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Thermodynamic analysis on iron-making process of
zinc leaching residue by carbon reduction
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Abstract: ITron-making of zinc leaching residue was obtained by carbon reduction in bath smelting, and the
thermodynamic process was analyzed. The results show that Fe,O; is the pyrolysis product of ZnFe,O, and
KFe3(SO4)2(0OH)g. ZnFe,O4 can not decompose in the temperature range of 300—-1800 K, but KFe3(SO,),(OH)s
decomposes at 652.25K. Higher pco/pco, and lower temperature that should be higher than the slag melting temperature,
are favor able to the reduction of Fe,O;. The metal sulfates of K,SO, and CaSO, are decomposing products of
sulfur-contained phases at low temperature, and the favorable desulfurization conditions of K,SO, and CaSO, are high
temperature, low sulfur-partial pressure and low oxygen-partial pressure that must be higher than the limit of sulfates
converting into sulfides. The desulfurization of CaSQj, is easier than that of K,SO,. CaO in zinc leaching residue reduces
the initial reaction temperature of Zn,SiO, reduction, improves slag basicity and activity of CaO in slag and decreases the
sulfur distribution ratio between liquid iron and molten slag.
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Table 1 Chemical composition of zinc leaching residue (mass
fraction, %)
(0] Fe Zn S Si Ca Pb Al Mg
37.4 27.05 1626 842 252 142 1.723 0.746 0.281

Cd Cu Mn Na
0.147 0.8006 0.549 1.71 0.423 130

P Others
270 0.032 0.5104

K Ag’ In"

1) g/t
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Fig. 1 XRD pattern of zinc leaching residue
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Fig. 3 Relationship between standard free energy (AG®) and

temperature of reactions (6)—(9)
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Fig. 4 Relationship between standard free energy (AG®) and
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Table 2 Balanced activity of ferric oxide in melt under different temperatures and p., / pco
2

Balanced activity

Pco /Pcoz

1373.15 K 1473.15 K 1573.15 K 1673.15 K 1773.15 K
10 0.000227 0.00024 0.000252 0.000263 0.000273
9 0.000311 0.000329 0.000345 0.00036 0.000374
8 0.000443 0.000468 0.000492 0.000513 0.000533
7 0.000661 0.000699 0.000734 0.000766 0.000796
6 0.00105 0.00111 0.001165 0.001216 0.001263
5 0.001815 0.001918 0.002014 0.002102 0.002183
4 0.003544 0.003747 0.003933 0.004105 0.004264
3 0.008401 0.008882 0.009324 0.009731 0.010107
2 0.028354 0.029976 0.031468 0.032843 0.034112
1 0.226832 0.23981 0.251743 0.262741 0.272899




25 &% T M X VR, S WS RERR IR RE R I 25 B 1983

31 WEAMARRERY B K:SO4(1)-2K (2)+S0x(2)+20x(¢) 25)
HRAE XRF RAEL: 0, B b i o it ik 8%L

b, WS, B ENEE ARk, e K2SO«(DFKO0MFS0(g)+1/20:(g) (26)

B B A e P R A B S A AR KoS04(1)=KaS(1)+205(g) 27)

jé o Eﬂ#ﬁ]*ﬁﬁ*ﬁ%n ’ @ﬁjﬁ%ig}nﬁﬁﬁﬁﬁ@%m$n: KZS(1)+02(g):2K(g)+ SOZ(g) (28)
KBRS 1 KRR ) 4B K, Bk

K>0(1)=2K(g)+1/20(g) (29)

TAEBARIR L N 0B SO, M1 KpS0y4, SO, # AR
e TUKEIRES (A B CaSO4(H,0),)5E ik 1.5 4>
T KA BT (CaSO4(H0)g 5), A1TE TR 0.5 77
TIKA TG KBRIRE, « NEEE 2% 18, K,S04 Fl CaSO,
N LT T, NS NMESS T EATTAE
TEXRTEA R IR B A S H HESE W . R 5 <
SR, Tl K;504.CaSO, Redk 2o i Ak J5i 45 K5S.
CaS I So XL =Wyl n] Gefe N . Bk,
PER B AR INBGL )R 2 1T, B 184 R IR £k KoSOun
CaSOq 197457 fift i it 1) 75 .

K,S0,. CaSO, %) )& K-S-0 1 Ca-S-0 1K %&, Mk
AT fi# K804 CaSOy Mo IR 5544, #i4E K-S-O
Al Ca-S-O RS R NYMAT FHHE, el T
K-S-O I Ca-S-O AR KPLFHAX B W& 5 16 s

75 K-S-O AR AL Ky, BRARZE b4 S
oA

(a)
_I f=
— -2} C?)
£ . K,S04(1)
O"‘l =
w
X -4f
=
_5 =
_6 =
-7
-10 =3
lg[ p(O,)/Pa]
5 &
(b) = 1400 K
*—1500K
a—1600 K
F I
cl"l
\Z‘.
= ) /
Al
/ \B'
-7 A 1 .

-0 -8 -6 -4 -2 0 2 4
Ig[ p(O,)/Pa]

5 K-S-0 RLEHXE

Fig. 5 Predominance diagrams of K-S-O system
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CaS0y(s)=CaO(s)+S0,(g)+1/20,(g) (30)
CaSOy(s)=CaS(s)+20,(g) 3D
CaS(s)+3/20,(g)=Ca0(s)+S0,(g) (32)
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K280,4+3C0O(g)=K,0+0.58,(2)+3COx(g) (34)
CaSO,+3C=Ca0+0.58,(2)+3CO(g) (35)
CaS0,+3CO(g)=Ca0+0.5S,(g)+3C0(g) (36)
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Table 3 Standard free energy of reactions (33)—(36)

AGO/K]
/K Reaction Reaction Reaction Reaction
(33) (34) (35) (36)

1073.15  157.126 209.704  —125.878  —73.299
1173.15  96.452 201.280  —185.383 —80.555
1273.15  36.259 193.064  —244.416  —87.611
1373.15  —22.637 185.881 —302.983  —94.465
1473.15  —=79.380 180.600  —361.091 —101.111
1573.15 —135.796 175.407  —418.438 —107.236
1673.15 —191.905 170.290  —475.414  -113.219
1773.15  —247.728 165.241 —531.456  —118.487

MF 3 T4, [RV(35). (36)ELE A S S, &N
G4y BT AR N A, Bk 4 A
S5 I8 R 52 N (34) TS N (36) 5 k) S o AT 3 Stk
FEER AR T, s SNE(36),  HL L im UG 1] B
A, [FI AT DA B, AR T SR
TS TG o EMIBAS R, W R IR 2] K,SO4s
CaSO, 1R 1] BERdE At , IXFE KySO4. CaSOy
(R EKG RO PRAIG, TR A CaO (135 B2 )5 AR
Lo, Bk, MBI, IXEAK T 5 mn

(s, BIAEAE, HAR B iR,

33 WEBSNES$RIE R 2 BL(TE) a1 R

AR ) B UE TR AR MR A A ] (1)
AYBC, MARTT BT PO, AR B
PR T AR AE R R 5 A R ) 43

BE TR WA PR R HH T A il IO S B A e A1)
JEEIEBRAR, DRI KoSO4. CaSOy4 A HEIE B/
I, A8 U M B b T BE S T G TR
EATTER AT BEHE N, AT REE NIRRT . T
B N A N, AR Sy, w R N(37) %R
Ny BB AN A T R B RN, I EEAR
M, TR N(38)F s A4 (CaS) ik N Bk ik s 4
SN, LR, T ROV (39) KN BRALAI(CaS)iE A
WY B RN, HRAE S, TR V. (40) KR
BRI )R (FeS)E A i 55 58 A5 i A 4 B, Tl
BTy, TR N(A)R R 1K) 5E R ) RN
SR/ AT FHIX G 5 N PR R 7R 35 A 107 E E REAR AR R,
SERR A AT LA AT AR HE T BRI

S+Fe=FeS (A.G;®) (37)
S+Ca0=CaS+0 (A.G,%) (38)
CaS+Fe=FeS+Ca (A,G5®) (39)
CaS+Ca0=CaS-Ca0 (A,G,°) (40)
FeS+CaO=CaS+FeO (A,Gs°) 41)

XU AT BRI AR A S R A 2 TR AR R R Rk
SRV TR AT T A, LT R BU(K ) TR R
K=Sti/Sts (42)

s ey RITRPI T IE S i S R
SRR SY s i

FH T B BT R N ) 5 (3 8) A AL 4 (CaS )itk
NI S N BOVMET-REAT,  FHIE = AR So (S V(38)
RS A I BRI S5 (S 0 2(39) Hh Bk v o
() 2 AN T BRI T I RBREE SmS1i(S1 RV
(B7) 7= A R R R IR ) s A A P R
St57855(Ss.s KRN (4 1) = A A ), )

S, < A.G O {M} (43)
, Apes eq

Se <A GSG)OC |:aFeS ’aCaO:| (44)
’ Acas " AFe0 Joq

Ko {as : aFe(l)z' Acas " dFe0 } -
Ares " Aca0 oq



o525 & 7 XV, S ORISR IR R R 200 1985

2)
(Ps2 /p )'aFe(l) "Acas " dFe0

(45)

2
Ares " Aca0 eq

X 4S) AT 4, BRI o Ak v ) 0 T
M HC S B . WESERIIE B HEHh CaS #l FeO 1)
TR IEARDC, Sk FeS F1 CaO [R3E FE & 671
M. SEBr By CaS. FeO Fil FeS [RIvE E AR ELAR
/N, T CaO G FEAIELEOR. Frbh, 46 s — & I,
YR SE BT A5 o A v 1 0 TSP 5 R /N )
PEIR B LK IS BRI h CaO TG . Pk
fb HRVER AR TR AAAE, FRAR TSR PR IR TG 1
A6 TSV BN o AEAT I DR BB AT A I el 4 A
T, FATREAERL CaO, A T4 mgh b vp (1935
AL 1) 3 T4 500

I 2 E VR, 1 23T i ks J 4 )
TSP SRR NAZBIAN L, BT
T EANYE TRI2ER R, EE I 82 H
FH K,

4 it

1) ZnFe,04 1l KFe3(SO4),(OH)s 52 I3 it 1115 2k
WL Fe,Os0 XRMIE BRI S A AR AR IR $hvh w] LA
VERS I R ) Bk s S A D A T D e

2) MR AR T Fe 05 A5V T,
Peo ! Peo, ~ TRIL(IEEE T HIAESE AU e R ) 2
FEYE R THE AR Fe05 38 Ji AR OB, BRARSA A
Fe,O5 MMVE B2 TR MR4F T~ (I T=1673.15 K,
Pco/Peo, =7 ) » JE KT FeOs (11 My WK
X=0.000766(0UiF L R EL y=1), X T E SR MR
H(wre A 20~ 30%), BkIEELFIL 99.908%, L
i N R A A R R R AT R

3) &EBRIRE KuSO4. CaSO, HIM il i ik it 5 )
FAFR I i AR . R, dERFE RN TR
&, AIEEGRARILPIK,S. CaS) LR, MM FEAEAT LY
TEN A TG, Uk NERAE BRI s v 1 20 PSP A
WA

4) 0T i R N, R R AT A
BB ER AR AT REFS 0 it RE SRR AL AR B S
TR E N A R ) B DL SR s T CaO 1Y
O B AR T B AR AR R R ) 23 Y A
B, IRHRBEASSTT R G . B, SR AR b
Joi, BRI U A Bk P P (R OB T A F
WA A b U

REFERENCES

(1] Ewd, Mk SRR SR T MM]. JEst: HeT
b RREE, 2012: 293294,

WANG Ji-kun, FENG Gui-lin. Handbook of lead and zinc
smelting production technology[M]. Beijing: Metallurgical
Industry Press, 2012: 293—294.

[2] OZVERDI A, ERDEM M. Environmental  risk

assessment and stabilization/solidification of zinc extraction
residue: [ . Environmental risk assessment[J]. Hydrometallurgy,
2010, 100(3/4): 103—109.

[3] ZHANG YL, YU X]J, LI X B. Zinc recovery from franklinite by
sulphation roasting[J]. Hydrometallurgy, 2011, 109: 211-214.

[4] CHEN T T, DUTRIZAC J E. Mineralogical changes occurring
during the fluid-bed roasting of zinc sulfide concentrates[J].
Journal of the Minerals, Metals, and Materials Society, 2004,
56(12): 46-51.

[5] ELGERSMA F, WITKAMP G J, van ROSMALEN G M.
Incorporation of zinc in continuous jarosite precipitation[J].
Hydrometallurgy, 1993, 33(3): 313—339.

[6] ELGERSMA F, WITKAMP G J, VAN ROSMALEN G
Simultaneous dissolution of zinc ferrite and precipitation of
ammonium jarosite[J]. Hydrometallurgy, 1993, 34(1): 23—47.

[77 DUTRIZAC J E. Effect of seeding on the rate of precipitation of
ammonium jarosite and sodium jarosite[J]. Hydrometallurgy,
1996, 42(3): 293-312.

[8] PENG Ning, PENG Bing, CHAI Li-yuan, LT Mi, WANG
Ji-ming, YANG Huan, YUAN Yuan. Recovery of iron from zinc
calcines by reduction roasting and magnetic separation[J].
Minerals Engineering, 2012, 35: 56—60.

[9] SATOSHI ITOH, AKIRA TSUBONE, KAZUYO
MATSUBAE-YOKOYAMA, KENICHI NAKAJIMA,
TETSUYA NAGASAKA. New EAF dust treatment process with
the aid of strong magnetic field[J]. ISIJ International, 2008,
48(10): 1339—1344.

[10] E4M, 32 It 8830, & %, & 7. PR ISR

be— G Mgk 0], P B A 6B R AR, 2012, 2205):
1455-1461.
WANG Ji-ming, PENG Bing, CHAI Li-yuan, LI Mi, PENG
Ning. Recovery of iron from zinc leaching residue by reduction
roasting and magnetic separation[J]. The Chinese Journal of
Nonferrous Metals, 2012, 22(5): 1455-1461.

[11] LI Mi, PENG Bing, CHAI Li-yuan, PENG Ning, YAN Huan,
HOU Dong-ke. Recovery of iron from zinc leaching residue by
selective reduction roasting with carbon[J]. Journal of Hazardous
Materials, 2012, 237/238: 323-330.

[12] 4k, REHFREILR S LD hEH GRS
R, 2004, 14(S1): s52—s62.

JIANG Ji-mu. Status and sustainable development of lead and



1986

hEA SR R

201547 A

[13]

[16]

[17]

zinc smelting industry in China[J]. The Chinese Journal of
Nonferrous Metals, 2004, 14(S1): s52—s62.

STREET S, BROOKS G, REILLY L, WORNER H K.
Environment and other bath smelting processes for treating
organic and ferrous wastes[J]. Journal of the Minerals, Metals,
and Materials Society, 1998, 50(4): 43—47.

JAEEG. KA AUSMELT HEARAL P R M P H v TR 4R
W[CY/ER )\ 4 B BV EER G AR 7 B K™ il B 2 AR 2518
SR WO E (g m A, 2001 133-137.

ZHOU Jian-guang. Discussion of dealing with the conventional
by AUSMELT
technology[C]//Academic Essays of the Eighth National Annual

wet smelting zinc leaching residue
Meeting of Lead and Zinc Metallurgical Production Technology
and Product Application, Shaoguan: Nonferrous Metals Society
of China, 2001: 133-137.

MEsy, WM, TWis, SUBA, KR, R ERE 1
HEGSFAER]. T EA AEE%R, 2015, 25(1): 250-257.
YANG Hui-fen, JIANG Bei-ping, WANG Ya-yun, YUAN
Xiu-xing, ZHANG Ying-ying. Direct reduction effect of coal
slime on zinc-leaching residue[J]. The Chinese Journal of
Nonferrous Metals, 2015, 25(1): 250-257.

B, EbAE, SRIRK, BB KRR B AL
LA EED]. DR TR, 2011, 11(1): 56-60.

XUE Pei-yi, JI Shao-hua, ZHANG Yi-fei, WANG Xin-wen.
Recovery of valuable metals by leaching of roasted jarosite
residue[J]. The Chinese Journal of Process Engineering, 2011,
11(1): 56—60.

. PG R S B B R ST (D). Kb
TR R, 2013: 5-13.

(18]

(19]

(20]

(21]

[22]

(23]

(24]

LI Mi. Fundamental research on selective reduction of zinc
calcine and separation of zinc and iron[D]. Changsha: Central
South University, 2013: 5—13.

MACKEY P J, CAMPOS R. Modern continuous smelting and
concerting by bath smelting technology[J]. Canadian
Metallurgical Quarterly, 2001, 40(3): 355-376.

SARK. BRAeIM]. K¥b: PEERA AR AL, 2004: 71-86.
PENG Rong-qiu. Metallurgy of lead[M]. Changsha: Central
South University Press, 2004: 71-86.

X RE b A B R R 1 el B SR A SR
J[D]. Kb PRINY, 2014

LIU Qun. Research on high-temperature desulfurization and
carbon-thermal reduction of lead-zinc metallurgical slags for
metals recovery by bath smelting[D]. Changsha: Central South
University, 2014.

WK, B O B0 &ML 6 ¥h4a Tl R,
1998: 305-311.

DAI Yong-nian. Vacuum metallurgy of non-ferrous metals[M].
Beijing, Metallurgical Industry Press, 1998: 305-311.

BARIN I, PLATZKI G Thermochemical
substances[M]. Weinheim: VCH Verlags Gesellschaft, 1995.

KNACKE O, KUBASCHEWSKI O, HESSELMAN K.

data of pure

Thermochemical properties of inorganic substances[M]. 2nd ed.
Berlin: Springer-Verlag, 1991: 1114-2412.

LEE J J, LIN C J, CHEN H K. Carbothermal reduction of zinc
ferrite[J]. Metallurgical and Materials Transaction B—Process
Metallurgy and Materials Processing Science, 2001, 32(6):
1033—-1040.

(4miE  FHL)



