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Abstract: The complex leaching kinetics of Baotou mixed rare earth concentrate in HCI-AICl; solution was investigated.
The effects of HCI concentration, AlCl; concentration, liquid to solid ratio, stirring speed, temperature and reaction time
were investigated. The results indicate that the concentrate leaching ratio increases with increasing the HCI and AICl;
concentrations, liquid to solid ratio, temperature and reaction time. The optimal conditions are as follows: concentrations
of HCI and AICl; are 4.0 mol/L and 1.5 mol/L, respectively, the liquid to solid ratio is 20 mL/g, the stirring speed is 300
r/min, temperature is 85 ‘C, reaction time is 90 min. The SEM-EDS and kinetic analysis show that the concentrate
leaching conforms with a new shrinking core model, in which both the interfacial transfer and diffusion through the
product layer affect the reaction rate. The apparent activation energy is 35.3 kJ/mol, the Arrhenius constant & is 419.95,
and the reaction series a, b, ¢ are 1.27, 1.21 and 1.22, respectively. A kinetic equation was derived to describe the process.
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Table 1 Chemical contents of Baotou rare earth concentrate

(mass fraction, %)

RExOy CaO A1203 F€203 P205 F

60.58 7.94 1.66 6.97 9.03 7.52
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Table 2 Rare earth contents of Baotou rare earth concentrate

(mass fraction, %)

Rare earth oxide

Total amount of Rare earth oxide

. content in . .
rare earth oxides . content in monazite
bastnaesite
60.58 45.07 15.51
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Fig. 1 Effect of HCI concentration on concentrate leaching
rate (AlCl; concentrate: 1.5 mol/L, liquid to solid ratio: 20

mL/g, stirring speed: 300 r/min, temperature: 85 C)
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Fig. 2 Effect of AICl; concentration on concentrate leaching
rate (HCl concentration: 4.0 mol/L, liquid to solid ratio: 20
mL/g, stirring speed: 300 r/min, temperature: 85 C)
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Fig. 3 Effect of liquid to solid rate on concentrate leaching

ratio (HCI concentration: 4.0 mol/L, AICl; concentration: 1.5

mol/L, stirring speed: 300 r/min, temperature: 85 ‘C)
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Fig. 4 Effect of stirring speed on concentrate leaching rate
(HCI concentration: 4.0 mol/L, AlCl; concentration: 1.5 mol/L,

liquid to solid ratio: 30 mL/g, temperature: 85 C)
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Effect of temperature on rare earth concentrate
concentration: 4.0 mol/L, AlCl;
concentration: 1.5 mol/L, liquid to solid ratio: 30 mL/g, stirring

speed: 300 r/min)
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Fig. 6 SEM images ((a), (b)) and EDS patterns ((c), (d)) of rare earth concentrate
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Fig. 7 SEM images ((a), (b)) and EDS patterns ((c), (d)) of leaching residue
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Fig. 9 Arrhenius plot of concentrate leaching
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Fig. 10 Plot of 1gK —lgc(HCl) for concentrate leaching
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Fig. 11  Plot of 1gK —1gc(AICl;) for concentrate leaching
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