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Fig.1 Final energy convergence of jarosite
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Table 1 Major chemical composition of jarosite residue

Zn Fe CaO S Pb Na K
6.37  29.37 1.17 9.23 1.36 0.59 0.34
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Fig.3 XRD patterns of jarosite residue
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Fig. 4 Particle size distribution of hematite seed crystal
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(a) 160, 180 and 200 C; (b) 220 and 240 C

SYUETE R, SRR AT I ] B0 7E 220 CHY, Bk
WAL 95%, BRbA Rt 80%[#1K N 17%, F
FEAC S N SE R, 7 B Tt o DN T PR S AR AL IR B
TR BRI e AT 1) £ BV A SO AR BRRES

F6203

KFe,SO,(OH),
NH,4Fe;(SO,),(OH),

200 C

47 48 49 50 51 52 53
20/(°)

Bl 7 160. 170 F1200 CHALE [ XRD 780K K

Fig. 7 XRD enlarge pattern of precipitates at 160, 180 and
200 C

100
(a)
80
X
o 60
&
5 —s—Conversion rate of]|
5 40r jarosite residue
A —e—Residual rate of S
20+
—v—Fe,0; content in precipitates
0 160 180 200 220 240
Reaction temperature/C
100 5
(b)
—— Leaching rate of Zn R
80+ 4
Before cooling % :]o
< 23 After cooling =
® 60+ 13 “»
5n &
s o
k= 1S
S 40 7 1o &
) ’ =
~ ’ g
7 5
20+ 7 11 8
’ 5
7 O
%
0 0

160 180 200 220 230
Reaction temperature/C

B8 e M LR BRBM I e A i
Fig. 8 Effect of reaction temperature on transformation of

jarosite residue



o530 B4 5 0 OB, S RIIEREEHE RS KB R SRR AT 1123

FBREREY, H S B MEREIL., XRR TR K
PEAL RIS AR, BYERPE R e Bl AL, X
BRI AH B 24 RE RS O B 1) 23 B 45 SR AH 7

10 SR 160 CHEE & 220 Cd 2, B
EPRWIR A, RN AR RIRFE T &, BRI A
Iyfif, HATHEIZD R, R EMEH 9% RmE
87%.

T 16 B A A T LA A BR S Wk ) AR e
Ay, fEEEEAE T =k RS R 160 CTHY 6%
FZ 220 ‘CH) 69%. {HHE 8(b)rT %1, [ S4h W bl
R R AR, B AR IR, A RS B
160 CFHEZ 240 Cla, AEIFTGHALF Fe' Ik E
ZH 02 g/L FHEE 1.45 g/L, RFEIMGINE], @il h
PRI Seat a8 AR, 38 I e AR T AR T A AU PH
A R A SRR MDA R R T

3.2 R RBTE I SRR KA MR (LA R

FERSRE 220 °C L WRIE EE 10:1. HIAREREE 0.01
g/L MIFAFT, 52 SN [A] X BBV A0 R 52 o
ALY XRD BE40E 9 F1 10 Fros, #EALTE vk
BBV SR MR NEALE T Fe,0, &N
K11 fioR.

FHE 9. 10 A1 11 71, 7£ 220 'CR&M 1h 5,
TR ER LR B BRI AR AT STV R AT 2%, BRI AR
AL ZRIE 94%; GREIEK R MR Z 5 h, Bkl
HLH95%. HHILET I, KRB 1 h AL A SE
G, KR SE RIS [0 BRI A R AL ALV TP AR 5 R

0 — Fe203
\ ¢ — KFe;(S0,),(OH)s
Experimental data v — ZnFe,0,

*  Computed data

—— Errors * — NH,Fe;(SO,),(OH),
e CaSO,
* 7' 4 — PbFe,(SO,),(OH),,
' ‘: * — PbSO, 4h

10 20 30 40 50 60 70
20/(°)
B9 ARSI E A& XRD i

Fig. 9 XRD patterns of precipitates for various time

Fe203

345 35.0 355 36.0 36.5
260/(°)
B 10 AFE SRR XRD 5ok

Fig. 10 XRD enlarge patterns of precipitates for various time

— y @ . ———a—=a
90
o\o - /‘_//A
) v/r_—_——v/'—'
50
3
§ 50  —*— Residual rate of S
3 —=— Conversion rate of jarosite residue
. —a— Leaching rate of Zn
30k —v— Fe,0; content in precipitates
——————o— —e— TS o
1 1 1
) 1 2 3 4 5

Reaction time/h
B 11 S [ADR R AR e AL ) R i
Fig. 11 Effect of reaction time on transformation of jarosite

residue

M) AN TR o R TR B3 P 9T S0 06 i IS 2 N ) ) S8 K T 328 20 Dk
55, R4 h JEEREREFIAHAT R SE AT G, BRR
ZH 68%T = & 87%, FHAWE TR S B 56% T
2 69%, R UIFEAGIE TR B BRI AR 2 A AT 2k
FREEWIAR 43 i T K o

3.3 RE LRI AN PR AT

TER MR 220 °C . RSEFE] 4 hy HILEEREE 0.01
g/L MR, B8R E LA kDL 51 It om, #61k
B XRD U 12 fros, Bk A, 2R
AR BER RN AL T Fe,O5 SR WA 13 oK.

HE 12 113 mTA, Sy E G 501 Fhm & 3001
I, XRD 1% &7 b Bk AR S LA A T S U 32
IS E IR, BRI 90%THm 2 96%: (H#:



1124 hEA O RYR

2020 45 A

°— Fe,0O
x  Computed data 2
Experr)imental data ° KFey(80,),(OH)
—— Errors 4 — CaSO,

4 — PbFey(SO,),(OH),,
* * — PbSO,

v — ZnFe,0
" 5 24 25:1
A A o v
o * o e oo
sk ¥ v°

) I

x
o 20:1
i s i1l i
° 5:1
* v
A A o
° ¥ *: iv i vo 0!0!
10 20 30 40 50 60 70

12 ASFEEE bR E AL XRD 1
Fig. 12 XRD patterns of precipitates for various liquid-solid

ratios
- —

ool " —
X 70+
]
50
i)
=
8 50+ Resi
= —e—Residual rate of S
~ —=— Conversion rate of jarosite residue

—a— Leaching rate of Zn
301 —v—Fe,0; content in precipitates
10 L L L

5 10 15 20 25 30
Liquid-solid ratio/(mL-g™)

13 I BT R AR e AL 1 B

Fig. 13 Effect of liquid-solid ratio on transformation of

jarosite residue

W IR & B AR MR AR RE L 5:1 Th
£ 20:1J5JIBHIE R, Z it — PR bR AR,
X T A AR R R R BRI B 5 e AL R B L ]
R, I 12 B, BRI R OK kR
YRR BT S 06 56 3800 k38 IF T 2K, 2 ) AR TR EE oA
25:1 I 3B, T EUFIR AR N PR AN AL iRk
L0 R

3.4 FIAER R XL K A RS (L Y 220
TE NI E 220 “C BESTE] 4 hy YRIELE 10:1
FIZAETR, B2 T VIUHER X A AL e . 3%

AL XRD #0114 FoR, HAGB TR E R Bl
AR, PR R AEAE S Fe,0; WA 15 A,

HIP 14 A1 15 77401, WIRARREEH 0.01 g/L #in=E
5¢/L, BRRHERE 87%F A 92%, BBl
B SR R B 2 LT ARFEAAS s VIR IR L IA
15¢/L Ja, 4k&:FbmReE, AR A REARE
IR S BREREEYIAH, TR B R T, B R
B AR 2R BRK. ATOL, WIURER BRI K A AL
SRR, TR O RN, R R
EUIEHIEZRREZ A

(a) °— Fe,03
* — KFe;(80,4),(OH),
a— CaSO
*x  Computed data &
Experr)imental data * — NHiFe3(SO4),(OH)g
—— Errors * — PbSO,
v — ZnFe,0,
¥ 4 — PbFey(SO4)4(OH),,

o»

10g/L

Jé 0.01g/L
* A [}

A " ) o 0©
ke 4 L: A

o
_
10 20 30 40 50 60 70
20/(°)
(b) °— Fe,0;
¢ — KFe;(S0,),(OH),
s — CaSO,

*x  Computed data * — NH,Fe;(SO,),(OH);
Experimental data » — PbSO,

—— Errors v — ZnFe,0,

4 — PbFey(SO4)4(OH),,

25¢/L

*
o

° 15g/L
oZ s o 2 00
ek ;

10 200 30 40 50 60 70
20/(%)

B 14 AS[FEWIRER I AL XRD 3
Fig. 14 XRD patterns of precipitates for various acidities:

(a) 0.01, 5 and 10 g/L; (b) 15, 20 and 25 g/L




#3055 5 S0, B WEIREHE R KO R B SR RAAT 1125

100

60 -
—e—Residual rate of S
—s=— Conversion rate of

40 jarosite residue

Percentage/%

20+

—a—Leaching rate of Zn

—Iv—FeZO3 content in prec;lpitates .

0.01 5 10 15 20 25
Acidity/(g-L™")

B 15 IR N Bk He A iR 5 R

Fig. 15 Effect of acidity on transformation of jarosite residue

3.5 @SB KR MR LRI RN

TEJR N 220 'C JSIEF[A] 4 hy 3E[E B 10:1,
WIGEERFE 0.01 g/L &AM, DL Fe,05 fE S dinfl, it
Eb 0. 5 F1 10 g/L @ik BEXHERBA AL sz e, 5
XN 0 h(IREEIE ] 220 CHEFFAATHI)FINH 1 h(in
A (183+2) C)FFATHURE, FeAE ) MKl 16 B
N, ANEBE] S AS[E] SRR A XRD 1 G &
17 B, AN [ i o P o R 7 A 1) e W 45 SR 1S
18 A1 19 fizs.

HE 16 AIAL N SEMOE B SRR EES, B4k
B RAEL A, BRI SRR 3 G L

Crystalline
centration

Reacting Reacting Reacting
for 1 h forOh for1h

.
TE Oh 1h

0g/L .

3 P
-
-nq

5g/L 1h Oh 1h
10g/L ——

16 AN[R] P IA FEE F) e A 2 WL IR
Fig. 16 Macro graphs of precipitates for various crystalline

concentrations

(a) °— Fe,05
* — KFe;(S0,),(OH),
*— PbSO,
" v— ZnFe,0,
Experimental data * — POFe(SO)(OH)
—— Errors 4 — CaSO,
*— NHyFe3(SO4),(OH)g

10g/L

®) LI
o €,05
*x  Computed data e — KFe;(SO,),(OH),

Experimental data « — PbFe,(SO,),(OH),,
— Errors

+ — PbSO,
§a as—CaSO
I° itk 10g/L
ox 2 o 9 0o
T N
M
93 Sg/L
ox *l A o |9 00
s Ly e
5
A 0g/L
ok *l F o ¢ 00
i Abs N O Y - AL

10 20 30 40 50 60 70
20/(°)
B 17 AFE SRR EELE R 0 h A1 4 h ({54 XRD 1
Fig. 17 XRD patterns of precipitates after reactions of 0 h and
4 h for various crystalline concentrations: (a) Reaction of 0 h;

(b) Reaction of 4 h

IR, o XRD RS RalE 16 fior, BEE SRR E
RAR S g/L, HABEFHLRUYIMEEEH 46%MHFKE
30%, ARFPETIIASITR 7 ERBUIAR AL o

SN 4 h (AL XRD FIoc A AT 41, 0. 5
A1 10 g/L SFPIREE R B RN 94.8%10.7%,
T ik BR R ANERR R SR AR, A R 14
S N SRR A S, BHRLE Dsy 40N
1.84. 2.06 F1 1.82 pm, BRI d A2 e T B B Tk
FE, NIRRT, XN AT IIRERE . bR
FE XS TERE A o



1126 hEA O RYR

2020 45 A

(a) Jarosite content in precipitates
Fe,O; content in precipitates

i
S
T

N
S
T

-
N

(98]
(e}
T

7

.

N

Content in precipitates/%

—
(=]
T

0
0 5 10
Crystalline concentration/(g-L™")
100
®)= :
80 F —e— Residual rate of S
—s— Conversion rate of jarosite residue
© —v— Leaching rate of Zn
i?n 60 - —v— Fe,0; content in precipitates
8
=
3 ‘//
5 40
a
20 L .
0 0 5 10
Crystalline concentration/(g-L™)
18 F AR EERT SR 0 h A 4 h FRIBRBILIE % A Y 5 )

Fig. 18 Effect of crystalline concentration on transformation

of jarosite residue after reactions of 0 h(a) and 4 h(b)

24
——0g/L
——5g/L
S8t ——10gL
g
=)
g
12}
2
=]
2
86
72]
0 - ' , . :
1070 100 10! 102 10°

Size/um

B 19 AFESFIRET KB4 h FIFEGE FRAR A5 E
Fig. 19 Particle size distribution of precipitates after reaction

of 4 h for various crystalline concentrations
= A 2hgd
4 LZEFHIW

IR DR R S S IO A5 R . BRI AT A K A
F M AR, R RNIRE 220 'Cy M

] 4 hy WA L 10:1. HILEEREE 0.01 g/L HASN & A )
FU TSI T AR T

X EF A A SR AL AT LRSI,
20 FT7R; X EL R S5 35 AL 7E 900~1300 cm ' ¥ [
A SO; Mk, ZRALAT S5 SO I Ak &
YMEE T BIRFRVERRAC, MidFEsh R AR, ik
HIEA R 2R RS T E 2R AR AL
RARERET, W A SO5 AR AN TR 1 45 AR R Y
SO KR ARk sE, H I 1095.50 cm™ 4bHIWR UL
W90, [ p P 21 22 TR, ZRBLEE N O 1s RRAEIE
SRR, BRI TR 531.59 eV 404 CaS0,4-2H,0 45 ik
FFAENE, 28K AR FRE AL R EAE T 530.06 eV AL
Fe,O; FHFEIERY, 454 5640 ) XRD 3 (UL 23) AT
1, ZOKIAEELE, RSO ABIERES . Bk
HEYIM, R R R EEYIAR R AR, B E R
VIAHAT S0 A0 T2 B B SR 2 BT .

1.1
—— Hematite
Jarosite residue
0.9
S \\/f
80.7 | :
=) |
g AN
g
% 05r
; 2 1202.91
0.3F 1000.99 78 32
900 1000 1100 1200 1300
0.1 L | | Vl»’avenumbler/cm'1 | 1
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber/cm™

20 BRBUARFEAAE LI

Fig. 20 FT-IR spectra of jarosite residue and precipitates

6| — Hematite 2
Jarosite residue o
5t &~
<
S
=
=4r o 2 o
=] o o
< o
~ L
> 3 = =
2
5 &)
Z N
Q 2 L &
8
= 5 &
& B a
1r 2%
]
=%

0 1 1 1 1 1 1
1400 1200 1000 800 600 400 200 0
Binding energy/eV

B 21 BB AN A I A i 4
Fig. 21

residue and precipitates

Full spectrum scanning spectrogram of jarosite



o530 B4 5 0 OB, S RIIEREEHE RS KB R SRR AT 1127

@ 531.59

532.63

526 528 530 532 534 536
Binding energy/eV

(b) 532.36

530.06

526 528 530 532 534 536 538
Binding energy/eV
22 PRHLEAEAE T O JTTHR I A KA K
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Table 2 Major chemical composition of precipitates (mass

fraction, %)

Zn Fe CaO S Pb
1.2 48.02 0.93 2.89 2.34
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Hydrothermal decomposition of hazardous jarosite residue
produced in zinc hydrometallurgy and transformation behavior of
iron containing phase

CHU Ming, LI Cun-xiong, ZHANG Peng, JI Wen-bin, WEI Chang, DENG Zhi-gan,
LI Xing-bin, FAN Gang, LI Min-ting

(Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology,
Kunming 650093, China)

Abstract: The jarosite produced in the process of zinc hydrometallurgy contains a large amount of valuable metal Zn, Pb
and associated metal Fe. Under hydrothermal conditions, the jarosite will decompose and transform efficiently, the
valuable metal will be transferred into solution, and the associated Fe will be transformed into hematite. In this paper, the
jarosite produced by the zinc-iron separation process in the wet zinc smelting enterprise was taken as the research object,
the effects of macroscopic technical parameters such as reaction temperature, reaction time, liquid-solid ratio, acidity and
crystalline concentration on the decomposition and transformation of jarosite and zinc ferrite phases in precipitates were
studied. Theoretical calculation and experimental results show that in high-temperature hydrothermal system, jarosite,
ammoniojarosite and zinc ferrite phase in jarosite slag can be effectively transformed into hematite, while the
plumbojarosite are stable and difficult to be transformed. Increasing the temperature and prolonging the reaction time are
beneficial to the hydrothermal decomposition and transformation of the phase of jarosite, ammoniojarosite and zinc
ferrite. After reaction of 1 h at 220 °C, jarosite phase transformation is basically completed, the conversion rate is 94%;
and after the reaction of 4 h, the diffraction peak of zinc ferrite phase disappears completely, zinc leaching rate is 87%,
and the transformation of precipitates in hematite content is 68%. Appropriately increasing the acidity of the system is
conducive to the transformation of zinc ferrite, but when the initial acidity of the system is higher than 15 g/L, the phase
transformation of ferrite will be inhibited. Under the conditions of reaction temperature of 220 “C, reaction time of 4 h,
liquid-solid ratio(mL/g) of 10:1, and initial acidity of 0.01 g/L, the zinc leaching rate is 89%, the conversion rate of
jarosite phase can reach 95%. Hematite is the main phase in precipitates, and its content is 68%.

Key words: jarosite; hydrothermal decomposition; hematite; transformation behavior
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