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Abstract: The AG® of absent LiFePO4 and LizPOs in LrFeP-H20 system were estimated by congeneric linearity
rule. The potential —pH diagrams of Lr Fe P-H20 system at the temperature of 25 C and different ion concentra-
tion conditions were drawn through the basic potential —pH principle with a number of thermodynamic data. The
potential —pH diagrams show that the predominant area of LiFePO4 in the LrFeP-H20 systems is fairly large,
which is beneficial to prepare the LiFePO4 by hydromethod. According to the potential —pH diagrams of LrFe P-
H>0 system as well as published literatures, the potential processes and theoretical feasibility for synthesizing LiFe-

POy using soft-chemical methods were discussed. The theoretical foundation for synthesizing LiFePOu4 in the aqueous

solution were provided by the potential —pH diagrams of LrFeP-H20 system.
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BN E NS EE TR 2= R ER 1.1
JTs K ) LisPOs Al LiFePO4 f 75 A1 7 H 1 AE R %L
24K WA E, R A CHR 13] 45 NaFePOs 1)
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Table 1 Thermodynamic data of components in LrFe-P-H20 system at 298. 15 K

Component AG®/ (k] * mol 1) Component AG®/ (k] * mol™ 1) Component AG®/ (k] * mol™ 1)
Fe?* - 78.751 Fe(OH)3 - 845.043 POi~ - 1005. 905
Fe* — 4.545 FePO4 * 2H20 — 1645. 483 H3PO4 - 1148.020

Fe(OH): - 492,582 H2PO3 - 1135.776 Li* - 292. 607

Fe(OH)3 - 683.835 HPO1 - 1094.709 H20 - 237.190

F 2 Fe.Li.Natb &) %5
Table 2 Thermodynamic data of compounds containing Fe, Li and Na

Compound A 6/7 i AG 6/7 ; Compound A 6/7 i AG 6/7 ;
(k] * mol™ ) (kJ* mol™ 1) (k] * mol™ ) (kJ* mol™ 1)
FeM 004! 14l - 1075.0 - 975. 000 NaAlSi04!?! - 2092. 800 - 1978.200
Fex 0317 - 824.3 — 742.200 NaAlO,!? - 1137.300 - 1069. 200
Fez 0417 - 1118.4 - 1015.40 NaBrl7! - 361.080 - 349. 000
Fe(OH) 2 - 574.0 - 492,582 Na2B407!? - 3291. 100 - 3096. 000
Fe(OH) 32 - 833.0 - 683.835 NaBrOs!? - 334.090 — 242. 600
FeW04!? - 1155.0 - 1054.00 NaCO3!2 - 1130. 700 - 1044. 400
Fe2Si04!? - 1479.9 - 1379.00 Na2C03 * H20!? - 1431.260 - 1285.410
LiAlO,!2 - 1188.7 - 1126.30 NazCrO4!7" - 1342.200 - 1235.000
Li2B407!14 -3362.0 - 3170.00 NaHCOs!”! - 950. 810 - 851. 000
LixCO3! -1215.9 - 1132.12 NaH PO, - 1748.100 - 1608. 300
Liclt™ - 408.6 — 384.400 NaH2P04!14 - 1536.800 - 1386.200

LizBeF4! 14 -2274.0 - 2172.00 NaNO3!'¥ - 365.891
Li2Ti03! - 1670.7 - 1579.80 NaFeQa! - 640.071
Li2Si03!14 - 1648.1 - 1557.20 NazSO4! - 1269. 350
LiClO4!!4 - 381.0 - 254. 000 Na2Si03! 14l — 1426.744
LiNO3!2 - 389.530 NaAlSiz 06! 4 - 2808. 732
LiFe0,!? - 710. 597 Li2S04!? - 1320.737
LiA10,!? - 1126.31 LiA1Si2 06!? - 2880. 307

Liz P04 - 2095.8 NaFePQ4l 13 - 1571.800
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&
ML 3 €5 pH MR R, TRALH|HAH
N H) ¢—pH B, WK 5~ 8 Fion . B 5 sk FeP-
H:0 A& TIRE N Tmol/L i) ¢—pH E . 7 F18
iRk L FeP-H20 REFIES 54 1 mol/ L
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Table 3 ®—pH formulas of equilibrium reaction in FeP-H20 and LrFeP-H20 systems at 298. 15 K

Reaction formulas

®—pH formulas

O 0 N N B kR WD -

1 T O T N T S S GG
N = SO 0NN R W= O

Fe** + e Fe**

Fe** + H3POs+ 2H20 = FePO4 * 2H,0+ 3H*

FePO4 * 2H20+ 3H* + e Fe’* + H3PO4+ 2H20

FePO4 * 2H20+ Li* + e LiFePO4+ 2H20

FePO4 * 2H20+ H20+ 3L1* Fe(OH) 3+ LisPOs+ 3H™

Fe** + H3POs+ Li* =™LiFePOs+ 3H*

LiFePO4+ 2H20+ 2Li* Fe(OH) 2+ LizPO4+ 2H*

Fe(OH)3 + LizsPOs+ 4H* + e LiFePO4+ 2Li* + 4H20

Fe(OH)3+ LizPOs+ 3H* + e LiFePO4+ 2Li* + 3H20

Fe(OH)3+ H20

Fe(OH)z + e+ 2H™

(

Fe(OH)z + H*
( Fe(OH)2+ 2H»0
Fef

OH)3+ H* + e Fe(OH) 24+ H20

H->POz + H* H3PO4

LizPOs+ 2H* =—3Li"* + H2POz

0.502+ 2H* + 2e H-.0

2H* + 2e H>

3FePO4 * 2H20+ 2H20+ 2H" + 3e Fe3(PO4)2

3FePO4 * 2H20+ 2H20+ H* + 3e Fes(PO4)2

Fe3(P0O4)2 * 8H20

3Fe(OH)3+ 2HPO3™ + 7TH* + 3e Fes(PO4)2

3Fe? + 2H2PO7 + 8H20 —Fe3(PO4)2 * 8H20+ 4H*

3FePO4 * 2H20+ 2H20+ 3e ™ Fe3(P04)2 * 8H20+ PO3"

* 8H20+ H2POz

3Fe(OH)2+ 2HPOF + 4H* + 2H,0
* 8H,0+ H20

®= 0.769 0- 0.059 1 lgc(Fe* )+ 0.059 1lge( Fe’* )
pH= - 1.0830- 1/3 lge(Fe’* )= 1/3 lge( H3PO4)

@ 0.5769- 0.059 1 lge(Fe** )= 0.059 1 lge( Fe** ) - 0. 177 38 pH
@ 0.559 5+ 0.059 1 lge(Li* )
pH= 7.220 7+ lge(Li*)

pH= 0.098 02— 0.5 lge( Li* ) -

1/3 lge( Fe** )= 1/ 3 lge( H3PO4)

pH= 11.536 8- lge(Li*)
€ 2,627 7- 0.118 3 lge(Li* )= 0.236 5 pH+ 0.059 1 lge( Fe( OH)7 )
@ 1.8403- 0. 118 3 Ige(Li* ) - 0. 177 38 pH
pH= 13.316 5+ lge(Fe(OH)7 )

€ 1.2634- 0.118 3 pH+ 0.059 1 lge(Fe(OH)7 )
® 0.476 11- 0.059 1 pH

pH= 2. 145 9+ lge( H2PO37 )
pH= 5.3050- 1.5 lge(Li* )
€& 1.229- 0.059 1 pH

®& - 0.059 1 pH

®=0.3331143- 0.03944 pH- 0.019 72 1gc(H2PO03 )

* 8H20+ HPOF %= 0.19123585- 0.019 72 pH- 0.019 72 lgc( HPOF )

pH= 9.137 143 5+ 0. 51ge(HPOF )
@ 1.196 81— 0.138 04 pH+ 0. 039 44 lge(HPOF )
pH= 2.416 6- 0.75lge(Fe®* )= 0.5 lge(H2PO37 )

@ - 0.047 8746 lgc(POI )
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