UAC] Technical Reports, Vol.10 (2023), pp. 107-116

107

EVN
affl

X

2024 4 E RPN aam XE 2B
B2V F UV HEMET VI =9 A B08 0 KRN *

PNRE [ S
Fm

B OB,
ééé; & %k sk ok ook

Moo R T,
A JE ot e

Segregation of Lead on High Purity Aluminum Foil
for Electrolytic Capacitors™

k %k . . %k %k ok . o ko sk sk
Nobuo Osawa "~ ", Mai Tomino , Tomohiro Hayashi ,

sk koK ok * %k k%

Kaoru Ueda and Tetsuya Motoi

The capacitance of aluminum foil used in electrolytic capacitors is determined by their surface area
after etching. Many studies have assessed pit growth using high-purity aluminum foil during DC etching
in hot hydrochloric acid solutions with respect to impurity effects. High-purity aluminum foil used for
electrolytic capacitors containing small amounts of lead is known to exhibit severe rolling line effects
after electrochemical etching. Apparently, the lead atoms distributed on the aluminum foil surface after
annealing provide nucleation sites of pitting attacks during DC etching. For this study, lead segregation
on aluminum foil surfaces containing 0.6 ppm, 5 ppm and 8.2 ppm Pb annealed at 813 K for 5h was
investigated using ultra-high resolution field emission scanning electron microscopy (FE-SEM) with
selective detection of high-angle backscattered electrons (BSE) and transmission electron microscopy
(TEM). High-angle BSE images revealed the presence of Pb as brighter nanoparticles with size on the
order of 10 nm at the surface oxidation layer along the rolling lines caused by pick up inclusion during
hot rolling. The approximately 0.5-um-thick surface oxidation layer microstructure resembled that of
grain refined surface layer (GRSL) characterized by ultra-fine grains of nano-level size. Pitting attacks
first occur at the oxidation layer because of the less noble potential for tunnel dissolution during initial
DC etching in hot hydrochloric acid solution.
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Fig. 1 SEM micrographs of Pb particles on the surface of
aluminum foils containing (a), (b) 0.6 ppm and (c),
(d) 5 ppm of Pb. (a): in-lens SE (1.7 kV), (b), (c): BSE
(1.7 kV), (d) EDS spectra
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Fig. 2 SEM micrographs of the surface of aluminum
foil containing 0.6 ppm of Pb. (a): SE (0.66kV), (b):
in-lens SE (1.7 kV), (c): Changes in the number
of Pb particles perpendicular to the rolling line
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Fig.3 TEM micrographs of the FIB cross sections of
the aluminum foil containing 0.6ppm of Pb.
(a): Cross-sectional image, (b): EDS O mabp, (c):
Integrated image (a)+(b), (d): Metallographic
image beneath flat area of surface morphology

MEDS(O) _
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Fig. 4 TEM micrographs of the FIB cross sections of the aluminum foil containing 0.6 ppm of Pb.
(a): Divided surface oxidation layer, (b): Peeled layer
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Fig. 5 SEM micrographs of the cross-sectional BSE image of the aluminum foil containing 8.2 ppm of Pb.
(a): Cross-section perpendicular to the rolling line, (b): Basis metal under flat area, (c),(d): Surface oxidation

layer on metal ridges

Table 1 Number of Pb particles on closs-sectional specimens perpendicular to rolling lines.
Length of cross-sectional observations: 229 um

Length of cross-sectional

observations (1m) Number of Pb perticles

Metal ridges including 31
surface oxidation layer 135 Inside of surface oxidation layer: 27
Y Interface with Al substrate: 4
Flat erea 94 0

Total 229 31
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Results of analysis of SIMS and EPMA for aluminum foil containing 8.2 ppm of Pb.

(a): SIMS Pb depth profile, (b),(c): SIMS Pb ion map of surface and cross-section
between marks( P ), respectively, (d): EPMA O map of surface
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(c) 40 pm

Fig. 7 SEM micrographs of surface dissolutions of aluminum foils containing 0.6 ppm of Pb after DC etching for
(a) 100 ms~30 s and 40 V anodic oxide film replicas (tilt45°) of narrow areas after DC etching for 5s (b) and
15 s (c). Arrows indicate etching areas. (narrow: < 20 pm, wide: = 20 um)
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Fig. 8 SEM micrograph of the surface of aluminum foil
containing 0.6 ppm of Pb (a), EDS O map (b) and
oxide film replicas after DC etching for 5s (c),
15's (d).
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Fig. 9 Optical photomicrograph (a) and SEM micrograph (b) of cross sections of the aluminum foil containing 0.6 ppm of
Pb after DC etching for 80 s and results of metallographic analyses. (c): EBSP map and color coded map (invers
pole figur [001] aluminum type), (d), (e): Image with angle selective backscattered electron detecter

Surface
oxidation layer

Surface
oxidation layer

Surface
oxidation layer

Fig. 10 Electron microscope images of the FIB cross sections of the aluminum sheet containing 0.6 ppm of Pb
after hot rolling with a thickness of 4 mm (a) and cold rolling with a thickness of 0.4 mm (b), (c).

(a), (b): TEM, (c): SEM
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Fig. 11 SEM micrographs and EDS oxygen distribution maps (3~ 10 kV) of the surface of aluminum sheet with
a thickness of 0.4 mm containing 0.6 ppm of Pb after cold rolling. (a): 3kV, (b): 5kV, (c): 7kV, (d): 10 kV

@ (b)

(© (d) 20um

Fig. 12 SEM micrographs and EDS oxygen distribution maps (3 kV) of the aluminum sheets containing 0.6 ppm of Pb
after hot rolling with a thickness of 4 mm (a), cold rolling with a thickness of 1 mm (b), 0.4 mm (c) and final rolling

for foil with a thickness of 0.13 mm (d), respectively.
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Fig. 13 TEM micrographs of the FIB cross sections and EDS O and Al maps of the aluminum sheet containing 0.6 ppm of

Pb. (a) Before final annealing, (b) After final annealing

‘ Surface oxidation layer ‘

Surface oxidation
layer

‘ Concentration gradient of Lead

Fig. 14 Schematic diagram of surface of high-purity
aluminum foil for high voltage electrolytic
capacitors.
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