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sto] ThFah baking SE(100C ~500C)9} 84k Lol AI(H,S0,, KoSOs, (NHy),S0s, MgSOs, CaSOy)
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o W2 AWS A4} A £ 2710S (NHy),S0, SviAlo|ith B AFE E&te] (NH,).S05 &
A7} AWSE ©] &3 FE&5% &0l o] AHHR SulAR AMTE TS YSITh

FR0| 1 F8FS, acid bake, FHE, FAEEIAl, BT EFE

ABSTRACT : The objective of this study was to investigate the application of sulfate solvents for the
economic and eco-friendly leaching of valuable metals from Au concentrate using an acid bake-water
leaching system (AWS). AWS experiments were performed using an electric furnace with various
baking temperatures (100-500°C) and sulfate solvents (H,SOs, K>SOs, (NH,)2SOs, MgSOs, and CaSOy).
The efficiency of the valuable metal leaching increased as the baking temperature was increased to 400C.
Based on the AWS leaching time experiments, the maximum leaching rate occurred with the aqueous
(NH4):SO, solvent. This study demonstrates that aqueous (NH4),SO4 could be used as an effective
solvent for valuable metal leaching using an AWS.
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Fig. 1. XRD patten of Au concentrate (Cv; covellite, P; pyrite, Q; quartz, Mu; muscovite).

EgFEolom, o]t
AEETh & Au 82 9 35 AN AuE A
Q3 FEEEHEY A% AT AY FAE
Sth 18 BE Au BFel X o5 FEaEHe
ayHo R SE3HAM AuES B IFES Y
A7l AR AAE 7)ol a7H 1 Yok
HZ FYollAE acid bake-water leaching
system (AWS)< ©]-83to] &u|d A, 453 (En-
argite, CusAsSy), HIAFHA 53 (Tennantite, CujpAsSys),
3]4= 4} (Molybdenite, MoS,), A UZAZA,
HEn @ UASH-laterite ZHE FEES
3t A7 AT AWSE g &
ShdES S8t AV|2E o] 8ste Blmd ¢
2521 300~500CollA oF 447t o] bakingdt
, ©| baking A ES 70C2o EZ a3l Cu,

f rlo o

==
Fe, Zn, As, Co, Ni, Mn, Al, Mg 2 Cr 59| &
5% £E3= WOl Guo er al, 2009;
Safarzadeh et al., 2012; Liu et al, 2012
Safarzadeh et al., 2014a, 2014b, 2014c; Parhi et
al., 2015). F3FEL 700C o] ¢ =& 2
T2 JtEete dslgEs BT AsAE a4
wol ulate] ouix] Aulv} Ak Eak AWSIA
= SO,7} sulfationZ ZHEste] £85<%5 859
71981, As,O3= water leaching®l|lA] 48440
2 &E-35Hn. FHHoE 54, FH4 ¢
ujE o) SR Fer 2AOZ Aty ZH
(Hematite, Fe,03)3} A4 X(Magnetite, Fe;04) 2
HEE7] ol Fe AA 9 37t €A HA
Tt acid baking= 1Al =™ FeSO41} Fey(SO,):7F
H3E] 7] w&ol water leaching©.2 7] £-3)-3]
48 4= th(Spedden et al., 1971).

AWSE °| &3 F85&S 35 g A7

TTom—T=

HFstm, o]9} FARSIA Barik §(2012)°] w3
9l hydrodesulphurizationl| 4] &2 gy} FHE
5428k BA o7 50~80T9 &% ZHolA
H,S0.& ©l83te theke AP2A(uiEs, &

il

5, B% 54 J29 5202 st
F9loIAlE TR BY PoREel TP 9
t APoERE 835 5] sl

H,SO,E o83 A7} &re] 2= glck. 3t
A%k A7AS, #HH 9 acid bake 1S 9e}sr]
Hstd 1559 H,SOs (1 M ol AHAIE
o] &g A7t R Hol wet AT FA] Y
=23 &7 AN F7HER] Aol ek 4
“goltt.

mepA] B AT A= acid bake-water leaching
system (AWS) 3AS o] &3lo] Au A% v &4
3t Au & VIEHTEEES X ola, A
o 3gaty] flote] thkek it A Y] o]
& 7Fs8& Tetste Aol

AEME 2
Au H¥

E A AHE Au GF AIS(75 pm °lhe=
A 718 F 34 HHaenam, Korea)oll A -7+
ABFAE Tt 59 AFolth. AR FE
ZAE 19sl7] 9ske] XRD (X'Pert Pro MRD,
Panalytical, Netherlands) #4215 AAIgH 23}, 4]
g, FEA, FdelolE Y Wew 59| 34 peak
7} #FE AckFig. 1).

Kim 5(2013) 2 Kim $(2014)& 2 0] A}
£9 Au AHFARY FHAAEIAHA FAFE
Au®| EAYFEE Totsr] fJste] dnd w4
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Table 1. Chemical composition of Au concentrate

} Acid Bake-water Leaching System W] 34ted gujAle] 284

Elements Au Ag As

Cu Fe Zn Bi

Content (mg/kg) 130.2 986.6

2456.1

1899.4 86793.1 2709.6 140.1

I A, FEA, F54, B, 354, B,
ot gl Fdlgo|E Fo] #EFHUT 8%
o FAEE W SAckE Aud FHe Ade
(Native gold) =+ dHEH(Electrum)©] obd 3
sEE SollA SHPAR 52 18AR AT
o sk

TR B AFAYY A FAFENA A
(quartz), #E2A(hematite), =T (muscovite) &
o] ArFoE AFEJTHKIm er al., 2016).

A 89| SFHEAS L4(HNO; (V) : HCI (V) =
1: 3)EelE Fot] AT REEAAAS, AA-
7000, Shimadzu, Japan)E AH&-3}9THTable 1).
Acid bake—water 8% A#

57FA19] bake &E(100T~500C)0] we At
A SuiAE ©]-83 bakeo] EIHE T3] st
9 100 g9 A8 1 M9 57}A] &kl SujA)
(HQSO4, KzSO4, (NH4)QSO4, MgSO4, CaSO4) 5
mLE 247 &Fry =7 (WA = 44 cm, E9
= 3.2 cm)oll ¥al, A7]Z(CeberA}, ceramic fiber
SF-series)& ©]-&-3t 3413t &<t baking sHiTh
Frbd BufAl Aol Qo] 712 APFAT, AA
e B AlEeke] HeddFes T 4 =
AME baking® A8 FHE 885 Yoln7]
A8k 2%9] FHFE=M/W), 70C L 250 rpm2)]

Iz A 3aF S/TE o] &3 EEHPE T
T3ZE W At WE As, Fe, Cu ¥ Zn
9] BEFEE Hofalr] ffstod AFHE &M EE
AAE BB A (AA-7000, Shimadzu, Japan)ZS
o]-gate] 3ehEAS AAISHAT

58
£h

Ay 4 nE
Baking X9 Y&t

Fig. 2 baking &%= W& 7t gujjA] =1
AWS Ag A3E Yehd Aotk

Cu9 7%, 100Te 2=x128 A3, 200~
500C 9 Lz 2E gujA 244 Raw
o] nlgt] &FE°] TV EE &A=
400°Ce] 2527714 828°] S7FsIRo Y 500C

A& Attt

500Ce) £ExAM §EEC] #aF olfe
o Aol oste] FFAIE W Cudird=s
o] sulfationgell @} copper sulfate® H3}Eo] 4=
HEo] Bolsiz oy, 2527t S7H ol wet Akshg
E2 HslES7] wiEolth Guo et al (2009)=
lateritic F O ZHE  sulfation-roasting-leaching
processE ©]-83t NiZ} Cog 3|FATE St
A3}, 100~700C7HA 9] e EzAodM 2571
Z71gl w2} Ni, Co, Mn, Zn 5 §&&°] 37}
3l 700°C ole] 24 gEEo] 7HAsls
) ol AAdel] ofsle] 3H4(goethite, FeEOOH) 2=
o] Ff3 lateritic 84}l 100~700C7HA|e] 2732
TZ204 sulfation #8322 mikasaite (Fex(SOs)s)
2} basic ferric sulfate (Fe(OH)SO,)= “+H3H7})
dojut §EE0] F7HIA oY 700T ol =1

oA A o7 WM3lE QY] W&ot}
g4 2AE 8£EFEL 294 H,S0.9

(NH),S0,7} o2 &miA1¢l K,S0, MgSO, ¥
CaSO4EU} %_%-E—O] 'Er'z:_'%l']:]' E‘é], (NH4)QSO4“E‘
400ColA 83.6%% &=EE 79.6%% H,SOs,
60.2%2] MgSO,, 52.0%2] CaSO, 2 48.9%9]
K.SO, ®th A UEFSTtHFig 2(a)). Safarzadeh
5(2012)9] A2l o8t baking 257} 100T
oA 400CE F7Feel wel 1A A5e] FAE
oF 14% Zrash=t, 1% 100TolA 300C T3t
ol Al <k 13%, 300ClA 400C A <k 1%
ZHa7) dojyth =3 Cud £E5LS 100ToA
400C F7HAA 62%NA 79%= °F 17% S 715t
Atk

B Aol AME Au Aol tiste] FETHA,
slsha] EAEAN AAE uEoZ Au A% W Cu,
Fe, Zn 59 fr&5%°] s e T334
Eo gHA 5 FulglolE, Aoldd Fol
o} o3t FFEZRH FETES SHHoRE
3|3ty Hske] H,S0, SUiAlE ©]83 acid
bakingS & 7%, 3Fshiks7]1Ze 2 (1)~ (4)
3} ZTH(Prater et al., 1970).

CuS (Covellite) + H,SO, = OuSO, + H,S (1)
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Fig. 2. The results of valuable metal leaching (%) on the baking temperature ((a) Cu; (b) Fe; (¢) As; (d) Zn).

CuFesS, (Chalcopyrite) + 2H,SO, =
CuSO, + FeSO, + 2H,S 2)

FeS, (Pyrite) + H,S0, = FeSO,+ S°+ H,S  (3)
ZnS(Sphalerite) + H,S0, = ZnSO, + H,S @)

2 (5)~2 (DL 2 (1)~2] (4)9] ¥rgog A
2 & 9= AAEF H,80,9 3ehks7)zo|t)

FeSO, (Ferrous sulfate) + 2H,S0, =
Fe,(S0,), + 80, +2H,0 %)

H,S (Hydrogen sulfide) + H,S0, =
S’ + S0, +2H,0 (6)

S° (Sulfur) + 2H,S0, = 350, + 2H,0 7

H,SO0,E ©]4-3F acid backingS 3HA =W #&
w5< Rt e 78 FSHES A ()~
(N9 Wgo= 4439 SO AfEo &=0]
golaiAH, 7t~FE ] SO,7F A4 F th(Habashi,

Q setolEste] SRS 4 (3)9 2
9

FE9 sehbgTIAE A (10)~2)

CuS (Covellite) + (N]:LCL)QSO4 =
CuSO, + H,S + NH, (®)
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OuFeS, (Chalcopyrite) + 2(NH,),S0, =
CuSO, + FeSO, + 2H,S + 4NH, (10)

FeS, (Pyrite) + 6(NH,),S0, =
FeSO, + 750, +12NH, + 6 H,0 (11)

nS (Sphalerite) + 4(]\71[[4)2504 =
SO, + 480, +8NH, + 4H,0 (12)

Fed 7%, &miAE §&EE2 Cu 52799
FARHA BulAl HaSO48F (NHL):S04014 71 =
ZES BYOL, baking &%= 300TCoIA
7V =& $EE(HS04-76.7%, (NH,),S04-75.7%)
< UEIthFig. 2(b)). Feol AW &% &xx7
o] Culth @& AL AE W Fe 3= 7=
U As, Bi 3 22 Se3o] W& d4vt x93
oL, bakingoll &JF AlE W 2EF7IE Ase}
Bi7} &allgel we} Fe 829 IS & Zo=
AZtE| 7Tt =8 Als ] A o] gslgE
o] L& F7te} St T Bk FIE <ls)

A &3l (thermal decomposition)F o] S7} SO,
A 2 AALHUAY] dEolgt AFREAZITHUslu
and Atalay, 2003; Amankwah et al., 2005;
Pickles, 2009). Fig 2(c)2] As $&43 ZAFiA
200~300C2] £=2Ho4 714 &80 =/
Z7¥3l9 AL, Safarzadeh 5(2012)2 baking®] &%
7} Z7VESE Fed €& ZUIEAAT 300CT
oA E & WPt gle o= Fed 727t
849 nEAoR o]Fojx Q7] wEeldt
sF3iTh

As9] 739, 4007C2] H,S0,9 (NH,),S0,9] &
A zAA 22 84.1%9F 77.4% &S U
BRI} 353ES A4 S09F As,0:9 2
< 7] edE=do]l AAEHAR AWSA = SO,
7 719242 WEHA] L sulfationZ 2§
3t &8a4 820l 7198, As,0,= 9A &
=3

Zn® 735, Cu 73-5-¢} FARSHA 400T 4] H,S04
9} (NH):80,2] &mjAl z7elA Z+2h 85.3%9}
80.8%2] &FES UEIITE Iubdo g Aobd
s AT B899 ZnO7t BAEO Zns
£Z-3|5517] AHAITE, AWSS H831H ZnSO,
7t BAEHY G4 BEE 8235 £ U
(Safarzadeh and Miller, 2014a).
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AlZHof w2 ASW A

ikt 3k SulAlE ©] 83 baking =9
ASW A4 A HH o 82885 HSl 400T
9] baking &% X719 &EWHSAIME §243
A7E Fig. 30 YR 82934
eSS £52249 Cus £EHATL
Al 27004 1085kl g&4kSo] F4

om 71 9 Fe?} Ast 50, Zne 30
o] 43 AHL 248 89S
AaEE A Aol Ed¥sgE W &
£ S7} bakingoll 23t 2EFVIE Hal/A|AEE
AN A W 7+ g3lg=e] Eele=rt b=
3, o]2 Qlsle] g&o) 7|93} sulfation®] 35
Al Ba/A A== S &ol7t Y] wiZolth =
3t g3l BEo) 3 LxZ= FEY APAS F
ZE 37} 459 % dupg 58 TN A
SEE°] PN & JATE E3F F3FE ol
A 2y g3gEe] 93 549 S W=t Choi
et al., 2017). Cu® Ht| &EEFE (NH4),S049
gujA] 21N 84.2%=Z 7Y A UERtoH,
Fe9} Aso] HU] £&5E2 H,S0, SulolA 75.1%,
78.2% YERE O™, (NH4),S04 2= 72.8%
84.7%=2 7t UEhgth Zne HU £EE2
(NH),S0400A4  85.4%= 7F¢ %A Jepgdch
(NH),S0, &1jAle] & &8o] =& AL 35
A3} ol T3 22 FelgEol AEste

=455 8EAZ & A, Hlgo] AHsla, &
o] wl§ Hour, e 543 HA4 Tgln
f349] 24 BES JAs THo] Holu
7] wjio|thKim et al., 2016).
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Fig. 3. The results of valuable metal leaching on the time at baking temperature of 400C ((a) Cu; (b) Fe; (c)

As; (d) Zn).

o], sulfation®] ZFHUQ Fa/AAEE S =}o]
2 FE dHd F35E L 989 2 g
28 5o 43 54 Aolz st frEasEE
aol7h wek, Akl whe 7 gejArE fréuse
AN EEES 4T A9, (NH,)S0, £uiA17k
7P =7 dEbE,

weba, 71E9] AWSE o] &3te] A A o],
AARY £5& Boz ALHE &ujAd
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