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Fundamentals and applications of simultaneous leaching of
manganese and silver from manganese-silver associated ore
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Abstract: Thermodynamics and technologies of simultaneous leaching of manganese and silver from manganese-silver
associated ore in the sulfuric solution were investigated. Thermodynamics investigations of Mn-H,O system and Ag-H,0O
system show that there is a predominance area in potential (¢ )—pH diagram, where Mn?" and Ag’ coexist in solution.
The conditions are: 25 ‘C and 101.325 kPa, [Mn]=1 mol/L, [Ag]=10~> mol/L, pH<3.63, 0.621 7< ¢ <<(1.229-
0.118 2pH) and 3.63<<pH<{4.635, 0.621 7<< ¢ <<(1.443 4-0.177 3pH). The added hydrogen peroxide is critical to the
simultaneous leaching, plays part of both the reducing agent of manganese dioxide and the oxidizing agent of native
silver. The added potassium permanganate is for oxidizing the silver that is unwrapped by manganese dioxide in the ore.
A recovery of 95.62% for Mn and 83.28% for Ag is attained at room temperature under the leaching conditions of 2 h
leaching time, 2 g/ KMnOQOy, 0.8 mol/L H,O, and 0.9 mol/L H,SOj,.
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Table 1 Chemical assay of raw materials (mass fraction, %)

S Pb Fe Al Cu
0.30 1.00 4.74 3.24 0.04

Zn Mn Mg Ca w(Ag)/(gt ™)
0.06 12.20 0.29 0.1 1850
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Table 2 Mineral phase constitutes of manganese

Repartition of

Component manganese/% Percentage/%
Manganese carbonate 0.07 0.58
Pyrolusite 11.42 95.97
Mangansilite 0.41 345
Ty 11.90 100
F3 AWML
Table 3 Mineral phase constitutes of silver
Component Rsilz/ aerrt/i(t;?f;f Percentage/%
Silver in manganese dioxide 1 066 57.84
Native silver 638 34.62
Silver sulfide 94 5.1
Silver in ironstone 15 0.81
Silicate and rests 30 1.63
Tag 1843 100
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2.1.1 Mn-H,0 %

25 ‘CH}, Mn-H,O FAk2% [ v 2R~ P-4l 5 FE =
R,

Mn?'+2e=—Mn
$=-1.1795+0.0295lga,, . 1)

MnO+2H =—=Mn?>"+H,0
pH=28.9040-0.51ge,, . 3

MnO-+-2H H2e=—Mn*"+H,0
$=-0.6529-0.0591pH (3)

Mn;0,4+2H " +2e=—=3MnO+H,0
$=0.2405-0.0591pH 4)

Mn;04+8H +2e=—=3Mn*"+4H,0
$=1.8205-0.2364pH - 0.088 65 Igar,, ». (5)

Mn,05+6H +2e=—=2Mn*"+3H,0
$=1.4434-0.1773pH - 0.05911ga,, ». (6)
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MnO,+4H +2e=—=Mn>"+2H,0
$=1.2290-0.1182pH - 0.029 5 Iger, .. (7)

3MH203+2H++ZC:2MH304+H20
$=0.6893—0.0591pH (8)

2MnO,+2H " +2e=—Mn,0;+H,0

$=1.0145-0.0591pH )

MnO; +4H +3e=—=2H,0+MnO,

$=1.6924-0.0788pH +0.0197 lgar,, - (10)
4

S LA %098, 24 p=101.325 kPa FlI[Mn]=1 mol/L
INf, S 2 Mn-H,0 % ¢ —pH ELE 1. M
1 AT, 72 pH {54 0~12 I, % MnOj
MnO,. Mn,Os. Mn;O;. MnO. Mn*'. Mn 3t 7 M
EAFAEIX . 2 pH<8.904, ¥ HLAZ ¢ >—1.180
I, Mn k25 H P4 Mn® BENEM, 24 pH>8.904,
¢ >(—0.652 9-0.059 1pH), Mn 1] LI AL A MnO. 4
6.38<<pH<8.904, ¢ >(0.689 3—0.059 1 pH)IF, Mn?'
AR H MnyOy, 24 3.63<<pH<<6.38, ¢ >(1.443 4-
0.177 3 pH)IF, Mn*"#%4k Mn,05, 4 pH<3.63,
¢ >(1.229 0-0.118 2 pH)If, Mn*#74% 4 MnO,, 4
¢ >1.692 4-0.078 8 pH I, MnO, 45 MnO} »

1 Mn-H,0 R[] ¢ —pH
Fig.l ¢—pH diagram of Mn-H,O system (25 C, 101.325
kPa, [Mn]=1 mol/L)

2.12 Ag-H,0 &
25 CHE, Ag-H,O FAb2 s W xR~y 77 Fit X
R4,

Ag,0+2H +2e=—=2Ag+H,0
$=1.173-0.059 1pH (11)

2AgO+2H +2e=—Ag,0+H,0

$=1.398-0.0591pH (12)
Ag,05+2H +2e=—=2Ag0+H,0

¢=1.569-0.0591pH (13)
2Ag +H,0=—=Ag,0+2H"

pH=633-lga, . (14)
Ag'+te=—Ag

$=0.799+0.05911ga, . (15)
AgO+2H +e=—Ag +H,0
$=1.772-0.1182pH-0.05911gar, . (16)

Ag,05+6H +4e=—2Ag +3H,0
$=1.670-0.0886 pH -0.0295Igar, . (17)

s DL ¥, 24 p=101.325 kPa Fl[Ag]=10"
mol/L I, THE2 I Ag-H,0 & ¢ —pH K LK
2. I 2 Al LE Y, 76 pH E R 0~12 I, 847 Agy0;.
AgO. Ag'. Ag,0. Ag It 5 MEEAAEMXEL. pH
<6.33, ¢ >0.6217 I}, Ag A LLFEAS b Ag HE NI,
2 pH>6.33, ¢ >(1.173-0.059 1 pH)I, Ag nJ L4
bl Ag,0, 6.435<pH<9.328, ¢ >(1.9493-0.1182
pH)If, Ag#Ar ) AgO, pH<6.435, ¢ >(1.758 5—
0.088 6 pH)INf, Ag 45 Ag,05.

1 1 1

pH

2 Ag-H,0 &It ¢ —pH
Fig.2 ¢—pH diagram of Ag-H,O system (25 C, 101.325
kPa, [Ag] =107 mol/L)

2.1.3 H,0,-H,0 &
25 CHY, HyOp-HoO F A i B AP 7 e X
0,
02+2H++2eiH202
#=0.682-0.0591pH —-0.0295 lgoszo2 +0.0295 lgP02
(18)
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HO,+H"+e=—H,0,
$=1.5-0.0591pH —0.059 11gay o, +0.05911gayo,
(19)
H,0,+2H"+2e=—2H,0
$=1.776 - 0.059 1pH + 0.029 5 1gary o, (20)
20+2H"+2e=—H,0, g
¢ =3.064—0.0591pH - 0.029 51gay o, +0.05911ga
(2D

MR DL EEHE, 2 p=101.325 kPa FI[H,0,]=
1 mol/L i, $1455 fa 2276 i ) H,0,-H,0 % ¢ —pH KL
3. MEI 3 ATLLAEH, 76 pH R 0~12 I, *¢>
(0.682-0.059 1 pH), H,0, #{%& LA O,, ¢ >
(1.5-0.059 1 pH), H,O, B %A N ]2 HO,, 4
¢ >(3.064-0.059 1), H,O, BEA AW O, 4
¢ >(1.776-0.059 1 pH), H,0, nJ LLEHL 748 1 H,0.

pH
3 HzOz-HzO /%[f]‘] ¢ _pH
Fig.3 ¢ —pH diagram of H,0,-H,0 system (25 °C, 101.325
kPa, [H,O,]=1 mol/L)

N T e AR I BRI A, B 1L 2 F0 3
) Mn-H,0 &. Ag-H,0 #F1 H,0,-H,0 &[f]¢—pH
Bl nitesk, 1930 4 Frni ¢ —pH Bl WE 4 7L
Hi, Mo Ag' JLRIEAEIIX IR : 75 25 CF,
pH<3.63, 0.621 7<< ¢ <<(1.229-0.118 2 pH)Fl 3.63<
pH<4.635, 0.621 7<<¢ <(1.443 4-0.177 3 pH) (K& 4

ORI IR
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AR 10)FI(18), 24 ¢ >1.692 4-0.078 8 pH I},
MnO; 1] LABE HyO, 38 S B MnOyo ik SN T Rt XA
2MnOj +3H,0,+8H —

4H,0+2MnO,+30,+6H" (22)

W (HR8) %1, M pH<3.63, ¢ >

pH
4 Mn-H,0. Ag-H,0 f1 H,0,-H,0 & ¢ —pH &
Fig.4 Overlapped ¢ —pH diagram of Mn-H,0, Ag-H,0 and
H,0,-H,0 systems (Oblique line represents coexistence area of
Mn?* and Ag")
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2H202—>2H20+02 (27)

[A I H,O, MR AE T 42584k Ag 1 AR 1, BB A
H,0, J3fift e AL 7RI AE H
MAITLLAEH, ¢ >(1.5-0.059 1 pH)I,

H,0, 1] LU AL AL e 18] 774 HO,: 1 A (15) T A
Fi, 9 Ag AALERT, HO, Xl LUAAL Ag i3 2 H
T, i Ag BN Ag EANER . Rk, H,0, B
PE T R I R S A 2 RO A, RS
MnO, KA RN KFZHBT, AR R HO, (R(7)
F(19)), 1 HO, 4 #H Ag MRS B T4H 1k
Ag(GR(19)F(15)). IXFE, MnO, il Ag ¥Jm] LLEAR Ny
VAT Mn® il Ag™, IEBRBIA S H 1. B
5 SN T RE R

MnO,+2Ag+4H" —H0 Mn*'+2Ag"+2H,0 (28)
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Fig.5 Processing experiments of simultaneous leaching of manganese and silver: (a) Effect of time on leaching of Mn and Ag; (b)

Effect of KMnQO, concentration on leaching of Mn and Ag; (c) Effect of H,O, concentration on leaching of Mn and Ag; (d) Effect of

H,SO, concentration on leaching of Mn and Ag
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ATAEE 2RI N IRAF I R A, e 4
Ry il N2 b, SERRETRAE2 o/, A
WRE0.8 mol/L, BRERIKIE0.9 mol/L. 3RAFEE B &
h95.62%, IR H %N 83.28%.

4 it

1) W pH AL, 1 DR £ )
MnO, Fl Ag [A]I 32 H, A Mn® Fl Ag ik N
SEM R B H I #7545 25 "CH 101.325
kPa N, [Mn]=1mol/L, [Ag]= 10" mol/L, pH<3.63,
0.6217< ¢ <(1.229-0.118 2 pH)H! 3.63 <pH<4.635,
0.621 7< ¢ <(1.443 4-0.177 3 pH). H,O, I LA
A AR R B RV R A TR IR AT o DN s B TR
BT DU R R — S R R AR AL

2) —HRBIETELRN: RN b
KMnO, WM K, AMEAE A H0,
Wl et T 24N Eilh FEH 2 h, SRR
J 2 g/L, AL K E 0.8 mol/L, BRIRIKE 0.9 mol/L.
SRAFER R N 95.62%, MR F N 83.28%.
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