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Abstract. In this work, investigation on the extraction of lanthanide from Indonesian low grade bauxite using 
three processes, namely magnetic separation, acid leaching and precipitation methods. The magnetic 
separation produced three fractions, namely magnetic (3.37%), low magnetic (12.97%) and non-magnetic 
(81.54%) with recovery value of 97.9%. The non-magnetic fraction containing lanthanides with size of 200 
mesh was used for leaching process using sulfuric acid (3 M) with a solid and liquid (S/L) ratio of 1: 5. The 
final treatment using precipitation reaction consisted of two stages using sodium sulfate and sodium 
hydroxide. The first stage using sodium sulfate produced lanthanide metal of ~ 13.00035% consisting of 
11.84% (La), 1.16% (Ce), and 0.00035% (Y). The second stage using sodium hydroxide resulted lanthanide 
of ~0.00392% with consisting composition of La (0.00108%), Ce (0.00262%), and Y (0.00022%). After the 
series treatments, the concentration of lanthanides increased from 0.00396 % (39.6 ppm) to 13.00427 % 
(130,042.7 ppm). The total of lighter lanthanides La (54.66%) and Ce (4.80%) and heavy lanthanide of Y 
(0.013%) were obtained. These resulted showed that the application of acid leaching using sulfuric acid and 
precipitation reaction were recommended for enrichment of lanthanide from Indonesian low grade bauxite. 
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1. Introduction 
 

Low grade bauxite which are sorted out upon washing 
bauxite ore was are abundant in exploration sites, and are 
considered as non-valuable mineral ores. One of 
exploration sites of bauxite in Indonesia is located in 
Bintan Island with bauxite reserve estimated up to 
1,282,487,720 tons. Consequently, the availability of 
Indonesian low grade bauxite is also abundant. These low-
grade bauxite have not been utilized yet, thus they could 
become a potential problem to inhabitant in the 
surrounding area, because the bauxite mining is on open 
land without any reclamation, and the low grade bauxite 
are left over without proper tailing disposal.  Thus, the low 
grade bauxite can potentially cause hazardous lands. Our 
previous research indicated that low grade bauxite from 
Wacopek bauxite mining in Bintan island, Indonesia, 
contained lanthanides (Ln) such as lanthanum oxide 
(La2O3) of 0.0052 wt% and yttrium oxide (Y2O3) of 0.0041 
wt% [1, 2]. Considering that lanthanides (rare earth 
element, REE) are currently utilized in a wide range high- 
technology application, it is believed that by using the low 
grade bauxite as raw materials to produce lanthanides with 
a proper isolation technique, they might have a high 
economic value for industries and further advanced 
applications. The data of the lanthanides content in the 
low grade bauxite also provide prospective information to 
gain substantial added value through extraction of the 
valuable metals. Separation of lanthanides from the low 
grade bauxite would be useful for both the environmental 
remediation around the bauxite exploration sites and 
economic value of the low grade bauxite, because it can 
reduce the wastes of mining products and process them 
into materials that contains high economic value. 
Therefore, the attempt to extract lanthanides through the 
enrichment method is the most appropriate and efficient. 
Lanthanide elements are very useful metals for many 
applications such as biomedical, advanced materials, 
adsorbent, catalyst, antiamoebic agent, and fluorescence 
probe [3-17]. Lanthanides have high excellent 
spectroscopic characters such as spectroscopic with large 
Stokes and anti-Stokes shifts, narrow emission bands and 
long luminescence lifetimes, in addition to their structural 
flexibility and adjustable ability with large coordination 
number from 3 – 12 [14-18]. 

Various studies focusing on separation of lanthanides 
using solid-liquid extraction methods using acid, 
precipitation, crystallization, or ion exchange [19, 20], 
adsorption using activated carbon from banana peels [3], 
pectin from durian peels [7], and durian rind biosorbent [8] 
have been reported. On the other hand, separation of 
lanthanides showed some disadvantages such as the 
complex processes and the requirement to use chemicals 
and solvents [21], and the selectivity of lanthanides is still 
low due to similar physical and chemical properties of 
lanthanide [22]. 

The solubility of the impurity metals in the sulfate 
solution can be first minimized by separating process 
using a magnetic separator. Magnetic separation is a 

powerful method utilized from long time in the treatment 
of strongly magnetic mineral ores and for the removal of 
ferromagnetic impurities from mixtures. In this case, 
magnetic separation is used in order to remove the 
ferromagnetic irons from the Indonesian low grade 
bauxite to decrease an obstacle of data caused by iron 
contain in the low grade bauxite. Ferromagnetic metals 
can be separated using a magnetic separator at an intensity 
of 1,400 gauss by passing the material on a rotating magnet. 
Magnetic separation process is a physical separation 
process by utilizing the magnetic properties contained in 
the materials [23]. According to the previously method 
reported by Kusrini and coworkers [1, 2] the magnetic 
separator will separate three fractions, namely magnetic, 
low magnetic and non-magnetic. In the magnetic 
container having the ferromagnetic properties, low 
magnetic container have high iron metals, and the rest for 
non-magnetic container contained a relatively small iron 
metal. The main purpose for this separation process is to 
separate the ferromagnetic iron metals. 

Impurities such as iron also can dissolve in sulfuric 
acid to form iron(III) sulfate [24]. It became impurities 
when the next precipitation process occurred. Thus, the 
physical treatment process is necessary to increase the 
solubility of the lanthanides and reduce the solubility of 
the impurities in sulfuric acid [25-28]. In additon, 
decreasing and sizing of Indonesian low grade bauxite can 
expand the surface contact of the particles, thereby it will 
increase the surface contact area between sulfuric acid and 
low grade bauxite particles. In this study, we used solid-
liquid extraction or leaching using sulfuric acid. The use of 
sulfuric acid as solvent has several advantages compared 
to other acid solvents, such as low reaction temperature 
[25-28]. Sulfuric acid leaching is one of the most major 
process for mineral decomposition step in 
hydrometallurgical manufacturing of lanthanide [29, 30]. 
In industry, this acid is also currently used in the 
processing of the concentrates from deposits of 
lanthanide, namely Bayan Obo in China and Mt. Weld in 
Australia [29, 30].  

Precipitation method is one way to separate the 
mixture into two phases, namely solid phase and liquid 
phase. The precipitation process of lanthanide can be 
carried out by two stages of precipitation reaction by 
performing and adjusting the pH at a certain temperature. 
Thus, the lanthanide metals can be precipitated when the 
concentration value of these ions were exceeds the value 
of the solubility product (Ksp). The precipitation process 
cannot be conducted by only one step because as we know 
that each lanthanide metal has a certain precipitation 
condition. Therefore, the leachate precipitation resulting 
from the first leaching will be precipitated with sodium 
sulfate reagent at pH 1.5 and at temperature of 80°C, then 
it forms a sodium disulfate lanthanide, thus by dissolution 
in sodium hydroxide (NaOH) the sodium disulfate 
lanthanide is converted to lanthanide hydroxide. At the 
second-stage of precipitation reaction, the suspension was 
added with sodium phosphate reagent to reach the pH 3.5 
and at temperature of 80°C. It is an ideal condition for the 
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precipitation process of lanthanide phosphate [31]. 
Leaching kinetics of lanthanides from Indonesian 
Madong’s low grade bauxite using sulfuric acid as a 
leaching agent has also been reported by Kusrini and 
coworkers [32]. Recently, there are no bulk applications of 
red mud (bauxite residue) except for minor use such as in 
cements and ceramics [33]. As literature review, some 
types of bauxite residues are rich in rare-earth elements 
(REEs), and the extraction of Sc [33]. On the other hand, 
the recovery of lanthanide elements from apatite ore using 
sulfuric acid, solvent extraction and precipitation process 
have also been reported by Battsengel and co-workers [34]. 

In this study, investigation on the extraction and 
enrichment of lanthanide elements (La and Y) from 
Indonesian Madong’s low grade bauxite using sequential 
treatments comprised of magnetic separation process, acid 
leaching with sulfuric acid, and precipitation reaction were 
studied in details.  
 

2. Experimental 
 
2.1. Materials 

 
Low grade bauxite was provided from bauxite mining 

in Madong area, Bintan Island. Chemicals and materials in 
this study; 25% ammonia (NH3), 96% sulfuric acid 
(H2SO4), aquadest, 99% sodium hydroxide (NaOH), tri-
sodium phosphate dodecahydrate (Na3PO4.12H2O) and 
sodium sulfate (Na2SO4) were used as received without 
further purification. 

 
2.2. Mechanical Treatment 

 
This pre-treatment is needed in order to make the 

process of the reaction occurring effectively. First, the low 
grade bauxite was dried for 24 hours at 105°C to reduce 
the water content. Water content of the sample after the 
sieving process was 2.8%. Then, the dried samples were 
crushed until it reaches 200 mesh particle size in order to 
make easier to be applied in the next process with another 
instrumentation. 2 kg of low grade bauxite and 15 kg of 
iron balls were put into the milling and following the 
milling process during for 2 hours. Low grade bauxite was 
filtered using a rough sieve to remove impurities such as 
small rocks and garbage. Sample from milling process was 
sieved using a mesh size of 200 mesh (Fig. 1). 

 

 
 
Fig. 1. Low grade bauxite with size of 200 mesh. 

2.3. Magnetic Separator Treatment 
 
The magnetic separation consists of 3 outputs. The 

magnetic which presents the ferromagnetic samples, low 
magnetic which presents the low grade bauxite sample 
which still has high iron contents, and non-magnetic 
samples which is has relatively small iron contents.  

Magnetic treatment prior to the leaching process was 
conducted. Low grade bauxite (200 mesh) was separated 
using a magnetic separator tool with an intensity of 1,400 
gauss. Three fractions of low grade bauxite were dried in 
an oven at temperature of 105°C to remove water content. 
Then, the non-magnetic fraction was refined and sieved 
with size of 200 mesh. 

 
2.4. Extraction of Lanthanide Using Sulfuric Acid 

and Precipitation Methods 
 
The dried non-magnetic fraction was dissolved in 3 M 

sulfuric acid with a solid and liquid (S/L) ratio of 1: 5. The 
suspension was stirred with a magnetic stirrer at 250 rpm 
for 2 hours. The suspension was filtered and used for the 
next step with precipitation reaction. The leachate solution 
is adjusted with the pH 1.5 and it was maintained at 
temperature of 80°C. A total of 5 mole/mole of sodium 
sulfate (Na2SO4) was added slowly into the leachate 
solution. The precipitation in the respective order with 
Na3PO4.12H2O and NaOH were filtered using Whatman 
paper number 40 and the filter funnel.  

The precipitate was washed three times using 250 mL 
of aquadest to remove the impurities and until the solution 
reached at the pH 7. The obtained precipitate of 
lanthanide sulfate was added 12.5 M NaOH solution with 
a molarity ratio of 15 mole/mole lanthanides. The pH of 
filtrate solution was adjusted to pH 3.5 with the addition 
of ammonium hydroxide (NH4OH) under stirring at 250 
rpm. The precipitated lanthanide hydroxide was filtered 
using Whatman filter paper no. 40. Then, this precipitate 
was washed three times using distilled water to remove 
impurities contained in the precipitate. The filtrate of the 
precipitate was kept for the second stage of precipitation 
reaction. The lanthanide hydroxide precipitated was 
heated in an oven at 105°C for 12 hours. Finally, all of the 
samples from treatments of magnetic separation, acid 
leaching and precipitation processes were kept and used 
for further characterizations.  
 
2.5. Characterizations 

 
The lanthanide concentrations in all samples were 

determined using inductively coupled plasma optical 
emission spectrometry (ICP-OES, Agilent technology 
7000). Samples were dissolved in aqua regia (HCl: HNO3 
= 3:1) solution. The morphology and elemental 
composition were measured using SEM-EDX. The 
structure of low grade bauxite before and after the series 
treatments were determined by XRD. 
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3. Results and Discussion 
 
3.1. Magnetic Separation 

 
Magnetic separation is a powerful method that has 

been used for quite a long time in the treatment of strongly 
magnetic mineral ores and for the removal of 
ferromagnetic impurities from mixtures. In this case, 
magnetic separation was used to remove the 
ferromagnetic iron impurities from Indonesian low grade 
bauxite. The sample was diluted with distilled water with 
1:4 of solid to liquid ratio in order to make the material 
bonding effectively and could easily attracted to the 
surface of the drum magnet. The sample which has high 
viscosity will have a shorter interaction time between the 
material and the magnetic drum. The intensity of the 
magnetic separator was set to be 1,400 gauss. Higher 
intensity will result in more lanthanides attracted to the 
drum magnet, and lower intensity will give an optimum 
condition to iron removal.  

Low grade bauxite was drained into magnetic drums, 
then it is accommodated into three containers comprising 
(i) magnetic, (ii) low-magnetic (middle), and (iii) non-
magnetic samples. The magnetic sample was attached to 
the magnetic drum and when the magnetic intensity was 
removed, the samples flew down into magnetic container. 
The low magnetic sample is a weak bound sample in the 
magnetic drum, thus it go down with a slight reduction in 
the magnetic intensity of the magnetic drum. The non-
magnetic sample was not completely attached to the 
magnetic drum. Table 1 shows the distribution of 
magnetic, low-magnetic and non-magnetic samples. It is 
shown that the total recovery of magnetic separation 
process reaches ~98% with ~2% loss. The loss percentage 
resulted from the magnetic sample which are trapped in 
the drum magnet may be due to its small particle size that 
could be easily dropped.  

Non-magnetic sample has contained of lanthanide 
metals. There are no significant decreased of iron content 
in the non- and magnetic samples, indicating low 
efficiency of this equipment. The efficiency of magnetic 
separation process in this work is below 5%. This may be 
occurred because the magnetic separator that are used is a 
wet low intensity magnetic separator resulting unfinished 
products that must be treated with another final cleaning 
separator in order to separate two or more paramagnetic 
minerals into separate finished products. Iron content (%) 
in Indonesian low-grade bauxite before treatment (11.74%) 
and after the magnetic separator process in the respective 
order are 12.34, 11.44 and 11.50% for magnetic, low 
magnetic and non-magnetic contents [1]. The non-
magnetic sample was then used for further experiment.  
 

Table 1. Major material composition in non- magnetic 
sample. 

 
Fraction Mass (g) Percentage (%) 

Magnetic 65.50 3.37 
Low-magnetic 252.39 12.97 
Non-Magnetic 1586.80 81.54 
Loss 41.31 2.12 

 
Table 2. Comparison of low grade bauxite composition 
before and after treatment using magnetic separator. 
 
Sample Clay Mineral (%) Other Minerals (%) 
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Low grade 
bauxite 

* * 42 * 2 8 30 7 4 7 

Magnetic * * 42 * 3 7 30 6 7 5 

Low 
magnetic 

* * 40 * 3 8 32 7 4 6 

Non-
Magnetic 

* * 47 * 2 7 29 6 3 6 

 
3.2. Chemical Component Analysis 

 
The sample was analyzed using X-ray diffractometer 

(XRD) and ICP-OES in order to find out the minerals and 
chemical composition of the raw materials. This step is 
important to know how the sample should be treated and 
how much lanthanides present in the sample. Figure 2 
shows comparison between the low-grade bauxite before 
treatment and after magnetic process. Figure 2a shows the 
XRD pattern of the low-grade bauxite, and from the 
calculation it suggests the presences of gibbsite, hematite, 
quartz low, muscovite, high cristobalite, and anatase. The 
major minerals found in the sample are gibbsite and 
kaolinite with total quantity of 30 and 42%, respectively.  

Table 2 showed the comparison of XRD analysis of 
low grade bauxite before and after treatment using 
magnetic separator. The different in XRD analysis after 
magnetic separation process is known to be the muscovite 
mineral (see Fig. 2(b)). Muscovite mineral 
(KFe2(Si3AlO10)(OH)2) is the paramagnetic mineral that 
can be attracted with a magnetic separator with low 
intensity, as it was set to be 1,400 gauss in this study.  
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Fig. 2. XRD patterns for (a) low grade bauxite and (b) low 
grade after magnetic treatment. 
 

 
 
Fig. 3. SEM images of low grade bauxite before leaching 
and low grade bauxite after leaching at 80oC for one hour. 
 

 
 
Fig. 4. EDX of low grade bauxite before treatment and 

after leaching treatment for 60 minutes at 80C. 
 
3.3. Morphology Studies 

 
Scanning electron microscopy (SEM) images of low 

grade bauxite before and after leaching treatment at 80°C 
for one hour are shown in Fig. 3a and b. Before leaching 
treatment, the morphology of low grade bauxite is 
compacted and no porous. After leaching treatment, the 
morphology of low grade bauxite such as hive, striped, 
fragile, crumble and dependent parallel. Figure 4 showed 
the EDX images of low grade bauxite before treatment 

and after leaching treatment for 60 minutes at 80C. 
EDX elemental analysis of low grade bauxite before 

and after leaching is shown in Table 3. After leaching, the 
compounds of Al2O3 and FeO are reduced to be 52.31 and 
13.67%, respectively, however SiO2 was increased to 
34.02%. 
 
Table 3. EDX elemental analysis of low grade bauxite 
before and after leaching. 
 

Compounds Mass fraction % 
before leaching 

Mass fraction % 
after leaching 

Al2O3 64.27 52.31 
SiO2 25.43 34.02 
FeO 10.30 13.67 
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3.4. Extraction and Enrichment of Lanthanide 
Studies 
 

The ICP-OES analysis results showed no significant 
differences in the composition of low grade bauxite after 
the magnetic separation process (see Table 4). The iron 
element (Fe) which is separated from the low grade 
bauxite cannot be separated by a magnetic separator. This 
is because the main mineral of iron was found in low grade 
bauxite in the form of hematite forms. Hematite is a weak 
ferromagnetic mineral that is difficult to be drawn by low 
intensity magnetic fields (1,400 gauss). The lanthanides 
content also has no significant differences for low grade 
bauxite before and after treatment using magnetic 
separator. This can be caused by low equipment efficiency, 
thus separation process of magnetic and non-magnetic 
minerals was not optimal. 

The minor elements of lanthanides were characterized 
by ICP-OES. Concentration of lanthanides in Indonesian 
low grade bauxite before treatment is low (0.00396 % or 
39.6 ppm) with lanthanum (18.39 ppm), cerium (19.32 
ppm), and yttrium (1.86 ppm) [32]. This finding shows 
that the low-grade bauxite is richer in lighter lanthanides 
than in heavier lanthanides. The major impurities exist in 
the sample are silica (49%), aluminum (34%), iron (11%) 
and titania (1%) [32]. In this study, alumina content in the 
raw material is approximately 34%. This is higher than 
found in bauxite residue (23.6%) reported by Borra et al. 
[8]. On the other hand, the Fe2O3 content in Indonesian 
low grade bauxite is only 9.8%, which is lower than 
reported by Borra et al. [8] with Fe2O3 content of 44.6%. 

The non-magnetic fraction was used and dissolved in 
3 M sulfuric acid with a solid and liquid (S/L) ratio of 1: 5.  
The use of sulfuric acid as solvent with a concentration 
lower than 3 M leads to the dissociation of mineralized 
structures that are not optimal, which can caused the 
dissolution process to be less than optimum, following Eq. 
(1). On the other hand, the use of sulfuric acid with higher 
concentrations more than 3 M can increase the solubility 
of impurities such as Fe, Al, Mn metals and other elements. 
It is noteworthy that in the study reported by Battsengel 
and co-workers [34], the most effective dissolution of 
lighter lanthanides (>85%) and heavier lanthanides (>89%) 
from apatite ore when use the acid of 1 M H2SO4 at 

temperature of 20C in an hour. However, the heavier 
lanthanides were loaded into the organic phase in the 
solvent extraction process using 3 M H2SO4 solution.  
 

3H2SO4(aq) + Ln2O3(s)  Ln2(SO4)3(aq) + 
3H2O(l) 

(1) 

 
where Ln = lanthanide. 
 

Table 4. Results of ICP-OES analysis of Indonesian low 
grade bauxite after magnetic separator process. 
 

Code Composition (%) 

Fe La Ce Y 

Low grade 
bauxite before 
treatment 

11.743 0.00184 0.00193 0.000186 

Magnetic  12.3399 0.00177 0.00189 0.000197 

Low magnetic  11.442 0.00143 0.00160 0.000172 

Non-magnetic  11.496 0.00157 0.00176 0.000185 

 
Ammonium hydroxide was used to adjust the pH of 

leachate because NH4OH is a highly soluble base in sulfate 
solution and the resulting NH4

+ ions will not contaminate 
the precipitate that formed. The leachate solution of 
lanthanide sulfate having the pH 1.5 was maintained at 
temperature of 80°C. It is found that the optimum 
temperature for precipitation of lanthanides at 80oC [31]. 
A total of 5 mole/mole of sodium sulfate (Na2SO4) was 
added slowly into the leachate solution, following Eq. (2.) 
 

Ln2(SO4)3 + NaSO4 +2H2O  
Na2SO4.Ln2(SO4)3.2H2O 

(2) 

 
The amount of sodium sulfate was added for the 

result of a stoichiometric comparison between sodium 
sulfate and the amount of lanthanides are present in the 
leachate solution. The total amount of molarity of 
lanthanide is presented in the leachate solution that 
considered being equal to the amount of lanthanide 
molarity in the initial sample. In this study, the excess 
concentration of sodium sulfate was added in leachate 
solution to produce more precipitated and it leads to the 
formation of impurities precipitates, especially iron sulfate 
in below (Eq. (3)). 
 

3Fe2+ + 2SO4
3- + xH2O  Fe(SO4).xH2O (3) 

 
When the concentration of sodium sulfate is smaller 

than the ratio of 5 mole/mole would result in poor 
precipitation or not all lanthanides contained in the 
leachate solution can be precipitated. Herein, precipitates 
and filtrates were separated using Whatman filter paper 
No. 40 with a filter funnel. The use of Whatman filter 
paper No. 40 is due to several factors, such as has a 
uniform pore size, able to filter quickly and not easily 
clogged, not hygroscopic, a low dust content, so it does 
not contaminate the sample and does not absorb samples. 
Filtering step was used twice to ensure there are no 
impurities in the leachate solution. The total sample 
extracted was 1.5 kg because the concentration of 
lanthanides was quite low in the sample, thus the final 
result of the final process was obtained to be more than 1% 
lanthanide precipitates. Leachate solution of Indonesian 
low grade bauxite from solid-liquid extraction is shown in 
Fig. 5. 
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Fig. 5. Leachate solution of Indonesian low grade bauxite 
from solid-liquid extraction. 
 

In this study, the mixture of lanthanide sulfate 
solution was stirred at 250 rpm for 60 minutes. In the 
precipitation process was done under stirring to help the 
formation of precipitate compound. The faster stirring 
would lead to the formation of precipitate which gradually 
diminished in size, thus the surface area of contact is 
greater. There are two things that influenced in the 
formation of the precipitate, namely (i) the rate of 
formation of the sediment core, and (ii) the growth of the 
precipitate. The formation rate of this nucleus is presented 
by the number of cores formed in the units of time. The 
rate of growth of the precipitate is another factor affecting 
the size of the precipitate formed during the precipitation.  

The precipitate formed was filtered using Whatman 
paper No. 40 and filter funnel. The precipitate is washed 
three times using 250 mL of distilled water to remove 
impurities that are still present. The produced precipitate 
was added into 12.5 M NaOH solution with a molarity 
ratio of 15 mole/mole lanthanides (see Eq. (4)). The 
purpose of adding lanthanides into sodium hydroxide 
solution is to change the structure of the sodium 
lanthanide sulfate salt to the lanthanide hydroxide, thus it 
can facilitate the process of enrichment and separating the 
lanthanide elements into single elements that have high 
purity, while the solvent can dissolve impurities that are 
still present in the lanthanide sulfate precipitate. The 
lanthanide hydroxide was formed and filtered using a 
Whatman filter paper No. 40. The precipitate was washed 
for three times using distilled water to remove impurities 
present in the precipitate. The precipitate of filtrate was 
kept for the second stage of deposition process. The 
lanthanide hydroxide precipitate was heated in an oven at 

105C for 12 hours. The reaction occurred between 
sodium lanthanide sulfate dihydrate and NaOH is shown 
in Eq. (4). 
 

Na2Ln(SO4)3.xH2O(s) + 3NaOH(aq)  
Ln(OH)3(s) + 2NaSO4(aq) + xH2O(l) 

(4) 

 
Figure 6 showed lanthanide hydroxide (Ln(OH)3) 

produced from sodium sulfate precipitation reaction. A 

total of 0.1087 g of Ln(OH)3 was obtained at the first 
precipitation reaction. The composition of lanthanide 
hydroxide precipitated was 11.84% (La), 1.16% (Ce), 
0.00035% (Y), 16.64% (Fe), and 70.35% of other 
impurities. Based on the ICP-OES analysis, the total 
amount of 54.66% lanthanum, 4.80% cerium and 0.013% 
yttrium are present in the first precipitation reaction. 
There are several factors that could give rise the impurity 
contained in the precipitate to be high, one of which is that 
the soluble metals which are also soluble in sulfuric acid 
have the same precipitation rate as lanthanide metal. 
Increased impurity content such as iron (Fe) is lower than 
that of lanthanides. 
 

 
 
Fig. 6. Lanthanide hydroxide (Ln(OH)3) produced from 
sodium sulfate precipitation process. 
 

Filtrate in the first precipitation process still contains 
lanthanides, thus the second stage of precipitation process 
is needed. The pH of filtrate solution in the second stage 
was adjusted to 3.5 because the occurrence of lanthanide 
phosphate precipitated with the addition of sodium 
phosphate salt. The amount of sodium phosphate was 
added is the result of a stoichiometric comparison 
between sodium phosphate and the amount of lanthanides 
present in the leachate solution of 15 mole/mole. The 
reaction between sodium phosphate salt and lanthanide 
sulfate is given by Eq. (5). 

 

Ln(SO4)n
3-2n

(aq) + PO4
3-

(s) LnPO4(s) +nSO4
2-

(aq) 

(5) 

 
The total molarity of the lanthanides present in the 

leachate solution was considered to be the same as the 
total molarity of the lanthanides in the initial sample. The 
addition of an excess of sodium phosphate (15 mole/mole 
ratio) will cause the formation of impurities, especially 
aluminum phosphate and iron phosphate. The precipitate 
obtained was added into a 12.5 M NaOH solution with a 
molarity ratio with lanthanides of 15 mole/mole. The 
precipitate was separated from the solution using a 
Whatman paper no 40. The precipitate result was washed 
with 250 mL of distilled water for three times and then it 

was dried in oven at 105C for 12 hours to remove the 
water content. The reaction occurred between sodium 
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lanthanide sulfate dihydrate and sodium hydroxide follows 
Eq. (6). 
 

LnPO4.xH2O(s) + 3NaOH(aq)   
Ln(OH)3(s) +Na3PO4(aq) + xH2O(l) 

(6) 

 
Figure 7 shows lanthanide hydroxide that was resulted 

from precipitation reaction with sodium phosphate salt. A 
total of 56.5 g of lanthanide hydroxide were obtained in 
the second precipitation reaction. From the result of ICP-
OES characterization for the precipitation in the second 
stage with the chemical composition consisted of La 
(0.00108%), Ce (0.00262%), Y (0.00022%), Fe (19.06%) 
and other impurities of 80.93%. Two types of lighter 
lanthanide metals, namely La (2.59%), Ce (5.50%) and 
heavy lanthanide of Y (4.39%) have been successfully 
precipitated on the second stage precipitation reaction 
using NaOH. The concentration of lanthanides was 
obtained in the second precipitation reaction was smaller 
than those found in the first stage precipitation reaction. 
The total of lighter lanthanides La (54.66%) and Ce 
(4.80%) and heavy lanthanide of Y (0.013%) were 
obtained from the series of treatments. This is because the 
concentration of lanthanides in the solution is too small 
compared with impurities such as iron sulfate and 
aluminum sulfate. Thus, it would react more easily with 
the sodium phosphate salt. 

The total recovery value of the precipitation process 
was 57.25% lanthanum, 10.39% cerium and 4.40% yttrium. 
The small recovery is caused by the leaching process of 
Indonesian low grade bauxite which has not yet reached 
100% dissolution rate of lanthanide minerals and the 
presence of lanthanides in solution. In this study, recovery 
of lanthanide from Indonesian low grade bauxite is smaller 
(72.04%) than those found for the extraction of the 
lanthanide was around 80% [33]. On the other hand, 
extraction of selected lanthanide from bauxite residue 
using dry digestion method followed by water leaching has 
been reported [35]. Rivera and coworkers reported that 
dissolution of silica increases with increasing HCl or 
H2SO4 concentration by two steps process, namely dry 
digestion using acid and followed by water leaching only 
showed result is less than 5 wt%. Here, silica dissolution 
tends to form a silica gel. However, the extraction of 
aluminum was low because the low solubility of 
aluminosilicate materials [35]. Dissolution of Al, Si, Ti are 
ranged from 30 to 50% [33]. Bora and coworkers reported 
that extraction of lanthanide from Greek bauxite residue 
was high using acid leaching with hydrochloric acid (HCl) 
compared with other organic acids (methanesulfonic acid, 
acetic acid, citric acid, nitric acid, and sulfuric acid), but the 
iron dissolution was also high (60%) [33]. This extraction 
of lanthanides was conducted at low acid concentration (< 
1 N) [33]. On the other hand, extraction of lanthanum 
from Belitung silica sand using the series processes of heap 
leaching with sulfuric acid, precipitation reaction stage 
using trisodium phosphate and complexation with phytic 
acid has been also reported by Kusrini et al. [36].  

 

 

 
 
Fig. 7. Lanthanide hydroxide from precipitation reaction 
with sodium phosphate salt. 
 

4. Conclusion 
 

In this paper, the sequential treatments for extraction 
and enrichment of lanthanide from Indonesian low grade 
bauxite using magnetic treatment, acid leaching, and 
precipitation processes. Concentration of lanthanides in 
low grade bauxite before treatment is low (0.00396% or 
39.6 ppm). After the series treatments, the concentration 
of lanthanides is increased to be 13.00427% or 130,042.7 
ppm. The first stage using sodium sulfate as a reagent 
produced ~ 13.00035% consisting of 11.84% (La), 1.16% 
(Ce), and 0.00035% (Y). The second stage using sodium 
hydroxide as a reagent resulted ~0.00392% with 
consisting composition of La (0.00108%), Ce (0.00262%), 
and Y (0.00022%). The total of lighter lanthanides La 
(54.66%) and Ce (4.80%) and heavy lanthanide of Y 
(0.013%) were obtained from these series treatments. 
These resulted showed that the application of acid 
leaching using sulfuric acid and precipitation processes are 
recommended for enrichment of lanthanide from 
Indonesian low grade bauxite.  
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