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Mineralogical Phase Transform of Salt-roasted Concentrate and

Enhancement of Gold Leaching by Chlorine-hypochlorite Solution
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ABSTRACT : In order to optimize the gold leaching process from refractory sulfide concentrate, a
chlorine-hypochlorite solution with varying concentrations and temperatures were applied to salt-roasted
concentrate. The concentrate consisted of pyrite, chalcopyrite, and galena, which were turned into
hematite through air-roasting at 750C. Also these concentrates were changed into hematite and nanto-
kite (CuCl)) through salt (NaCl)-roasting at 750C. The results of the gold leaching experiments showed
that the best gold leaching parameters were obtained when the hydrochloric acid-sodium hypochlorite
mix was at a ratio of 1:2, the added concentration was 1.0 M concentration, the pulp density was 1.0%,
and the leaching was done at a 60C leaching temperature. The leaching rate for gold was much greater
in the roasted concentrate than in the raw concentrate. The leaching rate was greater in the salt-roasted
concentrate than in the plain roasted concentrate too. From XRD analysis, quartz was found in the salt-
roasted concentrate and in the solid residue from the chlorine-hypochlorite leaching solution at 60C.

Key words : refractory sulfide concentrate, phase transformation, salt-roasted concentrate, gold leaching,
chlorine-hypochlorite solution
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oA LS gAlstA B F, o) Fob Al
o] F& 8EA|7I=H AMEo] Stk Ly Al
& AMgslE BA ARl Al HON 7t
7} upeli E Hulake] Aokl s Qlslol
4 8740] erelafo] WHARThE AJAlo] walx 3
R AQH ALgo] FA|HQIT. mekA 2 850 o
47} A AREE oAlsA] HeickPuvvada and
Murthy, 2000).

Qs 73t L8| (oxidizing agent)2 283}
of T4 Feje] 24 AshA7IckBaghalha, 2007).

24u’+ 3C1,+2C1 — 2[AuCl,]”

ABFElE 31 Fofl U 9] 4’7 Hae] 9]
slo] F-QIEEA [AuCL] S FAI Au™
o] o] JhzolXict. ofuf H3}=(chloride) ©]22l
Cro] &st7] o] 3 ol =)9K(passivation)
o] YA A =t wetr Ha-Hd3kE Gl &
shdE Be WAEES &A=t AR T
T8y xpoled A hypochlorite, CIO) % 732 3F A
SR AMEE]7] AlAske] f3kE-atoted At 8
o & GUiAE &=L gt ZpofH iAol 4
o] 2} §kg-ahH ol gk AkgtE o] o 73t hypo-
chlorous acido| YA =)

H+CO0 —HCO

-GSl [AuCl] = B33t
24u’+ 3HCLO+5C +3H " — 2[4AuCl,]” +3H,0

w2ty 32 83A17]7] $J8te] A4x(hydrochloric
acid, HC)®} z}otd AR E H(sodium hypochlor-
ite, NaOCl& 33t5lo] AFgsiTh 12}t A3k &
AgE A0 R ASIA7]7] $i8te] AtH(sodium
chloride, NaCl), g32|(copper chloride, CuCh),
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A3} A2A(ferric chloride, FeChL) 5& #7}3}o]
T 58S PA7I7]% SHITHNam ef al., 2008;
Barbieri et al., 2010).

71& dtoll st 7 &5 82 AlQkY A&
24X7F EEARE NS o A &EE2
Hom Eeasl [5E & 5
=& Holch SRR Aot Ak o] WRSAIE
Hop Zaprp WEd, S4o] Adid o A7) wii
of Alete] thA| ErfjAl= A= tHMurthy and
Prasad, 1996; Senanayake, 2004). 12jL} & &=
< @AH(in sitw)o| A Fax 7HAE HAPAA ARE-SE
7] diell AgATE daviiel =E2E 5 9l
(Hilson and Monhemius, 2006). 71231 o] -2-ufjA|
= 4%t FAGORE Qlste] Au|e] FAlo] dojd
T gloug ARGl Fosfjof gt

T etA 02 ufg- ok ste] FAlo] WAstA
oL, A7) HEAHlA Aol A2 AEA|= o]
S5 Q7] wjitel AFdAH o2 T1ejan AR A o
A Q7 F55FL QA EA|3BA(urban ore)Ql |
AANFL B o) T3 f 835l Tl
St Yamasue ef al., 2009). webx] X33 52 LA
P4 omiy QU T THE JeNE A8
Aol = &ujAl 7igo] B astri(Syed, 2012).
SojAl= QIRl} o] B0 R 2-gatA) golok
st whe ), 29n 3 4Ee B2 9 A4
Eol= & Y7 gafo} gek(Senanayake, 2004
Barbieri ez al., 2010; Syed, 2012). ¥+ =4o] ¢l
= 7 SMAIE A F91 FAol 2 Hiet 49
¥ AAEE] HEItd w2 ¥ fE8aSHS
1A 072 3l4e 4= Q1S Zlo|thWan and Levier,
2003; Kozin and Melekhin, 2004).

UurH o g 2 SFEA, fulAEAY 22 g3}
B &ol 4 um oJst 27| &' EAAY 2 o
E I3ET 1-8A|(solid solution)S A5}
ZAg) o]#fgt o] wioll w2 TAEE 7} o
AL E3 5 §&°] of¥A Hrh(Harris, 1990;
Maddox et al., 1998). & 8= A= &4
(roasting), 1L9At8H(pressure oxidation), Bl z]o}
(bacteria), F}o]|2Z2 o] H(microwave) 51} T2
AAY 7]&o] S-EEi(Haque, 1999; Al-Harah-
sheh and Kingman, 2004). 0|5 AX 27|42 3
SPEES =2 2EolA 7hdste] gebgES 1ol
A7) ot 2 222 ISgES 7HEsty
HEA7IH o] AAE o] AFH A(pyrrhotite,
Fe,S)0 2 W3le|y 22 o=F ZH X (hematite,
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Fe:0;) 0 & WHEIT]. gobg=o] AR 24
Hom AYERA Tl PR WEEo] 38
o] Z7hEIh Eg I 2o F He 1
SA= ZA5HE Fol A TGN A E AL
AdA 274 7HEAE R o]t Aylmore, 2001).
aYBR AP AR T EEES FHAIA
I thRobinson, 1988; Dunn and Chamberlain, 1997).
53] 25(NaCl)yg 7830l E3sto] 244714 &
S50 U o e Aew HuEgltMurthy
and Prasad, 1996). S-2|uetoll A A3 & AF2
23 daAjoldadt §o4S ol83t At L §
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A2 Z8fAF0f 5% NaClO (sodium hypochlor-
ite)- &N} 35% HCI (hydrochloride) &4 v]&H
2 33k5k0] 160 mL £& £HM8 A3 AFEA
37% 1.6 g (200 mesh)= u7P°P?‘iE¥- A Akt 2
OfHAAMIERF H|l&2 247 1:1,1.5:1,2:1, 1:
28 ggsto] F225T)olA FEATS +AsH
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e Aol U E A 9]
Halsich. ol ko slo] Fo| nj=
L Jak oI ANIES TEH|L-S A%
m] o] T3 &2 AL} AR 5}

06;. o
;‘é ﬂﬂb; ﬂJIfU
ofo |o o v

ol

d 27 - wo] Hdiz §EHe
43 Aol SR ST vlaol g3l A2
of thgt Au S=ATES 3 }Od‘:} :Lol JJEHE

% JokRth oAl 5ol

woll A A A

e ol & B Aol Bol 2
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o R, 2443, ﬁ%mlg

A2 A7) 2(F47950-26, USA) A 750T=E 2
A7 5 2AAAE 24 F AR, 24957 2
g ATo| tisle] XRD (X-ray diffraction,
Rigaku, Geigerflex D/max rA) 242 =35}%ich
e 3L olo] A, LAY W 2L
A3 0.75 g5 heating blocko] 4] 70C Y42 1
AR B 22 elck wA) F g o

S8 orE Au e ‘ﬂx}ﬂﬂﬂ(mﬂm
absorption spectrophotometry, AAS, AA-7000,
Shimadzu, Japan)&2 Z73}3t}. il U -
Holat golo 247 & e 1A 28
&2 717 Whatman No.1 Ollhllli ol }sto] 23

alglon], 2kl A% A RELS XRD HAjeh
%At
z o

49 o ko A 108.1 mg/l,
473G A 132.1 mg/l, :1?43 AT A AT
43.

8 mg/l2 SHE = Tl X*J*Oﬂ*ii
NMEL &
Aol A 11.7 mg/l, T12|al Zgof A et A&

AolA 357 mgl ¥ =4 Sk rﬂr‘jjr
AEE DA oF 22%9] 52 H €&
AL, AP agS skl AAJARSHH oF
33%9] 3= o 45 & AT 249780 o
W2 Fo] SHE 92 FhgEo] 2AEE I
ol S7F GRS HA 4He}A-8(oxidation), %
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Fig. 1. XRD patterns for raw concentrate (a), roasted
concentrate (b), salt-roasted concentrate (c¢) and solid
residue from aqua regia (d). C; chalcopyrite, G;
galena, Hi; halite, H; hematite, M; muscovite, N;
nantokite, P; pyrite, Q; quartz.

3}2F8(sulphation), 12|31 ZHF2--8{(evaporation)
o] FAlO =2 ¢AH R Yojupy| wjolth E
g 2QRFEY agaddlA o B2 w5l
dojA= o= aaol osto] FapFEo] st
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Fig. 2. The gold leaching rate from the salt-roasted
concentrate by chlorine-hypochlorite leaching solution
(160 mL) at room temperature. a; hydrochloric acid
and sodium hypochlorite mixing ratio = 1: 1(@), 1.5
: 1(W), 2:1(A), 1:2(V). b; raw concentrate = O,
roasted concentrate = [ ], salt-roasted concentrate = V.
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% la). F7h2 % T50TR 240 24407 2
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DAL olft ARHe 93 o FASHE
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(Zivkovic et al., 1996; Bandyopadhyay et al.,
2000). A3Zof| AFH(NaCDE 30% =3, ol
T50CR 241 FoF 24A7 A3 A9, A, &
w(halite) 51 HEZIO|E(CuCl) 50| WEE UKL
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ot PEA0] 727t AYstel $849) CuCl
o] A% Q7] ulFEojth(Kanari ef al., 2001). 35
4 £3 B KCIOR AN 2849 dEzt
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kA o5 A4 AAE oF 70~100TC | F7
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Fig. 3. The gold leaching rate from the salt-roasted
concentrate by chlorine-hypochlorite leaching solution
(160 mL) at room temperature. a; hydrochloric acid
and sodium hypochlorite mixing ratio = 1:2 and
addition of ferric chloride = 1 g(@), 2 g(l), 5 g
(A), 10 g(V¥). b; raw concentrate = O, roasted
concentrate = [, salt-roasted concentrate = Q.
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Fig. 4. The gold leaching rate from the salt-roasted
concentrate by chlorine-hypochlorite leaching solution
(160 mL) at different temperature. a; hydrochloric
acid and sodium hypochlorite mixing ratio = 1 : 2,
addition of ferric chloride = 1 g and leaching
temperature = 30C (@), 40C (H), 50T (A), 60C (V).
b; raw concentrate = O, roasted concentrate = [,
salt-roasted concentrate = V.
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Fig. 5. The gold leaching rate from the salt-roasted
concentrate by chlorine-hypochlorite leaching solution
(160 mL) at 60C. a; hydrochloric acid and sodium
hypochlorite mixing ratio = 1 : 2, addition of ferric
chloride = 1 g, leaching temperature = 60C and pulp
density = 1%(@), 2%(H), 3%(A), 5%(V¥). b; raw
concentrate = (O, roasted concentrate = [, salt-
roasted concentrate = Q.

AR A Ak AW F FERS 3%, A4
8332 90%0| ATHLE 4b).

Qab-AoL LA ES BT U 1:2, ATAR
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8289 A9k o] BELAT} 60T A Hs
Eo mE 224U LS. BAFE 1%
W) T F 8280] 97%, 2% 1 80%, 3%
o] w 71%, 181 5% 1 50%SItH 1 Sa). o}
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Fig. 6. XRD patterns for solid residues from the
salt-roasted concentrate with chlorine-hypochlorife
leaching solution. a; hydrochloric acid and sodium
hypochlorite mixing ratio = 1 : 2, b; hydrochloric acid
and sodium hypochlorite mixing ratio = 1:2 and
addition of ferric chloride = 1 g, ¢; hydrochloric acid
and sodium hypochlorite mixing ratio = 1 : 2, addition
of ferric chloride = 1 g and leaching temperature =
60C. d; hydrochloric acid and sodium hypochlorite
mixing ratio = 1 : 2, addition of ferric chloride = 1 g,
leaching temperature = 60C and pulp density = 1%.
H; hematite, Hi; halite, Q; quartz.

2 sl gylede] SuHth Auel A7
(NaCl)2 30% E3Fsla, o2 750 C2 2417k S0t
A4A17) A3 AR AT dE o] E(CuCh ol 2
ejole. 232NN dETtol= A e
ol 24 IHOIH A CuClo] BREY



HEF - 28] - 02A  3

7) wolch. Aol B4, Wk, FHHol Ty
wlo] Qloma A FolA tolbachite (CuCl
*2H,0), PbChL 5 FeChLo| AY/do] dlif=vt
XRD EAJo]4] o] AL T 9ieh. XRD
=240 A tolbachite7} WAL R o= & 537TC
A] tolbachite”} & E-3fj(thermal decomposition)®]7]
o 7ol Ao &2 Al EtHDe Micco ef al., 2007). Lt
E7}0]| EQ} tolbachite= >§/J0]7] wfiZof -4
o gRE CuE FRTE 45kl UrhNgoe er
al., 1989; Prasad and Pardey, 1998; Chakravortty
and Srikanth, 2000). ¥HFA 0 2 23|50 NaCl,
KClI, MgCh, NHiCl 53} 72 AF(salt)& H7ls}
of AJAI7IH 849 HIE S&5E0] FAH
T1EjaL Ao A f-8aSo] $HE o] dgt &
S-E(condensate)o] AYAJEHT) o] FHE WAG
=% F-8a45S Botker aad o E8H
(Kanari et al., 2001). 3313-50] A€ 0 SO.7}
s o] 7| e dE Yol &, - A0 700T
oA 850T HffellA A=W AFEA, A4,
Je|a Ao R AHBtE = FAY SO8F SOs
7} A= cH(Filmer, 1982).

FeS,— FeS— Fe,O,— Fe,0,
FeSy,— 5— 50,— SO,

Iy Ag(sal)yS HA7IA 2A4A7H ek
E9| ST} Na»SO;y 32 KoSO,& WHEHE]7] wjito]
7] 29 9 4= Itk Chakravortty and Srikanth,
2000).

MS+2NaClL+20,= MCl, + Na,SO,

617\ MCh= CuCl, CuCl, ZnCh, PbClh, FeCl;
53} 28 AolERES etk 24704 A
Qe o] gslugtEe 84 52 ofe] 47
§2AZ 4 9] uBe] B g ot
O aFdo] 44 &=FthNgoc ef al., 1989; Prasad
et al., 1996; Kanari et al., 1999; Cocic et al.,
2007).
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