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Abstract. The Indonesian low grade bauxite from Wacopek, Bintan Island is of high economic value
because it has 0.0052% lanthanum oxide (La2O3) and 0.0052% yttrium oxide (Y2O3). In this study, the
lanthanides (La and Y) have been successfully extracted from the low grade bauxite using heap leaching
method with sulfuric acid, precipitated with trisodium phosphate and complexing with phytic acid (PA). The
optimal concentration of 0.1 M sulfuric acid 500 mL, 20 g bauxite could dissolve 24.39% lanthanum and
34.03% yttrium. After the extraction process using H2SO4, the extraction was followed by the precipitation
reaction using trisodium phosphate (TSP). Phytic acid ligand has proven to precipitate some impurities such
as Al, Fe and Mg ions. Here, PA has successfully removed 57.125% of Fe3+ impurities in pregnant leach
solution (PLS). After two times precipitation and complexing methods using TSP and PA, concentration of
lanthanum and yttrium increased to 83.6% (0.04411 ppm) and 89.20% (0.28431 ppm), respectively. The
phosphate groups of PA as active sites is favorable selective to bind with heavy metal ions. Based on these
results, PA is used to precipitate the impurities and formed complexes, thus PA was expected to have high
effectiveness for lanthanide enrichment. Finally, this complexing process with PA have succeeded
enrichment of lanthanum to 83.6% (0.04411 ppm) and yttrium up to 89.20% (0.28431 ppm).
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1. Introduction
Bauxite is the major ore for aluminum production.
Alumina is extracted from bauxite by the Bayer process.
The waste slurry generated in this process is called red
mud and its solid fraction is called bauxite residue [1]. The
pH of the wet red mud slurry is about 12 [2] and this is
very dangerous for the ecosystem. Bauxite residue is
stored in huge tailing ponds, and this could be a significant
problem, since it not only occupies vast land areas, but it
can also lead to environmental pollution [3] of the
surrounding soil, air, and groundwater.
Annually, about 140 million tons of bauxite residue
are produced [4], while more than 2.7×109 tons [5] were
already stockpiled by 2011. The cumulative amount of
bauxite residue generated by 2015 is estimated to be close
to 4×109 tons [6]. However, currently there are not many
large volume applications of bauxite residue besides minor
use in cement and ceramic production [1]. Nonetheless,
bauxite residue contains several interesting minor or trace
elements, among which the rare-earth elements (REEs) [79]. More than 90% of the trace metal value in bauxite
residue can be attributed to the presence of REEs, one of
them is yttrium [10].
The Indonesian low grade bauxite tailing from
Wacopek (Bintan Island) contain 0.0052% of lanthanum
oxide (La2O3) and 0.041% of yttrium oxide (Y2O3) [7-9].
These data provides very prospective information to
obtain large added value through extraction of precious
metals from low grade bauxite. Yttrium and lanthanum are
widely used in astronomy, energy efficient lamps,
ubiquitous electronic devices, other advanced materials
used in defense, aerospace, energy infrastructure,
household batteries, permanent maghnets, medical
applications, luminescence, laser for surgical, ceramics,
nuclear energy, steel industries, and the metallurgical
industry [11-13]. Furthermore, yttrium radiopharmaceuticals have potential applications in the therapy
of various cancers [14]. On the other hand, yttrium used
as 5-HMF catalyst precursor, where the usefulness of 5Hydroxymethyl-furfural (5-HMF) can be an alternative
development of petroleoum based energy resources and
chemicals.
The presence of bauxite in nature is usually associated
with other metal elements such as iron, silica, titanium and
other impurities, rare earth and other metals [15]. So far
there has no yet discovery of yttrium from Indonesian low
grade bauxite, Bintan Island. Thus, the separation of
lanthanum and yttrium from low grade bauxite is one of
the innovation in the utilization of this source. On the
other hand, it is also increasing the economical value of
this waste. Therefore, efforts to extract it through
enrichment methods, the most appropriate and efficient
separation, is proposed in this study.
However, the separation and purification of
lanthanum and yttrium from other elements is known to
be difficult due to similar chemical and physical properties.
To separate lanthanum and yttrium ions from REEs ore,
one can use the heap leaching method. Heap leaching is
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one of the oldest and the most traditional mining process
used to extract metal ions using chemical reagents, so the
metal ions are released from the mineral [16]. The output
of the heap leaching process is the dissolution of the
desired metals, ionized with the added chemical solution.
The advantages in using this method are cheaper, practical,
simple design and equipment, lower energy, and does not
need destruction [17,18]. According to Intelligence Mine’s
database, there are 283 heap leaching operation in
processing precious metal, 123 heap leaching operation in
base metals, and 24 heap leaching operation in other
minerals such as REEs on worldwide. Heap leaching
process is shown in Fig. 1, where the low grade bauxite
was placed in buret, then acid solution which is sulfuric
acid was infused to solid low grade bauxite using infusion
cable that equipped wit flow adjust. The nature of the
liquid that is likely for the lowest place, then the metal
solution is collected in a liquid or commonly called
Pregnant Leach Solution (PLS).

Fig. 1. Heap leaching process.
Ochsenkiihn-Petropulu et al. [19] investigated the
recovery of lanthanides and yttrium from red mud by
selective leaching diluted with nitric acid. The achieved
recovery percentages were 90% (Y), heavy lanthanides (Dy,
Er, Yb) up to 70%, for the middle ones (Nd, Sm, Eu, Gd)
up to 50% and for the group of lighter lanthanides (La, Ce,
Pr) up to 30%. Kusrini et al. [18] investigated the use of
sulfuric acid heap leaching, precipitation and
complexation with phytic acid to extract of lanthanum
from Belitung silica sand particles.
After the precipitation process using trisodium
phosphate, PLS is redissolved with acid and was added to
phytic acid (PA) solution. Extraction using PA based on
the principle of chelate formation, to form a complex with
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PA as ligand for separation of REEs becomes more
selective. Phytic acid (PA) is well-known as a chelating
agent for polyvalent metal ions which produced
complexes with low solubility and resistance to heating,
thus facilitating the separation process of lanthanides [18].
It is easily decomposed at neutral-pH either spontaneously
or by microbial process to realese phospate anions and the
cyclic sugar inositol as byproducts [19]. The
hexaphosphate functional groups in PA allow it to
combine with positively charged compounds (such as Fe2+,
Zn 2+, Mg2+ and Ca2+) and metal ions to form complex [20,
21].
In this study, extraction of lanthanum and yttrium
ions from Indonesian low grade bauxite using heap
leaching method with sulfuric acid as solvent and
complexation with phytic acid (PA) were investigated in
details. The phosphate groups of PA as active sites is
favorable selective to bind with heavy metal ions [18, 2325]. This ligand is low toxicity, rich phosphate groups and
strong complexing ability with metal ions [24].
Lanthanides have high affinity, thus they can form
complexes between lanthanide ions and phosphate groups
of phytic acid [18, 23]. PA also can be used to precipitate
some impurities [18]. It is supposed to have high
effectiveness for lanthanide enrichment by complexing
with PA as ligand.

2. Experimental
2.1. Materials
Low grade bauxite residue (bauxite tailing) was
obtained from Wacopek, Bintan Island, Indonesia [7-9,
26]. The reagent such as sulfuric acid (H2SO4) (97 %
Analytical Reagent Grade), distilled water, and ammonium
hydroxide (NH4OH) (Analytical Reagent Grade) were
purchased from Merck (Germany). Phytic acid (PA)
solution (50% w/w H2O) and trisodium phosphate (TSP)
(96% Analytical Grade) were purchased from Sigma
Aldrich (USA).
2.2. Pre-Treatment
Bauxite

of

Indonesian

Low Grade

The steps of pre-treatment low grade bauxite were
cleaned, dried, and grinded of the sample using a ball-mill.
The drying process was done using an oven at a
temperature of 110°C for 2 hours [8, 26]. The dried low
grade bauxite was grinded and sieved to obtain the size of
2-5 mm, thus the surface area is higher then it can make
the acceleration of the solubility process during the heap
leaching process become faster. Concentration of
lanthanides in Indonesian low grade bauxite before acid
leaching treatment is shown in Table 1. Based on the XRF
analysis, the major composition in this sample are Al with
concentration of 23.34%, Si of 11.26 % and Fe of 6.82%.

Tabel 1. XRF analysis of fresh Indonesian low grade
bauxite before treatment.
Element

Concentration (%)

Al
Si
Fe
Ti
Mn
Na
Ca
Mg
Zn
Cr
Rb
Zr
V
Th
Y
Nb
La
Ga
K

23.34
11.26
6.82
0.547
0.0074
0.0084
0.0033
0.0295
0.044
0.0023
0.0029
0.0429
0.0077
0.01
0.0041
0.0036
0.0035
0.0073
0.713

2.2.1. Heap leaching using sulfuric acid
The concentration of sulfuric acid (500 mL) used in
this study was varied with concentration of 0.01 M; 0.1 M;
0.5 M; 1 M; and 2.5 M. This acid solution was made from
dilution of concentrated sulfuric acid with distilled water.
The sulfuric acid was put in the reactor and then it was
dropped to Indonesian low grade bauxite (20 g weight and
2-5 mm in size). After that, each 50 mL of Pregnant Leach
Solution (PLS) was kept in a container bottle. Each the
result of heap leaching process in variation acid
concentration 0.01 M; 0.1 M; 0.5 M; 1 M and 2.5 M were
named in sequences of PLS 0.01, PLS 0.1, PLS 0.5, PLS 1
and PLS 2.5. The lanthanide (La and Y) ions
concentrations from each PLS samples were determined
using ICP-OES.
2.2.2. Precipitation reaction of lanthanide ions from PLS
using trisodium phospate (TSP)
pH of PLS was adjusted to pH using NH4OH and
under stirring. Solution was added TSP according to
stoichiometric comparison which has been done under
stirring at 80°C for 60 minutes. After that, the precipitate
was filtered. After the precipitate was completely filtered,
the filtrate was dried. This first precipitate (FP) was used
for further complexing with phytic acid as ligand.
2.2.3. Job method for precipitating ion Fe3+ using PA
ligand
Fe3+ solution was made from the mixture of 4 mM
pregnant liquid solution (PLS) and 1.1 mM phytic acid (PA)
solution. Both solution was mixed with distilled water and
1 M sulfuric acid into a centrifuge tube with the volume
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according to Table 2. The mixed solution was shaken and
allowed to stand for 5 minutes. The mixture was
centrifuged for 15 minutes and filtered using a filter paper.
Measurement of concentration of Fe3+ ion was
determined using a UV-Vis spectrophotometer.
Table 2. Variation concentration of Job method between
Fe3+ and PA.
mMol
Fe3+

mMol
PA

V
Fe3+
(mL)

V
PA
(mL)

V
PA
(mL)

V
distilled
water
(mL)

VTotal
(mL)

M
PA

M
Fe

3

7

0.8

4.62

5

14.57

25

0.28

1.68

4

6

1.1

3.96

5

14.96

25

0.24

1.44

5

5

1.4

3.30

5

15.35

25

0.2

1.2

6

4

1.6

2.64

5

15.74

25

0.16

0.96

7

3

1.9

1.98

5

16.13

25

0.12

0.72

8

2

2.2

1.32

5

16.52

25

0.08

0.48

9

1

2.4

0.66

5

16.91

25

0.04

0.24

2.2.4. Precipitation and complexing reaction
lanthanide ions from PLS using phytic acid

Indian red mud that reported by Abhilash and coworkes
[27] is only 0.001%. This amount is smaller compared with
the concentration of the sample in this study by 0.0041%.
From this number, it can be concluded that the
Indonesian low grade bauxite from Bintan Island has
greater potential for lanthanum nad yttrium extraction
compared to bauxite that reported by Abhilash and
patners [27]. Schematic process for heap leaching,
precipitation and complexing with PA is described in Fig.
2.

of

First precipitate (FP) was dissolved in 0.1 M H2SO4.
Then 10 mL of PLS solution was added phytic acid
according to the amount of lanthanide stoichiometrically
using a UV-Vis spectrophotometer.. After that, the
measurements of lanthanide ions concentration were
conducted using a Inductively Coupled Plasma-Optical
Emission Spectrometry (ICP-OES).
2.3. Characterization
The functional groups of samples were recorded by
FTIR spectroscopy in the region 4000-400 cm-1.
The initial concentrations of low grade bauxite such
as alumium (Al), silica (Si), iron (Fe), titanium (Ti), mangan
(Mn), magnesium (Mg), zirconium (Zr), chloride (Cl),
vanadium (V), thorium (Th), yttrium (Y), niboium (Nb),
lanthanum (La), galium (Ga), potassium (K) were
determined by XRF.
The concentration of leached samples such as
aluminum (Al), iron (Fe), magnesium (Mg), lanthanum
(La), and yttrium (Y) were determined by ICP–OES using
an ICP 6000 series spectrometer (Thermo Scientific).

Fig. 2. Schematic process heap leaching using sulphuric
acid, precipitation method using TSP and complexing
reaction with PA ligand.

3. Results and Discussion

It is very important to select the optimal condition in
acid leaching process in order to obtain the high amount
of lanthanide and minimum of impurities. Meanwhile, the
use of sulfuric acid in the REEs leaching process can
obtain the optimal results if acid solutions that have high
concentrations, however in low temperatures, thus it can
cause the reducing and minimizing of impurities. The
reaction occured between sulfuric acid and REEs is shown
in Eq. (1) [7, 28].

3.1. Sulfuric Acid Heap Leaching

3H2SO4(aq) + REE2O3(s)  REE2(SO4)3(aq) + 3H2O(l)

Based on the XRF results, the content of Y and La
from the Indonesian low grade bauxite was found of
0.0041 and 0.0035%, respectively (see Table 1). Other
component was considered as impurity metal which was
dominated by three major componentsm namely Al, Si
and Fe [8, 26]. On the other hand, the yttrium content in

There are some factors that influence the results of
REEs leaching using sulfuric acid, one of them is
solubility of lanthanides. The solubillity it self will increase
if the liquid and solid (L/S) ratio of the solution
approaches 15 mL/g, while the increasing of acid solvent
concentration also increases the solubility of REEs and
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also their impurities. From these results, the optimum
concentration is needed to avoid the solubility of
impurities. Table 3 shows the lanthanide contained in the
PLS results from the heap leaching process using sulfuric
acid with various concentrations. From the data it can be
seen that optimum concentration sulfuric acid for
extraction lanthanum is 0.1 M which result 0.03411 ppm
of lanthanum, while for the highest yttrium content was
found at concentrations of 0.1 M and 2.5 M which are
0.05568 ppm and 0.05307 ppm, respectively. The
difference of extraction results obtained between Y and La
is because of the different ionic radii of La and Y itself.
From these results, lanthanum (La) has ionic radius of 250
pm has better solubility in sulfuric acid compared to
yttrium (Y) with ionic radius of 240 pm. The similar
finding has similar been observed and reported by Borra
et al. [10] that the smaller radii increase the solubility and
enhance the extraction results.

Table 4. Concentration of PLS in heap leaching treatment
using sulphuric acid with concentration from 0.01 to 2.5
M.
Sample

La2O3
(mg)

Y2O3
(mg)

La (%)

Y (%)

PLS 0.01 M

0.092

0.0916

0.00046

0.000458

PLS 0.1 M

0.200

0.3540

0.00100

0.00177

PLS 0.5 M

0.0042

0.1949

0.00021

0.000975

PLS 1 M

0.0025

0.1870

0.000125 0.000935

PLS 2.5 M

0.0012

0.3370

0.000006 0.001685

Table 3. Lanthanide content in PLS measured by ICPOES.
ICP OES Results
Sample
La (ppm)
Y (ppm)
PLS 0.01 M

0.01574

0.01442

PLS 0.1 M

0.03411

0.05568

PLS 0.5 M

0.00723

0.03069

Fig. 3. PLS after heap leaching process using sulfuric acid.

PLS 1M

0.00434

0.02945

3.2. Precipitation Reaction of Lanthanide Ions from
PLS Using TSP

PLS 2.5 M

0.0002

0.05307

As we noted that the percentage extraction of
lanthanides is different because of the association of
lanthanides with different ores and their ionic radii [10].
For example, some of the cerium in the bauxite residue is
present in the form of CeO2 or bastnaesite ((Ce, La)CO3F)
[29] and is difﬁcult to leach, it is not completely soluble in
the acid solutions, but the extraction is high for Y,
followed by Dy, Nd, Sc, La and Ce. This also depends on
the type REEs and their ionic radii [10].
Percentage of lanthanide content in PLS from Heap
leaching process in variation of sulfuric acid concentration
from 0.01 to 2.5 M is shown in Table 4. From that data,
lanthanum content of 0.001% was obtained at 0.1 M
sulfuric acid and dissolving ability of lanthanum of 24.39%.
On the other hand, yttrium content at 0.1 M and 2.5 M
sulfuric acid was 0.00177% and 0.001685% with the
solubility ability percentage being 34.03% and 32.40%,
respectively.
Each PLS result from heap leaching in variation
concentration of sulfuric acid is shown in Fig. 3.

The PLS resulting from the sulfuric acid heap leaching
still contains impurities which are also dissolved in sulfuric
acid solution. To purify the PLS samples, the REEs was
precipitated using trisodium phosphate (see Table 5). The
precipitations of yttrium and lanthanides from low
concentration sulfate solutions by the addition of sodium
phosphate solution have also reported by Beltrami et al.
[30], Agin et al. [31], and Donati et al. [32]. Due to the
strong affinity of Y3+(aq) and Ln3+(aq) ions for PO43−(aq)
compared to SO42−(aq), the addition of Na3PO4(aq) to a
sulfate solution of yttrium and lanthanides was expected
to produce the precipitated of REE phosphate, as shown
in Eq. (2), even at low concentration of REEs.
REE(SO4)3-2nn + PO43-  REE(PO4) + nSO42- (2)
In the REEs precipitated process, the pH is important
because the PLS containing several protons that will reach
equilibrium resulting in precipitation reaction. pH has an
important role to avoid the precipitation of impurity
metals [19]. The amount of TSP was added to the PLS at
ratio 1:1 corresponds to the results its stoichiometry. If the
addition of trisodium phosphate is not according with the
calculation of stoichiometry may result in the unstable
precipitated of REEs.
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PLS pH
3.5
withou
t TSP
PLS pH
3.5
+ TSP
Percenta
ge (%)

10

10

ICP OES Results
(ppm)
La

Y

0.0072
0.030
3
69

Al

Mg

Fe

178
6.1

10.6 533.9
87
63

0.015
13

0.15
972

563.
623

7.27
193

24.6
925

47.78

80.7
8

68.4
4

31.9
5

95.3
7

The reaction between the trisodium phosphate and
the lanthanide sulfate is shown in Eq. (2). The sulfate ions
in REEs sulfate was substituted and reacted with oxygen
of the phosphate ions, then produced Ln phosphate
compound. To increase the selectivity of precipitation
reaction of Ln using TSP, pH was adjusted using NH4OH
solution. This parameter was also considered in
hydrometallurgical processes. Concerning to the system,
several proton-equilibria take place. Indeed, the Ln3+, Al3+
and Fe3+ ions can be easily hydrolyzed and the phosphate
ion, used to precipitate the Ln metal can be simply doubly
or triply protonated. Therefore, the pH of precipitation
was expected to play important role on the precipitation
reaction of REEPO4 [33].
In the case of iron, Beltrami et al. [30] has reported
and identified the precipitation yield started to increase at
pH 3 due to the precipitation of Fe(OH)3, FePO4(s) and
Fe3(PO4)2.xH2O(s). Hence, precipitation at pH 4 gives the
best condition between the quantitative recovery of REE
and iron contamination, thus the optimum pH for
precipitation of REEs was adjusted at the pH of 3.5, if pH
is greater than 4, the possibility of precipitation of iron
ions will be greater. This excess pH level should be
avoided to minimize the impurities which is iron ions. TSP
agent was added to precipitate REEs because TSP
diffusion in PLS liquid surface, as a result the
concentrations of REEs increased in PLS.
Decreasing the impurity concentration in the PLS
after precipitation reaction with TSP and after adding TSP
were added is summarized in Table 5. Decrease
concentration of iron ions in PLS is about 95.37% from
533.963 to 24.6925 ppm. Lanthanum in PLS
concentration was increased up to 47.78% from 0.00723
to 0.01513 ppm. At the concentration of yttrium in PLS
after TSP was added increased up to 80.78% from 0.03069
to 0.15972 ppm. Thus, the addition of TSP can increase
the extraction of REEs from Indonesian low grade bauxite
and reduce the dissolution of impurities by adjusting the
selective pH at 3.5 when adding TSP.
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3.3. Job method
Before PA solution was added directly to phosphate
precipitated, PA ligand must first be recognized for its
effectiveness when used in a solution with an acidic
atmosphere. In addition, Fe3+ is a quite dominant
disturbing ion in the precipitated with TSP, this ion is
greatly interfered with the extraction process of lanthanum
and yttrium because it can reduce concentration of yttrium
and lanthanum. Therefore, the presence of Fe3+ ions must
be eliminated from the solution. PA ligand can react with
Fe3+ ions and produce a white precipitated compound.
However, the reaction must be stoichiometrically known
using the job method in order to save the amount of PA
used for compexation reaction. The precipitate produced
in the reaction of Fe3+ with PA ligand in an acidic
condition is smooth and very mild. This causes the
measurement of the job method with gravimetry is
difficult to conduct. Therefore, it is used measurements
with a UV-Vis spectrophotometer at 300 nm. Figure 4
showed the result of the Job method that results in the
intersection of lines at 0.80; 0.00062.

Concentration dissolved of Fe3+
ion

Sample

Dilution

Table 5. Comparison the concentration of lanthanides and
their impurities in the precipitation reaction with and
without TSP agent.

0.0008
y = -0.0012x + 0.0016

0.0006
0.0004
0.0002

y = 0.0007x - 5E-05

0

0

0.5

1

Mole fraction of Fe3+ ion

Fig. 4. Job method to determine the concentration of PA
ligand.
The fraction of Fe3+ is 0.80 mole or the ratio of Fe3+
mole and PA ligand is 0.80/0.20. This comparison is in
accordance with the amount of acid that can produce
phytic acid. Thus, it can be concluded that PA ligand can
still be effectively used in acidic conditions without
hydrolysis of the phosphate ester group. The reaction is
predicted in below (see Eq. (3)).
C6H6(OPO3H2)6(aq) + 4Fe(H2O)63+(aq) →
Fe4(C6H6(OPO3)6(s) + 12H2O(l) + 12H3O+ (aq) (3)
3.3. Precipitation of the PLS with Phytic Acid
3.3.1. Characterization using FTIR spectroscopy
PLS was formed as brown precipitate compound after
reacted with trisodium phosphate (TSP) agent. This
precipitate was diluted again using sulfuric acid to be
reprecipitated and complexed using PA as ligand. The
addition of PA produced a white precipitate complex,
which PA acted as a chelating agent [23-25]. To ensure the
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complex was formed, structure of the complex and its
ligand was characterized using FTIR, as shown in Fig. 5.
The presence of water molecules in the structures of the
PA was confirmed by the broad absorption bands in the
range of 3600-2800 cm-1 assigned to the streching
vibration of v(O-H) groups from hydrogen bonded water
molecules. No appearance of absorption at 1200 cm-1 is
assigned to symmetric bending vibration v(P=O) and 926
cm-1 is assigned to the streaching v(P-OR). This indicated
that the PA is bound to form a complex with the metals
contained in PLS [34,35].
Phytic Acid
Complx PA

90
80

Here, the hexaphosphate groups of phytate anion has
formed a complexing with the Al3+ ions via bidentate
mode (see Fig. 6), thus concentration of Al is reduced.
The hexaphosphate groups of phytic anion can be
used as active sites and it is favorable selective to bind with
impurities metal such as Al3+ ions. Phytic acid ligand has
proven to precipitate some impurities metals such as Al,
Fe and Mg ions. It it similar was observed with previous
study for enrichment of lanthanum from Belitung silica
sand [18]. This method is expected to have high
effectiveness for lanthanum and yttrium enrichment from
Indonesian low grade bauxite using the series treatment
that reported in this study. On the other hand, phytic
anion is also used as chelating agent so that it can form a
complex with proteins and also is very selective to
minerals such as Eu3+ [24], Cu2+, Al3+ and V4+ [36].

70

%T

3.3.2. Analysis of metals content in PLS after complexing
using phytic acid ligand

60
50
40
30
20
10
4000

3000

2000

1000

0

1/cm

Fig. 5. Comparison FTIR spectra of phytic acid ligand and
its complex.

Fig. 6. Illustration of complexing between Al3+ ions and
hexaphosphate groups of phytate anion.
Absorption at 1050 cm-1 was identified as trivalent
phospate metal and based on the obtained concentration
value and the equilibrium constant of Al3+ ions forming
complex compounds with PA ligand [34]. PA ligand has
deprotonated and produced phytate anion, thus it can
coordinate with the metal ions to form complexes [18].

The concentration of Fe3+ in the precipitate is 14.1056
ppm. This precipitation process can be removed Fe3+
concentration by 57.125%. The solubility of Mg2+ ions is
greater than the solubility of Fe3+ ions. Concentration of
Mg2+ ions after precipitation reaction with TSP is 7.27193
ppm. Here, Mg2+ ions can also precipitate when added
with phytic acid. To prevent the presence of Fe3+ ions in
solution, Mg2+ ions must also be precipitated. Then the
amount of PA was added must be slightly excessive. After
addition with PA, the metal concentration in solution was
measured using ICP-OES.
The concentration of impurities in PLS after reacted
with PA has decreased compared to the concentration of
impurities in PLS before adding PA. The concentration of
Al as impurities in PLS with sulfuric acid concentration of
0.5 M before PA was added at 563.662 ppm and when
added with PA, it decreased to 191.652 ppm or 65.99%.
Concentration of Mg ion in PLS with 0.5 M sulfuric acid
is 7.27193 ppm and after PLS was added with PA to be
3.49318 ppm decreased by 51.96%. Whereas, Fe ion
content in PLS with 0.5 M sulfuric acid was 24.6925 ppm
after the PLS was added with PA, the concentration of
4.57299 ppm, it is decreased by 81.48%. However, the
concentration of lanthanide ions increased.
Lanthanum and yttrium concentrations in PLS with a
concentration of 0.5 M sulfuric acid was 0.01513 ppm and
0.15972 ppm, respectively, after the addition of PLS with
PA, their concentration were increased to 0.04411 ppm
(34.03%) and 0.28431 ppm (43.82%), respectively.
Decreasing of impurities on the PLS, the
concentration of yttrium and lanthanum ions increased.
Lanthanum and yttrium concentrations before TSP and
PA were added to PLS with concentration of 0.5 M of
sulfuric acid solution of 0.00723 ppm and 0.03069 ppm,
and after added TSP and PA into PLS, lanthanum
increased by 0.04411 ppm which is 86.3%, yttrium also
increased to 0.28431 ppm, equivalent to 89.20% (see Table
6). These results showed that precipitation with TSP and
PA could increase lanthanum and yttrium ions in the PLS.
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These results suggested that both lanthanum and yttrium
can be extracted from Indonesian low grade bauxite using
the series processes of heap acid leaching, precipitation
and complexation methods.

Complex

Table 6. Comparison concentration of metals after
precipitation reaction with PA ligand.
La
(ppm)

Y
(ppm)

Al
(ppm)

Mg
(ppm)

Fe
(ppm)

0.04411

0.28431

191.652

3.49318

4.57299

[4]

[5]
[6]

[7]

4. Conclusion
The lanthanides (La and Y) have been successfully
extracted from Indonesian low grade bauxite using heap
leaching method with sulfuric acid, precipitated with
trisodium phosphate and complexing with phytic acid (PA).
The optimal concentration of 0.1 M sulfuric acid 500 mL,
20 g Indonesian low grade bauxite was dissolve 24.39%
lanthanum and 34.03% yttrium. After the extraction
process using H2SO4, then proceed with the precipitation
process using trisodium phosphate. PA ligand has proven
to precipitate some impurities such as Al, Fe and Mg ions.
Phytic acid successfully removed 57.125% of Fe3+
impurities in PLS. Separation the solid-liquid extraction
using H2SO4, followed by precipitation using trisodium
phosphate and phytic acid produce lanthanide with high
purify. After sequencial two precipitations and
complexations, the concentration of lanthanum and
yttrium increased to 83.6% (0.04411 ppm) and 89.20%
(0.28431 ppm), respectively. This finding method is
potential for the extraction of lanthanum and yttrium from
Indonesian low grade bauxite with high efficiency.

[8]
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