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Thermodynamic analysis of leaching of iron concentrate separated
from Kkiln slag in zinc hydrometallurgy

HE Shi-chao, LIU Zhi-hong, LIU Zhi-yong, LI Yu-hu, LI Qi-hou

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: For the propose of recovering valuable metals, such as Ag, Cu and Fe comprehensively, in the iron concentrate
separated magnetically from kiln slag in zinc hydrometallurgy (hereinafter referred to as kiln slag iron concentrate), a
new process of comprehensively utilizing kiln slag iron concentrate was proposed and investigated thermodynamically
and experimentally. The first part of the research, i.e., thermodynamic analysis of leaching, was introduced. The phase
analysis shows that the main iron containing phases in kiln slag iron concentrate are Fe, FeO, FeS, Fe,0;, Fe;O4 and
FeSiO;. The ¢p—pH predominance diagram of Fe-Cl -H,O system, as well as the lg ¢c—pH diagrams of FeS, FeO,
FeSiO;-H,O system and FeS, FeO, FeSiOs-Cl -H,O system were calculated and plotted, aimed at analyzing the
thermodynamic feasibility of hydrochloric acid leaching kiln slag iron concentrate. The analysis results show that all of
iron phases in the kiln slag iron concentrate are able to dissolve in hydrochloric acid leaching, and the higher the [CI ]r,
the greater the solubility. Due to different natures of anions in the system, the effects of ClI" on the solubility of FeO, FeS
and FeSiOs are not the same, the pH value ranges valid in Cl effect are 4.2—10.8 for FeO, 0.4—10.8 for FeS and 0—10.8
for FeSiO;.
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Table 1 Main chemical composition of kiln slag iron

concentrate (mass fraction, %)

Fe Zn Cu Pb As
56.4 2.51 2.51 0.99 0.49

S Si0, AlLO; MnO Ag
4.75 2.31 1.85 1.28 265 g/t

R2 EEYR PRI DA
Table 2 Iron phase composition of kiln slag iron concentrate

(mass fraction, %)

FeS FGSO4 Fe F€304 F€203 FGSIO3

6.63 1.38 16.63 67.85 2.39 5.08

2 EEGHBYEENAIZRE

YR G MH T 2ZmAEME 1 or, HE
MRe . ARSI WL & FeCly HHim: 2 74
S 4 0 FETIPA R, WS Ag. Cu Fil Fe 54
JCER N ERE I SRR IR AR o

3 EEUBTHRBRRLIANF

EREEH T E S RMIAH A Fe;04. Fe. FeSiO;
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Fe+2HCl=Fe*"+H,1+2CI” (1)
FeO+2HCl=F¢* +H,0+2CI” )
Fe;0,+8HCI=Fe*"+2FeCl, +4H,0+4Cl (3)
Fe,03+6HCI=2FeCl,"+3H,0+2CI" (4)
2FeCl, +Fe—3Fe>'+4Cl" (5)
2FeCl, +H,=2Fe* +2HCI+2Cl (6)
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Fig. 1 Flow sheet of comprehensive utilization of kiln slag iron concentrate
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2 Fe-CI'-H,0 M o—pH fL#X &
Fig. 2 ¢—pH predominance diagram of Fe-Cl -H,O system
(Activities of ions except for H' equal to 1, 7=298.15 K)
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[CI']y = [CI'] + [FeCl'] + 2[FeClygg)] (16)
@ FeS-CI-H,0 &7 ™ B FREIKIE(S T

[S* 1 =[S* ]+ [HS ]+ [HySeq) (17)
@ FeS-Cl -H,0 RH[Fe*']r 5[S™ 1 HH%F

[Fe’'lr =[S Tr (18)
® FeSiO5-Cl -H,O F# 1% Si(IV) B BB ([Silr)

[Si]r = [SiO5° ] + [HSiO5 ] + [H,SiO053(sq)] (19)

® FeSiOs-CI -H,0 & H1[Fe?']r H[Silr A2

[Fe* T=[Silr (20)
@ FeO-Cl -H,O Z Hifuf -7 5 F
2[Fe*']y + [H'] =[Cl ]y + [OH ] (1)

FeS-C1 -H,O % Hifif P47 /5 72
2[Fe* 1r + [H]=[CI]r + 2[S*] + [HS ]+ [OH] (22)
© FeSiO;-Cl -H,O & Hi fuf -1l 77

2[Fe*']r + [H'] =[Cl ]t + 2[SiO;* ] + [HSiO; ] + [OH ]
(23)

BEAr0(15). (16)R121)iHH FeO-Cl-H,0 F&; Bk
373 (15)~(18)H1(22) 54 FeS-Cl-H,0 % BE R (15).
(16)+ (19). (20)H1(23)i144 FeSiOs-Cl -H,0 %.
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e 44,
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Ab, BRI 0.73 F12.32 4k, HBLBEFEAT, JRINEY pH
fH/NT 0.73 I, FeSiO; M AR HySiOsqi% 1
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4 ffi7r M FeO-Cl-H,0 %[ 1g[Fe’ l—pH K.
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Table 3 Standard Gibbs free energies of related species in
systems (7=298.15 K)!"¥

Species A;G® /(kI'mol ™) Reference
FeO -251.4 [14]
FeS -100.4 [14]

FeSiO; —1 181.088 [14]

H,S ) —27.87 [14]

H,Si034) -258 [14]
H,0 —237.14 [14]
Fe** ~78.87 [14]

FeClyug) —341.3 [14]
HS 12.05 [14]
s 20.5 [14]

Si0s* —956.335 [14]
cl -131.3 [14]

H' 0 [14]
OH™ 157.28 [14]

Fa Fe(ID) B TR T M LR H 3 (1=298.15 KM
Table 4
equilibrium (7=298.15 K)!'4

Stability constants in Fe( Il ) ion coordination

Species Equation lgK  Reference
FeCl" Fe?*+Cl =FeCl" 0.36 [14]
FeClz(aq) F€2++2C17:F€C12(aq) 1.097 2 Calculated
Fe(OH)"  Fe*'+OH =Fe(OH)" 5.56 [14]
Fe(OH)yuq Fe*+20H —Fe(OH)y(aq)  9.77 [14]
Fe(OH);  Fe*'+30H =Fe(OH);  9.67 [14]
Fe(OH),> Fe*'+40H =Fe(OH),>  8.58 [14]
0 L
_2 A

lg([Fe**]¢/(mol-L"))
a

_10 L

e b e
o 2 4 6 & 10 12 14

pH
3 FeO. FeS M FeSiOs-H,0 % lg[Fe* i—pH K&l
Fig. 3 lg[Fe*'lr—pH diagrams of FeO, FeS and FeSiOs-H,0
systems
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Fig. 4 1g[Fe’']+—pH diagram of FeO-Cl -H,O system (Lines
1 to 6 represent different [Cl ]y of 0, 0.01, 0.1, 1, 3 and 6 mol/L,
respectively)

100

80T

60 -

401

Mole fraction of species/%

201

3 5 7 9 11 13

100

80T

60 -

40 -

Mole fraction of species/%

201

100

80T

60 -

40t

Mole fraction of species/%

201

Fig. 5 Distribution diagrams of species containing iron in FeO-Cl -H,O system: (a) [Cl ]y=0 mol/L; (b) [Cl ]1=0.01 mol/L; (c)
[C1'1:=0.1 mol/L; (d) [C] J+=1 mol/L; (e) [Cl ]+=3 mol/L; (f) [C] ]+=6 mol/L
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Ne
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7 Fi7n A FeS-Cl-H,0 A S BRA T A& . A
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1785 FeO AL, B 7(0)~(H W W, FHFE[CL ] ik FE
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M pH {H/NT 4 B, SEEUCEE N Fe*'. pH {HAE
0.4~10.8 JuF N, BE[CI ) 480, Fe* Al Fe(OH)'
LA I IZHT HH FeCl Al FeClyug AR, Rl Bl
[CL ]y 218, FeCl' XA FeClyug ITHUR, 2%
FeCly g8 A 3X — pH 6 il N AL TG, Fe(OH)aaq)~
Fe(OH); 1 Fe(OH),* HEft) pH i BB AR B AT A4k
FLPT 7 R IR Ay BB AR R R
3.2.5 FeSiOs-Cl -H,0 %

8(a)F(b) iz~ %3 % K FeSiO;-Cl-H,O %
lg[Fe*'lr—pH 1 Ig[Silr—pH &l #1£ 1~6 73 5% v T

lg([Fe**]¢/(mol-L™))
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pH

6 FeS-CI-H,0 ZH 1g[Fe® 1+—pH F 1g[S* ]+—pH &
Fig. 6 lg[Fe*]r—pH(a) and 1g[S* ]+—pH(b) diagrams of
FeS-Cl -H,O system (Lines 1 to 6 represent different [Cl ]y of
0,0.01, 0.1, 1, 3 and 6 mol/L, respectively)
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A7, FeCl LTI, Wil 9 fis.
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TIXLE G, AR ERTEE R Si0, M. RV
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Le B RTEE T Si0, IR H I 5 pH E
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Fig. 7 Distribution diagrams of species containing iron in FeS-Cl -H,O system: (a) [Cl ]=0 mol/L; (b) [CI ]:=0.01 mol/L;
(c) [C] ]+=0.1 mol/L; (d) [C] ]r=1 mol/L; (e) [C] ]=3 mol/L; (f) [C] ]=6 mol/L
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Fig. 8 Ig[Fe?'J:—pH (a) and 1g[Si]—pH (b) diagrams of FeSiOs-Cl -H,O system (Lines 1 to 6 represent different [Cl ]y of 0, 0.01,

0.1, 1, 3 and 6 mol/L, respectively)
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9 FeSiOs-Cl -HyO R 82 o/ i ]
Fig. 9 Distribution diagrams of species containing iron in FeSiO;-Cl -H,O system: (a) [Cl ]t=0 mol/L; (b) [Cl ]+=0.01 mol/L;
(c) [C] ]+=0.1 mol/L; (d) [C] ]r=1 mol/L; (e) [C] ]=3 mol/L; (f) [C] ]=6 mol/L
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1) 2] T Fe-Cl'-H,0 % o—pH LH#X . HiK
AL FREPORTE R Bh KR, FEh Sk
VARSI Res i RIS, T 2SRRS4 )8 Fe &t
KT Fe()M & &, {ERRIERSRAZAT T, Flh &
BRA1IC TN Fe* Ml FeCl, o

2) FeO Ml FeS {EMRYEZM T HEBRIIEIASL,
FeSiOs 7EMRIERCRINAIE N, A — 2 &

3) S HRYIE 1 S HS LK Si0s* . HSiO5~
TEAKEHL T KA, HoS(aq F1 HaS1053 g I il LA I 53 511
PL HpS SRR E L SiO, A TE AT, M A 3G
AR N fE—E pH A FRAFAT, W& KEET
MI[CT Tr WREERIIG I, 4 SvE pH (I K757 5
)8

4) CI %} FeO. FeS 1 FeSiOs £ MM /K 7k v ()
R —EMm, £ pHIEHW, [Cl e, =
F O, T AR TR ek & i
Rtz S, ik, CIXF FeO. FeS Fl FeSiO; il 51
() pH JEHEHEAAHF, 5350 4.2~10.8. 0.4~10.8 Fi
0~10.8.
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