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Abstract: The hydrophobic and antibacterial coatings derived from geothermal waste silica
modified by APTES and AgNPs. The paper aims are to investigate contact angle (CA) and
antibacterial test from the coating upon ethanol, sodium silicate, water, and APTES; to characterize
silica raw by XRD, and coating product by SEM EDX. The research was conducted by sodium
silicate preparation, AgNPs synthesis, silica-APTES on the glass, and AgNPs layer on the coated
glass. The result showed that the CA attained in range of 20-50° with bacterial inhibition diameter
of 10 mm and 12 mm for E.coli and S. aureus, respectively.
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1. Introduction

Water is the primary factor that causes iron rusting and
weathering of material. Therefore, efforts are needed to
extend the material's shelf life because it also acts as a
medium for the growth of bacteria when damaged.
According to research, bacteria can adapt and survive in
acidic environments (low pH) and under osmotic pressure.
In addition to extending the shelf life of a material, efforts
to protect it from bacteria are also needed.

The process of hydrophobic surfaces coating has
attracted much attention due to its ability to self-clean,
anti-ice, separate water, and oil reduce surface spillage,
etc!. Although this method is able to reduce the adhesion
of bacteria, it is unable to sterilize the material, thereby
making it wet after being exposed to a humid environment
for a long time. The hydrophobic surface also tends to lose
its hydrophobicity after the presence of a biofilm layer
formed by bacteria®. Therefore, one of the methods used
to overcome these problems is the application of
hydrophobic and antibacterial coatings.

The manufacture of hydrophobic and antibacterial
coatings requires several materials such as precursors,
modifying, and antibacterial agents. Commonly used
precursors are tetraethoxysilane (TEOS), sodium silicate,

and  methyltrimethoxysilane =~ (MTMS).  Previous
researchers  developed  silica  coatings from
diethoxydimethylsilane (DEODMS),

methyltriethoxysilane (MTEOS), and tetraethoxysilane

(TEOS)®. However, the use of DEODMS, MTEOS, and
TEOS are ineffective in large-scale industries because
they are expensive, difficult to obtain, and possess toxic
properties.

Silica has the molecular formula SiO, (silicon dioxide),
obtained from mineral, crystalline silica, and waste®¥. It
is an inert substance with good adsorption properties,
excellent ion exchange, and easily adjustable with certain
chemical compounds®. Silica can be used as a catalyst,
adsorbent’'?, filter media'®, desiccant materials'*!>,
thermal purification material'®, and coating material'?.
Research on silica sources, such as fly ash'®, bamboo
leaves'?, bagasse solid waste®”, and geothermal solid
waste have been widely conducted?!?2).

This research used the geothermal solid waste from PT
Geo Dipa Energi as a silica source due to the high silica
oxide content of up to 88.29%?%%. The process of
transforming geothermal energy into electricity leads to
the production of solid brine waste in the form of slurry.
The remaining contents of the geothermal solid waste
consist of several inorganic materials in trash composition,
such as arsenic, barium, boron, cadmium, chromium,
copper, lead, mercury, selenium, silver, and zinc?¥. The
selection of geothermal solid waste as a source of silica is
very appropriate due to its geothermal abundance
potential of approximately 28 GW23-27),

The selection of a modifying agent is closely related to
the type of antibacterial material used. The material used
was coated per layer against bacterial using tannin-Fe3*
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and polyethyleneimine®®. The results obtained that the
coating (TA-Fe*'/PEl) has effective antibacterial
properties on the contact layer. However, the use of
tannins and Fe" is not stable in practical applications. The
AgNPs have chemical stability, therefore, they can be
used as an antibacterial agent?”. The use of silica-AgNPs
coating with various types of modifying agents, such as
(3-Aminopropyl) triethoxysilane = (APTES), N-[3-
(trimethoxysilyl)propyl] ethylenediamine (AEPTMS), (3-
Mercaptopropyl) trimetoxysilane (MPTMS) have been
conducted previously’”. The best results were obtained
with the use of the APTES modifying agent. In this
research, silica derived from geothermal solid waste was
modified with APTES and AgNPs, which were used as
modifying and antibacterial agents.

This research aims to obtain the best composition of
hydrophobic coatings at concentrations of sodium silicate,
ethanol, water, and APTES. It also used a graphical
contact angle response to obtain the best composition of
antibacterial coatings in the variable range of AgNO;
concentrations coated with Si-APTES with the response
of the inhibition of gram-positive (S. aureus) and gram-
negative (E. coli) bacteria. Furthermore, the process was
used to characterize the coating on the coated glass with
SEM-EDX and XRD.

2. Materials and Methods

The materials used in this research were geothermal
solid waste from PT Geo Dipa Energi, (3-Aminopropyl)
triethoxysilane (APTES) 98% MERCK, Ammonia
solution 25% MERCK, ethanol 99.9% MERCK, NaOH,
AgNO; MERCK, Aquadest, Poly sodium 4-
styrenesulfonate (PSSS), Ascorbic acid, NaBHs, and
Trisodium citrate Sigma Aldrich.

The silica from geothermal solid waste was prepared in
accordance with preliminary research®®. Silica from PT
Geo Dipa Energi was dried using the oven to remove the
water content and pounded on a mortar to reduce its size.
The obtained content was analyzed by X-Ray
Fluorescence Spectrometry (XRF).

Purification of silica from geothermal solid waste was
carried out in accordance with previous research??.
Inorganic impurities from geothermal solid waste were
removed by mixing 20% sulfuric acid solution with 10
grams dried silica (ratio 1:4 w/v) by heating for 105
minutes at 100 °C under constant stirring. Before drying,
the solid was washed until the filtrate became neutral. The
dried silica was analyzed by X-Ray Fluorescence
Spectrometry (XRF) to determine the concentration of
silica and its impurities (Fe and Al).

Synthesis of sodium silicate in this research was carried
out with some modifications®?. Several variations of
sodium silicate were made by mixing the purified silica
with 200 ml of 2 N NaOH. The mixture was heated and
stirred at a constant speed using a magnetic stirrer at 90
°C. After the solution was cooled, it was filtered to obtain
a filtrate in the form of sodium silicate solution.

Synthesis of colloidal silica solution was conducted
with some modifications®®. Colloidal silica was made by
hydrolysis and condensation using an alkaline catalyst.
Furthermore, sodium silicate, ammonia, water, and
ethanol were mixed with the composition according to the
variable. The sol was aged at room temperature for 18
hours, and then filtered to remove the sediment.

Synthesis of silica-APTES layer on glass is in
accordance with preliminary research with some of the
modifications®>*¥., The spray coating method carried out
the formation of a hydrophobic layer on the glass surface.
Firstly, the material was cleaned by immersing it in 98%
methanol followed by 98% acetone solution for 15
minutes. The samples were then dried in an oven and
cooled in a desiccator’®. The coating was prepared using
the spray method, followed by the curing process at 80 °C
for 2 minutes. It was further dried at room temperature for
24 hours™.

AgNPs were synthesize based on previous research
with some modifications®?. It was prepared using a seed-
mediated method which consisted of two steps: (1)
producing a solution of silver nanoparticles and (2)
growing AgNPs nanoprisms. Silver seeds were obtained
by mixing trisodium citrate solution (20 mL, 25 mM),
PSSS (1 mL, 0.5 g/L), and NaBH4 (1.2 mL, 10 mM),
followed by the addition of 20mL AgNOs solution at a
varying rate of 2 mL/min.

AgNPs were prepared by mixing 35 ml of aquadest,
ascorbic acid solution (0.525 mL, 10 mM), and 0.56 ml of
the previously prepared silver seeds. This was followed by
the addition of 21 mL AgNO; solution at varying
concentrations of 1 mL/min.

Surface silanization and formation of AgNPs layer was
conducted in accordance with previous research3®. The
glass substrate coated with a colloidal silica solution was
functionalized with APTES after it was dissolved in
varying n-hexane. After that, the coating on the glass
substrate was formed by the spray coating method and
dried at room temperature. For the formation of the
AgNPs layer, the coated substrate glass was immersed in
the previously prepared solution. The soaking process was
left at room temperature for 24 hours, washed with
distilled water, and dried.

3. Results and Discussion

In this research, the purification of geothermal solid
waste was conducted by leaching using sulfuric acid.
Figure 1 shows that the minerals in the geothermal solid
waste are K, Ca, Cr, Mn, Fe, Cu, Zn, As, Br, Eu, Re, Pb,
and Si, which has the largest percentage of 80.7%. XRF
analysis results on geothermal solid waste before and after
the leaching process showed a difference in the percentage
of silica content.

In the acid leaching process, the solution can dissolve
the metal, thereby reducing the composition of
unimportant metal oxides. A decrease in metal oxide
levels leads to an increase in Si0,'®).
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Fig. 1: XRF analysis of geothermal solid waste before
leaching process.
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Fig. 2: XRF analysis of geothermal solid waste after the
leaching process.

Furthermore, its color can change from gray to white
after leaching treatment. The color change indicates that
the metals have dissolved, and after the leaching process,
it increases by 95.1%, according to the XRF analysis
results shown in Fig. 2.

3.1 Effect of Ethanol Volume on Contact Angle

In this research, variations of ethanol volume were
conducted to determine the effect of increasing the ethanol
volume on contact angle. The test was performed to
characterize the surface wettability of substrates using
ethanol variations of 0.05 ml, 0.15 ml, 0.5 ml, 1 ml, and 2
ml*. Furthermore, silica, water, ammonia solution, and
APTES are fixed variables. Fig. 3 shows that the addition
of ethanol volume on the hydrophobic properties of the
coating process fluctuates the contact angle.

The best results were obtained with the addition of 0.5
mL of ethanol at a contact angle of 49.83°. Meanwhile, the
addition of 1 mL and 2 mL ethanol produced the lowest
contact angles 0f 29.67° and 41.75°.

60
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41.75
I 29.67 I
0.15 0.5 1 2
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This research was carried out using undiluted ethanol.
The contact angle obtained was greater when compared to
previous research concerning the effect of the water-
ethanol ratio on the hydrophobic surface. The use of pure
ethanol (100%v) produced the lowest contact angles of
28° at high surface affinity*®. The increase in ethanol ratio
leads to a decrease in the contact angle obtained.
Hydrophilic materials will support water spread and
produce a low contact angle’”.

Contact Angle (°)

Fig. 3: XRF analysis of geothermal.

3.2 Effect of Silica Concentration on Contact Angle

The effect of precursors on hydrophobic properties was
analyzed by varying the silica concentration started from
3,4,5, 6, and 7 %w/v. The composition solution of
ammonia, ethanol, water, and APTES was determined as
a fixed variable. Fig. 4 shows the increase in silica
concentration on the hydrophobic properties of the coating
decreases the contact angle.
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Contact Angle (°)

Fig. 4: Effect of silica concentration on the hydrophobic
properties of the coating.

The best results were obtained at 3 %wt silica
concentration at contact angle of 43.58°. These results are
in accordance with previous researchers on the effect of
silica concentration on contact angle*®. This is due to the
presence of OH functional group on the nanoparticles.
Therefore, an increase in the silica concentration leads to
a rise in the Si-OH functional group formed. The OH
functional group on silica nanoparticles increases the
hydrophilicity of the coating and reduces the value of the
contact angle®>40),
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3.4 Effect of Water Volume on Contact Angle

The effect of water on hydrophobic properties was
analyzed by varying the volume ranging from 1, 3, 5, 7,
and 10 ml. The composition of the solution of ammonia,
ethanol, silica, and APTES was determined as a fixed
variable. Fig. 5 shows that the increase in water volume
on the hydrophobic properties of the coating process leads
to a rise in the contact angle obtained.

52.17

30 45 45.08

40
14 34.58

30
20

10

0

1 3 5 7 10

Water Volume (mL)

Contact Angle (°)

Fig. 5: Effect of water volume on the hydrophobic properties
of the coating.

The use of 7 mL water volume produces a contact angle
of 52.17°. However, the use of 10 mL water volume led to
a contact angle of 45.08°. These results are in accordance
with previous researchers concerning the effect of the ratio
of water to glass with TEOS as a modifying agent*". The
resulting contact angle increased and also decreased to
143.86+0.43° and 141.70+0.63°, respectively.

The water volume can affect the colloidal properties of
the mixture, which are the main factor in the formation of
nano-sized particles. The decrease in particle size
increases the surface hydrophobicity formed because the
silica surface was modified by the exchange of a hydroxyl
group (-OH) with an amine group (-NH») from APTES.
Furthermore, the increase in water volume leads to a rise
in surface modification of silica by the amine group,
thereby increasing the surface hydrophobicity. The
decrease in contact angle is due to the presence of a large
water fraction, which makes the surface less evenly
distributed. The non-hydrophobic surface is caused by the
presence of gaps filled by water which easily interacts
with ethanol molecules. This causes the hydrophobic
structure of silica to be weak. When the silica pores
containing ethanol are dried, the ethanol evaporates along
with Si-NH,, thereby reducing surface hydrophobicity*".

3.5 Effect of APTES Concentration on Contact
Angle

The APTES concentration as a variable can affect the
hydrophobic properties at variations of concentrated n-
hexane (solvent) starting from 1, 2, 3, 4, and 5 %v/v. The
composition of the solution of ammonia, ethanol, Na,SiOs,
and water was used as fixed variables. The effect of
APTES concentration on the hydrophobic properties of
the coating process is shown in Fig. 6.

60

50
50

39.75

40 34 35.85

22.75

Contact Angle (°)
=

1 2 3 4 5
APTES (%v)

Fig.6: Effect of APTES concentration on the hydrophobic
properties of the coating.

The highest (50°) and lowest (22.75°) contact angles of
APTES were obtained at 1%v and 2 %v. These results can
be explained by Kim and Kwon (2017)*? on the effect of
variations in APTES concentration with a contact angle of
40.6° and 74.2° at 1% and 17%v, respectively.

The polarity, porosity, and roughness are used to denote
the surface properties of the contact angle. Surface
modification of silica with APTES fails to produce high
hydrophobic properties due to the non-polar amine group.
However, the amine group increases the surface roughness
and hydrophobicity. Therefore, the increasing contact
angle can be caused by a rise in surface roughness’.

According to previous research, there are three
processes for the formation of APTES at various
concentrations*”. The process of salinization with the
variation of APTES concentration in the solvent is shown
in Fig. 6. The low concentration of APTES leads to
prolonged diffusion time of the silane molecule to the
silica surface. This indicates it can be polymerized in the
solvent before reacting with the OH groups on the surface.
These polymerized molecules create local nucleation, and
diffusion accelerates agglomeration. Conversely, the high
concentration of APTES leads to a faster reaction between
the silane and the surface OH groups than the
polymerization process. This leads to a more uniform
surface of the silane than the lower APTES concentrations.
A rise in the silane concentration further increases the
molecule's spread to the surface. However, increasing the
silane concentration does not guarantee surface alignment.
This results in randomly oriented silane polymerization
and eventually forms a rough surface.

3.6 Effect of AgNOs on Antibacterial Properties

The effect of AgNOs on antibacterial properties was
analyzed by varying the concentration from 0.5 mM, 1
mM, 2.5 mM, 5 mM, and 10 mM. Antibacterial properties
can be determined by performing disc diffusion analysis
using gram-positive (Staphylococcus aureus) and gram-
negative (E. coli) bacteria. Gram-positive bacteria have a
single membrane covered with thick peptidoglycan.
Meanwhile, gram-negative bacteria have a cell wall
consisting of a layer of endotoxin lipopolysaccharide.
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Fig.7: Effect of AgNOs concentration on the inhibition of
bacteria

Fig. 7 shows that the concentration of AgNO3 was
directly proportional to the inhibitory power of the
bacteria. The optimum condition of bacterial inhibition
was obtained at AgNOs3 of 10 mM with an inhibitory
diameter of 10 mm (E. coli) and 12 mm (S. aureus). The
results obtained have greater bacterial inhibition
compared to preliminary research. Previous result from
other researchers investigated the effect of AgNO3
concentration on the inhibition of gram-negative bacteria
(E. coli) with an inhibitory diameter of 4.92 mm - 8.95
mm*), Meanwhile, previous researchers analyzed the
effect of AgNOs concentration on the inhibition of gram-
positive bacteria (S. aureus) at diameters of 2-6 mm*¥. In
the manufacture of antibacterial materials, silver (Ag) acts
as a strong antibacterial agent to the material*>.

3.7 SEM-EDX Analysis

The coating solution was characterized by Scanning
Electron Microscope-Energy Dispersive X-Ray (SEM-
EDX) analysis to determine the silica’s surface
morphology*®. The goal of EDX characterization is to
determine the difference in composition obtained.

Fig.8: The SEM EDX Mapping results (a) 10 mM AgNPs
(b) 0.5 mM AgNPs.

Figs. 8 (a) and (b) show SEM-EDX Mapping results
used to visualize the morphology and mapping on a coated
material. The result showed varying components between
10 mM AgNPs and 0.5 mM AgNPs. The coating solution
with 0.5 mM AgNPs had a higher Si percentage than those
with 10 mM AgNPs.

4. Conclusion

In conclusion, the composition of hydrophobic
properties was obtained at 3 mL ammonia, 0.5 mL ethanol,
3% wt silica concentration, 7 ml water volume, and 1%v
APTES. The composition of antibacterial properties was
obtained at AgNO3 10 mM. Furthermore, based on SEM-
EDX analysis, the largest silica percentage was found at a
concentration of 0.5 mM AgNPs.
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