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A Study on the Au Recoverability from Mongolian Tailings
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Abstract: The purpose of this study was to investigate the possibility of eco-friendly/efficient recovery of
valuable resources, such as Au from mine tailings, which are environmental pollutants in the Mongolian
mine sector. For this purpose, this study selected 4 place of mine tailings of the Mongolian mines sector
and carried out mineralogy evaluation of the valuable resources in the tailings. In this study, flotation was
performed to separate and concentrate valuable resources in the tailings. Microwave nitric acid leaching
was used to leach the valuable resources contained in the sample and to improve the Au grade. Chloride
leaching attempted to leach Au from the leaching residues. XRD analysis of the tailings samples showed
that most of the samples consisted of silicate minerals. As a result of confirming the content of the
element through XRF analysis, the SiO, content was very high, the Fe,O; content was 2.32-4.23%, and
the content of PbO, CuO and ZnO components were all within 2%. As a result of flotation for the tailings
samples, the recovery of Au was the highest in Bayanairag sample (95.38%). As a result of microwave
nitric solution experiment on Au concentrate sample obtained by flotation, the content of Au in the
microwave nitrate leaching residue increased by 12.15% from 192.72 g/ton to 216.14g/ton in Khamo
sample, the highest increase was 57.58% in Bayanairag sample. TCLP tests on tailings generated after
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flotation showed dissolution characteristics within EPA. Chloride leaching test was performed to recover
Au from solid residues. The leaching rate was 87.43-89.35% within 10 minutes. For Khamo sample, 100%
Au was leached after 60 minutes of leaching time. Therefore, in order to process the tailings continuously
generated in Mongolia, applying the same process as the present study is expected to effectively recover

the valuable resources contained in the tailings.

Keywords: Mongolia, Tailing, Flotation, Microwave nitric acid leaching, Chloride leaching
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Table 1. Summary of the tailing samples property

Sample Mining name Location Type of minerals
A Khamo Tuv province, Bornuur sum Gold (Au)
B Tsagaandavaa Tuv province, Bayanchandmani sum Tungsten (W)
C Narantolgoi Tuv province, Jargalant sum Gold (Au)
D Bayanairag Zavkhan province, Durvuljin sum C.}Old (Au)
Silver (Ag)
Table 2. Experimental condition of froth flotation
Size of Flotation dgl:slf) ty S:Il)rgag ln;()) l;tari?te Collector-1 Collector-2 F(;ag?é?g
cell %) (epm) (L/min) (g/ton) (g/ton) (ppm)
2.5L Srougher 25 1,200 4 40 80 40
2.5L "tcleaner 25 1,200 4 40 80 40
2.5L dcleaner 25 1,200 4 - - 20
1.3L icleaner 25 900 2 - - -
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Fig. 1. XRD patterns of tailing samples.
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Table 3. Chemical composition of tailing samples by 7y GabdE G8F40] gEks FehAld A=
XRE Unit: wiop  TDIe 4% RTh ¥ el F2 S5saat sk

rP— EXFEA Au TS 0.56 mgkegolA 5.13 mgkgS

Compounds A B P c D Z R A AlBOA Au o] =4 YERd

Si0, 8114 7809 7336  69.83 o= A Zite] Au Sl MRS T

ALO, 849 1090 1130  12.58 F g go] "ojxE Q%HCES o435l Au

Fe,0, 3.04 232 3.52 423 £ 35al] wiwe] duFoz Fjel Awt Bol

Ca0 2.98 1.03 3.52 430 dolole Aoz JoE). dhHe C FAke] A9,

K,0 1.85 4.01 2.84 3.03 H] 5214 (gravity separation)s} AIISHEFS AME-

MgO 0.91 0.37 1.49 2.67 5 e qwo o|gale] 2L B]4al] we] Pl

Na,0 0.46 1.73 175 0.83 o= AAo s = stefo] AA EAsis Ao &

To, 035 0l9 040 057 ATk D Fake sHEsE FAolA Bme] 2

SO 0220030 Lol 108 23 glol Aehe ALgSle] B2 3155 uhel

P Ao 85zgo] vok Fulo] 14 Be 2ol EAls 3

Cr,0, 0.07 0.08 0.03 0.05 = Hom Amdn

MnO 0.05 0.09 0.07 0.13 - e

PbO 0.03 ) ) 0.09

Zno 0.02 0.13 0.03 0.03 RRAE 2

Cuo ] 0.14 . 0.08 Zb gn) AREFGAMR)E R Falde]

WO, - 0.07 - - BES =ol7] 8 ARAE A v2=3(disk mill)

Total 99.68 9945 9938  99.46 & olg3ld 1200 pme 2 FEAch. 2 Aw}, 7t
2

¢ 2 UE 94 sk veRt WJ% A A=} B Al

R Bt (D50)7} A AEE 663 umollA 25.5 um
ot 2B /\]E«] 45 852 umolA 7.98 ym=Z A 7
}. 43T} B C A8 D AlEE 14.2 pmellA
XRF 42 5ol 7} @rr gl e 92 o 102 pm, 25 pmollA 15 umE Y=7F AA 228k
29 3olet A}, XRD EA A4 Eelslg]Eo) UHFig. 2)(Table 5).

ol 5%0]3t=E EA|5l7] Wi EAEE o7 ¥

e

FANGFEE) AR S0, FFol U] Fo| JUAE  olsh g Avke 7 FAI FHL shR e
BE Mg we W& AXn gow, S0 el Aol=M A AES B AR A% B
ALOS] FFE A WEoIA 80% ol s T F aFHIRL olgdle] FFL A5
Aoz AU, B AT HgHE B o] QAe] Z UR v 3§ Relagel

1

mlolazso]2 71 Bl B oae] FFS vE stolel wheh s agellr mEst =R %A
Ao wdEe FshgEs 3 Sde 4Eel So, 200 mesh(75 pm) ©13}e] JEZ TEHE sl ek
9} Fe,0, TS zFz} 0.22-1.04%%} 2.32-4.23%2) HhE | C AEE TEE 34 AIEE o=

B91E VBT 908, PhO, CuO 2 Zn0 ARl RS olgslel B2 5L, D AR 4
PP BT 10% oz AU B AR A S FUL i F ANE ol gat] Aug 25
$ Wwle] gao] 0.07%2 YEps. ok s A2k olgdle] Aug B4Shs

Table 4. Chemical composition of tailing samples by ICP-OES Unit : mg/kg
Sample Au Ag Cu Pb Zn Fe As
A 4.22 6.71 65.03 227.66 136.1 19,062.19 47445
B 0.56 4.76 1,032.29 20.58 1,581.00 13,725.24 20.76
C 1.39 0.62 1,16.64 527.56 220.10 20,646.24 495.79
D 5.13 3431 569.01 1,146.10 212.29 46,188.32 25.68
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Fig. 2. The result of particle size analysis for tailing samples before/after disk milling.
Table S. The results of particle size analysis for tailing samples
A B C D
Before After Before After Before After Before After
Mearzfl‘;‘;“eter 66.30 25.50 85.20 7.98 14.20 10.20 25.00 15.00
SPCC‘ﬁ(fnsz‘ﬁzfga)ce aCd 88710 2397.00 27790  3841.00 1716.00 3354.00 105400  1829.00
Distribution Dy 4.92 1.00 15.20 0.489 1.81 0.580 2.69 1.73
percentile Ds, 66.30 25.50 85.20 7.98 14.20 10.20 25.00 15.00
(um) Dy, 161.00 123.00 197.00 56.50 69.60 82.30 440.00 289.00
se PA Aol Yol wel 3o ERol 248 of UL Aoz BEN: FIBEL AYHow A
o}, Wb 500 mesh(25 pm) ©|8l2 I-E4E A& H 1 FE37] fsle] FAEE AASHAT
£ R faaws o]&dt AEAE k7] 3 Ao B4 58S Iy 8 F
wpo] el Wbk A e e o B, 3% % JUNES PO Al BB 47
2 g, 225kt
S EHE PRNEE o FET50] i o Ak A MRS A9 Aul #E] 422 ghonel
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Table 6. Grade and recovery rate of Au in samples after froth flotation

Raw Concentrate Tailing Recovery
Sample Weight Grade Weight Grade Weight Grade Rate
(2 (g/ton) (8 (g/ton) (2 (g/ton) (%)
A 500.00 422 22.86 192.72 477.14 0.32 92.53
B 500.00 0.56 7.42 22.16 492.58 0.08 85.59
C 500.00 1.39 20.12 29.82 479.88 0.20 86.19
D 500.00 5.13 15.19 116.02 484.81 0.25 95.38
Table 7. The result of TCLP test for tailing sample after froth flotation Unit: mg/L

Sample A B C D EPA limit

As N.D. N.D. N.D. N.D. 5

Cd N.D. N.D. N.D. N.D. 1

Pb 0.85 N.D. 433 N.D. 5

Se N.D. N.D. N.D. N.D. 1

N.D. : not detected.

A 19272 ghon &2 OF 454) o] HEHom,
X AR F 7FE 5880 94T B A59 Au
SHRS (.56 g/tonll A 22.16 g/ton, C A&+ 1.39 g/
ton®l| 4] 29.82 g/ton, Z2]3L D A|EE 5.13 g/tonl|A]
116.02 gfton® = 7H7b Z7ketich. F-fAd & 3]
ANEL Au TS A3 43, vle] AlE BF
0.4 g/ton °]3l2 FRI=T}

AlEdE F9 &S ERIs] sl (2] D o]
g3t 35ES ARl A3, A AR D AlEE
717} 92.53%, 95.38%%] w2 w5 35ES U
o, B A8} C AE% 85.59%, 86.19%2] &
3|&S UERITH(Table 6).

& e FeAEe] Fest 9 Aol g
e APAL ] flste] 3Ye TCLP &

d& i Jo

!

o] TEEHL BT EHEHNOH, Pbe A AR
A 0.85mg/L, C AlFoA 433mgLE EPA 71F
2l SmgL °lstE &EFHUch ¥ B A8t D
AlFoM e BT EAEEATh
noja 2ol ANGEAY A}

35E AFAEE WEOR fUEES 3geiaL
AEW Aol TS 7171 S8 mlelaE o]
B ZigE A9S ot

nlolAZ2go|H WAEE TR F §EY9 255
2793 A3}, Frle] SR Aol 2xwste] A}
ol AAFA] AYow 100£1°Ce] =S Ve

Table 8. Weight loss rate and temperature in sample
after microwave nitric acid leaching test

Weight (g) Weight loss

Sample —— — . rate Tem}gerature
Before  After (%) (0
A 5 4.35 13.00 101.1
B 3 2.36 21.33 99.8
C 5 4.21 15.80 101.2
D 5 2.98 40.40 99.9

ol 3E AARES] FARAEES A AEE
13.00% 233 A8 BS C AEE 27t 21.33%,
15.80%% YEFOH, D Al8A 40.40%= A%
27} 7V 3A JERITHTable 8). ]} o] FAZF
27} o] FoZl 9l (2] 49}k o] A8y FE
FEHYLEC] Ak 3l BIE] W e
HtH(Habashi, 1999).

3M,+ 8HNO; — 3M(NO,), + 4H,0 + 2NO(g) “
(M: Fe, Cu, Pb, Zn etc.)

(& 3y o83t 7+ A5 &E&E ALt
F= Table 99} 7tk A A8 A9 Cu, Pb, Zn,
As] A9 BF 90% o) &8-S HeloH, Agd
Fe2 ztz} 22.74%, 51.78% £&% Atk B Al5¢}
C AN&9A Cu, Pb, Zn, As= EF 90% °©]A}, Fe
& oF 84% &Fo°| o]FojH oM, Age B AlEOA]
70.05%, C A ZollA 39.88% S=HUct. D A5

tlo

r
i
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Table 9. Leaching rate for microwave nitric acid leaching test Unit: %
Sample Au Ag Cu Pb Zn Fe As
A 0.03 22.74 97.82 98.96 94.44 51.78 97.89
B N.D. 70.05 94.72 100.00 97.91 84.75 98.06
C N.D. 39.88 95.14 98.13 95.57 84.53 96.93
D 1.22 100.00 69.95 99.50 98.04 94.80 89.54

N.D. : not detected.

Table 10. Au grade of solid residue after microwave
nitric acid leaching test

Unit: g/ton
Sample A B C D
Before 19272 2216 29.82  116.02
(concentrate)
After 216.14 2667 3143  182.82
(solid residue) ’ ’ ’ ’
Improvement of
Au grade (%) 12.15 2034 539  57.58

AS AgE 100% £ZEYoM, Cus 69.95%, Pb,
7n, Fe, AsE 2F 90% °] £=F AUt

Aue B AlE9} C AlROAM 855X 2%kt A
AlZolA 0.03%, B AlEAA 1.22% EE=H 3tk Au
= e il 83lEA Se A= dEA
o, M 59 Yde F3tE A|ZH(sulfide
system)©] Ak} whgasle] sy & Bl
o] Aol 7115l 7] wiEell Fol UF 8EH AL
2 #ekEti(Marsden and House, 2006).

nfo]AZgolH AMEE & e Ul Auve]
HlE glst] flste] slehEAlst A3, A Al59
A% Au gHEo] 19272 gitonollA 216.14 g/tonS =
°F 12.15% =713tk B A|89 C A 89| ke
Z}7} 26.67 glton, 31.43 gon= Z71310.0H ;) 20.34%,
539%= o] HUh. D ARAA Auel ShERe
182.82 g/ton® 2 ERIFEG oM, 57.58%= 7HF Bol
W= ATH(Table 10). ©]¢} ZFo] wlo]aA =29 o] 2
AHEE F IAREA Au FHol 7 991
Table 994 ZAzellA] UElLFR0] Aol o3l =
Hago] Aitoll ol galj=]o] A AR, it
a7 FA] e Aurt IARFE "ol F5EA7
o g wghEch

oo 1B rlo

—

HeE §E4Y 22

nfo]Fzgo|8 A VAN FRES tdew
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AuE £E3] S8 d3tE SuiAIE o83 £
g &% §F 1 9 3
Eo] FALAES SRIgt A3t A AlEA F
AFago] 30%= 7P A JERdth B A58 C
A BN 18%, D A BE 15%2] FAIZAT} o]Fo]
ZTH(Table 11).
AlFe] FAA A1 HslE fuix|e} nlo]a =
glojB. ArkgZo] AFE HE Awl (3] 5%

o] ukg-3te] 2AuCl, = S31EA7] wiol] A%k
SR BAY} 7hAdE Aoz g
2AW+ 3Cl1+2CI" — 2AuCl,” (5)

| WE Au &
9] A% £2AI7F 102 vl 88.92%2 4&8S
Yehilom, 605 5 100% &3°] o]Foi%th. B
ANBE 1059 £280] 9229%A 01}, ZA|7ko]
AGrE &80 AaHUT C AE% D AEE
AR 108 Tl Aurb 2 89.35%, 87.43%
£&HNoH, 0% T 95.96%, 97.13% &&EES
YERATHTable 12).

ole} o] &EFAIZE 104 ool Auel 858
=7 Yehd 012 mlo]mggo]|H Aikg-Zo) 2)a)
algEo] AHEESo] Fil s EajuwHa] A3
THE Au AP =EE] §Fo] WEA o]Folxl
Zow wtdn), Bk, dslE &9 & 5 shd
1 AIE Woll Au o]9]e] gshg=e] o] oW

o

o

Table 11. Weight loss rate of solid residue after chlo-
ride leaching test

Sample Before After Weight loss
(8 (8 (%)
A 1 0.70 30
B 1 0.83 18
C 1 0.82 18
D 1 0.85 15
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Table 12. Gold leaching rate of concentrate on the leaching time Unit: %
Sample 10min 20min 30min 40min 50min 60min
A 88.92 91.47 93.31 96.08 92.08 100.00
B 92.29 87.94 76.67 76.24 7541 76.76
C 89.35 74.42 70.42 72.99 71.14 95.96
D 87.43 88.35 91.16 92.94 88.25 97.13

Augl §a&o] AFEIL A o] FrbElE B
Aol plolaRslolt AHEES B

aE 3]
ks SEA] WalEE FeREe] e A
7] Wil AsEs} o] whgago] SUtsle] wE
A §F0] o]Fojx Zoz wAekEh
2 £

B ATddE B2 F Bl e 3]
B9l B Y "EEoE 28 3gslaat Bial
A3} vlo]aZgjolH eSS Fa B | T
H fF8E5S 55, 2 ¥ 79 FAEE A7
3, H3kE 858 53 &5 MIENE 28 35
st} skt

7}y sgabd sBulA R EAlshe 2] guE I
]lsl7] f18l XRD 447, sgd1te] 2 354l
AN, AN T 22 FsgEe] I3 (peak)’t

Zdol8 714 ¢ I]FFAgolre] &S v o
2 AEe ISREES] 482l Fe,0, 32 232
-4.23%°] FFHHE HYERIL leH, PbO, CuO,
Zn0 A3&9] T BT 2% o= SIFHAU.
BUAEE PR Au H3S 3E] S8 #
S 2AA3F A3, 85.59-95.38%% LFESTE
A $ 3AE Pra s Fasiel Ajol§ A3t
& AAetr] Q18 vl SRS (EPAIA A
AEHHQ TCLP $E3A 8-S 38
Az}, Po7b G FuAIRA A% SEHUAARE,
TCLP &A% 5mg/L ©lat®E HE= At FFHAld
T A AFAEE U mlolazgo|E At
SEANES & A3, FFAIE] Au Fgo] 5.39-
57.58%= F7F3IATE. o]¢} o] mjo]ARgo|H A
2HE T IARREANA Au o] SR €9l
Aol o8l F&HAaEC] &8lEo] AA= A, v

o
of
U
I

wE A Bal7h B R AR 5
R ELE I
h= [e)

v‘:__\_.
ARES o2 AuBFE 9

2 o} Y AFolm, ATHE AYshFE 2AT)
Spael] AR,
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