TISHXIE, H43H, Xﬂzg, 137- 48, 2010
Econ. Environ. Geol., 43(2), 137-148, 2010

D:lil_l'Al'OI Bl-ul LH HlJ\Ol §|. EM I_:|:rL

o|R&E! - HES2. ZFR - e
lﬁA}uqsLﬁ KA BN A L8k ¢ ) 2apelel A
A Tk FEA e Bzl g7 zek

Characterization of Arsenic Immobilization in the Myungbong Mine Tailing

Woo Chun Lee!, Jong-Ok Jeong?, Ju-Yong Kim® and Soon-Oh Kim'*

"Department of Farth and Environmental Sciences and Research Instiute of Natural Science, Gyeongsang
National University

“Central Instrument Facility, Gyeongsang National University
gDepar‘;‘ment of Environmental Science and Engineering, Gwangju Institute of Science and Technology(GIST)

The Myoungbong mine located in Boseong-gun, Jellanamdo consists of Au-Ag bearing quartz veins which filled
the fissures of Bulguksa granitic rocks of Cretaceous. The tailings obtained from the Myungbong mine were used
to investigate the effects of various processes, such as oxidation of primary sulfides and formation{alteration) of
secondary and/or tertiary minerals, on arsenic immobilization in tailings. This study was conducted via both miner-
alogical and chemical methods. Mineralogical methods used included gravity and magnetic separation, ultrasonic
cleaning, and instrumental analyses(X-ray diffractometry, energy-dispersive spectroscopy, and electron probe micro-
analyzer) and aqua regia extraction technique for soils was applied to determine the elemental concentrations in the
tailings. Iron {oxy)hydroxides formed as a result of oxidation of tailings were identified as three specific forms. The
first form filled in rims and fissures of primary pyrites. The second one precipitated and coated the surfaces of
gangue minerals and the final form was altered into yukonites. Initially, large amounts of acid-generating minerals,
such as pyrite and arsenopyrite, might make the rapid progress of oxidation reactions, and lots of secondary miner-
als including iron {oxy)hydroxides and scorodite were formed. The rate of pH decrease in tailings diminished, in
addition, as the exposure time of tailings to oxidation environments was prolonged and the acid-generating miner-
als were depleted. Rather, it is speculated that the pH of tailings increased, as the contribution of pH neutralization
reactions by calcite contained in surrounding parental rocks became larger. The stability of secondary minerals, such
as scorodite, were deteriorated due to the increase in pH, and finally arsenic might be leached out. Subsequently,
calcium and arsenic ions dissociated from calcites and scorodites were locally concentrated, and yukonite could be
grown tertiarily. It is confirmed that this tertiary yukonite which is one of arsenate minerals and contains arsenic in
high level plays a crucial role in immobilizing arsenic in tailings. In addition to immobilization of arsenic in yuko-
nites, the results indicate that a huge amount of iron (oxy)hydroxides formed by weathering of pyrite which is one
of typical primary minerals in tailings can strongly control arsenic behavior as well. Consequently, this study eluci-
dates that through a sequence of various processes, arsenic which was leached out as a result of weathering of pri-
mary minerals, such as arsenopyrite, and/or redissolved from secondary minerals, such as scorodite, might be
immobilized by various sorption reactions including adsorption, coprecipiation, and absorption.

Key words : Myungbong tailing, arsenic, immobilization, iron {oxy)hydroxides, yukonite
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o] HxEo] 27 ok el o] EAI¥e Azte
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e d7rt AAET UvkJung ef al., 2004; Park
et al., 2006; Jang et al., 2009; Kim et al., 2009a).

AA AeoA viE 94FE(As), HIEEEE
(arsenides), 3312 (sulphides), 2F3}-2(oxides), ¥4
(arsenates) 712]32 op]2kd (arsenites) 5 200 1%-<]

B bo HE

HE| 2 £A)8HSmedley and Kinniburgh, 2002). 3
HA FEE £ 7P dEEY FEE= HEA
(arsenopyrite, FeAsS)o|H, o|={gt fu|aAe] Adsut
202 Q3| AFARTIO|E (scorodite, FeAsO,2H,0)}
72 o)x FEo| AAHAE AR dA Ut
(Juillot ef al., 1999; Harvey et al, 2006; Bluteau
and Demopoulos, 2007). A3te)A] gk fuld
HAE F2 -UK8%)S 07H15%) THE EAFTH
(Nesbitt et al., 1995). FH&Ae] F3l= 3] 8=
o] FgoA EA|sh= nbe FE 3719 571 §
g Wu, 8 879 9F(EH, Eh, 213}, 34 F)l
uje} vlaE AFROO|ER ARSAY e E ()
FaE Rl Wzt (hrakslEe] $3 58 FEH
A3 4 YokRibet ef al., 1995; Mascaro et al.,
2001). o3 HlA9} H GhaElEEFe] Tt &
&g mFUZe] tiE A7yt Sdshl FAEe]
93 9tHSun and Doner, 1998; Carlson ef al.,
2002; Pokrovski et al., 2002; Dixit et al., 2003; Jung
et al., 2004; Lee et al., 2009; Kim et al., 2009b).

F -5 ko) w3 Fo) ] dEgeR EXske
tlorgt 3REL e A 3E(acid- generating
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Table 1, Introduction of the Myungbong mine
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2.2, 7Y

A )5S 100°C] 7131 100(<2 mm) A<t
1008 (<0.15 mm) A& X F, 2mme]sh A EE
iAol XA 8l 84971(Xray Diffractometer,
Siemens D5005, =4, XRD)E ¢l&38l] B3 2
g #E 23S FHSIATHTable 2). XA 3d £4
2 40kV 35mA, FAERE: 0.01%ec, FANZE @ 6h
45min 59 2702 St AxEE AEE Y
AR50 AAFER PR 6 viEsAad &, #
EQAl] B e olEFE 28v AHY|E AAs)
Hrk AR AT VA BEE EHE 9
7] Wil AAEE ANEE A" (Magnetic
separators, L-1, S.G. Frantz, "I=HE A4 B £
XA slARAg Y&y, 283 Sam and
Isabelle(1999)7} Alteh B8 H-qol vt A4 &
=% 00~01, ~02, ~03, ~04, ~05, ~06, ~07,
~0.8 AMP SZHAIR o] A4 o8 ARelE 4
AR, WA e B ]IAR W] A B me)
A SHoz Yol BRI ol WHEE 23 #
Bg By gaHog 2] 93 £/ Aojrt. &
g 2AHBE e NAEES e ot Rkt
st EE YeRfIch(Table 3). 7} £74 AEE 50
oj7fe] dupie® ARG om, FET 7N
el vrh TR & HIE SS3FEF 449 oA
FES BAE] A8 A FAHERVIEDS, Jeol
JSM-6380LV, Japan)Z o|-&sturh. 283 o)A, ARk
FE ) HAe] EAFHE @A AAERvA
& u)7 (EPMA, Jeol JXA-8100, Japan)y& ©]-&-8le] &
uhateka Kol Ak (Back-scattered electron image, BSE
image)e 9son, & W T8 949 E¥E
getsly] 23 | 48 A a8 HEd
FE U 7 9409 T gotir] 18] wavelength
dispersive spectroscopy(8 channeDZ A HE-4(15 ky,

Location

Myungbongri, Nodongmyun, Boseonggun, Jellanamdo

Period of operation
Target element

Amount of tailing dumps
Geological features

Ore deposit form

Major petrology
Abundant ore minerals

Japanese invasion period~1970

Gold, Silver

500 m’

Bulguksa Granitic rocks of Cretaceous
Gold-containing quartz vein filling fissures
Quartz, Feldspar, Biotite

Pyrite, Arsenopyrite

Sourece: Ore deposit of Korea(No. 12) (Korea Mining Promotion Corporation, 1971), Min et al,, 1997
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Table 2. Physicochemical and mineralogical properties of tailings used in this study

Chemicophysics Value Mineralogy

pH 5.09

Composition(%)*

Sand 68.5

Silt 2843

Clay 3.07

Texture Sandy loam

Element Concentration(mg/kg) Primary Secondary

Al 3,892 Quartz Illite
Cd 1.60 Calcite Kaolinite
Cu 15 Pyrite Maghemite
Pb 157.7 Arsenopyrite Goethite
Zn 1204 Hematite
Cr 6.74 Magnetite
Ni 12.83 Scorodite
Mn 252.6 Yukonite
Fe 14,770
As 1,480

4Sand 50~2,000 pm; silt 2~50 um; clay <2 um

Table 3. Results of separate metallic luster(ml) and mineral color from magnetic and non-magnetic samples

Magnetic Non-magnetic
0-0.1 -0.2 -0.3 -04 -0.5 -0.6 -0.7 -0.8 H 1 L
Black ml [ ] o o O o [ ) [ ) L D) [ @ ©
Black © O O
White ml O © o
White @) o @)
Silver ml O (D] O [ D) o O ©
Gold mt C))
Red ml © L O
Red o o © O © O o
Pink ml O O O L
Pink ©
Gray ml o
Yellow ml o O (@)
Old gold mi ') o O

-Abundance: @>€@)>0O

-Magnetic strength(AMPS): 0-0.1, 0.1-0.2, 0.2-0.3, 0.3-0.4, 0.4-0.5, 0.5-0.6, 0.6-0.7, 0.7-0.8
-Distribution grade of mineral color: High(H)>Intermediate(Iy>Low(L)

2.0-E08 A, Beam size: 1 um)g A3l

3l3kA Ao 2= 100 A= AEE JrAE 05¢
4 1@’”’(}]1\103 HCL, 1:3) 4mis B2 70°Ci 1A
7y 71938 & 045um TEE o7t FEadch
(Ure, 1995). =42 e d¥Ed=nt £471(ICE
OPTMA 5300DV 249, Perkin Elmer, t|)¢} 43

22 AHE YRS DDA (AAS-GE AA-6800 =4,
Shimadzu, ¢¥)2 245tk A=FHE A3
ACS(American Chemical Society)s&¢ &g}
Nge tiE HEAYES sen, B BNE
A EFHA RSD) kol 5% mIvteE ebst
th 2 a7elr FaE A7EES Fg 10 Fsid
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Drying and sieving Aqua regia extraction
method{Ure 1995)

Gravitational separation

Ultrasonic waves ICP, GFS-AAS

Magnetic separation

<Magnetic> < non-magnetic >

Separation by Separation by
metalfic luster and mineral color ll metallic luster and mineral color
X-Ray Diffraction analysis X-Ray Diffraction analysis

Prepatation of polishing A
semons B Mineralogical

method

Energy Dlspetswe Spectroscopy - ﬁ:?':r:gal

Electron Pmbe Micro Analyzer

Fig. 1. Flow chart of experimental setup.
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Fig. 2. X-ray diffractogram of bulk tailing samples(A), non-magnetic mineral samples(B), and magnetic mineral samples(C).

Q: Quartz, Ka: Kaolinite, I: Illite, C: Calcite, P: Pyrite, A: Arsenopyrite, M: Maghemite, Mn: Magnetite, He: Hematite, Gt:
Goethite, Y: Yukonite.

=47802 Yepfide of AMg Witk zElw e Fx=iA A, A

(Fe 14,470 mg/kg), &Fv]H(Al 3,982 mg/kg) aEal

3. 7 Hit Y E9 H)2x(As 1480 mgkg) w22 ¥ Uehhe R& &
I3k%ict.

1. Z0le] M 24 A3 XA 3 $443, 43 FEEs Y (quartz)t

e 197090 #H2E T HFN) ABurt eEREQ Ll (caldte), $EFHEQ] SEA T 4]
3097 Tole W so] Fu)Re] ¥Eo| we)r) wo) o] AZHY oM, o3 FEEE HEZEQ dg}
Hel sle g AR AA A Sstes Felaith olE(illite)o} 7hE-elLto] E (kaolinite), @ (hrAlsHER]
U= ENEH, R (68.5%)>AE(284%)>HEB1%)  AHEA (magnetite), 24 (hematite), 324 (goethite),
2 27 7P A Jehten Bwle) pHe 5.09% m}Is]|wlo] E (maghemite), HIAMEFER] SSIRT0|E o
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Fig. 3. Back-scattered electron(BSE) images(left column) and the energy dispetsive spectroscopy(EDS) spectra of iron

(oxy)hydroxide, pyrite, and yukonite.
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Pyrit fron= Yukonit
rite ukonite
Y (oxy)hydroxide

BSE

images

Fe

Ca

Fig. 4. Back-scattered electron(BSE) images(uppermost row) and the electron probe micro-analysis (EPMA) X-ray maps
showing the distributions of Fe, As, O, Ca, Si Ca, and S within iron (oxy)hydroxide, pyrite, and yukonite.
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(Fig. 33+ 4). 84| 7P #E7-E wet T3}
7b Ao ALl Ashitgo g A3 FpwA e

Hg - AL
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A

Aol Z78HA Ak o= Q3 8&E A o))

Table 4. EPMA data(wt%) for iron (oxy)hydroxides(Th), pyrite(Py), and yukonite(Yk)

Minerals Sample No. S (6] Fe As Si Al Ca K Total EDS?
Th-01 - 3168 6310 - 013 315 - - 9806 1,B
1h-02 054 2885 6156 050 087 033 008 - 9273 1,B
1h-03 045 2862 6142 039 08 036 010 - 9219 1, B
1h-04 072 2856 6039 045 086 033 005 - 9136 1 B
1h-05 051 2835 598 178 053 031 013 - 94 ¢
Th-06 041 2824 5891 234 045 051 027 - 9LI3 | ¢
Th-07 054 2803 5877 147 061 046 017 - 9006 '

Th-08 034 2812 5872 241 046 047 035 - 9087
1h-09 - 2930 5854 - 018 320 o001 - o123 LEC
Th-10 048 2865 5852 289 045 069 026 - 9195 L B
Th-11 034 2805 5839 228 047 066 031 - 9049 2, B
Ih-12 - 2660 5789 034 075 073 008 - 840 2B
Th-13 - 2942 5763 - 011 36 - 00l 979 1B
Iron Ih-14 002 2911 5744 211 202 061 036 002 9168 1, B
(oxy) Ih-15 002 2823 5703 190 163 048 033 - 8962 2B
hydroxides Ih-16 - 2621 5694 151 050 035 010 001 8562 2 B
Th-17 - 2825 5692 181 171 056 028 - 8953 2, B
1h-18 - 2689 5686 250 058 043 019 - 8745 2, B
Th-19 - 2632 5660 19 038 051 013 - 891 3, A
1h-20 - 2887 5653 238 194 075 044 001 9091 3, A
Th-21 - 2750 5628 311 124 021 010 001 8847 3, A
1h-22 - 2837 5619 221 167 088 035 - 8967 3, A
1h-23 002 2772 5599 244 111 075 053 002 8857 3, A
Th-24 - 2741 5590 185 118 050 037 - 8721 3, A
1h-25 - 2797 5536 230 138 110 040 - 8851 4 A
1h-26 - 2172 5437 246 057 190 086 019 8807 4 A
1h-27 - 2863 4992 232 276 254 043 089 8749 4 A
1h-28 - 2955 5513 303 100 075 544 001 9492 A
Th-29 - 2972 5328 355 069 178 58 022 9510 ﬁj B
Py-01 5209 0.14 4605 001 - 007 001 - 9837 1, A
Py-02 5225 023 458 - 001 012 002 - 9848 1, A
Py-03 5193 019 4576 001 001 027 00l - 9818 1, A
Py-04 5226 018 4576 001 - 003 - - 9824 1, A
Pyrie Py-05 5175 030 4569 - - 006 001 - 9780 1, A
Py-06 51.87 036 4568 - - 014 - - 9805 2, A
Py-07 5168 068 4558 003 - 025 - - 82 2, A
Py-08 5139 042 4552 - - 02 - - 9755 2,A
Py-09 5157 022 4535 - 001 019 - - 9734 2, A
Py-10 5134 031 4521 001 - 026 - - 9113 2,A

Refernce? - 26.83 2240 2458 - - 10.23 - 84.04

Yk-01 004 2715 2203 2457 004 022 1069 - 8473 5 A
Yukonite Yk-02 004 2720 2186 2459 001 039 1064 - 8474 5 A
YK-03 005 2875 5157 912 032 094 101 - 9.77 5B
Yk-04 004 2853 5073 918 040 107 088 - 9083 5B

“Analytical points for EDS of each mineral shown in Fig. 3.

®Mineral Database (2010)
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b RAe XA B EMAAE B & g dlen,
o|g E3 Zge 79 E AN %‘» ATk, B=7F o]}
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A FEE AXgEE AS & F Ut vaor 22
g oA HEE H GheElEe Fig 3¢ 50A
Hols f3fo]EQ] BYEOE o] o] Hukgaly
FHTable 39 Yk-03, 04), EF A% it Ao
2 W JERRARL 2 d ahgaEEe] n)a g
FHo B 2A o o2 vehdth w3 W B4E
3, fravelEet H (hFAstEe] £gEE FHE
FAEA o8 F A Fele v)E XE AR
Bo} G=Auh, ) | v)de} Zgro] FREIX AU pH
7b AT frEVelER AR Aoz dgdn)
Tz AAE fIve|Ee] AR5 (Table 39
Yk-01, 02), 5 A% Zi(Table 39] reference)st
AAsA JebRT fZUCIEY] H2e] 32458
wt%)ye FRILTE F oAl FER gEds AFE
THO)E(32.46 wt%)Rr}h Hlwd Bt 02 o3} 4t
2} FE| His| HlAe] Feo] vlwA Ee FEolr)
T3 fFRVelEx AR FEERA O] HAE 1A
3 & ¢ e FEE JAEY, 30 ) pHF A
sld® fvelES] T} 3] WRe) BlAe) A
12 1S 9 Ao 2 BE T (Mare-Claude eof
al, 2009). =3 FE} 248 44 e Hs)
AFRNAINE EYE S, Fe, As®] 94F2e 7} 2
HZ FAsled 3EER Agslgon, 3 ahgakst
A fRUolEVL ANEHE IS A2 £ YT
(Fig. 5).

FA|EE gRbE o2 pH(7.56-8.82)7F F49 &
7oA ASHA vehd Zog deiA glont vl
Zgo) 93 Aeolls R pH(5.5-6.15) $3¢0
Az FgEoty BvE vl 9lck(Peter and Michal,
2008). W84 Fule AH =EE e 3
71/ 7o, ARt Ul tefow EAsk= whe
o] Z5kgol sy 428 2wt ohg )
2FEQ AN 23R ol 429 ul4vt
53 Ao, olg ZAR o FEQ H (bF
AslEa FANo] WAHo] Az} B89 fAL)E
7F AR EE W34S olefot o] 48 Bttt

12Fe(OH)3+10H,As0; +7Ca% —
C37Fe]_2(ASO4)10(OH)2O : 15(H20)+H20+4HF /}Jv (1)

12Fe(OH)3+10HASOZ +7Ca®t +6H—

Ca7F612(ASO4)10(OH)20 : 15(H20)+H20 };] (2)
12FeO0H +9H,0+0,+ 10H,AsO; + 7Ca*—
CaqFe 2(As0)1(0H)y * 15(H,0) 2 3

12Fe00H+H,0+50,+ 10HAsOZ +7Ca2* +26H+—

Ca7F€12(ASO4)10(OH)20. 15(H20) }-\—] (4)
9] kgl He-B2 A (hatslE, 3JEN
a3 57F BIAE IHET olRE, Fhl e &

ANe & ahElEs wdEY H5Ho2e= 31d
Ao} FAH7] wigolx, fHlEA Y AsRTIe|EY)
Z3pl] oJsiM HlAe difE vt FHER £E5=0] 9
ol fIolEE okt $4 pH #AM A
A%)7] w2l pHel W3l wel 4% 571 vAF
& s e 2 HRAES 98 Bt 9
2 (D @ 3 AFAstEo] Hiieh g
B, w54 (3} o] ofibg pH #Es A
o =29 Y o fvte|ER HEHE k-8
HoFEh ¥ e $4 pH A JEAs 5
7} Hl& Fo2RE faelEV AdEE RS U
R}, #m)7t A EDAR =& Ho] E312 g ut
2} pH, Eh, £& ol F% To] ALHoE Wy
A oA AR vEgEo] EA¥ R EE FAY
oA o] Evt ANE o= et

HEgAte] tiet Ha drelrE vliy] EAFE
bR g ARA FH ahdsteEe] o] o
W0%E AAFoEH 22402 AAE F st
o tjFEe] vavt A%E Aog Ryd v gk
(Ahn et al., 2003, Lee et al., 2010). =7] F3p+3
o] st )M Alsigo g we ofe] Hldvt
SE5]o] HIAEFE]] 272 00|Er} o]2H oz A
A &, PR Zhhe uE 2FRO|EE A (3D
FEER ARAs g 232 velEdA 58
Hlae thge] 3 GHFirskEe el 3EAY
FIUER A He Zo= dddr. oE 4
SEEF FEFEEY vjsk]  hitsE A
Ho® =2 FAsHE (point of zero charge, PZC)S
Zk7] wige] 49 pH FAIME FHsE wHe B
W A} BAS Jepllz nxAEAe] AN FE Fol
2 FHE BAske ¥AE S84 gl o
H3t 54 wiiEol Fm O E GhHFakEEo] vie
AES aFFe s Aozl Aoz IADAHCarlson
et al., 2002).

¢}

3.4. ¥Ste| BachA R #H 9ldlY ol&
Fje} Zstell gloir Fadh AR Al o
2} FEO A FEH AR FEe] JuFE
ule FEe Fof weh 443 #AIE TR o
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