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AMIR HE, PR FRIBE. E RS R
HH a0V PR R A R 2 B P B (A AR AR IR
R o, (B R AL TR0 = B A
W OSCHIEFT 0 A 1 o — B AR T I Ak,
Mn-Ag-Cu Z5E 7 HR T R AEA AR AR R R
B () 25 1 T 2RI A B AT s M, a0 SR = kit
TEE M AP, ROCRFIFgi 4 B, i B4t
JE SR FEAR R UK, B, & T RAM
= AL P T, T R TR 4Ly
g R 2011 D O IR | o NP ViR (= R o8 2 R 7
HERRZR Z KRS T, BAR K. o
RA SR A, I AE B HSC Chemistry #044,
PR E S T2 AR M R 1% R R K e ) B
J7 1]

1 SCig

1.1 #HRRRERHE

JEA A B AR TR L BCR S R 0
B2 3800 t, 41485 CIS1100 AL S =Cas AL,
FAWEZE 150 mm LAR, iz Rk, FEampm”
AR NGRS, WS 12 mm PUR, FiE
izt e QSZ1524 BUAK T RIER BN 5 1R e 7 2%
MU B B0 R GE, BEW 0 20 S R /T
0.074 mm [ &5 70%+2%, WREA 30%+3%, B K4
%% ZCTN-712 B RENL, 7502 T M3z T
I BRREERD 5, FHEN SSS-1-1200 7Y wEyief i fid ik
WL, ZERSHRE NN 0.9 T Bkshmik Ay 186 r/min,
IR S5 Hz AT, /r B E 6. .
W RS, RAHIE T R TR

1.2 HSRMERSH
1.2.1 2ot

FE SN R B BRI 77 5, EEAF T
KM RNE 1, HAREEN67.89X10°, 4

Fz1 JE EELEITCR AR
Table 1 Main Chemical composition of raw ore (mass
fraction, %)
Agl) Mn Cu Fe
67.89 2.63 0.45 42.70
D10

EEN045%, BREEN 42.70%. AR5
DNEFIER, Bt VR R .
122 W¥E &5t

T MLA 59 8 s A 2 T 4 sl s
R 2. K 2 ATHNLFEE S R PN R
B, CARGUE AR, AW Y R A
IS Pav e

x2 EEhEET AR S E

Table 2 Mineral composition of raw ore

. M
Mineral fractiez)stj/%
Native silver and Silver sulfide Trace
Limonite 70.18
Psilomelane and coronadite 10.09
Malachite 0.12
Quartz 6.43
Dolomite 5.53
Kaolin 2.19
Others 5.46
Total 100.00

1.2.3  HRAIAE > B

WY RWER 3 Fron. HER3IATH, 5
AR S A 75.33%, NARKI AN,
LS A3 R I RS R IR a4, SRR R
B SR M) R SR H E AL R, Rk
LA Ab AT 4 R AR A [ET A

HVIAR BT W, e R DL S S AR Y
TWAIEE, SN 84.23%.

R3O

Table 3 Mineral phase constitutes of silver

Mass fraction/ Distribution/
Phase

10° %
Malachite and chlorargyrite 2.68 3.95
Manganese minerals 51.14 75.33
Native silver 2.60 3.83
Silver sulfide 5.50 8.10
Limonite 4.57 6.73
Others 1.40 2.06
Total 67.89 100.00
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Table 4 Mineral phase constitutes of copper

Mass fraction/  Distribution/

Phase o o
Free copper oxide 0.06 12.96
Combined Copper Oxide 0.39 84.23
Copper sulphide 0.013 2.81
Total 0.463 100.00

1.3 REHE
1.3.1  JoE KM T

FER G R & & LY I KA R
B Tl A AR o SE R, Bk B B R AR kAT
ST, R HR BURAE TR ST,
138 TAE A NIT 22 FiifE 3 mA, 25K 71 0.3 MPa,
PRIGeds =i B 5~7 mm, ZRSAEETT 0.09 MPa, &
HUfiE 1 L/min, 2SR E 7 L/min. RYIAHFIHY)
TR IR B AR R, 255 (WAL
A= AL SR ) PR i, B E
JTCRBATE RSN, AT R R 7RIt
FEits
132 W¥EESHT

FES ) & B BT TE T AR 48 B Bt 98 IR 25
AR T 5E %, KH MLA650 R4t, #HATH )
TWOELHE B REFLE S 4381, HH FEI Quanta 650
BB R INE B E A 20 KV, ITEEECHN 6.4 s,
TAEREES A 10 mmo.
1.3.3 HSC Chemistry A2 #r

HSC # A A A HSC Chemistry 6.0, H T{EJR
HRARE AR AR AT A —pH T, T
W B FIREU K HARAH 5y, PEnr L5
AR JFE A, &L AN AR, pH H N
REAshR, 2SS pH EMEKR, Eidg
Fi—pH P T PRIH A W7 H VA R AN R 43 #1278
5E DR, T x E ARZH 23R4T HL AR pHL AR (1 Pl
5o
1.3.4 &RH/DAERE

FI2 /NG BRI 200 g A8, I 900
mL GEArH,  FIRIGEJFE SR 20 kg/t, BEJE 14
TR LG 2:1 I NAS A 29K FE I BR RV T, AU
FRIZH pH ZHE. EZERFMT, KA IKA-RW20
RIPEFERS, WE N 500 r/min, =i 2 h, B
M B4R N 35 mm, JEAR NI E LA . B H G

B S5 I i AT 0 B IR, IR R
BENHRME SR, JRTERERR LR TR

B AT B, B ERT 98.5%, KE/NT
0.074 mmo.
FANAENRIG A OFREL 150 g BRIZVE, IN A XIT

I HASR BB, R A K, FAH =
AR, FEVRE LGN 2:1. BiPEFEIE 1300 t/min, 37
I E] 36 hy pH {EN 9~10 564 FHHTEALIR 1
BRI, BEEMTRBATIIE. T RiiE, &
Ml RS e, HERNR R,
1.3.5 Tt Feim A

TAVAEWF e R A Tk 2R %, BRIZFER A R
B 1E MR R B 45 A B AE P2 IR ELAE 2000 mm X 2000
mm BUPEEERE, HEEE AN 1000 mm, FHEAN 70
t/min, HEALIIEAN 7.5 kW, BRIZVEFTA B &
ik B TEY A PP R R . A B o AR R
WL A=, R E A% 3550 mm X 4000 mm BB
RWM B, MR ESN 2200 mm, HEHLIIERN
30 kW

BRI AE B T RS, s e sy
BIUIMAGE JERR, B3R s 22 A U4 3
F IR, RGBS ERREEE 2'E 47
R SE RIS AR, BRIy 3 he BRERVANIN
MLVCEAE VR 3PP, GRS BRI N 30%. R
BIG I KRS BNRELR, ik ZAHE IR
BEATIAKAENE, 73388 SRIZI, TRIZIBARYE I
THOLER IR A V' ERIZAE, IR S (DE D) i 2 e
BEHUEN 2" BRI NGB KRG K &
pH=10, FHWEmMEH "5, 47Kk 36h
PIEAGIR AR, 5 BRAR I [

2 GRS

2.1 HERREHE

EEXIRE ST T ORI R ) NS, IR
IS A TR SR 1 SO AR AR R
IRZNE, VR T ZAE WA 1, e g R K 2.

HHE 2 AT5n, fEIEJE 8 &N 20 kg/t I, %h
BRHEEN 7534%, HIRHEN 91.27%, AL
B BRI N E 30 kg/t, HRHIR LR Dk SR AR R
BEMKIFETRE, HROBHEXHPEFES
86.17%. [k, & B A6 2N FH &8 20~25 kg/t,
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Feed (Acid leaching)

| Iron powder: variable

Sulphuric acid: 120 kg/t

Filtration

Liquid solid ratio: 2:1
Time: 2h

Lime: 34 kg/t (pH=9-10)
Sodium cyanide: 6000 g/t

Acid leaching
solution

Filtration
Liquid solid ratio: 2:1
Time: 36 h

Cyanide solution

B RRABREE

Fig.1 Flowsheet of exploration test

Cyanide residue

100

75+ {95
S 00 &
on 185 en
R £
= =)
S S5r 480 ©
8 ——Mn 8
=) —_—— 475 &0
S 45l Ag <

170

35 . L L— 65

10 15 20 25 30

Dosage of iron powder/(kg-t™")
B2 &Rk R B AR R
Fig. 2 Effect of dosage of iron powder on leaching rate of
Mn and Ag
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2.2.1 pH EXHRARIZ 2R 1R
i 12 K 6 3 I SO A s o T P R R R IR
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R RIS TR, REEHZINGEHRE,
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Fig. 3 Effect of pH on leaching rate of Mn and Ag
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pH AR, I HERE HRBKEA LR
ER3EIIN
222 HSEMREXR

WIS E B, sl Ran& 4 FroR. £ pH
B8 3.5 BT, W= HZEN 9.09%, ¥ pH E
B2 3.0, MRE IR &SR 29.55%, #—HF
iKH™ % pH {8, R HFLI RN, SHRHE
ARG BEA L, ER H2AE pH E/NT 3.5 2 )5
GG BARATTR, B S5 ER R SRR
G (HRHIR HRAE pH E N 3.5~3.0 Z 1A
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B, EAE R s A RE R BR AR (9 AL
B, O F R AL A A v SR — 2D o AR
R o
223 PRI TWRIE T

PR B PR B R B JONEIR HE SR B LA
By, R TG T i3S —pH 2 HT  E
LA, B, WHUNE S PR AR ERIR R A
I T 25 (pH=3.0), BHATRRIRBH EEICR S
BT, FERK S5,

®5 BMBCHEERT R
Table 5 Main chemical composition of acid leaching
liquor (mol/L)
Cu® Fe**** Mn**
0.011 0.111 0.242
BRAZ b EEA W u RO, BRI DN 0.011

mol/L, W {ENHEEL S @ 1) JEkt . B 2 Ik
B, 23 0.111 F1°0.242 mol/L, oAl B 1451 4n
5. B, RESEXNR N BCR R H BT VAT T
Hl, frt—Pi.

2.3 Mn-Cu-Fe FJE35—pH 7347
ERIERRA RS, Y. RS e
Ve HES 5E0IER RN, WS tiaesss
SN, ABSPEEAR R AN, FE EAR S N R 1)
WA EE R, HET Mn-Cu-Fe 1A R A —pH 47

#& 6 Mn-H,0 &. Cu-H,O &. Fe-H,0 &Ik FEz0

231 EERP RN

7£ 25 CHf Mn-H,0 %&. Cu-H,0 %. Fe-H,0 %
Ak 2 i v AP i 7 R RS0, 6 R
232 HHpH FRLH 5HE

7£ HSC Chemistry #44-+, F| | p—pH—diagrams
(34 —pH ENIhRE, Wi FI0HE A Mn, HAMoERN
Fe. Cu, Mg EEAN liquid HA)F Aqueous
lons(IA VR 2 ), ARHE AL 22 = BT R — DI B
JRFRZE,  MNTTT B B ARl B AR o B bn i
JEIR A R E AT EH HBE(A,GY ). S5 /NG 45
3, WE FeMn. Cu 1 & 17 5125 0.111 mol/L.
0.242 mol/L+ 0.011 mol/L, #3EH 25 C, KNIESH
N FRHERS

B THE E 3 A U Mn-H,O R HL#—pH
EnE 3(a)fin, Cu-H,O RHFH—pH EUWIE 3(b)
fii7n, Fe-H,O % H#H—pH EUE 3(c)fin. NRIE
SRR ) M AR g Mn® HE AR B Min(+2a)
Wy N EARIX B #nRFHEEN ', Wik
Cu(+2a)y B AR X 38 A 1 45 &8 5 H AN
6.73%, SERHVIARLL, BRI R S E A X D,
EISAMEADS,  BRL DLERRE T = i R 307
HARAZFNME. BT8P FEB DN Fe,0s,
K, Fe,05 4 HARIX 5.

# Mn-Cu-Fe fH3#—pH KA E)E, WAMHE
Fr X3 B 5(d)H R FTR « 78 pH BN 0.5~4.0 [1)
X, fhSHT LA R, kA SR 7E [ 44
FHH . 7E pHAE KT 4 MI24F T, #l224  Cu(OH),

Table 6 Main chemical reaction equations of Mn-H,0O, Cu-H,O and Fe-H,0

Mn-HZO

Cu-H20

Fe-HZO

MnO+2H " =Mn*'+H,0
Mn*+2e=Mn
Mn;0,+2H " +2e=3MnO+H,0
Mn;0,+8H +2e=3Mn""+4H,0
Mn,05+6H +2e=2Mn""+3H,0
MnO,+4H +2e=Mn""+2H,0
3Mn,05+2H +2e=2Mn;0,+H,0
2MnO,+2H +2e—=Mn,0;+H,0

Cu—2e=Cu*"
CuO+H,0—Cu*+20H"
Cu*'+H,0—CuOH+H"
2Cu*"+OH =—Cu,0H*

2Cu*"+20H = Cu, (OH)**

3Cu*"+40H = Cu,(OH)>*
Cu*"+2H,0=Cu(OH),+2H"
Cu*'+3H,0= Cu(OH); +3H"
Cu*"+4H,0— Cu(OH)> +4H"

Fe?'+2e=Fe
Fe*'re=F¢*"
Fe**+2H,0=Fe(OH),+2H"
Fe*"+3H,0=Fe(OH);+3H"
Fe,05+6H +2e=2F¢*+3H,0
Fe;0,+8H +2e=3F¢* +4H,0
3Fe,05+2H +2e—2Fe;0,+H,0
Fe,05+6H =2Fe’+3H,0
Fe;0,+8H +8¢=3Fe+4H,0

Cu(OH),=Cu*'+20H"
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Fig. 5 ¢—pH diagrams at 25°C for systems Mn-H,0(a), Cu-H,0(b), Fe-H,0(c) and Mn-Cu-Fe-H,0(d)

UiUE, FEEAMRBLLAM T, Cu® Bk B
JRUTHE, FEEABEAZIE AR T, TVEAERRIZ R Bl
Wes 76 pH /N T 0.5 IIZAE R, #RBL Fe™ T 2UAE
£, SSERBY HRRERL, WRRHEE L™
FEF ST MY, ARG AT, Bl
pH fEAREL T 0.5,

24 FHPAEMARARE

TR L3 —pH i &5 5%, TEARWEHNR HAR R
T, CO™fEAET pH<4 fUZAETF, T MIBIAE 44
12 HH A B -t B AR R UTTE - 8 LAY SR
DUUETE A AEAE A e RAE AR i A2 R 3 2
KEHFEFRMLMY, RN
2Cu+4NaCN+2H,0—>2Na[Cu(CN),]+H,1+2NaOH
2Cu(OH),+8NaCN—>2Na,Cu(CN);+4NaOH+(CN), 1
2CuCO5+8NaCN—>2Na,Cu(CN);+2Na,CO5+HCN), 1

K 4 W40, 24 pH=3.5 W, HMREERN

9.09%; 4 pH=3 I}, #IRHZEN 29.67%, AHZE
B2l 20%, Rk, 3R H R AR Ak I B
AN, AT BRIZ M AL IR H AR 1 AL A A iR
L7

Bl 6 B A x s AL R . s 6wl
M, TERRIZZ N pH=3.5 MM T, BEFRIMH

100
95}

X
E ‘\\‘
g 9ol
0
=)
.%
§ 85+
éﬁ —=—pH=3.5

80 —+—pH=3

5 1 ! 1 1 1 1 1 1
6000 5500 5000 4500 4000 3500 3000 2500
Dosage of NaCl/(g-t™")

Bl 6 s FAL =K
Fig. 6 Effect of Cu on dosage of NaCN in Ag leaching
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BHRAC, WAEWCRIIE N, WSS 25 TR
SRR RS, AL UL IR R LR 1 251 ki
27 & 75 EAE 6000 g/t DL EAREORIEAR 1) fE AR B, AR 4 Mn-Cu-Fe 1A &I H
BOR o FEMRIZ A 5 pH=3 It} , BACINAIE W LIFEIR AL TSR, 9B b RRIZA L thid R ot Ja) it

#2500 g/t, MR EICERKIR AT LLRIEE 91% L
E.

g ERTR, A R A 5 R

i, g5 /R F Mn. Cu. Fe B FIRIESH,
T HSC Chemistry ¥, 1H5 H Mn-Cu-Fe [JH
F—pH KR, B 7R AR R T H AR X0 R
25T o R B0 TC F ST TR IR
B, BRUE TR HALER T AR RO, R R

&, BRHEREE, R gom i signm 2 ik
BRI 7). BEAt, SEMTIR AR A T
PR, BERMENIZE. WM e
LEEMAR, EFTRIELIRG T T 250, £
WA, AR R AR 05 sk 1 %A
B, ISRt WIS IR RRAS 9% pH MH,
R RNE 7.

e 7 PEEE TR, R ATHIR iR

PrEAL BN F & N 6000 g/t FEAREE 2500 g/t, EAF] K77, BRIEEE 81 pH=2, ZEVURER) pH=4,
TSR A P R R R AL T TERRR A 1) 5 A R AR )N 75.75%, 4R H
Feed (Acid leaching)
Pulp concentration: 35%
. Iron powder: 24 kg/t
Mlel’lg 1# ....................................
T L Sulphurie acid: 130kgt
! Tank 17 Tank 2#
| Acid leaching
Return ' Tank 47 Tank 3
! Pressure| filtration
L. -

\
Acid leaching solution

Mixing 2*

Cyanide leaching

Tank 5% Tank 4" Tank 3*

Carbon|screening +

To next processing Gold carrier carbon

7 Tabiksiire K
Fig. 7 Flow sheet of industrial test

Tank 2*

\
Acid leaching residue

lee 36 kg/t (pH=10)

Concentratlon 35%

Feed (Cyanide leaching)

Tank 1#

i Sodium cyanide: 2400 g/t
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Table 7 Commissioning results of adding acid

Acid adding Grade, w/% Distribution, w/%
Product pH ;
method Cu Mn Ag" Cu Mn Ag
Acid tank 1 residue 2 0.4 0.98 90.91 26.70
Acid tank 2 residue 3 0.43 0.94 97.73 25.61
Adding acid in . .
4 Acid tank 3 residue 4 0.43 0.94 97.73 25.61
tank 1" with
Acid tank 4 residue 4 0.43 0.89 97.73 24.25
dosage of
Acid leaching liquor 4 - - 2.27 75.75
130 kg/t
Cyanide residue 10 10.00 85.03
Feed - 0.44 3.67 66.81 100.00 100.00
Acid tank 1 residue 2.5 0.41 0.99 93.18 26.98
Adding acid in . .
Acid tank 2 residue 3 0.38 0.94 86.36 25.61
tank 1% with , )
Acid tank 3 residue 2 0.35 0.89 79.55 24.25
dosage of ) )
Acid tank 4 residue 3 0.31 0.85 70.45 23.16
100 kg/t, and )
§ . Acid leaching liquor 3 - - 29.55 76.84
tank 3" with
Cyanide residue 10 4.80 92.82
30 kg/t
Feed - 0.44 3.67 66.81 100.00 100.00
1) Silver concentrations being given in 10 6
HAUA 2.27%, TERALHFI BN 2400 g/t IS IET 32_(a)./,/\/x\/.
; N = — . S 4+
BRI 1AL 85.03%, ARG e 544 2 51 5

1 o

fR4E HSC Chemistry #AF 3 Hi4s R, WIRIIFE
RN pH /T 4, NGRS S5 R IR AE L
pH AT /N 3.5, 1E TR R, — kMg
IRPTBEAEAEN R R MR A R BUL B R, 1E K
AN 3 (R TE SN

G, VRN o BOINER I 77 3, TE 55 — RV N
TR 100 kg/t, 2 —AEAINGRER 30 kg/t, FA% s
MR — 18 22 DUAE ¥ pH EAE 2~3 Z IR, 7E&
R BRI, H0H RN 29.55%, IR
H %N 92.82%.
252 TikfEiE

N T BRI RS EVERE R, #5177 8 h
—3E, A 72 h RS E IR, AP R IR A
5> AT EURE 23 b, AEeER . 4R, RIS &,
THREITHZ H R, SYHR HE AL ILE 8(a),
R R ILE 8(b), &R EIRIEH RS T
BRI A 92.30%. iR H# 30.45%0) kit
o

© —=— Mn
é —o—Ag®
) ——Cu
2t

5 .___-\'___‘\/—.\._.

0 1 1 1 1 1 ! 1
1 2 4 5 7 8 9
Shift No.
100
(b)‘\o—o/‘\o———O—O/‘\o
c\o 80r -——C_I/.—_.\._,__.\./I
2
I
‘O:D —=— Mn
= 60k —o—Ag >
8 40t ——Cu
Q
— /\’W
20 -

Shift No.
8 R plIGR VA A AR 1h SRt R ARk
Fig. 8 Grade change of leaching residue and leaching rate
change in stability test: (a) Grade change of leaching residue;

(b) Leaching rate change
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1) WIEAE A Mn-Ag-Cu 4558, £ 5

WA P A A A TR, ﬁnuqﬂéﬁé\%% 66.78 X
WELESHTMEE, HHFEE 7533%.

AN 0.45%, EEELLGE G LAFAE

2) MR HKREY), EMRIRIR TN
76.84% 1254 T, HRIVEAIR HH FIE 3] 92.00%. @&
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Mechanism of leaching on
complex Mn-Ag-Cu bound ore and industrial optimizations

LI Pei-lun"*** QIU Xian-yang”*>*, HU Zhen>**, LIU Dian-wen'

(1. Faculty of Land Resource Engineering,
Kunming University of Science and Technology, Kunming 650093, China;
2. Institute of Resources Comprehensive Utilization,
Guangdong Academy of Sciences, Guangzhou 510651, China;
3. State Key Laboratory of Rare Metal Separation and Comprehensive Utilization, Guangzhou 510651, China;
4. Guangdong Provincial Key Laboratory of Development &Comprehensive Utilization of Mineral Resources,
Guangzhou 510651, China)

Abstract: The oxide minerals of Fe and Mn contain Ag and Cu usually, which are mostly associated and combined
with manganese in the form of isomorphism and submicroscopic inclusion. The occurrence state is complex. Mn,
Cu and Fe ions may have adverse effects on each other in the process of chemical leaching. Therefore, the
potential—pH analysis of Mn-Cu-Fe was carried out based on HSC chemistry software, and the chemical leaching
system was constructed at the same time. According to the composition of copper under different pH and potential
conditions, it is inferred that the residual copper in acid leaching will consume cyanide and affect the recovery of
silver. Based on this, the optimization test of sodium cyanide dosage was carried out. The results show that, the
remaining copper has little effect on the results at the end of acid leaching pH value of 3.0, and the dosage of
sodium cyanide can be reduced from 6000 g/t to 2500 g /t. It is valuable for the treatment of cyanide tailings and
the reuse of cyanide wastewater. Finally, in the industrial-scale research, by adjusting the way of adding H,SO,, the
pH value of acid leaching is ensured to be in the range of 2—3. The silver leaching rate is 92.30% and that of copper
is 30.45% in the stability test.

Key words: HSC chemistry software; manganese-silver-copper combined ore; chemical dissociation; leaching

mechanism; industrialization
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