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Abstract

Surface coating methods provide protection for porous concrete surfaces against water
diffusion, which can otherwise lead to structural damage and a reduction in concrete's
service life. This study aims to assess the impact of varying quantities of biosynthesized
TiO; and coconut shell-derived carbon on concrete surface hydrophobicity and to com-
pare their effectiveness in enhancing it. SEM analysis confirmed that the organosilicone-
based hydrophobic coating with 0,20 g of TiO; and 0,20 g of carbon was uniformly dis-
tributed, covering micropores, and increasing concrete surface roughness. EDS analysis
indicated a decrease in the Ca element peak and the absence of elements like Al, Fe, and
K, validating the success of the concrete surface coating. FTIR analysis revealed the
emergence of new absorption bands, such as 2963 cm™ (aliphatic C-H bonds of organo-
silicone) and 477 cm™! (Ti-O bonds), on the hydrophobic concrete surface. Contact angle
measurements demonstrated hydrophobic behavior, with the B/Organosilicone/TiO,
sample exhibiting an angle of up to 122,4° and the B/Organosilicone/C sample up to
138,3°. Consequently, carbon derived from coconut shell waste emerges as a viable al-
ternative for hydrophobic surface applications due to its superior hydrophobicity pro-
perties compared to TiO,.
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1. Introduction

Concrete is a popular construction material due to its
strength, workability, and long-term durability!’. Alt-
hough concrete has many advantages, its hygroscopic na-
ture and rich porosity make it susceptible to damage due
to water diffusion which can reduce its mechanical
strength and durability!®. Water is a detrimental factor for
concrete construction, especially in areas with high hu-
midity®!. Water can penetrate the concrete surface
through the porosity present in concrete as a result of
thermal changes in the concrete structure exposed to ex-
ternal environmental conditions. The presence of water
can also promote the growth of microorganisms, which
further deteriorate the concrete surface. Over time, the
formation of micro-cracks can compromise the dimen-
sional stability and structural integrity of concrete, ulti-
mately shortening its service life!**,

There are several methods of protecting concrete
surfaces including hydrophobic impregnation, surface
coating, and pore blocking. The surface coating method
is widely used due to its effectiveness and ease of
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application!®!. Hydrophobic coatings are applied to resist
water diffusion as a solution in improving the durability
of concrete, ensuring the desired service life, and redu-
cing the maintenance cost of concrete structures™®.. Coa-
tings can be made from various materials such as sili-
cone, acrylic, epoxy, and polyurethane. These materials
form a protective layer on the concrete surface that repels
water and other liquids, but these materials alone are not
sufficient to provide hydrophobicity and are less eco-
nomicall"?,

Ti02 and carbon particles are some of the additives
that can be used to increase the hydrophobicity of a sur-
face. TiO2 nanoparticles are used because they can im-
prove surface roughness in hydrophobic surface applica-
tions. TiO: nanoparticles are widely utilized due to their
chemical stability, practical applicability, and non-tox-
icity. Their applications span various fields including ca-
talysis, photocatalysis, antibacterial materials, and buil-
ding construction-particularly as self-cleaning nano-
coatings that enhance surface durability and perfor-
mance!”. Carbon particles are nonpolar and their rough
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surface allows carbon-containing materials to have high
hydrophobicity. Coconut shell waste, which has a high
carbon content (49.86 %), was chosen as one source of
carbon as an additive for hydrophobic coatings on con-
crete surfaces because in many countries this waste has
not been optimally utilized as a high-value product!®*'.

Zhu et al. have reported that silicone-based coa-
tings exhibit strong water-repellent effects when applied
to both normal and recycled aggregate concrete, reducing
water absorbency by approximately 60% for each type of
aggregate!'”. Additionally, Dogan and Dehghanpour
demonstrated that forming a hydrophobic layer on mortar
surfaces using silicon-based TiO2, ZnO, and Recycled
Nano Carbon Black (RNCB) decreases surface porosity
by optimizing the microstructure and improving hydro-
phobic characteristics!!).

Motivated by these findings, the present study de-
velops hydrophobic concrete coatings using organosili-
cone-based materials combined with biosynthesized
TiO: nanoparticles and coconut-shell-derived carbon as
additives. The TiO: nanoparticles were synthesized fol-
lowing the method reported by Wellia et al., utilizing
10% v/v Aloe vera (L.) Burm. f. peel extract as a green
reducing agent to ensure environmentally friendly syn-
thesis while employing simpler equipment under ambient
conditions, without the need for high temperatures or
pressures' ",

2. Materials and Methods

2.1. Materials

The materials used in this study are Portland Cement I
(Semen Padang), sand, coconut shell, deionized water
(Waterone), distilled water, 70% ethanol, Organosili-
cone, TiCls 1 M (Merck), and 4loe vera (L.) Burm. f.

2.2. Instruments

The instruments used in this study are glassware, analy-
tical balance, magnetic stirrer, filter paper (Whatman),
oven (Memmert), centrifuge, pH-meter (B-MAX), hot
plate (AGIMATIC REV-E), sonicator, brush and sample
mold. The characterization instruments used were SEM-
EDX (JEOL JSM-6360), XRD (XPERT PRO PANalyti-
cal PW 30/40), XRF (PANalytical Epsilon 3), FTIR
(PerkinElmer), and water contact angle meter.

2.3. Synthesis

2.3.1. Concrete Sample Preparation

Concrete samples were made with a cement:sand:gravel
mix ratio of 1:2:3. The concrete mixture was molded with
30 mm?® sample molds and cured for 28 days.
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2.3.2. Coconut Shell Charcoal Fabrication

The collected coconut shells were washed and cleaned
from the skin and then dried. The shell were then burned
to form charcoal. The resulting product is pulverized to
form carbon powder.

2.3.3. Preparation of Aloe vera (L.) Burm. F

Aloe vera (L) Burm. f. was taken and separated from the
gel. 10 g fresh Aloe vera (L.) Burm. f. bark was washed
and pulverized. The Aloe vera (L.) Burm. f. bark was
heated in 100 mL of deionized water for 1 hour at 70 °C.
The Aloe vera (L) Burm. f. extract was filtered using
Whatman filter paper.

2.3.4. Biosynthesis of TiO2 Nanoparticles

In the biosynthesis of TiO2 nanoparticles, titanium chlo-
ride solution (1 M, TiCl4) was prepared in 100 mL of de-
ionized water and Aloe vera (L) Burm f. extract was
added dropwise under a constant stirring speed. Then, 1
M NaOH was added until pH 7 and continued with con-
stant stirring for 24 hours. Nanoparticles formed during
the synthesis process were collected by centrifugation
(10,000 rpm) and washed repeatedly with ethanol. The
nanoparticles were washed again with distilled water,
dried at 100 °C for 10 hours, and calcined at 500 °C for 1
hour.

2.3.5. Preparation of Hydrophobic Coating

TiO2 was synthesized in a glass cup, each sample was
made into 4 variations based on mass addition (0.10 g,
0.15 g, 0.20 g, and 0.25 g). Furthermore, 2 mL of Orga-
nosilicone was added to each glass cup and then dis-
persed with a sonicator for 15 minutes. The hydrophobic
solution formed was applied once to the surface of the
concrete sample with a brush. The hydrophobic coating
on the concrete sample was dried for 24 hours at 50 °°C.
The same steps were carried out for carbon addition as in
Table 1.

Table 1. Sample and sample code

TiO, Carbon Organosili-

Sample code cone

(8) (8) (mL)
Concrete (concrete) - - -
B/Organosilicone - - 2
B/Organosilicone/TiO,-1 0,10 - 2
B/Organosilicone/TiO,-2 0,15 - 2
B/Organosilicone/Ti0,-3 0,20 - 2
B/Organosilicone/TiO,-4 0,25 - 2
B/Organosilicone/C-1 - 0,10 2
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B/Organosilicone/C-2 - 0,15 2
B/Organosilicone/C-3 - 0,20 2
B/Organosilicone/C-4 - 0,25 2

3. Results and Discussion

3.1. Surface Morphology

The microstructures of the sample surface obtained from
SEM are shown in Figure 1 (a-j). The untreated concrete
surface (Figure 1 (a)) is irregular and pore-rich, leading
to easy water diffusion on the concrete surface. On the
surface of concrete coated with organosilicone (Figure 1
(b)), there is a reduction in porosity on the concrete sur-
face, thereby reducing water absorption. Al-Kheetan et
al. stated that silicone-based compounds prevent water
diffusion from the porous structure of cement-based ma-
terials and increase the resistance of hydrophobic mate-
rialst!?.

The surface morphology of hydrophobic concrete
with TiO2 nanoparticles used in different ratios is shown
in Figure 1 (c-f). The concrete surface is flatter and the
roughness on the surface of the material is relatively
more uniform with the addition of 0.20 g TiO2 (Figure
1(e)) compared to the addition 0f0.10 g and 0.15 g TiOo.
Dogan and Dehghanpour state that the addition of TiO2
particles in the preparation of hydrophobic coatings
forms a protective layer preventing water absorption on
the surface of cement-based materials with good durabi-
lity and workability!". In contrast, the rough structure
seen in Figure 1 (f) indicates that agglomerates are for-
med in the microstructure of samples with greater TiO2
concentration. The nanoparticles are unevenly distribu-
ted in the form of aggregates that cannot provide a uni-
form structure on the concrete surface, resulting in a lo-
wer hydrophobicity contribution.

When the morphology of the hydrophobic surface
prepared by adding carbon particles on the concrete sur-
face is examined, it can be seen that the distribution of
particles in low amounts (0.10 g) is relatively uneven.
When the amount of particles is increased to 0.20 (Figure
1(1)), the carbon particles form a dense structure with in-
creased regular distribution on the concrete surface.
Shahbazi et al. reported that micro-scale carbon particles
create a rough surface, thereby leading to higher hydro-
phobic properties!”. Thus, it can be stated that carbon
used with Organosilicone provides good hydrophobicity
and can be used to protect concrete surfaces.

As a result of the irregular distribution of the high
number of particles in the B/Organosilicone/C-4 sample
(Figure 1(j)), it is observed that the particles in the coa-
ting morphology are agglomerated. The uneven
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distribution observed on the coating surface can be ex-
plained by the tendency of particles with large grain sizes

to agglomerate due to their small surface areal'’.
> 22 i s

Figure 1. Hydrophobic surface; (a) Concrete, (b) B/Or-
ganosilicone, (¢) B/Organosilicone/TiO2-1, (d) B/Orga-
nosilicone/Ti02-2, (¢) B/Organosilicone/Ti02-3,

(f) B/Organosilicone/Ti02-4, (g) B/Organosilicone/C-1,
(h) B/Organosilicone/C-2, (i) B/Organosilicone/C-3 and
(j) B/Organosilicone/C-4

3.2. Elemental Composition

The EDS of the untreated concrete surface in Figure 2 (a)
detected elements such as Al, K, Fe, Si, O, and Ca. The
peak of Ca decreased on the surface of the B/Organosili-
cone/TiO2 and B/Organosilicone/C samples compared to
the untreated concrete samples. This indicates that the
hydrophobic layer has been successfully distributed on
the surface thus improving the surface performance of the
material as reported by Lian et all"!.

Figure 2 (b) shows the EDS analysis of the hydropho-
bic surface of sample B/Organosilicone/TiOz, the peak
intensities of Ti, O, Si, and Ca are observed on the con-
crete surface. In the EDS analysis of the surface of the
hydrophobic layer of sample B/Organosilicone/C, as
shown in Figure 2 (c), the peaks of Si, O, Ca, and C are
observed on the concrete surface. The decrease of the Ca

10
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peak and the increase of C and Si peaks are attributed to
the concentration of these elements in the hydrophobic
coating. In the EDS analysis results of the surface of
B/Organosilicone/TiO2 and B/Organosilicone/C sam-
ples, elements such as Al, K, and Fe were not detected.
This finding indicates that the applied hydrophobic coat-
ing covers the surface, reduces porosity and improves the
hydrophobicity of the concrete surface.

(a)

T
000 300 600 900 1200 1500 120 A0

1950
1800

1650
Ca

Counts

' - " —
200 1200 1500 1800 2100

&
8
1

Counts

Y T T
000 300 600 900 1200 1500 1800 210

eV

Figure 2. EDS spectra of the sample surface;
(a) Concrete, (b) B/Organosilicone/Ti02 and
(c) B/Organosilicone/C
3.3. Crystal Phase
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The result of XRD characterizations are shown in Figure
3. The diffraction peaks of Quartz-SiO2 and Calcite-
CaCOs were observed in the untreated concrete samples.
While in the B/Organosilicone sample, a higher Quartz-
SiO2 diffraction peak and a decrease in the Calcite-
CaCO:s diffraction peak were observed when compared
to untreated concrete due to the presence of an organosi-
licone layer on the concrete surface.

In the B/Organosilicone/TiO2 sample, the relatively
high Quartz-SiO:z diffraction peak compared to the B/Or-
ganosilicone/C sample explains the role of the hydropho-
bic layer on the concrete surface covering defects such as
porosity. The B/Organosilicone/TiO2 sample also shows
diffraction peaks at (101), (112), and (200) with diffrac-
tion angles (20) of 25.1°, 37.3° and 47.7° which corre-
spond to the anatase phase of TiO2 based on ICSD stand-
ard No. 44882. In the B/Organosilicone/C sample, un-
clear diffraction peaks were observed indicating amor-
phous carbon. Then, the decrease in the Calcite-CaCO3
peak in the B/Organosilicone/TiO2 and B/Organosili-
cone/C samples can be attributed to a decrease in the per-
meability of the concrete surface!".
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Figure 3. XRD pattern of (a) Concrete,

(b) B/Organosilicone (c) B/Organosilicone/TiO2 and
(d) B/Organosilicone/C

90

3.4. Fourier Transform Infrared (FTIR) Analysis

The results of the FTIR spectrum data analysis can be
seen in Figure 4. Absorption bands at several wave num-
bers are clearly visible. The presence of absorption bands
at wave number 2963 cm™ in B/Organosilicone, B/Orga-
nosilicone/C, and 2965 cm™ in B/Organosilicone/TiO:

11
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samples is given in Table 2. The presence of aliphatic C-
H from the organosilicone used which is not found in un-
treated concrete samples. The absorption bands at wave
numbers of 1405, 1411, 1407, and 1404 cm™' observed in
all spectra can prove the presence of CaCOs3!'. However,
of the four absorption bands, wave number of 1405 c¢m
(untreated concrete) has a higher intensity than the other
samples.

In Figure 4, the absorption bands at wave numbers
1260 cm™ and 1258 cm™ indicate the presence of O-Si-O
from Organosilicone but are not visible in the FTIR spec-
tra of untreated concrete samples. The appearance of ab-
sorption bands at 1002, 992, 1009, and 1014 cm’ indi-
cates the presence of Si-O in all spectra derived from con-
crete samples. At wave numbers of 870, 874, 871 and 867
cm’' which can be observed in all spectra indicates the
presence of COs*. The wave numbers of 450, 459, and
453 cm™ are assigned to O-Si-O bond vibrations, where
the intensity of the absorption bands in B/Organosili-
cone/TiO2 and B/Organosilicone/C decreases indicating
the presence of Ti-O and carbon on the surface of the
samples . Then, the absorption band at wave number 477
cm’' proves the presence of Ti-O bond vibrations in the
B/Organosilicone/TiO2 sample.

1
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Figure 4. FTIR spectrum of (a) Concrete,
(b) B/Organosilicone, (c) B/Organosilicone/TiO2 and
(d) B/Organosilicone/C

Table 2. FTIR Spectrum Interpretation

Wave Numbers (cm™) Interpretation
Con- B/Orga- B/Orga- B/Or-
crete  nosili- nosili- gano-

cone cone/ sili-

TiO, cone/C

- - 2963 2963 2800 - 2900/

Aliphatic C-H

1405 1411 1404 1407 1300 - 1700/

Asymmetric

stretching
DOI: https://doi.org/10.25077/jku.14.2.8-14.2025
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vibration of
(:()32_
950-1260/Si-O
970 - 1100/
Asymmetric

- 1260
1002 992

1258
1014

1258
1009

stretching vi-
bration of Si-O
842 - 910/
Asymmetric
bending vibra-
tion of CO5*
420 - 780/
Internal ben-
ding vibration
of Si-O
450 - 470/
Binding vibra-
tion of O-Si-O
400 - 500/
Ti-O Vibration

870 874 867 871

- 792 796 793

450 459 453 453

477 -

3.5. Water Contact Angle of Hydrophobic Layer

The contact angle of a liquid droplet is a convenient way
to describe the wetting properties of a surface. The con-
tact angle is defined as the angle at which the baseline of
the droplet and the tangent of the droplet meet. Surfaces
that exhibit a water contact angle of less than 90° are
called hydrophilic, contact angles of 90° - 120° for hydro-
phobic surfaces while surfaces with contact angles
greater than 150° are called superhydrophobic!'.

The optical micrographs of the samples whose sur-
faces were coated with Organosilicone-based hydropho-
bic coatings with the addition of particles (TiO2 and car-
bon) of varying mass are shown in Figure 5 (a-j). The
water contact angle increased significantly from 0° to
83.8° on the concrete surface without treatment and after
coating with Organosilicone (Figure 5 (a,b)). This is be-
cause Organosilicone reduces the surface energy with the
presence of aliphatic C-H in Organosilicone which is
nonpolar!'®. Furthermore, with the addition of 0.10 g and
0.15 g TiO2, the water contact angle increased to 113.5°
and 120.6°. With the addition of 0.20 g TiO2, the water
contact angle increased to 122.4° and then decreased to
120.6° at the addition of 0.25 g TiO2 (Figure 5 (c-f)). A
high water contact angle indicates an increase in the hy-
drophobicity of the sample, so it can be said that TiO2
nanoparticles can fill micropores and reduce the move-
ment of water to inhibit water diffusion!". Increasing sur-
face roughness of concrete with the addition of TiO2 na-
noparticles and decreasing the surface energy caused by
organosilicone produce a hydrophobic surface. As for the

12
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decreased water contact angle in sample B/Organosili-
cone/Ti02-4, it is caused by the poor distribution of TiO2
nanoparticlest!.

The contact angle of water on the concrete surface in
samples made with the addition of organosilicone-based
carbon particles is shown in Figure 5 (g-j). The contact
angles of the carbon samples are 130° (B/Organosili-
cone/C-1), 130.6° (B/Organosilicone/C-2), 138.3° (B/Or-
ganosilicone/C-3), and 132.5° (B/Organosilicone/C-4).
The results obtained show that carbon particles provide
hydrophobic properties on the concrete surface and the
water contact angle of the surface of the B/Organosili-
cone/C sample is higher than that of the B/Organosili-
cone/Ti02 sample. The layer formed by carbon and silica
particles on the surface of concrete samples acts as a bar-
rier against water diffusion. On the other hand, the addi-
tion of large amounts of carbon to a hydrophobic solution
shows that the coating formed does not improve the hy-
drophobic properties of the material for the better ") This
implies that the water contact angle may decrease in the
presence of excessive amounts of carbon particles. Based
on the contact angle measurement results, it is known that
the B/Organosilicone/Ti02-3 and B/Organosilicone/C-3
samples have the largest contact angles.
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Figure 5. Water contact angles from samples (a) Concrete,

(b) B/Organosilicone, (c) B/Organosilicone/TiO2-1,

(d) B/Organosilicone/TiO2-2, (e) B/Organosilicone/Ti02-3,

(f) B/Organosilicone/Ti02-4, (g) B/Organosilicone/C-1,

(h) B/Organosilicone/C-2, (i) B/Organosilicone/C-3 and
(j) B/Organosilicone/C-4

4. Conclusions

The performance of B/Organosilicone/TiO2
B/Organosilicone/Carbon hydrophobic coatings has been
evaluated. The addition of biosynthesized TiO:2
nanoparticles and carbon particles from coconut shell

and

waste to the hydrophobic coating increases the surface
roughness, thereby increasing the hydrophobicity of the
concrete surface. This is evidenced by the contact angle
of the B/Organosilicone/TiO2 sample reaching 122.4°
(TiO2- 0.20 g) and the B/Organosilicone/C sample up to
138.3° (carbon - 0.20 g). The distribution of particles on
the concrete surface in low amounts (0.10 g and 0.15 g)
is relatively uneven. The high particle distribution (0.25
g) tends to form agglomerated particles, which can
reduce the surface hydrophobicity. Thus, the
effectiveness of using carbon in increasing surface
hydrophobicity is viewed from the magnitude of the
contact angle of the hydrophobic layer. This makes
carbon from coconut shell waste can be used as an
alternative in hydrophobic surface applications..
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