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ABSTRACT

Technological developments occur at this time cause the technology for making lightweight materials is
also growing. The technology for making lightweight materials aims to reduce the total weight of the
material without reducing its mechanical strength. Parameters that influence the manufacture of
lightweight materials are the number of pores, material density, and physical resistance. One of the
commonly used methods is mixing the ceramic glass with a foaming agent. In this study, the basalt rock
from East Lampung, Indonesia and the lime glass were used as a ceramic glass material. Variations in
its composition were carried out by mass comparison between the basalt and the lime glass, namely
Sample A (100:0), Sample B (70:30), Sample C (50:50), and Sample D (30:70) with 50%wt. CaCOs
added to each sample and heated up to 1200 °C. Cooling variations (annealed and normalized) are also
applied to see the occurred phenomena. Based on the characterization results, the best sample is
Sample B with normalized cooling and has a porosity value of 53.2% and a density value of 1.08 gr/cm?.
Based on the SEM test results, the pores with a size of < 0.5um are 95%, and > 0.5um are 5% in which
the crystals formed are pyroxene and calcite with the compositions of CaO and SiO2 39.46% and 41.90%
respectively.
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ABSTRAK

Perkembangan teknologi yang terjadi saat ini menyebabkan teknologi pembuatan material ringan juga
semakin berkembang. Teknologi pembuatan material ringan tersebut bertujuan untuk mengurangi berat
total tanpa mengurangi kekuatan mekanis suatu material. Parameter yang mempengaruhi pembuatan
material ringan adalah jumlah pori, berat jenis material dan ketahanan fisik. Salah satu metode yang
umum digunakan adalah mencampurkan glass ceramic dengan foaming agent. Pada penelitian ini
digunakan batuan basalt dari Lampung Timur, Indonesia dan serbuk kaca (lime glass) sebagai material
glass ceramic. Variasi komposisi dilakukan dengan perbandingan antara basalt dan lime glass yaitu
sampel A (100:0), sampel B (70:30), sampel C (50:50), dan sampel D (30:70) yang ditambahkan 50 %
berat CaCOs dan dilebur pada suhu 1200 °C. Variasi pendinginan (annealed dan normalizing) juga
diterapkan untuk melihat fenomena yang terjadi. Berdasarkan hasil karakterisasi yang dilakukan, sampel
terbaik terdapat pada sampel B dengan pendinginan normalizing yang mempunyai nilai porositas
sebesar 53,2% dan untuk nilai densitas 1,08 g/cm?. Berdasarkan hasil uji SEM, pori-pori dengan ukuran
<0,5um sebanyak 95% dan ukuran >0,5um sebanyak 5%. Kristal yang terbentuk pada kondisi tersebut
adalah piroksen dan kalsit dengan komposisi CaO dan SiO2 berturut-turut adalah 39,46% dan 41,90%.

Kata kunci: basalt, CaCOs, lime glass, foam agent, material ringan.
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INTRODUCTION

Technology development lately affects the
progress of lightweight material making that
can reduce the total weight without reducing
its mechanical strength. Lightweight material
can make the work easier, cheaper,
environmentally friendly, and have a greater
effect on comfort, longevity, and application
speed (Trinugroho and Murtono, 2015). The
lightweight material is chosen not only
because it can reduce the total weight
material, but also because it can make it
stronger and more efficient. This lightweight
material was chosen as an alternative
material (Purwasasmita and Roland, 2008).

There are many types of light material
products, and the common ones found are
mild steel (Tanto, Dewi and Budio, 2012),
namely titanium which is used as an aircraft
fuselage (Uhlmann et al., 2015), and
lightweight brick, which is a cellular (porous)
concrete (Hunggurami, Bunganaen and
Muskanan, 2014). Composite materials can
also make strong lightweight, and corrosion-
resistant materials (Banowati, Fauzan and
Suprihanto, 2019).

Lightweight materials are built by two
constituent parts: the solid and the cavity
parts filled by gas or air phase. This cavity is
the influence role of the foaming substance
(foam producer). A foaming substance is a
cavity-forming agent widely used in the light
material manufacturing industry. The cavity;
functions as an air wrapping medium that
produces pores so that the material becomes
light (Rajiman and Listari, 2019). The addition
of foaming agent can cause the pores to be
the material mechanically strong. These
results depend on the composition and the
used method (Kusharjanto, Dwiwanto and
Atmawijaya, 2013).

In the classification of rocks and non-metallic
minerals other than perlite, basalt has the
potential to be used as a base material for
manufacturing light-porous materials
(Marangoni et al,, 2014). Basalt is a rock
formed from frozen lava above the ground
surface. The mineral is fine-grained black in
color. Indonesia has abundant natural material
wealth, but currently, the use of these
materials has not been maximized (Suharto et
al.,, 2020). This rock is one of the potential
mineral resources in Lampung province. The
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minimum amount of its reserves is 336 million
m? (Rajiman and Aulia, 2019).

Previous research of manufacturing foam
glass, the foam glass structures are generally
prepared using a high-temperature process,
usually using foaming agents (Bai et al.,
2014) such as aluminum (Yang et al., 2020),
MgAI204 (Deng et al., 2016), and the most
widely used is calcium carbonate (CaCOs3).
CaCOs has abundant availability, around
2,160 billion tons, where the magnitude of
this potential is accompanied by a large
consumption of limestone (Chen et al., 2012).
In the formation of the foam structure using
basalt scoria, Marangoni et al. (2014) studied
the use of lime glass to generate bubbles for
its foaming process. Carbonate element
addition in lime glass can stimulate the
bubbles forming at high temperatures but has
less stable tendency in the formation of its
foam structure (Dhir et al., 2018).

In this study, scoria basalt rock was derived
from Mataram Baru of East Lampung was
mixed with the lime glass as a raw material
for the ceramic glass, later on, it will be
modified to be porous using the foaming
agent CaCOsto increase the chance of foam
formation. Scoria basalt itself have different
characteristic compared to other basalt types.
From a visual perspective, the basalt has a
sponge morphology on its surface so it is
easy to differentiate from other rocks
(Birawidha et al., 2020). Variations in
composition and cooling were used to
determine the optimal results of the porous
structure formed in the ceramic glass sample.

METHODOLOGY

Equipment used in this research were:
Nabertherm 1800 °C furnace, ball mill, 100
mesh sieve with ASTM Type E11 Nakatama
Scientific, digital scale DENPO for porosity
and density measurement using Archimedes
method, Scanning Electron Microscope
Energy Dispersive X-Ray (SEM-EDX) type
Quatro Thermo scientific, X-ray Diffraction
(XRD) PANalytical type E'xpertPro, and X-ray
Fluorescence (XRF). The materials used in
this research process include activated
CaCOs from PT. Dwi Selo Giri Mas, Sidoarjo,
lime glass made from used glass and basalt
rock from Mataram Baru, East Lampung.
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In this research, the process was divided into
4 stages; preparation, making sample for
laboratory testings, physical testing (density
and porosity), and characterization the
samples by XRF, XRD, and SEM. In
preparation stage, the basalt and the lime
glass materials were ground using a ball mill.
Then the basalt, lime glass, and CaCOs were
filtered using a 100-mesh sieve so that the
size was uniform above +100 mesh.
Furthermore, the XRF analysis was carried

porous structure in the scoria basalt rock
because CaO is a valuable element to
produce foam that can cause a foaming effect
(Sutarno et al., 2015). The results of XRF
basalt, CaCOs (activated), and lime glass can
be seen in Table 2.

Tabel 2. XRF analysis results from basalt,
CaCOg, and lime glass

out on all materials. After the preparation Basalt CaCOs Lime
stage, the next stage was sample making, as Compound gy Acgvﬁed %}a;ts
shown in Table 1, which refers to the v (Yowt) (owt)
. go 4.56 10.43 2.3
research of Marangoni et al. (2014) for the ALOs 18.82 0.25 20
research procedure. SiO» 48.41 . 73.8
CaO 9.76 88.91 16.8
Fe203 12.59 0.22 3.4
Table 1. Sample making Na20 3.35 - -
K20 0.63 - 0.3
Material Sample Sample Sample Sample TiO2 1.32 - 0.2
A(%) B(%) C(%) D (%) MnO 0.19 - 0.1
Basalt 100 70 50 30
Lime glass 0 30 50 70

*All material variations are added with CaCO; of 50% wt.

The sample whose composition has been
varied was then inserted and mixed into a
mold with good heat resistance. Then the
sample was burned at a temperature of 1200
°C for 90 minutes. After the burning process
was finished, cooling was carried out. This
study has two cooling variations: cooling
inside the furnace (annealed) and outside the
furnace (normalizing to room temperature).
Then the samples were subjected to physical
tests, such as density, and porosity tests, and
later on, characterization sample tests using
XRF, XRD, and SEM.

RESULTS AND DISCUSSION

Basalt from East Lampung has a dominant
composition of SiOz and Alz03 (Amin and
Suharto, 2017). The results of the same
analysis are shown in the scoria basalt rock in
East Lampung used in this study (Table 2).
SiO:2 exists not only in basalt but also in lime
glass where the glass material is crystalline.
Quartz rich in SiO2 (Demirsoz et al., 2022). As
for activated CaCOs based on Table 2, CaO
has a percentage of 88.91%, whereas the
dominant compound for CaCOs has a value
above 80% (Megawati, Alimuddin and Kadir,
2019). This condition becomes potential for
foaming and facilitating the formation of the

Based on Table 3, the greater the basal
composition, the greater the SiO2 compound
contained in the sample. Sample A has the
highest SiO2 compound content, which is
48.42% because basically, basalt itself
contains SiO2 compounds (Liu et al., 2018).
The addition of CaCOs material by 50% in
each variation except Sample A functions as
a gas bubble producer during the heating up
to 1200 °C. The gas formation is influenced
by the composition of CaCOs where it
decomposes into CaO and CO. The highest
CaO compound was detected in Sample B at
39.46% as shown in Table 3.

Table 3. XRF analysis results from the mixed
sample (basalt, CaCOs, and lime glass)
after smelting

Compound  (A) (B) (© (D)

MgO 4.56 8.94 6.80 7.10
Al203 18.82 5.73 5.31 3.59
SiO2 48.41  41.90 40.00 31.01
SOs - 0.47 - 0.61
K20 0.63 0.21 0.31 0.35
CaO 9.76  39.46 36.14  38.27
TiO2 1.32 0.59 0.85 1.02
MnO 0.19 0.22 0.31 0.39
Fe203 1259 11.88 9.71 7.10

The decrease in the use of basalt also affects
the amount of Fe203 compound content,
which is also decreased. The highest Fe203
content of 12.59% was detected in Sample A
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because the iron compounds in basalt are compounds in the sample also changes when
generally high enough even without a mixture the basalt is varied materials as samples B,
of other ingredients as shown in Table 3. C, and D. It can be concluded that the higher
Sample A has the highest iron content (Davis the basalt concentration, the higher the
and Cottrell, 2021). The content of alumina alumina content, and vice versa.
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Figure 1. Diffractogram of XRD characterization results with annealed cooling
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Figure 2. Diffractogram of sample XRD test results with normalizing cooling
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Based on the XRD results in Figure 1, the
phases detected differ among samples B, C,
and D which have the same variety of
material on annealed cooling. The crystal
structure that occurred in Sample B (70%
basalt) detected a phase dominated by a
monoclinic structure with augite mineral
group - (Ca,Na)(Mg,Fe,Al,Ti)(Si,Al)20s
which is a pyroxene group with the highest
intensity at 2 0 is 31.2190, and the calcite
(CaCO0s3) phase with the highest intensity at
20 is 28.9780. Meanwhile, samples C and
D detected the pyroxene phase
((XY(Si,Al)206) with the highest intensity at 2
0 is 29.9600 and calcite (CaCQOs) with the
highest intensity at 26 is 28.9780 which
have in common with Demenev result
(Demenev et al., 2021). Sample B with the
variation of basalt is more dominant than that

of the lime glass. It has affected the growth
of augite due to the dominant Ca and Mg, as
shown in table 3. Meanwhile, in Sample A
with 100% basalt, the detected phases are
augite and albite (NaAlSizOs) which are
produced by the element alumina as stated
in Suharto’s research (Suharto et al., 2020).

The XRD characterization result of the
sample with normalized cooling showed the
different phases with the annealed cooling.
Samples B, C, and D in normalized cooling
exhibit the same phase, namely the
pyroxene phase ((XY(Si,Al)20s). This was
because that during the burning process at
1200 °C with faster cooling, the elements Ca
and Mg are decreasing. These elements
affect the formation of the augite phase (Guo
et al., 2020).

e s &) .

Figure 3. Results of SEM images with SE mode for annealed variation samples.
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Figure 4. Results of SEM images with SE mode for normalizing variation samples.

It can be seen in Figure 3 that the annealed
cooling sample shows different
morphological forms of pores based on their
size at 100x magnification. In Sample A with
100% basalt material, the pores that is
formed with a size of <0.5um are 85% and
>0.5um are 15%. In Sample B all the formed
pores have a size of <0.5um, in Sample C,
the formed pores with a size of <0.5um are
75% and a size of 20.5um are 25%. In
Sample D the pores is formed with a size of
<0.5um as much as 60% and a size of
20.5um as much as 40%. Although the
annealed cooling Sample A has a relatively
large percentage of small pores of 85%
compared to Sample B in terms of the
toughness of the material in distributing the
load, the large number of small pores is more
advantageous (Zahasky et al., 2018).

It can be seen in Figure 4 that the samples

with normalizing cooling showed different
morphological shapes of pores based on their
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size at 100x magnification. In Sample A with
100% basalt material, the pores are formed
with a size of <0.5um as much as 80% and a
size of 20.5um as much as 20%. In Sample
B, the pores formed with a size of <0.5um as
much as 95% and a size of 20.5um as much
as 5%. In Sample C, the pores formed with a
size of <0.5um are 90% and a size of 20.5um
as much as 10%, while in Sample D the pores
formed with a size of <0.5um as much as
80% and a size of 20.5um as much as 20%.
In the sample with normalizing cooling
process compared to other ceramic glass
samples, Sample B has a better balance of
pore composition with 95% pores with a size
of <0.5um, in terms of toughness compared
to other samples, the potential for uniformly
dispersed loads is greater.

Based on Figure 5, the optimal variation
occurs in Sample B, with annealed cooling
having the highest porosity of 53.2%. Unlike
when cooled slowly, at normalizing the
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porosity formed is smaller by 27%.
Percentage porosity calculation is based on
the Archimedes method, using reference
calculations SNI 03-6433-2000 and ASTM D-
C 642-97 for density and porosity calculation.
Based on SEM observations in Figures 3 and
4, although the percentage of pores with a
diameter less than 0.5 pm more occurred in
the annealed cooling sample, the overall
quantity number of pores in the ceramic glass
body with normalizing cooling was more
formed.

Based on Figure 6, Sample B has the lowest
density value of 1.08 g/cm? with normalizing
cooling which is in line with the porosity value,
and inversely proportional to the density
value (Sriyani and Partono, 2020). Overall
the less use of basalt when mixed with lime
glass, the percentage of porosity will
decrease and the density will increase.
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Figure 6. Density test results

CONCLUSIONS

In this study, with 50%wt CaCOs added to
each sample, the optimal porous ceramic
glass was made using 70% basalt and 30%
lime glass (Sample B) which had silica and
CaO content of 41.90% and 39.46%,
respectively.  Crystallization formed is
pyroxene and calcite. In the formation of
porous ceramics glass based on basalt and
lime glass, the less the use of basalt, the
porosity formed on average will decrease
inversely with the increasing density.
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