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Abstract: Salt lake brine was reacted with activated aluminum-based alloys and lithium was precipitated. The effects of 
aluminum-based alloys on precipitating lithium were investigated and the reasonable alloy used to extract lithium from brine was 
obtained. The effects of the mole ratio of Al to Li and Ca content of Al−Ca alloy, the initial concentration of lithiumion ion in 
solution, reaction temperature and reaction time on the adsorption rate of lithium were studied, and the optimized process parameters 
were determined. The results show that the mole ratio of Al to Li and Ca content of Al−Ca alloy and reaction temperature have great 
influences on the precipitation rate of lithium. The precipitation rate of lithium reaches 94.6% under the optimal condition, indicating 
that Al−Ca alloy is suitable for the extraction of lithium from salt lake brine. 
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1 Introduction 
 

Lithium, which is known as new energy metal in the 
21st century, is more important in modern industry since 
lithium ion batteries are commercialized by Sony 
Corporation [1−3]. Along with the rapid development of 
new energy industry, the market demand of lithium 
increases sharply, which makes the exploitation of 
lithium resources more important. There are two kinds of 
lithium resources in nature, one is ore and another is 
brine containing lithium [4−6]. The lithium ore mainly 
contains granite pegmatite, lithium pyroxene, petalite 
lithium, lithium mica, and so on [7,8]. However, most 
lithium resources are contained in the salt lake brine. 
Until now, the amount of global lithium resources has 
been more than 100 million tons, and the content of 
lithium resources in salt lake brine is more than     
80% [9−11]. There are abundant lithium resources in salt 
lake brine in China. The amount of salt lakes located in 
Tibetan Plateau are more than 80, and the mass of 
lithium resources in these lakes are more than 6 million 
tons. 

The researches of lithium extraction technology 
from salt lake brine were carried out and a lot of methods, 
such as precipitation [12,13], solvent extraction [14−17], 
calcination leaching [18−20], electrolysis [21,22], 

carbonization [23,24], salting out method [25] and ion 
exchange adsorption [26−30], have been developed to 
extract lithium from salt lake brine. These methods 
promote the technology of extracting lithium from salt 
lake brine, and the precipitation with Al(OH)3 is 
considered to be one of the promising methods. Al(OH)3 
can precipitate lithium from salt lake brine selectively, 
and then, LiCl solution can be obtained by leaching the 
roasted precipitate with water. However, this method has 
its deficiencies, such as low efficiency of precipitating 
lithium, large reagent consumption of NaOH and AlCl3, 
and high cost of production. The aluminum and lithium- 
containing composite can be precipitated through 
decomposing the water by Al−Li alloy [31]. Inspired by 
this, the precipitate containing aluminum and lithium is 
supposed to be obtained by splitting salt lake brine with 
aluminum-based composite. If this inference is feasible, 
it will be beneficial to simplifying the technology of 
extracting lithium from salt lake brine. At the same time, 
the amount of reagent and energy consumption will 
reduce, which is beneficial to decreasing the production 
cost. Based on this idea, a new method for the extraction 
of lithium by decomposing salt lake brine with 
aluminum-based alloy was put forward. The effects of 
operating parameters on the precipitation rate of lithium 
were investigated and the feasibility of this new method 
was verified. 
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2 Experimental 
 
2.1 Precipitation of lithium  

Aluminum-based alloy and NaCl were mixed 
together according to predesigned mass ratio and then 
ground by ball crusher for some time to get the activated 
powder. Aqueous LiCl solution was added into the flask 
and then placed in the water-bath reactor controlled at 
predesigned temperature. After this step, the activated 
powder was added into the flask to react with LiCl 
solution and the aluminum-lithium co-precipitate was 
obtained. The reaction mechanism of precipitating 
lithium is shown as 
 
2LiCl+2Al+(x+6)H2O→2LiCl·2Al(OH)3·xH2O↓+3H2↑ 

      (1) 
 
2.2 Analytical methods 

The concentration of Li was analyzed by atomic 
absorption spectroscopy (AAS, Persee of Beijing, China). 
The phase structure of the substance was characterized 
by X-ray diffraction analysis (XRD, Rint−2000, Rigaku) 
using Cu Kα radiation. The microstructures of the 
products were observed by scanning electron microscopy 
(JSM−6360LV). 

 
3 Results and discussion 
 
3.1 Selection of aluminum-based composite 

Al−Ca alloy and Al−Fe alloy were selected to 
compare the performance of decomposing brine and 
precipitating lithium. The experiment conditions are as 
follows. The content of aluminum in the alloys is 70%, 
the mole ratio of Al to Li is 4:1, the reaction temperature 
is 70 °C, the initial concentration of lithium is 1 g/L and 
the reaction time is 3 h. The XRD patterns of 
decomposed products are shown in Fig. 1. It can be seen 
from Fig. 1 that, LiCl·Al(OH)3·xH2O is obtained by 
decomposing brine with Al−Ca alloy. However, the 
products obtained by decomposing brine with Al−Fe 
alloy are mainly Al and Al13Fe4, which indicates that 
Al−Fe alloy hardly reacts with brine. The morphologies 
of alloys and products are shown in Fig. 2. It can be seen 
from Fig. 2 that, the product obtained by decomposing 
brine with Al−Ca alloy shows dendritic crystal, 
indicating that Al−Ca alloy possesses an excellent 
reactivity with brine. The results of AAS show that the 
precipitation rate of lithium with Al−Ca alloy reaches 
93.6%, but that with Al−Fe alloy is only 23.8% 
indicating that most of lithium still remains in solution. 
Therefore, Al−Ca alloy is used to decompose the brine in 
the subsequent experiments. 

 

 

Fig. 1 XRD patterns of products obtained by decomposing 
brine with Al−Ca alloy (a) and Al−Fe alloy (b) 
 
3.2 Effect of mole ratio of Al to Li on precipitation 

rate of lithium 
In order to study the effect of mole ratio of Al to Li 

on the precipitation rate of lithium, the experiments were 
conducted under the conditions of the Ca content in 
Al−Ca alloy 30%, the initial lithium concentration 1 g/L, 
the reaction temperature 70 °C and the reaction time 3 h. 
The results are shown in Fig. 3. According to 
stoichiometric ratio, lithium ion in solution can be 
transferred into the precipitate when the mole ratio of Al 
to Li is 2:1, but the precipitation rate actually is only 
72.1%. This may be due to the low lithium ion 
concentration. Because the lithium ion concentration is 
only 1 g/L, it is difficult for Al−Ca alloy to react with 
lithium ion in solution adequately. When the mole ratio 
of Al to Li increases to 3.5:1, the precipitation rate of 
lithium reaches 93.8%. When the mole ratio of Al to Li 
continues to increase, the increase of precipitation rate is 
not significant. 
 
3.3 Effect of Ca content in Al−Ca alloy on 

precipitation rate of lithium 
In order to investigate the effect of Ca content on 

the precipitation rate of lithium, the experiments were 
performed with the Ca content varying from 10% to 40%, 
and the results are shown in Fig. 4. 

It can be seen from Fig. 4 that the precipitation rate 
of lithium increases firstly, and then decreases with the 
increase of Ca content in Al−Ca alloy. Ca in alloy is 
helpful for the milling activation process. The increase of 
Ca content can minimize the particle size and inhibit the 
aggregation of powder, which makes Al−Ca alloy obtain 
large surface area and react with brine  more adequately. 
Therefore, when the Ca content increases from 10% to 
35%, the precipitation rate of lithium increases     
from 87.1% to 94.7%. However, the precipitation rate of  
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Fig. 2 SEM images of aluminum-based composites and decomposed products: (a) Al−Ca alloy; (b) Decomposed product with Al−Ca 
alloy; (c) Al−Fe alloy; (d) Decomposed product with Al−Fe alloy 
 

  
Fig. 3 Influence of mole ratio of Al to Li on precipitation rate 
of lithium 
 

 
Fig. 4 Effect of Ca content in Al−Ca alloy on precipitation rate 
of lithium (mole ratio of Al to Li 3.5:1; Li+ concentration 1 g/L; 
reaction temperature 70 °C; time 3 h) 

lithium decreases when the Ca content is more than 35%. 
The increase of Ca content in alloy leads to the increase 
of the amount of Ca(OH)2, which is insoluble in water 
and coats on the surface of Al−Ca alloy to inhibit the 
reaction of alloy with brine. Therefore, the excessive Ca 
content in alloy is harmful to the precipitation rate of 
lithium. 
 
3.4 Effect of initial lithium ion concentration on 

precipitation rate of lithium 
The effect of initial lithium ion concentration on the 

precipitation rate of lithium was investigated under the 
conditions of the mole ratio of Al to Li 3.5:1, the Ca 
content 35%, the reaction temperature 70 °C and the 
reaction time 3 h. The results are shown in Fig. 5. It can 
be seen from Fig. 5 that the precipitation rate of lithium 
increases gradually with the increase of initial lithium 
ion concentration. The precipitation rate of lithium 
increases from 71.3% to 95.3% when the initial lithium 
ion concentration changes from 0.4 to 0.8 g/L. In order to 
obtain a precipitation rate of lithium above 90%, the 
initial lithium concentration should reach 0.8 g/L. 
Generally, the initial lithium ion concentration in brine is 
no more than 200 mg/L. Brine with high lithium 
concentration is obtained by evaporation, which is 
harmful to enhancing the production efficiency and 
reducing the production cost. The initial lithium 
concentration of 0.8 g/L is reasonable by overall 
consideration. 
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Fig. 5 Effect of initial Li+ concentration on precipitation rate of 
lithium 
 
3.5 Effect of reaction temperature on precipitation 

rate of lithium 
The effect of reaction temperature on the 

precipitation rate of lithium is shown in Fig. 6. It can be 
seen that the reaction temperature exhibits obvious 
influence on the precipitation rate of lithium. The 
precipitation rate of lithium keeps stable when the 
temperature is not over 70 °C. However, the precipitation 
rate of lithium decreases sharply once the temperature is 
over 70 °C. The precipitation rate of lithium decreases 
from 93.6% to 66% when the temperature decreases 
from 70 to 90 °C. 

The SEM images of precipitate obtained at different 

 

 

Fig. 6 Effect of reaction temperature on precipitation rate of 
lithium 
 
temperatures are shown in Fig. 7. It can be seen that, the 
higher the reaction temperatures, the smaller the particles. 
This is because the increase of temperature can enhance 
the reaction speed and make the reaction more 
completely. Therefore, the precipitation rate of lithium 
should increase with the increase of reaction temperature 
in theory, but the experimental results exhibit opposite 
trends. The combining power of LiCl to Al(OH)3 in 
LiCl·Al(OH)3·xH2O will be weakened when the 
temperature increases to a certain value, and then LiCl 
will fall off from LiCl·Al(OH)3·xH2O due to the thermal 
motion. When the temperature is over 70 °C, a part    
of LiCl·Al(OH)3·xH2O decomposes and LiCl dissolves  

 

 
Fig. 7 SEM images of precipitate produced at different temperatures: (a) 50 °C; (b) 70 °C; (c) 80 °C; (d) 90 °C 
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into the solution again, which leads to the decreases of 
precipitation rate of lithium. This phenomenon is 
consistent with the results reported by LIU and  
ZHONG [32]. 
 
3.6 Effect of reaction time on precipitation rate of 

lithium 
The effect of reaction time on the precipitation rate 

of lithium was studied with the time varying from 0.5 to 
3 h under the conditions of the mole ratio of Al to Li of 
3.5:1, Ca content of 35%, initial lithium concentration of 
0.8 g/L and reaction temperature of 70 °C. The reaction 
of Al−Ca alloy with brine is very quick and the results 
are shown in Fig. 8. It can be seen that the precipitation 
rate of lithium reaches 94.6% after reaction for 1 h. The 
precipitation rate of lithium does not change with the 
increase of the reaction time, which indicates that the 
reaction time of 1 h is enough for the precipitation of 
lithium from brine. 
 

 
Fig. 8 Effect of reaction time on precipitation rate of lithium 
 
4 Conclusions 
 

1) The effect of Al−Ca alloy and Al−Fe alloy on the 
precipitation of lithium was compared. The results show 
that Al−Ca alloy has excellent reactivity with brine and 
LiCl·Al(OH)3·xH2O is obtained, while Al−Fe alloy reacts 
with brine hardly . 

2) In the process of precipitating lithium by 
decomposing brine with Al−Ca alloy, the mole ratio of 
Al to Li, Ca content in Al−Ca alloy and reaction 
temperature have very significant influence on the 
precipitation rate of lithium. Under the conditions of 
mole ratio of Al to Li of 3.5:1, Ca content of 35%, initial 
Li+ concentration of 0.8 g/L, reaction temperature of   
70 °C and reaction time of 1 h, the precipitation rate of 
lithium from brine reaches 94.6%. 
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采用铝基材料从盐湖卤水中沉淀锂 
 

李艳红，赵中伟，刘旭恒，陈星宇，钟茂礼 

 
中南大学 冶金与环境学院，长沙 410083 

 
摘  要：采用活化后的铝基材料分解卤水，同步实现卤水中锂的沉淀。研究不同的铝基材料吸附沉淀锂的效果，

筛选出适合于提锂的铝基材料，并研究 Al/Li 摩尔比、Al−Ca 合金中的 Ca 含量、溶液初始锂离子浓度、反应温度

和时间等因素对锂沉淀率的影响，确定最优工艺参数。结果表明：Al/Li 摩尔比、Ca 含量和反应温度对锂沉淀率

的影响较大；在优化后的工艺条件下，卤水中锂的沉淀率达到 94.6%，Al−Ca 合金的提锂效果良好。 

关键词：盐湖卤水；提锂；铝基材料；Al−Ca 合金 
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