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ABSTRACT

This study evaluated the feasibility of chemical washing and froth-flotation separation methods for remediating naturally
occurring fluorine (F)-enriched soil due to mica weathering. The F concentration of the target soil was analyzed to be 472
+ 40.4 mg/kg. In the chemical washing experiment performed with HCI concentrations of 1, 2, and 2.5 M to remediate the
soil enriched with F, only a maximum removal efficiency of up to less than 1% was achieved. As a result of sequential
extraction, the residual fraction of F amounted to 99.6%, indicating that most of the F originating from weathered mica
minerals was present in the soil in a chemically stable form. Thus, the chemical washing method was found to be
infeasible. The froth-flotation separation was adopted by varying the collector amount, the particle size of the sample, and
the pulp concentration. Consequently, a maximum removal efficiency of 62.4% (F concentration after remediation =248 +
29 mg/kg) was achieved, satisfying the Korean worrisome level of soil contamination (400 mg/kg). In this study, it was
demonstrated that physical separation techniques, such as flotation, can be an effective measure for the active remediation
(concentration reduction) of soil with accumulated F originating from F-containing mica weathering.
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Table 1. Particle size distribution of the soil sample
Weight ratio (%)

Sieve number Particle size (um)

35-10 500-2,000 28.1+1.1
50-35 300-500 7.7+0.1
100-50 150-300 19.7+0.9
200-100 75-150 8.6+£0.2
270-200 53-75 44+0.7
<270 <53 315+0.2
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Table 2. Results of sequential extraction of the soil sample
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T EFRE A9 H RAAEe esiginy dukso
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& ¥4 Wz Agekgon, B =t A g, &
T A 20 Rofslel Ao AR YRT 20S

Fraction of F in soil

Concentration (mg/kg)

Proportion (%)

Water soluble (F1)
Exchangeable (F2)
Bound to Mn and Fe oxides (F3)
Bound to organic matter (F4)
Residual fraction (F5)

0.96+0.15 0.14
0.28+£0.01 0.04
0.09 +0.00 0.01
1.57+0.13 0.23
667 + 59 99.57
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Table 3. Concentrations of F in floated products with various sieving-and-milling conditions

Milling condition®

F concentration in floated product (mg/kg)

Milling <2 mm soil
Milling 0.5-2.0 mm soil and mixing with <0.5 mm soil

Milling 0.5-2.0 mm soil and mixing with 0.05-0.5 mm soil

663
686
950

*Milling was performed using lab-made rod mill (jar inner diameter =100 mm, jar volume = 1100 mL, rod: diameter 8 mm, length
140 mm, density 7.94 g/cm?) for 10 min. It was confirmed that Dy can be achieved at a level of 300 pm through 10 min of lab-made rod

mill operation.

Table 4. F concentration in treated soil (residual product) and proportion of discarded soil (floated product) to untreated soil (residual

product + floated product) with varying dosage of collector

Dosage of collector (mg/kg)

F concentration in treated soil (mg/kg)

Proportion of discarded soil to untreated soil (%)

100 390
200 330
300 350
400 352

4.5
14.5
15.3
17.7
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Fig. 1. F concentration of treated soil (residual product) and the proportion of discarded soil (floated product) to untreated soil (residual
product + floated product) with varying feed concentrations from 10 to 30%.
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