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Fig. 1 The flow chart of electrolytic manganese
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Table 1 Chemical constituents of the typical electrolytic manga-

nese anode slime

Mn (NH,),SO, Fe CaO Pb MgO Sn Se

40~50 5~10 0.1~6 0.1~63~6 0.1~6 0.1~0.50.1~0.4
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Fig. 2 Raw material analysis of the electrolytic manganese anode
slime:(a), (b)optical images; (¢), (d)SEM; (e) XRD!*
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3.1.1

®2  AFBEEHE MO, i 5 5 #E AR RE) AG" - T J5fs

Table 2 Reactions of different reducing agents and MnO, and corresponding AG® — T equations

H'T S 7 R AG® = T/(kJ - mol™") 19 R S B /K
(1) 11MnO, +2FeS, = 11MnO + Fe, 0, +480,(g) AGY = =170.92 —1.026T B % i

(2) 15Mn0, +2FeS, +14H,S0, = 15MnS0, + Fe, (SO, ), +14H,0 AG'T = -2918.36 —0.014T B & 7

(3) 2MnO, + S0, (g) =Mn,0, +S0, (1) AGS = —15.01 +0.018T T <834

(4) 3MnO, +2S0,(g) =Mn,0, +250, (1) AG) = —22.22 +0.049T T <453

(5) MnO, + S0, (g) =MnSO, AGS = -240.98 +0.177T T <1361

(6) 3MnO, +2Fe +6H,S0, =3MnSO0, + Fe, (S0, ), +6H,0 AG) = —1020.13 +0.047T B KRN
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-3500 L 1 1 1 1
273 473 673 873 1073 1273
TK

B3 AL MnO, LA AG" - T 5
Fig. 3 AG’ - T diagram for the reaction of different reducing a-
gents and MnO,
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12Mn** +6CO, +18H,0 (7)
(C¢H,05), +13nMn0O, +26nH" =
13nMn’* +6nCO, +19nH,0 (8)
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PO + CH,CO0 " + 2NH, * =

PbCH,COO* + 2NH,(g) + H,0 (9)

PbO +2CH,CO0~ + 2NH, * =
Pb(CH,C00)*” + 2NH,(g) + H,0 (10)

PbO + 3CH,COO™ + 2NH, " =
Pb(CH,C00),” + 2NH,(g) + H,0 (11)

PbO + 4CH,COO™ + 2NH, " =

Pb(CH,C00),>” + 2NH,(g) + H,0 (12)
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B AT, Mn (938 33K 92.5% , Pb (132 R
H3.21% o 7 A S 43 B AR A, HLJR T RE R R
SO, S AKY5 s HLAEHER S

MnO, +S0,(g) =MnSO, (13)

3MnO, +S0,(g) =
Mn, 0, + MnSO, +1/20,(g) (14)
2Mn, 0, +S0,(g) =Mn;0, + MnSO, (15)
Mn, 0, +250, (g) +1/20,(g) =2MnS0,  (16)
Mn, 0, +350, (g) +0,(g) =3MnSO, (17)
PhO, + 80, (g) =PbSO, (18)
PbO + SO,(g) +1/20,(g) =PhSO, (19)

B 54 s o A PR R 5 R TR A, LA
SRR e, FEBR IR HiR R KRR A T 8
By AERE R R FHAR R A MnO, #3245 38 A
Mn, 0, , 5 BB AR A1 — AL B3 )5 MnS 1 MnSO,
FGA JFA PhSO, s 2RI H , MnS 44745 4 MnSO,
AW, PbSO, Wk & 4 Tl b, & A Y e b an =X
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(20) ~ (25) PR o AR LR R BRI E 305k
98% , it & i 30.5%

2S + MnO, = MnS +S0,(g) (20)
S + 3MnO, = Mn;0, +S0,(g) (21)
S +4MnO, =2Mn, 0, + S0, (g) (22)
MnO, + S + 0,(g) = MnSO, (23)

PbO, +S=PbS + SO, (g) (24)
PbO + S+ 3/20,(g) =PbSO, (25)

3.3 WE—RHE
PR UG 4 hy A6 0, o LRI SR BT & 78 5 T
TR AR AL A R R R AV, T AR A% S LA [
BIEAAAAE, NI 3 85 . Horh R A Oy
2MnO, +4NaOH + 0, (g) =2Na,MnO, +2H,0 (26)
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PR IS AT AR Bl SR, Ok S R i B A
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TR Qg 5 B L R0 3 1 A B T KRR

Table 3 Separation methods of manganese and lead from electrolytic manganese anode slime
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3MnO, +6H" + MSe =

3Mn** + M** +Se0,”” +3H,0 (28)
4MnO, +8H"* + MSe =
4Mn®* +M** +Se0,>” +4H,0 (29)

Se0,”” +2H"* +Fe=Se0,>” +Fe’* +H,0  (30)
Se0}” +6H" +2Fe=Se | +2F** +3H,0 (31)
A MSe HAfifb 4, 4n MnSe (Ag,Se 55,
ET AN E AN 2 1R 5 512499, 31%
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Sn0, FEAL M REWE T MR s i i I 245, AT $ e ™ 7
BN LIU W 267 SR 3R 4T 0 e — I8 DT T8 2K SnO,
FAk Ay CaSnO, , Horh & A= i ) B AN (39) ~ (41) , 1k
AT 95% LA F I8 .

Sn0, + Na,CO; =Na,Sn0, + CO,(g) (39)
Na,Sn0O, (s) +3H,0 =Na,[Sn(OH),] (aq) (40)
Sn(OH)>” +Ca0 = CaSn0, +20H~ +2H,0 (41)

R4 S0, Bl Brh KA FE RN BRI AG® - T
Jitst
Table4 Main chemical reactions'™ during the conversion of

Sn0,and corresponding AG® — Tequations

) ; - B B & R
it SN J5 R AG® = T/(kJ - mol ") T E/K
(32) Sn0, +C=Sn0+CO(g) AG’'-T=188.98-0.196T T>964
(33) Sn0, +2C=Sn+2C0(g) AG" -T=359.06-0.384T T >935
(34) 28n0, +C =2Sn0 +CO,(g) AG' - T=206.00 -0.216T T>954
(35) Sn0, +C=Sn+CO,(g) AG" -T=187.10-0.2087 T >900

(36) FeS, =FeS+0.55,(g)  AG' -T=140.15-0.1387 T>1016

(37) SnO +FeS=FeO +SnS(g) AG' -T=211.46 -0.149T T>1419

(38) 25n +8S, =2SnS(g) AG® —T=74.53-0.112T T >665

300

AGY /(kJ-mol™)

273 473 673 873 1073 1273 1473
T/K
B4 SnO, HALd B AG" - T K&
Fig. 4 AG® - T diagram for the main reactions during the conver-
sion of Sn0O,

6 E-THEE 1L B4R FH AR U8 4 55 A 4 1R BURT
B

HLR AR B AR e vh 4 i T BT R A B AGE, HA
USRI E . X B Ead ISR B il 8 69 07 05 mT
R 3 DU G 3R 320 B HAT 5 ) Ao SR M TR ke ]
T — T & T B A 140 i B 00 5 20 BRCEEOAR | Bz i
PR S B o & 5CH BB e 5 B B AR & 28 e i
be, Al RN (42) ~ (51) ByFeAL -

MnO, +28 = MnS + S0, (g) (42)
4MnO, +S+0,(g) =MnSO, (43)
4MnO, +S =2Mn, 0, +S0,(g) (44)
6MN,03 +S =4Mn, 0, + S0, (g) (45)
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Review on the Strategic Metals Recovery from Electrolytic Manganese Anode
Slime (EMAS)
WANG Pengxing, LIU Bingbing, HUANG Yanfang, SUN Hu, HAN Guihong

School of Chemical Engineering, Zhengzhou University, Zhengzhou 450001 , Henan, China

Abstract: 75 000 — 120 000 tons of electrolytic manganese anode slime ( EMAS) are produced in the electrolytic manga-
nese industry every year. The EMAS has high content of strategic metals, complex mineral compositions and complicated
structure, and thus the comprehensive utilization is difficult. At present, most manufacturers sell the EMAS cheaply or
take the stockpiling disposal, causing serious waste of resources and environmental pollution. This paper analyzed the pro-
duction mechanism and resource characteristics of the EMAS, and also summarized the separation and recovery technolo-
gies of the valuable metals including Mn, Pb, Sn, and Se from the EMAS. The advantages and disadvantages of the re-
duction leaching method, roasting — leaching method, and alkali melting — leaching method were reviewed and compared.
This paper puts forward a novel technique solution for the comprehensive recovery of Mn, Pb, Sn, and Se by sulfur con-
version, which can provide technical reference for utilization of EMAS.
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