE LR
R T B BEAL, X R MHD R0 #2517 12
HTi SR —E, BEIN T TiO2 FRZE BT o5 i ok
AR, B T p-ALOs BEZ AR 5 A7
R, NIMHE—EHN T Tioa JEJZ i FEPERE

R4
”

.
Stacking

= Layering w: ~ 5
QUChIE ®-=-. Cracking "

- -
(&
—“

.
Layering

(@B=0T

25
20 |

>

g‘) 15 L A—With TiO, and B=0.12 T

s

2 B—With TiO,and B=0T

510

=]

]

< C—Without TiO, and B=0T
5

L 1 1 1 L 1 L 1 1
0 100 200 300 400 500 600 700 800 900 1000

Anodizing time / s

Pl 6 o FEIRR 4o P ol 5 i i - B i T

Fig.6 Potential-time relation curves of anodizing aluminum foils

ME 6 k[ FH i, A, B, CiX 3 FikES Y
FHEHFAF, A SRR, BIRZ, C &%,
52 RS CAHEL, 183 A — % e Ik AL
JE, A, BHEESRIERR R T 58.1%, 44.3%
FEN, A RES (B=0.12 T) JHE#RF KT B HEM
(B=0T), X#W. OMHD &5 7 HEZEh
Ti (A —PE, 1E TiO: B2 550 3 AR ) A gl
Z ) ALOs AN, ML y-ALOs fHAIYLE
K, X PR EIR AT DR & AR S AR50
T BA B AT (] 22); @MHD SO0 48 e T
TiO, BEZEHME, W55 T Tio: 52 AR 4k
K 4330 = AR A HLBRAE T, 98020 T Tioo i
JEEE . R TFLSEOW A Y A (B T), A
T REATR T HR 2 M R A A s ] 2

Cracking - .. __
ey

.
Stacking
Layering
4
&
Ly

3.5 um

(b)B=0.12T

7 AR IRIE AR T Tio2 ERIE A
Fig.7 SEM morphologies for TiO2 on the surface of etching foils after annealing

2.52 Tafel efbihik
& 8 AL SE R A A AL IE)Z 1Y Tafel ik

HE o FRLUEXTER Igicon SR KTNSO FRLA N T A FE
B B ALAL Ecorr, Ecore R T W42 J A it



70 b B xR T LT IR

2018 4

JETRPERE, Ecor BT, Ak I JEF ek B ABR 22
e Z N ey g5 415 8 FIEE 2 AT, BE B Ay
i, AL BB ER, Ecorr IR A
—1.124, —0.964 F1-0.932 V5 X%k (4 i bt pb, 7 25 13
T8, Igicorm MK H—4.355, —5.189 F1-5.521 dec,
LAk R 9 2R A A AL R T R R O, b
B BT JE Tk RE R e, R R AR, X —
AULH T MHD RO 4 7 Tt oA 34— S g
2 Ti &, SEmE R T Tio B2 AT 5 8 i Y
AL, BUBHEGHYEALRR (y-ALOs) BR)Z AR 5 A
RN, ARG TR Sy, T AR LA
TR T B 8 X R AR 1 S o

I C—Without TiO, and B=0

lgi / (A-em ™)

B—With TiO,and B=0T

A—With TiO, and B=0.|2 T

78 1 1 1 1 1
—13 -1.2 -1.1 -1.0 -0.9 -0.8 -0.7

E/V(vs.Ag/ AgCl/sat.KCl)

[ 8 25 IREFIANIE] B N AL Tafel A AkihZk
Fig.8 Tafel curves of blank sample and anodized etching foils at
different B

®2 URENEMBRUREREREESBHXR

Table 2 Variations of Ecorr and Igicorr with B for anodizing etching foils

Sample B/T Ecorr /' V Igicor/ (A-cm™)
A 0.12 —0.932 —5.521
B 0 —0.964 —5.189
C 0 —1.124 —4.355
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1.419x1.07°, 1.299x1.07° F1 1.251x1.0° S-cm™>s™",
R RA B L 25 7E B=0.12 T Bl K, B=0
TRz, 2AMESER/DN, X5 LCR U Hpil
FEACBTE LAY Caov A% —3 (B=0.12 T 2y
58.29 uF/ecm?, B=0 T N 52.96 uF/cm?, 25 (kLN
A 47.55 pF/em?), AHXTFZ ARG C, AL B FEM
1) LU FEL 2 W T B R 8 B B PSSR T S, 394 43
R 22.58% Fi1 11.38%.

Hor, A dE e A s, 2R H T Al
Ti EGEMEEA SN REE e, H ARSI
HART B ML, Xt —23 W] MHD %0 51k
T T R TE SR AL ST, SN ol 7 R v R
2 Ti &, 25T Tio: BZE Bk Y Tioz &
i, T 72 S B s g, B T
R[N ST O VA SR A R R AR 28 NEY
58.29 uF/em?, #ZJt MHD #4549 Al0s-TiO> 1k
A, HHR AR 10.1%.
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Fig.9 EIS curves of blank sample and anodized etching foils at
different B
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Table 3 Evaluated impedance parameters from EIS equivalent
circuit (Fig. 9 insert)

Sample B/T Rox/(Q-cm?)  Qox/(Srem™s™)  Caov/(uF-cm™)

A 0.12 3051 1.419x107° 58.29
B 0 2750 1.299%107° 52.96
C 0 3884 1.251x107 47.55

M3 HRTHL, AL B FEREY Rox [EY/NFZS
FRER C, X FZJEH T C FEMALRLA M 2
T AR IR A A AR AR AR B, TE ALO3
PEAL I 25 A SRR, IR B0 H )2 25



% 6 3] R, S BEEGR ISR ALOs-TiO2 55 MREEE 4 S MERE IS M 71

PR —, HR RSO R, B, B
Ko T A, BFEATE AlLOs LIRSS T S
HTF, BIRAT LIS TR 284 (Anatase-TiO2) 4
K, B Tiox fENEE A4, BT /A ALK
JERBREE, BT B A AR BOEE,
M A, B AW Rox [HII/NT CRESL . B4,
A FEREY Rox fERT B #Efh, XEHh MHD 5%
RIS T A BESZE T Ti B —E, JE T
BUEKD R TiO2 M & 0, B & fULIEZE B0 T
FARIZRE T, IFb T 2 A E AR I B a0

ghify b Bk A PERE IR SE R T A1, MHD 54
IR T R TR dn e T A T R AR, JRR
T P SA AL R R T R, s T2
M e, AR TIE SR E. 535, MHD %L
IO 3G 0T A B9 T TS e BE L RN T o
R, fEm T EAEAERBZM T, W T TAE
FL ARV P A Db P B S X R AR A JEE Aok, AT 3
T AR LAY
3 4 2

3 35 i 7 Y B P ORI B B 1) B A R Ak Ak
B, OFERE DR R MR R T B = A R
ALOs-TiO2 B A AN, 4553, MHD &0
% 1 ALOs-TiOx &5 A AL ERE, FEERAA
VIR 345

(1) MHD S0/ T fE w8 U2 R, 58
6T Ti* )l 2 1 S A LN AL s D8N T 96
AAL TV 2%, $&m T A B b FL N BE Tiv 5y
MM R R IR —E, MK T Tio: i
JERT AR TR L, B E T 9-ALOs B2 T
B GA R, WM TR &, 22 I8 MHD
il & 19 AL2O3-TiO2 fLELSH , B s ik T
24.6%.

(2) MHD 20 £ 55 1 AT A ihAL N BE SR
(R Wb T IR A L S OO Bk
7=, TR T 52 & SRR 2 B0t S
A HLPERE

(3) MHD &0 A B T4 = 2 A i b 81K
7R TiOs M, MG T ALOs-TiO2 B &I
SRR R R, S TR TE R LR EE Caov,
XoF L A Ak T B LS K 2 58.29 pF/em?, 2
JG MHD £ ) ALO3-TiO fL i, HHrZs3
T 10.1%.
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