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Effect of microstructure on specific capacitance of
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Abstract: By means of OM, EDS, SEM and TEM, the effect of microstructures of AA3003 aluminum alloy foils on
specific capacitance was investigated . The results show that the specific capacitance of the cathode aluminum foils depends

on the microstructures of the foils, including intermetallic compound ( Mn, Fe) Alg and Al matrix, tangled dislocations in

the regions adjacent to the intermetallic particles, and smaller and dispersed particles. Because the dislocation interaction

with larger particles gives rise to high local lattice curvature in the matrix, which can be preferentially dissolved when

etched, which resulis in serious remnant metal powders on the foil surface. Solid solution at 630 C, quenching in water

and aging at 60 C may increase the number of the second phase particles, and reduce the large particles, so that the ca

pacitance of the cathode foils becomes higher and almost no powders remain on the surface of the foil. By means of aging

after quenching, the precipitated particles and etchrpit density in the foil increase obviously, therefore the favourable mr

crostructures can be produced to improve the specific capacitance of the foils.
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1 INTRODUCTION

In recent years, high specific capacitance has
come to be pursued for small electrolytic capacitors.
The microstructures of the aluminum foil will influ-
ence the specific capacitance of the capacitors serious-

ly. AA3003 aluminium alloy is often used for the

cathode of the capacitors' ™

, containing Mn, Cu,
Mg, Si and Fe, and showing an excellent corrosion
resistance. The solubility of Mn in Al matrix is very
low at room temperature, and Mn is often precipitat-
ed in the form of MnAls. The soluble iron in Al ma
trix is very limited, often precipitated in the form of
(Mn, Fe)Als. If dispersed (Mn, Fe)Als is homoge-
neously precipitated in the matrix, so that the etched
surface of the foil can considerably increase in area for

41 However, when Mn content ex-

the capacitors
ceeds 1. 5%, loss in etching and recession may in-
crease considerably!”. And the corrosion character of
the cathode foil is also affected by hot rolling, anneal-
ing treatment and cold rolling!”’, in which the an-
nealing temperature, the cooling rate and the reduc
tion ratio are always important factors'™ ®. The
cathode aluminum foil needs to be subjected to chemr
cal etching to increase surface area, however, the
remnant metal powders are often left, which results
in commercial uselessness when it is severe.

For higher capacitance, selecting a suitable heat-

treatment process which leads to uniform dispersion
of intermetallic compounds is very important to
AA3003 aluminium alloy.

In this study, the effect of heat-treatment on the
microstructures, consequently, on the specific capacr
tance of the cathode aluminum foils is investigated.

2 EXPERIMENTAL

The chemical compositions of DC ingot of the
studied AA3003 aluminum alloy is given in Table 1.
The ingot was homogenized, hot-rolled, coldrolled,
intermediate annealed and cold-rolled down to 0. 5
mm in thickness, then heat-treated by different pro-
cesses and at last cold-rolled down to 0.05 mm. The
indentification symbols of the prepared sheets and
foils are shown in Fig. 1. The foils were etched in 1.
0 mol/ L HCI and AICI3(200 g/ L) at 100 C for 12 s,
then washed by HNO3, H3PO4 and distilled water,
and finally dried.

The microstructures were examined by
KYKY2800 SEM, and H800 TEM,
graphs of the dislocation etch-pits were obtained by

the photo-

Table 1 Chemical compositions of
AA3003 aluminum alloy ( mass fraction, %)
Cu Mg Mn Fe Si Al

0.2 0. 04 1.24 0.56 0.60
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Fig. 1 Scheme of preparation process of studied samples

POLYVAR-MET optical microscopy, and the com-
positions of second phases were determined by X-ray
energy dispersed spectroscopy ( EDS), the specific ca-
pacitances were determined by the capacitance mea
suring instrument TH2615E.

3 RESULTS

The foils are etched and the results of the capacr
tance test are listed in Table 2, and the mass loss of
the foil treated by different processes after etching is
shown in Fig. 2. As shown in Table 2, the specific
capacitance of the foils F1, F2 and F3 decreases ac-
cording to the order: C(F1)> C(F3)> C(F2), and
the specific capacitance C(F4) of the foil F4 is the
highest. The mass loss shown in Fig. 2 decreases ac-
cording to the order: F1, F2 and F3, then increases
to F4. The surface character in Table 2 indicates that
the black surfaces of the etched foils F1 and F2 are
covered by more black powder particles, and that
there are no remnant powders to be seen on the sur

faces of the foils F3 and F4.

Table 2 Surface corrosion character and
specific capacitance of cathode foils

Surface Specific capacitance/

No. Etching time/s

corrosion character (HF*cem™ %)
F1 12 Black 510
F2 12 Black 375
F3 12 Bright 450
F4 12 Bright 600
16t I
E o
A
= 6t
2 4
> |
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Fig. 2 Etched mass loss of foils treated
by different processes

4 DISCUSSION

4.1 Effect of heat treatment on microstructures of
AA3003 aluminium sheets

The amount of the alloy elements in the alu-
minum matrix depends upon their solid solubility and
their diffusion rate'®. The microstructures of
AA3003 aluminium alloy consisted of intermetallic
compound MnAls or (Mn, Fe) Alg and AFmatrix,
and the sizes of the intermetallic particles are impor-
tant to capacitance because they affect the distribution
of dislocation in the aluminum foil after plastic defor-
mation. The microstructures shown in Fig. 3(a) indr
cate that the intermetallic particles have non-uniform
sizes, and some particles (5~ 6 Pm) are much larger
than the others (2~ 3 HBm). The result from EDS for
spot A in Fig. 3(a), listed in Table 3, suggests that
the second phases must be (Mn, Fe) Alg, which de-
crease ( Fig. 3(b)) in the aluminum sheet T2 com-
pared to the sheet T1 (Fig.3 (a)). According to Ak
Mn phase diagram, the second phase particles of

MnAls or (Mn. Fe) Al would be dissolved at 630 'C
for 4 hl®,

nace makes the deposition of Mn from supersaturated

The thermal exposure in the cooling fur-

matrix onto the preexisting intermetallics!® and
coarsens the (Mn, Fe) Alg structure ( Fig. 3(b)), so
that the particle size reaches 8 = 9 Pm. The mi
crostructures of the aluminum sheet T3, as shown in
Fig. 3(¢), indicate that the second phase particles( 1 ~
2 Pm) are more and smaller than those in Fig. 3(b).
Some particles including the larger are dissolved when
heated at 630 C. A lot of new particles will be pre-
cipitated when the sheets are aged after quenching in
water because the higher undercooling is favourable to
a higher nucleation rate. The microstructures of the
sheet T4 aged at 60 C, as shown in Fig. 3(d), indicate
that the number of the second phase particles with unr
form size increases markably compared to that in

Fig. 3 (¢).

Table 3 EDS result for spot A in Fig. 3( a)

(mass fraction, %)

Al Fe Mn Si

80.29 9. 64 10. 08 -
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Fig.3 SEM photographs of sheets (0.5 mm)
(i) —Tls (b] —T% (g —T% () —T4

4.2 Effect of microstructures on capacitance of foils

The microstructures will affect the etching, con-
sequently, the specific capacitance. The etching mor-
phology of the foil F1 in the mixed solution of 1. 0
mol/ L. HCl and AICI3(200 g/ L) for 2 s, as shown in
Fig. 4, indicates that the preferentially etched pits in
the regions are adjacent to the larger intermetallic
particles. As shown in Fig. 5(a), the dislocations are
tangled in the regions adjacent to larger particles,
near which the matrix is preferentially dissolved in
the etching solution due to the tangled dislocations
and high local lattice curvature!'”. Fig. 5(b) shows
that the second phases lead to a much higher disloca
tion density and produce homogeneous distribution of
dislocations.

Zhane et al''!! sugeested that pitting might be

Fig.4 Corrosion surface of foil F1 etched for 2 s

e

iMgie )AL

Fig. 5 TEM photographs of foils F1 and F3

(a) —Dislocation tangled near particles in foil F1;
(b) —Distribution of dislocations in foil F3
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the result of dissolving of the metal at flaws and de-
fects within the surface oxide when the bare metal
was exposed to the aggressive anion in the elec
trolyte, and that the formation of flaws was a neces-
sary condition for pit initiation. The surface of the a
luminum foil with more particles was more susceptible

I so that the etchrpit density was higher

to etching[ 12
there. The dislocation etch pits of the foils are shown
in Fig. 6, and it indicates that etch-pits decrease
(Figs. 6(a) and (b)) from F1 to F2 with the number
decreasing of the particles, and that in the foil F3
(Fig. 6(c)) is less than in the foil F1 (Fig. 6 (a)),
but more than in the foil F2 (Fig. 6(b)), and that in
the foil F4 is the highest (Fig. 6 (d)).

There are fewer particles in the sheet T2, and
their sizes are larger, so that the specific capacitance
of the foil F2 is lower and serious remnant pow ders
cover in the surface of the foil. Fewer particles are
seen in the sheet T3 and the smaller particles may
lead to the lower specific capacitance and low er mass
loss of the foil F3. However, in the sheet T4, much
smaller particles are precipitated (Fig. 3 (d)), and
there are no powders to be seen on the surface of the
foil F4 after etching. All the results suggest that the
sizes and distribution of the second phase particles can
affect the specific capacitance and the surface mor
phology of the etched foils. The more the smaller par

ticles, the higher the specific capacitance, and the
less the powders on the etched foil surface. There
fore, for higher capacitance and no remnant pow ders
on the surface of the foil, it is suggested that the pro-
cess of solid solution at 630 C, quenching in water

and aging at 60 C can be practicable to the AA3003
aluminium alloy foils.

S CONCLUSION

The specific capacitance of the AA3003 alu-
minum alloy foil depends on the microstructures in-
cluding sizes, dispersed distribution of intermetallic
compound (Mn, Fe)Alg, and the dislocations tangled
in the regions adjacent to the intermetallic particles.
The smaller and dispersed particles can lead to a ho-
mogeneous distribution of dislocations and etch pits,
consequently, to a high specific capacitance of the a-
luminum foil. The dislocations interaction with larger
particles will give rise to high local lattice curvature,
so that the matrix can be preferentially dissolved
when etched. Solid solution at 630 C, quenching in
water and aging at 60 C can increase the number of
the dispersed fine particles and reduce the large parti-
cles, so that the specific capacitance of the foil becomes
much higher.

. W LA
fla)

Fig. 6 Morphologies of etch-pits of foils
(a) —=F1; (b) —F2; (¢) —F3; (d) —F4
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