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Abstract

Recovery of acids from the waste etching solution of containing acetic, nitric and hydrofluoric acid discharged from silicon
wafer manufacturing process has been attempted by using solvent extraction method. EHA(2-Ethylhexlalcohot) for acetic acid
and TBP(Tri-butly Phosphate) for nitric and hydrofluoric acid as a extraction agent was used to the experiment to obtain the pro-
cess design data in separation procedure. From the experimental data and McCabe-Thiele diagram analysis, we obtained the opti-
mum conditions of phase ratio(O/A) and stages to separate each acid sequently from the mixed acids. The recovery yield was
obtained above 90% for acetic acid from the acid mixtures, 90% for nitric acid from acetic acid extraction raffinate and then
above 67% for hydrofluoric acid from final extraction raffinate.
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Table 1. Composition of waste etching solution (g/)

Acids Metal
HNO, HF CH;COOH Si
487 113 230 19.6

Table 2. Structure and properties of extractants

EXTRACTANT (TﬁbutyTlfhisphate) (2-eﬂ1ylh]<§g/? alcohol)
CHy— O o CyHs
Structure CHy—O—-P =0 |
CHy— 0 CH,CHCH, — OH
Molecular weight 266 130.2
Specific gravity 0.976 0.834
Flash point 146°C 85°C
Viscosity 4.0 cps 9.8 cps
Surface tension (27.8 dyn/cm (20°C)| 30.0 dyn/cm (22°C)
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Fig. 1. Extraction rate of acids with EHA (O/A=1.0).
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Fig. 2. Extraction rate of acids with TBP (O/A=1.0).
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Fig. 3. The effect of phase ratio on the extraction of acids.
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Fig. 4. The effect of phase ratio on the separation factor of acids.

40
36
—4 Acetic acid
20rd ~#— Nitric acid
j0 L —a— Hydrofluoric acid
0 L L " .
] 2 4 6 8 10
O/A ratio
a) EHA
4
—e— DHAC/DHNO3
~#— DHAC/DHF
4~ DHNO3/DHF
3 b
k)
Q
£
c
o 2}
®
@
o
o)
()]
1
0 . . . .
0 2 4 6 8 10
O/A ratio
a) EHA
%8 EHAZS 24) 788 s9on gdgoze A
Ak, Ba¥e] olgith. TBPE AMEE Z-$ole 2AbuT)
o] 2&go] ¥/ Ushhe Aoz AW
Fig. 4= zbzt 3e) 2214l sl Akel7) 48 &2

Ao 2 Axkele] BAISH 2fo[th. EHAS A3t 7
9 A g Batel tigh 24k BElAleEke A0/
A) Zobol wEl SU1eH Adu)0/A) 3.0004 A &
I o|Foll= tA] WolAlE RS Helx ok met
Al olEe FAEHE FEA] ) (0/ARE 3002 F
Ash= Ao] et Al ). 3, TBPS AN

r@
m

J. of Korean Inst. Resources Recycling Vol. 16, No. 1, 2007

Aol aRelMsh o) Az Bave) Belzh Ay
Moz felshe] Ao ) (O/A)ﬂ S7reel
2} Balyo] Ftsitih Al 202 J1HeR oA o
7b olAE 7gko] oy, TBP-/] Folle F2A 3

H(O/A)E 2.00.2 {X18k= Zlo] Agsital AlsHT;

33. EHAOI ofgt Ziio| 23] - 814
EHAE ol§3lo] 24, @4k, B3] 39 osio]
22752 A F FEFLNL YT FHA

(operating line)3} Z33le] McCabe-Thiele diagram®



Silicon wafer VEE78A] BERl= Koo O=NE Eime, g9 2 shke) oW - kel Tk B

Table 3. Concentration result of McCabe-Thicle analysis (g/])

N Conc. of extraction
Initial (A/O=1/3, 6stage)
conc.
Aqueous Organic
Acetic acid 230 0 66.2
Nitric acid 487 222 108
Hydrofluoric acid 113 51.5 252
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Fig. 5. Extraction isotherms in acid mixture with EHA.
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Fig. 6. Continuous scrubbing test for recovery of acetic acid
with EHA. (O/A=7, 12 stages).
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Table 4. Scrubbing test of acids from loaded organic phase(EHA) by various acetic acid concentration

After 4 stage (g/)) O/A=7
Before (g/l)
4 mol 6 mol 10 mol
HNO, 107.8 35 22.0 28.5
HF 25.0 7.0 37 54
impurity total 132.8 42 25.7 339
Removal of HNO; HF (%) 68.4 80.6 74.5
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Fig. 9. Extraction isotherm of HNO;, HF from mixed acids with TBP.
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