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Abstract : The waste solution discharged form the LCD(Liquid Crystal Display) manufacturing process contains
phosphoric acid, nitric acid, acetic acid and metal ions such Al and other impurities. In this study, vacuum
evaporation and diffusion dialysis was developed to commercialize an efficient system for recovering the
high-purity phosphoric acid and manufacturing monoammonium phosphate. By vacuum evaporation, almost
99% of nitric and acetic acid was removed. Also, by diffusion dialysis, about 97.5% of Al was removed.
Monoammonium phosphate was manufactured from purified phosphoric acid and ammonium hydroxide. In
order to get the optimum manufacturing condition, the molar ratio of ammonium hydroxide and phosphoric acid,
pH and temperature was controlled. Using this optimum condition, we obtained the recovery rate of
monoammonium phosphate of about 90%.
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Figure 1. The manufacturing process of monoammonium
phosphate from LCD waste water.
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Table 1. Results of analysis of separation products by vacuum

evaporation
Degree of Temp. Concentration (%)

vacuum (mmHg)| (K) | CH;COOH | HNO; H,PO;
393.15 1.28 1.45 87.6

650 413.15 0 0 88.5
433.15 0 0 85.5

373.15 1.33 1.58 78.8

700 383.15 0.71 0 81.4
398.15 0 0 81.7

373.15 0.92 0 79.6

730 383.15 0 0 82.8
423.15 0 0 84.9
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Dialysate e PUTE WatET
H;PO4: 156.95 gkg Flow rate : 320 mL/h
Al: 87.3 mg/kg
Flow rate : 30043 mL/h j R
ecovery

Al removal: 97.50%
Recovered acid: 39.29%

Waste acid ———J L——‘Recovered acid (Diffusate)

H;PO4: 22634 g/kg HiPO4: 87.78 g/kg
Al: 7499 mg/kg Al: '1.93 mg/kg
Flow rate : 320 mL/h Flow rate: 347.63 mL/h

Figure 2. Material balance for the recycling process of
waste acid by using diffusion dialysis method.
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Table 2. Results of analysis of solution treated by vacuum evaporation and diffusion dialysis

. Metal ion
Process Concentration (%) (ppm) R_emarks
CH;COOH | HNO; | H;PO4 Al
LCD Waste acid 6.2 64 | 631 214 Separation of pitric acid
First vacuum evaporation - - 85.8 290 Removal Al
First diffusion dialysis - - 61.3 5.43 Removal Al
Second diffusion dialysis - - 46.8 0.41 Concentration
Second vacuum evaporation - - 85.1 0.74 Concentrate
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Figure 3. Relationship between pH and the molar ratio of
NH,OH/H;PO; and the precipitation amount of
NHH;PO,,
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Figure 4. Relationship between NH,OH concentration and
the molar ratio of NH,OH/H3PO, and the
precipitation ratio of NHH,PO,.
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Figure 5. Rlationship between reaction temperature and
NH,OH concentration.
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