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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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7|4, Y= flotation yield (%), RS weight of raw

sample (g), F= weight of floated sample (g)°|t}.
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Rp= =2 100 2)
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Table 1. Particle size distribution of the soil sample

Weight ratio (%)

Sieve number Particle size (um)

35-10 500-2,000 281+ 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 31.5+£0.2

=2 B3y JokKelly and
Spottiswood, 1982), T}e] WA= E5A|] AMERFS
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3.2. 815 M 3 a4 "ot

AHA HCI 552 @_5}47101] OE WIESF U &
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o W EASHES U £ % T’%‘%}Oﬂow Z}Z} 0.6,
04 % 04%2] E2AAEES YeR=t 23 o] ),
A JAse] EY = %ii; FAoME BARCE &
oJgt AoVt U= FEFS S 5 glo] AF W &
AL BAS B3 Aﬂﬂﬁr ALFIAT. 1M HCE:
AR 79 2.9+ 0.1 mgkge] B4V} 8EHA HEY
A3, 2M HCK 1.9+0.1 mgkg 2 2.5M HCK 1.8
+0.1 mgkge] B4V} AEHJYE. Moon et al.(2015)<]
ATME 3 MO HCES: o83l BALAESS A3t
S AR ZA: TAH] 1:10, WHEEE 200 rpm, wHEA]
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gt 3l5kA Alx 20 = %?‘8}1 2 A7 W E
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Table 2. Results of sequential extraction of the soil sample

A BASHEY YIS 919 5 AH L 28 Fe) 584 B} 31

FE ARESIGlTE EY T w240 SAIFE7) ol Al
2 B89 Aol FHals o= dAdE

O ES U 240 A% EH%— gfestarat seAl A
£35S T8 1 A, AR (F)E EAlsk=
E40] HlE0] 99.6%l 23l EH}b]' ES W Bt 3e)
o=z wig- <HYS FEIE EARS ERISHHATH Table
2). ol 3 AlFS FelMe EY T 240 d%s
Bl 82A717] wi- ofEeS ongit). dRbAo=
84, WEPsA 0 ASHE S Fe Eaels 9
EA(FI~F3) 3I8H4] MI5S S3t Bt 7hssht, 3t
FREN(FS)E Ak ed=2e 38hy Axoze Al
A7 olef AR deA Utk(Wenzel et al, 2001;
Jung et al., 2015). Wb WIELS A E=A7hsl7]
eirs B okl e RF BES EuRle=w
LEste] A AskE WS ol8slof & A o= wET)

33 FRUESY M8Y Tt
e EERNE 83ES S
2 FEe w1 54 2 3
sk Wolt). 3.240] dde] wan, SRFe
SIEATE 71 ARV BASHESS Askslr]
e s ke 2T Bed EYOETH =
glHos Eejelor & 227t 3ok
thAESk] thel HZF o] Baixld A8 011:(_‘?_@] x%ak)
£ 2] 8 7P Pt HIEH< 2 mm) AIE
300 um o3t} UER FHh= 735, dPd=ELIM 500
oJle] Y=ts AR EeElskal 500 pm~2 mm U=
TE 300 pm U= oFlE A F =2 R B,
HEEFAA 50 um olste] Arats AR AAskL
50~500 pm Y=t AR 2P F 500 pm-2 mm- Y
T 300 pm Y= oJsk= 3§ 50~500 pm U&=
T SR 39 8 RS YsIlTh dnbE e
2 10-500 pm AT YPort F-Hadde] Ajst A=
A Qo= F(Kelly and Spottiswood, 1982), 300 um
g B AR AFsIier, B deate) AR fel, &
B AA 2AS Fojste] HHo] AR YdET 23S

©
Wi
-9,
i
o
b
ol
&
M Jm to
2
=
¢l

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

A7gstarat stact.

2mm °J3te] EY AAE deE Hf Vks 9=
(300 um) ©J3tZ g Bkl digh B A, F
FEAS] BA =7} 663 mgkgS® UERGTHTable
3). F-fEolMe] B4 57t H3t tVEYS] 24 5%
(472 £ 40.2 mg/kg)e} Blsle] oF 149 VIR o &
7} Zo] IR it o= A= sl A miyA=
Asl EAlo] ARERo] AgeHA] A7 = 400
mgkgs AREED, PIHARS] ERHEfr(entrapment T
entrainment)’} ‘WAL B4y £EFO] g4 e
F&o] "olxl7] Wl E F89rt. 0.5 mmE Ve E
71 oPge] Pttt B &, o] Bk} Ejlsle] F
FAES et 29, BREAe] B4 57 686
mg/kg®Z VFERATHTable 3). 50 um ©J3ke] Y=a-S At
A AAS L, 0.5mm ol Yeas WA & AR
H2Jgh 50~500 pm Y= st FFAEE g
Az}, BHEoMe] B FE7) 950 mg/kegS 2 YERITH
(Table 3). o= HIHAE AR AASE & BH08s A
Ao 24, SRS HAslele] BATH 5T
o] HelA Fu] &&0] ST Wi s AdEh

gukHo g f-8 FES FHoTHE Aoz
Z3t7] Eire -8 BEC] BAT EEjE de A=
(A=} =olok $th(Kelly and Spottiswood, 1982).
& R EE 2487 Sslixe dAe] 27t
TR a7, o] N B2 Hlgo] ~0E
9k opuel FEfell W mHARe] Wle] A BES
A1 7§Ado] ATk(Wills and Napier-Muun, 2006).
B Aol FESt EY d=wy] B B dgke vd

A
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Aol sFEo] EAsks EAE AAASHRE &9t FA
o 2 s HashEA 2AS HAashsle] 34
2 vge A7y B4 58] FuE mag 4

AUt
a3t EAE Y] 2 BERs vlee R, ¥
FA| (Armac-T) ARl w2 P 23S 94319
o} E5A] AREEO] 100 mg/keoll A 400 mgkeS 2 SV}
ol we} FEFFAAE & AFE) U BAEES
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ALY Amac-T EFFAIE B45 i3kl e S5F
BE A MgHoz FAslo(silicate AlE FE HH
;:—__'—].

;

= B [e) =z O = Ho= 1

© FHeHA ) B T REFe FE a9
y

=2

st} =gt A9 FYL FE AYAS T
fAAe] ar, H-f MEE QIR AAE)S H=s
S7Z F Jemg B AqoMe EYL ST
=5 VAT, @3] ESMAdS 7IREEE 300 mgk
HZo| IA)| AMSFOE ATt

Ex siv B A3E T o], 139 A 5
Ue BARFS G3t 34 ol o] wig- T8k 84
olt}. ol& AR 3N, BH FE(WIEFAE}
TrEo] EFE &uiElY adnhE ws7IH R
HE AAEATE BAe] FETF 10%(wv)elA 30%E
71l e} HIEGF-FAE F AFE) U EL T
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S7FIAAL, F-r AEEQEE AAE e HVIEE A
= BEAR] HIE)S 28.5%4 162%E 743
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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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