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A study on the lithium extraction from the clay-type lithium ore by
using the activation-roasting and water leaching technique
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(School of Minerals Processing and Bioengineering, Central South University, Changsha Hunan 410083, China)

Abstract: With the increasing demand for lithium resources, the development technology of clay-based lithium ore has
become the focus of attention in the industry. This paper takes a clay-type lithium deposit in Yunnan as a case study. For
example, the utilization of lithium resources in clay-type lithium ore is realized through thermal-chemical activation
roasting and water leaching of lithium. In this paper, the hot chemical activation roasting of clay lithium ore is studied.The
effects of additives, calcination temperature and time on the extraction of lithium were investigated. The effects of leaching
temperature, time and liquid-solid ratio on the activated product water were investigated.The process of dissolution and
diffusion of soluble substances in water leaching was analyzed. The amount of sodium sulfate is 30%, the roasting
temperature is 700 °C, and the roasting time is 60 min.Under the conditions of 60 min, leaching temperature and leaching
time were 30 °C and 1 min respectively, and the liquid-solid ratio was 1 mL/g, the leaching rate of lithium was 89%. The
XRD, XPS and TOF-SIMS analytical results of the calcined samples show that the clay-type lithium ore had reacted with
lithium chlorite, kaolinite and montmorillonite to have produced sillimanite and albite through the action of sodium sulfate,
and the lithium in the ore has been converted into the soluble lithium sulfate. Based on the time-of-flight ion mass
spectrometry and XPS analytical results, the extraction mechanism of lithium from the ore has been explored. The
thermochemical action of the clay-type lithium ore led to the collapse and defects of structures of silica-aluminum minerals,

then resulted in the formation of soluble lithium sulfate through the reaction of free lithium on the surface from the structure
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of mineral, and the additive of sodium sulfate. The green and efficient extraction of lithium has been realized through the
dissolution-diffusion of lithium into the solution in the water leaching process of the clay-type lithium ore.
Keywords: clay-type lithium ore; thermochemical activation and roasting; sodium sulfate; the leaching of lithium by

water
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Table 1. Result of chemical compositions of the clay-type lithium ore

Li Ga SiO, AlLOs Fe,0; K,O TiO, Na,O MgO CaO LOI

1300 990 31.86 40.06 9.24 3.02 2.05 0.04 0.57 0.08 12.96
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Fig. 1. The XRD pattern of the clay-type lithium ore
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Fig. 3. Schematic diagram for the thermochemical activation and roasting-water leaching process of the clay-type lithium ore
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Fig. 5. Effects of roasting temperatures on the leaching efficiency
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Fig. 6. Effects of roasting time on the leaching efficiency
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Table 2. Possible reactions in the SiO,-Li,0-Al,0;-Na,SO, system and the corresponding ArGm-T equations

NO. Reaction equations AG%/(kJ-mol )
(1) Na,S0,+Li,0=Na,0+Li,SO, 134.09-0.0037¢
) Na,S0,+1/3A1,0;=Na,0+1/3A1,(SO,); 380.47+0.0314¢
3) Na,S0,+Si0,+Li,0=Na,SiO;s+Li,SO, —106.13+0.0280¢
4) Na,S04+Si0,+1/3A1,0:=Na,SiO;+1/3Al,(SO.); 140.25+0.0631¢
%) Na,S0,+6Si0,+Al,0;+Li,0=2NaAlSi;Og+Li,SO, -262.76+0.0965¢
(6) 2AI0(OH)=A1,05+H,0 29.78-0.1622¢
(7) Si0,+AL,0,=A1,Si0; —13.01+0.0274¢
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Fig. 9. The change of the standard Gibbs free energies of the reactions with temperatures in the Si0,-Li,0-Al,05-Na,SO, system
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Fig. 10. The XRD spectra of roasted samples under conditions of different sodium sulfate dosages (a), different roasting

temperatures (b), and different roasting times (c)
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Fig. 11. SEM BSE images of the raw ore (a), roasted sample (b) and leaching residue (c), and SEM mapping images of the roasted sample
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Fig. 12. The TOF-SIMS mapping images of lithium of the raw ore (a), the roasted sample (b), and the XPS spectra of lithium of

the roasted sample (c)
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