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Selective Removal of Arsenic Compounds from the Contaminated
Paddy Soil in China Using Froth Flotation Technique
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Abstract : Effects of grinding time and chemicals dosage in arsenic removal from contaminated paddy soil in China were investigated
using lab scale attrition and froth flotation combining process. Arsenic concentration in the field soil was 76.51 mg/kg, exceeding
Korean and Chinese standards, and predominant arsenic compounds fraction in sequential extraction was “residual” (over 80%). After
wet sieving, soil with >2 mm and < 0.038 mm showed concentration lower than ‘Warning Level’ in Korea. Soil with 0.038-0.075 mm,
showing the highest concentration, was discarded since it occupied minor weight fraction (10.1%). Thus soil between 0.075 and 2 mm
was only used in the combining process. The highest Arsenic concentration in progeny fragments smaller than 0.038 mm reached up
to 981.66 mg/kg after 5 min of attrition. Optimal dosage of collector (CsHijOCS;K) and modifier (Na,S and CuSOs) in froth flotation
process for the selective separation of the chipped progeny particles from the parent fragments were determined both as 200 g/ton.
Arsenic removal efficiency in froth flotation process was 38.47% and it was increased to 72.74% in additional flotation process, scaveng-
ing. Average arsenic concentration after overall process - wet sieving, attrition and froth flotation - was estimated to 16.45 mg/kg.
Key Words : Arsenic Contaminated Soils, Attrition Grinding, Froth Flotation, Sequential Extraction, Soil Remediation
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ol2] 2ZH-go= Qlsto]

Attrition N
Zone Compression
Zone

w, Tessier (1979) 5°| AAT A&LFEH ol osto] 1
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Fig. 1. (a) Different types of stress application mechanisms inside ball mills (impact, compression and attrition) and (b) two distinct
modes of particle breakage (body breakage and surface breakage).
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OK(flotation reagent)e}il 3}, AFR-EA o) ulg} 3
Al, 712A|, 2442 FEE 5 ok

=R (collector)= H-QA|Z @ A EO FHo| 523}
HHS 4o r HIAA 7|20 RAks %01‘3}741

AHEGAAE Hate, 7| ZA(frother)= &2 EH
AelAlA vlAlg 7o) Hae olaiA)  ® of
71329] FES A= vl AHEIAE
=t B3 24 A(modifier)= F-HAES anpHor 517
sl 2L Hosh= A|Fo 2 thA], o)A A (depressant),
A Al (activator), pH 2= A|(regulation agent), E-AHA]|(dis-
persant) 5O 2 AT 4= Qlt) Iy AEZF Q] W E
WAl 74 ARE ] g TEN(REE)e] @
28 Bejsll dole vl 87 g0, BARR
22A AFAAEE) G LdEdSs B =
e 502 O BRI AdH o g IA dEE
b 4R ronm g Aloto] ubzs Ao WAlolctY

o r]r LI
NQLON
ik o o@ o @

:E

i

o)A AFNAL AFAHAL] H]/\_Qodiook_% tjAfo &
ZURALS o] &3 A|YA Edky) H|AIEE] Byl
4E g v Aok B Ao NE 3] vao Qe
of thote] EUEHTAHT TLRAZTHS ALo ujx|
gromm dAAE e THeAe Bl AATRel A4
2YP=AE A et
3. 7
31 A2 :E Y =t

A4 EPARE T HIEste] T, ofd & uH

= FHo] e t) &

a5 Aiter de 43 S5
G2AFHA IO AAFE T tho(Kih) HEFS5HS
- AHHuangshi Daye Non-ferrous Metals Co., Ltd.) F%H9]
UrhAel BAAE 37 FelS], 52, $3)e® e 27}
o Fompn Alsich 2 Tl A
A, AFAHe AAet, A-E -] ALOR 10 mA
o|AH Ao 1AFH 72 47 AHS AT 5, ol=
S A emEE o] 50 em7bA] AFsto] Z42; 4 kgH
25T O dReEH, 9T F 20 kgo] EFAXRE &
}Oﬂ‘:} AT 3N GO A me a5 A4, B84
AelsAdd AES fIste] kA

NE Jlﬂ

Table 1. Experimental conditions for sequential extraction method
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disia 22 5 g B33 3, 7F AR 244 25 mLA
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S =(U.S. EPA) 3050A AgF < ot 2 FF
D A
inductively coupled plasma, iCAP 7000 Series ICPOES, Ther-
mo Fisher SCIENTIFIC)E o] &3} ch

3.2.2. A|2 2| HEEE] BN
Amel AR A4S gotel ANE BAFEURLE
Tessier®] A& vjgto

sttt ZF gAE FE92 12,000 rpm°ﬂ/\1 20871
0.7 um (GF/F) 2|92 2 ojatsto] ICP-
OESZ FT349 v&8 AHssiart

3.2.3. A|22o| ST}

EgAR sebd 24 W BEINE Ilst] 5ol
X-ray 3]-EA(XRD, X-ray diffraction, D/Max-2200/PC,
Rigaku, Japan)& ©]-838to] =35}qict. £4& 913 B
A S pm ok Rafsiol vub e BEY o,
XRD s147ke] AESE s~65°2 AHstsc.

3.3. EYMAE XA

3.3.1. MHEZAS

10 mm o5t} A& 1 kgoll & 1 LE H7kstaL, E+ 500

Extraction Chemical form extracted Chemical extractant Extraction conditions
sequence
1st Exchangeable 1.0 M MgCl, Shake for 1 h at room temp, with continuous agitation
2nd Bound to carbonates 1.0 M NaOAc Shake for 5 h at room temp, with continuous agitation
3rd Bound to Fe/Mn oxides 0.04 M NH.OH-HCl in 25 vol% HOAc ~ Shake for 6 h at 96 C with occasional agitation
th Bound to organic matter 0.02M HNQa + H202 and 3.2 M NH.AC Exf[ragt two times by shaking for 2 h at 90C with occasional
in 20 vol% HNOs agitation
5th Residual Aqua regia solution (HNOs : HCl = 1:3)  Digest in hot block at 80°C for 1 h with occasional agitation
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Soil Sample (<10 mm)
I
Pulping
and Washing

Classification
(Wet Sieving)

- Pot Mill 180 mm
- Ball 500 g

- Operation 30 rpm, 20 min

0.075-2 mm
Fig. 2. Separation sequence for the preparation of experiment,
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Table 2. Experimental conditions for attrition grinding test

Filing media Grinding Filling amount of Opgratlng
speed slurry time
4 kg 15 rpm Mill volume 5% 2-20 min

0.038-0.075 mm <0.038 mm

I
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A FHAE FREEY TS =Y HHoE
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1 FAFE A (potassium amyl xanthate; PAX, CsH;OCS:K,
Hong Yuan Industry & Trade Co., LTP)2 A3}t &4,
ks FEE EASE BlaE AASH] e vk}
2 RS EAA P58 Jo2 WEAHoRN 2 E
SAPAX)S] AEE WE & JES shch ofn) HlaAts
B2 n4REE P2 ADAIIE 2AAESIA) D Pot
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Table 3. Heavy metal contents and pH values of the 3 soail
samples at Huangshi area

Soil samples China Korea
ltems Unit s1  S2  S3  3rdlevel lervnérg A|232|n
© P () standard standard standard
pH - 72 66 65 y6.5 - -
30 (P);
As mg/kg 259 7651 107 40 D) 25 75
400 (P); 5 15
Cr mokg 580 503 507 300 (D) (Cr* only) (Cr* only)
Cu mg/kg 1128 1452 323 400 150 450
Cd mgkg 1.1 07 02 10 4 12
Pb  mg/kg 2069 1862 399 500 200 600
Ni  mgkg 233 172 150 200 100 300

Zn mg/kg 1560 1510 320 500 300 900

* Note: (P) means paddy field; (D) means dry land.,

A5 Table 30| Aejsto] Lebich 3712 E3tAR 7he-d
FAA A AHFTE S2 AlROA H|AFHTO] SEUE B
FBA AU 775 mgkg) E F2] 349 7]
+(30 mgkg)e o= Aoz YER, FHARA A
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Ao 71222 YAt oro) ujwE 2o 232 Ko
dut YA Hig= w4 Ao tigt 552 527t o 2
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412, SRS M
Hl4e) o dEs} S W Fe) 2N S 276
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mﬁ rlr

£ 735k AgHArE) 9, 4thA(As: 2%, Cr: 15%, Cu: 47%, Pb:
11%, Zn: 22%

24%, Ni: T2 5HA(As: 88%, Cr: 66%,

2 EF1

2 @3
2 EF4
: EHF5

Analyzed Items of S2 Sample

0% 20% 40% 60% 80% 100%
Fractional Heavy Metal Contents

Fig. 3. Classification of heavy metals in S2 soil sample,

*Note: F1 is exchangeable form; F2 is bound to carbonates; F3
is bound to iron and manganese oxides; F4 is bound
to organic matter; F5 is residual (this data derived from
the difference between the total amount and the sum
of former 4 fractions),
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4.1.3. 2MT7}
Al e] XRD BAATE Fig 4o wASHATH 19
oA Hi= ule} Zro] A ¢(quartz, SiO,), S| A(arsenopyrite,
FeAsS), AF8}A|18] Ax(arsenic trioxide, AssQOg), AFS}A|2H] A
(diarsenic pentaoxide, As,Os) 50| W= G} o]F v A3}
a2 FalEA, ARSI e A, AReRA2E] 0] o2 e
stk v A2 SH| A39] vl Ax(roasting), 23G9 A
P (smelting), H]H5<2] 4 R(refining) #H|7k2 Fol A LAY
2 e 548 d8A th

42 MEESA™
H|A F5X 76.51 mgkg? S2 &3-A| E(Table 3)of o5}
MNAFEFAHET 25 ot o] Table 40l A =|ste] ety

o} e BEXxX= >2 mm: 1.76%, 0.075-2 mm: 23.66%,
0.038-0.075 mm: 10.14%, <0.038 mm: 64.44%2 E AT
t} o] W Y= 99 77k 92, 67.75, 500.62, 14.83

Table 4. Size distributional concentrations of arsenic in S2 soil

sample
Classification (mm)
ltems Unit S2 com- 0.038-
posite »2 0.075-2 0075 <0.038
_Size wid% 100 176 2366 1014 6444
distribution
Concentration As-mg/kg 7651 920 6775 50062 1483
Content Ratio  As-% 100 021 2095 6635 1249
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Fig. 6. Arsenic contents of tails (cleaned soil) and removal effi-
ciency in different PAX dosage.

1200

. ——0.075-2 mm
on
=2 1000 4 A - =0.038-0.075 mm
ol L—- N
é 800 4 l - ~ ) —rh =< 0.038 mm
“u / ~N
c g N
g 600 - / "
S ’ '
-0

;_)’ 400 4 ./ m--- RIS \‘A
c !/’ S~s
&1 | . ’ - -~ -
5 200 //' - (b)

' Vel o

0 . .
0 2 4 6 8 10 12

Elapsed Time of Attrition Grinding (min)

Fig. 5. Effect of attrition grinding time on (a) soil particle size and (b) arsenic contents,

| Joumal of KSEE | Vol.38, No.7 | July, 2016



J. Korean Soc. Environ, Eng.
=2 0|86 5= 2USZX|U |2 50| MENN XA

W upel o] thAMAI R 9] S29] pH= 6.60 24 FAHS)
A ER Bk @e HelA Fekad st 5 9l

Aoz Hug? PAXE Adstgrh. FH717 Qo] o3t
252 ot SOU SDS¢b= He] PAXE A Y ©f

e

£(X)o] Bt WS shuw wrt bgAel Eemu
2 98 4 92 Aow Fyshar

)

PAX AREZF 100, 200, 300 g/ton®] ZAY u z}zF 27
=9 HlAFEE 66.5, 61.6, 63.5 mgkgE EAE oW,
oluje] w49 A|A TE&S Z+Z 11.83, 15.75, 13.11%=2
ElY, PAX S ARE-F 200 g/ton®] ZZAOA EZHUEA G8&
o] 7Mg w& A= FRIHUTE PAX ARl Qlof o]
AT FYA AL B2 ARG ol § Aol AR
AV dergon 1 mgel gloldt tha ke slow
A BAAEY Gol4e BAOZ pHE 72 A Ao
ZlQlehe Ao Tae 4 Atk

4322, A 244 A7l oJgt FF

H| 24MeHE o] FHS 7Aske] BlagslEs v
sto] 7HE Ao 27AA NayS9| ALHg- Fko
2(HHH) O HlaEwE 9 AAES Fig 7°ﬂ
Na,S AREF 100, 200, 300 g/tono] =AY u] Z}
o] HlAkEL 551, 523, 568 mgkgo @ HAEC
ojluj o] H]A9] AlA JBE&E 19.45, 27.97, 26.01%= e},
Na,So| A7} 200 g/tono] Z A4 ZTHA 80| 713
£ Aoz addg

244 PAX §hS ALEAHS A HT Al ] 2714 NaoS
2 7= @7}?5} 3%, EURA EE0] b 13.6%00 4]
2.5% oF 11% 74 AF5ateich. BpAl Rl A BolE AL
SHA1H] 4x(As406) R AFS}A2H] 22(As205)7F FaFEsHeE A
Oﬂ 7101&3 Aow —’T‘— _]6_]'}»1\ . ol ol &(S2)0] M4t
S FATeEN A AR A
7= Aoz B Garip 579
ol Sz Ao e

ﬁl_‘

=)
o gl m{n

0 oY & g

Mo & ooy de

¥

N
-~

J
2

£

80 - - 60
— mm As Concentration of tails (mg/kg)
g 70 4 mm As Removal cfficiency (%) —
gﬁ F50 R
< 604 >
[72) (8]
3 0 g
& 50 S
Y p—
> 5
.S 404 30 =
© >
g 301 <)
c L20 E
(9] [7]
e 204 o
(o) 7]
(&) F10 <C
» 104
<

0- L0

200
Nazs Concentration (g/ton)

Fig. 7. Arsenic contents of tails (cleaned soil) and removal effi-
ciency in different on NaoS dosage.

80 . . 60

> mm As Concentration of tails (mg/kg)
X 704 mm As Removal efficiency (%) =
g’ F50 &
~ 60+ >
2 2
:§ 40 g
5 c
S ]
© >
£ :
c 20

Q
8 12

2]
3 L10 <
%)
<

L0
0 100 200 300

CuSO, Concentration (g/ton)

Fig. 8. Arsenic contents of tails (cleaned soil) and removal ef-
ficiency in different on CuSO, dosage.

432.3. A29] 2AA A7bel ofst A

M| 2SR ARBE L A AT E4A) 2
o) AE=g F4A717] Slstel H7HE Al2e) 24| CuSOs
o AMg o] W RE(ISIBIO HaEE L AAS
2 Fig. 89l et} CuSO, E7}eF 100, 200, 300 g/ton2)
27 u) zkzb 7R HAkEl 51.1, 42.6, 47.6 mg/kg
oz pAEglon, oftfe] Hi AA HES 3197, 4474,
38.44%% UEMY, CuS049 H71F 200 g/tone] A of A
EAIE R ﬁ%o] T e seR g

A PAX 9 AHEHIS B9 B A1) 2474 Naos
7tz xwv} Aok vlmste] ERA Ggo] 22t
o 25% 19 7155 oI 8 AYSiSIc Wang
71 ATATENA BiE vheh o] B ApelAE

MF:U
-

o ole(Cu™)ol HEYES WHTAA TAIeke
2 FYNY 5 Uk A0 BASIYL A, ALY
AA W Aol 2AAE ABTHALAE Y312 W

L AnE 9X) 2] el vae] AARES %
7] gIste] bR o R 23} TURA, Z FARAS AN
STt gk HTh e pH Z7(H 34014 Gl ael
S et A AR 24 AgE xd

9oL} T Hpolz} wlmA| 2A| ghol AR 0| ARgut
L JAXE UEA £ Qo A28 de ojd o

;:O
r

= v 1

=2
A0F gastel pH 27 Wsh glo] 27 EURA

H oo A b Lo ng N oo 1 of ot ﬂllﬂl

4324 HABEMo] o8t 3
oPA EZSA|, A1) 2AA, A2e] 2AA| N 3t FgF
Aol A L3t A2 7ZA(PAX, NasS, CuSOs Zt 200 g/ton)S
o] g5t 1a} EURAS AAst 13 AFE(ISHIE)
% e

2 4, o] IAHES WFOoRE 2 AR HARARA
EUENE AT ol 7]E9 /}ii’* oA =4
(rougher flotation) ©]3-of LA AJeFo] 2 A7V o

2|8l 4] A A(cleaner flotation)S A A|5t= B4 T} G-ALSHL,
2 Aol HeA e 241& @etstr] flsto] 13; &2

349



350

J. Korean Soc. Environ. Eng.

Ol5% - &Y - 0|24 - R&0l - 2FH - LHE
600 : 100 ol et AFEH R A5t Q= H|AY AAE {8k
=3 As Concentration (mg/kg) = b o “ rohy B
- mm Cum. As Removal efficiency (%)[ 90 S 0:1 *ﬂxé]‘ﬂ':u, 3*11'—125"\::-"\—1'] ‘;% A /ﬂo Cﬂlﬂﬂﬂoﬂ tH?ﬂ' ﬁ
500 _
g 0T AHE eSSl 714 IR AHEEE B
() - - - - -
E 400 [l 2 sto] @ Q7|2 olstel| dFote B AETdeEN A
c L 60 = 5 =
2 b st S AaAd & A%laL, EHEHE o835
300 L 50 _ _ _ L
g o 2 8% ol RRAY JulR EY Hulel g Aty
£ 200 0 2 U HaIRES Ao R gYAld 4 Uk ok
(2] — = -
P o < 8, FEE HAsGE 259 2AAE AHgEt] A=
100 _ _ _
posppm k10 5 5 HolgoRM Iunael 589 Z7HA Ede
o (&) _ - _
) aRA HeE T 5 Uslth A E dute ohgat
Middlings Concentrates Tails . -
dom dAE Ed5AE Fig. 100] =A|5F3A

Fig. 9. Arsenic contents and removal efficiency of the each pro-
duct (middlings, concentrates and tails) in froth flotation,

d
=3

AR FLR 24 22 ZERAQL

gtt Fig. 9% 1, 22} X Ao ¢ i
}; middlings, 22}; concentrates) % A 7E(ATHIHE)
% AAES UEaL )l 13 #4323 e E
o] H|4& FE+ ZFZF 15143, 287.23 4 22.95 mg/kg
5101 AAREC] A7E9] l-15(22 95 mg/kg)7]— |
25 mg/kg ool =gl .o
4 Ao HA AA T8 17<} —,—/,\j 38.47%
Y AaRA 72.74%0 2 AEE Yo

3| A

l

fto

Al /\]

=
FE

rﬂ s

2
=
=

e
o,
e
o

~
—

)41
o
o
1'>

v

ol H1
m{n

F_

Hoﬁiﬁlou&o}r

\11 Ol-m HN _1{)1.
ol

o ogle N

o
M
Hu

[

u

TFollAs S0l AT A - ARAE FHY &

r

“s2 sample (<10 mm)
Twt%  100.00
As mg/kg 76.51

As % 100.00

e

1) AAEZAZE Bt >2, 0.075-2, 0.038-0.075, <0.038
mm?] 4742 Y= fAre g Vel 1 7ked L9
T} 7123 o8kl >2 mm&} <0.038 mmo] EOES o] A
AEGAY FAA 12} 3geste] YFEEGCRE 7
sttt ESF H=7F 500 mgkgo =2 oL T oFo] 2
0.038-0.075 mm (10.14 wt%)2] EoFS AAAL 1125}
FAER A QA A

2) 5=7F o FHaFn]go] =& 0.075-2 mme] EOF
oz xHENE AAIRE 23 TJH*VP S5E, THEE
6~7%Yd W 7MY =2 dElEES K, ojnf geld ¢
ARo] o == 981.66 mgkgol Bl 4k = F7] T°
NAAE AHESHA] il XA Fefe) et d9s 2al
U HAEES ESYARRE andor g
Al

o flo

............ - )
¢ Treated Soils for Restore

assnaasrnaast

I, ... separated Sludge for Waste

Classification (>2, 0.075-2, 0.038-0.075, <0.038 mm) |

0.075-2 mm

wi-% 23.66
As mg/kg 67.75
As % 2095%

—

00380075 mm | i~ =t mm i
Twt% 1014 1 Twt% 6444
Asmg/kg 50062 | i Asmgikg 1483

As % 66.35% = i A% 12.49% 3

Attrition Grinding (5 min)
+ Froth Flotation (10 min)

Tails

R

|
1
Froth (Middlings) I
1

wt-i 385 =
As mgikg 15143 |

As % 806 1

Scavenging

]

2 As mg/kg 9.20 As mg/kg 2295 }
s As % 0.21% As % 571

r
H
H

Fig. 10. Mass balance of overall process,

Fro Concenated |

Wi TR -
Asmgkg 28723 |
As % 718 1

SN W R NS P W P EE P EE Y BN 4SSN ES YA AN EN O Em,

| Joumal of KSEE | Vol.38, No.7 | July, 2016



J. Korean Soc. Environ. Eng.
EAURN J|EE 0|86t B2 LUSEX|L H|ASEE| MEX H| A

, 351

2l vaE EYOREH A7t aeo] B2 FF= 7

A= Ao R el vaAtsHEe] WS Wdst] $lgt
FIEENGS) T Z5A 910 AEE o]y ¢35t 3
A2 8] (CuSO) S 7 AFEEr e =x 33E L A3}

2o Batdol Pz EAsl AR A E8S

A~
¥ % Usirk

4) 27)% % 7651 mgkeo] WA ©QEko M 3]
AP EFe AEFS F 2, <0.038 mmo] EF}
ZUHAS B3 HEALB(ails) o], Z7he] Fy

&2 1.76, 64.44 1231 18.00 wt%= A 84.2 wt%o]X

'I rﬂ

(0]

ot oluj 9] = 77} 9.20, 14.83 9 22.95 mg/kgo] o
H, ZFH O 3)5E o] 37HA] AEF Bt HlaFE
£ 1645 mghkg® AtEE o] AB-Go] Thed Aom wit

o

stk
5) i, 272 o] ¥

2 x

TRACRE AAH FAES 1%
Y= (middlings), 22} FAE(concentrates) 2 A Z}zho] &
&2 3.85, 1.81 wt%= UEREAL, oA Al tga g ol Al
A J=H 0.038-0.075 mme] E4Te] FA= 15.8 wt%o|
ot ol FA AAE 37HA FAbEe] Bt HaEEs 3911
mg/kg 0 2 AH = .

>,

Acknowledgement

2 A4 Ve FATE dA AFLEE A YA (A
H3: 2014000750001)2] AkelH] R Yo LgE]|g]om o]
A } Hyrch

KSEE

References

1. Zhang, J. H, Yang, M. H. and Xu, Y. N,,
impaction of heavy metal abundance in fluvial sediment of
gold mining district,” J. Gold, 29(1), 49~51(2008).

2. Chen, G. G., Liang, X. H. and Zhou, G. H., “Grade division
method for soil geochemical contamination and its applica-
tion,” J. Geol. China, 38(6), 1631~1639(2011).

3. Kim, E. J. and Baek, K. T.,
heavy metal removal from contaminated soils,”
Soc. Environ. Anal., 17(2), 88~94(2014).

4. Moon, D. H., Lee, J. R., Wazne, M. and Park, J. H. “Ass-
essment of soil washing for Zn contaminated soils using

“Analysis on

“Effect of metal speciations on

J. Korean

various washing solutions. J. Ind. Eng. Chem., 18(2), 822~
825(2012).
5. Kim, J. D,
soil washing of mine tailing-contaminated soil according to

“Extraction characteristics of heavy metals for

particle size distribution,” J. Korean Ind. Eng. Chem., 19
(1), 98~104(2008).

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Francioli, D. M., “Effect of operation variables on ball mill-
ing,” Escola Politecnica, Universidade Federal do Rio de
Janeiro, pp. 10~12(2015).

Shin, Y. J., Park, S. M., Yoo, J. C., Jeon, C. S., Lee, S.
W. and Baek, K. T., “A new approach for remediation of
As-contaminated soil: ball mill-based technique,” Environ.
Sci. Pollut. Res., 23(4), 3963~3970(2016).

Vanthuyne, M. and Maes, A., “The removal of heavy metals
from contaminated soil by a combination of sulfidisation and
flotation,” Sci. Total Environ.. 290(1-3), 69~80(2002).
Choi, J. H, Lee E. S., Choi, S. Q., Lee, S. W., Han, Y. S.
and Kim, H. J.,
for recycling via oil agglomerate flotation,” Chem. Eng. J.,
285, 207~217(2016).

Smedley, P. L. and Kinniburgh, D. G., “A review of the so-
urce, behaviour and distribution of arsenic in natural water,”
Appl. Geochem., 17(5), 517~568(2002).

Lee, W. C,, Jeong, J. O., Kim, J. Y. and Kim, S. O., “Cha-
racterization of Arsenic Immobilization in the Myungbong
Mine Tailing,” Econ. Environ. Geol., 43(2), 137~148(2010).
Wang, X. H. and Frossberg, K. S. E., “Mechanisms of pyrite
flotation with xanthate,” Int. J. Miner. Proc., 33(1-4), 275~
290(1991).

Richardson, P. E., Stout III, J. V., Proctor, C. L. and Walker,
G. W., “Electrochemical flotation of sulfides: Chalcocite-
ethylxanthate interactions,” Int. J. Miner. Proc., 12(1-3), 73~
93(1984).

Herrera-Urbina, R., Sotillo, F. J. and Fuerstenau, D. W.,
“Effect of sodium sulfide additions on the pulp potential

“Arsenic removal from contaminated soils

and amyl xanthate flotation of cerussite and galena,” Int. J.
55(3), 766~771(1999).
Irannajad, M., Ejtemaei, M. and Gharabaghi,

Miner. Proc.,
M., “The effect
of reagents on selective flotation of smithsonite-calcite-quartz,”
Miner. Eng., 22(9-10), 766~771(2009).

Finkelstein, N. P..
flotation: a review,” Int. J. Miner. Proc.,
(1997).

Chandra, A. P. and Gerson, A. R., “A review of the funda-
mental studies of the copper activation mechanisms for se-

“The activation of sulphide minerals for
52(2-3), 81~120

lective flotation of the sulfide minerals, sphalerite and pyrite,”
Adv. Colloid Interf., 145(1-2), 97~110(2009).

Harris, G. H. and Jia, R., “An improved class of flotation
frothers,” Int. J. Miner. Proc., 58(1-4), 35~43(2000).
Harvey, P. A., Nguyen, A. V., Jameson, G. J. and Evans, G.
M., “Influence of sodium dodecyl sulphate and Dowfroth
frothers on froth stability,” Miner. Eng., 18(3), 311~315(2005).
Hyundai E&C, “Development of optimized technology for
remediation of soils contaminated with heavy metals by
using soil washing process,” Research Report(173-092-014),
Korea Ministry of Environment, pp. 98~101(2012).

Bond, F. C., “General aspects of comminution: history,”
Mineral processing handbook, Society of Mining Engineers,
pp. 1~4(1985).

Valdivieso, A. L., Escamilla, C. O., Song, S., Baez, I. L. and

Martinez, 1. G., “Adsorption of isopropyl xanthate ions onto

CHEHEZ 2 atE|x| | ®I38A M7 20164 72 |



352 , J. Korean Soc. Environ. Eng.

0152 - ZAA - 0l24 - R - HEH - Us

23.

24.

25.

26.

arsenopyrite and its effect on flotation,” Int. J. Miner. Proc.,
69, 175~184(2003).

Lee, E. S., “Development of a flotation process for arsenic
removal from contaminated soils,” Thesis of master degree,
Dep. Miner. Res. Ene. Eng., Chonbuk Nat. Univ. pp. 26~27
(2015).

Garip, F. and Ozdag, H., “The adsorption of potassium ethyl
xanthate on pyrite and effect of Na;S on the concentration
of xanthate ion in the potassium ethyl xanthate solution,”
Int. J. Miner. Proc., 55, 129~137(1998)

Wang, X. H., Forssberg, K. S. E. and Bolin, N. J., “I. The
stability of iron-xanthates,” Thermodynamic calculations on
iron-containing sulphide mineral flotation systems, /nt. J.
Miner. Proc., 27, 1~19(1989).

Choi, J. H., Park, K. Y., Hong, J. S., Park, H. H. and Kim,
H. J., “Arsenic removal from mine tailings for recycling via
flotation,” Mat. Trans., 54(12), 2291~2296(2013).

| Joumal of KSEE | Vol.38, No.7 | July, 2016



