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E-pH diagram of Fe-P-N-H,O system for thermodynamic analysis on synthesis of

ferric phosphate by nitro-phosphoric acid system
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2.Ministry of Education Engineering Research Center for Comprehensive Utilization and Clean Processing of
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Abstract: The new process for synthesizing ferric phosphate via the nitro-phosphoric acid method presents strong
competitiveness due to its simple production process, low cost of phosphorus sources,small equipment investment, lower
energy consumption, and environmentally friendly characteristics. E-pH relationship diagram is established for Fe-P-N-
H,O system at various concentrations in 298—473 K through utilizing thermodynamic data available in software such as
FactSage and HSC,and applying the constructing principles of E-pH diagrams.Research indicates that ferric phosphate
has a large thermodynamically stable region in aqueous solution, which explains well the practical conditions of the
existing liquid phase precipitation method for preparing ferric phosphate. Furthermore, suitable conditions for the co-
precipitation synthesis of ferric phosphate obtained from E-pH relationship diagram are as follows:a temperature around
363 K,a high oxidation-reduction potential of 0.5 V,an optimal pH of 1 to 3,and a concentration of 0. 01 mol-L™".This
process provides a thermodynamic theoretical basis for the synthesis of ferric phosphate by co-precipitation in the nitro-
phosphoric acid system.
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298K 363K 423K 473K

Fe?* -78.87  -76.85  -75.22  -73.96 FactSage
Fe** -4.61 4.79 13.32 20.45 FactSage
Fe(OH), -492.05 -474.27 -458.01 —444.57 FactSage
Fe(OH), -705.58 -677.83 —652.19 —630.85 FactSage
H,PO, -1118.92 -1085.98 -1056.56 -1032.38 HSC

H,PO; -1137.15 -1100.00 -1064.02 -1032.71  HSC

HPO? -1089.13 -1042.30 -994.80 —952.31 FactSage
PO} -1018.77 -958.89 —897.79 —842.65 FactSage
NOj -111.30  -104.51  -97.32  -90.48 FactSage

FePO,-2H,0 -1657.45 -1606.99 -1560.35 -1521.54 HSC

Fes;(PO, ), —4359.07 —4202.89 -4058.29 -3937.79 1144753
nH,0 n=8 n=8 n=8 n=2.5

H,0 -237.14 -226.74 -217.47 -209.97 HSC

H B2 Fey(PO,), nH,O [RIFRHER RN 75 2%
PR ORI (1) SRR I A Gy (MH
La Iglesia % 7 48 H —Fp TR MBS RRER (0 41 o057
B, WL Fe,(PO,), -nH,0 TEARRRER A, G A4,

HlH Fe—-P-N-H,0 & Z "1 n] fig & A& By )R, -
HARHEE 1y AG) (BT H X 2 2 0 7E 298
363,423,473 K & T AR B E S5 W
pH B R, 45 R a3k 2 o,

%2 Fe-P-N-H,O FRFEM RN EHE E-pH X &

Jr= SR /K E-pH XZRZ

a 2H" +2e H, 298 E=-0.059 2pH
363 E=-0.072 1pH
423 E=-0. 084 OpH
473 E=-0.093 9pH

b 0,+4H" +4¢ ==2H,0 298 E=1.229-0.059 2pH
363 E=1.175-0.072 1pH
423 E=1.127-0. 084 OpH
473 E=1.088-0.093 9pH

1 Fe** +¢ =——Fe?* 298 E=0.769 6-0.059 2 lg[ Fe** ]/[ Fe** ]
363 E=0.8462-0.072 1 Ig[ Fe?* ]/[ Fe*" ]
423 E=0.917 7-0.084 0 lg[ Fe** ]/[ Fe*" ]
473 E=0.978 4-0.093 9 lg[ Fe>* ]/[ Fe*" ]
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2 FePO, -2H,0+3H*==Fe>* +H,P0, +2H,0 298 pH=-3.482-1/3 Ig[ Fe** ][ H;PO, ]
363 pH=-3.467-1/3 lg[ Fe** ][ H,PO, ]
423 pH=-3.381-1/3 Ig[ Fe** ] [ H,PO, ]
473 pH=-3.299-1/3 lg[ Fe** ][ H,PO, ]

3 FePO, -2H,0+3H" +e Fe?* +H, PO, +2H,0 298 E=0.151 5-0. 059 2 lg[ Fe** ][ H,P0, ]-0. 177 5pH
363 E=0.096 6-0. 072 1 lg[ Fe*" ][ Hy;P0O, ]-0. 216 2pH
423 E=0.066 0-0. 084 0 lg[ Fe** ][ H,P0O, ]-0.251 9pH
473 E=0.049 1-0.093 9 1g[ Fe*" ][ H,P0O, ]-0. 281 7pH

4 Fey(PO, ), -nH,0+6H* +e ==3Fe>* +2H,P0, +nH,0 298 pH=0.365 4-1/3 lg[ H,PO, ] -1/2 lg[ Fe** ]
363 pH=0.323 5-1/3 Ig[ H;PO, ] -1/2 Ig[ Fe*" ]
423 pH=0.090 8-1/3 Ig[ H,PO, ]-1/2 lg[ Fe?* ]
473 pH=0. 116 8-1/3 Ig[ H,PO, ]-1/2 lg[ Fe** ]

5  FePO,-2H,0+3H*+3e ==Fe,( PO, ), *nH,0+H; PO, +(6-n) H,0 298 E=0.108 3-0.019 7 Ig[ H;P0O, ]~0. 059 2pH
363 E=0.049 8-0.024 0 Ig[ H,PO,]-0.072 1pH
423 E=0.050 8-0. 028 0 Ig[ H;PO, ] 0. 084 OpH
473 E=0.071 1-0. 031 3 lg[ H;P0O,]-0. 093 9pH

6 Fe(OH),+H" +e Fe(OH),+H,0 298 E=0.244 7-0. 059 2pH
363 E=0.240 2-0. 072 1pH
423 E=0.241 4-0. 084 OpH
473 E=0.245 5-0. 093 9pH

7 Fe( OH) ,+2H*==Fe>* +2H,0 298 pH=5.351 5-1/2 Ig[ Fe* ]
363 pH=4.031 2-1/2 Ig[ Fe** ]
423 pH=3.218 3-1/2 Ig[ Fe?* ]
473 pH=2.722 6-1/2 Ig[ Fe** ]

8 Fe( OH) ;+3H*=——=Fe>* +3H,0 298 pH=0.610 3-1/3 Ig[ Fe** ]
363 pH=-0. 115 1-1/3 Ig[ Fe*" ]
423 pH=-0.539 1-1/3 Ig[ Fe** ]
473 pH=-0.786 8-1/3 lg[ Fe* ]

9 FePO, -2H,0+2H*=—=Fe*" +H,PO; +2H,0 298 pH=-3.626 5-1/2 lg[ Fe** ][ H,PO; ]
363 pH=-4.192 4-1/2 Ig[ Fe** ][ H,PO; ]
423 pH=-4.610 9-1/2 Ig[ Fe** ][ H,PO; ]
473 pH=-4.930 6-1/2 1g[ Fe** ][ H,PO; ]

10 FePO, -2H,0+2H* +e ==Fe?* +H,P0; +2H,0 298 E=0.340 5-0. 059 2 Ig[ Fe*" ][ H,P0O; ]-0. 118 3pH
363 E=0.2419-0.072 1 lg[ Fe*" ][ H,P0O; ] -0. 144 1pH
423 E=0.143 3-0. 059 2 Ig[ Fe*" ][ H,P0O; ] -0. 167 9pH
473 E=0.052 5-0.059 2 lg[ Fe* ] [ H,P0; ] -0. 187 8pH

11 Fe;(PO,), -nH,0+4H*==3Fe* +2H,P0; +nH,0 298 pH=2.144 1-1/2 1g[ H,P0; ] -3/4 1g[ Fe** ]
363 pH=1.495 0-1/2 lg[ H,P0; ] -3/4 Ig[ Fe** ]
423 pH=0.596 6-1/2 lg[ H,P0; ]-3/4 lg[ Fe** ]

473 pH=0. 157 2-1/2 1g[ H,P0; ] -3/4 Ig[ Fe* ]
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12 3FePO,-2H,0+2H" +3e+(n-6) H,0 ==Fe,( PO, ), -nH,0+H,PO; 298 E=0.171 3-0.019 7 lg[ H,PO; ] -0. 039 4pH
363 E=0.098 3-0.024 0 lg[ H,PO; ] -0. 048 OpH
423 E=0.076 5-0. 028 0 lg[ H,PO; ]-0. 056 OpH
473 E=0.072 2-0.031 3 lg[ H,P0; ] -0. 062 6pH
13 3Fe(OH),+4H*+2HPO% +(n-6)H,0 ==Fe,( PO, ), nH,0 298 pH=10. 08 9+1/2 lg[ HPO?" ]
363 pH=8.700 9+1/2 lg[ HPO? ]
423 pH=8.502 6+1/2 Ig[ HPO? ]
473 pH=8.678 3+1/2 Ig[ HPO?™ ]
14 Fe(OH) ;+2H*+HPO? FePO, -2H,0+H,0 298 pH=8.748 0+1/2 lg[ HPO? ]
363 pH=8. 168 8+1/2 lg[ HPO?" ]
423 pH=8.073 8+1/2 lg[ HPO?" |
473 pH=8. 187 6+1/2 Ig[ HPO?" ]
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A 2 T A N R E-pH % &3, L wobFe | | o),
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% E-pH [ S50 1 s op M e PUEL
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TATARZ Y X SO K ) R K, &5 -
2 2 1) T B T () 1 DX R Az DX 3k 9 s 7 4 1 1 mol/L 298 K T Fe-P-N-H,0 fk %
(AR 2R LA XS, 0 b A X6 o7 1) 7K TR IX E-pH

RN o TR S I 3 DX BB A, U By
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& 2~ & 4 A[ A1, FePO, - 2H,0 {E Fe-P-N-
H,0 £ & E-pH Elrh (54 — & L3 X5, H &
TREE R T, LR A DSl S 348 R 5 i), 76 3R
363 K T, HAL# XK T 75 4h 3 4, H B & BRwivk
JER T, HAL 3 X ] g K, KW Fe-P-N-
H,0 R RFEAE AL E A pH 24 F 38 24 He 3]
(R IE RN IR SE A7 I, FePO, - 2H,0 J2& i 2 HL I —

PR 2 E R YA ) . L, 7E Fe~P-N-H,0 {4
RE W FePO, - 2H,0 T 2 IR E 2T, X
W AR EZIFEITIESS , WARTIVETL & B FePO, -
2H,0 Wil S5 sk 3 B,

£33 RETRTEEEH FePO, -2H,0 H&HC R
kL pH o
e el L
NH,H,PO, Fe(NO;);-9H,0 85C .3 h,pH=1.5 [18]
H,PO, FeCl, -6H,0 85°C [19]
H,PO, FeSO, -7H,0 40°C,2h,pH=1.9, /K [20]
LK
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2 BRI kel
Wik H,PO, Bk 100°C ,4 h,pH=1.0 FEET7K [21]
H,PO, Fe(NO,);-9H,0 90°C,8 h,ZJiE/k [22]
T

NH,H,PO, FeSO,-7H,0 80°C,2 h,pH=1.6 Bk Ek [23]

Na,HPO,+  Fe(NO,);-9H,0 90°C 2 h Wz [24]
12H,0

H,PO, R 60°C,2 h [25]

H,PO, Bk pH=2.0 EEFK [26]
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