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ABSTRACT

R#E

It is difficult to remedy tailings and soils including arsenic because arsenic compounds

show anionic behaviour in natural condition and have chemical diversity by Eh/pH.

This study was carried out to develop immobilization method of arsenic and iron in
tailings and soils into ferric arsenate using hydrogen peroxide. According to experimental
results, concentrations of arsenic and iron extracted from tailing of closed Gubong mine
were reduced up to 84% and 93%, respectively. in this experiment, arsenic concentration
decreased with an increase of hydrogen peroxide dosage. It was also showed that only 10%
of arsenic and 20% of iron were extracted from the re-extraction experiments. Therefore,

soil and tailing remedied by this method will be able to maintain long-time stability.
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Table 1. Extraction Results for Tailing of Gubong Mine

unit : mg/kg
s 5 & H4 4 ¥y 7 F
As 575 - 680 611 6(20)
Cd 245-29.8 253 1.5(12)
Cu 12.6- 149 13.8 50(200)
Pb 1325 - 1853 1540 100(400)

A& JA8I

AE L Boj= 4] AFAAAHNA A% 5 -
10709] Al8E 22 Y@ FAR sk AR
o] B ¥3 FFo] A Nl FHA o
<. ¥F 74 0.16mm EZ4(100mesh)ol 3
AlA ATt

Az vage] W32 e &) AME ¢
g Pyrite(FeS)& A3l A2 sojda )
T % % JAZHE AHgsisd

pHe] £% & Beckman34 pH meterE ©]43}
o] 3ule| B¢ A8 5g& 50mL Hlo}Hd) FHsln
ST 25mLE Pol HuE ffddz HolFH
AARE WA 3 &gsislen Aatskea Aot
g9 A% Me)H7 H)fe] pHE vwsio.

IRtslrd H7NESe Aslge) WE, whgpH
o] ¥z}, ¥kgA|zke] Wiglel] WE §3E =237
A&l AAjsien] whgd ALY ZF4E 332
42, pHRAE S Ag 94he AR, ut
ol A% vie FRHIAE ZHs A4
100ppme] EFLAS Az AHo) AM8319

~

ooj, w2 P2 I M-S 25 ¢ 3

T E
Mg T nAReE 94RAANE o) ssl

Journal of KoSES Vol.4. No.3 67~75. 1999

3.000rpmel A 2083 ¥ F 5A9X
(Wattman)& 3@ 254S o83l pHE
23881, Y9AFFBE7] (Perkin Elmer
AAnalyst 300)& ©]83l HlA& ¥ Ho ¥xE
3 si%ict.

3. slgan ¥ 1@

3.1 g ol uik 283 4y

T Bl o] 83 A¥oNE AEHS
£ GAE 0|83l pH 322 2AE ¥ ke
&2F Bv] 1g9 50 - 300dLo.2 HES F71A
A TE¥E AnHEgi.

A48 43 pHe #zlke 4 g AU6iA
% A¥ 3.8A%0NA FABEAE Bl
2t =2 A4sAnt. Ao e A E
AP ¥e A% & Tomg/LolA el
A7) wet o Smg/Loldle F43% Aashe A
o2 Jeiyit) olu vl ¥:% o 2 5mg/l
oA 0.5mg/Lelste A3} wisd Aoz s
ks Ao Yehgch(Fig. 1).

AA Bule] A4 dFd FE5e] FHHo] 3
on olg Fslgie] Hrld wel 2549
W37} dojd 4 Qi s do) 9§ Hlkgo]
e F859 234 vXe 98 Lol 9
8 H7hkg ¥ A 71 334 7, Tl
& g2 ¥58 e B Felo st o



HAsFLE 0|4 BulF viae] B4 71

4- 80 = 40

| | - Fe |

! S e i

A T C et 38

1 ' .

i 60 - —v—Asf
.—3"\.—. \ . \ a6
BBo -

i AaY :

.‘g g g 40 \ 34
£ 2—3 v i (-8
8 1 30 1 .

€ ; 2 . ~ 32
8 820! e’ -

! @ . . ~ ot :

2 1 u 10 ' -~ - 3.0
o x—F
R o S :
o ,\_/‘l - 28

0 50 100 150 200 250 300
H,0,(30%) solutioon dosages [uUg tailling]

Fig. 1. Variations of As and Fe concentration
according to hydrogen-peroxide

dosages.

7 27k A%e Bgou AL o
2 ke Ushix gt (Fig. 2).

oEd §& Fxel Par Iiskea Al
aje} et B4EE (FeOH)H vas 247
golALt A3 vae] AP u]4HH (FeAsO,)
2 28350} WS 2z wee

3.2 &% PyriteZ o|8% ulde] £33t 44

A3 vkl oot TAste AL dseL
o ojaj Atslel Aolgo] ulAel A vjdH
2 ZAALAAY AFI3 B e FHEA
oz 7Y £ g £ dFelre Hlie} Fo
AA el 2o} Qs 7hs] g8 o5
B33 (Pyrite, FeS,)9 vl AT F84(100mg/L)
& o] 83 A3 S AMEE D, B8 ASE A4
AL248 S AN

2 AddA AMge 3 F(Pyrite)S YAt

35 T =
: - 4.0
30 - N
PEREEN S - 38
| ) .
— ) \.\._ -
o 25 - [ ]
[=] 1 - 3.6
£ : i —®= Cu .
§ 2 P,
= ‘ Lo Cd -
: ool T
§ 1 ‘ P a2
< : N G R
O 10+ T -
‘ /._--—0><2 30
5 } 1-,71!'-_ﬁ—ii‘——:{\.————-_&-»-—‘.‘;-r--——-i‘. - 28
; p
o _L_“". TV T H _>T 2.6

(¢} 50 100 150 200 250 300
H,0,(30%) solution dosages [ul/g tailling]

Fig. 2. Variations of Cd, Cu and Pb
concentration according to hydrogen-

peroxide dosages.

rudholn A4 BS 29 B9 3%
7t Aoln AASE Ml swdst 0] ¥7t
i} Aol FEusie BAs

3.2.1 XA Lo Hel EEsT HE

QAPEe] BAF(Pyrite)9 pH6LE 23T F
FrE ol8dl §249E AN A3 Be ¥
=7} 1.2 - 2mg/L A2 ¥A Ydehidd, olgg
Zis FEE0] 7] BEQ] e uddd o
g4 Hlhe] FE= §4 ] Brlssin.

pH ¥3e ASEd FR4TE N A%
27] pH7t 22 5, 694 3.58 =2 Wolzlen
B AR FENY BA$ 259 2.THEE RolAe
Aeg Jeldd Fig. 3, 4= 714 pH =Hs}
X A8E A dijoltt, BlAEFEAS o
£3 4o pHI Boolx B3l 2 ¥
7} @A vebgtt.

S5 A E AR A5 H1Ed

o

Joumal of KoSES Vol.4. No.3 67~75. 1999



72 A
2.0
fill ; distilted water . 10min
blank : As 100ppm solution - 30min
4 60min
- 1.644 . v 120min
g. j . ¢ 240min
§127 . :
s i
£ |
g 8-
o 11
o |
& :
L :

b

NONE 10 20 40 80
H.0.(30%) Dosage [1nt./0.3g]

Fig. 3. Variations of Fe concentration
according to hydrogen-peroxide
dasages for particulate Pyrite(Initial

pH=3).
2.0
fill - distitled water . 10min 1
blank : As 100ppm solution 30min |
i 4+ B0min |
16 - .
~ 3 v 120min
E‘, + 240min |
= o !
5 1.2 ‘
8
g |
g 8-+ '
S {
5] !
o |
[T {
%
i

¢

o

”
1

-3

NONE 10 20 40 80
+,0,(30%) Dosage {ul/0.3g)

Fig. 4. Variations of Fe concentration
according to hydrogen-peroxide
dosages for particuiate Pyrite(Initial

Joumnal of KoSES Vol.4, No.3 67~75. 1999

He5-%E s

Zulo) mhgt Mo w2}t o bk AES o
guigley} slagFgdel B39 Fasisse] A
7t F7isele Mol ¥t FvBke AR
e estct

Ftgkrs ARkl ARl g F8E =
Z3171 98l YRAIZHE 1089 4087R S7t
AFiEA AES A 2 da dgAle wE
4 A9 Jehdx st & 58 23
o} W2 yhgo] A= Ao Yehyr},

AAE Hol A HUES A8 dAE AsE
Age e ¥ nAEeld Pyrited pH32E =
B ZHFR A 2o ke F A ¥
58 539 35 vlavl EAT 399 29 §&
357t AA Jebgeh 598 2delAM s
& H7PeAl AAE B9 g Rld BE o
0% A% £20] Fashe Aoz Jelidtk(Fig,
5).

olg} & Fvhe FHVEA Hrldl ule} vl

4

i —C— Distilled water
i~ As100ppm solution
T3+ ’
o i
E |
c : - =
g ] e / pH=4.0 |
22 o
< :
g
s D
© N ?
w4 - o pH=3.5
i,
0 e e e
10 20 40 80
H,0, Dosages [ul./0.3g}

Fig. 5. Re-extracted concentration of Fe for
particlate Pyrite(Extraction time :
96hr).



N L E L FERTE]

st Aol AA e FPdstEn vlie IHY
& RO vkl A4 os AA] Reg B
gt T3t of2fdt dalrt Evangelou®l] 28]
Ak #RIstrd Ashkge] 2%k PyriteE ol
Phosphate®] s1E3t U3 whgo] o) wjar}
Pyrite 380 mEso] Ho| £&5& AAsr] of
#Q o2 Algdd,

3.2.2 224 oM Hu irel 855
T g

YAEE Pyrite® o184 AoldE wlx
FTHE S8 7 g meir ol 43
e B4 Pyrite® ol43ldd A3 vlig
EHE Ao SAsio] Akl Holdl o
vlae] £5549 s 9 2o ¥z BAS
dRsteAt dEn. AEEHES B3 aEAm
HEstgct

YA AEL whgAlRle) WE ke 3eis}
A gn BYAIZNE 088 wRsld 27] pH

1o

2 o

o ok

o yigiel Al Frlol] ©E JEgE Yolum
&} stgich, fEEAEE Aol 2 e 2
Jeow APsict

ST TUYY $E3Pyrite) 100mg/LY
AR ELAE ol8sl pHo] wWE pruHsE
Yoluy] Qlsf 27 pHE 42 3, 42 238l
3087t @uhg AAg A3 Hol o 70-60mg/LA
T2 4] g24%en Hz 100mg/Le ¥
& FEE IA s gt & HasAd]
ojg) vl ARuigoh} mEutge] Waldohks
RE H38 ¢ 3t

Bskae 9§ B 48} Wg-L pHe A
wiAQl Zlog geiA ok wei B AddMe
£7) pHE 6, 7, 82 2ok Shakaled drhe
& AAlsiiont ig & pHe & 3olE g
Wizl gfot whgpHel WE B8F g B $=
Sheled

73
50 * TRRial pH 6
45 ®  Initial pM 7
4 Initial pH 8
40 filed : Distilled water
35 | biank : As 100ppm solution
o 4 1

Fe Concentration {mg/L}

P S\ 8
(=T L I v B < LR~ T &
P f Lo | 3 i

None 2 4 6 8 10
H,0, Dosages {ulf.3g Pyrite]

Fig. 8. Variations of Fe concentration
according to hydrogen-peroxide
dosages for powder Pyrite,

Hslrhel Aol Wl He Fre 2&S
9 3% 25 -~ 30mg/LE 438 $A8E Ao
2 Jgston Bldrt E4) & 3% Smg/lolslz
A dhshe Fog vehtond drigel &
7V e dge Vel gicHFig. 6). ol¥
T BaAGL YAl AdAns} FA Balo]
o FRAsedel o HlE A we FAY
o] #RI&A.

B2 T HY v g g sl
A A7Vl $7vee] wet 60ppm7bA] AAE
o8 Zthdhke Ao Jelgd(Fig. 7).

vlagl el ¥THsE AWER dliEs QA
A% ZARE vl Be BNk 3139
F7khe BAglel YA AAE YEIUY. o
Bg Ao FPoht vk FAAd Esuche
ool Ashte o Pyritedwiel AhslH
ol vldv) ZY/95H0] 29 858 dAshs
3 o8l Ao B

Joumnal of KoSES Veol.4, No.3 67-75. 1999



74 AAA-H45%5 2

jary ;
> ;
E i
c ~
S !
B
3 !
2 40 -
o H
o |
w
< !
20~ o JnitialpH 6
s InitialpH 7
4 |nitialpH 8
0 - T T 7 T

None 2 4 6 8 10
H,0, dosages [u./0.3g Pyrite]

Fig. 7. Variations of As concentration
according to hydrogen-peroxide

dosages for powder Pyrite.

10 - ’
| * 4 e oo
; :
a !
5 %] ' . 5 |
2 - &-/ :
£ i ) H

—_ H o o s .
.S 6 _‘I / A ) ‘
B | ,
g | !
8 4- '
g |
. * Initial pH 6 ?

uw . @ Initial pH 7

2= 4 InitialpH 8 ;
filled : Distilled water i
. blank : As 100ppm solution !
0 ' T 7 T T ;

None 2 4 6 8 10

H,O, Dosages [:L/0.3g Pyrite]

Fig. 8. Re-extracted concentration of Fe for

powder Pyrite(Extraction time : 96hr).

Journal of KoSES Vol.4. No.3 67~75. 1999

20 -
¢ |nitialpH 6
= |nitialpH 7
4 [InitialpH 8
o 15
o
E
[ =4
8
g 10
[=
3
c
o
(&}
\n
< 5- '
, 4 - [}
j . .
K .
0 - T T T T T
None 2 4 6 8 10
H,0, dosages [ul./0.3g Pyrite]

Fig. 9. Re-extracted concentration of As for

powder Pyrite(Extraction time : 96hr).

AeE 43 g F 1o Eod X
PyriteZ pH 39| F#5E °l83ka] 4204 %6
A It & Zzte] 3= s

Fig. 89 8% s 49 F 3% ¥
Eapolzt A7 veiA v Aoz yehgteoy,
oju] ¢ Azt H7PHSAM &5 AA
¥ 29 ¥=7t & 0mg/LY A& 2 BY
QAL ade AL ¢ F A & FHRFE
ol &g Ao g F ALEHYPAM £2d
E 3x9 ol & 40mg/L Fxoln, ¥lagd S
o] &3¢ Aol % 5 - 12mg/LY Ao et
U d)ie] slBog 80%0]d el &&0] AAld
A& & F 3o

Hl4] A8E == Smg/Lelstz JEkich
(Fig. 9). 53] 3384 104l H7MHEA %
40mg/L W27t AAHAY HEE 484
5mg/Leldld ez veht A7A] P
e Aor wodn



2
D

2

~—

3)

4)

-
L=

A FLE o] 4T FrlF vlde] B8 75

4.8 £

d7e) 22E 293A O 2o
HAGFAE o] 83 FEFA Fulg vlh
o] 43 49249 A E FRhe)
ug} vlAhe 84%, e 93%9 42U}
s

TSI AE WU A4S S A7 271
2349 £2%5x Z gyl dojux @
= AoE Jehl st dedozm
3le] H)AHE (FeAsO,) 2 E23MA7=
shls At

8B (Pyrite, FeS,)3} HAEZE
o] 83t AN FitseA ol o
129 =7t AMH oz ZAadles Ao
B Ueen] o] s Yl T
A SA43] tasled 43 &35S Ve
Uidied Z2gd ujabEo] PyriteEWe] o
Eeo @2 o g godr,

Hel ¥ %A A8E dHoMe 2o 5
TE 90%01%, vl 80%°14 AHA
B AP vl £&0] JAHE o=
veht 718 A E 58 Ao Je
Wt

AT e F¥e BHE ssilo] 9

L oo
ot of

o2y ol
z Mo <
o

g dlAe) Mol 283} v L Az € Ay
ylo] 719 vjaaie) W) vla) Jdelay &
559 Z2ENT Hojd FAAQ Ay
Ao wado =3 A8E 4L &8 £3%
=7t 7HEA S 1% 4 Slo] A o)
g 7FsdS Bk ek E4 Ar1EA ¢34
of &g 77 JPso] gAo] UFETH o]
48 999 EY 9 B9 a3 Aprlez
FAg & 9% zloz Agdy,

5. 8

14
]

il

I.Smith, L. A., et al., Remediation for Metals-
contaminated Sites, Lewis Publisher (1995).

2. Wagemann, R., “Some Theoretical Aspects of
Stability and Solubility of Inorganic Arsenic in the
Freshwater Environment,” Water Res., 12, ppi39-
145 (1978).

3. U.S. EPA, Recent Developments for In-situ
Treatment of Metal Contaminated Soils.
EPA/542/R-97/004, March (1997).

4. Evangelou, V. P., Pyrite oxidation and its control.
CRC Press (1995). Table 1. Extraction Results for
Tailing of Gubong Mine

Journal of KoSES Vol.4, No.3 67~75. 1999



