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In order to study the process of the extraction of manganese from low-grade manganese ores

and the recovery of manganese from open-hearth slugs, the thermodynamics of the reactions in
the Mn-O, Mn-S-O and Mn-C-O systems were discussed, and the thermodynamic stabilities of the

metal and individual manganese compounds were shown in predominance area diagrams for var-

ious temperaturs.

From this diagrams, we can estimate the conditions of the formation and decomposition of

some manganese compound.
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MnO(s) = Mn(s) +%Oz(g) (8]

4 MnO2(s) = 2 Mn20s(s) + 02(g)  [9)
6 Mn203(s) = 4 Mn304(s) + 02(gd [(10)
2 Mn304(s) = 6MnOCs) + 02(g) [11)
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L 1044°C L ARERBEVH v, BEOEVFHHD a-
TVHV, B==VHY, T —=VHVELFT LR
T3, Zoed(8IRORGKE E bin S ELERR=
FNF BB HREC X b

a—<vHv (273°K ~ 1108°K)
4F° = 91680 — 14.69T + 0.00139172 —
0.000000603373 + 46930/T — 0.465T In T
(83’
B—=v#v (1108°K ~ 1317°K)
4F° = 91450 — 7.051T + 0.00315172 —
0.0000006033T3 + 46930/T —~ 1.765T In T
8y
7 —=v#HY (1317°K ~ 1493°K)
4F° = 91510 — 8.712T + 0.003016T2 —
0.000000603373 + 46930/T — 1.505T In T
[8]III
Ligh,
(9]+[10) » RO RIBICH LT, &4
4AF° = 35410 + 77.75T + 0.0410772 —
0.00001123T3 + 93850/T — 21.25TIn T
9y’
4AF° = 46760 + 76.34T + 0.05127T2 —
0.00001177T3 + 93850/T — 23.26T In T
(10}’
AF° = 108000 + 20.07T + 0.02253T2 —
0.0000033573 -+ 93850/T — 14.35T In T
(1)
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Table 1 Heats and Free E;'\ergies of Formation , and Heat Capacities
Heat of Form | Free Enegy of Heat Capacity at constant Range of Temp
-ation at 25C | Formation at pressure -erature
(Kcal /mol) 25C(Kcal /mol) (cal deg *mol) (°K)
Mn (a) 0.00 0.00 3.76-+0.00747T 273 —1108
Mn(5) 0.00 0.00 5.06-+0.00395T 1108 —1317
Mn(7) 0.00 0.00 4,80-+0.00422T 13171493
MnS —47.0 —48.0 10. 21-+0.00656 T —0.00000242T> 2731883
MnO -92.04 —86.77 7.43+0.01038 T —0.00000362T> 2731923
MnO, —124.58 —111.49 1.92-+0.0471T —0.0000297 T 273— 1773
Mn, 0, —229.5 —209.9 10.33+0.053T —0.0000257 T* 273—-1173
Mn, O, —331.65 —306.22 19.25+0.0538T —0.0000209 T* 2731773
MnSO, —245.18 —228.41 29, 26--0.00892T — 704000 /T* 298—1100
MnCO; —211.0 —192.5 7.7940.0421T+0.0000090 T* 273— 773
0, 0.00 0.00 8.27+0.000258 T — 187700 /T* 300 —5000
CO» —94.052 —04.26 10. 34+ 0.00274T—195500 /T? 273—-1200
S, 31.02 19.36 8.58-+0.0003T 300—2500
S0, —70.94 —71.68 7,7040.00530T —0.00000083 T 300—2500
S0, —94.39 —88.59 6.077+0.023537T —0.000000689 T*
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Fig.1 Predominance area diagram for
the Mn-0 system
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MnSO4(s) = MnO2(s) +-5—S2(g)+02(g)
, (12)
MnSO04(s) =%—Mn203(s) +;—Sz(g) +

S0y (13)
6MnS04(s) = 2Mn304(sD + 3S2(gd +

802(g> (14]
MnS04(s) = MnOCs)+—1—Sa(g) +-5—

02(g) [15)
MnSO4(s) = MnS(s) + 202(g) (16)
MnS(Cs) = Mn(s) +%Sz(g) (17)

2MnS(Cs) + 02(g) = 2MnOCs) + S2(g) [18])
Table 1 Off% AWCERIGOBERH=F 4 F—~
TleeRDbH L, K4
AF° = 149800 — 153.57 — 0.0192972 +
0.00000495T3 — 258200/T + 14,787 In T
r1z2)’
AF° = 158600 — 134.2T — 0.00902672 +
0.00000214273 — 234700/T + 9.468T In T .
{18}’
4F° = 985300 — 783.7T — 0.0285272 +
0.000006967T3 — 286300/T + 45.16T In T
(14}’
AF° = 180500 — 124.5T — 0.000998572 +
0.0000006033T3 — 211200/T+5.135T In T
(15)’
4F° = 209100 — 108.9T + 0.00092272 +
0.000000403373 — 164300/T + 2.51TIn T
(16)’
a—=<V Y (273°K ~ 1108°KD
AF° = 63090 — 30.257 — 0.0005372 —
0.000000403373 + 2.16T'In T (!
B——=v#Yv (1108°K ~ 1317°K)
AF° = 62850—22.59T + 0.0012372 —
0.000000403373 + 0.86T7In T [
T—=v#Y (A317°K ~ 1493°K)
AF° = 62920 — 24.26T + 0.00109572—
0.000000403373 + 1.12TIn T anm
AF°® = —57190—31.097—0.00384172+
0.000000473—93850/T+5.25TIn T [18)'
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Fig.2 Predominance area diagram for the
Mn-S-0 system at 673 °K
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CO2(ed (21)



Mn-O &, Mn-S-0 R&E X Mn-C-O ROKIGIET 58452 (1] 131

2MnCO3s(s) + %oz@ = MnsOs(s) +
2C02(2) (22]
3MnCO3(s) + ;—02(g) = Mn304(s) +
3C02(gD (23]
MnCO3(s) MnO(s) + CO20gd> [24)
MnCOg(s) = Mn(s)+CO2(g) +—2—02(g)
[25]
Table 1 OfE* AVTEEH = A4 F—ELER
HBHE, K
4F° = —8070—15.497—0.003806T2+
0.00000645T3 + 50830/7—0.335TIn T
(21}’

Il

1l

AF° = 1531+8.138T+0.01251T2+
0.000007283T3+148600/T—11.3T In T
22y’
4F° = 14040+30.94740.0322T2 +
0.00000798373+246300/T—22.77T In T
(23}’
4F° = 98550 —1.052T+0.01588T2 +
0.000001573 + 144800/ T—10.45T In T
(24}’
a—<v#v (213°K ~ 1108°K)
4F° = 22680+13.66T+0.01449T2+
0.00000210373+97750/ T—9.98T In T
[25)/
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Fig.13 Predominance area diagram for
the Mn-C-0O system at 523 °K
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Fig.15 Predominance area diagram for
the Mn-C-0 system at 623 °K
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Fig.17 Predominance area diagram for
the Mn-C-0 system at 723 °K
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Fig.18 Predominance area diagram for
‘the Mn-C-0 system at 773 °K
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