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ABSTRACT : The aim of this study was to leach penalty elements, such as Bi and As, effectively
through microwave leaching of a gold concentrate sample containing penalty elements with nitric acid
solution. For this purpose, the time effect of microwave leaching, nitric acid concentration effect, and
sample addition effect in a microwave were examined. The experiment, demonstrated that the leaching
rate of penalty elements increased as microwave leaching time and nitric acid concentration increased
and concentration addition decreased. When a microwave heating experiment was carried out on the
concentrate and ore minerals, Bi was removed by as much as 90%, and the phase of arsenopyrite was
transformed in the order of arsenopyrite (FeAsS), pyrrhotite (FeS), and hematite (Fe,O;). When the
X-ray diffraction (XRD) analysis was carried out with solid residue, elemental sulfur and anglesite
were identified. The intensity of the XRD peaks of elemental sulfur and anglesite increased, and the
peaks were sharper when the microwave leaching time was 12 min instead of 1 min, the nitric acid
concentration was 4 M in rather than 0.5 M, and the concentration addition was 30 g rather than 5 g.
This was probably because more elemental sulfur and anglesite were generated in the leaching solution
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as the leaching efficiency increased. Bi can be leached as valuable elements in the leaching solution
through microwave leaching processes while they are released to the environment through a microwave

heating processes.

Key words : Microwave heating, penalty element, bismuth, arsenic microwave leaching
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Gold&= HET37e] FaAdHoA F= 33
A3 gl Ao FRkEo] AbEEnh =3 HY

Bl A goldet Al Te, Sb, Bi 52 F459]
HHATE GoldE 3l5str] st daAgHs 9
25l F-f-d¥(flotation separation)SHc}. H-f+
AlollA WAPES AASIL goldE Fidhe
FFESTS 2 Z1S A F(concentrate)©] 2}
St AR AdAE GFEH, AF3S AHEsto
fre&a4e 3l ojd AHAFolA As, Sb,
Bi, F, Cd, Hg 5¢] Y4E°] th7] Fo= W&l
o ol Y4&ES H'9E ¥ (penalty element)eh
gtk 7] o WEHE HdyHYAES AN
A9 A%E A ¥k A B8 8
< LGA7IAL Qi) wEbA olF YAt AHAA
ANA 7] Fo&2 WEHE Ae PAAY e
HE A AFol 2= Ae dolof gt} o]
d HGollA L85 = ANE ANE AFES FESH
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HTHFullston et al., 1999; Smith and Bruckard,
2007; Lane et al., 2016). 1822 G T35
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wdEsh] Aol #dEYAE deFom AAS =
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hFullston et al., 1999). wWzbA zpo}d satol}
Pstrd 53 22 AR As-IHrEsE

T AgAo g 47l § R AAEE As-S3g
7 2 859 tHSenior et al.,
2006; Smith and Bruckard, 2007). 131} A&
kel e Y TR 34E, S tennantite
L} enargite¥F S0 J= AFQ A= BHHo]
o I8y okt TR S3lE, S As-TS
314+ Cu-, Zn- ¥ Pb-F-HI3FE 50 A=
e e EEEsE A-odle AgE A
shPgo] a3F o2 A5 o] HTHPlackowski
et al., 2012).
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PAE ol FEES B2 252 AL
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A (As05)= H7]E WE3THDe Michelis et
al., 2013).

4FeAsS(S) + 302(g) - 4FeS(S) + 2A5203(g) (D
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=3 Maycock er al., 1990).

2FCS(5) + 7/202(g) - F6203(5) + ZSOQ(g) 2)

gFo] E3tF  Sb (stibnite, Sb,S;)¢ Bi
(biamuthinite, Bi,S;) & =(Kyle et al., 2011), =
< 2ECM 248k 242 8b0:9F Bi,Os 2 4ts}
Hi1 SOt Wyl Fo= wEHtHPadilla and
Ruiz, 2015).
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< 7|24 rotary kiln¥} 22 {2 71Es}
A& 3131, microwave heatingS microwave
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Cole, 2005). 34 52 P& 7Fgst=dl dofA
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Table 1. Chemical composition of the raw concentrate sample

Element Ag Bi Pb

Zn Cu Fe As

mg/kg 766.6 373.4 55,446.6

83,940.2 7,871.2 106,661.0 21,7489.4

5 10 15 20 25 30

35 40
2Theta(Cu K alpha)

45 50 55 60 65 70

Fig. 1. XRD pattern of the raw concentrate sample. A; arsenopyrite, An; anglesite, C; chalcopyrite, G; galena,

P; pyrite, Q; quartz, T; talc.

A 7tE a3t skl AAFolghs Ao] o
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THKingman et al., 1999; Amankwah and Pickles,
2009; Pickles, 2009). L1} microwave heating
o2 HdEdALrt 238 AFS 71t olE
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7199 AT o} #8553 HEH
Havt S4Enh webA Fdedart Z el
= SUE vlo]a R ol §E31H HIEYUAE
2N F 3 =% oA = 35T 5 Qo

SEAIRE ZAke] Bl E o] &dtd e FH4bel ofst
of galHe Wit SAshH, 15 g F7H
A FAo] A At wEkA vlo]aZ o2
E=A FdEdAe AAST GAE &5 1Y
stojof 8344 4 At Amankwah and Pickles,
2009; Pickles, 2009).
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e} g2 vlo| AR olH AqUAE & F
Fohe 54S Zal 7] wEel whe]azEge|B
E=olA et A A8t Al 7HEET &
e} 1A A 87F A 7HEET] wEe] §E8&
£o| m-$- w23 A Ho]th(Huang and Rowson,
2002; Al-Harahsheh et al., 2006; Veres et al.,
2012; Bayca, 2013).

S, F83=0] e FEES dagdd
S3A71E 2] 3)2 4] (4)e 2] Cu, S, Fe, Ag,

As, Pb, Ni, Zn 5°| &3EtHGao et al., 2009;
Jotanovic et al., 2012; Kim et al., 2017).

3MS + 8HNO; =
2NOg + 3M(NOs), + 38°(s) + 4H0 3)
S% + 2HNO; = H,80; + 2NOyy @)

E3] dskgoe nlo| g2 olB oo A
7HEE7] wiEel $EAH SguEAS ue w2
Al €322 4 AthHuang and Rowson, 2002;
Gao et al., 2009; Nan et al., 2014). 3332
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Fig. 2. Schematic model for microwave leaching
system.
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™, HlA4HEHE(As,0;) FHIE AAEJES AR
A5 EtHFig. 3b). 102 71Ed F Y42EF FHZF
o AAEE B off= 1,000C FZoA Bizk
ASFE(BIO) FHUE 4 HAA wks
HIHUS 02 ARHAW, Bio A= AL
a7} o BR FAHOZE ZpHEMHo| Ba
g 7o At ¢h, it FARES
20 mesh®= ¥afste] wio]A 29 o] B T}9](kW)oll
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o2 s s RIS ATHFig. 4). o¥
Al FujE o] g He 21 4 () 2 2)9F
Zo] mfo]ARgo|B Jtde s FulHEA ] As
o} S7F 47t Asy039F SO, 2 AHgtE o] tf7] T2
2 WEHol AAHAZ] wiEoltHDunn and
Chamberlain, 1997, Thomas and Cole, 2005; De
Michelis et al., 2013; Su et al., 2014).
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I nlolF2dolH SEAYE ARMEE $3519)
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1C 282 128Y 9 103CE YePSTHFig. 7).
SsldE YA W] mlo|aRgolH oA
oJate] FASHA 71EH 1, o] & Qlste] §E8-]

Fig. 4. Photomicrographs of the arsenopyrite and of
roasted products after the microwave heating: a; raw
arsenopyrite, b; 3 kW, 10 min, c; 4 kW, 10 min. d;
4 kW, 10 min, e; 5 kW, 10 min, f; 4 kW, magnetite
and 10 min, a, ¢, d, e, and f; cross nicols, b; open
nicols, Ar; arsenopyrite, Pyr; pyrrhotite, Ht; hematite,
Q; quartz: the scale bar is 100 pm (a, e, and f) and
500 um (b, ¢, and d) in length.
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Fig. 7. XRD patterns of the solid-residue on the microwave leaching. A; arsenopyrite, An; anglesite, C;
chalcopyrite, G; galena, P; pyrite, Q; quartz, T; talc, S; elemental sulfur.
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