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Table 1 Chemical composition of iron-sinking slag (mass

fraction, %)

O Fe Zn S Si Ca Pb Al Mg
374 2705 1626 842 2.52 142 1.723 0.746 0.281

Cd Cu Mn Na K Ag In P Others
0.147 0.8006 0.549 1.71 0.423 0.013 0.027 0.032 0.5104
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Table 2 Phase composition of sulfur in iron-sinking slag

(mass fraction, %)

Phase composition  Sulfur content Phase occupation ratio

Sulfide 0.54 6.62
Sulfate 7.51 92.15
Elemental sulfur 0.10 1.23
Total sulfur 8.15 100
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Fig. 1 XRD pattern of iron-sinking slag
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Table 3 Chemical composition of zinc leaching residue (mass

fraction, %)

o Fe  Zn S Si Ca Pb Al Mg

40.9 8.697 4.783 1036 4.19 1.81 24.23 0.581 0.16

Cd Cu Mn Na K Ag In P Others

0.362 0.108 0.185 1.48 0.711 0.026 0.037 0.028 1.352
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Table 4 Phase composition of sulfur in zinc leaching residue

Sulfur mass Phase occupation
Phase
fraction/% ratio/%
Sulfide 0.15 1.34
Sulfate 10.7 95.54
Elemental sulfur 0.35 3.12
Total sulfur 11.2 100
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Fex(SO4)(5)=Fe;05(s)+3S05(g) (500~600 C) 5)
: =—PbSO, PbSO4(s)=PbO(s)+S0s(g) (>873.35 C) (6)

o —CaSO,(H,0),
4 —KFe;(S0,),(OH)q
. _ZnFezo4

30 40 50 60 70 80
260/(°)

B2 RPN XRD i

Fig. 2 XRD pattern of zinc leaching residue
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KFe3(SO4),(OH)g(s)=KFe(SO4)(s)+Fe,05(s)+3H,0(g)
(200~450 °C) (1)
KFe(SO4)a(s)=1/2Fe;,05(s)+1/2K,S04(s)+3/2S05(g)
(500~800 C) (2)
ZnFe,04(s)+Fey(S04)3(s)=ZnSO04(s)+2Fe,05+2S05(g)
(>530 C) 3)
ZnS04(s)=ZnO(s)+S05(g) (700~862 C) 4)

CaS04(s)=CaO(s)+S0x(2)+1/205(g) (1200~1550 C) (7)
2) bt v e
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ZnS(s)+3/20,=Zn0O(s)+S0, )
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S(H=S(g) (12)
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FEMISEFRe L, JON(8)~(10)/1) AG® ¥J/~NT 0, 1]
FEMRE KT 1000 °C 1) sl AR & o, Bt AP A0 i 1)
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Fig. 3 Relationship between standard free energy (AG®) and
temperature of Eq. (8)—(10)
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K»S04(s)=K,S04(g) (13)
K>S0,4(1)=K,S04(g) (14)
K5S04(s,1,2)=2K(2)+S0(2)+0:(g) 15)
K5S04=K,0(g)+S0(g)+1/20,(g) (16)
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Table 5 Vapor pressure data of potassium sulphate!'* %!

Temperature/  Sublimation Decomposition Total vapor
K pressure/Pa pressure/Pa  pressure/Pa
1200 0.055 0.033 0.088
1300 0.38 0.664 1.044
1400 - - 6.666
1600 - - 86.657
1800 - - 906.562
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Fig. 4 TG-DSC testing results of iron-sinking slag
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Table 6 Effects of oxygen concentration on desulfurization

rate, sulfur content and S*~ content

Oxygen Desulfurization Mass fraction/%
concentration/% rate/% St S*
10 93.58 0.83 0.59
20 93.68 0.815 0.565
30 94.37 0.73 0.49
40 94.56 0.698 0.478
50 94.57 0.703 0.483
60 94.74 0.674 0.444
70 95.61 0.573 0.383
80 95.3 0.613 -
90 94.84 0.677 -

N EETIRBEXR AR A . K5 SR & . w(Sp) M —
MBS o it wSHMREmT . [ A& h: Rrbei i
1300 ‘C. 542 1) 40 min. A&V 0.6 L/min.

HH 6 WIIL, i e B A Ok B R s Ak 5 S 3
KIGINES TEETIREE D T0%IN,  JBis 2k 21 5
KIH 95.61%, XN Sy & HESEIVN G R . ARAE
I3 T 45 A B SRR 25 H PRI IR SRR 1 2 Al mT
75 1300°C IS4 N, KR /-0 IR £5. 35 7 RS,
PR R BE NS o XS AN R IR FE AR 5
ik 5] 93.5% LA ik — 25 FAHFF

S* B AR IZ AL (10%~70%) M\ 0.59%3% /)N
31 0.383%. YUK T JC 1K BT KON R 2R
(B EBLR 92.15%) A s AR Ak 0 (R
i 6.62%) WAL . el m) BB, gl
B 3 10 B Z ] RE DU Th AL I A, BB
Ao R, B E AR SR . MR
EF] 70%)5, TR N AE TR, ST AR
B AN T I SO, PRGN AR 20 TR R T AR TR AR
i R 6 (R R 5 ) ) 2 A B, S5 B 22 9/

1300 ‘CHf, K,SO4 IZ8 TN, RikF] 86.657
Pa, K,SO4 TG H IR D — 40 N SAH . HR4E LA
T, TR IR EE N T0%, BEIS AR R A 95.63%,
Rl S & 5 0.573%.
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R T FTHN R R BE T B 26 AR e R A
MRS R [ E S5 PF: SREE 70%. Rieit
[ 40 min. &% E 0.6 L/mins

FT ORPREBON AR Sy AT 5 (R0
Table 7 Effects of roasting temperature on desulfurization

rate, sulfur content and potassium content

Roasting Desulfurization Mass fraction/%
temperature/C rate/% St Potassium
1200 95.72 0.619 0.549
1250 95.79 0.587 0.539
1300 97.66 0.321 0.52
1350 97.81 0.295 0.508
1400 97.86 0.269 0.506

HH2R 7 AL, RS beil S Uk v e e T A Bk
RO BEAG REe B T i, TR 2R I K T
F2E. BEAEURE M 1200 CTFEE) 1300 °C, Bifii R M
95.86%8 K F 97.73%, HRLEIG AR, Tifix A
TR R AR . DAL, EFERTRRIELEE N 1300 C, JhIN i
BN 97.73%, Kikel™ B Sl 0.321%.
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1200 °C Je 5% Wi f 1 4 1) 32 B DA 350 < Jm At 1R 2
Fint IR P15 AT, R B (1 JB AR 8 AL o AR 3R 3 73 T ) <2 i
R o AL 175K, 455 CaSO4. CaO,
SO, M1 O, M 24, V15T CaSO, #0rfiRY) SO,
AT, VRS R 8 A,

x8 AR T CaSO, M U SO, -7 s
Table 8 Equilibrium partial pressures of SO, in decomposition

atmosphere of CaSQ, at different temperatures

Chemical equation t/°C Pso,/Pa

1200 17.174

1250 60.595
CaS0O,=CaO+ SO,(g)+1/20,(g) 1300 196.462
1350 590.034

1400 1653.01

SNV 20 min Ji7, AT AR G R RN, FEALRRRE E .
PRI, B EINEA] 2K 20 min, IS IRk 98.14%,
Rl S B 5 0.252%.

224 SRR

R 10 FrHR ARG IR R R A
I ] AUTIREE 70%, KRR
1300 °C. 56Emf) 20 min.

H1# 10 nT 0L, B SRR B R, Wim Sk
SROGES, HIEIMIEEER AN I, R R
4 0.2 L/min, MCH BTN 98.2%, Wi /=) S
N 0.253%.

F 10 ARG ED AR AN Sy 2 KSR
Table 10 Effects of gas flow on desulfurization rate and

sulfur content

HHZ% 8 W UL, #JE 1 1200 CH 2 1400 'C, CaSO,
PRI SO, A4y e N 17.174 Pa I 2548 K 2
1653.01 Pa, JEFFmfeilt CaSO, Al ihR, 1X55K
B a5 AT . 1200 CHY SO, K740 Hs AR IR N, X
LF) 10" Ko g, SRR T CaSO, NI A4 il IV,
BB 45 B 5 POPESCU i 51 45 6 — 3%

B I P (R v, BEBR = A T 2R 0 B B
B, X5 1.2 A5 KoSO, 28 He b il 5 7t s i 384
KSR =50 Prik, #1023 N OR I & 38 hn
KoSO, F I B FE ARG n, 3 b 5 S50 25 AR A
223 KEET ]

9 FTH g REAE I TR AR 26 AR e AR
(PSR o i 58 45 P SRS 70%- KR 1300 °C
ARV 0.6 L/min.

B 9 nf UL, BHAEREBEmT I AR, A 28 1
8K, M5 min ] 20 min B, AR T 5.42%,

F 9 JEGRIN TR AR A A S & H K5
Table 9 Effects of roasting time on desulfurization rate and

sulfur content

Roasting Desulfurization Mass fraction of
time/min rate/% S1/%

5 92.72 1.04

10 95.73 0.409

20 98.14 0.252

30 98.08 0.27

40 97.76 0.315

50 98.23 0.256

60 98.76 0.184

Gas flow/ Desulfurization Mass fraction of
(L'minh rate/% S1/%

0.2 98.2 0.253

0.4 98.24 0.245

0.6 98.14 0.252

0.8 98.44 0.239

R BT, DU R e IR AL T 225084
AIKEE 70%- REFRIEIE 1300 °C. R5HEIA] 20 min.
SARTE 0.2 L/min, EBREAET, DUBREBGE
98.2%, KEkel S S EN 0.253%.

2.3 KERREHIAE L R ORGSR AE

H T R i rh i e 22 34 8 DABR R 2k ok =
BRI, FEM AT REEE L daE 2
th PbSO4, H. PbSO, [ LA I3 iR EAR T 900 °C, Jir
DI B RERE RGeS B0 Tk, DL 2.2 AT
oAl T 2B HOH T IR B v EA T 5 e B«

11 Fi N R AR DU R ERE AL T &350
NREBEHTH Fes Zn. Pb A1 S i, i, BARAK
RO, 1200 CHY L 5E A al, 1300 C & EE
WS E, P LU S 1200 AT 1250 'Co HHEE
11 A 0L, PR RSB F 20428 Fe. Zn A1 Pb 11
SAE R E] 35.65% 18.2%F1 2.18%, Ak
56.03%. fi 02 & m RS 0.253%, KRN 5
BHR &R R B 1250 CRUEN X8G4 )8
Fe. Zn Al Pb [ahA7 70l 32 a2 12.6% 7.67%FH
43.1%, SAUER] 63.37%. (HE, REER 1B R
A, 1250 “C IR B KT B A A 2.6%

R RS RO TV 2 v I EL A 2 5
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Table 11 Iron, zinc, lead and sulfur contents of iron-sinking

slag, zinc leaching residue and roasted ores

Mass fraction/%
Substance
Fe Zn Pb S
Iron-sinking slag 27.05 1626 1.723 8.15

Roasted ore of
35.65 182 218 0.253
iron-sinking slag
Zinc leaching residue 8.697 4783 2423 112
Roasted ore of zinc

leaching residue (1250 C)

7.67 43.1 2.6

Roasted ore of zinc

leaching residue (1200 C)

- - - 3.98

5 P RUTEE JKILRTERT ) XRD %, & 6 Fis
IREE S HL 1200 AT 1250 CREBED I XRD %,
5 W, VTEREA KRR IAL B, CaSO4(H,0),+
KFey(SO4)2(OH)s Ml Zn,SiO, RIS SN, ZnFe,O4
FTSRTUEAERT SR BESE R, JERRA vh E 25 ZnFe,Of —
YA B 6 1 LA Y, IR BRI RS e TiALHEL ), PbSO4.
CaSO4(H0), M1 KFes(SO4)(OH)s T 51 W 33 %
ZnFe O, ATHTEETR LG N . [FIRE, A58 IAH Sio, Fl
Pb,SOs fiT 51 B, 1200 C I HEL CaSO, AT, iX
JERA CaSO4(H,0), li/KJGA e CaSOy, 1250 CHf
CaSO, ATHHIEIN %, R CaSO, KAE T MRV «
PbO 5 PbSO, B &M Pb,SOs (A1, £ PbSO, #
IR RIEAT, XL R BTN i i e 1)
F A

7 s AT 1Y) SEM 1% M HoAH B8 ¥ SEM
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Fig. 5 XRD patterns of iron-sinking slag and its roasted ore
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Fig. 7 SEM image of iron-sinking slag and SEM images and EDS spectrums of roasted ore: (a) SEM image of iron-sinking slag; (b)

SEM image of roasted ore of iron-sinking slag; (c) SEM image of roasted ore of iron-sinking slag; (c) EDS spectrum of Fig. 7(c); (d)

SEM image of roasted ore of iron-sinking slag; (d") EDS spectrum of white rectangle region in Fig. 7(d)
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Table 12  Effects of roasting time on sulfur content of roasted

ore of zinc leaching residue

Roasting time/min Mass fraction of S1/%

20 2.6

30 1.62

40 1.5

50 1.35
3 it
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Fig. 8 SEM image of zinc leaching residue and SEM images and EDS spectrums of roasted ore: (a) SEM image of zinc leaching

residue; (b) SEM image of roasted ore of zinc leaching residue; (c) SEM image of roasted ore of zinc leaching residue; (c¢') EDS

spectrum of white rectangle region in Fig. 8(c); (d) SEM image of roasted ore of zinc leaching residue; (d') EDS spectrum of gray

rectangle region in Fig. 8(d)

8
L pbsay PbSO,(1)

=

S 6t

)

2

& 5F (PbO)4(PbSO,)(s)

o0

Pb(l)

4r PbO(l)
3 1 1 1 1 1 1 1
3 2 -1 0 1| 2 3 4

1g[p(0,)/Pa]

&9 1250 C#) Pb-S-O RLFHX K

Fig. 9 Predominance diagram of Pb-S-O system at 1250 C

KINEERE T PbSO, 7 ik AR AL, 1 & R EE s
AT e O e 1 2 B A

4) RERE RSB T 2w s HAR ALY 12.6%,
ANE AR R 00 JsURE, Il P TR R e
SEILZE A R Fey Zn A1 Pb.

5) fEbe b BT SR ER LT | IR PR IX S
FELUBR A AR s B A Mk A 48
SEH.

REFERENCES

[11  EFh, mEEA. e~ ARTF MM Jbat: B4 T



2645 1 X

%

AR DTN B AR PE AR B 221

(2]

(3]

(4]

(3]

(6]

(7]

(8]

i AR AL, 2012: 293294,

WANG Ji-kun, FENG Gui-lin. Handbook of lead and zinc
smelting production
Industry Press, 2012: 293—-294.

LI Mi, PENG Bing, CHAI Li-yuan, PENG Ning, YAN Huan,

technology[M]. Beijing, Metallurgical

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.

MRSy, WA, Elis, SUBA, KR, R ERE T
EEGEFAERD]. T EAT A4 R 5R, 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.

BEER, B, GRIRK, EHOC. Kibe-wr HEagkal
ZMAM R SR TRZR, 2011, 11(1): 56-60.

XUE Pei-yi, JU 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.

B PHRIE R IS B B I BRI S [D]. K

TR K2, 2013: 5-13.

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.

PR HAEM] Kb PR A, 2004: 71-86.
PENG Rong-qiu. Metallurgy of lead[M]. Changsha: Central
South University Press, 2004: 71-86.

xvE EE, XWE, PR, BREC, KR, B
Td JR PR tH R AR (K B0 D 22 2 AT ], P A 8 ) 2
i, 2015, 25(7): 1978—1986.

LIU Yang, TAN Jun, LIU Chang-qing, YIN Zhou-lan, CHEN

Qi-yuan, Zhang Ping-min, LIAO Zhou. Thermodynamic analysis

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

on iron-making process of zinc leaching residue by carbon
reduction[J]. The Chinese Journal of Nonferrous Metals, 2015,
25(7): 1978—-1986.

K RE A AL BT B YR R 1 e O B A SR
H[D]. K¥b: PRI, 2014: 25-43.

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: 25-43.

DROUET C, NAVROTSKY A. Synthesis, characterization, and
thermochemistry of K-Na-H;O jarosites[J]. Geochimica et
Cosmochimica Acta, 2003, 67(11): 2063—2076.

FROST R L, WEIER M L, MARTENS W. Thermal
decomposition of jarosites of potassium, sodium and lead[J].
Journal of Thermal Analysis and Calorimetry, 2005, 82:
115-118.

T, BRAE T SRR A ] o A R
224, 1997, 7(3): 56-58.

NING Shun-ming, CHEN Zhi-fei. Recovery of zinc and indium
from jarosite residues[J]. The Chinese Journal of Nonferrous
Metals, 1997, 7(3): 56—58.

SIRIWARDANE R V, POSTON JR. J A, FISHER E P, SHEN
Ming-shing, MILTZ A L. Decomposition of the sulfates of
copper, iron(Il), iron(IlI), nickel, and zinc: XPS, SEM, DRIFTS,
XRD, and TGA study[J]. Applied Surface Science, 1999, 152(3):
219-236.

POPESCU M, SIMION A, MATEI V. Study of thermal
behaviour up to 1550° of materials containing calcium sulphate
[7]. Journal of Thermal Analysis, 1985, 30: 297-303.

ELIEZER I, HOWALD R A. Thermodynamics of the
vaporization processes foe potassium sulfate[J]. The Journal of
Chemical Physics, 1976, 65: 3053—3062.

LAU K H, CUBICCIOTTI D, HILDENBRAND D L. Effusion
Studies of the vaporization/decomposition of potassium

sulfate[J]. Journal of the Electrochemical Society, 1979, 126(3):
490-495.



222 P E A 4 2R 201641 A

Roasting pretreatment of iron-sinking slag and
zinc leaching residue in zinc hydrometallurgy

LIU Yang', TAN Jun', YIN Zhou-lan', LIU Chang-qing', CHEN Qi-yuan',
ZHANG Ping-min', LIAO Zhou?, WANG Xin-hao'

(1. Key Laboratory of Resources Chemistry of Nonferrous Metals, Ministry of Education,
College of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China;
2. Zhuzhou Smelter Group Co., Ltd., Zhuzhou 412000, China)

Abstract: The iron-sinking slag and zinc leaching residue were pretreated in resistance furnace. The effects of oxygen
concentration, roasting temperature, roasting time and gas flow on the desulfurization rate of iron-sinking slag and sulfur
content of roasted ore were studied. The phase composition and changes in microstructure of roasted ores were discussed
and analyzed by XRD and SEM-EDS. The results show that the sulfur element in iron-sinking slag and zinc leaching
residue is successfully discharged as gas form. The optimum conditions of roasting pretreatment by using resistance
furnace are 1300 ‘C for 20min with oxygen concentration 70% at 0.2 L/min gas flow. Under the pretreatment conditions,
the desulfurization rate is as high as 98.2%, and sulfur content turns from 8.15% to 0.253%(mass fraction), and this meets
the requirements of low sulfur content for iron-making. ZnFe,0, is the main phase of roasted ore of iron-sinking slag, and
ZnFe,04and Pb,SOs are the main phases of roasted ore of zinc leaching residue. Generation of Pb,SOs demonstrates the
incomplete decomposition of PbSO,. This is the main reason for the slightly high sulfur content in roasted ore of zinc
leaching residue.

Key words: iron-sinking slag; zinc leaching residue; roasting pretreatment; desulfurization
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