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Abstract: This study aims to develop an additional layer in masks using micro-carbon to enhance
protection against inhalation of droplets. Carbon microstructures were obtained using spray
pyrolysis method, with the precursor being resina colophonium dissolved in acetone and ethyl
acetate. Subsequently, the effect of varying the precursor-solvent ratio, heating temperature, and
nitrogen flow rate on the shape, size, and content of the products was assessed. The results showed
that the highest carbon content achieved was approximately 96%, with the smallest size measuring
139 nm. The penetration test results after applying the product on masks fabric revealed a significant
reduction in penetration up to level 2. In addition, the contact angle test showed that the addition of
carbon led to a lower reduction (6.7°) compared to regular masks fabric with a 20.4° decrease. This
improvement could contribute to reducing the risk of droplet inhalation during masks application.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) is primarily transmitted through
the inhalation of aerosol particles or droplets containing the virus, which are emitted during
breathing and speaking (Anfinrud et al., 2020). To reduce the transmission rate, several studies have
proposed the use of masks to prevent aerosol particles and droplets from being inhaled. However,
the use of these protective materials does not provide absolute protection against the virus (Ueki et
al., 2020). This indicates that there is a pressing need to evaluate the effectiveness of masks
protection by determining their ability to prevent the entry or exit of droplets (Cheng et al., 2021).
The effectiveness of existing masks in the market can be enhanced through the incorporation of an
additional layer of carbon (Dizbay-Onat, 2023) obtained from coconut shells (Sujiono et al., 2022),
palm oil shells (Rashidi and Yusup, 2019), or wood (Efiyanti et al., 2023). This added layer is
typically added to trap the virus by adsorbing moisture. After the virus is captured, highly
electropositive ions can disrupt the integrity of the membrane and vital proteins, degrading the
ability to function (Reza et al., 2021).
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According to previous studies, carbon-based precursor materials are traditionally synthesized
using a solution of methanol (Fang et al., 2018), benzene (Melati and Hidayati, 2016), xylene
(Singhal et al., 2019), or toluene (Khabushev et al., 2022) derived from fossil fuels. However, the
limited nature of these resources (Sulistya et al., 2020) necessitates the exploration of alternatives to
produce nanostructured carbon, such as cellulose (Harahap et al., 2023), biomass (Politaeva et al.,
2020), and turpentine oil (Suhas et al.,, 2016). In this context, turpentine oil, derived from the
distillation of pine resin (resina colophonium) serves as a promising alternative. Resina
colophonium is widely used as a raw material for producing resins or solvents for paint mixtures
(Rucitra and Amna, 2021). In 2018, a total of 92,550 tons of resina colophonium was produced by 8
companies in Indonesia (Afre et al., 2006), contributing to the global production of approximately
1.3 million tonnes (Song, 2019). Various methods, including hydrothermal, templates,
physical/chemical vapor deposition (Papaioannou et al., 2018), and spray pyrolysis (Vishwanathan
etal., 2018) have been proposed for the synthesis of carbon-based precursor materials. Among these
methods, spray pyrolysis is considered the most common and it comprises the decomposition of
precursor molecules at high temperatures. In addition, the decomposition process is often carried
out using spray pyrolysis instrument system, comprising a precursor atomizer, carrier gas flow,
heating reactor, and carbon collector media (Jayadi et al., 2024). Atomized precursor molecules,
facilitated by gas flow (nitrogen/argon), are transferred to the heating reactor, where breakdown
occurs. The molecules are broken down to produce carbon granules, which are then captured in the
collector media (Park et al., 2019).

In line with these results, Liu et al. conducted a study on the ultrasonic spray pyrolysis method
for synthesizing nitrogen-doping carbon nanotubes. The procedures were carried out at injection
rates of 0.25, 0.5, and 0.75 ml/minute, while the gas flow rate at each inlet was maintained at 150
sccm (Liu et al., 2011). Ionescu et al. (2011) also explored the synthesis of nanotubes from ferrocene
and xylene precursors using the same method with argon as carrier gas at a flow rate of 175 sccm
and temperature at 700-800°C (lonescu et al., 2011). In addition, a similar process was performed
by Yan et al using chopped pine trees with nitrogen flow under atmosphere pressure at different
temperatures. Each temperature run was carried out at 500 mL/minute gas flow rate, 10°C/minute
heating rate, and 30 minutes pyrolysis time. The results showed that increasing the flow velocity of
argon gas during the synthesis process had a significant impact (Yan et al., 2011). Therefore, this
study aims to develop an additional layer in masks using micro-carbon from pine resin precursor
(resina colophonium) synthesized with spray pyrolysis method. The synthesis process was carried
out using varying parameters, such as precursor composition (resina colophonium: solvent),
temperature, and carrier gas flow rate to determine their effects. FE-SEM EDS test was used to
determine the sample morphology, particle size, and carbon content. Meanwhile, functional
assessment of additional layer of masks was carried out using penetration and contact angle tests.

2. Materials and Methods

2.1. Materials
Pine resin (resina colophonium), which was essential for the experiments, was obtained from the
local market. The solvents used were acetone (pro analysis 99.75%, Mallinckrodt Chemicals) and
ethyl acetate (pro analysis 99.8%, Merck KGaA).

2.2. Micro-Carbon Preparation

Micro-carbon materials, which were crucial for the study, were obtained through spray pyrolysis
of pine resin. In this process, pine resin was dissolved in either acetone (GAC) or ethyl acetate
(GEA). Pine resin was firstly crushed by a Hamer mill (5000 rpm German) until it reached a size of
60 mesh to facilitate the dissolving process.

The in-house spray pyrolysis was utilized for the experiment. This instrument was configured
to allow the precursor (GAC or GEA) into the inlet, atomized, and subsequently conveyed into a
heating reactor with the aid of nitrogen gas. During the heating process, pine resin underwent
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decomposition, which yielded carbon granules that were deposited onto a 1000-wire mesh
positioned at the outlet of the heating reactor. Spray pyrolysis was set for 20 minutes for each
variation. This study involved varying the ratio of pine resin to solvent and adjusting the nitrogen
gas flow rate during micro-carbon synthesis. Specifically, the ratios of pine resin to solvent were set
at 1:4, 1:8, and 1:16 (g/ml). The heating temperature was varied at 800, 1000, and 1200°C, while the
nitrogen gas flow rates were adjusted to 0.5, 1, and 1.5 liter/minute. These parameters were selected
to achieve the highest percentage of carbon content while maintaining a smooth carbon surface to
repel droplets.

2.3. Application of Micro-Carbon as Mask Layer

Polypropylene sheet, which was a common medical mask, (80 x 80 cm), was used as masks.
Micro-carbon was deposited on this sheet using vacuum chambers with a volume of 1 liter
(VC1621SG, VacuumChambers.ue., Poland).

Before deposition, the product was first dissolved in acetone with a ratio of 0.3 g/ml. The
dissolved micro-carbon was placed in the vacuum chamber at around 25 + 2°C and under a pressure
of 50 kPa for 30 minutes. Micro-carbon coated masks were further dried using the conventional
oven at 60°C for 24 hours (Aristri et al., 2021). The amount of micro-carbon was calculated as the
difference in masks mass before and after deposition.

2.4. Sample Characterization

2.4.1. Morphological Analysis
The synthesized micro-carbon powder was separated from the surface of wire mesh 1000 for
morphological analysis using Field Emission Scanning Electron Microscopy (FESEM, JIB-4610F, Jeol
Ltd Japan). Images obtained from FESEM were further analyzed using Image] to obtain the average
particle size. As many as 20 particles were evaluated to obtain this parameter, FESEM analysis was
also combined with energy-dispersive X-ray spectroscopy to evaluate the carbon content.

2.4.2. Penetration Test

Penetration test was performed according to ISO 16603:2004 about measuring the penetration
resistance of clothing materials to blood and body fluids. There were 6 pressure levels involved in
this test (Table 1), and to imitate saliva penetration on a surface, chicken egg white was utilized as
it was considered to have a surface tension close to saliva. The surface tension of egg white without
yolk contamination was 50 mN/m (Li et al., 2022), yolk only was 44 mN/m (Miranda et al., 2022),
while human saliva was about 58 mN/m (Gittings et al., 2015).

The penetration test was conducted by applying varying pressure levels after egg white was
applied to the test samples. The test was terminated once egg white penetrated through the test
sample. When penetration did not occur, the test proceeded to the next level by increasing the
pressure. Table 2 listed samples involved in this study.

Table 1 Test level in penetration test and waiting time for each level

Level Pressure (kPa) Time (Minutes)
1 0
1.75
3.5
7
14
20

[o)NN6) I N CV RN )

2.4.3. Contact Angle Test
Assessing the absorption property of masks coated with micro-carbon involved conducting
contact angle test on the samples. This test entailed dropping a liquid onto the test samples,
capturing an image of the sample, and observing the angle formed between the liquid and the
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sample (Whulanza et al., 2020). Angle was measured by manually drawing lines along the edge of
the liquid-sample boundary in the captured picture, and the corresponding angular values were
automatically calculated using DinoCapture 2.0 software. When the dropped liquid was absorbed
by the test sample, the angle decreased. The contact angle data were recorded every 10 minutes for
a total of 1 hour of observation. Masks sheets coated with GAC or GEA micro-carbon having
relatively equal carbon weight were selected for this test. Observation of contact angle was
conducted using a digital microscope Dino-Lite Plus with the ability to magnify 20-90 times.

Table 2 Sheet samples code used

Code Sample
PS sample polypropylene sheet without any coating
PAC sheet commercial polypropylene sheet coated with activated carbon
GAC sheet polypropylene sheet coated with carbon dissolved in GAC
GEA sheet polypropylene sheet coated with carbon dissolved in GEA

3. Results and Discussion

3.1. Micro-Carbon Synthesis: Effect of Solid-To-Solvent Ratio
The morphologies of micro-carbon resulting from pyrolysis at 1000°C with various solid-to-
solvent ratios (1:4, 1:8, and 1:16) were shown in Figure 1. FESEM results indicated that micro-carbon
particles had round and smooth surfaces. In this test, the value of carbon content in the sample
could also be known. As shown in Table 3, all samples were rich in carbon content with a value of
more than 90%. The highest carbon content was obtained in samples from GAC precursors with a
composition ratio of 1:8, which reached 96.8% wt.

N

15.0 kV x50,000 50,000

Figure 1 FESEM images of micro-carbon particles size obtained with pine resin solvent ratio of (a)
1:4 (b) 1:8 (c) 1:16 from GAC samples and (d) 1:4 (e) 1:8 (f) 1:16 from GEA samples

Particle size could be determined quantitatively based on the measuring scale performed on FE-
SEM test results. Micro-carbon of GAC samples had a smaller particle size than micro-carbon from
GEA samples (Figure 2). Micro-carbon from precursor GAC with pine resin to acetone ratio of 1:8
had the smallest average particle size, which was 0.12 pm. Figure 2 showed the normal distribution,
the average value (), and the standard deviation (o) of all samples. The distribution of carbon
diameter of GAC samples indicated less distribution compared to GEA counterpart. This could be
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due to the agglomeration of crushed pine resin in ethyl acetate. Previous studies indicated that
agglomeration in ethyl acetate was quicker to form rather than in ethanol (Shukla et al., 2017). This
agglomeration could also lead to inhomogeneity of particle size as seen in Figure 1. e.

Table 3 Carbon content in samples with pine resin to solvent ratio

Sample Pine resin to solvent ratio  Relative carbon content (% wt)
1:4 95.625
GAC 1:8 96.862
1:16 96.525
1:4 96.275
GEA 1:8 96.037
1:16 96.337
20
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Figure 2 Particle size distribution of GAC and GEA from 20 particles of each sample

3.2. Micro-Carbon Synthesis: Effect of Pyrolysis Temperature
Figure 3, the measurement scale of FE-SEM test resulting from carbon samples synthesized at

various heating temperatures with GAC at pine resin to solvent ratio of 1:16 and a nitrogen gas flow
rate of 1 liter/minute. Additionally, it was observed that synthesis at 800°C resulted in micro-
carbon with the lowest particle size, 0124 + 0.008 nm. However, the particle sizes in these samples
were observed to have a heterogeneous morphology. An improved morphology heterogeneity was
observed at micro-carbon obtained from pyrolysis at 1000 and 1200°C (Figures 3b and c,
respectively). Micro-carbon synthesized at 1200°C had the highest particle size homogeneity, and
the particle surface had an imperfection. Figure 3c showed that the surface of these particles was
not smooth, and the distribution of particle size was obtained from various pyrolysis temperatures.
Pyrolysis temperature also influenced the content of the resulting carbon, and the sample at a
synthesis temperature of 1000°C had the highest carbon content, reaching 96.5% wt (Table 4). The
increase in carbon content at 1000°C and 1200°C compared to 800°c reflected the increasing degree
of carbonization (Chatterjee et al., 2020). With the objective of achieving micro-carbon with high
carbon content, masks coating was therefore conducted with micro-carbon synthesized at 1000°C.

3.3. Micro-Carbon Synthesis: Effect of Nitrogen Flow
Table 5 showed that samples synthesized at 1200°C had similar carbon content to the sample at

1000°C but had bigger particle sizes (Figure 6) and rougher surfaces (Figure 5). Exploring whether
adjusting the nitrogen gas flow rate could improve either carbon content, particle size, or surface
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characteristics, the nitrogen flow rate variation test was conducted on GAC 1:16 sample heated at
1200°C.

/g’ Coli
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Figure 3 FESEM images of GAC samples obtained from pine resin, a solvent ratio of 1:16, nitrogen
gas flow rate of 1 liter/minute, and synthesis temperature, (a) 800°C, (b) 1000°C, and (c) 1200°C
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Figure 4 Particle size distribution of GAC precursor 1:16 with nitrogen gas flow rate of 1
liter /minute at a varied synthesis temperature

Table 4 Carbon content in samples of GAC 1:16 precursors with variations in synthesis temperature
Synthesis temperature (°C)  Relative carbon content (% wt)

800 92.475
1000 96.525
1200 96.275

Based on the image processing of FESEM images, the smallest particle size was formed at a flow
rate of 0.5 liter/minute, which was 0.167 + 0.008 um. All carbon materials were synthesized at a
pyrolysis temperature of 1200°C with varied nitrogen flow rates showing rough surfaces as shown
in Figure 5.

Table 5 Carbon content in samples from GAC 1:16 precursors with a synthesis temperature of
1200°C and variations in nitrogen flow rate

Nitrogen flow rate (liter/ minute) Relative carbon content (at%)
0.5 14.48
1 96.28
1.5 97.15

An interesting observation was made regarding the significant influence of nitrogen flow rate on
the carbon content of the samples. As shown in Table 5, at a nitrogen flow rate of 0.5 1/minute,
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micro-carbon with a content of 14.48% wt was obtained, suggesting the presence of volatiles that
acted as catalysts for secondary reactions, potentially reducing carbon yield (Wang et al, 2021;
Sukumar et al., 2020). With an increase in the nitrogen flow rate, the carbon content substantially

diof

15.0 kv x50,000

Figure 5 Carbon particle size of GAC precursor 1:16 with synthesis temperature 1200°C and
nitrogen gas flow rate (a) 0.5 liter/minute (b) 1 liter/minute (c) 1.5 liter/minute

3.4. Application of Micro-Carbon as Masks Layer
Both GAC and GEA micro-carbon obtained at pine resin to solvent ratio of 1:8, 1000°C pyrolysis
temperature, and 1 liter/minute of nitrogen flow rate were tested for their application as masks
coating materials. The selection was based on the data discussed in sections 3.1, 3.2, and 3.3,
indicating that at this condition, the product had the smallest particle size, the smoothest surface,
and the highest carbon content. The small particle size was preferred as micro-carbon particles were
expected to be able to close the gap in polypropylene sheet.
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Figure 6 Particle size distribution of GAC precursor 1:16 with synthesis temperature 1200°C and
varied nitrogen gas flow rate

Figures 7 a, b, ¢, and d showed the dropped water on polypropylene sheet coated with the
product, and the yellow line on these figures indicated the contact angle. Observations were
conducted for 1 hour and contact angle data were recorded every 10 minutes. Table 6 indicated the
data from the contact angle observations. Based on the data in Figure 8a, all samples had initial
contact angles above 90°, indicating that all paper masks were hydrophobic (Yuan and Lee, 2013).

The contact angle was observed to decrease along with the observation time. Comparison
between all samples in this test at minute 0 and minute 60 could be seen in Figure 8b. A significant
decrease was experienced by PS sample, from an initial contact angle of 118.221° to 97.802° (20.4°
difference). The least decrease in contact angle was experienced in GAC sheet from 121.530° to
114.744° (6.786° difference). This indicated that the presence of a carbon layer on polypropylene
sheet could reduce or slow down the absorption process. GEA sheet had less performance in this



956
International Journal of Technology 16(3) 949-959 (2025)

test (10.8° drop from 120.4°) compared to GAC sheet. This result designated that the difference in
size affected the results of this test. PAC sheet, which was polypropylene coated with commercial
activated carbon, had a higher contact angle drop from 118.852° to 101.162° (17.69° difference)
compared to polypropylene coated with GAC and GEA micro-carbon. Activated carbon was
generally used as an adsorbent which relied on the porous surface (Politaeva et al., 2020). Water or
saliva could readily permeate through the pores on activated carbon compared to GAC and GEA
sheets, which had a smoother surface. This property allowed to seal gaps in masks cloth which
made it challenging for liquid to pass through. After several experiment repetitions, the
measurement data did not deviate much as depicted in Figure 8b.

(b)

Figure 7 Initial contact angle for (a) PS sample, (b) PAC sheet, (c) GEA sheet, (d) GAC sheet

In Table 6, presented below, the result of the penetration test showed that both PS sample and
PAC sheet were effectively penetrated by egg white at level 1 or without any pressure applied.
Activated carbon coated on polypropylene sheet proved unable to withstand the penetration of egg
white in the test. This could occur because the pores in the activated carbon could serve as a
pathway for egg white to penetrate the sheet.

Table 6 Penetration test results for all samples and carbon weight applied

Test Sample Carbon weight (g) Penetration level Pressure (kPa)
PS sample - Level 1 0
PAC sheet n.d Level 1 0
0.0043 Level 1 0
GAC sheet 0.0150 Level 1 0
0.0167 Level 2 1.75
0.0044 Level 1 0
GEA sheet 0.0166 Level 2 1.75
0.0206 Level 3 35

n.d, not determined
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Figure 8 Contact angle test data (a) taken every 10 minutes for 1 hour, (b) test data distribution after
20 measurements at minutes 0 and 60
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Penetration was also experienced by both GAC and GEA sheets. However, it was observed that
a pressure of min 1.75 kPa was required to let egg white penetrate these sheets. This result showed
the potential of micro-carbon synthesized from pine resin as masks coating materials. At GEA sheet,
it was observed that an increase in the mass of the product resulted in an increase in required
pressure for the egg white penetration. This indicated that the amount of micro-carbon had an effect
on masks adsorption properties. Therefore, further studies were needed to evaluate the optimum
micro-carbon mass required for the optimum adsorption.

4. Conclusions

In conclusion, the study analysis indicated that micro-carbon was successfully synthesized using
a mixture of resina colophonium mixed with acetone and ethyl acetate as solvents. The precursor
composition, synthesis temperature, and nitrogen flow rate played significant roles in shaping the
size, and carbon content during spray pyrolysis method. Specifically, a 1:8 ratio of resina
colophonium to acetone resulted in particles measuring 139 nm with a carbon content of 96.682%,
while the same ratio with ethyl acetate produced larger particles (301 nm) with a slightly lower
content of 96.037%. Furthermore, coating polypropylene sheets with the product led to improved
performance. This was evidenced by superior contact angle and penetration test results compared
to non-coated and commercially coated sheets. The addition of micro-carbon effectively reduced
the risk of droplet inhalation.
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