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Abstract

The features of precipitating reaction of fluoride have been examined by employing waste gypsum as a precipitant. The major

component of waste gypsum was examined to be CaO with minor components of SO3, SiO,. In the experimental condition, the

precipitating reaction of fluoride progressed rapidly within a few minutes after the reaction started and reached its equilibrium

in 10 minutes. Kinetic analysis showed that the precipitating reaction of fluoride generally followed a first Oder and second

Oder with decreasing rate constant with the initial dosage of precipitant. XRD analysis showed that the crystalline structure of

precipitate was mainly CaF, with partly Cas(PO4)3(OH).
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Table 1. Chemical composition of waste gypsum

Oxide Ca0 SO; SiO, POs | ALOs | FeOs | Na)O K,O Crystal water | Adhesive water | Gypsum
Composition (wt %) | 30.70 | 43.02 1.28 0.20 0.05 0.10 0.10 0.10 18.32 24.18 92.55
Table 2. Analysis of waste gypsum
Components Al Ca Cd Cu Cr Fe Mg Mn Pb Si Zn F
Concentration (mg/kg) 3.26 52.0 - 0.10 0.02 1.83 20.5 0.29 0.06 9.63 0.15 0.55
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Fig. 2. XRD pattern of waste gypsum (power:40 kw 30 mA,
scan speed: 4°/min, X-ray source: 1.54056 A Cu).
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Table 3. Input data of Changes in concentration of phosphate
for the prediction of precipitation reaction

Input data Values (mole/L)
F 1.0x107
PO,” 5.0x10° ~ 2.5x107
Cca” 3.0x107
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Fig. 3. Variation in the residual concentration depending on
concentration rations [PO,*]:[F]. l:0.5 @:1.0 A:1.5
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Table 4. Rate constants and determination coefficients of the removal of fluoride for several kinetics

L . Gypsum Lime
Kinetics Precipitant rate I — - N . .
Rate constant (h™) Determination coefficient Rate constant (h™) Determination coefficient
) 3% 0.3094 0.9264 0.3055 0.8776
(E:iitr 5% 0.4692 0.9016 0.4250 0.8360
13% 0.5532 0.6964 0.6633 0.9077
3% 0.0517 0.96810 0.0602 0.9330
ngggrd 5% 0.1076 0.9680 0.1114 0.9505
13% 0.2059 0.8709 0.2674 0.9311
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Table 5. Comparison of economical efficiency

Ttem Precipitant Lime Wastegypsum
Processing Capacity (m3/day) 5,000

Lime dosage (kg/day) 322.5 -
NaOH dosage (kg/day) - 64.0
Unit cost of Lime (won/kg) 112 -

Unit cost of NaOH (won/kg) - 156
monthly operation cost (won) 1,083,600 299,520
yearly operation cost (won) 13,183,800 3,644,160
Cost saving -12%
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