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Abstract: Ion-absorbed rare-earth ore is an important mineral resource which is widely extracted by in-situ leaching process. And 
such process generates a significant amount of impurities such as aluminum and iron ions in leaching solution simultaneously. The 
surface characteristics and interactions by infrared spectroscopy and X-ray diffraction were studied to optimize the leaching 
conditions. It is found that the environment-friendly depressant LG-01 can react with the impurity ions through the formation of a 
new complex on the surface of leaching residues. Thus, it reduces significantly the concentration of impurity ions in leaching 
solution and improves the leaching rate of rare-earth ore. Moreover, a leaching rate of 95.6% and an impurity removal rate of 92% 
have been achieved under the optimized conditions. 
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1 Introduction 
 

Ion-absorbed-type rare-earth ore is a unique mineral 
resource which was first discovered in Jiangxi Province, 
China. With further exploration, such rare-earth ore has 
also been found in other provinces mainly located in 
Southeast of China, including Fujian, Guangdong, Hunan, 
Guangxi and Zhejiang. Most of such rare-earth ore 
deposits are associated with granite, mixed rocks, and 
other igneous rocks [1−3]. Ion-absorbed-type rare-earth 
ore is formed through a series of geological processes. 
Initially, granite and igneous rocks containing rare-earth 
minerals are subjected to biological and chemical 
reactions under humid conditions and changed into clay 
minerals. Meanwhile, rare-earth minerals (e.g., fluoro- 
carbonate, gadolinite) associated with the rocks are 
weathered and form rare-earth hydroxyl aqueous ions. 
Then, such rare-earth ions are absorbed onto clay 
minerals during the infiltration process, and form 
ion-absorbed-type rare-earth ores [4−6]. 

At present, electrolyte leaching is widely used to 

leach ion-absorbed-type rare-earth ore, which leads to 
the leaching of impurity ions (e.g., aluminum and iron) 
into leaching solution [7−9]. Such impurity ions can 
influence the quality of rare-earth precipitation and 
increase the cost toward impurity elimination. More 
importantly, the crystal form of carbonated rare-earth 
may not be able to form due to the presence of such 
impurities [10,11]. The main impurities in leaching 
solution of ion-absorbed-type rare-earth ore are related to 
the nature of rare-earth ore, leaching process, operating 
conditions, and kinds of leaching agents. The main 
chemical composition in leaching solution is shown in 
Table 1 [12], which indicates that the main impurities are 
aluminum and iron ions. Thus, such impurities must be 
removed before the precipitation of leaching solution, 
which would further increase the production cost. In the 
past, some studies have been done to inhibit the 
impurities and leach ion-absorbed-type rare-earth ore 
[13−15]. Yet, the depressants used have adverse impacts 
on environment and human being. Moreover, a further 
understanding and exploration should be done about the 
mechanisms of the reaction between the impurities (e.g.,  
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Table 1 Main chemical composition in leaching solution of 
typical ion-absorbed-type rare-earth ore [12] 

Composition 
Mass concentration/ 

(mg·L−1) 
Molar concentration/

(mmol·L−1) 
K2O 156 0.8−1.5 
Mg 16.80 0.2−0.4 
Ca 83.3 0.3−0.6 

Al 9.1 4−7 
Fe 1.73 0.01−0.03 
Mn 5.95 0.03−0.05 
Pb 5.85 0.03 
Zn 0.48 0. 01 
Si 11.5 0.8−1.2 

(NH4)2SO4 4.95 0. 04 
REO 2150 4−6 

REO is rare-earth oxide 
 
aluminum and ferric ions) and impurity depressant. 

In this study, infrared (IR) spectrometry and X-ray 
diffraction (XRD) are used to analyze the behaviors of 
exchange between rare-earth ion and leaching agent as 
well as the exchange between impurity ions (i.e., 
aluminum, iron) and leaching agent during the leaching 
process of ion-absorbed-type rare-earth ore. Then, 
leaching experiments are conducted using an impurity 
depressant called LG-01 and the effects of LG-01 on 
aluminum and iron ions are examined. 
 
2 Experimental 
 
2.1 Ore samples and chemicals 

Rare-earth ore samples were obtained from a 
rare-earth mine in Xunwu of Jiangxi Province, China. 
The samples contained 0.22% ion-phase rare-earth, 71% 
SiO2, 12% Al2O3, and 2% Fe2O3. In our experiments, tap 
water was used in leaching experiments and deionized 
water was used in chemical analysis. The agents in 
experiment such as (NH4)2SO4, environment-friendly 
depressant LG-01 (the agents were organic agents 
containing hydroxyl and carboxyl groups), NH4F, 
NH4·H2O and Na2S were analytically pure. 
 
2.2 Methods 

Leaching experiments were conducted in a leaching 
system which consists of a d10 cm leaching column, 
volumetric flasks, beakers, and dosing device. In the 
process, depressant and leaching agents were dissolved 
into the water together and then the leaching experiments 
were carried out. Leach liquor was collected by 
specialized device. Leaching residue should be dried 
naturally and used in follow-up study after the end of 

leaching experiment. IR and XRD techniques were used 
to analyze the surface properties of ion-absorbed-type 
rare-earth ore and the interaction mechanisms between 
leaching agents and minerals as well as depressant and 
impurity ions. 
 
3 Results and discussion 
 
3.1 IR spectrum analysis 

IR analysis has been done on the rare-earth ore and 
leaching residues in the absence and presence of 
impurity depressant. Prior to IR test, the samples were 
dried naturally and placed in a mortar to crush them.  
Figure 1(a) shows the IR spectrum of rare-earth metal 
ore in which the characteristic peaks include 3000−4000 
cm−1 from hydroxyl single bond or stretching vibration in 
water molecules, 1600−1660 cm−1 from bending 
vibration of water molecules, 960−1140 cm−1 from 
stretching vibration of phosphate polyhedron, and 
830−1000 cm−1 from stretching vibration of 
silicon−oxygen single bond. The rare-earth leaching 
residue in the absence of depressant (Fig. 1(b)) has 
similar IR spectrum as that of rare-earth ore, which 
further confirms that there is no new substance formed 
and no significant change on the mineral surface. 
 

 
Fig. 1 IR spectra of rare-earth ore (a), rare-earth ore after 
leaching in the absence of impurity depressant (b), rare-earth 
ore after leaching in the presence of impurity depressant (c) 

 
However, the IR spectrum of leaching residue 

obtained in the presence of depressant (Fig. 1(c)) has 
some new characteristic absorption peaks, including 
3901.4 cm−1 from stretching vibration of hydrogen− 
oxygen single bond, 1699.1 cm−1 form stretching 
vibration of carbon−oxygen double bonds, and 1402.0 
cm−1 from bending vibration of carbon−hydrogen− 
oxygen single bond. Depressants contain hydrogen− 
oxygen single bond, the carbon−oxygen double bonds 
and carbon−hydrogen−oxygen single bond groups. The 
results indicate that the presence of depressant may lead 
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to certain surface reaction and the formation of new 
organic complex on the surface of leaching residues [16]. 
 
3.2 XRD analysis 

XRD has been used to examine the mineral 
composition of rare-earth ore and leaching residues 
obtained in the absence and presence of impurity 
depressant. Figure 2(a) indicates that there are quartz and 
minerals with aluminum and/or iron in rare-earth ore. In 
the absence of impurity depressant, the leaching residue  
(Fig. 2(b)) mainly contains quartz, without obvious 
evidence of minerals with aluminum and iron. This 
indicates that the surface aluminum- and iron-containing 
minerals have been dissolved during leaching process 
and both aluminum and iron have been released into the 
leaching solution. 
 

 
Fig. 2 XRD patterns of rare-earth metal ore (a), rare-earth 
leaching residue in the absence of depressant (b), and rare-earth 
leaching residue in the presence of impurity depressant (c) 
 

In the presence of impurity depressant, in addition 
to the main mineral quartz, leaching residue also contains 
some aluminum- and iron-bearing compounds (Fig. 2(c)), 
which may be generated due to the reaction between 
impurity depressant and dissolved aluminum and iron 
ions. The formation of such new compounds would 
reduce the concentration of aluminum and iron ions in 
leaching solution. 
 
3.3 Leaching of ion-absorbed-type rare-earth ore in 

the presence of impurity depressant 
Based on the above analyses and findings, leaching 

experiments in the presence of impurity depressant were 
conducted to optimize the leaching conditions for such 
ion absorbed-type rare earth ore. In particular, 
optimization has been made to the depressant dosage, 
liquid-to-solid ratio, and leaching agent. 
 
3. 4 Effect of impurity depressant dosage 

The optimization of depressant dosage has been 

done under the following conditions: rare-earth ore of 
200 g, trickle leaching, (NH4)2SO4 as leaching agent with 
a content of 5%, a flow rate of 2 mL/min, and a 
liquid-to-solid ratio of 1.2:1. Figure 3 shows that when 
the impurity depressant dosage is 0.2% (about 0.013 
mol/L), the removal rates of aluminum ion and iron ion 
are the highest, yet rare-earth extraction rate is reduced 
slightly. Thus, a content of 0.2% impurity depressant is 
used for the following experiments. Analysis shows that 
leaching liquid is mainly composed of RE3+, H+, NH4

+, 
Fe3+, Al3+, Mg2+, Ca2+ and OH−, and leaching solution is 
made up of these ions under other conditions. 
 

 

Fig. 3 Effect of impurity depressant dosage on rare-earth 
extraction rate and removal rate of impurity ions 
 
3.5 Effect of liquid-to-solid ratio 

Liquid-to-solid ratio can affect rare-earth extraction 
rate and the concentration of impurities in leaching 
solution. Thus, the best rare-earth extraction rate is 
determined based on the following conditions: raw 
rare-earth ore of 200 g, trickle leaching, (NH4)2SO4 as 
leaching agent with a content of 5%, a flow rate of     
2 mL/min, and a content of 0.1% impurity depressant. 

The result (Fig. 4) indicates that when the liquid-to- 
solid ratio is 1.2:1, rare-earth extraction rate is higher 
than that under other conditions, while the removal rate 
of impurities drops a lot. Thus, the liquid-to-solid ratio of 
1:1 is selected. 
 
3.6 Effect of leaching agent concentration 

Concentration of leaching agent is an important 
factor in rare-earth leaching process. A low 
concentration would not be enough to exchange 
rare-earth metals completely, while a high concentration 
may lead to re-adsorption. The experiments on leaching 
agent concentration were conducted under the following 
conditions: rare-earth ore of 200 g, trickle leaching, 
(NH4)2SO4 as leaching agent with a flow rate of       
2 mL/min, and a content of 0.1% impurity depressant. 
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Fig. 4 Effect of liquid-to-solid ratio on rare-earth extraction 
rate and removal rate of impurity ions 
 

Our results (Fig. 5) indicate that when the content of 
leaching agent increases, rare-earth extraction rate 
increases to a certain value. Further increase in leaching 
agent would lead to the drop of extraction rate and the 
removal rate of iron impurity. Under a content of 4% 
leaching agent, rare-earth extraction rate achieves the 
largest and the removal rates of impurities are high as 
well. Thus, leaching agent content of 4% is selected. 
 

 
Fig. 5 Effect of leaching agent concentration on rare-earth 
extraction rate and removal rate of impurity ions 

 
3.7 Effect of flow rate of leaching agent 

The flow rate of leaching agent is another important 
factor that would affect the leaching process, extraction 
rate, and removal rate of impurity ions. The experiments 
were done under the following conditions: rare-earth ore 
of 200 g, trickle leaching, (NH4)2SO4 as leaching agent 
with a content of 5%, liquid-to-solid ratio of 1.2:1, and a 
content of 0.1% impurity depressant. Our results (Fig. 6) 
show that rare-earth extraction rate reaches the highest 
when the flow rate of leaching agent is 2.4 mL/min. 
Moreover, the removal rate of impurities is also the 
highest. Thus, a flow rate of 2.4 mL/min is selected. 

 

 
Fig. 6 Effect of agent flow rate on rare-earth extraction rate 
 
4 Conclusions 
 

1) To improve the leaching ratio of ion-absorbed- 
type rare-earth ore, the surface characteristics of such 
rare-earth ore and leaching residues in the absence and 
presence of impurity depressant were studied by IR and 
XRD. In addition, the exchange process and interactions 
between agent and ore surface as well as agent and 
impurity ions were examined. It is found that impurity 
depressant can react with aluminum and iron ions in 
leaching solution and form new substance on ore surface, 
which reduces the impurities in leaching solution but 
does not affect the leaching process of rare-earth ore. The 
present study would facilitate the design and selection of 
effective impurity depressants. 

2) A depressant called LG01 was selected as an 
effective depressant for aluminum and iron impurities. 
Moreover, the leaching conditions were optimized 
through a series of experiments, which indicated the 
depressant content of 0.1%, leaching liquid-to-solid ratio 
of 1:1, leaching content of 4%, and leaching agent flow 
rate of 2.4 mL/min. Under such conditions, the extraction 
rate of ion-absorbed-type rare-earth ore reaches 95.6% 
and the removal rate of impurities is 92%. The present 
work would provide a valuable guidance toward the 
removal of impurities in leaching solution and the 
optimization of in-situ leaching process of ion-absorbed- 
type rare-earth ores. 
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摘  要：通过红外光光谱测定、XRD 检测等测试方法分析了稀土矿浸出过程中各种矿物表面性质的变化，稀土离

子及铝、铁杂质离子与浸出剂和抑制剂的浸出交换过程及规律。结果表明，抑制剂的添加会与稀土矿中的铝、铁

等杂质离子反应，形成化合物，从而降低浸出母液中铝、铁杂质离子含量，但不会影响离子型稀土的交换浸出过

程。在机理分析的基础上，采用对铝铁杂质有高效抑制效果的抑杂剂 LG-01 进行离子型稀土矿抑制铝铁杂质的浸

出实验研究。结果表明，在不影响离子型稀土矿稀土离子浸出率的情况下，LG-01 能有效降低离子型稀土矿浸出

母液中铝、铁等杂质离子含量，去除率可达 92%。 

关键词：离子型稀土；浸出；抑制机理；铝铁杂质 
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