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Abstract

‘We researched separation of mixed waste acids with HF, CH;COOH, HNO; that were produced during a semiconductor wafer
process to recycle these acids. At first, we manufactured the fluoride compound in form of Na,SiF4 by precipitating HF using
NaNO; and Si powder. The concentration of HF was reduced from the initial concentration of 127 g/L to 0.5 g/L with an HF
recovery ratio of 99.5%. After the manufacture of Na,SiF;, the concentration of HNO; and CH;COOH demonstrated 502 g/l
and 117 g/L respectively. Following these findings we added NaOH in this CH;COOH/HNO; mixed acid in order to obtain
pH=4. Next we separated the CH;COOH and recoverd it through the use of vaccum evaporation at -440 mmHg, 95°C. The con-
centration of the recovered CH;COOH was approximately 15% and the recovery ratio of CH;COOH was over 85%. We pre-
cipitated the NaNO; by cooling the concentrated solution to 20°C with a HNO; recovery ratio of over 93%. We confirmed that
only Na,SiF; and NaNO; were manufactured by XRD analysis after drying these precipitants at 90°C. The precipitants dem-
onstrated a purity of approximately 97% and 98% respectively. Therefore, the purity of the precipitants proved to be similar to
that of commercial products.

Key words : Mixed waste acid, Na,SiFg, NaNOs, Precipitation, Acetic acid.
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Fig. 1. Apparatus for synthesis of NaNO; and recovery of CH;COOH.
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Table 1. Comparison between NaNO; and Na,CO; to manufacture Na,SiF, by precipitating HF in 3-component mixed waste

acid
Component CH,COOH HNO; HF
Raw material 300 g/L (23.9%) 406 g/L (32.4%) 115 g/l (9.3%)
Si powder+NaNO; 206 g/l (16.8%) 390 g/ (3L.7%) 0.5 g/l (0.04%)
Si powder+Na,CO; 187 g/L (16.4%) 221 g/L (19.4%) 0.5 g/l (0.05%)
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Fig. 3. Comparison between Na,CO; and NaNO; through
Fig. 2. Flow chart of experiment to manufacture Na,SiF4 by the removal ratio of HF and CH;COOH.
precipitate HF from mixed waste acid.
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Table 2. Result of the experiment of manufacturing Na,SiFs with mixed waste acid produced by L company

Component CH;COOH HNO; HF
Raw material (from L company) 236 g/l (18.3%) 441 g/L (34.3%) 127 g/L (9.9%)
Treated acid 177 g/L (13.1%) 502 g/L (37.2%) 0.5 g/l (0.04%)
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Fig. 4. XRD analysis result in manufactured Na,SiF,.
Table 3. Purity analysis of manufactured Na,SiFg
sample 1 sample2 commercial
Purity (%) 96.2 973 97.0
Table 4. Composition of filterate solution after manufacturing Na,SiFg
component HNO; HF CH,COOH
concentration (g/L) 502 0.5 177
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Table 5. Composition of recovered acetic acid by the amount of vacuum evaporation from HNO/CH3;COOH mixed waste acid
and fluidity of residual solution after vacuum evaporation

amount of vaporization (%) 50 60 65 70

HNO; 2.06 2.01 248 277

concentration (%) HF 0.006 0.006 0.012 0.014

CH;COOH 16.07 15.68 15.2 151

fluidity o) O X X
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Fig. 5. Composition of recovered CH;COOH through the
amount of vaporization from mixed waste acid.
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Fig. 6. Recovery ratio of CH;COOH and HNO; throuhg the
various pH from mixed waste acid.

Table 6. Composition of recovered acetic acid through the various pH and fluidity of residual solution after vaccum evaporation

pH 1 2 4

HNO; 0.058 0.058 0

concentration (%) HF 0 0 0
CH;COOH 15.16 1552 15.18

fluidity 0 ) 0
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Fig. 7. XRD analysis result in synthesized NaNO;,
Table 7. Purity analysis of synthesized NaNO;
sample 1 sample 2 sample 3 commercial
purity (%) 935 98.3 98.0
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