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Thermodynamics of precipitation-coordination equilibrium in
Fe’'-Ni*"-NH3-NH,"-C,04*"-H,O system
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Abstract: The thermodynamics model of the precipitation-coordination equilibrium in Fe2+-Ni2+-NH3-NH4+-C2O427-H2O
system was established and the calculation of the model was carried out. The relationships of each substance in solution
with pH value, ammonia and oxide acid were revealed. The results show that, Fe in solution exists as [Fe(C,04),]* >
mainly in contrast to low content of [Fe(NH;),]*". At low ammonia content, Ni in solution exist as [Ni(C,04),]* " mainly.

2-2n

At high ammonia contents, Ni in solution exists as [Ni(C,04),]* " and [Ni(NH;),]*" under acidic and alkaline conditions,

respectively. The precipitation rate of Ni is higher than that of Fe at low pH value, and lower than that of Fe at high pH

value.
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Table 1 Cumulative formation constants of complexes

Complex lg 8 Complex lg 8
[FeC,04] 2.90 [Ni(C,04);" ] 8.50
[Fe(C,04):% 1 4.52 [Ni(OH)"] 4.97
[Fe(C,04):" 1 5.22 [Ni(OH),] 8.55
[Fe(OH)"] 5.56 [Ni(OH)5 ] 11.33
[Fe(OH),] 9.77 [Ni(NH;)*"] 2.80
[Fe(OH); ] 9.67 [Ni(NH;),*"] 5.04
[Fe(OH),* ] 8.58 [Ni(NH;);*"] 6.77
[Fe(NH3)*'] 1.40 [Ni(NH3)4*] 7.96
[Fe(NH;),*"] 2.20 [Ni(NH;)s*"] 8.71
[NiC,04] 5.30 [Ni(NH3)¢*'] 8.74
[Ni(C,04)," ] 7.64
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Table 2 Equilibrium constants of oxalic acid and ammonia

[Felrv [Nilrs [C2O04]r~ [NHs]lr A [OH]r k&4
TERW T TR, 2GR 1L R 2, WP 1
R R]S~PAl S B, mT AP 2R &2
[Felr=[Fe* T+[FeC,04]+[Fe(C,04),” T+[Fe(C,04)5* T+

[Fe(OH)+]+[Fe(OH)2]+[Fe(OH)3_]+[Fe(OH)42_]+
[Fe(NH3)* J+[Fe(NH3),” '] (1)

[Ni]=[Ni*" H[NiC,04]+[Ni(C,04),” Ni(C,04);* ]+
[Ni(OH) T+[Ni(OH),]+[Ni(OH); J+[Ni(NH3)* ]+
[Ni(NH;),” J+[Ni(NH;);* T+[Ni(NH;),* ]+
[Ni(NH;)s> T+[Ni(NH;)6* '] )

[C204]1=[C,0,> [+[HC,0, J+[H2C,0,]+[FeC,0,]+
2[Fe(C,04),” 1+3[Fe(C,04)5  NiC,04]+
2[Ni(C,04),> J+3[Ni(C,04)5" ] (3)

[NH; J;=[NH; ]+[NH, T+[Fe(NH; )" [+2[Fe(NH;),* T+
[Ni(NH3)* J+2[Ni(NH;),* +3[Ni(NH;);* T+
A[Ni(NH;),” T+5[Ni(NH;)s* J+6[Ni(NH; )]

“4)

[OH]r=[OH Fe(OH) J+2[Fe(OH),]+3[Fe(OH); |+
4[Fe(OH),* Ni(OH)'J+2[Ni(OH),]+
3[Ni(OH); ] (5)

T NAR R, — @4 T, Fe's NitHl g
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Table 3 Solubility products of Fe*', Ni** with C,0,% and
OH

Reaction lg K,
FeC,04 =—Fe”+C,0,> —6.50
NiC,04 =Ni*+C,0,> —9.40
Fe(OH)y =—Fe™ +20H" -15.10
Ni(OH) =Ni*+20H" ~14.70

Equation lg K
H,C,0,—HC,0, +H" -1.271
HC,0, —C,0,” +H" —4.272

NH,'=NH;+H" -9.24

M A RER R DT, A B TR
[Me*]=K,,/[C,04]

4 pH EFFE|—@ R, FRESVEH AR
ST, UG B IR
[Me*]=K,,/[OH J’=K,,x10** "

DIk, Edih, Fe™' NIk EE N
[Fe*']= min{10*°/[C,0,7], 10'>77Py
[Ni*"]=min {10°%[C,0,>7], 107"}
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Fig. 1 Relationships among [Fe]r, pH and [NH;]r at [C,O4]1=
0.2 mol/L
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Fig. 2 Relationship of Fe concentration in solution and pH at
[C204]1=0.2 mol/L: 1—[Fe*]; 2— [Fe(C,04),]1> > 3—
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Fig. 3 Relationships among [Fe]r, pH and [C,O4]t at [NH;]1=
0.2 mol/L



5522 5 10

HALAR, %: Fe’ -Ni*'-NH3-NH,'-Cr0,” -H,O fh R INUTHE L & Vi #h )y 2941

lg[c/(mol-L™h)]

2 4 6 8 10 12 14
pH
4 [NH;]r=0.2 mol/L ¥ Fe 5 pH [MIGHR
Fig. 4 Relationship of Fe in solution and pH at [NH;J=
0.2 mol/L: 1—[Fe*']; 2—[Fe(NHa),}t*"; 3—[Fe(OH),}1* "; 4—
[Fe(C04),0r" >, [C2041:=0.2 mol/L; 5 — [Fe(Cy04),1x" 7,
[C,04]r=1.0 mol/L

2.2 [Nily 5§ pH. [NH;]; &[C,04]r BIXF

&l 5 Bz [C204]1=0.2 mol/L IS ¥ [Ni]; 5 pH
JNH3 e IR R . tHEE S ATLAE H, RO R
PESAE T, NICO, UTIEH —EFEERIw#, 45K 6
AL, MR AR BRI NP pH
1~12 i, fE[NHs]r BTSSR, [Ni(CL04),] " 2
Fe fAAEMIETIEA, K, [Nil b pH (A8 1b HiAE 5
[Fe(C,0,),17 2" (Ni*'H 07 S A if) B i) A
— 3o AF Y [NHy ] 3RS, FEBRPESAE N, WD NH,
5 N SER BT 055 Nit %A1k
Fl, [Ni(NH3), " Ni fAfE BB, Rk s o,
pH>10 B}, [Ni]y 2345 [NH;]r (38 KI3E K. & 1
IR LG RV R T A1, 38 B [NH; ¢ X [Felr A

....1 o

0.8

6 -
(ol K

S .
14 0.2 ‘NHAT

5 [Cy04]7=0.2 mol/L KB [Ni]; 5 pH K [NH;]r K FR

Fig. 5 Relationships among [Ni]r, pH and [NH;]r at [C,04]1=

0.2 mol/L
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Fig. 7 Relationships among [Ni]r, pH and [C,O4]t at [NH;]1=
0.2 mol/L
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0.2 mol/L and [NH;]1=0.2 mol/L
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