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Indonesia has very abundant
reserves of silica, but progressive
studies on the deposition of this
material are very few, resulting in
limited applications of silica. This
work refers to the purification of silica
from quartz sand originated from
Sukabumi, Indonesia to obtain high-
purity silica, which can be applied as
important raw materials for special
purposes. The aim of our research
is to improve low-grade silica from
quartz sand by removing impurities,
especially aluminum and iron
removal, using sulfuric acid leaching.
In order to achieve the aim, the effect
of reaction time and sulfuric acid
concentration on the leaching process
was investigated. The effectiveness
of sulfuric acid for the impurities
removal was observed. The chemical
composition of the samples before
and after leaching was studied using
X-ray fluorescence. The mineralogical
analysis of the starting materials and
the products was conducted using
X-ray diffraction. Microstructure
analysis was performed using a
scanning  electron  microscope,
and EDS test was used to show the
element composition at different
points. The experimental results show
that the optimum condition of the
leaching process occurs at a reaction
time of 5 hours with a sulfuric acid
concentration of 10 N. The silica levels
increase from 93.702 % to 96.438 %.
Aluminum and iron impurities reduced
from 4.691 % to 2.712 % and from
0.641 % to 0.094 %, respectively. At
this optimum point, sulfuric acid is
very effective to remove aluminum
and iron impurities up to 42 % and
85 %, respectively. The results of this
research can be a very significant
opportunity to increase the value
added of quartz sand from Sukabumi,
which can enhance the quality of low-
grade silica to provide better raw
materials for glass industries

Keywords: beneficiation, quartz
sand, leaching, aluminum removal,
iron removal, silica
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1. Introduction

high selling value. Silica with a high level of purity is applied

as important raw materials for special purposes, which have

Silica (SiOy) is one of the most abundant materials and is  very strict requirements for quality [2, 3]. High-purity silica
used in very broad applications in ceramic, glass, refractory,  is widely used in the glass industry [1, 4—6] and semiconduc-
paper, rubber and other industries. Nevertheless, few depos-  tor industry for electronic components, optical fiber for com-
its match in quality and reliability to suit the purification = munication and internet networks, solar panels [7-12], as
method for specific applications [1]. High-purity silica both  well as in the catalytic chemistry industry for the synthesis
in the form of quartz sand and precipitated silica has a very  of catalysts and adsorbent materials [3, 4, 13]. The SiO, con-




tent ranges from 94.5 % for low-quality silica such as glass for
insulating fibers to 99.7 % for optical and ophthalmic glass.
The maximum iron (FeyO3) content ranges from 0.013 % for
optical glass to 0.3 % for glass to insulating fibers [1].

It is known that quartz sand in the Ring of Fire region has
low levels of silica contents because it is mixed with volcanic
deposits. Java Island is a volcanic area that was formed in the
Cenozoic period, producing a lot of quartz rock that settles,
then affiliates with other rocks to form quartz sand mixed
with other rocks [14]. Quartz sand in Sukabumi Regency
is in the area around Mount Walat, which is in the south of
Sukabumi City, West Java, Indonesia. Rock formations in
the Mount Walat area were formed in the Eocene-Oligo-
cene era, which was rich in quartz sand and fused to form
conglomerate rocks. The rock formations were formed from
seabed rocks, which raised to the surface along with Zircon,
Tourmaline, Rutile and Apatite rocks [15]. Evidence that the
rock formation of Mount Walat originated from the seabed
was the presence of foraminifera deposits taken in the Ba-
tuasih area, Sukabumi Regency, West Java [16]. Therefore,
quartz sand from the Sukabumi area has low silica content
with many other impurities, so the use of quartz sand from
Sukabumi as building materials is limited.

Even though Indonesia has very large reserves of silica,
progressive studies on the deposition of this material are
very few, resulting in limited applications of silica. In order
to improve the added value of low-grade silica and obtain
a high-level purity of silica from Sukabumi, which can be
considered as important raw materials for special purposes
mentioned above, the inherent impurities such as minerals
and metals must be removed or reduced through efficient
methods [17]. Increasing silica content in natural quartz
sand is usually performed by removing impurities present
in quartz sand in various ways based on silica levels pre-
sented in quartz sand. Therefore, studies are devoted to the
implementation of alternative technological beneficiation
method of silica, which is more effective and economical for
industrial applications. That is, it is necessary to extend the
understanding of the physical, chemical and physicochem-
ical properties of raw materials for refining and removing
impurities in the beneficiation process.

2. Literature review and problem statement

The paper [4] reported the improvement of low-grade
silica using physical separation, such as screening, water
scrubbing, froth flotation, shaking table and magnetic
separator. The physical separation process is generally
the initial process for quartz sand with low silica content
ranging from 78 % to 92 % [4]. It is shown that the bene-
ficiation of silica sand using a shaking table and magnetic
separation increased the silica content to 98.9 % and
reduced the iron content to 0.05%. However, these phys-
ical separation methods are less effective than chemical
leaching. This is because the impurities in quartz sand
are metallic, therefore strong acids are required to dis-
solve the metallic impurities. Therefore, quartz sand with
a silica content of 92 % to 95 % needs further purification
using the leaching process with strong acids such as sul-
furic acid, hydrochloric acid and nitric acid [1]. The pu-
rification process to increase silica levels of 96 % to 98 %
required an acid solution that has a solubility to dissolve
impurities, which are still present in quartz sand. One

of the materials used is oxalic acid, which is able to bind
iron to form an iron oxalate solution, Fe (III) oxalate [18].
Based on the results of previous studies, the use of oxalic
acid for the leaching process in high-level silica of 99.40 %
wt, with 0.029 % wt of iron oxide content could reduce
iron as much as 40 % [19]. In addition to its use for high
silica content, the extraction process using oxalic acid
required high temperatures and a long time. The leaching
process ranging between 90-100 °C for around 5 days
was required in order to achieve 40 % of iron extraction.
The temperature change between 60—-80 °C had no effect
on iron dissolution. The leaching process with oxalic acid
using a rotating column on a larger scale required 8 days
to be able to produce silica with a small content of iron
oxide impurity of 0.0163 % [20].

The paper [5] reported the improvement of the quality
of low-grade silica using the combination of indirect ul-
trasound irradiation with reverse flotation and magnetic
separation. In this method, the granules in quartz sand
were broken down to finer sizes with ultrasonic milling. The
results of the study using water media with a combination of
flotation and ultrasonic processes obtained silica contents
of 98.43 %, with impurities of iron 0.034 %, alumina 0.90 %
and TiO, 0.051 % [5]. The dissolution process using oxalic
acid without the ultrasonic process was able to remove
59.1 % iron with an average grain size of 71.54 pm. The
ultrasonic process with a power of 150 watts could remove
iron up to 75.4 % with a grain size up to 55.36 um [21].
Besides using oxalic acid and sulfuric acid in the ultrasonic
process, phosphoric acid could be used for the innovation of
the leaching process of quartz sand [22].

SA Boussaa et al studied the dissolution process of
quartz sand using strong acids. The result showed that
sulfuric acid gave the best results, which was able to take
97.96 % iron and 94.23 % aluminum impurities, while ni-
tric acid was only able to take 90.5 % iron oxide and 87.3 %
aluminum [17]. The research conducted by the Mineral
Technology Research Center, Indonesia showed that the
use of sulfuric acid for the leaching process of quartz sand
was also better than the use of hydrochloric acid. The
results of the leaching process of quartz sand from Sambi-
roto, Rembang, Central Java indicated that 4 N HCI was
only able to produce silica with iron oxide of 0.096 % and
alumina of 0.092 %, while 4 N sulfuric acid can produce
silica with the content of iron oxide impurity of 0.0543 %
and alumina of 0.0587 % [10]. The leaching process using
sulfuric acid has also been developed not only at the lab-
oratory scale but also at the pilot plant scale. Pilot scale
experiments were conducted using rotary drums, which
rotate continuously, with sulfuric acid and oxalic acid as
leaching agents [6].

3. The aim and objectives of the study

The aim of this study is to remove iron and aluminum
impurities from low-grade silica from quartz sand originated
from Mount Walat, Sukabumi Regency, West Java, Indone-
sia with acid leaching using the sulfuric acid method.

To achieve the aim, the following objectives were set:

— to investigate the effect of reaction time and sulfuric
acid concentration on the leaching process;

— to investigate the effectiveness of sulfuric acid for alu-
minum and iron oxide impurities removal;



— to investigate the properties of the results by X-Ray
Diffraction (XRD) analysis, X-Ray Fluorescence (XRF)
and Scanning Electron Microscope-Energy Dispersive
X-Ray (SEM-EDX).

4. Materials and methods

4. 1. Materials

The sample of quartz sand was taken from Mount Walat
Area, Sukabumi, West Java. The quartz sand was ground
to get a powder form of quartz sand with a particle size
of =200 mesh. The quartz sand powder was then washed
with water two times and dried, then analyzed by XRD and
XRF for characterization.

4. 2. Experimental procedure

Before leaching, quartz sand was washed with clean
water. After washing with water, it was dried to 110 °C for
two hours, followed by the grinding process with a disk mill.
After that, filtration was carried out to get silica sand with
a grain size of —200 mesh, then the leaching process was
performed with sulfuric acid. The process was done using
fixed variables of volume, weight, temperature and speed of
stirring process with 300 ml sulfuric acid, 100 g quartz sand,
temperature 90 °C and stirring speed 260 rpm, respectively.
The variable changed in the first stage of the leaching ex-
periment was the processing time, which is 1 hour, 2 hours,
3 hours, 4 hours and 5 hours with a sulfuric acid concentra-
tion of 8 N. In the second stage, leaching was carried out
with a sulfuric acid concentration of 2N, 4N, 6 N, 8N, 10 N
and 12 N and a leaching time of 5 hours. The results of all
leaching processes were then washed with DI water, then the
solid was dried at 110 °C for 2 hours. The dried solids were
then analyzed by XRF, XRD and SEM analysis.

5. Research results of aluminum and iron oxide removal
from low-grade silica from quartz sand of Sukabumi

5. 1. Investigating the effect of reaction time and sul-
furic acid concentration on the leaching process

Observation of silica contents (SiO,) in the quartz sand
was conducted by XRF. In our previous study, we mea-
sured the contents of silica from the original quartz sand
before treatment was done. The quartz sand originated from
Mount Walat had low quality with a silica (SiO5) content of
85.869 %. Therefore, quartz sand from this area is used as a
building material and is very cheap.

The impurities contained in silica of the quartz sand from
this area are dominated by aluminum oxide (alumina) and
iron oxide. The washing process was performed two times
to get a higher level of silica contents in the quartz sand.
The first step of the washing process with water increased
the contents of silica from 85.869 % to 89.753 % [23]. The
second step of the washing process obtained the higher
silica (SiOy) content of 93.702 %, with the major impurities
of the quartz sand being AlyO3 (4.691 %), FeyO3 (0.641),
MgO (0.273 %) and KO (0.414 %).

After the washing process, the leaching experiment
has been carried out using sulfuric acid with different
leaching times of 1 hour, 2 hours, 3 hours, 4 hours and
5 hours. The results of the leaching process are indicated
in Fig. 1 below.
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The results of the leaching process with 8 N sulfuric
acid at different process times for silica, aluminum oxide
and iron oxide are shown in Fig. 1. It is shown that the
silica contents achieve the highest level of 95.169 % with
the leaching process for 5hours, while aluminum oxide
and iron oxide achieve the lowest content of 3.707 % and
0.111 %, respectively for 5 hours of the leaching process.
From this result, we investigated the effect of sulfuric acid
concentration on the leaching process. The process was
conducted at the leaching time of 5 hours. The result is
shown in Fig. 2 below.

It can be seen in Fig.2 that at the concentration
of sulfuric acid of 10N, the silica content reached
the highest increase from 95.506 % to 96.438%. On
the other hand, the use of 10N sulfuric acid reduc-
es the aluminum and iron oxide content significant-
ly from 3.421 % to 2.712% and 0.101 % to 0.094,
respectively.

5. 2. Investigating the effectiveness of sulfuric acid for
aluminum and iron oxide impurities removal

In order to investigate the effectiveness of using sulfu-
ric acid as a leaching solvent to eliminate aluminum and
iron oxide, the percentage dissolution at different leaching
times and different concentrations was observed. The re-
sult is shown in Fig. 3 below.

From the optimum point, the product then was measured
by XRF analysis. The comparison of the starting material and
the product after the leaching process is shown in Table 2.

The comparison of leaching efficiency of silica sand
from different areas with the removal process of alumina
and iron oxide impurities is shown in Table 3 below.

Note: Ratio — output/input ratio; Sukabumi — current ex-
periment, leaching process using sulfuric acid; Jeddah — leaching
process using magnetic separator [4]; Mojosari — leaching pro-
cess using oxalic acid [1]; Iran — leaching process using oleic acid
and assisted by ultrasonic, flotation and magnetic separator [5].
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Table 2

XRF analysis of the starting material and the product after
the leaching process

Chemical composi- | Chemical composition (%)
Components tion (%) of the of the product after the
starting material leaching process

SiOy 93.702 96.438
Al,O4 4.691 2.712
FeyO3 0.641 0.094

MgO 0.273 0.124

K20 0.414 0.257

CaO 0.031 Not detected
TiOy 0.091 0.024

SO3 0.042 0.064

Py0Os5 0.011 0.004
MnO, 0.011 0.003
CryO3 0.067 0.077

10

Table 3

Comparison of leaching efficiency of silica sand from
different areas

Chemical composition (% wt)
No. Country Silica Alumina | Iron oxide
(SiOy) (ALO3) | (Fe03)
Sukabumi,
Indonesia
1 Input 93.702 4.691 0.641
Output 96.438 2712 0.094
Ratio 1.029 0.578 0.147
Jeddah,
Saudi Arabia
9 Input 92.70 3.60 0.40
Output 95.80 1.70 0.20
Ratio 1.033 0.472 0.500
Mojosari,
Indonesia
3 Input 95.50 0.770 1.440
Output 97.79 0.058 0.253
Ratio 1.024 0.075 0.175
Iran
A Input 96.87 1.54 0.114
Output 98.43 0.90 0.034
Ratio 1.016 0.584 0.298

5. 3. Investigating the properties of the results by
X-Ray Diffraction (XRD) analysis, X-Ray Fluores-
cence (XRF) and Scanning Electron Microscope-Ener-
gy Dispersive X-Ray (SEM-EDX)

In order to observe the grain morphology of the quartz
sand, analysis was carried out by SEM. The analysis re-
sults for the starting material and the product obtained
from the leaching process using sulfuric acid are shown
in Fig. 4.

The element composition of the grain surface of the
quartz sand before and after the leaching process was ob-
served by EDX. The EDX observation was performed on
the granules by taking a sample for each image as much as
3 points. The results can be seen in Table 4.

Table 4
Elements of the EDX results
Before leaching (% wt) | After leaching (% wt)
No. | Element

Area 1| Area2 | Area 3 | Areal | Area2 | Area 3
1 O 40.2 | 51.8 40.9 59.0 50.4 52.6
2 Si 14.2 | 26.2 9.3 40.8 | 49.0 44.6
3 C 5.0 9.4 9.1 0.0 0.0 0.0
4 Al 1.5 8.0 0.2 0.2 0.4 0.4
5 Fe 0.2 2.7 30.2 0.0 0.0 2.3
6 Mg 0.1 0.4 1.0 0.0 0.0 0.1
7 Ca 0.0 0.0 0.0 0.0 0.2 0.0
8 Zr 38.8 0.0 0.0 0.0 0.0 0.0
9 K 0.0 1.6 0.7 0.0 0.0 0.0




Specirtim 3

100 tm

=

b e Specirum'2

S

Spectrun®3

50um

Fig. 4. Morphology observation, grain appearance of the starting material of quartz sand: @ — before leaching;
b — after leaching with sulfuric acid

It is seen from Table 4 that the elemental composition
of SiO in the quartz sand after the leaching process raised
significantly, which is indicated by increasing of the Si el-
ement from the average of 16.57 % to 44.8 %. The content
of aluminum oxide decreased from the average of 3.23 % to
0.33 %, and the content of iron oxide decreased significantly
from the average of 11.03 % to 0.77 %.

The observation of the crystal structure of the starting
material and the product was performed using XRD analysis.
The results are shown in Fig. 5.
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Fig. 5. XRD analysis results for: @ — starting material;
b — product obtained from the leaching process using 10 N
sulfuric acid for 5 hours

Comparison of quartz sand from raw material after
washing with water and after leaching with sulfuric acid is
shown in the following Fig. 6.

Fig. 6. Principal signature; @ — quartz sand before washing;
b — quartz sand after the second step of washing but before
leaching; ¢ — quartz sand after leaching with sulfuric acid

It is shown from the grain observations of quartz sand in
Fig. 6 that quartz sand produced from the leaching process
using sulfuric acid had different shapes and colors of grains.
After the leaching process, the granules become smooth,
light and white, due to the significant reduction of aluminum
and iron impurities.

6. Discussion of the research results of aluminum and iron
oxide removal from low-grade silica from quartz sand of
Sukabumi

The results of the leaching process with different reac-
tion times are shown in Fig. 1. It appeared that there was
no significant change in the increase of silica content before
3 hours. At the leaching time of 1 hour, there was an increase
of the silica level from 93.702 % to 94.693 %. It was possible
that sulfuric acid started to dissolves impurities in the form



of a soluble single compound on the surface of the granules.
At intervals of 1 hour to 3 hours, there was no increase of sil-
ica levels, which showed the initiation process between sul-
furic acid with impurities. The optimum point was at 5 hours
with silica contents of 95.169 %. The results of observation
on aluminum and iron oxide impurities showed a trend of
decreasing levels similar to an increasing trend in silica
levels. The leaching time of 1 hour showed a significant de-
crease. The decreasing process was not stable at 1-3 hours,
and there is a slight increase in concentration at 2 hours. At
intervals of 3 to 5 hours, the impurity level decreased with
increasing time, and the impurities of aluminum and iron
oxide at 5 hours were 2.574 % and 0.088 %, respectively.

Fig. 2 showed the effect of the leaching process at differ-
ent concentrations of sulfuric acid on the silica, aluminum
and iron oxide contents. It indicated that dilute sulfuric acid
solution with the normality of 2 N up to 8 N showed a small
increase of the silica level (Fig. 2, @). The optimum level of
increasing silica occurred at 10 N, in which silica (SiOy)
content increased from 95.506 to 96.438 %, while increasing
the concentration of sulfuric acid to 12N did not increase
the silica content significantly.

Analysis of the results of decreasing the impurities of
alumina and iron oxide indicated that the content of impuri-
ties decreased with the increasing normality of sulfuric acid,
with decreasing significant point in a certain value. The alu-
mina removal showed a significant reduction from 3.421 %
to 2.712 % with increasing sulfuric acid concentration from
8 N to 10 N (Fig. 2, b), however, when the sulfuric acid con-
centration increased to 12 N, there was no significant effect
on alumina reduction. The significant reduction of iron oxide
impurity occurred from 0.121 % to 0.101 % at the concen-
tration of sulfuric acid from 2 N to 4 N (Fig. 2, ¢). From this
analysis, it is clear that the concentration of sulfuric acid
gives a significant effect on the reduction of the impurities.
The increasing sulfuric concentration gives rise to the dec-
rement of the impurities to a certain value, hence increases
the level of silica content.

The effectiveness of sulfuric acid for alumina and iron
oxide impurities removal is shown in Fig. 3. It shows that the
leaching process using 8 N sulfuric acid at the leaching time
of 5 hours gave the percentage of alumina and iron oxide dis-
solution of 21 % and 83 %, respectively (Fig. 3, a). After the
leaching process with different normality of sulfuric acid was
increased to 10 N for 5 hours, the alumina and iron oxide dis-
solution escalated to 42 % and 85 %, respectively (Fig. 3, b).
From this result, it can be concluded that the optimum point
of the dissolution process of aluminum and iron impurities is
at the leaching time of 5 hours with the normality of sulfuric
acid of 10 N. At this optimum point, sulfuric acid is very ef-
fective to remove the impurities of aluminum up to 42 % and
iron with the maximum value up to 85 %.

The enhancement of the silica contents from 93.702 %
to 96.438 %, which is shown in Table 2, indicates that the
reduction of many impurities by the leaching process with
sulfuric acid is successful. Significantly reduced impurities
after the leaching process with sulfuric acid at a concen-
tration of 10 N and leaching time of 5 hours are aluminum
oxide, iron oxide, manganese oxide, potassium oxide, man-
ganese oxide, titanium oxide and phosphor oxide. However,
there are several impurities that slightly increase such as
sulfur, chromium oxide and small traces of elements.

The mechanism of the leaching process using sulfuric
acid for alumina and iron oxide impurities can be explained

as follows: sulfuric acid in solution produced H* that will
interact with the impurities of alumina and iron oxide. The
possible reaction is:

6H+A1,03>2 AI3*+3H,0,
6H"+Fey03>2 Fe?*+3H,0.

Based on the reaction above, the reduction of the alumina
and iron oxide impurities will depend on the concentration of
the impurities and also the concentration of sulfuric acid in the
leaching process. Therefore, the reduction of the alumina and
iron oxide impurities of low-level silica of quartz sand is not
easier compared with those from the high-purity silica sand.

In order to investigate the leaching efficiency of our work,
a comparison with the other’s experiment is conducted (Ta-
ble 3). The smaller the ratio of alumina and iron oxide removal,
the better the efficiency of the leaching process. It is seen that
the ratio of our work for alumina removal is 0.578 and smaller
than the ratio of the alumina reduction in silica sand from Iran,
which has the ratio of 0.584. Thus, the leaching efficiency for
removing alumina impurities of our work is higher than that
of [5]. The ratio of the iron oxide removal of the current exper-
iment in our work is 0.147, which is smaller than in the other’s
work. This indicates that the high efficiency of iron oxide re-
moval from low-grade silica is obtained by our technique. For
the silica content, the higher ratio of SiO, indicates the higher
leaching efficiency (Table 3). Our work shows the ratio of SiO,
with the value of 1.029, which is higher than that of [1, 5]. This
also means that our process produces a high efficiency of in-
creasing silica content in quartz sand.

Fig. 4 showed the results of the grain appearance of
quartz sand by SEM measurement. It is seen that the quartz
sand from Sukabumi as the initial material for the experi-
ment has other components besides quartz (SiO,) crystal.
Dark and bright color in grain appearance was present. Af-
ter leaching with sulfuric acid, the granules were relatively
similar. The leaching process produced more uniform grains,
which also indicated a reduction in impurities.

In order to observe the elements of the quartz sand, EDX
analysis was performed on the grain surface. The results
of EDX analysis show that there are greater diversities of
elements for the starting material compared to the prod-
ucts after the leaching process with sulfuric acid. Zircon
mineral (ZrSiOy) of 38.8 % is found for the starting mate-
rial (Table 4). The carbon element in the quartz sand from
Sukabumi shows that there are organic compounds, while
the product after the leaching process does not contain car-
bon. This means that sulfuric acid is also effective to remove
zircon and other organic compounds. This is evidenced by
the absence of zircon and organic compounds in the product.
It is seen from EDX analysis that there are elements that
bind to quartz sand forming complex bonds. Therefore, it is
necessary to carry out the purification process by breaking
down the granules into the smallest possible for the grain
size, one of the methods is by using an ultrasonic milling or
ultrasonic cleaning process [24].

The XRD analysis is shown in Fig. 5. The quartz after
the leaching process with sulfuric acid with a concentra-
tion of 10 N and 5 hours did not show a phase change when
compared with the initial material before the leaching
process. Based on the Match standard with ICSD number:
96-901-2601, the visible phase of the silicon oxide compound
was quartz (SiO»), not cristobalite. The cristobalite phase



required a temperature of 1400 °C and was cooled sudden-
ly [25]. The XRD analysis results, in addition to the SiO,
quartz phase, also found aluminum oxide gamma compounds
and iron oxide.

From the grain observation of quartz sand in Fig. 6, it
is seen that there is a noticeable change in the appearance
of granules in color. The initial material has a reddish
color (Fig. 6, a), the result of washing before the leaching
process is whiter (Fig. 6, b) compared with the quartz before
washing, and the color after leaching with sulfuric acid turns
to pure white (Fig. 6, ¢).

The results of this study indicate that the removal of the
impurities of low-grade silica from Sukabumi is performed
successfully by the leaching process using sulfuric acid. The
content of iron oxide and alumina decreased significantly. Iron
oxide and alumina contents of the product after leaching are
0.094 % and 2.712 %, respectively. The content of silica raised
from 93.702 % to 96.438 %. This can be a very significant
opportunity to increase the value added of quartz sand from
Sukabumi, which can enhance the quality of low-grade silica
sand to provide better raw materials for glass industries [1].

The shortcoming of this research, the leaching process
using sulfuric acid assisted by the ultrasonic method is not
investigated. The ultrasonic process can break down the
granules into the smallest size to get finer silica sand and
impurities which form complex bonds can be more easily
dismissed. Besides that, the impurities elimination rate can
be enhanced by using the ultrasonic technique combined
with sulfuric acid so that aluminum and iron oxide can be
eliminated more efficiently.

Several things can be improved in this research. Increase
the leaching time and sulfuric acid concentration. Optimize
the process parameters such as temperature parameters in
the leaching process. Use the ultrasonic process in the leach-
ing process using sulfuric acid with several parameters such
as amplitude and frequency.

7. Conclusions

1. Iron and aluminum impurities removal from low-grade
silica from quartz sand of the Mount Walat area, Sukabumi,
Indonesia was done successfully using sulfuric acid leaching.
The results of the leaching process indicated the optimum
point of the leaching process with the normality of 10 N
sulfuric acid and leaching time of 5 hours.

2. Sulfuric acid is very effective to remove aluminum and
iron impurities up to 42 % and 85 %, respectively, and the
silica content increases from 93.702 % to 96.438 %.

3. The results of SEM-EDX analysis showed that silica
sand from Mount Walat, Sukabumi had a variety of mineral
forms with quartz as primary minerals, which had major
impurities of aluminum and iron oxide. After undergoing the
leaching process with sulfuric acid, the SEM-EDX analysis
result showed relatively uniform grain shapes. The XRD
analysis for the leaching product showed no phase change
during the leaching process, where the main phase was still
in the form of quartz (SiO,) phase. The results of this study
can improve the quality of low-grade silica contents from
quartz sand resources and provide better raw materials for
glass industries.
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