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Reaction behavior of pyrite during Bayer digestion at high temperature
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Abstract: Based on the thermodynamic analysis of the reaction between pyrite and sodium aluminate solution, the effects
of digestion temperature and composition of the sodium aluminate solution on the reaction behavior of pyrite were
investigated by the analysis of contact angle, X-ray diffraction, infrared spectrum and scanning electron microscope—
energy dispersive spectrum. The decomposition process of pyrite was also discussed. The results show that the reaction
rate of pyrite increases with the increase of the temperature and the free caustics concentration in aluninate solution to
produce Fe,Os, S* and SO,* as the main final products. The sulfur dissolution percentage reaches above 90% after
reaction of 1 h under the Bayer process. The iron-hydroxyl complexes are generated firstly by the reaction of OH of
sodium aluminate solution and Fe*" of the pyrite surface, then the complexes detach from the surface of pyrite, which
leads to a layer of sulfur-rich compounds. Finally, the sulfur enters into the solution in the form of $*” and SO,* .
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Fig. 1 XRD pattern of pyrite
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Table 1 Chemical reactions of pyrite with sodium aluminate

solution
) . . Serial
Chemical reaction equation
number
FeS,+20H =Fe(OH),+S,> (1)
FeS,+15/40H =1/2Fe,05+7/4S% +
1/85,05> +15/8H,0 @
FeS,+11/30H =1/3Fe;04+5/3S8* + ®
1/65,05> +11/6H,0
FeS,+8/30H =1/3Fe;04+2/38% +
2/38,> +4/3H,0 @
FeS,+30H =1/2Fe,05+3/28% + )
1/28+3/2H,0
S,7 +3/20H =3/28* +1/4S,0:* +3/4H,0 (6)
S+20H =1/3S0,% +2/38* +H,0 (7
$,05% +20H =2/3S* +4/3S0,% +H,0 (8)
$,0,% +20H =8* +S0,* +H,0 )
Na,S+1/2Fe,05+5/2H,0=1/2Na,[FeS,(OH), ] 10)
2H,0+1/2Fe(OH),+NaOH

Nazsz+F€(OH)2+2H20:NaZ[FGSZ(OH)z]2H20 (1 1)
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Table 2 Thermodynamic data of different compounds!*?!

Compound AHZ%S! AGE: ! i/
(kJ-mol ™) (kJmol™)  (Fmol K™

FeS, —178.20 -193.97 52.93

Fe(OH), —587.00 -613.22 88.00

Fe,O3 —824.25 —850.29 87.40

Fe;04 -1 118.38 -1161.93 146.15

S 0 =50.01 167.82

Cp y05 =a+bX 10 THeX 10T +d X 10 °T*

R3O AR TR

Table 3 Thermodynamic data of various ions in solution!'”

on —AGS,/ 59/ c}?’zgg /
(kJ-mol ") (Fmol "K™)  (Jrmol 'K

S, -79.50 28.50 -53.60

s —85.80 —14.64 -52.16

$,05* 513.72 37.24 23.25

SO5™ 486.52 -29.29 -92.33

SO 555.15 17.57 -10.91
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Fig. 2 Relationship between AG and T for reactions (1)—(5)
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Fig. 4 Sulfur dissolution percentage curves at different
temperatures (p(NaO,): 230 g/L, a,: 3.0)
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Fig. 5 Sulfur dissolution percentage curves at different
caustic ratios (p(Na,O,): 230 g/L, temperature: 260 ‘C)
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Fig. 6 XRD patterns of products from pyrite at different times
(p(Na,0,): 230 g/L, a,: 3.0, temperature: 260 ‘C, addition of
pyrite: 10 g/L): (a) 10 min; (b) 20 min; (c) 30 min; (d) 60 min



233

AR, A FEHOR IR A PE R BB IR RONAT 833

T FIBR AL E0(1 000~1 150 cm™' A1 830.07 cm ™). H i
JKHJ—OH(1 630.10 A1 3 376.29 cm ")Hl Fe—OH—Fe
(IR TS, LRI s[RI, 1 492.29 em™
Ak PRI WS 7 204 A 22 iy o 1E 8 BT Dk AEDRE VL )
BN SRR A R NS R AL . B 8 T
LB, RV 10 min J&5, AR H BT Wi,
I F=Ph O 2 I Fe,O5 FIEKFRFAL A WML i i,
YA G S SO o Y 60 min Ji, BRIV HE A
% 90.65%, TIHA SR FHW T AEAE ST(1 426.16
em DA SO, (1 143.03 om )R I, o,
SO [ WL I I B0 BE A 55 Ut W% 0 N\ W59 J 2 2 LA
S* FI/D I SO TaA7F(E . HHLIAMAT X Sk fiT i
TEASHTRTAN, SR AR RN S N R AR I B
BRALSE S OH & N AR A AL R RV PR A

©
=
al
=
=
o

1600 1 4|00 1 2|00 1 OIOO 8(|)0 6(|)0 400
Wavenumber/cm™!

B 7 AN SN TR] R BERAT SN - I 2L A1 1

Fig. 7 FTIR spectra of products from pyrite at different times

(p(NaO,): 230 g/L; a,: 3.0; temperature: 260 C; addition of

pyrite: 10 g/L): (a) Pyrite; (b) 10 min; (¢) 30 min; (d) 60 min
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Fig. 8 FTIR spectra of sodium aluminate solution at different

times (p(NayO,): 230 g/L; a. 3.0; temperature: 260 C;

addition of pyrite: 10 g/L): (a) Without pyrite; (b) With pyrite at

10 min; (c) With pyrite at 60 min
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Table 4 Average contact angle of products at different times

Time/min 0 10 20 30 40 60

Contact angle/(°) 559 97.7 86.4 77.5 68.6 625

(p(Nay0,): 230 g/L; a: 3.0; temperature: 260 ‘C; addition of pyrite: 10 g/L)
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Fig. 9 SEM images of products from pyrite at different times: (a), (b) 0 min; (c) 10 min; (d) 30 min
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Table 5 EDS analysis results of products from pyrite at

different reaction times

w/% x/%
Element
0 10 min 30 min 0 10 min 30 min
S 37 50 23 49 67 29
Fe 34 49 59 25 36 43
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