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Abstract: The & pH diagrams of MmrH,0 and L MirH,O systems at 25 C were drawn according to thermodynamic
calculation. The technological routes associated with the synthesis of Lt Mn-O materials for rechargeable lithium ion bat-
tery, as well as the recovery of lithium from salt lake solution by sorption methods, were discussed in detail. It appears
that LiMn,0y4 is fairly stable in aqueous system since it occupies whole or part of the predominant area of manganese com-
pounds. This is beneficial for preparing LiMn,04 by hydromethods. On the contrary, it is relatively difficult to obtain
LiMnO; because LiMnO, can exist only when the lithium concentration is high and the system potential is low. MnO,,

with high theoretical recovery, is a very nice absorbent for extracting lithium from solution. By increasing solution poten-

tial, lithium can be desorbed from MnO,.
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Table 1 Thermodynamic data of
components in Mn-H>0 and Lr Mn-H»0

system at 298. 15 K (kJ/ mol)

Component AG 7 (kJ*mol™ ) Reference
Mn** - 229.84 23
MnO, - 465.075 23
Mn;03 - 879.658 23
Mn;0,4 - 1280.771 23

Mn(OH) , - 616.614 23
MnO; - 440.032 23
MnOj - 439.684 23

Mn(OH)3 - 902.925 23

Li* - 292.61 23

LiMny04 - 1315.61 24
LiMnO, - 792.85 24
H»0 - 237.19 23
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Table 2 & pH formulas of equilibrium reaction in
MmrH;0 and LrMn-H,0 systems at 298. 15 K
Reaction formulas € and pH formulas

1 Mn* + 2e= Mn €= — 1.191+ 0.029 58 Ig[ Mn** |
2 MnO,+ 4H+ 2e = Mn® + 2H,0 €= 1.239- 0.119 2pH- 0.029 58 Ig[ Mn*" |
3 Mn® + 2H,0= Mn(OH),+ 2H* pH= 7. 675— In[ Mn?* |
4 Mn(OH)+ 2H* + 2e= Mn+ 2H,0 &= - 0.737 1- 0.059 16pH
5  Mn(OH)i + 4H' + 2e= Mn+ 4H,0 €= 0.237 5- 0.118 3pH+ 0. 029 58 lg[ Mn(OH)3™ |
6  Mn304+ 2H,0+ 2H' + 2e= 3Mn( OH) o+ 2H,0 &= 0.490 7- 0.059 16pH
7 Mn3O4+ 8H' + 2e= 3Mn”>" + 4H,0 €= 1.852 8- 0.236 6pH- 0. 088 74 lg[ Mn”* |
8  MnO3+ 2H' + 2e= 2 Mn;04+ H,0 &= 0. 827 9- 0.059 16pH
9  Mn3;04+ 8H,0+ 2e= 3Mn(OH)% + 4H* €= - 2.433 1- 0.118 3pH- 0. 118 3 Ig{ Mn(OH) ™ |
10 MnO,+ 2H+ 2e = Mn,03+ H,0 &= 0.967 5- 0.059 16pH
11 MnyOs+ 5H20 + 2e= Mn(OH)% + 2H* €= - 1.346 1- 0.059 16pH- 0.118 3 lg[ Mn(OH) 3 |
12 MnyOs+ 6H* + 2e= 2 Mn** + 3H,0 €= 1.511 16— 0.177 5pH- 0.591 6 lg[ Mn”* |
13 MnOj + 4H" + 3e= MnO,+ 2H,0 €= 1.725 4- 0.078 88pH+ 0.019 72 Ig[ MnO; |
14 MnOi + 4H* + 2e= MnO,+ 2H,0 €= 2.310 7- 0.118 3pH- 0. 019 72 Ig[ MnO7 |
15 MnOi + e= MnOj €= 0.556 1+ 0.059 16 lg[ MnO3 |- 0.059 16 lg[ MnO3™ |
16  Mn(OH)»+ 2H,0= Mn(OH)% + 2H* pH= 16.475 0- 0.5 lg Mn(OH) 3™ |
17 LiMn,O4+ 8H' + 3e= 2Mn** + 4H,0+ Li* €= 1.332- 0.157 8pH- 0.039 44 1g[ Mn** |- 0.019 72 lg[ Li* |
18 3LiMny04+ S8H* + Se= 2Mn304+ 4H,0+ 3Li* &= 0.914 7- 0. 094 66pH- 0. 035 50 lg[ Li* |
19 LiMnyO4+ 4H' + 3e= 2Mn(OH) ,+ Li* &= 0.726 3— 0.078 88pH- 0.019 72 Ig[ Li* |
20  LiMnyO4+ 4H,0+ 3e= 2Mn(OH)3 + Li* €= - 0.573 2- 0.019 72 Ig[ Li* ] - 0.039 44 1g[ Mn(OH) 7 |
21  MnOi + Li*+ 8H" + 5e= LiMnyO4+ 4H50 €= 2.040 5- 0.094 66pH+ 0.023 66 lg[ Mn(OH)3 ]+ 0.011 83 Ig[ Li* |
22 MnOj + Li*+ 8H" + 7e= LiMnyO4+ 4H,0 €= 1.616 4- 0.008 451 Ig[ Li* ] - 0. 067 61pH+ 0. 016 90 Ig[ Mn(OH) 7 |
23 2MnOs+ Li* + e= LiMny0y4 &= 0.962 3+ 0.059 16 lg[ Li* |
24 LiMnyOu+ Li* + e= 2LiMnO, &= - 0.233 4+ 0.059 16 Ig[ Li* |
25  LiMnOa+ 2H* + e= Mn(OH), €= 1.206 0- 0118 3pH- 0.059 16 lIg[ Li* |
25  LiMnOs+ 2H,0= Mn(OH)3 + Li* €= - 0.743 1- 0.059 16 lg[ Mn(OH)3 |- 0.059 16 Ig[ Li* |
26  3LiMnO,+ 4H' + e= Mn304+ 3Li* + 2H,0 €= 2.637- 0.177 48 1g[ Li* |- 0. 236 6pH
27  4H* + Op+ 4de= 2H,0 &= 1.23- 0.059 16pH
28  2H' + 2e= H, &= - 0.059 16pH

Concentration of ions is 10” > mol/ L.
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Fig.1 & pH diagram of Mn-H,0 system
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Fig.2 & pH diagram of MnH,0 system
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Fig.3 & pH diagram of LrMmrH,0 system
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Fig. 4 & pH diagram of LrMn-H,0 system
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Fig. 5 & pH diagram of LrMmrH,0 system
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