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Influence of surface indices of high purity aluminum crystals on
initiation process of pit etching
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(1. School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. State Key Laboratory of Advanced Metals and Materials, University of Science and Technology Beijing,
Beijing 100083, China)

Abstract: The solution containing hydrochloric acid, nitric acid and hydrofluoric acid was used to etch the {100} and
{124} surfaces of single crystal which were cut from ingot of high purity aluminum. The densities evolvement of pitting
holes on the surfaces of the samples was quantitatively and statistically analyzed during the etching process, of which the
regularity was obtained by the nonlinear fitting regression. It was observed that the pit etching initiates at the locations of
dislocation ends on the samples surface. The difficulty of the pit etching was related to the strain energy of corresponding
dislocations. The results show that density of potential pit nucleation on {100} surface is higher than that on {124}
surface, and the primary nucleation rate of pit etching on {100} surface is lower than that on {124} surface. Pitting holes
on {124} surface grow faster than those on {100} surface because the surface energy on {124} surface is higher than that
on {100}, which leads to obviously lower pitting hole density on {124} after long etching treatment.
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Table 1
ingots(10°°)

Chemical composition of polycrystal aluminum

F& 2 100 mL P AR O RCEL
Table 2 mixture ratio of 100 mL solution compositions

(volume fraction, %)

HC1 HNO; HF H,O

50 15 10 25

Fe Si Nb Cu Mg Al

15 21 0.5 21 1 Bal.
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Fig.1 {111} pole figures of sample 100 and sample 124:
(Density levels: 1, 2, 4, 8, 16, 32, 64)
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Table 3 Statistical data of samples’ pitting holes

Sample Pitting time/s Pitting hole densities/mm 2
5 7 036.1
10 13 198.4
100
20 9582.1
40 5759.2
5 8211.0
10 7170.8
124
20 43004
40 3540.0
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Fig.2 SEM images of sample 100 after eching: (a) 5 s; (b) 10's; (c) 20's; (d) 40 s

B3 FEah 124 Bl i s i a2
Fig.3 SEM images of sample 124 after eching: (a) 5 s; (b) 10's; (c) 20 s; (d) 40 s
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Table 4  Fitting parameters of pitting hole densities

Pitting hole densities/

Sample  Formula parameter 5
mm
Na 308 93
100 a 0.082 30
b 0.042 55
Ny 928 7
124 a 7.5237
b 0.028 93
14 + — Fitting curvel of sample 100
" --+++ Fitting curvel of sample 124
e 1214
E
2
Z 10} .
(=1 ..
= i
%0 5 — [ ] .
2 6 3
S
[
2 4} *
‘@
2
A 2 =— Actual density of pitting holes of sample100
® — Actual density of pitting holes of sample 124
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Fig.4 Observed densities of pitting holes and fitting curves
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Table 5 ¢ angles between twelve different dislocation lines

and normal direction of {100} and {124} surface

s Small angle = Medium angle  Large angle
(0<<30°) (30°<5<60°) (0>60°)
{100} 0 12 0
{124} 4 5 3
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