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Abstract

The objective of this research was to study the kinetics of cyanide leaching of
sulfides gold ore from Tungkum mine of Tungkum Co.,LLtd in Loei Province. Gold
ore samples collected from sulfide ores zones were crushed, blended and stocked for
the entire study uses. The stocked ore sample contained 1.19 ppm Au, 19487 ppm Cu
and 42.5% Fe. Cyanide leaching tests were done in a rolling bottle. Leaching of 3
different sizes of ground ore were studied being 85% passing 75, 53 and 38 microns.
Initial pH and cyanide concentration were 11.5 and 500 ppm respectively. Samples
were taken at various leaching time intervals up to 60 hours. Dissolved oxygen, pH
and residual CN ~ concentration in the liquid fraction were monitored. Au, Cu and Fe
contents were analyzed for both solids and liquid fraction. The leaching tests were
done at 3 different %solids; 35, 40 and 45% by weight. Kinetics evaluation showed
that the leaching process conformed well to both first and second order rate equation.
Coarser ground ore was found to be leached at a higher rate than was the finer ores.
Percent extraction of gold was also surprisingly found to be higher for the coarser
ground ore. Up to 84% gold extraction could be achieved for the 85% passing 75
microns ore whereas only 56-70% extraction was for the 85%passing 38 microns. Au
content in liquid fraction was higher for the leaching at higher percent solids. Highly
liberated iron exposed to cyanide for finer ground ore was suspected to cause cyanide
deficiency for gold extraction due to high cyanide consuming by iron.

Key words : Kinetics, Cyanide leaching and Sulfide gold ores.
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4.53 First order ¥04M94A1 75 lunsou 45%Solids

4.54 Second order UYDINDIAT 75 1UATOU 45%Solids
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Au +2CN = Au(CN), log K = 38.10
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sanflu  Au + 20N = Au(CN), +e log K=9.48
v, Ufnsensvoannseu (FAnTu)
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0, + 2H,0 +4e = 40H logk=272
tay O, + 2H0O +2 =  HO, + 20H

aaan a ) v o o [ 1 o J Y a
Ugnseeendiaduuasansudmiumsszazarsusnesiiaieens loen luadl azina
{ { 1o 1 3 & g
niernlauua1 fie Mewiszanw 9.5 Iull dvansisznonlao ludeglugivedleveu

s lud (CN) daluzilii 1.4

0.0 4.0 B.0 120 16.0
pH

a

51/ 1.4 Eh-pH diagram §1115U52UU CN-H,0 igaivigil 25°C nanemwe Eh Svieiiu Volts

Y U

(N © Osseo-Asare et al., 1984)
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a v A < o
a15U3znIUITIFOUAVIGU (Ag) NOIUAT (Cu) 141N (Fe) UardInzd (Zn) A28 (Osseo-Asare,

K. etal., 1984)

2.0 T -
Au(OHIL(s)  AJD,

Au{OH) x|

-

1.0 = -““--‘__‘___AU{CN‘];

i
=
= :
o ‘
-

Eh 00

o

519 1.5 Eh-pH diagram 1135135201 Au-CN-H,0 Ngairigl 25°C

_Y

(W1 : Osseo-Asare et al., 1984)
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<3 o 1 % 4 4 1 1
maniludrunaulunsdalddvzgnazazatedls oo luaalreyunuaiy Eh-pH
. A < ' v & A 9y = .
Diagram U3 1.6 Tasanuiziaainmsazareaanuyuses1nd111iiofe Pyrie <
. v s . . v
Marcasite < Pyrrhotite A9UUa15 by lUAILALAY Pyrite 1AL Pyrrhotite  Aa15U52noU

IS a3 J aaa
Wadouman — laen lua amlfase

FeS +1/20,+7CN +H,0 = Fe(CN)," + SCN +20H
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51/ 1.6 Eh-pH diagram 6145035201 Fe-CN-H,0 NIigmu#gil 25°C

(ﬁm : Osseo-Asare et al., 1984)

dmsuneaaadadulnasviumalalns (Chalcopyrite) tazwalalam

I 4 1 o I Aa
(Chalcocite) Nzgnazatealeasazae lse luademuiu Ididumslsznoudedou

nouad - lyen lud dalugali 1.7

2.0 T - .

Eh 0o

-0
fCul = IO':M
CNl =10°M
-20 ] | ]
00 40 80 120 160

pPH

351 1.7 Eh-pH diagram 11315211 Cu-CN-H,0 Ngamigil 25°C

(ﬁm : Osseo-Asare et al., 1984)
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9 _ e
dt

Lﬁﬁ) k = Rate constant
C = Concentration of a specified species in solution
C, = Initial concentration of a specified species in solution
n = Order of reaction

b4 ] 1
HUIYLYIR tmmaummmi%’m?awmaum L’Ij’é]\?ﬂWﬂiuﬂWiﬁ%aWﬂﬂ@ﬁﬁ1ﬂiN1m

v 4 1 4
nosd lumsazavrzMugaIuiionaINsaza1en N
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o s ' 2 A s & A
5¢AU (Order) VOIIAUATATUDINTSUIUNITANG mmﬂmmumg{ua UUY N1T0 T
Y

(Zero, First or Second Order) ANA1VDI n Faeniasanuaazseau laaadl
A o da d
1.10.1. pIsuIEAVIAUMAAING UE (Zero Order, n=0)

4 = [~
guMIIAUMAAT I VLTI Y

d_C =kC°
dt

dC = kdt
f[dC = ktJ.dt
Co 0

C-C,=k()
C=kt+C,

< Y1 g Y] . . Aa "o o
nnaumvemiv ldnduaumsiduasa (Linear equation) Ny slope N1NY k UazaA

UAUAINA1 C, (UM 1.9)
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G.Deschenes and P.J.H. Prudhomme (1997) #1m3fny1509n352UIUN502210N09M1
-4 1 ] 4 J. 1 a
uaznownIdle laer lud Tasliusnowunanausg 0.4% 15alnln’lsi) wuiduaw Lead

P4 ]
=KX A =}

Nitrate 92aza18N04 IAHUAUDN 1.5% WotReunums lia

G.Deschenes, S.Lacasse and M.Fulton (2003) #1013 AnEINmviol Goldcorp Red Lake
& 1 o Ao A o
“BQLﬂu!LiﬂﬂQﬂ’]ﬂﬂ!ﬂﬁﬂq@N’]ﬂ O NOIA1 (Au) 77.8 g/t, As 1.9% , F682 1.7% AN 77%
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1 o’dd?l ] d' 9 QIJ @ [ Y
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WnduvesTadonlsor TudndSulnivzegiznine 500 ppm Tudawsn uaz 300 ppm 1u
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o a o 1 d' Y o =l =\ [ 1
mMyazareneafiazidn Taefvuan pH 7 11.5 uag lashnmsnaaestlseuieunussning
o ] A @ ] A ] a a J o Y
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7) D54 (Burette)
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J a 1A 1< 1 N o 1 a '
"l,cnm"luﬂ UDNNIIDS A8 (ﬁutliﬁﬁﬂIU'lﬂ 85% tanNnNI1 38 "l,umau UOATIAIUVDITULLT
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35%Solids)
Times pH DO, ppm CN, ppm Reagents Added
Lime NaCN
Hour start end start end start end (2 (2
0.00 11.51 0.9 2.66
1.00 9.87 11.57 0.8 0.98
2.00 11.43 1.0
3.00 11.13 0.7
4.00 10.78 0.8 500 2
4.25 11.19 0.9 400
4.50 11.25 1.1 260 0.98
4.75 11.31 0.9 490
5.00 11.32 0.9 400
6.00 11.14 1.0 260 0.81
7.00 11.04 0.9 240 0.11
8.00 10.83 1.0 160 1
12.00 10.53 11.75 0.7 70 1.29 4.04
24.00 11.43 0.9 340 0.89
36.00 10.42 11.86 0.9 90 0.53 247
48.00 10.14 11.68 1.1 80 0.31 1.15
60.00 10.45 0.9 70
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< PR ° 2 A 9 A 9 o Y ° <
Wi‘L!hlﬂ’JW]fJx‘lﬂﬂu"llfJ\‘i!L"U\iL‘ﬁJﬁu‘ﬂ 1.19 ppm wmmﬂ‘mmwzazmaumwmﬂﬂumamm

tMaeLiied 0.7 ppm
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AazaeNIAAY (AULITATVUIA 85% 1ann31 38 luasou NonT1aIuvesduns 35%Solids)

Solution Solid
Sample Au Cu Fe Au Cu Fe

(ppm) (ppm) | (%) (ppm) (ppm) (%)

Start 0 0 0 0 1.19 19487 42.5
15 min 15 0.04 2391 0.001 1.38 13580 37.62
30 min 30 0.07 41.85 0.001 1.47 11998 39.24
45 min 45 0.08 62.45 0.002 1.16 11582 40.05
1 hrs 60 0.10 76.28 0.002 1.06 12864 40.91
2 hrs 120 0.14 83.77 0.011 0.91 11590 36.43
3 hrs 180 0.17 92.57 0.016 1.05 11669 37.49
4 hrs 240 0.19 103.43 0.018 1.15 10907 39.43
8 hrs 480 0.28 114.00 0.023 1.29 12077 39.75
20 hrs 1200 0.46 119.21 0.037 1.22 11245 42.46
32 hrs 1920 0.42 128.00 0.076 0.91 10460 42.64
44 hrs 2640 0.39 137.62 0.073 1.23 11194 42.62
56 hrs 3360 0.45 139.04 0.16 0.7 11270 43.94
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M5199 3.5 A1 pH, DO AnduTu T Tud USinauan uay Ysina lxndou

J a 1A 1< 1 N o 1 a '
"lcnm"luﬂ UDNNIIDS A8 (ﬁutliﬁﬁﬂIU'lﬂ 85% LanNnNI1 53 "l,umau UOATIAIUVDITULLT

35%Solids)
Times pH DO, ppm CN, ppm Reagents Added
Lime | NaCN
Hour | start end start end start end (g (2
0.00 11.9 0.5 2.42
1.00 10.54 11.5 0.3 0.69
2.00 11.26 0.6
3.00 10.89 0.5
4.00 10.28 11.5 0.4 500 0.46 1.91
4.25 11.48 0.4 490
4.50 11.45 0.3 210 1.13
4.75 11.45 0.2 490
5.00 11.40 0.3 330 0.63
6.00 11.17 0.7 270 1.44
7.00 11.32 0.5 620
8.00 11.21 0.6 490 0.55
12.00 10.50 12.23 0.5 40 0.75 2.54
24.00 10.81 0.9 550 3.10
36.00 10.24 | 11.71 1.3 230 0.34 1.50
48.00 | 10.79 | 11.71 0.6 150 0.42 2.61
60.00 | 10.18 0.5 180
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1 a L4 1 < o
ﬂTi'N‘ﬁ 3.6 Ans1zviesndsznoumuni ludiuvesasazanoas IUVoYINAINS

A 1 a VA A 3 1 o 1 a 1
FASANRINLIAIANN (FAUUINVUUIA 85% LANNIT 53 llllﬂi’é)u ﬁﬂ@]i'lﬁ’)u"ll@\?ﬁul!i

35%Solids)
Solution Solid

Sample Au Cu Fe Au Cu Fe
(ppm) | (ppm) | (%) (ppm) (ppm) (%)

Start 0 0 0 0 1.19 19487 42.5
15 min 15 0.03 16.77 0.002 1.36 12419 38.68
30 min 30 0.05 13.22 0.004 1.17 12928 35.85
45 min 45 0.08 17.49 0.007 1.1 11940 33.68
1 hrs 60 0.06 19.98 0.006 1.10 13302 37.77
2 hrs 120 0.08 24.54 0.010 1.16 12393 38.19
3 hrs 180 0.15 33.86 0.012 1.22 11774 33.04
4 hrs 240 0.20 41.88 0.021 0.88 12411 38.91
8 hrs 480 0.22 68.92 0.024 1.04 12020 42.42
20 hrs 1200 0.47 220.65 | 0.015 0.74 12384 41.86
32 hrs 1920 0.51 345.82 | 0.021 0.47 11063 40.16
44 hrs | 2640 0.46 284.04 | 0.123 0.91 9283 42.06
56 hrs | 3360 0.46 25434 | 0.151 0.3 9558 43.48




39

3.3.1.3 MIvLazaeauuInivua 85% azideanii 75 luaseu

v
A

TumsAnyINIszazaedUUI NTUUIA 85% azDeand 75 TUATOU LAAINAAINITI
{ $ I [ 4 Aa a
3.7 guflumsuaasai pH, DO anudndulaelug Usnauunn vaz YsumTwdoy

P4 v o ~Aq Y ' v  Ja ' £
losen'lug Tasneduriusnrzuansiarnldlunmsnaaos dauneauiin 2 azuanenl pH %9
A Y A 9 Y Y o gy o A
FuAuiiandszana 11.5 uaznasanmsvzazatendn pH gamiedianla 10.48 aoduiin 3

1 Y 1 o 1 ] P I~ 1 A o
azuandnl DO 39 la Tunsazda lus adruaeduiin 4 Wuamanududu loe Tuandinald

Aa o ) @ [ 4 9 I 1 a A % 1 A =
1MIITe damTuneaudgaisazummsau)uviuielsuam pH  uaziaulaagy

¢ A
Twen'ludivomsyzazane

A a 4 < Y o 1 Ay Y @ A = I 1 a J
mmm’u‘Wz‘ﬁWami%um%zmﬂm"lmnuﬁmmmﬁw‘w 3.8 ¥ UAINTAUATIZH
2 o w 0 o =
Iawﬂummzma uazﬂlu"umum ﬁ’]ﬁiﬂﬂ’f]\‘iﬂ'llla3‘1/]@\‘“!;@\35]3“??1«!38!,‘”1! ppm UAMANUU
2 ] I £ o <3 A A o '
N UIAI Y % C]Nﬂmﬂﬂuﬂlammﬂzuﬂmﬂm Lummﬂﬂmmazmﬂﬂaﬂmagiu
o 9 o A A 421 A < Y1 o <
m‘ia3@1Em161,14ﬂmﬂﬂumiazmﬂummnmu 1NNITNN 3.8 ilzmu"lﬂ’nvmﬁmslmlmlmm
A 9 A [ o 9 o <3 A =\ o @
ITUAUN 1.19 ppm Wﬁfl’i]']ﬂVI']ﬂ']ﬁG]f$a$ﬁ']fJLLa’JVlf]\1ﬂTium@Q!HNLTTﬁ@LWfN 0.55 ppm @1HIU

) A1 A 9 A ~ A ' 3
"I/IENL!,ﬂﬂuﬁlJmL!ﬂJﬂuuﬂzuﬂWLiMﬁu% 19487 ppm Llagnﬂﬂ\ulﬂ%waE]@Q‘luel]ﬂ\ulﬂ]\i 11456 ppm



M5190 3.7 A1 pH, DO AN laen Tud Usinanuan uag Ysina Txndou

J a 1A 1< 1 AN o 1 a ]
"l,cnm"luﬂ UDNNIIDS A8 (ﬁutliﬁﬁﬂIU'lﬂ 85% LanNnNI 75 "lumau VOATIAIUVDITULLT

40

35%Solids)
Times pH DO, ppm CN, ppm Reagents Added
Lime | NaCN
Hour start end start end start end (2 (2
0.00 11.47 0.5 2.56
1.00 9.62 11.54 0.4 0.98
2.00 10.5 0.5
3.00 9.73 11.5 0.3 0.84
4.00 10.07 11.55 0.6 500 0.62 1.94
4.25 11.52 0.5 460
4.50 11.48 0.5 310
4.75 11.24 0.4 240 0.32
5.00 11.35 0.4 330 0.18
6.00 11.15 0.3 150 0.69
7.00 11.03 0.6 300 0.33
8.00 11.11 0.5 260 1.33
12.00 10.59 11.85 0.6 70 0.44 2.65
24.00 10.80 11.91 0.9 110 0.32 3.81
36.00 10.78 11.72 0.8 110 0.20 1.76
48.00 10.71 11.94 0.5 90 0.30 1.82
60.00 10.48 0.4 60
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35%Solids)
Solution Solid
Sample Au Cu Fe Fe

(ppm) | (ppm) | (%) Au (ppm) | Cu (ppm) | (%)

Start 0 0 0 0 1.19 19487 42.5
15 min 15 0.04 18.90 0.001 1.33 14548 41.48
30 min 30 0.05 19.56 0.002 1.72 13563 39.47
45 min 45 0.1 20.26 0.002 1.28 11952 39.43
1 hrs 60 0.10 21.98 0.003 1.22 12751 39.26
2 hrs 120 0.13 29.03 0.004 1.63 12436 38.29
3 hrs 180 0.12 37.73 0.007 1.29 12025 359
4 hrs 240 0.23 54.12 0.011 0.97 12451 40.41
8 hrs 480 0.27 63.29 0.010 0.86 12432 37.34
20 hrs 1200 0.53 97.53 0.014 1.01 12235 42.38
32 hrs 1920 0.51 150.60 | 0.020 0.77 11735 42.43
44 hrs | 2640 0.56 115.02 | 0.027 0.76 11630 41.02
56 hrs 3360 0.52 157.88 0.03 0.55 11456 43.02
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40%Solids)
Times pH DO, ppm CN, ppm Reagents Added
Lime | NaCN
Hour start end start end start end (2 (2
0.00 | 11.52 0.5 3.63
1.00 | 10.01 | 11.62 0.2 1.15
2.00 | 11.51 0.3
3.00 11.3 0.4
4.00 | 11.00 0.4 500 2.10
425 | 11.37 0.4 410
4.50 11.3 0.5 210 1.24
4.75 | 11.43 0.5 490
500 | 11.46 0.4 320
6.00 | 11.35 0.5 180 0.82
7.00 | 11.17 0.6 220 0.85
8.00 | 11.18 0.3 340 4.69
12.00 | 11.71 0.4 1030
24.00 | 10.08 | 12.10 0.5 10 0.83 1.33
36.00 | 10.23 | 11.63 0.6 50 0.31 2.08
48.00 | 9.77 11.77 0.4 30 0.63 1.04
60.00 | 10.03 0.4 80
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40%Solids)
Solution Solid
Sample Fe
Au (ppm) | Cu(ppm) | (%) | Au(ppm) | Cu(ppm) | Fe (%)
Times 0 0 0 0 1.19 19487 42.5
15 min 15 0.04 29.47 0.001 1.57 11985 40.4
30 min 30 0.07 49.70 0.002 1.04 10954 41.78
45 min 45 0.09 72.51 0.002 1.72 11501 42.36
1 hrs 60 0.10 86.62 0.003 1.43 11489 41.92
2 hrs 120 0.14 95.32 0.012 0.80 11381 41
3 hrs 180 0.15 102.66 0.017 1.54 11402 41.71
4 hrs 240 0.20 123.43 0.021 0.95 11061 39.11
8 hrs 480 0.34 128.55 0.044 1.23 12095 41.54
20 hrs 1200 0.39 135.96 0.052 1.16 11266 40.51
32 hrs 1920 0.39 159.00 0.090 0.92 10184 41.12
44 hrs 2640 0.43 168.82 0.081 1.42 10382 41.62
56 hrs 3360 0.47 165.33 0.138 0.53 11394 42.98
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40%Solids)
Reagents
Times pH DO, ppm CN, ppm Added
Lime | NaCN

Hour | start | end start | end start end (4] (2
0.00 | 11.57 0.3 3.40

1.00 9.71 11.59 0.6 0.78

2.00 | 10.13 | 11.72 0.6 0.74

3.00 | 11.57 0.5

400 | 924 | 11.54 0.3 500 0.93 2.05
425 | 11.52 0.4 500

450 | 11.46 0.5 350

475 | 11.30 1.0 260 0.41
5.00 | 11.38 0.3 340

6.00 | 11.00 0.4 150 0.67
7.00 | 11.13 0.3 280 0.35
8.00 | 11.03 0.5 250 0.33
12.00 | 10.78 | 11.80 0.5 130 0.50 2.24
24.00 | 10.68 | 11.56 0.7 150 0.27 1.32
36.00 | 10.36 | 12.05 0.5 40 0.59 3.10
48.00 | 10.02 | 11.61 0.6 50 0.26 1.50
60.00 | 10.22 0.3 50
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40%Solids)
Solution Solid

Sample Au Cu Fe Fe
(ppm) (ppm) | (%) | Au(ppm) | Cu(ppm) | (%)

Time 0 0 0 0 1.19 19487 42.5
15 min 15 0.05 24.89 0.001 1.23 13700.00 42.14
30 min 30 0.09 35.83 0.003 1.05 15414.00 51.84
45 min 45 0.1 53.94 0.004 1.13 10911.00 40.63
1 hrs 60 0.14 76.39 0.007 0.90 12918.00 37.05
2 hrs 120 0.16 73.55 0.004 1.14 12384.00 38.26
3 hrs 180 0.19 85.93 0.005 0.96 11977.00 41.66
4 hrs 240 0.24 107.38 | 0.007 0.87 12676.00 39.92
8 hrs 480 0.32 138.64 | 0.013 0.77 12578.53 41.11
20 hrs 1200 0.59 180.27 | 0.033 0.90 12025.19 44.62
32 hrs 1920 0.59 170.21 0.049 0.45 11078.02 44 .88
44 hrs 2640 0.68 237.08 | 0.069 0.63 10311.18 44.28
56 hrs 3360 0.7 241.52 | 0.085 0.67 10764.04 42.76
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40%Solids)
Reagents
Times pH DO, ppm CN, ppm Added
Lime | NaCN

Hour | start | end | start | end | start | end (€] (€3]
0.00 | 11.49 0.5 2.89

1.00 | 10.13 | 11.92 | 0.3 1.19

2.00 | 11.55 0.6

3.00 | 11.21 0.5

4.00 | 10.30 | 11.75 | 0.5 500 0.90 2.05
425 | 11.74 0.6 420

4.50 11.7 0.7 340

4.75 | 11.56 0.7 260 0.37
5.00 | 11.51 0.6 160 0.8
6.00 | 11.52 0.6 260 0.52
7.00 | 11.43 0.5 450

8.00 | 11.32 0.4 280 1.49
12.00 | 1097 | 12.02 | 0.3 150 0.49 2.49
24.00 | 10.87 | 1193 | 04 200 3.10
36.00 | 10.69 | 11.66 | 0.5 110 0.18 1.48
48.00 | 10.70 | 11.50 | 0.5 90 0.15 1.55
60.00 | 10.67 0.6 80
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40%Solids)
Solution Solid

Sample Au Cu Fe Au Cu Fe
(ppm) | (ppm) (%) (ppm) (ppm) (%)

Times 0 0 0 0 1.19 19487 42.5
15 min 15 0.04 16.02 0.001 1.49 12861.00 41.48
30 min 30 0.06 18.72 0.002 1.00 12633.00 39.47
45 min 45 0.09 19.78 0.002 1.41 12173.00 39.43
1 hrs 60 0.05 20.61 0.002 1.11 12143.00 39.26
2 hrs 120 0.09 33.30 0.004 1.07 12804.00 36.57
3 hrs 180 0.22 44.05 0.007 1.13 12680.00 37.63
4 hrs 240 0.33 40.20 0.010 0.87 11150.00 40.48
8 hrs 480 0.45 65.86 0.011 0.95 12992.00 38.11
20 hrs 1200 0.64 142.81 0.019 0.98 12916.00 41.35
32 hrs 1920 0.64 199.64 0.028 0.70 11648.00 41.47
44 hrs 2640 0.65 204.76 0.032 0.54 11630.00 40.22
56 hrs 3360 0.64 223.21 0.047 0.43 10169 38.31
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45%Solids)
Reagents
Times pH DO, ppm CN, ppm Added
Lime | NaCN

Hour | start end start end start end (2 (2

0.00 | 11.67 0.5 3.63

1.00 | 10.74 0.3

200 | 10.33 | 11.54 0.6 0.62

3.00 10.8 0.5

4.00 | 10.35 | 11.54 0.4 500 0.71 2.15
4.25 | 11.48 0.2 280

450 | 11.39 0.2 100 0.56
4.75 | 11.30 0.4 150 0.4

5.00 | 11.20 0.3 90 0.66

6.00 | 10.87 0.5 60 0.81

7.00 | 11.05 0.4 160 0.53

8.00 | 11.02 0.7 180 2.08
12.00 | 10.76 | 11.52 0.7 50 0.59 | 3.610
24.00 | 11.09 0.5 110 3.650
36.00 | 10.48 | 11.70 0.6 100 0.42 1.690
48.00 | 10.59 0.5 60 3.320
60.00 | 10.10 0.6 70
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45%Solids)
Solution Solid
Sample Fe

Au (ppm) | Cu (ppm) | (%) Au (ppm) Cu (ppm) | Fe (%)

Times 0 0 0 0 1.19 19487 42.5
15 min 15 0.06 9.72 0.005 1.51 13842.88 42.11
30 min 30 0.08 10.97 0.007 1.42 12441.24 42.12
45 min 45 0.1 14.09 0.008 1.06 11775.79 42.35
1 hrs 60 0.07 16.23 0.007 1.19 11063.25 40.11
2 hrs 120 0.10 21.23 0.012 1.38 11692.54 41.45
3 hrs 180 0.14 23.97 0.017 1.35 11585.36 42.49
4 hrs 240 0.20 31.42 0.018 1.30 12361.89 4191
8 hrs 480 0.29 37.41 0.034 1.03 12969.16 41.69
20 hrs 1200 0.56 156.02 0.018 0.58 11059.70 39.86
32 hrs 1920 0.59 165.78 0.020 0.85 12606.09 40.59
44 hrs 2640 0.53 177.86 0.117 0.49 8142.63 42.44
56 hrs 3360 0.56 145.97 0.186 0.4 8996.09 42.49
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45%Solids)
Reagents
Times pH DO, ppm CN, ppm Added
Lime | NaCN

Hour | start | end | start | end | start end (2 (2
0.00 | 11.56 0.4 3.60

1.00 | 10.39 | 11.91 0.6 1.20

2.00 | 1044|1196 | 0.5 0.84

3.00 | 10.84 0.5

4.00 9.86 | 11.61 0.4 500 0.64 2.12
425 | 11.57 0.5 480

450 | 11.54 0.3 370

475 | 11.54 0.8 240 0.59
5.00 | 11.52 0.4 390

6.00 |11.30 0.4 260 0.85

7.00 | 11.33 0.4 300 0.49

8.00 | 11.32 0.7 300 1.50
12.00 | 10.84 | 11.84 | 0.8 130 0.18 2.73
24.00 | 11.02 | 11.63 | 0.8 230 024 | 1.38
36.00 | 10.33 | 11.96 | 0.6 50 0.36 | 3.45
48.00 | 10.23 | 11.57 | 0.5 100 0.24 | 1.54
60.00 | 10.64 0.4 60
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45%Solids)
Solution Solid

Sample Au Cu Fe Fe
(ppm) (ppm) | (%) | Au(ppm) | Cu(ppm) | (%)

Times 0 0 0 0 1.19 19487.00 42.5
15 min 15 0.07 29.66 0.002 1.42 12295.00 | 42.27
30 min 30 0.09 51.42 0.004 1.41 11995.00 | 43.04
45 min 45 0.13 56.85 0.005 1.47 12659.00 | 41.32
1 hrs 60 0.13 71.97 0.006 1.44 11669.00 | 41.92
2 hrs 120 0.18 79.74 0.005 1.42 11473.00 | 41.72
3 hrs 180 0.21 90.82 0.008 1.05 12951.00 | 41.76
4 hrs 240 0.24 109.23 | 0.011 0.85 11805.00 | 41.51
8 hrs 480 0.43 154.65 | 0.020 1.32 12127.27 | 41.66
20 hrs 1200 0.61 184.41 | 0.040 0.83 12208.00 | 43.41
32 hrs 1920 0.62 172.92 | 0.066 0.65 11111.38 | 44.04
44 hrs 2640 0.62 229.67 | 0.091 0.62 10554.18 | 44.83
56 hrs 3360 0.69 246.55 0.11 0.62 10808.00 | 42.56
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"lcnm"luﬂ UDNNIIDS A (ﬁutliﬁﬁﬂIU'lﬂ 85% LanNnNI 75 "l,umau UOATIAIUVDITULLT

45%Solids)
Reagents
Times pH DO, ppm CN, ppm Added
Lime | NaCN

Hour | start end start end start end (€3] (€]
0.00 11.65 0.4 3.55

1.00 9.76 | 11.61 0.3 0.76

2.00 | 10.11 | 11.66 0.3 0.73

3.00 11.06 0.5

4.00 10.68 | 11.52 0.3 500 0.13 2.15
4.25 | 11.43 0.4 490

450 | 11.38 0.6 330 0.79
4.75 11.29 0.8 500

5.00 11.14 0.5 320 0.64
6.00 | 11.20 0.6 460

7.00 | 10.59 0.8 180 0.96
8.00 10.97 0.7 390 0.57
12.00 | 9.76 | 12.06 0.4 30 0.77 4.70
24.00 | 10.96 | 11.63 0.5 180 0.15 4.01
36.00 | 10.61 | 11.49 0.3 80 0.13 4.13
48.00 | 9.93 11.65 0.6 70 0.31 2.03
60.00 | 11.02 0.4 10
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45%Solids)
Solution Solid
Sample Au Cu Fe Au Cu Fe

(ppm) (ppm) (%) (ppm) (ppm) (%)

Times 0 0 0 0 1.19 19487.00 42.5
15 min 15 0.04 15.91 0.002 1.62 16597.00 40.8
30 min 30 0.06 20.27 0.003 1.36 15095.00 36.12
45 min 45 0.08 25.53 0.004 1.27 14989.00 36.66
1 hrs 60 0.16 26.16 0.006 1.25 15118.16 36.69
2 hrs 120 0.25 34.71 0.008 1.08 14870.00 36.39
3 hrs 180 0.30 46.16 0.009 0.86 14794.00 33.33
4 hrs 240 0.36 61.07 0.009 1.03 13234.00 29.36
8 hrs 480 0.40 59.97 0.009 0.95 13089.52 32.44
20 hrs 1200 0.80 183.03 0.056 0.82 12326.00 35.43
32 hrs 1920 0.90 180.30 0.046 0.53 10830.00 37.84
44 hrs 2640 0.86 188.90 0.052 0.50 11428.00 40.4
56 hrs 3360 0.83 207.26 0.068 0.51 11454.90 41.1
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ﬂ]i'ﬁﬁ 4.1 % Extraction Y9INDIA V]@Qll@\ﬂlagLﬁaﬂﬁ’]ﬁﬁﬂﬂ1ﬁsﬁ$a$ﬁ1ﬂﬁ 35 % Solids

Leaching % Extraction

time

I [ so97 | 132] 0126 | 6797 | 25| 0624 | 7914 147] 0657
0 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
15 6.22 1 0.23 10.004 | 4.43 | 0.15|0.008 | 6.09 | 0.18 | 0.004
30 10.88 | 0.40 | 0.009 | 7.38 | 0.12 | 0.017 | 7.61 | 0.18 | 0.004
45 12.44 | 0.59 | 0.009 | 11.81 | 0.16 | 0.029 | 15.22 | 0.19 | 0.009
60 15.5510.72 | 0.013 | 8.86 | 0.18 | 0.025 | 15.22 | 0.20 | 0.009
120 21.77 1 0.80 | 0.017 | 11.81 | 0.22 | 0.041 | 19.79 | 0.27 | 0.048
180 26.43 | 0.88 | 0.030 | 22.15 | 0.31 | 0.050 | 18.26 | 0.35 | 0.070
240 29.54 1 0.98 | 0.047 | 29.53 | 0.38 | 0.087 | 35.01 | 0.50 | 0.078
480 43.53 | 1.08 | 0.043 | 32.48 | 0.62 | 0.099 | 41.09 | 0.59 | 0.100
1200 71.52 | 1.13 | 0.060 | 69.39 | 1.99 | 0.062 | 80.66 | 0.91 | 0.161
1920 65.30 | 1.22 | 0.085 | 75.30 | 3.12 | 0.087 | 77.62 | 1.40 | 0.331
2640 60.64 | 1.31 | 0.115 | 67.92 | 2.56 | 0.508 | 85.23 | 1.07 | 0.318
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ﬂ]31\3ﬁ 4.2 % Extraction Y9INDIA ﬂ@QLL@QLlaglﬂﬁﬂﬁWWjUﬂ'ﬁ“}fgaza']ﬂﬁ 40 % Solids

Leaching % Extraction
time
(minutes) 85%passing 38um 85%passing S3um 85%passing 75um
Au Cu Fe Au Cu Fe Au Cu Fe
0 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
15 5.19 | 0.23 | 0.004 | 6.23 | 0.19 | 0.003 | 4.96 | 0.12 | 0.003
30 9.09 | 0.39 | 0.007 | 11.21 | 0.27 | 0.010 | 7.44 | 0.14 | 0.007
45 11.69 | 0.58 | 0.006 | 12.46 | 0.41 | 0.014 | 11.16 | 0.15 | 0.007
60 12.99 | 0.69 | 0.011 | 17.44 | 0.58 | 0.024 | 6.20 | 0.16 | 0.007
120 18.18 | 0.76 | 0.044 | 19.94 | 0.56 | 0.014 | 11.16 | 0.25 | 0.014
180 19.48 | 0.81 | 0.062 | 23.67 | 0.65 | 0.017 | 27.29 | 0.33 | 0.024
240 2597 | 0.98 | 0.076 | 29.91 | 0.82 | 0.024 | 40.93 | 0.30 | 0.035
480 44.15 | 1.02 | 0.160 | 39.87 | 1.05 | 0.045 | 55.81 | 0.50 | 0.038
1200 50.65 | 1.08 | 0.189 | 73.52 | 1.37 | 0.115 | 79.38 | 1.08 | 0.066
1920 50.65 | 1.26 | 0.327 | 73.52 | 1.30 | 0.171 | 79.38 | 1.51 | 0.097
2640 55.84 | 1.34 | 0.295 | 84.73 | 1.80 | 0.241 | 80.62 | 1.55 | 0.111
3360 61.03 | 1.31 | 0.502 | 87.22 | 1.84 | 0.297 | 79.38 | 1.69 | 0.163
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ﬂ‘lﬁ‘lﬂﬁ 4.3 % Extraction Y9INDIA ﬂﬂ\ulﬂﬂllaglﬁaﬂﬁ”]ﬁﬁ‘ﬂﬂ’]ﬁﬂfgaga']ﬂﬁ 45 % Solids

Leaching % Extraction
time
(minutes) 85%passing 38um 85%passing S3um 85%passing 75pum
Au Cu Fe Au Cu Fe Au Cu Fe
0 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00
15 6.04 | 0.06 | 0.006 6.92 0.18 | 0.006 | 4.04 | 0.10 | 0.014
30 8.05 | 0.07 | 0.008 8.89 0.31 0.011 6.05 | 0.12 | 0.020
45 10.07 | 0.09 | 0.011 12.85 | 0.34 | 0.014 | 8.07 | 0.16 | 0.023
60 7.05 | 0.10 | 0.017 12.85 | 0.43 0.017 | 16.14 | 0.16 | 0.020
120 10.07 | 0.13 0.023 17.79 | 048 | 0.014 | 25.23 | 0.21 | 0.034
180 14.09 | 0.15 | 0.025 20.75 0.55 0.022 | 30.27 | 0.28 | 0.048
240 20.13 | 0.19 | 0.025 23.72 | 0.66 | 0.030 | 36.32 | 0.38 | 0.051
480 29.20 | 0.23 0.025 4249 | 093 0.055 | 4036 | 0.37 | 0.096
1200 56.38 | 0.96 | 0.158 60.28 1.11 0.111 | 80.72 | 1.13 | 0.051
1920 59.40 | 1.02 | 0.130 61.26 1.04 | 0.183 | 90.81 | 1.11 | 0.056
2640 5336 | 1.09 | 0.147 61.26 1.39 | 0.252 | 86.78 | 1.16 | 0.330
3360 56.38 | 0.90 | 0.192 68.18 1.49 | 0304 | 83.75 | 1.28 | 0.524
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85% Leaching Time Leaching Time
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Solids Sire 7 Au Extraction Extraction
’ Au | Cu Fe Au | Cu Fe Extraction
microns
38 43 1 1.08 | 0.12 | 59 |1.20 | 0.16 68 1.1 0.60
35 53 44 |1 0.7 | 0.08 | 64 | 1.60 | 0.12 72 2.6 0.58
0.04 0.06 1.3 0.12
75 49.5 | 0.65 70.5 | 0.95 81
5 5
38 41 | 1.06 | 0.14 | 50 |1.17 | 0.22 57 1.3 0.5
40 53 42 11.02| 0.05 | 62 | 122 0.10 82 1.7 0.32
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75 57 | 0.55 76 | 0.94 80
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1o k = Rate constant
C = Concentration of a specified species in solution or in solid fraction
C, = Initial concentration of a specified species in solution or in solid fraction
n = Order of reaction
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Time 53 um 75 pum
38 um
(Minutes)
InC-InC | 1/C-1/C; | InC-InC | 1/C-1/C; | InC-InC | 1/C-1/C,
0 0.000 0.000 0.000 0.000 0.000 0.000
15 0.064 0.066 0.045 0.046 0.063 0.065
30 0.115 0.122 0.077 0.079 0.079 0.083
45 0.133 0.142 0.126 0.134 0.165 0.179
60 0.169 0.184 0.093 0.097 0.165 0.179
120 0.246 0.278 0.126 0.134 0.221 0.247
180 0.307 0.359 0.250 0.284 0.202 0.223
240 0.350 0.419 0.349 0.419 0.431 0.539
480 0.571 0.771 0.393 0.481 0.529 0.698
1200 1.256 2.511 1.184 2.267 1.643 4.172
1920 1.059 1.882 1.398 3.048 1.497 3.468
2640 0.932 1.540 1.136 2.117 1.913 5.771
3360 1.203 2.329 1.137 2.117 1.568 3.794
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InC-InC | 1/C-1/C, | InC-InC | 1/C-1/C, | InC-InC | 1/C-1/C,

0 0.000 0.000 0.000 0.000 0.000 0.000
15 0.053 0.055 0.064 0.066 0.051 0.052
30 0.095 0.099 0.118 0.126 0.077 0.081
45 0.124 0.132 0.133 0.148 0.118 0.126
60 0.139 0.149 0.192 0.211 0.064 0.066
120 0.201 0.222 0.222 0.249 0.118 0.126
180 0.217 0.242 0.270 0.310 0.319 0.375
240 0.301 0.351 0.355 0.427 0.526 0.693
480 0.583 0.791 0.509 0.663 0.818 1.263
1200 0.706 1.026 1.329 2.776 1.579 3.849
1920 0.706 1.026 1.328 2.775 1.578 3.849
2640 0.817 1.265 1.879 5.549 1.641 4.159
3360 0.942 1.566 2.058 6.827 1.579 3.849
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1 o o { . a 1 1
ﬂ151\‘]ﬁ 4.8 %@Haﬂﬁu“’f’]ﬁ@]ﬁﬂJﬂQﬂ’]ﬁﬁZﬁ’]ﬂﬂ@\iﬂ’]ﬁ 45%Solids YVHIATULLT 85% AzI0eANI 38

53 uaz 75 luasou seAvIaUMEAs UL A4

Time (Minutes) 53 um 75 um
38 um
InC,-InC | 1/C-1/C, | InC,InC | 1/C-1/C, | InC,InC | 1/C-1/C,

0 0.000 0.000 0.000 0.000 0.000 0.000
15 0.062 0.064 0.072 0.074 0.041 0.042
30 0.084 0.087 0.093 0.097 0.062 0.064
45 0.106 0.112 0.137 0.147 0.084 0.088
60 0.073 0.076 0.138 0.148 0.176 0.193
120 0.106 0.112 0.196 0.216 0.290 0.337
180 0.152 0.164 0.233 0.262 0.360 0.434
240 0.225 0.252 0.271 0.311 0.451 0.570
480 0.345 0.412 0.553 0.739 0.517 0.677
1200 0.830 1.292 0.923 1.517 1.646 4.187
1920 0.901 1.462 0.948 1.582 2.387 9.884
2640 0.763 1.144 0.949 1.583 2.023 6.562
3360 0.830 1.292 1.145 2.143 1.817 5.153
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A MSUNMTHIAIYDN First order 1182 Second order amsniimndouns il ldaaglin 437 -

= o ' Y o A
4.50 “]f\?%?ﬂﬂi1“l/\|ﬁ1h1‘iﬂiﬂlﬂ1’ﬂﬂ1 k (Rate constant) hlﬂﬂ\i@]ﬁN‘Vl 4.9

Hasao

H ] ¢ o o oA &
i”lx'i‘ﬁ 4.9 711 k (Rate constant) "ll’é)\?%ﬁuﬁ1ﬁ@li"ll’€]\1ﬂﬁa%iﬂﬂ‘ﬂf]ﬂﬂﬁgﬂﬂﬂﬁuﬁTﬁ@‘iﬁﬁﬁ\?

Time(minutes)

Time(minutes)

%Solids 1" Order 2" Order
511141ﬂ!!3'(um) 35% 40% 45% 35% 40% 45%
-3 -3 -3 -3 -3 -3
38 1.08x10 0.87x10 0.4x10 1.9x10 1.5x10 1.04x10
-3 -3 -3 -3 -3 -3
53 1.0x10 1.0x10 0.7x10 1.5x10 1.16x10 1.3x10
3 -3 -3 -3 3 3
75 1.3x10 1.2x10 1.2x10 3.0x10 1.6x10 3.0x10
1.40 3.00
1.20 /Q L 2 2.50 S
1.00 L / .
o . L 2.00 *
2 0.80 - /
S S 1.50 / *
[ -~
= 040 - = 1.00
0.20 0.50
0.00 0.00
0 2000 3000 4000 0 1000 2000 3000 4000

517 4.37 First order ¥04M0381 38 luasou

35%Solids

517 4.38 Second order Y0031 38 lunsou

35%Solids
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1.50
*
® o

o 1.00
J

£

O

= 050

0.00 /‘
0 1000 2000 3000 4000

Time(minutes)

3.50
3.00 }
2.50
”z,“ 2.00 *7 * ¢
8 150
~ 1.00
0.50 7{
0.00
0 1000 2000 3000 4000

Time{minutes)

51/ 4.39 First order yoanoadi 53 luaseu

35%Solids
2.50
2.00 *
S 150 /’ e *
£
g 1.00 /
0.50 -
0.00
0 1000 2000 3000 4000

| Time (minutes)

311 4.40 Second order Yoo 53 luaseu

35%Solids

317 4.41 First order v04n03717 75 lunsou

7.00
6.00 *
5 5.00
< 4.00 *
O 3.00
~ 2.00
1.00 {
0.00

0 1000 2000 3000

Time {minutes)

4000

311 4.42 Second order voanoadi 75 luaseu

35%Solids 35%Solids

1.00 . 2.00

0.80 .o * 1.50 ®
S 0.60 ./ S *
= / & 1.00 * o
2 0.40 4 /
i -

0.20 - 0.50

0.00 0.00 /

0 1000 2000 3000 4000 0 1000 2000 3000 4000

Time(minutes)

Time(minutes)

517 4.43 First order ¥04M03/1% 38 Tunsou

40%Solids

g‘ﬂﬁ 4.44 Second order U9INDIAN 38

Tunsou 40%Solids
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2.50

2.00 ¢

’ *

1.50

InC-InCO

1.00 /

0.50

0.00
0 1000 2000 3000 4000

Time(minutes)

2.00 y A

0 1000 2000 3000 4000

Time(minutes)

317 4.45 First order ¥04M03A11 53 lunsou

317 4.46 Second order ¥oANBIMN 53 lunsou

40%Solids 40%Solids
2.0000 J 5.00
1.5000 f e 4.00 s o T e
o
S S 300 ,/
= / ~—
£ 1.0000 = /
k- ’/ £ 2.00
0.5000 @, 1.00 /
0.0000 0.00 1

0 1000 2000 3000 4000

Time(minutes)

0 1000 2000 3000 4000

Time(minutes)

ﬂﬁ 4.47 First order "UﬂWl?NﬂTﬂ 75 UliJﬂiﬂLl

3171 4.48 Second order yoaneasi 75 luasou

40%Solids 40%Solids
1.00 2.00
J S
0.80 . , 150 » .
S 0.60 S *
= 2 1.00 / ’
2 0.40 PS *E-
0.20 0.50 ——
0.00 0.00
0 1000 2000 3000 4000 0 1000 2000 3000 4000
Time(minutes) Time(minutes)

317 4.49 First order ¥04M03A11 38 lunsou

45%Solids

311 4.50 Second order YoaN0IMIN 38 lunsou

45%8Solids
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1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

InC-InCO

‘//

0 1000 2000 3000

Time(minutes)

4000

2.50
2.00 *
S 150 ¢
S 100 /
0.50 /
0.00 /
0 1000 2000 3000 4000

Time(minutes)

gﬂﬁ 4.51 First order Y94N04A1 53 "lumau

45%Solids

517 4.52 Second order YDINOIA1 53 TuAsOU

45%Solids

3.00
2.50
2.00
1.50
1.00
0.50
0.00

InC-InCO

/ Y4
j /
0 1000 2000 3000 4000

Time(minutes)

12.00

10.00

8.00

6.00

1/C0-1/C

4.00
2.00

/)'

0.00

e

0

1000 2000 3000 4000

Time(minutes)

317 4.53 First order ¥04M0381 75 luasou

45%Solids

317 4.54 Second order ¥0aN03A1 75 lunsou

45%Solids




=
UNn s
a v Y
agﬂwams’mmgammaummz

5.1 agwamsIde

= A o a 1 o [ 4 A
ﬁ]”lﬂﬂ"liﬁﬂrl%lflulﬁE’Nfl]fflu?ﬁﬁ@]ﬁsll?Nfﬂﬁﬂ%aTﬂﬁuLLﬁﬂﬂﬂﬂT%TﬂI%’uLﬁ“])’ﬂlh\lﬂl‘ﬁll’t]\i

4
Y 1 Yo A

nov UsHNIA e aansoasillaaail

' = d? 3 4 dyl 3 2 A
5.1.1 MIvALsaziBeaunIy % myazatgnesmanad nathinsiumsizimaniily
' 3 a 4 1 J o J
agrigailudasznudwndld lven lud llnaunae Bazarenesdiosas nsdnuil
[ 1q 9 = ~ =} 1 <= o v A (Y P
WuMsvaus Iazidoaauiied 85% azideand1 75 um Nisawedmsuduusda lvlan

9
Miloaned UTENYIM Snaunsil

Y
[]

[ v 9
552 %Solids NgeluiinailinisazarenssdianaunmizusNazidoamniu (38
A A oA < ' aa;l Y d?} A
uaz 53um) luvnzNusNeIuna1 Av 85% NN 75um UUAINNTDAZA18N0 IANINT 1o
2
%Solids gIVU

Y I
553 é’fmfaaumﬁmé’mmmiazmamqﬁwﬁmzag“lu First Order 1401 Second Order Gd]ﬁ

Y
% S

Y
M3 aUITUZIIA1 Rate Constant (k) 1ndiAgany
9
5.2 UdlaUBIUL

= 3 dy 9 a = [ 3 =
5.2.1 Tumsdnpnszuaumsazaneas il l¥mysune leen ludanfeon daiulumsdnm
4 1 ] o Aav 1 4
Tueuinands 1¥aNnuvutuve lae ludvaieganyuiinsivenanududuvea lsen lua

1000 ppm, 750 ppm L& 500 ppm

4
5.2.2 TumsANEINTZUIUMTAZ AU UAITANDONFIIUAADANAIVOINTZUIUNTAZAY
Y
ilAuasufed lugedu uazuen11nM3IA Dissolved Oxygen (DO) 11322543 IAA1 Eh

Y
7Y

93



94

5.2.3 mnausaudlsaeslsumeendauii@unse i lugiues En w501 ldwa

= Y £
VDNINITIFLASATYNATUDIUUINUYU



95

19NE1391909

1 [

VTHNNIAT $119 (2552). uruAeIaTInsiumilosdunsnesdl Auuaznouad lnsismilo

W, dwmsuldsemuiiai 26968/15574, 26969/15575, 26970/15576, 26971/15558,

26972/15559 1A% 26973/15560. TINIAY 2552.

v v

VTHNOAI1 10119 9199 (2541). uHUAY IATIMIR MU0 No I IaedBmMioariy. §19Sum

v v

volszmuiingil 26910, 26911, 26 912 uaz 25618 V3ENEAT1 lwila 180 a.1vuda gn

Y] 9 Aaa 9 [ 1 4
D.NUADD .WIAT LD A.NYA ?J.’NTI]Q VINYIYIU.

v v

Aav o A o o ] @ v o J a A o o <
Uiﬂﬂ@ﬂifluu\‘l 2109 (2555). LLWHW‘U“JJ‘RMQ’NWHWU’ENU’;‘ ‘Vmﬂiﬂnuﬂ 1NA. A.LVUIA gn

@ Y an 9 [ 1 d
2.91UAA0 291905 Lo A.Meag 0.3911)9 VINYIYIU. VUIAY 2555.

WHY YYuIa (2543). IBmsiunileasnesd msuaws n1snge matlesiuuazmsud ly

A a a 1 @ a J
Nﬁﬂi%ﬂﬂ@]ﬁ]ﬁﬁl!?ﬂé}ﬂw. ﬂWﬂ’J“]ﬂ’Jﬁ’Jﬂ‘iimﬁﬁ’i)ﬂuilmgﬁﬁﬂ AUSIAINTTUAITNT

UHINGRVAIVAIUATUNS. TUAN 2543,

a o 1 a 4 A o [ o !
UN1INGIRYUBULNU (2552). 518\111!ﬂﬁ’JLﬂiW%WWﬁﬂigﬂUﬁ\‘]u’m%@ﬂJ.ﬁ1W31J‘]J§$‘V]TM‘]JG]iﬁ

26968/15574, 26969/15575, 26970/15576, 26971/15558, 26972/15559 g 26973/15560

&y

VIENNPIAMIINA Q1110 8. 7902 W3 3408, FINAN 2552,

Deschenes, G. and Prud’ homme, P.J.H. (1997). “Cyanidation of a copper-gold ore”

Int.J.Mines.Process.50 : 127-141

Deschenes, G., Lacasse, S. and Fulton, M. (2003). “Improvement of cyanidation practice at

Goldcorp Red Lake Mine” Minerals Engineering.16 : 503-509

Feng, D. and Van Deventer, J.S.J. (2011). “Thiosulphate leaching of gold in the presence of

carboxymethyl cellulose (CMC)” Minerals Engineering.24 : 115-121



96

Osseo-Asare, K., Xue, T. and Ciminelli, V.S.T. 1984. “Solution chemistry of cyanide leaching

system” In Precious Metals : mining, Extraction, and Processing, Metall. Soc, AIME,

Warrendale, Pa. V. Kudryk, D.A.Corrigan and W. Liang, Editor. pp. 173-197.

Nicol, M.J., Fleming, C.A. and Pual, R.L. (1987). “ The Chemistry of the Extraction of Gold” In

Stanlay, G.G. Editor. The Extractive Metallurgy of Gold in South Africa, Vol. 2,

SAIMM Monograph Series M7. Johannesberg. 1987, pp 831-905.

Sisoutham, S. (2010). “Gold mining in Lao PDR” In The Proceeding of the Thai-Lao Technical

Conference on Geology and Mineral Resources. Held by the Department of Mineral

Resourses at Rama Gardens Hotel, Bangkok. 7-8 September 2010.

Vukeevic, S. (1997). “The mechanism of gold extraction and copper precipitation from low grade

ores in cyanide ammonia systems” Minerals Engineering.10 : 309-326



MANUIN

= Ay A a A Y o o '
miﬂnmmmmmwamnaﬂumi‘umz!@ﬂﬂam!s‘lﬁﬂﬂmum‘nmﬂumuﬂimaq

YBIMIANEINTaZ AU

97



9 o =2 05/' dy Yo % Aq Y Ao A A 1
ﬂ'"l“l”iSUﬂ'liﬁﬂ‘HﬂuﬂﬁQullﬂﬂ"lﬁuﬂﬁﬁllﬂiﬂﬂl%iuﬁu’mﬂ ADVUIAVDITULLITLAY
Y 1 <3 d' FY d! 1 1 dy (% o 1 A [
a3 18UV 1 I uMsHay Fenurardazran lumMsmuIsaA o uny

ﬂ]iﬁ]ﬂ)]ﬂd?x’i‘i‘i1!w1$ﬂ%lﬁﬁ 1

Y

U1 NV0 flask 56.2 n3u
shminveasiag flask 80.2 N3u
hminveas =80.2-56.2 = 24 N3U
vintaruaves slurry 110g flask 172.6 N3
yinveaii =172.6-80.2 = 92.4 N3Y
yminveah = U5inasih =92.4 N5U
15115904 solids — 100 - 5asth = 100924 = 7.6
Hanans
ANMUD NI WL — 1117 solids / 511a15 solids

24

= —=3.16 n5N/Uanans
7.6

MIHINNNDIDUNIZASIN 2

Y

WIMUNVDI flask 56.9 N5

Y
% 1 QJ

TvunUeaI LAY flask 79.8 NIy

Y
% 1

WINUNUDILS =79.8-56.9 = 22.8 NTU

dinanuaves slurry 110 flask 172.7 n3u
yiminveah =172.7-79.7 = 93 N3U
yiwinveah = U5iasih =93 nN5u
1515904 solids ~ 100 5Asii = 10093 = 7 HaAans
ANMUD NI W — 1117 solids / /511a15 solids
22.8

=== 3.26 NS/Naaans
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mﬁmmmdaai‘hmwa%’aﬁ 3

9

WINUNUDY flask 55.4 NS
Y
WU NVDIUS LAY flask 77.8 N5
Y
NNV —778-554 = 22.4 NSV
Y Y
TINUNNINUAVD slurry 1Ay flask 170.6 N3
Y Y
WIHUNVDIIN =170.6 —77.8 = 92.8 N5
Y Y Y
vtnveai = 1U5uasi =92.8 N5
Y
151195904 solids =100 — 15119511 = 100 — 92.8
= 7.2 Yaaans
Y
ANDITUNI = 91190 solids / UTHIAT solids
22'4 [} A Aaa
= ——=3.11 AsW/Naaans
7.2
oo 3.16+3.26+3.11 o
ANNDIW UM (SG) = = 3.18 NSW/Naaans

3

35%Solids VAT UIS 85%passing 180N 38 pm

S duusnly

ANND 1B UNIIZVR e T4 (SG) =3.18
65 1

Y
ANND M UNIZUDITNADANUD T UNIZ VD IS = 32318
= 1.85+0314
= 2.164
1 1 as.t‘ Y A a 3000 [
ua lumsnaasdusazasaay 1515019 3 ans = . 138205
o > { 20 = 1382
Usvaninldlumsuausazasa 92810 60% solids = 60

= 921 Yaaans

USaninlylumsazaren 35% solids = 35 1382 =2.566 iaanns

[ Y

udealaiuiiy 2566 - 921 = 1,654 Haaans
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A gy (a ' a J dqu Y o A ~ ~
e ldsuansuazdsnaninlsuauda imsuai na1 30 Wi wag 40 W
F4 v [l [
auday s uaudnnaavue egnauusiualarmuazinswua 38 pm i
A sl o ° = ~ K] o o
mndesiFuauaziihlssumeunHIuaZINT 85% LAAIAIH
Weldnanlumsua 30 1A MUAZLATIVUIA 38 pm 82.82%
eldnanlumsua 40 1A MUAZLATIVUIA 38 pm 87.55%
4 v ]
mzagiiy thai ldnda e I aunsiuazunssuuia 38 pm duusvuia

85% lgarlumsva 34 w1 19 319

35%Solids VAT UIS 85% 16NN 53 pm
A 9y (a ' a J dqyu Y o A ~ ~
e ldsuansuazdsnaninlsuauda dimsuai na1 30 Wi way 15 Wi
o w os/' o ld‘ 9 [ d’ 1A Id’ 9 S d‘
auday Mmiubwsuaudundavuia egNduusiualamuazinse 53 pm AN
J <2 L4 o = = (R o dy
nlesiFuatazhumlTeuMeumAmIUAZIN T 85% LAAIAIH
THnalumsua 30 IR MIUAZIATIVUIA 53 um 91%
THnalumsua 15 WA MUAZIATIVUIA 53 um 54.69%
a’j o 1 Ay Y o A ya 1 9
Mgty i ldndaie aunsdiuazinsvua 53 um 85% M4a1lu

= a =)
NITUA 27 UIN 20 IUN

35%Solids VMATULUT 85% 1ANNI 75 pm
A Y a 1 a :I A 9 9y o A =~ =
e lddSnansuazdsinaninlduauds simsuan 1an 30 Wi wag 10 WA
o w 09/' o lt:; 9 [ d’ 1A ld‘ 91 s d‘
audey i uaudndaving iegNauLs AU TAHIUAZINTS 75 um UAN
IS I 4 o = =3 R o d"
wosiguauazihuToumeumANIUAZLNTI 85% LAAIANH
a1 lumsua 30 1A FuAzIATIVUIA 75 pm 98.7%
a1 lumsua 10 1R FuAZIATIVUA 75 pm 47.11%
os/' o 1 Ay Y o A ya 1 Y
mszagiu han ldudiuanie ITauLs AMuaLLns WA 75 um 85% 14a1lu

= a =
NITUA 24 UIN 02 IUN
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40%Solids §HUTVIIA 85% 18NN 38 pm

1 ° 1o J
ﬂ’ﬂllﬂ’Nﬁ]%Wi”lgsU’fNLLi“b’alh\Iﬂ (SG)=3.18

: o 2 " , 60 1
AINUD NI UNIEVDIUIADANUD I WWIZUBALS =— + ——
40 3.18
= 15+0314
= 1.814
1 1 09.:’ Y a a 3000 (%
ualumsnaaoanazaseoz 1sdsum 3 ans = 1814 =1,654 NTU

Y

A 2 ! o o A . 40
Usuanimlslumsuauaazasa 92919 60% solids = 5 X 1654
= 1103 ¥adans
- S Hdqu A &0
1Jsnaninlglunsazaten 40% solids = 5 X 1654
=2.481 Yaaans

9
[ YEEEY] 9

aariudealariung 2481 - 1103 = 1,378 Hadans

]

A

Y a ' a 3/ Hq ¥ Y o A ~ =
e ladsunawsuazdSnanihnlduands imsuan 11a1 40 Wi wag 50 W
4 [ [ H
awdwy s uaudwnihmsaavna iegauns nua ldiuazunse 38 um &
VoA Ca~ 4 o = LR Y] dy
mnesuauaz i uNeUMAHIUAZINTI 85% LETAIAIH
THalumsua 40 1A FuAZIATIVUIA 38 um 75.95%
THalumsua 50 A FUAZIATIVIIA 38 um 85.92%
3 ) A 9 o d' Ya 1 9
mszaziy han ldunmuanie IHauLs MueLLnI U9 38 um 85% Jaarlu

= a =)
NITUA 49 UIN 02 IUIN

40%Solids VINATUIUT 85% LGNNI 53 pm
A Yy (a ' a S dqu Y o A ~ ~
e ldSnansuazdsinaniilduauds siimsuai 1an 30 Wi wag 45 wii
F4 [ [ v
aday ninduiws uaudniimsdavie megnauus nualakuazunse 53 um i
oA A~ 4 o = 1 1 Y] dy
mnesisuauaz i UNeUMAHIUAZINTI 85% LETAIAIH
THalumsua 30 A FUAZIATIVUA 53 pm 78.56%
THnalumsua 4511 MUAZLATIVUIA 53 um 94.06%
3 o 1 AN Y o A Jya U 9
mzagiy i ldunduaeie Iausmuazun3 U9 53 um 85% a1 lums

1A 35 U1 49 3N
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40%Solids VIATUIS 85% 16NN 75 pm
A yy (a ' a J dqu Y o A ~ ~
e 'lalsuawsuazdsuanihinlduauds Himsuahn na130 wif way 15 W
o 09: o 1A Y @ A 1A = Y A A
auday mimhusuaudndavina egNauusiualamuaziunse 38 um JA1N
J 2 4 o = = R 1% dy
wosuauaz i oueumaAINIUAZLNT 85% LEAIATT
THa1lumsun 40 1A FuAZIATIVEA 38 um 75.95%
THalumsua 50 1A FUAZIATIVEA 38 um 85.92%

09: o 1 d‘ Y o d’ Yya (BN ] 9
mszaztiy b ldunsuaie IFaunsiuazuaTva 53 um 85% 1¥a1lu

MIUA 49 WIN 02 I

45%Solids AUUITVMA 85% 18NN 38 pm

1 o K% J
ﬂ'NiJﬂ'Nﬁ]']LW'i"IgéU’ENLﬁ“D'alMﬂ (SG)=3.18

1 [ o g/ ] [ ° ' 5-5- 1_
ANIND NI UNIZVDNINDANVDIBUNIZYBIT = — + ——
45 318
= 15+0.314
— 1.537
1 1 qu Y (Aa a 3000 [}
ualumsnaasauaaznsaazl¥lsuna 3 ans T 1,952 N5
- 2 dq v ! o o A 40
sinaninlglumsuauaazase 3129190 60% solids = 5 X 1952

= 1301 Yaaans

A J A = . &0
suanimlslumsazaten 40% solids = 5, X 1952

=2.,928 Yaaans

Qe

[

gariudoalaiuiy 2928 - 1301 = 1,627 Haaans
A

Y (a 1 a g’ Aq ¥ Yy o A = =
e ladTunasuazdSnanihnlduauds fiimsuah na140 w1 waz 90 WA
4 v ' I
auday s uaudimsaavua e Nauus Nua lariuazing e 38 um &
A A~ 4 ) = [ [ dy
mnesisuauaz i UNeUMAHIUAZINTI 85% LAAIAIL
a1 lumsua 40 1A FUAZIATIVUA 38 um 63.29%
a1 lumsua 90 1A FuAZIATIVINA 38 um 95.47%
a’j o 1 Ay Y o A ya U 9
mszaztiy b ldunsaie Idaunsiuaziasavia 38 um 85% 13a1lu

MIuA 71 W 34 3N
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45%Solids §HUTVMIA 85% 1ENNI1 53 pm
A gy (a ! a d dqw Y o A a a
o 181 uausuazdSuaninlduands inmsuan 1na130 WA uaz 60 wIN
Y 09: o A 9 o [ d' A A Y =
awuday miiusiuaudiihmsnaving e Nauusnua laiuazinge 53 um &
VoA P 4 ° = ~ Vo ¢
Ao s uataz i ITauMNeUMAHIUAZIATI 85% UAAIAII
THalumsua 30 1A FUAZIATIVIA 53 um 64.76%
THalumsun 60 11 FUAZIATIVIA 53 um 94.98%
09: o 1 d‘ Y o d’ Yya (BN ] 9
mszaztiy b ldunsuaie IFaunsiuaznTva 53 um 85% 1¥a1lu

MIUA 49 WIN 05 IUN

45%Solids AUUTVINA 85% LGNNI 75 pm
A gy (a ' a S dqyu Y o A ~ ~
e 'lalsuawsuazdsuanihmnlduauds Himsuan na130 wifi way 15 W
F4 v [ [
auday s uaudimsaavua e Nauus nua lariuazinse 53 um &
A sl o ° = ~ IR o o
mnessuauazihulToumneumaAmIUAZLNT 85% LEAAIATH
e lumsua 30 1A FUAZIATIVUA 75 um 89.39%
THnalumsua 15 WA MUAZLATIVUIA 75 pm 50.49%
q’j o 1 Ay y o A ya U 9
mszaztiy b ldunsaie Idaunsiuaztasava 53 um 85% 13a1lu

=3 a =
NITUA 28 UIN 13 IUMN
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mamnarindSinada@enlaen luameldluaudde

0.05
* =
100

A X

A :I o = ] [~ @
A Ao WrUNvesesazats Inueu iy

2 ., 005
500 ppm = 0.05% INT1ZRUU AT ——
100

A8
A15a2a191IN 3939.14 NTY

5 @
=2.00 NTY
100

Y
INIIZRSUY 3939.14 *
U |l
AI9eN9

A Y ¢ Y A A o
m’f)”lmmﬂmmmmmumaﬂ%ﬂumgmum 260 ppm %139 0.026 INI1ERSUY

ansomdsna Tsdey loen luanzdoudumnmi 1dan

X-B*—)=D

100
= g’ Y :’
B 7o Wvitinvostirlaay (slurry)

A Y Y sy Y ~ ' J P-4
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Abstract

The objective of this research was to study the kinetics of cyanide leaching of
sulfides gold ore from Tungkum mine in Loei Province, Thailand. Gold ore samples
collected from sulfide zones were crushed, blended and stocked for the entire study
uses. The stocked ore sample contained 1.19 ppm Au, 19487 ppm Cu and 42.5% Fe.
Cyanide leaching tests were done in a rolling bottle. Leaching of 3 different sizes of
ground ore were studied being 85% passing 75, 53 and 38 microns. Initial pH and
cyanide concentration were 11.5 and 500 ppm respectively. Samples were taken at
various leaching time intervals up to 56 hours. Dissolved oxygen, pH and residual CN
" concentration in the liquid fraction were monitored. Au, Cu and Fe contents were
analyzed for both solids and liquid fraction. The leaching tests were done at 3
different %solids; 35, 40 and 45% by weight. Kinetics evaluation showed that the
leaching process conformed well to both first and second order rate equation.
Coarser ground ore (75 microns) was leached at higher rate than was the finer ores.
Percent extraction of gold was also surprisingly found to be higher for the coarser
ground ore. Up to 87% gold extraction could be achieved for the 85% passing 75
microns ore whereas only
57-68% extraction was for the 85%passing 38 microns.

Key words: Kinetics, Cyanide leaching and Sulfide gold ores.

1. Introduction

Gold ore at Tungkum mine is a skarn type [1]. Gold is disseminated in sulfide
ore. Sulfide ore occurs both as massive sulfide and disseminated in skarn rock. Major
sulfide minerals are pyrrhotite, pyrite, chalcopyrite and bornite. Average grade of
sulfide ores is 3.58 g/ton Au, 1.2 g/ton Ag and 3150 g/ton Cu. Oxidized ore is also
present at the top part of the deposit in the form of oxidized skarn and gossan.

Cyanide leaching is adopted in Tungkum gold mine in Loei Province,
Thailand to recover gold and silver from both oxide and sulfide gold ore. When
leaching ore from oxide zone, the ore is ground to the size finer than 106
microns. Finer ground ore down to -53 microns is designed for the treatment of gold
ore from sulfide zone due to its slower rate leaching. However, there are varieties of
mineralogical zone in Tungkum gold deposits which may exhibit different leaching
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kinetics. A study on kinetics of cyanidation of gold form sulfide zone should help us
understand the rate behavior of the process and be well prepared for proper process
adjustment in future.

2. Experimental procedure
2.1 Sample preparation

Around 500 kilograms of sulfide gold ore sample was collected from T1 high-
grade and low-grade mining faces. A laboratory jaw crusher and a rolls crusher were
used to crush and grind the ore sample down to the size finer than 10 mesh. The
ground ore was then divided into approximately 2-kg samples which were stored in
sealed plastic bags in order to avoid further oxidation. Metal content in the stocked
samples is 1.19 ppm (or g/ton) Au, 19487 ppm Cu and 42.5 % Fe by weight.

2.2 Final grinding prior to leaching test

A 2-kg bag of stocked sample was wet ground in a laboratory rod mill to
prepare slurry at a desired particle size and percent solids. Standard grinding time
required to produce different particle size of samples for different % solids according
to pre-trial experiments was listed in Table 1.

Table 1. Standard grinding time (minutes)

85% passing size (microns)
35 34 27 24
40 49 36 25
45 71 49 28

2.3 Leaching test procedure.

Leaching tests were performed in a 4.5-lit rolling bottle. Conditioning of final
ground slurry was done in the rolling bottle for 4 hours. Slurry pH was adjusted to
11.5 by lime addition. Oxygen was sparged into the rolling slurry via a plastic tube
through out the 4-hr conditioning period.

After 4-hr conditioning, the dissolved oxygen (DO) and pH were measured
and readjusted. A certain amount of sodium cyanide was added to the bottle to make
around 500 ppm cyanide residual concentrations in the bottle before the start of
leaching process.
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The rolling bottle was stopped for sample taking at the following time
intervals; 1, 2, 3, 4, 8, 20, 32, 44 and 56 hours. Measurement of DO and pH and
titration for residual cyanide concentration in the liquid fraction were done at every
sampling time. Certain amount of lime and sodium cyanide may be added to keep the
pH at around 10.5-11.5 and residual cyanide concentration at 500 ppm. Both liquid
fraction and solid fraction were sent for the analysis of Au, Cu and Fe content. Fire
assaying technique was used for gold analysis while XRF was used for Cu and Fe.

3. Results and Discussion

Results of metal extraction or metal leached into liquid fraction as a function
of leaching time for the leaching test at 45 % solids are shown in Figure 1-2. Not all
the data can be shown in this paper. However, selected data read from all time-%
extraction curves are listed in Table 2.

Although finer ground samples are expected to be leached at a greater rate, the
results of this study surprisingly show greater rate of leaching and greater % Au
extraction for coarser ground sample and at the highest solids concentration (45 %). It
can be seen in Table 2 that % extraction of gold for the sample with 85% passing size
75 microns is as high as 87% at 45% solids and 81% at 35% solids. On the other
hands, gold extraction for the sample with 85%passing size 38 microns leaching at
45% solids is only 58% .

Having examined Table 2 and Figure 1-2 , Fe leaching seams to be the only
convincing reason why leaching of finer ground samples is poorer than the coarser
ones. For all three solids concentrations, % Fe extraction both at 500 minutes and
1000 minutes leaching is higher for the finer ground sample. Gold, copper and iron

are leached to the solution in forms of metal cyanide complexes; Au(CN), , Cu(CN),”

and Fe(CN)f [2][3]. Since iron (42.5%) and copper content (19487 ppm) in ore

sample is very far greater than gold (1.19 ppm), high extraction of iron or copper will
consume a great amount of cyanide. Not enough cyanide is left for leaching gold for
the 85% passing size 38 and 53 microns comparing to the 75 microns. More cyanide
addition may be necessary for the leaching of finely ground ore. Unfortunately,
leaching test at higher cyanide loading has not been done to support this discussion. It
can be concluded from the present results that grinding sulfide ore to finer than 85 %
passing 75 microns is not necessary for Tungkum gold ore. However, more detail
study is required to clearly understand the results of the present study.

For rate equation plot (Figure 3), gold leaching for Tungkum ore seems to
conform well to both first and second order rate equation.



Table 2. % Extraction at 500 and 1000 minutes leaching
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o 85% ) ]
% . 500 minutes 1000 minutes Max.
passing 0% Au
Solids Slze, Au Cu Fe Au Cu Fe Extraction
microns
38 44 1.08 0.12 59 1.20 0.16 68
35 53 44 0.7 0.08 64 1.60 0.12 72
75 49.5 0.65 0.045 70.5 0.95 0.065 81
38 41 1.06 0.14 50 1.17 0.22 57
40 53 42 1.02 0.05 62 1.22 0.10 82
75 57 0.55 0.045 76 0.94 | 0.055 80
38 32 0.45 0.08 49 0.90 0.12 58
45 53 40.5 0.85 0.06 56 1.10 0.09 64
75 49 0.45 0.05 72 0.82 0.08 87
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Figure 1. Metal extraction for the leaching of 85% passing 75 microns ore at 45 %

solids
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Figure 2. Metal extraction for the leaching of 85% passing 53 microns ore at 45 %

solids
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Figure 3. Rate equation plot for the leaching of 85% passing 53 microns ore at 35 %
solids

4. Conclusion

Leaching of the 85% passing 75 microns occurs at the greater leaching rate
and yields higher gold recovery than the finer ground ore. More cyanide addition may
be required for leaching the finer gold ore. The leaching process conforms well to first
and second rate equation.
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