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ABSTRACT : Leaching experiments of gold and silver from roasted concentrate were carried out using
a chlorine-hypochlorite solution. The leaching rate of gold was 75% at 1.5:1 ratio of chlorine and
hypochlorite and increased to 81% with adding 1 M NaCl. However, at 1% pulp density and at 65C,
the leaching rates of Au were close to 100%. XRD analysis identified quartz in the solid residues after
digestion of roasted concentrate with aqua regia or chlorine-hypochloride leaching solution. This suggests
that the gold may not be leached out of the quartz in aqua regia or chlorine-hypochlorite solution. In
order to leach the gold from the quartz, the concentrate will have to be pre-treated through ultra-fine
grinding or treated with stronger oxidative agents.
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Ut 0 2 golde= FHA ol FHIEA R 22
G33Ee =94 =& gEFog AgtEo 9
o ol 3}3EH AgH golde 7 pm ©]35k9
3Ng2 EAAY gold7} #33EF 18 (solid
solution)2 EA|3}7] W&ol §¢to2 #E3}7] g
S0 old AH< goldE BIZFAA(invisible) gold
2} 3} (Maddox et al., 1998; Yang et al., 1998),
A %H(cyanide)d 2L &UlZ &F0] & o]Foi7
A %= BE AL T B4 (refractory gold ore)
o]g} gtti(Lehmann ef al., 2000; Vaughan, 2004).
A = FHOERH AU golds &FA17
7] sl A kA B2 AR S e 3
A 2o Ao R AP 7 FAE AHSE &
5459 Fe, Cu, Pb, Zn 5°] A|AH ] gold &
go] F7FsH Aok =& A4 5 F4E 650T
oo d& 7tdstd HstF=45o] S7b el E o
SO, 7}2~2 A 7B tHRobinson, 1988). A4 33
NA goldg FHEe FHA I fFrIEHL AFH
Moz Wesy HFHoz HPHoz Wady
(Filmer, 1982). o|u} &3}4=2 271 3350
a4 o 2 HaHn. tg3dsd AolE Al
2e izt f4A T8 ol gold §5&0]
3 E Tt Aylmore, 2001). LUHE FA71A] Al
= A 7 BA AL3stod gold9} silvers
Z-37ste] goh 2y AQEEe S SAC
2k g3517] w gl AAHOE AES dA3] F
sl ok weEtA A 5 BAoERE X
BHOE goldE &AL T e Al tiA &)
A7F AAs Q7= T

HF4a(Cl), EEMBr), 2oz e =4
(halide) Y45 78S 413 58S 2
ol AdE 5 BAHOERE goldEs §E47
© SAZ AMSEI JTH(Prasad et al., 1991).
E3] A da-Aold At 8 (acidic chlor-
ine-hypochlorite solution) 543 H 9] goldE o}
F waA §HAA Au'9 A o] AT
G a-pob g b AIRE 24A1ER T, 2|3l E
Q840 15EHET goldE v]$- WEA £3]A7]
a0, B3 =S40 Ao A7 ufio] AQHY
oA oAl 2 ARg-Elth(Kozin and Melekhin, 2004;
Hilson and Monhemius, 2006). &1} 2o} 24k
UEFS datoly siba wkgste] d4ag A4
A7IH, olnf A" Fa Ttae FA0] gloeEg

d

2 oo (2 o

y]&joF gth(Hilson and Monhemius, 2006).
NaClO+2HC—Cl, + NaCl+ H,0
NaClO+ NaCl + H,SO,—Cl, + NapSO, + HyO

AAE Fa7t BF £ goldE 83IAA AuCly
£ A4 A7 tH(Pangum and Browner, 1996).

24u’ +3CL+2C —2A4uCl,

"l OEI S
| gold ol 3] (passivation)©] FAE A ¢
70| 9ltHBaghalha, 2007). 181 Ha-3F
otd A4 gold &F&o] WEI FAo] g7 o
ol AFoly Fulslime)ZHEH Aust Ag £F
(Almeida and Amarante, 1995; Jeffrey et al., 2001;
Baghalha, 2007; Nam ef al., 2008), 354 A%
O ZHE Cu €ZF(Puvvada and Murthy, 2000;
Ikiz et al., 2006) - 31|54 (enargite) 2. = 5-E]
As §Z0] ASE(Curreli er al., 2005; Padilla
et al., 2005). =3 o] SujAl= FA(furnace slag)
ZXE Cu &Z(Herreros ef al., 1998), A=A
FOZHE Ay, Sb, Sn T& §E3t=d AHEEHA
THSaleh et al., 2001). L o] &mjAlE 73
RAA AolnE AT AT Ft 2
23t} T8l 2pobd ke goldRTh Ao
WAFES O WEA &A7]7] dEd d4 4
H7F Z7bebAl E A gold 43 &0] "olx A Hot.
50| g9 & FFol AYAA & 45
Gufjoll o3 &=o] AAlF o)A X3k o] G0
ot mekA o] SuAlE gold FA7F L AFFol
A gsh= Zo] &&Zo|tiHilson and Monhemius,
2006; Baghalha, 2007).

vl A da-Apotd gt &8-S o] &5k
AGY F FHOZEH gold9 silvers THHO
E A7 IA & A7 oFA mRsith Ak
A = B A8t golds &=A717] 9
S| A= 2447 o) BEEAIACE Stk 8y E4
ApobE a4k gold &3 HEgo] 4 F oJUE ¢
253 S g F4go] Ao E ulg Hh
upebA 540l A Hkg &go] ulg- w27 Wi
o @a-zpold a4t H AR Fol A &3t

a1
g X3 HHOZ golds} silversS EFZFOZ 3
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ool st Solol o3 A

3 = el 283k goldst silvers X872 L
2 8247174 9t BYET, HLen o}
o

Ha-Apold ks o] 8 Au-Ag £EHFES
Hske] Oj-2AsF SMCe| 4% F(flotation con-
centrate) = AH8-SIATH AAE el o & &
= 883 Yotr7] St AFE A7IEAA 650
TE 243 ¢ &4 (roasting) A Z T

dEYY

AL EEAPAA Au EE&%)°] A= U
e M shE 2dn. 18a 249 W
2 &% 89 Axso ts §E4dds Fds
of EOE ¥WgE 22U ols} Zo] Az
A Au §F&0| FolAE MFES 2AHsAT
da-Aotdadt UYL 2B o83t

o 47 Zg230 5% NaClO (sodium hypo-
chlorite) &3} 35% HCI (hydrochloride) &4-&
HgHE EstY 75 ml £ £98 At
243733 0.75 g (200 mesh)S H7Fatgich. G4k
LA ARG EE HES 2442 301, 2:1, 1.5:
1:2, 1:12 EFst] F225T)lA &4
Fattt. £ Yol IPHe ¢ &=
mlE A7PEE A3 3o AASAIA Audt Ag &
< A3 Au HU 8E&(%)°] UE=
Ak ZFtE AN EF HES MBS NaCl &
THE EESAES FIYSAT. Au £ %)
AU Z YelyE NaCl 355 243 3 252 &
Thll e 4E&(%)S AAsAY. 25 e
£E49e 25, 35, 45, 55, 65T hot plate] 4]
150% 59+ 150 rpme] WWH&EEE §E34FS &
ST BAFEe B2 $E24FL FY F=
2, 3, 5, 10%(wv)Z 39t 48 A 34
3 =(fume hood) HellA 83T
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HI

243743% 0.75 g (200 mesh)= heating blockOl|

= A% 0 2 HE Gold-silver &

A 70CE G2 1A 5 Zalah S &
3 &H& 1082 FAsta 045 pm AR o
st 254 7] (atomic absorption spectropho-
tometry, AAS, AA-7000, Shimadzu, Japan)Z Au
o} Ag FFS ST S AHE Yot
B7] §J8te] FrEs HHES XRD (X-ray dif-
fraction, Rigaku, Geigerflex D/max rA)&E43}%
o Age gl & 8HA gonE AR
0.75 g& heating blocko| 4 Astoz B35t}
Fritdle $HoE s A $e B
o2 Yegth. §243dA AHE 59 1 ml
Z 1042 3A8QT 045 um AFAE o3}
of dAFZEN7IE Aust Ag FFS SAEAT.
Aol F8H &EYdM 1A JFES What-
man No.l HHAE st} 2FH3tGom, o
A SHFTE AASIAL 105C HA=x7]oA A=xs3)
Aot 1A FRES] XRDEAL A o7 S (intensi-
ty)& 7gsto] sk

o
i o
ANFYO BL2H U DA

28R% 075 g& STEdlT 23 Aut 180.5
mg/kg, Ag7} 546.15 mgkgl & ZAE T Y
S A% 075 g& Ao B33t A3 Age 1011.82
mg/kgel At RO AL 37 OF 465.67
mg/kg®] AgE T &ZAIF oM, oF 46.02%9] Ag
g 9 d2 Aot

HU-XOIHAMLES

silver &8

0

OE gold—

o

TH™ ).
I Ag §E82 4
3:1 HEA Aut 64% SHA, 2:
ol 61%, 1.5:1 HILoNA 75%, 1:1 HLA
52%, 1AL 1:2 Hl&A Aurt 58% &
ot E3 Hg 1.5: 1914 7 Be Au (135.64
mg/kg)’t EEEHUATH o] 3L AN, &
ZA7 o 587 ojujol Au &8t 2F SR FHUG
(Hilson and Monhemius, 2006). Agt &30 &
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Fig. 1. The leaching of gold and silver from the

roasted concentrate at 25C. hydrochloride acid to

sodium hypochlorite ratio=Q; 3:1, [; 2:1, A;

1.5:1, V; 1:1, O; 1:2.

3:1904 95%, 2: 1914 100%, 1.5: 194 88%,
1: 1914 100%, 1:2°014 100%7} == ATt &
g 8249 AdoA, 18|17 Almeida and
Amarante (1995)7} A& wpo} o] kst Ao}
AU EF 85892 Aulte AgE o &3
Ho g FEAY)E ALZ YElTH

NaCl s&0| OE Au—Ag EE8

Au £E&€°] 7 =4 YEe £F £99
248 Gl AolHAIUEF HEo] 1.5:1¢
wojtt, o] &3 H|Eo| NaCl =5 247 0.1,
0.5, 1.0, 2.0, 3.0 M2 ZA3tQ4th o] &3 &4
o0z ZEAYS 158 B¢ £ 23 01 M
NaCl 5594 Awt 71%, 0.5 MlA 76%, 1.0
MolA 81%, 2.0 M4 67%, 3.0 Mol|A 53%7}
SZHAJHIE 2). NaCl £5 1.0 MA Au F
o 837 147.56 mgkgs AUt
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Fig. 2. The leaching of gold and silver from the

roasted concentrate at 25C (hydrochloride acid to

sodium hypochlorite ratio=1.5:1). NaCl concentration

=0; 0.1 M, [0; 05 M, &5 1.0 M, V; 20 M, O

3.0 M.

=370 ME Au-Ag EE8

4t AP AU EFS] HES 1512 &
3la, 183 NaCl 1.0 MS A7lete] 589
S Az SE2A4YS 2xE ISP
& 3). 25CoA Aw} 81% &5, 35TCAA
82%, 45ColA 96%, 55ClA 97%, 18]l 65T
oA 100%7} &&FHAY. L% FUlstd
Au £Z0] 7159t Agd £&8& 25CdA
91%, 35TCAA 75%, 45T 76%, 55TCelA
86%, 1¥3L 65TllA 91%7F &= 3ot

US| OE Au—-Ag EEE

Gatat Aobd At EF gl 1.5:1, NaCl
FE7H1.0 MY §E8d0s FhgEd BE &
A4S 65CAAN FHATHIE 4). FAs=
1%14 AuZl 100% SE50T, FAsE 2%l

- 126 —



o a-Apotd aaqt oo o g A

120 r

100 | /

Au leaching(%)

Ag leaching(%)

6123 456 7 8 910111213 14 15
Time(min.)

Fig. 3. The leaching of gold and silver from the

roasted concentrate at under various temperature con-

ditions (hydrochloride acid to sodium hypochlorite ratio

=1.5:1, NaCl concentration= 1.0 M). temperature

O; 25T, [0; 35 C, A; 45T, V; 55T, O; 65C.

A 80%, FAEFE 5% 56%, FHFE 10%0
A 65%, 18T FAEE 15%14 34%2] Aurt

$Z590. FAEE7} Z718tH Au £E80] 7
23190 Age BN R 1%014 91%, 2%
68%, 5%A 49%, 10% A4 30%, L&l 15%°]
A 18%7F SEHUT. Ag A BAFET} 7

hH $E80] AT
gaof L 85 Mr=20 Ofst XRDEA
43, 24744, 2R G2 B A5
5 dab: apold AU EF HIES 1512 &%
g gfog Ao 158 B £ Y A)S
TS AFE, i AolAMIEF EFHE
1.5:1, NaCl 5 1 M9 §&8d402 8249
(g A% AHE, 28 G4 Zofd st
UEF E3H€ 15:1, NaCl 55 1 M9 £5¢&
doZ 60CE FE4IE £ FFHE U3}

A 8FA

o
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Fig. 4. The leaching of gold and silver from the
roasted concentrate at under various pulp density con-
ditions (hydrochloride acid to sodium hypochlorite ratio
=1.5:1, NaCl concentration=1.0 M, temperature;
65C). Pulp density O; 1%, [; 2%, A; 5%, V;
10%, O3 15%.

o 217 XRDEHE ST oF 580
tele] XRDEAS Sald o = $58a) ¥ o
adloldaat 82890 Bal SHL Wl
gJalAelt el Aola 43 FALol B

HAHIE 5a). FFS 650CAA 2442 Az}

Mg A o] FAZEHJTHIE 5b). F3}FE]
FAX ol AFEAL 650TAA 244711 A
FHAMS AA HEHoE HHAow widET}
(Filmer, 1982). 24435 70T ST N &
e zHfrEolA ¥ MRy FFEHATHT
& 5c). Ago] Foll BalFHA k7] Wi A
&of] EAJSHE golde 85 A %S Ao Th(Potts,
1987). 18 5de G4t AolE A EF S
& 1.5:1 §H02 152 5% oA §EAZ
ZrEolth. A9 HHA o] AAHAY. B
Ak Aol ALAYEF EFHE 1.5: 12 A
o] FallFHA B&S STt FAb: Aopd A
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Fig. 5. XRD patterns of concentrate and solid resi-
dual (a; raw concentrate, b; roasted concentrate, c;
residue by aqua regia at 70C for 1 hr., d; residue by
sodium hypochlorite to hydrochloride mixture ratio
1.5:1 solution at 25C, e; residue by sodium hypoch-
lorite to hydrochloride mixture ratio 1.5:1 and NaCl
concentrate 1 M solution at 25C, f; residue by
sodium hypochlorite to hydrochloride mixture ratio
1.5:1 and NaCl concentrate 1M solution at 65C. H;
hematite, M; muscovite, P; pyrite, Q; quartz).

-He - H9d - R Y

AYEF T3S 1.5:19 NaCl 55 1 M &9
o= /\l-ioﬂ/q 151"% EOI- %ZNUJ S /‘*sgts} 2]-_”_
EoA MY femr BAFHJAHIE Se). NaCl
S 1 M A7k 2473 HE o] s &
g Zolth. a8y @4t Aol AMEF %
HE 1.5:19 NaCl 35 1 M 2902 65CAA
15% 3¢ 84S FYSIAT A9 9
27} BaHA gtk 5f). AFe AEEo)
GAa-otd At Ao Z T Hi
Z 49 ol Fird golde FetA

'_
ek

21 & XRD¥
aAdd| 9
st Mol RE AP o7 WEHYA L A
< WHEHA skt ARl e FEAo] &
oste] 2AFHEANog, Tga HFHOR A
4407 W3E 7o|th(Robinson, 1988). ©| @%d_

A2 g3EddoE WEHL 3580 F7HEY

[e)

Ok o
o & rob i
i
=l
£

oX of
2

A

i
>

l

witol] AlQE 52 Aot sk §o] A A
Fath meA 284S AAE Au £E80] F
FEH Aylmore, 2001). &~488%FS S5F=2 £3
& gl tiste] XRDE *46& A} A} W
27b #EEAT Qo] S EaEHA g A
S st o, vhek pold7t FF &9 HY &
o $fEol At G FefshA X Aol
E3] B H3gol| 37H golde WM F FHE
EAst7] vl o PEAE wﬂo}&l oF gold7}

¢r°ﬂ %2 Zo|tk(Harris, 1990). &3 Au &

£9] 100%¢] %i-XM"dMP JBoiel A
H A g7t EAsts A& XRDE 4138}
Stk Webd gEHgme] 4] EAsHE Aus
da-Aotdastor §EA7A X AR A

Al SH(cya-
24}\]7}1-1;_1:} WEy Hogs
(thiourea) WH-&%= ¢F 158K} WET(Hilson
and Monhemius, 2006). ©]$} o] ¥3&% 7] wf

olfre @&(CL), APotda4t o] 24 ClO =
2po}d 24+ (hypochlorous acid) HCIOZ7} &%

rlo rlm



Q2-Aok

(in situ)oll A AZHs}A 235 7] wFo|th(Baghalha,
2007). o|¢} 2L e 257t F7H8HE ol ¢
250 o WmaA Ftsty] Wid £E257 F
7btel wre} Au §E&0°] FUFHTh waEbAl 65
T 2594 Au §&8&°] 100% ©]& 2L o
Ze g o ARE Asdth Iy HIE
Au £E80] 100%] EZHAA T Y Lo =
Adte golde FA7IA X Aot A= Ta
HAgel Aol EE Aue EAETE 9
olty. 1B MG FfH goldE 3]F3t7] 9
e AEs 9 2 YAZ nEASAY st
AFsl(high-pressure oxidation)Z A gldfjoF & AL
2 AR,

7z =
BAARE 650TE A4ATA FHHe BE
Moz AR 4P WeHA ¢

&'1-‘
X2
.

1 M H78HA Au £&89] 81%E Z71E A
183 FAEES 1%E FHEEa, 18a &
£ 65C S7HA E243E T4 Au 3
o] 100%0] =2HAT. FAa-2ofd Al G918
373l 283 A gold} silver7t w5 WHE
I} S &EES Btk 59 da-AoldE A
to] &g 3 FAOZHE Aust AgE A
g skl $E3AZ5 e SuAds &
stdth 28U 4 2 Au £F80] 100%2
frEdA Aol EAstE Ze XRDEAHLE
Ittt Aol FtE golde

2 r% B o b U oalo
o0 o

i

o 2 o (o

At LPORE FEATIA &
lott. whebd M9 o] ZASE Aug 3
7 QA AR B e o 3
WAE 2 g8loF & Aol

S P
1R
o
ofo

=

A A
o EEe 20124 ANFAR AANLE YRS
ol oJsh A=Y
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