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Thermal Decomposition Kinetics and Mechanism of Sodium Sulfate with Nickel Laterite Ores
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Abstract: The thermal decomposition of Na>SOs and nickel laterite was investigated by thermogravimetry coupled with mass
spectrometer (TG-MS) and X-ray diffraction (XRD). The evolution of the thermal decomposition gas composition was detected by mass
spectrometry. The results indicated that the thermal decomposition process of Na2SOa/nickel laterite can be divided into five stages: the
evaporated of the free water (37~152 °C), the dehydroxylation of the goethite (238~278 C), the dehydroxylation of the lizardite and
kaolinite (554~602 C), the dolomite decomposition (892~914 C) and the decomposition of Na2SO4 (1241~1286 ‘C). The main volatile
products of the pyrolysis are H2O, COz and SO». According to the Coasts model, the decomposition of nickel laterite with Na>SO4 can be
described by one first-order reaction. The mechanism of Na>SOu/nickel laterite thermal decomposition may be Na* replaced Ni?*, which
is an isomorphic host in the lattice of (Ni,Mg)2SiO4. Ni?* was released and reacted with O?~ to form NiO, which facilitated nickel
enrichment through the process of reduction roast-low intensity magnetic separation.

Key words: nickel laterite; Na2SOa4; thermal decomposition; kinetics; thermogravimetry coupled with mass spectrometer
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Table 1 The main chemical composition of the studied laterite

Component TFe TNi Cr,03 AlO4 CaO

MgO SiO, P,0;s MnO, Co Loss on ignition

Content/wt% 24.14 1.26 1.08 3.15 1.46

14.58 29.36 0.018 1.46 0.065 12.95

a.Mg,Si,0,(OH),
b. FCOOH
¢. ALSi,0 (OH),
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Fig.1 XRD pattern of raw nickel laterite ore
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Fig.2 TG-DTG curves of nickel laterite/Na>SOs thermal
decomposition
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Table 2 Characteristic parameters of nickel laterite/Na2SO4
thermal decomposition

Temperature/'C (dWi/df)max Peak temperature,

Stage — - . o
Initial, T} Final, Ty /(mg/min) T,/ C

1 37 152 -0.1184 84

2 238 278 -0.1177 268

3 554 602 —0.0562 573
4 892 914 —0.0556 897
5 1241 1286 —0.1368 1252
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Table 3 Kinetic parameters of thermal decomposition of laterite/Na>SO4

Stage Temperature/C Conversion rate, x/% Activation energy, £/(kJ/mol) Pre-exponential factor, 4/min”! Related coefficient, R
2 238~278 9.88~17.50 66.35 2.77x10° 0.9968
3 554~602 29.57~34.19 109.58 1.43x10° 0.9939
4 892~914 41.50~43.68 108.50 2.58%10° 0.9930
5 1241~1286 89.09~99.24 91.37 4.14x10° 0.9832

3.3 411187 5Na SO LM ARHIRIRTT

N B LR RS R R A A,
Na,SOs 54 LRI TRA YT 84, 268, 573 F1 897 C F1E
it 100 mL/min ] Ar S5 RGE 4 b, KSR IdEAT
XRD s, SR 3. 76 25~1300 CIEE N TG iz
EHEL S AHERKRELRE, FEa L8RS
Na SO, L ARTFE 73 5 AP B: 28 1 BBt 37~152°C,

2
wvI
£
Q
2
=
=
*MgO  Y(CaMg)(CO,),  ASiO,
v (MgFeNi)Si,O(OH),  ©Fe,0,  ©oNaSO,

* (Fe.Ni),Si0, %(MgNi),SiO, £ ALSI,0,(OH),
1 L 1 L 1 L 1 L 1 L 1 L 1

10 20 30 40 50 60 70 80
20°
K3 ZLE 5 NaxSO47E Ar U IR AR XRD 1
Fig.3 XRD patterns of nickel laterite/Na2SO4 roasting in Ar at
different temperatures
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Fig.4 MS spectrum of H2O during thermal decomposition of
nickel laterite/Na2SOs
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Fig.5 MS spectrum of COz during thermal decomposition of
nickel laterite/Na2SO4
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