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Enhancement of Au-Ag Leaching by Mechanochemical Activation and
Thiourea-Thiocyanate Mixing Solution

Don-Sang You and Cheon-Young Park*
Department of Energy and Resource Engineering, Chosun University, Gwangju 501-759, Korea

Abstract: In order to enhance the Au-Ag leach rate, a mechanochemical activation process and a mixed thiourea-
thiocyanate solution has been applied to Au concentrate. To achieve mechanochemical activation, the Au concentrate was
mechanically ground using a dry and a wet process. The results of a particle size distribution analysis and an XRD
analysis, average particle size and crystallite size were much smaller in the dry-sample than in the concentrate sample. As
well the size was smaller in the wet-sample than in the dry-sample. In SEM and XRD analysis, the amorphization effect
was observed in the wet-sample due to mechanochemical activation. Au- Ag leaching experiments were carried out with a
thiourea solution, a thiocyanate solution and a mixed thiourea-thiocyanate solution. The Au-Ag leach rate was much
greater in the dry-ground-sample than in the concentrate sample, and the leach rate was greater in the wet-ground-sample
than in the dry-sample. The Au- Ag leach rate was much greater in the thiocyanate solution than in the thiourea solution,
and the leaching rate was much greater in the mixed thiourea-thiocyanate solution than in the thiocyanate solution. Up to a
99% leach rate for Au- Ag were only achieved in the wet-sample using the mixed thiourea-thiocyanate leaching solution.

Keywords: Au leaching, mechanochemical activation, amorphization, thiourea-thiocyanate mixing solution
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Au A SviA| 2 E]Q QA (thiourea)2} E] @AM
(thicyanate)°] 7H'#=|1THHilson and Monhemius,
2006). Ele84v Aus &A1 W, &&Ex700
Awt w9 WEA gaE W 540 Qleto
Bol AREEHUAARE, vl EQPESte] A HalEe
o] Ath(Urbanski et al., 2000). 223 E] QA
AHAL B2 =4 vl =2 QPEA (stability)S E
oA, Awl vl =gA &3Ee= wHol Urt
(Kholmogorov et al., 2002; Li et al., 2012). ©]2A
Au §rjAlell= S5 ofed HHES 2 YA
gk oolE &ulE AR EFsle] AR TS0
SHEHA s dE A 48 F Urk(Yang et
al., 2010a, 2010b, 2011). Yang et al. (2010a)°ll <J3}
A OE QA AFke] Bl 849t B RARMIY
S 77t H508 AEHE W Bt Au §E880]
Holu= 21& Esisinh &g Au §58¢] He
A Z7hel BlEelal, pHOl RS AA W,
u 3l Fut gAo] AT A gRlsiinh
Au BAolY Au AES BIFHOE LEATVI
Sl wh=A] dAfesorgith. Aol ofgk XA
= SOyt WA= 7] o EAI7E Bt
(Prasad et al., 1991). 224} B4S 7|AZ0E Q@
# <t vl FEQA A7 FAEEA F
HAlo] F7HEY 28] Al FEUAE] 518H
ddo] WstE7] gl ol A4 -sletA /g3t
(mechanochemical activation)2} gtc}, wjgha] o] HH
o7 744 HAYE Fdst FshdEel] EihEof
Ae T e SOoE HSHETHEymery and
Y1li, 2000; Godocikova et al., 2002a). ZZ&]3. 7]A|
Aglet] gAsts FAHOR sy 78 E
T= Shg A7k 7h AdEfe] SOt HAEHA]
ol 849 5550, HEA7E AdE. 84
o] 480, EFA= 2 259 FA 8E7]
o Ele gt EJOARMIGES] T &uf 52
QQAFEQARMIE &3 &l Awel EHFOE
Sl €t T Au 3 FshEEol] dist] &2
A -skety GAstE HdAestal ol Fsle] Hl-
AlRE &ulQl Elo Q4o BN &9 §iE
g83ld 134 2 aHHoE AuE SEAE T
AL ZloJth(Welham, 2001; Balaz et al, 2003;
Ficeriova et al., 2005). =fjollA] A&EE= Au 34
2 Mg A AMgE 34T BES EAIFE
oF o] g E FS FolA Aolg Heoli Qi
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Au B NEE 5 I A3
FAkoM Al Lokt PR
2 3e 27E 9 d5EeHd Bl o
ANEE= 71AA 818 EA4st A3, XRD ¥ I
ol zHzh ARgeiSiTh o] B AlES sIshEA
Az Awt 4392gt", Ag7t 13588 gt 'O & ER:
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A% AlE(raw concentrate sample) 50 g& | o]
240 mLSl B2l t]2~3 WU (Undirect drive pulverizer,
Rocklabs)ollAl 2719] & t]2=3(£174 10cem (1.87 k),
S5cm (1.17kg)yE AREste] z}zb 7124 2 F24] Wiy
o= wEHeltt. 424 mlE(dry mechanically
grinding)= U122 Woll A& 50 g& Akl 308
e EAsAThelst A4 AlR). 524 PR (wet
mechanically grindingf= A& 50 goll 5F4 200 mL
o 95% At 20mLe A7ISkL 302 F7F st
Ackelat F24 AR). ol WEH AEes 127
(dry oven)lld] Axg & d=EA, XRD 4,
SEM (scanning electron microscope, S4800, Hitachi)
g Ao EFHEA(FTIR spectrometer, Nicolet6700,
Scinco) 12|32 EEAES 7t FPsisint.

2=AlS
o =21
Hoas §589, Hlonle 8489 171
o E Nt £ 828008 thes ol
[e]

74z} A ZsITh. Bl 24208 g, thiourea)2t FHAH
Q0mLyS FRTol 7kl HesA §&&9
(100 mL)yS AL, EJQAMIA UYEF(08 g,
sodium thioyanate)Z} 20 mLYS FF4ol 7t
stod EJQAIRMIME £E589(100 mLyS AZ3ITh
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23 E]Q24(0.8 g), ElQAISHIA(0.8g) & 3
(20mLyS FFTol H7lste] B 9A-E QA
3 8E89(100 mLyS A=3sich 33, 714
&A A7 IOg—— ¥zt ol L8 Hr)skal
73°ColA 70 B9 BEAES S 854
Yol Y= FeF 58 2mLE ASAEAFH
71(800 dosino, Metrohm)E ©]-&-3fe] A7+ 7HAS =
A3 e3iet.
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MUY
A4 NEE 4Rl XRD (XPert Pro MRD
(MRD), PANalytical)}-Aoll AMg-aleh. A g &
HE 9o Guate vid Sl e e
(HNO;): 92HHCI)=1:3 ratio) 4.0mLE Zo] 18 cm
ol 2 (pyrex) WEAA A YL AE 1.0gS
7Velath WEA g3 gFuE SIHEE (heatmg
block)ellA 1A17E 52k 70°CE 7HEsiiTt. S5
gl 33 SRS 6mLE H7kste] 1 17L B
2o WAk 9Rel 89 L §2ge 4
7} S0z gNsETh FRFEH 762 34
P F& o] 9] &4 (Wei et al, 2005)°] Lo}
W pH 2 ol3el SHgAE AHgadct. 3148
e 3z FHel gk FAHHNOsE 7Hl pH 2
olgtZ A3 TH Veglio et al., 2001). 8]4¥ A&
S GF/C (whatman) oA 2 o731}, ©] A
FHe T 045 um AYA] JEE g &
Aust Ag TS 97337 ](atomic  absorption
spectrophotometry, AAS, AA-7000, Shimadzu)®] =
A= (pyrolytic-coated  graphite tube, diameter 0.17
mm, length 3.0cm)Z ZA3IUTE £ AFE 200
ulg SA=R FYg F 100°CelA 20% &<t A
Z(dry), 1500°C °1idolr 30% 5+ 3)3H(ash), 22
3 2500-3000°CellA] 20-60% F2t ARSI AT
He QA8 B9k 38 W Sgalglon], P, As,
Sb % Cu 55 24 e AR & vElA
W24 (matrix modifier)?! ZAFZEERE (palldium nitrate)
10.0 uL B 71kt XRD 2492 40kV, 30mA,
step size 0.03 (26), scan step time (s) 1.0000, Cu
target K, (1.54060A) 7oA EA8189th #4 A
o] Si ¥ A|E(NIST Silicon 640c)E magazined]|
ZHA] 56.102° (2theta) 77FS manual scan (range=
0.5 deg, step size=0.01, time=1 sec)}] 2theta %tO|
Hd 56.102° (LAY £0.02)0 XS FH
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Z4s1t. 9= M (particle  size  distribution,
Mastersizer S, Malvern)> S745 o|-&38lo] 5240

B0 FakA (dispersion agenty= ARE-SIA]
%—bkv} A=A i 92 271= 0.05-900 pm H
9ot} 2 HEFRA(FTIR spectrometer, Nicolet6700,
Scincoy> AlE9F KBr £%% 100:12 &3t
0232 At} 150°CE 71838l &% 5ot

FEG AT F A2EG70N A9 e
=S 2ARIT e 4ol FAE 32000
Zn 9 o3

7|1HX-5tet EMst St
oz 2 A, 14 9 24 AE tiste Y=
4 (particle size analysisye ZF2} 83193, +4
24 (cumulative curve) FHFEE=A (residue  distriubtion
curvey> Fig. 19 2217 H 27 (mean diameter),
H| 323 (specific surface area), Dy 5l 3NTH=
A==7]E Table 19 Uebdet. 44 AR tig
ZHREEEALS 39 I (skewness)?} HOIAH ] ©
o ZWIEF(unimodel distribution)Z et} A2
AR ZFEEFAEE vokek 29 =9 FEish
o] ZWIE ¥ (bimodal distribution)S eIt} Lukz
o2 74 NEE A4 WHOR vR (ginding)shH
ol% FHWEYXE YEPdth(Perez-Rodriguez et al.,
2007; Alex et al., 2008). ¥4 AlFQ] FFEaa
2 v gAAA BHEER YERdT) o]& %
WA 7545')’ AlEHTH 744 AlE7F a2e|a
AEET 54 AlE7HH 95, S JnTt 22
oF 01%*5?0:] Uehdth A% A5e] Yt
& 3167, 744 PR AEE 82 223 54 7
A AlEE 64 m=z SHHNSH, HEHALS F
AZA 1.084, A2 AFBoME 3.63 2L 54
/\]E‘)ﬂ/ﬂ% 3.9197 m2g712i et DyellA Dy
o8 FHHE RE YAES BE AEET 714
/‘]E"HH I 714 AEEY F4 AseA o
A el webA F2 AlselA e 2
Aol whel HEHA o] FTlel] Wil Augt Ag
o] §&&o| P& Ao|thBalaz et al, 2000; Zhao
et al., 2009).
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Fig. 1. Particle size analysis. a: Raw concentrate sample, b:
Dry mechanically grinding sample, c¢: Wet mechanically
grinding sample. solid line: residue distribution curve, dot
line: Cumulative curve.

transformation), 35l©1% @’ (broadening effect) X
1) A8} amorphization) F°| ¥olu= A& It
7] 98l XRD w41 3383t Maurice and
Hawk, 1999; Alex et al., 2008). XRD £4] A3} 4
& AE(Fig. 229t 712 A& (Fig. 2bellr 324,

Table 1. The results of particle size analysis

S5, FikA(anglesite)l] SFEE FAME]
WO, F24 ARoM e AT g IR
S| el St 9s] Ak thFig.
2¢).

4G NBET A4 ABIAM Fylojd dde] A
A Ve 58] F4 AlsolA & vEehdal
Tgojy Aol Yehve 992 Au B AEE
7IAA sk o 7 miitdske gl YAk =77t
gastal sl AR ARl 3 (strain)o] LAY}
wiZ-o]tH(Ungar, 2004; Venkateswarlu et al., 2010).
F A&, 144 AE aEa F4 AEdd g 8
21 XRD 34 peake] ZHoIF A4S The Scherrer
T4 (Dol A&sted AR A7) (erystallite size)s 27
3 th(Chatfield et al., 1985; Perez-Rodriguez et al.,
1991; Wiewiora et al., 1993, Perez-Maqucda et al.,
2005; Venkateswarlu et al., 2010).

o T

_ Ak
b= Pcosf M

o714 D (nm); BdAdT7](average crystallite
size), 1; XRD ¥(nm), k; Scherrer 4<(0.9), f;
HE7REX)(FWHM, radian W3, 6; (hkl) 27w
&t Bragg 3187H26/2)°1th.

Scherrer 3222 A4kt AR A7|E Table 29
Ao, 1 B3, 144 92 F24 A5dA
Uehe A gigk XRD 4] Afe} ofo
& Bragg 347420), d FHA) 123 (hkl) 24
o thek WEA 58 ¥ UERAT

Scherrer 3402 RE d& A= AF A
FolM Het 74nm, 74 AFNM Het 37nm 2]
3 52 AlBdAM e 29 nmz YERTE 237
© 8% AR Eoh 744 ARA z22]3 74 AR
BT}t A AFoA o AA YeptAL At

Sample Raw Dry Wet

Mean diameters (zam) 31.67 8.20 6.41

Specific surface area (m” g) 1.0840 3.6391 3.9197

Do 3.18 0.59 0.60

o . Do 7.99 0.97 1.01
Dlstrlbutzon ])aercentlle Do 29.68 415 316
Am Dy 53.56 13.24 9,61

Dyo 63.87 21.49 15.73

Raw: Raw concentrate sample, Dry: Dry mechanically grinding sample, Wet: Wet mechanically grinding sample
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Fig. 2. XRD patterns for raw concentrate sample (a), dry mechanically grinding sample (b) and wet mechanically grinding sam-
ple (c). A: Anglesite (JCDS card No: 36-14610), Ch: Chalcopyrite (JCDS card No: 35-752), Py: Pyrite (JCDS card No: 6-710).

Table 2. The results of XRD diffraction data for pyrite

indi crystallite Size (nm)
grinding 26 d (A) (hit) FWHM
method reflection Scherrer equation mean
28.51562 3.13026 (111) 0.118080 69.4523
R 33.14275 2.70306 (200) 0.295200 28.0920 743429
aw 47.44531 1.91628 (220) 0.088560 98.0342 ’
56.30445 1.63398 (311) 0.088560 101.7931
28.52872 3.12885 (111) 0.177120 46.3029
33.15170 2.70235 (200) 0.236160 35.1158
Dry 37.1822
47.48982 1.91458 (220) 0.236160 36.7691
56.32553 1.63342 (311) 0.295200 30.5409
28.56990 3.12443 (111) 0.236160 34.7303
33.03561 2.71158 (200) 0.177120 46.8070
Wet 29.7518
47.46908 1.91537 (220) 0.472320 18.3831
56.31158 1.63379 (311 0.472320 19.0868

FWHM: Full width at half maximum, Raw: Raw concentrate sample, Dry: Dry mechanically grinding sample, Wet: Wet
mechanically grinding sample

(Fig. 3).

Fig. 3914, A% AlRelA
(111)Hol] theh peake] thAA

Ao T8)3 peak 7= (height, Counts s') 7H7F Lot
st 2 3L ok T3 818 peake] H7)(shifty’l FAOl LR
T 9% Uz vk 33 peake] B0y AY A2l

285156°, 714 AlREellA 285287° 223 54 AR

B5E oXe 28.5699°= Yojutal Sirt. 31 peake] ¥
A 37 7 AR ABHEG A4 ARAX 2 714 AR
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Fig. 3. The shift of (111) reflection on the XRD broaden-
ing line for pyrite. raw concentrate sample (a), dry mechani-

cally grinding sample (b) and wet mechanically grinding
sample (c).

B} F24 AlBOlA o ZA oy Slnt. o¢} 7
o] 31 peak’t H71%= AL 71AIA -85 &4
st oJate] AAo] §Ho] FH 7] wirolr}. Ayt
Ao 7|AH st F 3E peak®] W=
200t S7Veke WEo g Jojuti(Chatfield et al,
1985; Ungar, 2004).

!

SEM 24 43 Al57t 744 v He w<t
2 54 PR He w< FEe] e Hsket

% W

- 21,5um

aw 5.0kV 7.1mm x2.50k SE(M)

Fig. 4. SEM image for raw concentrate sample (a), dry
mechanically grinding sample (b) and wet mechanically
grinding sample (c). The scale bar is 20.0 #m in length.

oj2] ¥4 (agglomeration) T2 E}J‘S} | I8t
SEM w415 Faaisith. A% AlEe dg 2Ag
g 7t b 2719 YAl wEkEm, g A
730l 21 imel YA= FEECHFig 4a). 2 A
2 AlgEe oF 6 m ©J3ke] YAER FAE] Yo
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Fig. 5. FT-IR spectra for raw concentrate sample (a), dry mechanically grinding sample (b) and wet mechanically grinding sam-

ple (c).

B ofAk dd BA2)7E Eob lth(Fig. 4b). 54
AlEe tiFE Vg AK(fine particle)g2 T3] A
om ded mAzle FEHA 4 oy, oE
vyAEe] Agstel A o 11 s 9749 ol
(agglomeration)& A8l AUth(Fig. 4c). ©]9} 7Fo]
o7t P4 dAA IA AE7t 71AH-8ls
2 AN Je Z7)7F ZaEa ol wet
1] 2 3} (amorphization)’} LojL}7] wjEo|tkBalaz
et al, 2003; Hasab et al., 2013). &2 A8 H]
43P} dole AL XRD $HOR Slsin
(Fig. 2¢). 22|22 Hoje|7} g4€ F4 AlEe 1
A AERG QEAs)7E dAsha, vEEd S7F 2
2l RS} dojyty] Wi Aust AgZt H &
HHo07 &2 Zo|thGodocikova et al., 2002b;
Ficeriova et al., 2005; Balaz and Achimovicova,
2006).

IR 24: 44 A5/t 24 = F40% v

flul
rr

Bkl

Aol == 2HE(complexity)S]
d 2 AlEe] FHWA (surface alteration) WS
dolH 7] 3] A Q)M EFEA (infrared spectroscopy,
IR)S 4343} th(Lazaroff et al, 1982; Achimovicova
and Balaz, 2005). IR 4] A3}, 43 A5 O-H
2% (stretching)?l] 13 &4 M=(3416 cm™), SO; ol
oal &4 Wl=(1087cm™ and 627cm™) Z S-Sol
3 S5 Wl=@d emy 2 et 9lon 1)
FlA HO el 3 FF WhE=(1632 cm )9}
Coyell o8k F4 M=(1426 em™yF YERRR Tt
(Fig. 5a). A3 Al5oA o 93k S5 wh=rt et
U Aol Au BAo] A3Ng BYo® o &
wrjErgel ojstel AU witoltt. 74 Al
oI5 O-H Z%(stretching) &5 =gt CO7 &
e Ao Algkxl wbd, SO; F4 WI=(1033 cm™
and 628 cm Yol T3 ZF% (absorbanceys ¢~ =)
Z71eIAthFig. 5b). 3 ARHTE A4 AlFoA
SOF & MEe] st 271 991 gl o
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Fig. 6. The leaching rate for Au and Ag in the thiourea

solution (conditions: Sample 1.0 g, thiourea 0.8 g, sulfuric

acid 20mL). @: Raw concentrate sample, A: Dry

mechanically grinding sample, W: Wet mechanically grinding

sample.

AN A St 71AA-sksk g8t )
AolA FeSO; &2 CuSO,Z2 WHEES7] wEo|).
Godocikova et al. (2002a) 354, 3kda] Aojad
A, Bax 55 7IAR-sEE A48z A4
SO;7F A4l o5 A& FEHo| FeSO, CuSO,,
ZnS0s;, PbSOSF 72> ESHEC] F4HE & IR
wog st 44 AE(Fig 5c)flAl, SOF
o o3k &4 M=(1072cm )¢t S-Sl &3 F4= W
=417 em ) 3A Z7Fste] JeRAL Sloh Hu et
al. (2004, 2007y FHHE J|AH R i slo]
s A °J’\§‘U+ 2 (sulfate)®]  A7go]

AlZbl i} STtk 2le Elsith ol 5
Hi=o] 7 (absorbance)‘: 93 NBERT A4 AR
oM Al 74 AJgERTE F24 AlRA AhF o
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Fig. 7. The leaching rate for Au and Ag in the thiocyanate
solution (conditions: Sample 1.0 g, thiocyanate 0.8 g, sulfuric
acid 20mL). @: Raw concentrate sample, A: Dry
mechanically grinding sample, ¥: Wet mechanically grinding
sample.
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Fig. 8. The leaching rate for Au and Ag in the thiourea and
thiocyanate mixing solution (conditions: Sample 1.0g,
thiourea 0.8 g, thiocyanate 0.8 g, sulfuric acid 20 mL). @:
Raw concentrate sample, A: Dry mechanically grinding
sample, ¥: Wet mechanically grinding sample.
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