J. of Korean Inst. of Resources Recycling
Vol. 17, No. 2, 2008, 36-45

> H\RmX <

AME|Z o|H oEBNoERE B4 F ERS FIAS
AHQIZ|A AElO| EEEERE) AR

LI - VENER - SR(-* - SAHE . RS0

BEMH TR BIREREMHR, R S AR AR RIRMER TREK
*+ R BRI ETT MIERBARRATERT, **+ RIRAEMR Bt L85

Pickling of oxidized 304 Stainless Steel using Waste Acids
from Etching Process of Silicon Wafer!

Min-seuk Kim, '*’Jong-gwan Ahn, Hong-in Kim*, Ju-yup Kim** and Jae-Woo Ahn***

Minerals & Materials Processing Division, Korea Institute of Geoscience & Mineral Resources
*University of Science and Technology
**Daeil Company Development R&D Center
***Department of Advanced Material Engineering, Daejin University

2 ¢

A Z gloin oHTAHNN Wyske Hag 2EQals 28 AAFAN ABEIAR]} o]& o] §T A AFE ZARKITH
Fat gL 1961 TS TS B4l FA 2 24k Ebel e, Axde o HBE AA AF HUEE o183t
o 304 2HIQ1EA 29 ¥9 Aslerel A7 Al 249 open circuit potentia(OCP) H3} A5 vf$ Aolgy). H4at gdg A}
£3 7ol OCP7F £3 9449 WilE Ho|eH vlsied A& AA FHAN Lozl §49) Aeelle BA&EHA OCP ¥
3o} AglaFaAol Vel ol#d AEe Aole W REete] HA 2 AA} o] Wk Axe Aold 7lddke
Roz QzEH, 42E AA TN Abmst Golzl ikl st AALErt v FALAo] FASCE A F AR
A Fesd 7P 2 9% T AL A 53on, ATt BolESE FH FEYne s 5Y A =AM
£ H4 99 A3 A7) AEEE AATAOERE o £9g A8 Aeuct FYrt g9kt

FHo @ AN, ARG, 2EIAE S 24, AW, FEE

Abstract

Pickling of oxidized 304 stainless steel has been investigated using rotating disk electrode in waste acid solutions generated
from the etching process of silicon wafer in order to recycle them. The waste acid solution contained acetic, nitric, hydrofluoric
acids, and silicon of 19.6 /L. Electrochemical behavior during the pickling was distinctively different between the original and
silicon-removed acid solutions. Open circuit potential was continuously changed in the original solution, while it was dis-
continuously changed and fluctuated in the silicon-removed solution. Fast and abrupt removal of surface oxide layer with severe
pitting was observed in the silicon-removed solution. It was found that solution temperature had the most influential effect on
glossiness. Surface glossiness after pickling was decreased with solution temperature. At the same condition, the glossiness was
higher in the original solution than in the silicon-removed solution.
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Table 1. Chemical compositions of spent acid (type SA) and
Si-removed acid(type SB).

Content (g/L)
HNO, F HCOOH Si
Type SA 443.6 117.8 278.2 19.6
Type SB 187.8 8.7 1194 0.78

x potentiostat

Rotator

STS 304 RDE

Heating
Bath

]

/
T
Pt cathode

Fig. 2. Experimental apparatus.
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Table 2. Composition of 304 stainless steel sample.

Element Fe Cr Ni Mo

Content (%) base 18.2 153 03

Table 3. 3 factors 2 level factorial design.

Level Numen'ca}

Factor transformation
1 2 1 2
A. HNO; con. (molL)| 2.9 7.0 -1 1
B. Temp. (°C) 25 50 -1 1
C. Time (ks) 5 10 -1 1
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Fig. 3. Anodic polarization curve of 304 stainless steel in
acid solutions with various HNO; concentrations at
20°C.
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Fig. 4. Anodic polarization curve of 304 stainless steel in
120 g L' HNO; solution at various temperatures.
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Fig. 6. Potential vs. time in spent etching solution at 25°C and 300 rpm.
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Fig. 7. SEM images of sample surface etched in spent etching solution at 25°C and 300 rpm.
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Fig. 8. Potential vs. time in Si-removed spent etching solution at 25°C and 300 rpm.
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Fig. 9. SEM images of sample surface etched in Si-removed spent etching solution at 25°C and 300 rpm.
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Table 4. Factorial design and experimental results

Std | Run Hﬁgg;&“ c T(irgj ’I(‘i::)c Glossiness
3 1 29 50 5 8.4
2 2 70 25 5 15.3
7 3 29 50 10 48
5 4 29 25 10 11.2
6 5 7.0 25 10 13.1
8 6 7.0 50 10 10.0
1 7 29 25 5 14.1
4 8 7.0 50 5 109
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Table 5. Influence power of factors.

Term Stdized effects % contribution
HNO; conc. (A) 2.70 18.51
Temperature (B) -4.90 60.97
Time (C) -2.40 14.63
AB 1.15 3.36
AC 0.85 1.83
BC 0.15 0.057
ABC 0.50 0.63
Lenth's ME 5.65 -
Lenth's SME 13.51 -
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Fig. 10. Normal probability plot of the results.
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Fig. 11. Change of iso-glossiness line pattern with HNO; concentration.
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