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Fig. 1 Solution state diagram!'”: S—Stable area; M1—First
metastable zone; M2—Second metastable zone; L—Unstable
region; 0—Solubility curve; 1, 2—Boundary curves of first and
second metastable regions

ORI T B T, SR RERA: 58—
NhasE X, AR ARSI, 4 i B R R A
R NRREX, HHRBZATRE, HEZAGE R
I I A, AR AT ORI A (8K K 5 1) )
AreRA; EAREX, 4idmS EITih.

BRUHN 257830 R I 2k e /K Hh 1 5
JE WA R FE I T R A R BRI N, JRAE 55~65 T2
A B KM, SIRFEAR ST F, VIR SRR
HASEGAWA Z5UIF 58 AN [R] 35 B FOBR R TR 55 T i R I
BRIV R 5IRFEI O R (LK 2). BREREE AR BREE 1)
A AP 5 T P P Ak A K P PR AR B A AR B PR R,
FREEAEL) 70 “C AR IE B R AL, 248 4k T v
I, BREREE AR B AW AR, REREEIIAMRE S
BERRAE ), RS AR R 55~65 C
ZIMIEBIR KA, MBI R, BRI IR
SARWIEAL, MRS NEEESRENXARLE
4P, SUSRT 6T A B IR 1T R ZnSO,.
FeSO4. MgSO, MVl FEFRAG, 7E Myl T /K v
ZnSO4~ FeSO4. MgSO, 45 fUTiE W) 3 BN — /KB IR
e RIETR PRSPV EPYEE RN, B
B BEILAEEE, R RSN R S EE IR
Ao TEZ TUBRER Bh A 22 A I N B R A 52 B e 6 1) 48
eI, O BRR BRI A

HASEGAWA % Wit 58 £ W . 16 = ik &
FeS0,-ZnS0,-H,S0, fil FeSO,-MgSO,-H,S0, 1, %
PR B3I, BRRR Wk VAR P T v . TEPRFE — 52 1)
N, BEEET RS TR IR T, R
P2 0K (R A AR BE BB 2 A /EDUJC R FeSO4-ZnSO,-
MgSO,-H,S0, 11, Bl BREEKISG AN, BRI Wk )V A
2 Thi . (ERREE— @R, B BES T
N FEAR 7 B 2 IV 2 PR T A

80 | —=— (O mol/kg
P —e—0.10-0.12 mol/kg
2 6ol ——(0.25-0.29 mol/kg
N —v—0.48-0.52 mol/kg
= 40f
o
2
= 207
=
o
3!
0 L

120 140 160 180 200 220
Temperature/C
B 2 B R Bk AE AN 7] Bt R R B S PR VA At 5 0 B 1) oK%
0]
Fig. 2 Relationship between solubility of ferrous sulfate and

temperature at each sulfuric acid concentration!"
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Fig. 3 Relationship between solubility and temperature of

magnesium sulfate!'”?
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Fig. 7 Effect of crystallization time on crystallization of
ferrous sulfate under high temperature system: (a) Effect of
time on ferrous concentration; (b) Effect of time on
crystallization rate of ferrous sulfate (Conditions: p(Fe®")=30

g/L, p=1.6 MPa, 300 r/min, pH=3)
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Fig. 8 Effect of temperature on crystallization of ferrous

sulfate under different ferrous sulfate concentrations: (a) Effect

of temperature on ferrous concentrations; (b) Effect of

rate of ferrous sulfate

(Conditions: p(Fe*"=30 g/L, p=1.6 MPa, 300 r/min, pH=3)
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Fig. 9 Effect of interaction between FeSO, and ZnSO, on

sulfate crystallization rate under high temperature system

(Curves a and b are crystallinity of ferrous sulfate, curves ¢ and

d are crystallinity of zinc sulfate)
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Fig. 10  Effect of temperature on crystallization of zinc sulfate
under different zinc sulphate concentration: (a) Effect of
temperature on zinc ion concentration; (b) Effect of
temperature on crystallization rate of zinc sulfate (Conditions:

p(Fe*)=30 g/L, p=1.6 MPa, 300 r/min, pH=3)
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Fig. 11 Effect of temperature on crystallization of ferrous

sulfate under different zinc sulphate concentration: (a) Effect of

temperature on ferrous concentration; (b) Effect of temperature

on crystallization rate of ferrous sulfate (Conditions: p(Fe®")=

30 g/L, p=1.6 MPa, 300 r/min, pH=3)
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Fig. 12 Effect of interaction between FeSO, and MgSO, on
sulfate crystallization rate under high temperature system
(Curves a and b are crystallinity of ferrous sulfate, curves ¢ and
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Fig. 13  Effect of temperature on crystallization of magnesium

sulfate under different concentrations of magnesium sulfate:
(a) Effect of temperature on concentration of magnesium ions;
(b) Effect of temperature on crystallization rate of magnesium
sulfate (Conditions: p(Fe*")=30 g/L, p=1.6 MPa, 300 r/min,
pH=3)
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Fig. 16 Effect of temperature on crystallization of zinc sulfate((a), (a")), magnesium sulfate((b), (b’)) and ferrous sulfate((c), (c')) at

different concentrations of zinc sulfate and magnesium sulfate: (a), (b), (c) Effect of temperature on zinc ion concentration; (a’), (b’),

(¢') Effect of temperature on crystallization rate of zinc sulfate (Conditions: p(Fe*")=30 g/L Fe**, p=1.6 MPa, 300 r/min, pH=3)
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Crystallization behavior of multi-sulfate system of iron, zinc and
magnesium in high temperature aqueous solution

LIU Hui-yang, DENG Zhi-gan, WEI Chang, LI Xing-bin, LI Min-ting, WANG Chang-yin, ZENG Tao

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

Abstract: The effects of different sulfate concentrations on the crystallization of ferrous sulfate, zinc sulfate and
magnesium sulfate were investigated through investigating the crystallization behavior of zinc, iron and magnesium in
FeS0O4-ZnS0O4-MgS04-H,SO, system. The results show that the solubility of ferrous sulfate, zinc sulfate and magnesium
sulfate decreases with the increase of temperature. When the concentration of ferrous ions in the initial solution is
changed, the sharp decrease interval of ferrous sulfate (160—180 ‘C) remains unchanged. The presence of zinc sulfate and
ferrous sulfate increases the crystallization rate of magnesium sulfate, the presence of magnesium sulfate and ferrous
sulfate increases the crystallization rate of zinc sulfate. When the temperature is lower than 160 “C, the presence of zinc
sulfate and magnesium sulfate increases the crystallization rate of ferrous sulfate, when the temperature is higher than
170 C, it decreases the crystallization rate of ferrous sulfate.

Key words: ferrous sulfate; zinc sulphate; magnesium sulfate; solubility; crystallization; temperature
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