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Effect of High Purity Aluminum Foil Stocks for Electrolytic Capacitor
on DC Etching Behavior*

Nobuo Osawa *
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Fig. 1 Structure of the aluminum capacitor.
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Fig. 3 SEM images of resin replicas showing clusters
consisting multiple pits (a) and the rest of
crystallographic dissolutions of (100) faces (b)
caused by selective dissolution of (100) faces,
and TEM image of passive film on the side
walls and tip of pit (0)3).

Passive film on side wall
- of pit: 60 A

Fig. 4 TEM micrographs of the FIB cross section of
the aluminum foil after 50 ms of DC etching.
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Fig. 5 TEM micrograph of the pit structure
after 50 ms of DC etchings).
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Fig. 6 Schematic diagram for changes in pit structures
during nucleation and tunneling”.
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Fig. 8 Growth of cube texture during annealing
(Cross-sectional observations with polarization
microscope)lo).
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Fig. 9 Relation between annealing temperature
and ratio of (100) planeslo).
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Fig. 10 Orientation angle of rotation of cube texture
and SEM image of distribution of pits after
electrochemical polishing .

ROMRIZZNZNFig. 11 (), (b) ITRTEBYTH
0, BBEWS RGPS OHMENPKEL DL,
EARICE Yy VEELZSCICE y A ERERIZT
T 5, BIEHTRAERLMGD 2O EC LRI 4
FERLELEENLDIZIDOL) RHBHIZL (DT
H%

3.2 HEMEBREYICLIBILREXBOSE

WD T HEAMET VI = A% (99.99%A1
N—R) DEGRL v F 7 FHE KT SRS TERRILY O
B L Mgt AE (1~123ppm) B & TAr Bt e
(260 ~575 C) DZEALIZHE D BRALEZ IS rh o fds dAr 1 D AF
ERREE W72, Fig. 2O TEMRIIRT EHIC, &

”

—
Q
~

L 4
o
*

* e

>

Pit density / mm=
OOOO_L_A_L_L_LNZ(‘

odvhromOMRIDIOOO

0 10 20 30 40 50 60
Orientation angle of rotation of cube / °
(b)

X 20 .

~ _“

m:llg‘\‘v

o F AN

g 14—

» 12

2 L ———
© 6 =
S 4

g 2 —

0 10 20 30 40 50 60
Orientation angle of rotation of cube / °

Fig. 11 Relation between orientation angle of rotation of
cube tex%lre and (a) pit density and (b) ratio of
pits area'’.
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Fig. 12 Crystalline oxide particles and the pit around
the crystal after 50 ms of DC etching.
(a)-(c): MgAlLOy, (d): y-AlOs, (e): Schematic
diagram of nucleation of pit around crystalline
oxide particle (Cross section of unetched foil
and initial etched foil)”.

Fig. 13 TEM images of pit distribution after 50 ms
etching. (a) Pits around y-Al,O3 crystals and (b)
cluster of pits along the rolling direction’.
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Fig. 14 Effects of annealing temperature on capacitance
of aluminum foils containing (a) Pb and (b) Sn,
respectively (80 C, 1 mol/dm?® HCl, 3 mol/dm?
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Fig. 15 SEM images of Pb particles on the surface of
aluminum foils containing (a) and (b) 0.6 wt-
ppm and (c) and (d) 5 wt-ppm Pb. (a) In-lens SE
(1.7 kV), (b) and (c) BSE (1.7 kV) and (d) EDS
spectra .
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Fig. 16 SEM images of Pb particles on the surface of
aluminum foils containing (a) and (b) 0.6 wt-
ppm and (c) and (d) 5 wt-ppm Pb. (a) In-lens SE
1.7 kV),15(b) and (c) BSE (1.7 kV) and (d) EDS
spectra .
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Fig. 17 TEM images of the FIB cross-sections of the
aluminum foil containing 0.6 wt-ppm Pb. (a)
Cross-sectional image and EDS O map, (b)
peeled layer and EDS O map, (c) divided
surface oxide layer, and (d) metallographic
image beneath flat area of surface
morphologym).
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Fig. 18 SEM images of the cross-sectional BSE image
of the aluminum foil containing 8.2 wt-ppm Pbh.
(a) Surface perpendicular to the rolling line,
(b): basis metal under flat area, and (c) and (d)
surface oxidation".
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Fig. 19 SEM images of surface dissolutions of aluminum
foils containing 0.6 wt-ppm Pb after DC etching
for (a) 100 ms to 30 s and 40 V anodic oxide film
replicas (tilt 45°) formed at 50 mA cm™ in 0.8mol
dm™ of ammonium adipate electrolyte at 85 C
after DC etching for (b) 5s and (c) 15s (arrows
indicate etching areas) 9,
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Fig. 20 TEM images of the FIB cross-sections of the
aluminum sheet containing 0.6 wt-ppm Pb after
hot rolling (a) 4 mm"' and cold rolling (b) and (c)
04 mm;5 (a) and (b) TEM images and (c) SEM
images .
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20um

Fig. 21 SEM images and EDS oxygen distribution maps (3 kV) for the aluminum sheets containing 0.6 wt-ppm Pb
after various stages: hot rolling (a: 4 mm"), cold rolling (b: 1 mm", ¢: 04 mm") and final rolling for foil after final
annealing (d: 0.13 mm" )15).
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Fig. 22 TEM images of the FIB cross-sections and EDS O and Al maps of the aluminum sheet containing 0.6 wt-ppm Pb.
(a) Before final annealing and (b) after final annealingm).

11) K. Shimizu, R.C. Furneaux, G.E. Thompson, G.C. Wood, A.

AT E T MR E DO IEAT THF & L7 DAL A HE Gotoh and K. Kobayashi: Oxid. Met, 35 (1991), 427-439.
DOEMICHET A2HE SS5ICE 7V L EMRa 12) R. Grauer und P. Schmoker: Werkst. Korros., 27 (1976), 769-

774.

13) K. Arai, T. Suzuki and Atsumi: J. Electrochem. Soc., 132
(1985), 1667-1671.

BETHE 14) SR, FIRER  REAR R, 44(2003), 1218,

15) KEMIE, SR, M mz, LH O REfl o Rl
FAir, 73 (2022), 504-511.

16) K. Shimizu, T. Mitani: A new world of scanning electron

7Y ORERILORICZLTIEFENTH b,

1) TREBN RMEATEE, RKmatiiphat, HF L3R,
(1998), 614-622.

2) ZAMBREE T VI =4, 4(1997), 438-445.

3) N. Osawa and K. Fukuoka: Corros.Sci., 42 (2000), 585-597.

4) KPUhde, i #, HEE— o FEHal, 42 (1991), 437-
440.

5) KB, b . LIk, 50 (1999), 643-647.

6) R.S. Alwitt, H. Uchi, T.R. Beck and R.C. Alkire: J.
Electrochem. Soc., 131 (1984), 13-17.

7) HEPYEE], RETAE, BERE— RE LY 55 (1989),
1633-1638.

8) K. Hebert and R. Alkire: ]J. Electrochem. Soc., 135 (1988),
2146-2157.

9) HILEpE, KiEAE, WAHEE W mHEReE, 42 (1992),
440-445.

10) ANEIESE KEEMDE © REBANH 24528 ARST > 7 7 L
v A TR, (2011), 14-21.

microscopy, The Nikkan Kogyo Publishing Production Co.
Ltd., (2008), 10-12.

17) NFFEE, WL, Mg, N 5 P50 sk, S5
HEZ: B4R, 54 (2004), 211-217.

18) FIRFIR © WIZEFRAIME T NS 7V I =7 AMDIELE k5
ARa Y —oiisk, (EeREy4, 2013), 140-160.

KiZ f#k (Nobuo Osawa)

MRS UACY ~—4F 7127 - HliARE
R&D >4 — R - $HIRBMmBARES,

Bt (I%)

UACJ Technical Reports, Vol.11 (1) (2024) 97



