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ABSTRACT

Acid mine drainage occurs when sulfide minerals are exposed to an oxidizing environment. The objective of this study
was to inhibit the oxidation of pyrite by applying various coating agent such as KH,PO,, MgO and KMnO, over its
surface as an oxidation inhibitors. Experiments were conducted for 8 days to test the feasibility of oxidation inhibitors. The
optimal condition of coating agent for standard pyrite and IK mine was the combination of 0.01M KH,PO,, 0.01M
NaOAc and 0.01M NaClO. Otherwise, for YD mine the combination of 0.01M KMnO,, 0.01M NaOAc and 0.01M
NaClO. The SO,> reduction efficiency of pyrite, IK and YD mine samples was 70, 92 and 84%, respectively. For 8 days,
no significant increase of SO,>” from pyrite sample coated with inhibitor was observed. The pH of solution remains in

between 4 to 6 for the reaction conditions.
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AHgE o] A TS 9

o] pH7} 3.5 °J8lE #AEW -84 Ul Fe''e 5=
7 S7¥ste] P Al SEEAS A7 1 kS
< oS3t 2oh(Singer and Stumm, 1970).

FeS,+ 14Fe* + 8H,0 = 15Fe*" + SO,* + 16H" (M

SHA, AESH Al o s vk pHO| Z7lofA =2
ks glolRl Acidithiobacillus ferrooxidans?} Fe*'e)
ABEE 1008 o STMAITIE FHeidEs dtial B
o} Qltk(Singer and Stumm, 1970). wlEbA, 3Fa4lo]
ABR= 1) Fer'o] A, 2) Fe¥ oA 3) whSA oA
0.2 AA k= A7 WHeE AlgkE 4= Itk (Scharer
et al., 1991).

7R AMDE Aejsh= WHES A=4 A
(active system)¥ A=2 {29 (passive system)OE
EREH, A dukgog AMDY AeE FA3}s}
I T35S A7) S8 Gk EEES FEshe W
Holw, 2= AAAR1EH L8R AEAIE o83k=
Woltt. =2 A AglEgo] HAUAT f
Ao Ea1 Felg] Aol EAI7F AAth(Johnson and
Hallberg, 2005). WA, &2 Xy dujgoz
e FAMgo] EXNE Hx AlFEANA dUA vl
o] Wo] 1 WFeE Y] FHHE o] Qs &
o] Sth(ohnson and Hallberg, 2002; Lee et al.,
2002).

AR A3l Ae)rlee ARAlE] 7o)
Ol A9 tlEe] B EARS AU ot w
2hA, A71F o= FHA0] A3l vt AHdullar S
A7) <3l A I EE T 0,9 A A
< AT & e Vlse] dAFEHL Ut dEEH,
PO, Mn 12]3 Mg AlE 59 §Ho2 JHduld AY
@A ] Fe''ol whgsle] e 2hs FATIE A
o]tH(Evangelou, 2001). |24 FAH FATL T4
pH A ANA B3} ¥ A] A33] FgE E4olH,
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2 Al Aoloh
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2.1. CHAA| B2 A

2 Ao e w74 2FE AT (FeS,, Ward's
Science, USA) FJ&ERF 4 dd-31ke] S o] 83}
Aot Feege AU AoAl FEH Aol LAlst

A 3Bl ol5S TS I} Al dohEE
ZZFAE, 1990). @A Fsegolxs High o] 7y
I 2 HXHESTT Hi 5000 ton/day® FESAL O
H, J&F Yolle F2 Fe, Ca, Z283L Mg7} ¥ o]
ATHEFF3 A B2, 2008).

YFZAke FAgA] 71 o3 e duj(4ar
Tyl By 2, 2, 5, A, e TR AF
HAA R dAe #HFE otk AT,
2008). FAHAY Ao A BH SR E1-ES)9) o
E 700 BYS EAF S L Aodd, wsl| A
ToF FAE] 3lor, FAAY HRES AA|skE o]
Az &4, a3 Adg EARE=gsae s,
2008). A, LGS E3SE T B 1EE9)
Feo} Cuz SH=] glow, Fihlg=e] pHE= oF 2.62
2 AP Ha oEaREeA] BASEATER, 2007).

N2 o

o EFEEA 9 o AR A B3 vl
gt A8 Zia AR Bk 7397t tiiEel=t
3137 (pulverisette 1, FritschA}) 2 T3-7]S(pulverisette
9, FritschA}) AR83t st o, AAES AREsie
100 um ©J&t= I=ite] 33Tt o] %, A4 FHo &
k= 2ksFEe AAS] 98 0.IN HCIZ A1F 3 o}
AET SRR ARSI, ti7lEe] AsPIAIE 9fal
Aarieg 2319 8713 A Basio] AREE I

23 MUY W 24

50mLe] ETRE FE W ZF AR 300 medt RIS
Al 30mL(1: 10y 57](Lab Companion, IS-971R)
£ olgalo] 25°C W 150 pmoll X 242} 1, 2, 4 )3
8Y FoF HkSAIF T YAV HkS $ 8o S o] 83

pH 2 A7 |AEES 243193, 0.2 um filterS ©]83)4]
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oJ7}=]) ICHSmartpor Syringe Filter). ¥ 88L& ICP-
OES(Varian 730-ES)S ©]-8-5}¢] Total Fe, As, Cu, Ni,
Zn, Pb, Cd¥] 54 &%, IC(Metrohm 850 professional
102+ SO B PO Y] S0l FEE 43t &=
3k, Fe?'& KitHS ©]83}% UV spectrophotometer
(HUMAS, Think HS 3300)2 Z33}3ic}.

A AFL Evangelou(2001) 2 SR EAAA AT
€(2007) AFAT] HAut FPxAE Farse] A
FEA KH,PO,, KMnO, 2 MgO 0.01 M, 2F&}A] H,0,,
NaCIO 0.01 M I8]a pH ZZA] NaOAc 0.01 Me] %
& nige s A3ES s

2.4, AHLM 5B YL U

Y BsldEe] ogh AP 58 (acid generation
potential) H7k= ZA 2P 58S AR sk FA<
(static) "HT} AEREE0] &5 9 A7|E Y] SIS &
219 (kinetic) ®Rio] Aom, - AFolx= A W
o7 2 588 YISl tHUS EPA and Hardrock
Mining, 2003). $F4¢] AhAY 7154 e bEdE
2 (Net Acid Producing Potential, NAPP) #}d} <=2hdt
AFFINAG) HIREE 53 ¥4 NAGpHE =23kl
o tHFig. 1). <= APkl 712 dAIE(200 mesh
olahell 15% IIslAE F7Iste] 90°Cellx] ¥RS-AIZ)
% pHE 2A3laL o]Z NAGpHE A3Th FABhE
F 89(0.5 My FY3std pHZF 45704 AA & o
=9 2 )% ol83ld NAGE 7 + SUth(Lawrence
et al, 1988).

NAG (kg H,SOy/ton) = (49 X V X M)/ W Q)

A71A, Ve FABREF 8949 YHmL), M 43t
UEF 899 %5 (mole/L), LT W A5 T
(el

T AP SEE 9 RS ol8g Hof b
S8 MPA) 2 253} (Acid Neutralization Potential,
ANC)E ol83te] 2 (3l olal vehd 4= 3tk ANC
© ¥F 1IN HCE o83t Algudel| 3= =
FTHEAS BT WA & AR HCE| e EF
0.5N NaOHE ©]-8-3t] HZ{H(back titration) =
78 4= QJtH(Lawrence and Wang, 1997).

NAPP (kg H,SO4/ton) =MPA — ANC 3)
MPA (kg H,SOy/ton) =total S (%) x 30.6

Aol =4 (@2, 3l o3 A % E2 HAFEHE =
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Fig. 1. Classification of rock samples in terms of NAPP and
NAGpH.

NI A, AR SATRE Qe AR (Non-Acid
Forming, NAF), =4, 2k& WA = U= A8
(Potentially Acid Forming, PAF), A&, 2P 7} 5ofit
7} BEH3E Al (Uncertain, UCYS Uro] Yehd 4=
Art.

FEEE L AP A5 31 A
AEAS Dol 7] sl XRF(SDS-3400)2 o]-&3jo] &
A8iGact. EAAY, A, FEEd B Gt A
59| S} Fed] =k Z47; 443, 53%, 1.3, 11.7%, 1
23l 04, 123%2 = AU

3.1. CHAA|2o| A M ® Ty} ol AMsiHlS 7%}

5] S FETER(YD) B LFBHIK) AR
o] AARI T Y 7tE FdElion, F AR &
5 +NAPP 33} 4.5 ©J3l2] NAGpH @t 2t7] wjEoll
PAF, 5 2F WEES 71 Mo g H7kE| Itk (Sobek
9], 1978) (Fig. 1). NAGpHE IRIBlFEAS o] &3alo]
AlE W] 38 AAFeR iAo wf dAEE
2k TEAFoEN AGE pHE NAGpH Fo-Z UE}
Wog T 3 o] =575 NAGpH ¢ Sopr|7|
Hoh B A4y =3 YD(S 1.3%) AE7F IK@S 0.4
%) AEHT} & NAGpH(YD 3.2>1K 3.8) 3k U}
At NAGpHE o]&3t Aol A= NAGpHZke]
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Fig. 2. Comparison of characteristic the pyrite oxidation ((a) SO,>", (b) pH, (c) EC and (d) Fe).

3.5 HIRR Adghhlg=e] WAl ThsAde] a1, 3.56014
5.57FA19] 789+ AFETE AaL 5.5 ol 1 7Fs Aol
gulel Aog ARE7= FFtH(Lawrence and Wang,
1997). NAPPEL S447+= YD Al87} ¢F 32kg H,S0O,/

ton 18]l IK AlE% 9F 3 kg H,SO/tons YERJSITE
AlF o _;__‘L_Z§]—7<-1/H OﬂEE]__;J. 1:!1 01.14—.»1—/\]— }\]E _—ﬂ_”__%

SRS
SIS Fetalr] Sl8l, e ko] e pH
Z721 pH 559 F8AEFS 1L9 0.5mmol HCI
0.1 mLE TS ol8319em, F 8¢5t SO~ pH,
EC 18]al Fed| H2r|EEE Wl s Akt
735, 2007). SO, 2] WAEEE 2 AR W FeS, 3
o] =o JL_%_:@(;W\-] > A%El] > Q3gsgake _/] F07 =
AE|RoH, EFEA ABdA 4971A] Lkshikg-o]
3] ZP=|lo} 4Y o]F W& ETE =K YA
89mg/Le] SO/ 7} HEEUTH(Fig. 2a). =9 pH
z27] 6olM 84 § EFIEA 2.5, FFEE 4 17
dggrbo] 342 7HAslom, deehd Alse] %
=0 Al FEE 010104 FeS, T/dHlE0] dgg1ke] Al
SR o 5o ESRL pHrt =4 389 e

>

i

ok Ar e T

(d)

22 A
—~ 20
<
(=}
E 45 —e— Total Fe
= 2+
5 wo Fe
B 16
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]
S 144
o
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w 12 4
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o]
8 :
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2 AlEEt(Fig. 2b). ECY 74 % o] EA)

she RN st *Fi} ko= Q3 Ho 2.1
ms/emZ 7P A SE NS (Fig. 2¢), Total Fe &
T EFsREA0 MY AEE AT Total Fe 5+ 8¢
A 23 mg/LZ ©] T 90% oPde] F'E EAEP ol=
W2 pH Z7olA] AEAR] Feo 2kslRkgo] Yofutr]
W] THFig. 2d).

3.2. 3EAN| =g SO M7e| HEt

AP d FF3EA 2 A8 Z7S(Evangelou,
2001; SF=AEALATY, 2007y Z15te] KH,PO,,
MgO % KMnO, 0.01 MS] FEA], NaClO 0.018] Ak}
A, 283 NaOAC 0.01 Me] pHZZA|(pH6) ZHOZE
S ZssHt.

KH,PO,8] 739+ &EA9 Asagen 85 3
I} Qlxkdze] HkS-OF vivianite, strengite®} £ HY
B HMNIAFERE HAo] 7Fs3kal, MgO= Fe - Mg -
SO, AL T8)31 KMnOA= Fe * Mn » SO,£9] W3
HAES oJdsle] AFS Pk th(Harris and Lotter-
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Fig. 3. Effect of SO~ reduction by different coating agent ((a)
pyrite, (b) Young dong coal mine and (c) Il Kowang mine).

moser, 2006; A ZALATY, 2007).

EEFEN SBBW MBI KHPOE o183
o APF A%, NBFY SOF FEE A7 T0%Ssh

92%Z AASIO U (Fig. 3a,b) FEEG A5 AL o
3le] KMnOg/F 84%2] AAEE 64%7F AIAE KH,PO,
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o] 7SRt} s0 AE} o EUTHFig 3¢). ©le
FeEE AR Ul F TAERR] gEMYe] 3184 AT
3lehA] 5439 HdE JPOE FZHH, Bottcher(1998)
2 Fe(ID2} Mn(I1)°] complexE oFo] HXHES B s}
At

g ARSIl HRg ARt thesial A1
sl B4 wet 7] e Fa4S skl ok
webr], SEEe] sk Ao 74t SEgdanitt 33
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(Lee et al, 2002). T3 FEAS 0]&3 A|8E9
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(4~70°Cyl W F2 A9 AUt

TS, KH,PO,0] SEHFRAE @3l TUE 745,
2 QK e @ A8 Al Al FEdst A
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2 fA=EReH 195 e FA43 AslE pHrt 7
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A3 AeF AR HY. Zhang and Evangelou(1996)y=
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Aoz FZH)
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