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Lithium minerals become a sub-economic
raw material for lithium production to fulfill
the lithium demand. This study is about
lithium extraction from mica schist using
the roasting and leaching processes. The
mica schist located in Kebumen, Indonesia
was used to study the phenomena during
the lithium extraction process. Sodium
sulfate was used as a roasting agent while
0.36 M sulfuric acid was used as a leaching
agent. Solid/liquid ratio (1:5, 1:10, 1:15 and
1:20 (g/mL)) and leaching time (30, 60, 90
and 120 minutes) were used as variables in
this study. The roasting process was done
at 700 °C for 40 minutes while the leaching
process was done at 70 °C and 350 rpm.
The ratio of additive and mica schist was
1.5:1 (g/g). XRD, ICP-OES, and SEM were
used to observe the formed compounds,
chemical composition and morphology of the
materials. HighScore Plus (HSP) was used
to interpret the content of each compound in
mica schist, roasted mica schist, and residue.
ICP analysis confirmed that the mica schist
contains 45.28 ppm of lithium. It is supported
by XRD that lithium exists in mica schist as
lepidolite (KLi»AlSi,010(F,0H)3). Sulfate
roasting did not affect the type of lepidolite
but the lepidolite reactivity against the
chemical agent. SEM analysis shows that
the roasting process reduced the average
particle size from 32.17 to 27.16 um. ICP
analysis of roasted mica schist shows that
lithium concentration was reduced from
45.28 to 1.27 ppm. The optimum result from
this study was 97.66 % extraction of lithium
while solid/liquid ratio was 1:5 (g/ml) and
leaching time was 30 minutes. HSP shows
that lepidolite contents in initial mica schist,
roasted mica schist and residue were 60.6;
24.3 and 18.7 %, respectively. Lithium
concentration in the residue according to
ICP analysis is 1.06 ppm

Keywords: lithium, extraction, mica
schist, lepidolite, sulfate roasting, acid
leaching, mineral
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1. Introduction

Lithium is one of the important components contained
in lithium batteries and other commercial products such as
pharmaceuticals, ceramic and aluminum industry [1]. Due
to low density, high electrochemical standard potential and
other unique properties, the utilization of lithium in many
applications increases annually. There is a prediction that
the consumption of lithium in the world will increase by
around 60 % in the next 5 years. This is caused by upcoming
hybrid vehicles and portable electronic devices, which use
lithium batteries, developed rapidly [2]. Brine water is the
primary source of lithium because it contains approximately
0.1 % Li, characterized by large reserves, low-cost produc-
tion and simple processing [2, 3]. However, to fulfill the
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demand for lithium, which is predicted to increase sharply,
another lithium source is urgently needed. Lithium mineral
processing is more difficult and needs a higher production
cost than brine water processing. In general, lithium mineral
processing is divided into four stages that are comminution,
beneficiation, roasting and leaching. Roasting using addi-
tives is an important thing because it can reduce the time
and temperature of the roasting process [4]. Prior to roasting
at high temperature, lithium ore is added with additives such
as sodium sulfate, potassium sulfate or calcium carbonate to
convert the compounds contained in lithium ore to become
soluble species [5].

Lepidolite is one of several potential lithium minerals in
ore that has been developed to produce lithium in the form
of lithium carbonate [5]. Lepidolite is a monoclinic system




that has a theoretical formula of KLisAlSi;O1o(F,OH), and
comprises 3.0-7.7 wt % Li,O [3, 6]. Sulfate acid and lime
methods are the two most important processes for lithium
extraction from lepidolite [1]. There are some researchers
that studied lithium extraction from lithium minerals es-
pecially lepidolite. The paper [1] performed the lithium
extraction process from lepidolite (2 wt % Li) by sulfation
roasting followed by water leaching and got 91.61 % lithium
extraction efficiency. Besides that, 81 % Li recovery was
achieved from a research about lithium recovery from lep-
idolite (1.55 wt % Li) with iron sulfide roasting and water
leaching, which has been done in [7]. The paper [3] carried
out a research about lithium recovery from lepidolite con-
centrate (4.59 wt % Liy0), roasted with three different
potassium compounds followed by water leaching and
got 92.78 % Li extraction. Unfortunately, those studies
only used water as a leaching agent while one of the most
important processes to extract lithium from lepidolite is
sulfate acid.

Therefore, studies are devoted to selecting the best vari-
ables to perform the decomposition process, using different
leaching agents in the leaching process and sometimes car-
rying out beneficiation prior to the roasting and leaching
processes. The variables that can be chosen for the decom-
position process are calcination at high temperature and
roasting process with additives at a lower temperature. The
function of the beneficiation process is to upgrade the lithi-
um concentration contained in raw material. Upgrading the
lithium concentration prior to the roasting and leaching pro-
cesses is used for removing the impurities that interfere with
the lithium extraction process. The beneficiation processes
that can be used for upgrading the lithium concentration are
dense media separation, magnetic separation and flotation.
Leaching agents that are mainly used to extract lithium are
water and acid.

2. Literature review and problem statement

The paper [8] presents the results of research about
the effects of mechanical activation on lithium extraction
from a lepidolite ore concentrate. The time effect on grind-
ing to lithium extraction percentage is shown. This study
used grinding, acid leaching using sulfuric acid for 4 hours
and water leaching process using a thermostatic orbital
shaker (100 rpm) at 80 °C for 4 hours, as stages to extract
lithium from lepidolite. It is concluded that agglomeration
increases along with increasing grinding time. This study
got 82 % lithium extraction while the grinding process was
done for 10 minutes and the lithium extraction increased to
87 % while the grinding process was done for 30 minutes.
The grinding process should be done in less than 30 minutes
to get the best result. Besides that, this study also told that
the recovery did not increase significantly while increasing
leaching time to 4 hours. There were unresolved issues re-
lated to the processing time and cost. This is caused by the
fact that the paper used 4 hours in acid leaching and 4 hours
in water leaching. All this suggests that it is advisable to
conduct a study on using a leaching time of less than 4 hours
and grinding time less than 30 minutes.

The paper [1] presents the results of research about the
extraction of lithium from lepidolite by sulfation roasting
and water leaching. The temperature effect on the roasting
process to the presents of lepidolite and lithium extraction

percentage is shown. This study used roasting using NaySOy
and/or other additions (K3SOy4, CaO) at various tempera-
tures for 30 minutes and water leaching at room temperature
for 30 minutes. This study got 91.61 % lithium extraction
while carrying out the roasting process at 850 °C for
30 minutes, water leaching for 30 minutes and the lepido-
lite/Na3S0O4/K5SO,4/CaO ratio was 1:0.5:0.1:0.1. The result
of the leaching process shows that the efficiency of lithium
extraction increased significantly during the roasting pro-
cess above 750 °C when using other additives. There were
unresolved issues related to processing time and cost. This
is caused by the fact that the paper used 850 °C in roasting
and 30 minutes in water leaching. This approach was used
in [9], which showed that the roasting process with K,SO4
needs a higher temperature and there will be a reaction
that is harmful to lithium extraction. All this suggests that
it is advisable to conduct a study to remove the additives,
especially KySOy, to use a lower temperature. This will save
energy and reduce the operation cost automatically.

The paper [7] presents the results of research about the
extraction of lithium from lepidolite via iron sulfide roasting
and water leaching. The effect of roasting temperature and
time, leaching temperature and solid/liquid ratio on lithium
extraction percentage from lepidolite concentrate is shown.
This study used the roasting process with FeS-CaO at var-
ious temperatures, then water leaching with various tempera-
tures and solid/liquid ratios. This study got 81 % Li recovery in
the roasting process at 750 °C for 1.5 hours and water leaching
at 50 °C for 2 hours with a solid/liquid ratio >1:5. There were
unresolved issues related to gas emission and energy con-
sumption. This approach was used in [2], which showed that
SO, will be produced from leaching the roasted product but
it can be avoided with acid leaching. All this suggests that
it is advisable to conduct a study to use the acid leaching
process and lower roasting temperature.

The paper [10] presents the results of research about min-
eral-metallurgical processes for lithium recovery from peg-
matite ore. The effect of calcination temperature, digestion
temperature and acid concentration is shown. This study
used calcination, sulfuric digestion, water leaching and
acid leaching processes. This study got the best calcination
temperature of 800 °C for 13 hours, the best digestion tem-
perature with HySOy of 200 °C for 30 minutes and the best
acid concentration in the leaching process of 300 g/L HCI
at 90 °C for 4 hours. There were unresolved issues related to
the processing time and energy consumption. This approach
was used in [11], which showed that the calcination process
needs a higher temperature than the roasting process with
additives. All this suggests that it is advisable to conduct a
study to use the roasting process with additives in activating
the lepidolite to become an attractive compound against the
chemical agent.

The paper [3] presents the results of research about lith-
ium recovery from lepidolite roasted with potassium com-
pounds. The effect of different types of additives, additive/
ore mass ratios, roasting temperatures, roasting time and
pH of leaching solutions on the lithium extraction process
is shown. This study used the roasting process with three
different potassium compounds, water leaching at 90 °C
for 3 hours and acid leaching with different concentrations
using HySOy at 40 °C for 2 hours. This study got 92.78 %
of lithium extraction using K,SO4 mixed with KOH as ad-
ditives at 900 °C for 2 hours in the roasting process, water
leaching at 90 °C for 3 hours and acid leaching while the



pH was 1. There were unresolved issues related to energy
consumption and processing time. This approach was used
in [9], which showed that the roasting process with KsSOy4
needs a higher temperature. All this suggests that it is ad-
visable to conduct a study to use Na,SOy as an alternative
additive to reduce the temperature of the roasting process.

The paper [12] presents the results of research about
the extraction of lithium from B-spodumene using sodi-
um sulfate solution. The effect of Na,SOy/ore mass ratio,
additive/ore mass ratio, roasting temperature, particle
size, liquid/solid (L/S) ratio, and leaching time is shown.
This study used the leaching process with the mixture of
sodium sulfate solution and CaO or sodium sulfate solu-
tion and NaOH. The leaching process was done at various
temperatures for 3 hours and 2.7+0.1 MPa. This study got
93.3 % of lithium extraction percentage using the mixture of
sodium sulfate solution and CaO and 90.7 % using the mix-
ture of sodium sulfate solution and NaOH. The operating
conditions for those results were Na;SOy/additive (CaO
or NaOH)/ore mass ratio=9:0.4:20, leaching temperature
of 230 °C for 3 hours; L/S ratio was 7.5 mL/g and particle
size (D 90) was 39.233 um. This study told that NaOH ad-
dition to the leaching process leads to agglomeration and de-
creased extraction efficiency. There were unresolved issues
related to the less efficient process. All this suggests that it is
advisable to conduct a study to perform the leaching process
without additives especially NaOH.

The paper [2] presents the results of research about the
recovery of valuable metals from lepidolite by atmosphere
leaching and kinetics in lithium dissolution. The effect of
acid concentration, L/S ratio, leaching temperature, parti-
cle size, and reaction time on lithium extraction is shown.
This study used acid leaching with aqueous sulfuric acid
at various temperatures. This study got 94.18 % at the L/S
ratio of 2.5:1, acid/lepidolite mass ratio of 1.2:1, particle
size <180 pum, temperature of 411 K and reaction time of
10 hours. This study used high temperature (411 K) and a
long time (10 hours) for the leaching process. There were
unresolved issues related to the energy consumption due to
the high temperature in the leaching process and processing
time. This approach was used in [6, 13]. According to [14],
the temperature of 70 °C and pressure of 31.202 kPa show
the specific volume of saturated liquid of 0.001023 m?/kg
and specific volume of saturated vapor of 5.0396 m3/kg. In
addition, the variables used in that study were 138 °C and
100 kPa (1 atm) so there must be a lot of vaporized elements.

All this suggests that it is advisable to conduct a study
to perform the leaching process at lower temperature and
shorter time. Based on those references, the authors decided
to use the roasting process with NaySOj to reduce the roast-
ing time and acid leaching without adding the additives at
lower temperature. Several variations as done in the previ-
ous study such as L/S ratio and leaching time were also done
in this study.

3. The aim and objectives of the study

The aim of the study is to utilize and explore the po-
tential of local mineral from Indonesia to perform lithium
extraction using sulfate roasting and acid leaching with the
variations of solid/liquid ratio and leaching time.

To achieve this aim, the following objectives are accom-

plished:

— to study the initial characteristics of mica schist;

— to find out the effect of sulfate roasting on the charac-
teristics of mica schist;

—to observe the effect of acid leaching on the charac-
teristics of filtrate and residue then determine the optimal
operating conditions from this study.

4. Materials and methods of the study

Mica schist that contains lepidolite from Kebumen,
Central Java, Indonesia was used as a raw material. Sodium
sulfate (NaySOy4) (Merck®) was used as a roasting agent
and sulfate acid (HySO4) (Merck®) as a leaching agent.
The steps were done in the same way that has been done by
the authors in [15]. The first step was crushing mica schist
using a jaw crusher then milling using a disc mill until the
particle size was —100 mesh. Then the raw material was an-
alyzed using inductively coupled plasma — optical emission
spectroscopy (ICP-OES) (Agilent technologies 700 Se-
ries) to determine the initial chemical composition, X-ray
diffraction (XRD) (Shimadzu XRD-7000) to find out the
compounds contained in mica schist and scanning electron
microscopy (SEM) (JEOL-JSM 6390A) to know the mor-
phology and particle size of mica schist.

The second step was adding sodium sulfate to mica
schist with the ratio of 1.5:1 (g/g), then roasting at 700 °C
for 40 minutes in a carbolite furnace to perform the roasting
process. After that, the roasted mica schist was analyzed
using X-ray diffraction (XRD) (Shimadzu XRD-7000) to
determine the compounds contained in roasted mica schist,
inductively coupled plasma — optical emission spectrosco-
py (ICP-OES) (Agilent technologies 700 Series) to deter-
mine the chemical composition of roasted mica schist and
scanning electron microscopy (SEM) (JEOL-JSM 6390A)
to determine the morphology of roasted mica schist. Those
analyses were done to observe the roasting process effect on
the compounds, chemical composition and morphology of
mica schist.

The third step was leaching using 0.36 M sulfu-
ric acid at 70 °C and 350 rpm with various variables.
There are 2 variables, namely the solid/liquid ratio
(1:5, 1:10, 1:15, 1:20 (g/ml)) and leaching time (30, 60, 90
and 120 minutes). The leaching process was done using a
hot plate, reflux and magnetic stirrer. The filtration process
was done as the last step to separate the residue and the
filtrate. The residue and the filtrate from this step were
analyzed using X-ray diffraction (XRD) (Shimadzu XRD-
7000), inductively coupled plasma — optical emission spec-
troscopy (ICP-OES) (Agilent technologies 700 Series) and
scanning electron microscopy (SEM) (JEOL-JSM 6390A).

5. Results of determining the lithium percent extraction

5. 1. Initial characteristics of mica schist

5. 1. 1. Chemical composition of mica schist

Mica schist powder was analyzed using ICP-OES to
know its chemical composition and confirm that lithium is
contained in it. The initial chemical composition of mica
schist can be seen in Table 1.

Based on Table 1, mica schist from Kebumen, Central
Java, Indonesia consists of aluminum, calcium, iron, potas-
sium, lithium, magnesium, sodium and silicon. There are



some elements that have a high content, i.e. calcium (Ca)
40.31 ppm and lithium (Li) 45.28 ppm. Table 1 also shows
that mica schist has some minor elements, i.e. aluminum (Al)
8.78 ppm, silicon (Si) 8.91 ppm and sodium (Na) 1.71 ppm.

Table 1

Chemical composition of mica schist from Kebumen,
Central Java, Indonesia

No. Element Concentration (ppm)
1 Al 8.78
2 Ca 40.31
3 Fe 13.18
4 K 10.99
5 Li 45.28
6 Mg 12.83
7 Na 1.71
8 Si 8.91

5.1.2. Compounds in mica schist

The XRD patterns of mica schist are shown in Fig. 1.
Fig. 1 tells that the compounds of mica schist are lepidolite
(K(Li,A)3(Si,A1)4010(F,OH)), low albite (Na(AlSi3)Os),
quartz (SiO,) and anorthite (Al,CaSiyOg).
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Fig. 1. XRD patterns of mica schist

The strongest peak of lepidolite compound in Fig. 1 is
located at 27°, anorthite at 46°, albite at 27.1° and quartz
at 21° in 20-scale. The XRD patterns were interpreted by
HighScore Plus (HSP) version 3.0e (3.0.5). HighScore
Plus (HSP) application can determine the level of com-
pounds contained in mica schist. The level of compounds in
mica schist is shown in Table 2.

Table 2 shows that mica schist is dominated by lepido-
lite (60.6 %), followed by anorthite (31.3 %). On the other
hand, the minor compounds in mica schist are albite (7.2 %)
and quartz (0.9 %).

Level of compounds in mica schist based on
HighScore Plus (HSP) application

5. 1. 3. Morphology of mica schist
The morphology of mica schist was analyzed using scan-
ning electron microscopy (SEM) and can be seen in Fig. 2.
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Fig. 2. Morphology of mica schist

Fig. 2 shows that with 500 times magnification, the par-
ticles of mica schist have an irregular and heterogenic shape
with the average particle size of 32.17 pm and the biggest
particle size of 62.46 um.

3. 2. Characteristics of roasted mica schist

5. 2. 1. Chemical composition

The chemical composition of roasted mica schist
needs to be analyzed to know if the roasting process
changes the initial chemical composition. The chemical
composition of roasted mica schist was analyzed using
inductively coupled plasma — optical emission spectros-
copy (ICP-OES) (Agilent technologies 700 Series) and
can be seen in Table 3.

Table 3
Chemical composition of roasted mica schist

No. Element Concentration (ppm)

1 Al 51.60
2 Ca 133.19
3 Fe 49.85
4 K 42.67
5 Li 1.27

6 Mg 44.56
7 Na 387.59
8 Si 12.2

According to Table 3, the most dominant elements are
sodium (Na) 387.59 and calcium (Ca) 133.19 ppm while
lithium (1.27 ppm) is a minor element.

Table 2 5.2. 2. Compounds of roasted mica schist

XRD analysis was done to know the effect
of the roasting process on each compound

contained in mica schist. The XRD patterns

No. | Ref Code 15)?1?11(-1 Scale | Content Chemical formula of roasted mica schist are shown in Fig. 3.
) : Name Factor (%) The products of this roasting process are
1 ]98-003-4184 | Lepidolite | 0.132 | 60.6 | K(Li,Al)3(Si,Al)5010(EOH), lepidolite - (K(Li,Al)3(Si,AD)4O10(F,0H)y),
5 1980077421 | Alb; 0.951 =5 Na(AlSin0 albite (Na(AlSi3)Og), forsterite (MgySiOy),
— It - : a( _ i3)Os dipotassium diferrate (III) (FeyK504) and
3 |98-008-9277 Quart.z 0.653 0.9 SIO? dicalcium silicate (CaSiOy4). The strongest
4| 98-006-7953 | Anorthite | 0.322 [ 313 AlyCaSiyOg peak of the lepidolite compound in Fig, 3 is




located at 33° while albite at 27° in 26-scale. HSP applica-
tion was also used to determine the level of each compound
in roasted mica schist (Table 4).

Based on Fig. 4, the particle shape of roasted mica

3000 [ K(Li,Al)y(Si,Al),0,4(F,0H),

2500 [ 1 Na(AlSi;)O,
’52000 Mg,SiO,
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z 1900 L Ca,8i0,
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Fig. 3. XRD patterns of roasted mica schist
Table 4
Level of each compound in roasted mica schist
Compound | Scale |Content . )

No.| Ref. Code Name Factor | (%) Chemical formula
1 98-003-4337| Lepidolite | 0.157 | 24.3 | K(Li,Al)5(Si,Al)40o(EOH),

98-020-1919 Albite 0.242 2.8 Na(AlSi3)Og

98-007-7536| Forsterite 0.107 2.3 Mg,SiOy4

Dipotassium
4 198-009-4467 Diferrate(1IT) 0.472 33.5 FeyKyOy
5 |98-008-2996| Dicalelum 965 | 374 CaySiO;
Silicate

Table 4 shows that the contents of lepidolite, albite,

schist is the same as the initial shape that is irregular and
heterogenic. The roasting process only leads to the average

particle size of 27.16 um and the biggest parti-
cle size of 52.19 pm.

5. 3. Characteristics of leaching process
product

5. 3. 1. Filtrate

Table 5 is the table of lithium concentration
in the filtrate and lithium extraction percentage
with the variables of leaching time and solid/
liquid ratio (g/mL). According to Table 5,
the optimum lithium extraction percentage
is 97.66 % with the leaching conditions of
solid/liquid ratio, leaching temperature and
leaching time of 1:5, 70 °C and 30 minutes,
respectively. On the other hand, the lowest
lithium extraction percentage is 0.97 % with
the leaching conditions of solid/liquid ratio,
leaching temperature and leaching time of
1:20, 70 °C and 60 minutes, respectively.

The correlations between solid percentage
and lithium extraction percentage from each
variable of leaching time can be seen in Fig. 5.
Based on Fig. 5, the best variable of solid per-
centage is 20 % while the poor variable of solid
percentage is 5 %.

The best variable to get a higher lithium ex-
traction percentage, based on Fig. 5, is when the
leaching process was done for 30 minutes at 70 °C.
On the other hand, the poor variable for leaching
the roasted mica schist is when the leaching pro-
cess was done for 90 minutes at 70 °C.

forsterite, dipotassium diferrate (I11) and dicalcium silicate Table 5
are 24.3;2.8;2.3;33.5 and 37.1 %, respectively. The most Lithium extraction percentage in filtrate
dominant compound based on Table 4 is dicalcium silicate —
while forsterite is the compound that has the lowest content. e Lithium | Hthium
Solid/liquid Percent extraction
Sample ratio (g/mL) | solid (%) concentra- percentage
5. 2. 3. Morphology of roasted mica schist tion (ppm) (%)
SEM image of the product roasted with sodium sulfate at % P 10 330
700 °C for 40 minutes is shown in Fig. 4. The purpose of this : : :
analysis is to know the effect of the roasting process on the 1:15 6.67 0.88 1.94
o ; : T70W30
morphology and particle size of roasted mica schist. 1:10 10 1756 3878
1:5 20 43.9 97.66
1:20 5 0.439 0.97
1:15 6.67 0.70 1.55
T70W60
1:10 10 17.56 38.78
1:5 20 43.9 97.66
1:20 5 1.32 29
1:15 6.67 8.78 19.39
T70W90
1:10 10 0.61 1.36
1:5 20 35.12 77.56
1:20 5 2.02 4.46
T70W120 1:15 6.67 1.76 3.88
50m_ 10000 1235 SEl 1:10 10 17.56 38.78
1:5 20 35.12 77.56
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Table 7
Content of each element in the leaching residue
No. Element Concentration
——T70W30 1 (ppm)
L A 24.39
——T70W60
2 Ca 168.54
T70W90 3 - =
——T70W120 1 K o0
> Li 1.06
6 Mg 17.30
! Na 15.66
8 Si 23.07

Fig. 5. Correlation chart of solid percentage and lithium extraction

percentage in the filtrate

3.3.2. Residue

The residue of the best result from the leaching process was
analyzed using XRD to know the remaining compounds in the
residue. XRD patterns of the residue can be seen in Fig. 6. Lep-
idolite (K(Li,Al)3(Si,Al);O1o(F,OH)y), albite (Na(AlSiz)Og),
protoenstatite (MgSiO3), potassium tetraoxoferrate (FeK,04)
and anorthite, sodian (Aly 50Cag 50Nag 48Si0 450g) are the com-
pounds detected in the residue.

Based on Table 7, the concentration of

each element is 24.39 ppm for aluminum,

168.54 ppm for calcium, 15.35 ppm for iron, 29.92 ppm for

potassium, 1.06 ppm for lithium, 17.30 ppm for magnesium,

15.66 ppm for sodium and 23.07 ppm for silica. The most

dominant element is calcium (168.54 ppm) while the minor
element is lithium (1.06 ppm).

6. Discussion of experimental results

The chemical composition of raw ma-
terial in this study can be seen in Table 1.
The analysis shows that lithium is one of
the dominant elements while sodium is one
of the minor elements in mica schist. Based
on Table 1, mica schist is a low-lithium ore
because the lithium concentration in mica
schist is <1 wt % that is 0.005 wt %. On the
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3500 L1 Al 5,Cag 5,Nag 450581 45
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Fig. 6. XRD patterns of dry residue

The strongest peak of the lepidolite compound in Fig. 6
is located at 27° while albite at 46° in 20-scale. The level of
each compound in the leaching residue was determined by
HSP application (Table 6).

Table 6 tells that the content of each compound is 18.7 %
for lepidolite, 8.7 % for albite, 17.5 % for protoenstatite,
18.6 % for potassium tetraoxoferrate and 36.5 % for anor-
thite, sodian. The residue was analyzed by ICP-OES to
confirm the concentration of each element and it can be seen
in Table 7.

other hand, lithium concentration in raw
ore used in [1] is higher than the lithium
concentration in mica schist that is 2 wt %.
In addition, lithium concentration in raw ore
used in [16] is still higher than the lithium
concentration in mica schist that is 0.7 wt %.
Nevertheless, lithium was detected in ICP
analysis, so it confirms that mica schist from Indonesia
can be used as lithium raw material. Table 1 indicates that
lithium is bound with aluminum, potassium and silica to
form the aluminum silica compound that is lepidolite. XRD
analysis was necessary to be done to confirm that lepidolite
is contained in mica schist.

The diffraction peaks in the XRD analysis can be seen
in Fig. 1. This analysis confirms that lepidolite is contained
in mica schist with the highest peak at 27° in 20-scale.
There are some compounds that are also contained in mica
schist such as albite, silica and an-

Table 6 orthite. The XRD patterns of mica
Compound level in the leaching residue S,Chl.St from Kebumen, In.don,esm are
similar to those of lepidolite pro-
No. Ref. Code CoII\Inpound SCale Cor‘;;ent Chemical formula Vld?d by the. JlanXI Province of
ame actor | (%) China [2]. This indicates that the re-
1 98-003-0785 Lepidolite 0.247 18.7 K(Li,Al)3(Si,Al);01o(F,OH), sources from Indonesia also have the
2 | 98-020-1919 Albite 0.123 8.7 Na(AlSi3)Og potential as a source of raw material,

3 | 98-002-6489 | Protoenstatite | 0.230 17.5 MgSiO3 especially for lithium.
Potassium The roasting process with Na,SOy4
4| 98-003-2756 | piaoxoferrate | 0030 186 FeKa04 as additives was used in this study
Anorthite . because it can reduce the process

5 98-003-0124 7 0.146 36.5 Al 50Cag 55N Siy 480 .

sodian 1320032048 512.458 temperature and time compared to




the calcination process [11]. There are two additives that
are used frequently in sulfate roasting, namely potassium
sulfate (K»SO4) and sodium sulfate (NaySOy). Sodium
sulfate (NapSO,) was selected as an additive in this study
because the roasting process with KySO4 needs a higher
temperature and there will be a reaction that is harmful to
lithium extraction [9].

There are 3 new compounds in Fig. 3 due to the roasting
process namely forsterite, dipotassium diferrate(I1T) and
dicalcium silicate. The peak intensity of the lepidolite com-
pound at 28° in 20-scale decreased sharply from >2,000 a.u
to <1,000 a.u if compare Fig. 1,3. Some of the lepidolite
peaks that initially appeared in Fig. 1 also disappeared in
Fig. 3 due to the roasting process. This confirms with HSP
interpretation that the lepidolite concentration reduced
from 60.6 % to 24.3 % if compare Table 2 and Table 4. Based
on Fig. 1, roasting of 1.5:1 (g/g) Na;SOy/mica schist did not
lead to changes in the type of lepidolite and albite. It is sim-
ilar to the results of [1] that roasted lepidolite will produce
the same type of compounds that are lepidolite and albite.
On the other hand, the XRD patterns in this study differ
from those in [3] because the peak of lepidolite still appears
in this study when using 1.5:1 (g/g) NaySO,/mica schist.
On the other hand, in [3], the peak of lepidolite disappeared
when using 1.5:1 (g/g) KySOy/ore. This is due to the ion
exchange process so lepidolite is transformed into other com-
pounds, namely LiKSOy, kalsilite, K»SOy4, and KAISiyOg.
Although lepidolite in this study did not transform to be oth-
er compounds, the silicate structure in lepidolite is a reactive
form due to the roasting process. The leaching process will
be useless if there is no roasting as a preliminary process [9].
The use of excess NaySOy in the roasting process is because
lithium extraction is influenced by the mass ratio of NasSO4
to lepidolite. The paper [1] tells that lithium extraction
increases along with increasing NaySO,4/mica schist ratio.

Table 3 shows that the lithium concentration of roast-
ed mica schist decreased sharply from 45.28 to 1.27 ppm.
The increase in sodium concentration is caused by sodium
sulfate addition as a roasting agent to change the character
of lepidolite from resistant to reactive against the chemical
attack [12]. It is confirmed with the ICP analysis on the
concentration of roasted mica schist that sodium concentra-
tion increased sharply from 1.71 to 387.59 ppm. All element
concentrations except lithium increased sharply due to the
roasting process if compare Tables 1, 3. Aluminum concen-
tration increased from 8.78 to 51.60 ppm, calcium concentra-
tion increased from 40.31 to 133.19 ppm, iron concentration
from 13.18 to 49.85 ppm, potassium concentration from
10.99 to 42.67 ppm, magnesium concentration from 12.83 to
44.56 ppm, silica concentration from 8.91 to 12.2 ppm.

Fig. 2, 4 tell that the roasting process affects the average
particle size and the biggest particle size in mica schist.
Based on Fig. 2, 4, the roasting process decreased the aver-
age particle size of mica schist from 32.17 to 27.16 um. Be-
sides that, the biggest particle size in mica schist decreased
from 62.46 to 52.19 pm. This phenomenon is caused by the
internal pressure during the roasting process so it ruined the
initial particles to become smaller [17]. On the other hand,
the particles in roasted mica schist have the same shape as
the particles in raw mica schist. This indicates that the roast-
ing process did not affect the particle shape.

The roasted products were then leached with 0.36 M
sulfuric acid at 70 °C with variations of time and solid /liquid
ratio. Sulfuric acid was used as a leaching agent because it is

suitable for the extraction process on low-grade ore. In addi-
tion, SO, production can be avoided with acid leaching [2].
The diluted solution for leaching (0.36 M sulfuric acid) was
chosen because it is more economic and environmentally
friendly. In addition, this is the continuation study from the
previous study [15] where water leaching was used as the
second stage but the result is still less than 80 %. According
to [15], the optimum result of lithium extraction percentage
was 70.6 % while using 1:10 (g/mL) for solid/liquid ratio,
ambient temperature and 1 hour for leaching time. So, as the
initial study to do acid leaching, the very diluted solution
was used.

The leaching process was done using a hot plate, reflux
and magnetic stirrer. The reflux was used to avoid the loss
of water. According to [14], the temperature of 70 °C and
pressure of 31.202 kPa show the specific volume of saturated
liquid of 0.001023 m?/kg and specific volume of saturated
vapor of 5.0396 m3/kg. In addition, the variables used in this
study were 70 °C and 100 kPa (1 atm) so there must be a lot
of vaporized elements.

In addition, the acid used in the leaching process at high
temperature causes the boiling point to become lower than
the water boiling point. This causes the evaporation process
to occur faster so the use of reflux is very important. The
temperature was studied because leaching temperature
influences lithium extraction. Lithium extraction increas-
es along with increasing temperature [18]. Based on [6],
lithium extraction percentage increases when the leaching
temperature increases from 50 to 85°C but the lithium
extraction percentage started to decrease at 90 °C. Table 5
shows that the lithium extraction percentage increases when
the percent solid increases for each variable. This is caused
by the variation of percent solid, which is still lower than its
pulp density independent that is 30 % [18]. The same things
also happened in [3], the extraction percentage will increase
while the solid/liquid ratio increases. The optimum variables
to reach the highest lithium extraction percentage according
to Table 5 are leaching time of 30 minutes and 1:5 (g/mL) for
solid/liquid ratio.

The optimum lithium extraction percentage in this study
is 97.66 %. This indicates that almost all lithium elements in
mica schist are dissolved to the solution and only a few lithi-
um elements still left inside the roasted mica schist.

To confirm this statement, the XRD analysis of the resi-
due is needed. Fig. 6 shows the XRD patterns of the residue
and the peak of lepidolite (K(Li,Al)3(Si,Al);O1o(F,OH),),
which is still detected in the residue. It is also confirmed by
Table 6 that the content of lepidolite is still 18.7 %. Com-
pared to the data in Tables 2, 6, lepidolite reduced sharply
from 60.6 to 18.7 %. This indicates that lepidolite reduced
by 41.9 % before the leaching process. The acid leaching
process affects not only the lepidolite concentration but
also the others. Albite concentration increased from 2.8 to
8.7 % if compare Tables 4, 6. In addition, acid leaching made
magnesium, iron and calcium compounds deformed from
Mg,SiOy4 to MgSiOs, FesKyOy4 to FeKyOy and CaySiOy to
Al 50Cag 50Nay 45Sis 480s, respectively. The concentration
of the compounds also changed from 2.3 to 17.5 % for mag-
nesium compounds, 33.5 to 18.6 % for iron compounds and
37.1 to 36.5 % for calcium compounds.

Then, the residue was analyzed with ICP to confirm
the lithium content in it. Table 7 shows that the lithium
concentration is 1.06 ppm. There is no significant change
compared to lithium concentration before the leaching pro-



cess as can be seen in Table 3. The differentiation of lithium
concentration in Tables 3, 7 is only 0.21 ppm. It is supported
by the XRD analysis that lithium is still contained in
mica schist. This could happen because the concentration
used in this study is low. The previous study tells that
the HySOy/ore ratio of 2 mL/g produced around 82 % Li
leached and it increases to around 84 % Li leached when
using the H,SOy/ore ratio of 3.5mL/g [6]. It can be
concluded that the extraction percentage increases along
with increasing acid concentration. So, improvisation is still
needed to increase acid concentration for acid leaching.

The general chemical reaction that happened in acid
leaching is [2]:

X20(5)+HQSO4 (aq) - X1»S0Oy (aq)+H20, )

where X is the elements especially alkali metal that can re-
act with acids such as chloride, sulfate, nitrate, and fluoride
acid. But, there are other elements such as aluminum, silicon,
iron and calcium that bonded and formed lepidolite. These
elements will also react with sulfate acid during the leaching
process [2]. This affects the metallic elements in lepidolite
that are dissolved to the filtrate. It is proved that the con-
centrations of aluminum and iron in Tables 3,7 reduced
sharply from 51.60 to 24.39 ppm and 49.85 to 15.35 ppm,
respectively. In addition, acid leaching with sulfate acid will
affect lepidolite, which reacted partially and formed two
kinds of sulfates, namely alkali metal sulfate and aluminum
sulfate [2]. This causes a low concentration of alkali metal
and aluminum in the residue. It is proved by ICP analysis of
the residue in Table 7 that aluminum concentration is only
24.39 ppm and sodium concentration is only 15.66 ppm. Ta-
ble 7 shows that calcium concentration has the highest value
that is 168.54 ppm. It is confirmed in Table 6 that calcium
compounds in the form of anorthite also have the highest
content that is 36.5 %. On the other hand, the compound
that has the lowest content based on Table 6 is albite with
the content of 8.7 %.

The leaching process with acid on roasted mica schist
also leads to a decrease in potassium concentration. Ta-
bles 3,7 show that the potassium concentration decreased
from 42.67 to 29.92 ppm while magnesium concentration
decreased from 44.56 to 17.30 ppm. This indicates that
there were potassium element and magnesium element that
dissolved to the solution from the leaching process. On the
other hand, other compounds increased due to the acid
leaching process. Calcium concentration increased from
133.19 to 168.54 ppm while silica concentration increased
from 12.2 to 23.07 ppm. This is caused by the dissolution
of other elements to the solution so other elements that are
harder to dissolve with sulfuric acid become concentrated in
the residue.

The limitations of this study are the low lithium
concentration in raw material, no variations in acid con-
centration and leaching temperature. The disadvantage
of this study was the absence of variation of sulfuric
acid concentration in the leaching process. This causes
the lithium extraction percentage to be still lower than
100 %. Nevertheless, the lithium extraction method in
this study can be used as a reference for further study
with some improvement. In addition, this study can also
give the knowledge that Indonesia has a local natural
resource that contains lithium. Some improvements that
can be used in further research are a variation in acid
concentration and using a lower ratio of sodium sulfate
and lepidolite. The difficulty of variation in sulfuric acid
concentration requires higher energy consumption, and
the occurrence of reduction dissolution for lepidolite in
sulfuric acid is still unclear. The process prior to roasting
and leaching should be developed in this study. This is
because the lithium concentration in the raw material
is very low compared to other raw materials. The froth
flotation method is the best method for the beneficiation
process because the raw material used in this study was
low-grade ores [19].

7. Conclusions

1. Mica schist was roasted with sodium sulfate as addi-
tives at 700 °C for 40 minutes. This did not affect the kind
of lepidolite in mica schist but improved the reactivity of
lepidolite against chemical agents. In addition, the roast-
ing process reduced the particle size of mica schist from
3217 pym to 27.16 um.

2. The best variable of solid/liquid ratio in lithium ex-
traction from lepidolite is 1:5. The effect of the solid/liquid
ratio of lithium extraction is that lithium extraction percent-
age increases along with increasing percent solid. Then, the
best variable of leaching time variation in lithium extraction
from lepidolite was 30 minutes.

3. The optimum lithium extraction percentage from this
study was 97.66 % with the operating conditions: roasting
process at 700 °C for 40 minutes and leaching process using
0.36 M sulfate acid with a solid/liquid ratio of 1:5, leaching
time of 30 minutes.
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