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Table 1 Chemical composition of waste acid mixture used

in beaker test
CH;COOH HNO; H3PO,
0.754[mol/dm®]  0.229[mol/dm®] 5.82[mol/dm®]
34 [wt%] 1.1[wt%] 43.3[wt%]

Table 2 Chemical composition of waste acid mixture used
in mixer-settler test [mol/dm?®]
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Fig. 1 Extraction isotherms of acetic and nitric acids in waste
acid mixture with 50 vol% TOP diluted in solvesso150
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Fig. 2 Stripping isotherms of acetic and nitric acids from 50 vol %
TOP diluted in solvesso 150 with water
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Fig. 3 Mixer-settler equipment used in this study (a : 6 stage extractions, b : 4 stage strippings)
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Fig. 4 Flowsheet of continuous countercurrent multi stages operation
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Fig. 5 Change in concentrations of acetic, nitric and phosphoric
acids in organic phase through extraction and stripping
stages (Org. phase : 50 vol% TOP diluted in solvesso
150, Extraction : aq. phase=8.10 dm®/h, org. phase=23.9
dm*/h (A/0=0.34), Stripping : aq. phase=19.9 dm®/h,
org. phase=18.7 dm*/h (O/A=0.94))
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Fig. 6 Change in concentration of acetic, nitric and phosphoric
acids in aqueous phase through extraction and stripping
stages (The operating conditions are the same as those in
Fig. 5)
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Fig. 7 Extraction and stripping behaviour of acetic, nitric
and phosphoric acids in aqueous phase with mixer
-settlre equipment (The operating conditions are
the same as those in Fig. 5)
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Fig. 8 Murphree stage efficiency of mixer-settler
equipment used in this study ((CJ means the
data in 6 stage countercurrent mixer-
settler equipment)
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Nomenclature

A =flow rate of aqueous phase [dm?/h]

D =distribution ratio [-]

O =flow rate of organic phase [dm®/h]

x  =acid concentration in aqueous phase at equilibrium
[mol/dm?]

y  =acid concentration in organic phase at equilibrium
[mol/dm?®]

n  =n-th stage of extraction and stripping processes [—]
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Separation and Recovery of Acids from Waste Acid Mixture Mainly Containing
Phosphoric Acid Discharged in Liquid Crystal Display Manufacturing Process
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A separation process of acids from waste etching acid mixture discharged in a liquid crystal display

manufacturing process was established by using solvent extraction. Acetic and nitric acids were extract-

ed from the waste acid mixture, and phosphoric acid, which was the main components, was left in the

raffinate. Tri-octyl phosphate (TOP) was used as an extractant to extract acetic and nitric acids.

Fundamental studies were carried out for extraction and stripping of acetic, nitric and phosphoric acids,

and a demonstration test was conducted using a mixer-settler equipment.
TOP selectively extracts acetic and nitric acids from the waste acid mixture mainly containing

phosphoric acid. Extraction of acetic and nitric acids is approximately 100% by applying the continuous

countercurrent extraction with a phase ratio (A/O) of 0.4 and 6-stage extraction using TOP as an

extractant. Acetic and nitric acids extracted in TOP are stripped with water as a stripping agent at 99
% and 99.5% under the conditions of a phase ratio (O/A) of 1.0 and 4-stage stripping. In the demonstra-

tion test using a mixer-settler equipment, 95% of acetic acid and 98% of nitric acid in the waste acid

mixture were extracted, and phosphoric acid was left in the raffinate to give crude phosphoric acid as

a product.
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