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Fe(I1T) > Cu(Il)>Fe(I)>Zn(I1) >Ni(Il); A~ pH {EGHE rJ LA o3 4 MR R 5 E8 2 X . Me(OH), F85E X /& pH X
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FiH'. OH . Zn*. ZnOH'. Zn(OH)y,~ Zn(OH); .
Zn(OH),” . Fe*'. Fe(OH)y,~ Fe(OH); . Fe(OH) ™ .
Cu”". CuOH". Cu(OH),,)~ Cu(OH); + Cu(OH),> . Fe’",
FeOH>'. Fe(OH),". Fe(OH)s, FeSO,". Fe(SO4), -
Ni**, NiOH". Ni(OH),q)» Ni(OH); . PO, . HPO, .

R 1 Me"-P-H,0 RAb2 S W Je HAV47 5 $0(298 K)

Table 1 Equilibrium reactions and constants for Me""-P-H,0 system at 298 K

H,PO, . HiPO4. SO, . HSO, . H,SO4. ERTHETE
ERIVTEM S Zny(POL)s Cus(PO4)ss Niy(POL),-
Fe;(PO,),« FePO4;. Zn(OH),. Cu(OH),. Ni(OH),.
Fe(OH);+ Fe(OH),o ¥ R BEAF AL 1)1 0 WV 1~
i B A SRR TR 1

Reaction No. Relevant reaction IgK Relation Reference
1 Cu®* +OH™ = CuOH"* 7 [CuOH" ] =[Cu*" J[OH" /10’ [19]
2 Cu* +20H" = Cu(OH),,, 13.68 [Cu(OH), ] =[Cu™ J[OH™ /10" [19]
3 Cu" +30H" = Cu(OH); 17 [Cu(OH);]1=[Cu* J[OH /10" [19]
4 Cu?* +40H" = Cu(OH)2~ 18.5 [Cu(OH); ] =[Cu**J[OH"1*/10"%* [19]
5 Fe** +OH™ = FeOH* 5.56 [FeOH" ] =[Fe>*][OH}/10%>¢ [19]
6 Fe?* +20H" = Fe(OH),., 9.77 [Fe(OH)»,,, 1 =[Fe* J[OH™1/10%7 [19]
7 Fe?* +30H" = Fe(OH); 9.67 [Fe(OH); ] = [Fe** JOH /10”7 [19]
8 Fe?* +40H™ = Fe(OH)%~ 8.58 [Fe(OH); ] =[Fe** JJOH1*/10% [19]
9 Fe** + OH™ = FeOH?* 11.87 [FeOH?*]=[Fe>* J[OH"/10'% [19]
10 Fe* +20H" = FeOH? 21.17 [Fe(OH); ] =[Fe** JJOH™J*/10*" [19]
11 Fe** +30H™ = FeOH,,,, 29.67 [Fe(OH),.,] =[Fe JOH T*/10%7 [19]
12 Ni** +OH™ = NiOH* 4.97 [NiOH*] = [Ni** J[OH"}/10**7 [19]
13 Ni2* +20H" = Ni(OH),,,, 8.55 [Ni(OH),,,] = [Ni** J[OH"]*/10%%° [19]
14 Ni2* +30H" = Ni(OH); 11.33 [Ni(OH)3 ] =[Ni**J[OH" /10" [19]
15 Zn* +OH™ = ZnOH* 4.4 [ZnOH*]=[Zn>*][OH"}/10** [19]
16 Zn%* +20H" = Zn(OH),,,, 11.3 [Zn(OH),,, ] =[Zn**][OH"]*/10'"" [19]
17 Zn®* +30H" = Zn(OH); 14.14 [Zn(OH); ] =[Zn>* J[OH"J/10'*"* [19]
18 Zn%* +40H"™ = Zn(OH)2~ 17.66 [Zn(OH)2"]=[Zn%* JJOH"]*/10'7- [19]
19 H* +OH™ = H,0 14.0 [H*][OH ]=10"" [19]
20 H' + PO = HPO? 12.36 [HPO;™]=[PO; ]J[H"]x10"** [19]
21 H* + HPO?™ = H,PO; 7.2 [H,PO; ] =[HPO; J[H"]x107? [19]
22 H' +H,PO; = H,PO, 2.04 [H;PO,]=[H,PO; J[H"]x10*" [19]
23 H,SO, =H" +HSO," 3.00 [H,S0,]=[H"][HSO;]x10° [19]
24 HSO; =H* +S0% -1.93 [HSO,]1=[H"][SO3 ]x10"" [19]
25 Fe’* +803" =Fe(SO,)" 2.03 Fe(S0,)" =10*" x[Fe**][SO} "] [19]
26 Fe* +2502" = Fe(SO,); 2.98 Fe(S0,); =10%% x[Fe** |[SO; 1? [19]
27 Cu(OH), = Cu* +20H" ~19.66 [Cu® J[OH "] =107 [19]
28 Fe(OH),,, = Fe** + 20H" ~16.31 [Fe’* [OH"]* =107 [19]
29 Fe(OH)y, = Fe®* +30H" —38.55 [Fe™ JOH™* =107 [19]
30 Ni(OH), = Ni2* +20H" ~15.26 [Ni** J[OH™J* =107 [19]
31 Zn(OH),,, = Zn>* + 20H" -16.5 [Zn**J[OH > =107'% [19]
32 Cu (PO, )y = 3Cu> +2POY ~36.85 [Cu® P[POFT? =107 [19]
33 Fes (PO, ) = 3Fe*" +2POY -36.85 [Fe** P[POF]* =107 [20]
34 FePO,,, = Fe’ + PO} -23.0 [Fe™ ][POF ] =107 [20]
35 Niz (PO, ) ) = 3Ni2* +2PO% -31.32 Ni**P[PO; J* =107"% [21]
36 Zn(PO,) e = 320" +2POY —32.04 [zn® P[POF ]? =107 [19]




28 455 3 )

Mo, 85 BERERDOEERBGE AR E 639

1 RO)~Qe)RARE R T T 1P, K
QN~BO) KK R -1 . B[Melr [Plrs [SIr
O3B Me Py S RUKEE, “[17 W
FWE BN HIRIE, BB M TS B R
B, MORBEU SR R CUR BE AR VG o AR o 1 5
THEE, W Me. Py S BEUIR:
[Culr=[Cu’' T+{CuOH T+[Cu(OH)y I+

[Cu(OH); J+[Cu(OH)," ] (37)
[Fe(I)];=[Fe* T+[FeOH T+[Fe(OH) o) |+

[Fe(OH); J+{Fe(OH),” ] (38)
[Fe(IlI)];=[Fe* ]+[FeOH*']+[Fe(OH), T+

[Fe(OH)s)]+[FeSO, [+HFe(SOy), | (39)
[Ni];=[Ni*'T+[NiOH ]+[Ni(OH),, +[Ni(OH); ] (40)
[Zn]r=[Zn* [+[ZnOH"]+{Zn(OH)sq I+

[Zn(OH); 1+[Zn(OH)4* ] (41)
[P]r=[PO,> T+[HPO,* +[H,PO, +[H;PO4] (42)
[S1+=[SO,* +[HSO, +[H,SO04]+

[FeSO, 1+2[Fe(SOy), ] (43)

AR RSP0, TR 1 iR ~ (26)5
WA AR (37)~42), N[Melr H 5[Me"]. [OH].
[SO2 1+ [POS T BT AKAH[Me™ 145 % N A 4tk
Y. BEIRERDTNE Y LB P47, NPT~ [S]r AV
pH SKRAS BN [ [POS ] [SO4 T+ [OH AL
(27)~(36)RI ] SR AEE T W [Me™ 1ME, 15 24 K45 H [Me]ro

1.2 WESE773%

SIS PR R R A il KOk 25881 K
KR 2 Sh AR IR B 143 2 Zn. Fe(Ill). Cu. Ni
WSE5r 90 80.55. 10.25. 0.51 F10.13 ¢/L, pH 1A
1.5 BRI . LL 8.21 mol/L BEMAM VAR W UTTEF
5.0 mol/L [#] NaOH 1§, H,SO, 15V Y pH . 1R
ERUTVE LI R B ST P A 1.0 583t
ST BERR BNV, PEHIVRIELE 35 °C, I FRORFES
W pH H A, Dkl sE B R 4k Eiar 1.0 h, K5I vE.
Yy, NTIEP AR S . S DU RN R
GaEESREEEM; SRR SRR
J5 4 I A L

PR (Fe 29.88 %, P 16.56 %) 15 /K H R ik [ b
(L/S)10 mL/1 g Ak, INANBE S A AN 44, 78
90 “C/ I 5.0 h, SRJG ity Yol 8] & uha, b
IR L o WS R b VR T S Rk P Rl

B H .
VWK T ICP-AES 437 .

2 ZFERE5iHe

X Me*'-P-H,O RIS 22T 5, DL TR IR
ERVIHR R 2 53k 1) R 1 o P A ) i
WS Me B AN pH (AR L3 B % SR VT
FSCIRISEMR i FH 0 1ol R K 20k TR 50 s 3l S 40 46
TEHR TS5 S .

2.1 Me"'-P-H,0 &

Kl 1 FREH[P]1=0.02 mol/L. [S]y=1.0 mol/L %}
Fi[Me]r H5H pH LR, BLEO~OR RN MR
I E A A pH (. &5 R KW pH (EIG N
TR £ 6 A8 N A S, Fe(IIT) Cu(ID) Zn(IT)- Ni(II).
Fe(ID) 12 £ 5 S8 A ) pH H 2300 5.0
8.0~ 9.5, 10.0. 10.5, 4k FePO, &by it /i pH
0.0~5.0 o W2 £h YT TE JE LA S U MKl Fe(TIT) >
Cu(I)>Fe(I)>>Zn(I1) >Ni(Il), MR ERITIETETT A
TrBE AL BRI BRER: Fe(IIDIRSET Fe(ID M il
FRARUIE, VAW Fe(DE N Fe(LID)A FITHEIR bR
o WTLAHEWTSHY, WAREE. M. BRIREESN BN 1.04
0.1 1.0 mol/L, 7t pH {EHA 2.0~3.0, MR EhvE] LUE
FEMEB Fe(IIDF% 4 1X102°~1 X107 mol/L, SEHEE.
i, BRSEE.

S s=Fey
4t 4—[Ni]y
2
0

v —[Fe(Dlr
*—[Zn};
1—[Culy

O © eee

pH
1 Me"-P-H,0 R Ig[Melr 5 pH {HIFIK R
Fig. 1 Relationship between Ig[Me]; and pH of Me"'-P-H,0
system ([P]r=0.02 mol/L, 7=298 K)

2.2 B [Fe(IID)]r X 5 &K E B S200
2 JT7R U [Fe(ID) 7 R [Py PR B2 1) 5%
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W, SERK, TR Fe(IDEAK, XF MY T [Pl
WREB ST [H5F Fe(UDREE T, pH b 1.5 BF, XFR[P]
WIEHAL: 4V [Felr=1X 10> mol/L(0.28 g/L), pH
4 1.5 B, B0 P 8 R 3X 107" mol/L(0.01
g/L), TR/, B R B [P IR BEPROE RS 0. 3X
ViU, FERET T pH (E AR S [Fe(TID)]; i, W]
CAE/D P IABRTE o A T 0D R, IR R K
[ [Fe(Il1)]1=0.28 g/L.

0.007
0.10f a—pH=1.0
=—pH=1.5 10.006
_ 0.08F 10.005 _
= 0.6 10.004 2
] o]
£ 10.003 E
= 0.04r <
& 40.002 &
02
00 40.001
0— 1 1 —0

10 15 20 25 30 35
~la([Fe(1TT)]y/(mol-L1Y)

2 Fe(ID) XA I [P WK ¥ 52
Fig. 2 Effect of Fe(III) concentration on [P]r

2.3 BIERP]r 3T Fe(ll)F-EiR E R F MG

B3 T A [P R FE X Fe(TIDAT A (151,
W ©~QE N AA] [P I JE X WV FePO, 15 Fe(OH); ¥
1 pH . 4R KL, [PlrikEEEim, FePO,ba e X ik
K 5K Fe(OH); 1Y) pH ks B[P A1 pH 425,
XN [Felr Jiksb> o AT EAHEIRT, *4[P]r 24 0.0025 mol/L,
pH A 2.0~2.5, %W+ [Fe(lD]r FF % 1X10°
mol/L(0.56 g/L), #ELRFERR K ([Felr=1X 10" mol/L)
W5 A v P [P TR o 255 25 LRI VR WP [P

lg([Fe]/(mol-L"))

-6 =—[P]:=0.0001 mol/L

It
*—[P},=0.0005 mol/L
-8 a—[P];=0.0025 mol/L ey
0 v—[P];=0.0125 mol/L i
0 1 2 3 4 5 6 7

pH
3 VIR 0T 2R [Fe (T ] FA 511
Fig. 3 Effect of P concentration on [Fe(IIl)]r in system

WEEH 0.0025 mol/L, FRERZ ri[Fe(II)]r 2124 0.56 g/L
B

2.4 WHEX FePO, 2 E A0

Kl 4 Frsh NaOH i A fEXT FePOy 73 il (K 5210
il n(NaOH)/n(FePO,)# < NaOH A5 FePO, ¥ 5t
HIEEL [Pl R BT, W a(FePO,)=1
(FePO, ik i), &5 KW, BE% n(NaOH)/n(FePO,)f13
DO pH EIER, WBRR SIS N, Ui
NaOH HIFH] T FePOy 73 fiff A1 21 ey i 52 1) 5 Wl
Wo 45a B 4. 5 0[5, n(NaOH)/n(FePO,)=1.0 I %k
pH N 4~6, WM FEAAEHLE N NaH,POy;
n(NaOH)/n(FePO,) 4 1.0~2.0 Itf, Ffi% NaOH M &[]
B, W pH ORI BE PRGN, 0 RV ) 32 A
FEIEZ5 ) NaH,PO4 Na,HPO,; n(NaOH)/n(FeP04)~2.0,

12
2.4 w—p(NaOH)/n(FePO,)
[Pl
~ 7 8
S 201 /
5 2
1 S
= 1a &
jan 16 B \,—‘T
< )
2 E;
12F 10
08 1 1 1 1 —4
3 5 7 9 11 13

pH
4 NaOH HI#Xf FePOy 73 fift (1 541
Fig. 4 Effect of NaOH dosage on decomposition of FePO,
(a(FePOy)=1, 7=298 K)

12

=—PO}-
9l *—HPOZ
+—H,PO;
v—H,PO,

= 6r
2
E 7
S of
L0

_3_

-6

4 6 8 10 12
pH

5 pH (N R T IR I
Fig. 5§ Effect of pH on phosphorus speciation in system
(a(FePOg)=1, T=298 K)
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4 in NaOH JTI & pH {8 M 8.5 BREEINZE 11.0, # ik
JUP584 LL Na,HPO, A7 45 s #1900 NaOH HI &I, i
ML NasPO, A7 175 - Ui AR NaOH #1134 )11 FePO,
SYfREAIE I, TR LT 3 B 7 kAT

FePO,+NaOH+2H,0=Fe(OH);+NaH,PO, (44)
FePO,+2NaOH+H,0=Fe(OH);+Na,HPO, (45)
FePO,+3NaOH=Fe(OH);+Na;PO, (46)

2.5 IEUESRIG
6 KW, BFEWW pH EIIIN, SBMitiE
YN, BRMPTE RS S AT . pH (Eh
200, Bk BE WL BUTEER AN 98.9% 3.5%-
2.8%- 0.7%, B M. BRMDIE o B RCR AT
Kl 7 &0, BidE NaOH &K, & pH {H

10
100+
. 18 2
S g0t P
g g
s =s—Fe o
s 60r e—Fe calculated value 10 £
= A—7n 3
o L v—Cu 5
o 40 J )
3 +—Ni 4 =
= 20t 2
1 =
0 L
= Y I ()
0.5 1.0 1.5 2.0 2.5
pH
6 pH {EXS 42 B IUTIE F (1 52
Fig. 6 Effect of pH on metal deposition rate

(n(Na;PO,)/n(Fe)=1.0, T=308 K, r=1.0 h)

14
1100
12 +
180
X
10+ g
1 60 =
e 5
<
8 140 =
L +—pH
6 s—Pleachrate |20
4L 10

05 10 15 20 25
n(NaOH)/n(FePO,)

7 NaOH H5Xf FePO, 43 fift (11 51
Fig. 7 Effect of dosage of NaOH on decomposition of FePO,
(L/S=10 mL/1 g, T=363 K, =5 h)

FIRER R B 0. 24 NaOH F &4 2.0 £ FePO, /K
B, R pH A 11.5, B8R HRIER] 96.8%, 4
A5 RSCHR1IST0T 5N, B V=) NaHPO,-
Fe(OH);. i3 B4 1 2 )% FePO,+2NaOH+H,0=Fe(OH); +
Na,HPO,, FePO, ] LM JEE /3 fif .

3 %it

1) Me-P-H,0 FRABALHE = pH HIX 2 7 4
MePO, H1 Me(OH), X, pH {E A 0~5.0 I W £h e I
AR SENRFER A Fe(IIT) => Cu(IT) > Fe(IT) => Zn(1) >
Ni(Il), MePO4 43 fi# 4 Me(OH), #1855 W4 1k
Fe(I1T) > Cu(IT) > Zn(IT) > Ni(IT) > Fe(II).

2) EFFBGE VIR Fe(TID)IK LA pH {2 ATk
/b P IERE, PR R Fe(llD)2h 0.56 g/L. pH A
2.0, PHKE N 0.0025 mol/L.

3) n(NaOH)/n(FePO,)=2.0 Itf, FePO, iz %
5% 96.8%, Wil FePO+2NaOH+H,0=Fe(OH);+
Na,HPO,.

4) YIETAET pH b 2.0, TN 1.0 f5ELIR HE (1 EIR
B, BRI AL BRIMDUIE S B
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Thermodynamic analysis on removing iron by
phosphate precipitation

XIAO Chao', ZENG Li?, LI Yi-bing', XIAO Lian-sheng’

(1. Guangxi Key Laboratory in Universities of Clean Metallurgy and
Comprehensive Utilization for Non-ferrous Metals Resources,
School of Materials Science and Engineering, Guilin University of Technology, Guilin 541004, China;
2. School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: Removing iron is the key process of extraction zinc by hydrometallurgy. The removing iron from leach
solution by means of phosphate precipitation may be a feasible alternative to conventional precipitation processes as
jarosite, goethite or hematite. Aiming at removing iron by phosphate precipitation, the logarithm concentration-pH
diagram of Me"*-P-H,0(Me: Zn(II), Cu(Il), Fe(1I), Fe(III), Ni(II)) system was established on the basis of thermodynamic
data at 298 K, according to the laws of conservation of mass and simultaneous equilibria. Themodynamic analysis was
carried out to discuss the process of removing iron from lixivium of zinc calcine by phosphate precipitation and
decomposition of iron phosphate by sodium hydroxide. The results show that the ions can be removed respectively by
phosphate precipitation in the following order: Fe(III)=> Cu(II)>Fe(II) > Zn(II) >Ni(II). The whole pH value of the
system is divided into two areas. The one is the stable of sparingly soluble phosphate, the other is Me(OH),. Me(OH), is
gradually superaturated in the solution with the increase of pH value, so the Me(OH), is deposited as sediment, and
phosphate goes into solution. The verification experiment results showed that the precipitation rate of Fe, Zn, Cu and Ni
were 98.9%, 3.5%, 2.8% and 0.7%, respectively, by 100% theoretical amounts of sodium phosphate at pH 2.0. When the
dosage of NaOH is 2.0 times of the mole ratio of FePO,, FePO, decomposed into Fe(OH); precipitate and Na,HPOy,,
phosphorus leaching rate is 96.8%, the pH value of leaching liquid is 11.3, which is consistent with the thermodynamic
analysis.

Key words: phosphate; iron; zinc; precipitation; thermodynamic
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