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Fig.1 Miniaturization of aluminum electrolytic capacitors
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Fig.2 Methods for depositing valve metal compound thin film
(HPM:  hydrolysis  precipitation method; CPM:
complexation precipitation method; EPD: electrophoretic
deposition; ELD: electrolytic deposition; VE: vacuum
evaporation; SD: sputtering deposition; IP: ion plating;
MOCVD: metal-organic chemical vapor deposition;

ALD: atomic layer deposition)
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Fig.3 Mechanism diagram of EPD (a); Zeta potential of TiO,, SiO,, ATO and ZnO with different pH in an aqueous solution™*! (b);

BaTiO; EPD film mass changing with the applied electrical field"™ (c); surface morphology of formed foil after electrophoretic

deposition" (d)
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Fig.4 Mechanism diagram of ELD (a); potential-time curves of anodizing aluminum foil (b); morphologies of cross section (c, d) surface

morphologies (e, f), and Ti element EDS mappings (g~j) of electrodeposited etching foils after annealing
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Fig.5

Contact angle and mass per unit area of TiO, deposited on the surface of aluminum foils™*” (a); SEM images of specimens treated

with different coating cycles (n=1, 2, 4, 8) after annealing at 550 C for 30 min (b); specific capacitances of specimens treated with

different coating cycles (n=0, 1, 2, 4, 8) and anodized at 100 V*"! (¢); withstanding voltage (d) and leakage current (e) of the

specimens anodized at 500 V2*
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specimens treated with 4 coating cycles and anodized at 100, 300, and 500 V (g) ¥
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Fig.16 TG-DSC curves of AUBTO gel (a) and Al (b); XRD patterns of AVBTO at high temperatures(c)®*”
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(DOIEFRERMITAA ST &S0 i
HL A RLE T CAAE — e R R Bk S i bE e . HIAR R
AE K221 Hiroki B ZH 7 g sl S ik Ao S e i e
BT — 2 Ze-Si/Zr-Al &4, 10T dh 2 m A e
AL 2 v A AL U 52 5 A, L A
ZrO, M VY75 AHEEAZ, 100V JERHE T Zr-10%Si/Zr-11%Al
RT3 E0 64 LIRS BB B L 4l Ze S8 1B Ak
(1) BH AR S A T L 2830 e o (LR DS 11 /5 A 7 i AR
25, FEANEA TG et R I ALTE & 408
MR — RN Z E& 6480, 20 V Lk
T, T HIE R 23.4 VR HEZR T LA ] 126.3 pF/em?,
G EEA = R HIL TIL TN, — 2G4
R T2 MATE R, RS BRI T
S = A R . Rk, ST EBDURA S
il B AR H AT A fed 2 T A 2K
2.7 WHEYFE

TS s e P A A A 2 B AR S P R — AN S 4L
B A B B A W A A B e AR PRI, IX
T INE Y 7 s TR . Uk
PR M4 i BRI = T A A L Al T
5 T RO o AR P A T R 2 Ik B, R T
F s U318 DR R st A A 20 B S ) —
fesf, HERMLAE C sk v s E cv
), Al Tl A=k . 32 myi 1 g 1 id 42 32
BAHLN 34
(1) IR KALI T AN R o 5 TE BRI BH AR S AL BT
BRARI & T KA B A L) S ARk b, IR K2
A A R N )RR TS, F R BRI, S S
AN AT OO X S 4E BT ALOs BT, fmiE A
I PRy S50 T s P e Y B AR R B n - i
IEtERE S AT, (HlBE 2 RZ 5, HAR I £ AR,
X T AR R RO T 8O

®1 FRESMRERM BT

Table 1 Electrical properties of different composite anode foils

c/
Composite material WF-em?” Ao/f/ V(‘c;f/ pFS/\-i:/m'z A(OZ)V/ Deposition method Ref.
95.66 46.36 22.36/21 2139 38.90 Sol-gel [44]
78.77 48.93 27.36/25 2155 38.50 Sol-gel (88]
BaTiOs 1.317 12.09 372.8/375 491 9.35 Sol-gel [106]
3.16 43.0 123/100 388.68
1.29 25.2 330/300 425.7 - vacuum infiltration [51]
0.64 20.8 545/500 348.8
98.51 47.76 22.9/21 2256 4342 Sol-eel [106]
BisTis0n 1.355 15.32 372.8/375 505 12.47 &
82.85 56.64 27125 2237 43.77 Sol-gel [36]
94.32 4147 22.9/21 2160 37.32 Sol-gel [106]
(BasSto5)TiOs 27 35 -/200 - - Sol-gel [41]
2.17 26.2 216.3/200 469 7.8 Sol-gel [109]
Si0, 0.0025 39 1050/1000 2.625 - Sol-gel [116]
Nb.O 491 20 EN) R R CPM [64]
25 0.0158 27 -/500 - - ELD [102]
2.634 18 -/100 R R ELD [114]
0.732 11 -/530 - - ELD [25]
051 275 e 14025 o Veewminfleion (49
72.8 24.8 -120 - - HPM [61]
705 74.5 20 -20 - - EPD [16]
75.7 22 -20 - - ELD [23]
91.2 38 23.2/20 2115.84 26 HPM [24]
98 40 23.4/20 22932 - HPM [118]
101.72 24.24 21.63/20 2200 22.07 Sol-gel [40]
131.5 60.62 21.2/20 2775 54 Surface self-assembly [46]
method
58.29 10.1 20 R - ELD [26]
101 51.49 21.4/21 2161 37.38
1.386 1796 361.5/375 501 11.58 Sol-gel [106]
3.54 60.2 115/100 407.1
1.38 34.0 330/300 455.4 - Vacuum infiltration [52]
TiO, 0.69 30.2 510/500 3519
1.188 6.55 392.4/350 466.12 4.97
0.03787 11.98 396.4/400 15.01 10.64 ELD [19]
0.0425 4426 405/400 17.2125 43.20 Surface self-assembly [47]
method
1.02 36 -/560 - - SD [74]
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(2) JEHLT A B 5 4 A RE . H A1 K
(1) Takahashi MEZH" T Sol-gel # SiO, & & FI4H
KM, 1000V, 4 BH B 6 be 25 T LA 57 39%. iX o il T
SiO, Iy e M R AR &, AR & R, Si0, A A Ui
RN T ALOs AN BB L, A L 5 15 2]
Tt ZIB R Sio, L i P RE, T RHEER
BT FRBA N Si B Al BAEMB, S
R 23V (IARRTE, EEFABEER R 50 nm; 45
A% Si Z Ja it el LA TEE] 23.4 V, [RS4SR R
JE BFAR A 32 nm.

(3) GINGIEJE LR A B . B Ry R
A LA v BH B 9 1700 L 25 AR e 2k, AL S8 ik 3 3R Tk
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GRT N S3ARAk, EECRIBEE R 2, i R e AR 22l P

3 FRERE
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3 T TT R -
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2 F| CVD, MRLH & S EECE . A
i AT R, AT A5 BT e Ve RETE 4 . A A A
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TR

(3 5 Je vetn B A < 911 S b B3 AR RIS 2 1 BRI
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Research Progress of Valve Metal Compound in High Specific Capacitance
Aluminum Electrolytic Capacitors

Li Zhuo, Du Xianfeng, Li Xiang, Wu Jingjing, Lin Baige, Xiong Lilong
(Xi’an Key Laboratory of Sustainable Energy Materials Chemistry, MOE Key Laboratory for Nonequilibrium Synthesis and Modulation of
Condensed Matter, School of Chemistry, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To meet the development trend of functionalization and miniaturization of electronic products in recent decades, aluminum electrolytic
capacitors are facing the same trend to achieve miniaturization and high electrical properties. One of the most effective ways to make it actualize is
the preparation of high specific capacitance anode foil. This review systematically introduces the deposition techniques for the preparation of valve
metal compounds for aluminum electrolytic capacitors. From the perspective of the film quality prepared by different deposition techniques, we
expand the advantages and disadvantages of the various deposition techniques when preparing the anode composite foil for aluminum electrolytic
capacitors. Further, the research progress of increasing the electric performance of anode foil by compositing a valve metal thin film was analyzed.
Accordingly, several outlooks for promoting the practical applications of high specific capacitance aluminum electrolytic capacitors were
proposed.

Key words: high specific capacitance; valve metal compound; aluminum electrolytic capacity; anode foil; thin film deposition technique
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