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potential of Fatty Acid Methyl Ester (FAME) as an alternative solvent for the
solvent-based paint industry. FAME is synthesised from vegetable oil through a
transesterification reaction, then formulated into alkyd resin-based paints with
varying binder content (40%, 50%, and 60%) to be compared with acetone solvent.
The paint performance evaluation includes tests on drying time, gloss level, hiding
power, and Whiteness and Yellowness Index. The results show that FAME-based
paints have a much higher gloss level (10-26 GU) than acetone (3—6 GU) because
their slower evaporation rate provides optimal levelling time, though this results in
much longer drying time, namely 780—819 minutes. In addition, FAME has been
proven to produce better covering power and a lower Yellowness Index (1.39—4.15)
than acetone (4.09-5.74). This superiority is influenced by the nature of FAME,
which minimises damage to the polymer binder and uniformly disperses pigments,
preventing agglomeration. Overall, FAME has great potential as a sustainable paint
solvent that can improve optical and physical properties, although its formulation
still requires optimisation to accelerate drying.
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1. Introduction

Solvent selection in the oil paint industry is a fundamental aspect that determines the quality, safety, and
sustainability of the paint production and application process. For decades, petroleum-based solvents such as toluene,
xylene, and white spirit have been the industry standard due to their ability to dissolve resins and accelerate paint
drying. However, these conventional solvents have significant negative impacts, such as high toxicity, emissions of

volatile organic compounds (VOCs) that are harmful to the environment and worker health, and the risk of damage
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to the substrate and paint film due to swelling and leaching of critical components (Biribicchi et al., 2024;
Ghobakhloo et al., 2023). In the context of tightening environmental regulations and market demand for
environmentally friendly products, the need for safer, more sustainable alternative solvents is becoming increasingly
urgent.

Fatty Acid Methyl Esters (FAME), commonly known as the main component of biodiesel, have emerged as
a promising alternative solvent for oil and solvent-based paint applications. FAME offers several fundamental
advantages: derived from renewable sources (vegetable oil or waste oil), biodegradable, low toxicity, and capable of
significantly reducing VOC emissions(Biribicchi et al., 2024; Zaratti et al., 2024). In addition, the modifiable
chemical structure of FAME (chain length, degree of unsaturation, and functional groups) allows adjustment of
solvent properties to meet the needs of paint formulations, both as the main solvent and as an active reactant in the
polymerisation process (Nameer et al., 2019). This potential positions FAME as a strategic solution in the paint
industry's transition to a greener, more sustainable future.

To reduce Volatile Organic Compound (VOC) emissions and minimise negative impacts on the ecosystem,
several studies have developed bio-solvents derived from renewable materials, such as vegetable oils, fatty acids,
and cellulose (Biribicchi et al., 2024; Hunek & Franus, 2025). Another renewable solvent is ethyl lactate, also known
as a lactate ester, synthesised by esterification of lactic acid with biomass-derived ethanol. This compound is a
biodegradable, non-toxic solvent with excellent solubility. Due to its high safety, ethyl lactate is currently widely
applied in various industrial sectors, including the food and pharmaceutical industries, as a coating (Devale &
Mahajan, 2024; Pereira et al., 2011) However, the potential of ethyl lactate as an alternative solvent in the paint
industry has not been comprehensively discussed. Another potential bio-solvent for application in solvent-based
paints is d-limonene. As a natural compound commonly extracted from citrus fruit peel waste, such as oranges and
lemons, d-limonene has been utilised in the synthesis of bio-based epoxy paints. D-limonene in epoxy matrices has
been shown to provide superior thermal and mechanical strength characteristics compared to conventional petroleum-
derived epoxy resins (Bonamigo Moreira et al., 2022) The solvent n-butanol, synthesised from starch raw materials
via fermentation with the bacterium Clostridium acetobutylicum, shows great potential as a future solvent for the
coatings (such as varnishes, resins, and waxes) and paint industries. In its application, n-butanol plays an important
role in facilitating the formation of a uniform, stable film. This characteristic directly contributes significantly to
improving the final quality and overall durability of the paint (Gallo-garcia et al., 2024; Reetz & Konig, 2021; Sun
et al., 2022).

Among the various solvent alternatives, Fatty Acid Methyl Esters (FAME) remain the best option for
development as a renewable solvent for the solvent-based paint industry. This is because FAME production
technology is currently ready for industrial-scale production compared to other bio-based solvents. Hence, the paint
industry benefits more, as it does not need to incur investment costs to develop new bio-based solvents. In addition,
raw materials (e.g., palm oil, castor oil, soybean oil) are abundant, and their renewable nature makes FAME an
attractive solvent candidate (Salehpour & Dubé, 2008; Zaratti et al., 2024). However, implementing FAME as a

solvent in solvent-based paint formulations still requires in-depth research. Crucial questions arise regarding the
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compatibility of FAME with various types of resins used in paints (such as alkyd, acrylic, epoxy, phenolic and
petroleum resins), the impact of FAME on the physical and chemical properties of the resulting paint film (e.g.,
hardness, gloss, abrasion resistance, chemical resistance, and colour stability), and the storage stability of paint
formulations containing FAME. Therefore, this study aims to explore the potential use of FAME as an alternative
solvent in the solvent-based paint industry. The research will focus on evaluating the solubility of FAME in various
paintalkyd resins, analysing the physical properties and performance of paints formulated with FAME, and

comparing them with conventional paint formulations containing VOCs.

2. Materials and Methods
2.1 Material

The materials used in this study consist of two main groups, namely materials for the synthesis of Fatty Acid
Methyl Ester (FAME) and paint formulation materials. In the synthesis of FAME, the main raw material is
commercial vegetable oil produced by PT. Wilmar Cahaya Indonesia Tbk. This oil was chosen because it has a Free
Fatty Acid (FFA) specification of less than 0.2% which is very important to minimize the saponification reaction
during the transesterification process. This process also uses methanol and Potassium Hydroxide (KOH) catalyst
obtained from a local distributor. Furthermore, in the paint formulation stage, the main resin used as a binder matrix,
which includes alkyd medium oil. To enhance the coating performance, a number of functional additives from local
suppliers were added. These additives include dryers (cobalt naphthenate and manganese naphthenate), dispersing
agents, anti-slip and leveling agents, antifoam, and solvent-based thickeners. Finally, Titanium Dioxide (TiO»)

pigment KRONOS 2450 brand from Behrindotama Buana was used to provide maximum paint coverage.
2.2 Method
2.2.1 Synthesis of Fatty Acid Methyl Ester

The production process of Fatty Acid Methyl Ester (FAME) from commercial vegetable oil is carried out
systematically in three main stages: raw material preparation, transesterification, and purification. In the initial stage,
vegetable oil with a Free Fatty Acid (FFA) specification of 0.2% by weight is prepared. The transesterification
reaction is carried out in a reactor consisting of a three-necked round-bottom flask with a capacity of 250 mL,
equipped with a reflux condenser to prevent solvent evaporation. As an initial step, 250 g of oil is heated slowly to a
constant operating temperature of 60°C. After the temperature is reached, Potassium Hydroxide (KOH) catalyst is
added at a concentration of 1% by weight of the oil, along with the methanol reactant at a molar ratio of 10:1
(methanol to oil). To ensure optimal and homogeneous reaction, the mixture is stirred continuously with a magnetic
stirrer at 400 rpm for 1 hour. In the purification stage, the mixture is placed in a separating funnel to separate the
FAME phase from by-products such as glycerol, excess methanol, water, and various other impurities. This raw
FAME product is then washed with warm water to dissolve the remaining methanol. In the final stage, the FAME is

evaporated at 100 °C to remove the remaining water, yielding a high-purity final product.
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2.2.2 Formulation and Mixing of Solvent-Based Paints

The solvent-based paint formulation in this study was designed in accordance with the Indonesian National
Standard (SNI) 06-4827-1998, which specifies the requirements for ready-to-use oil-based paint mixtures. The paint
production formulation complies with SNI to meet national coating industry standardisation criteria. The solvent-
based paint production process uses Fatty Acid Methyl Ester (FAME) and acetone as comparators, divided into two
main process stages: the preparation of the binder phase and the preparation of the paint material. The first stage,
namely the preparation of the binder material, begins with mixing the alkyd medium oil resin at a total proportion of
72% w/w with a drying agent, a combination of cobalt naphthenate and manganese naphthenate, at 5% w/w to
catalyse the oxidative polymerisation reaction during application. Next, 23% by weight of FAME solvent or acetone
was added to the mixture, and the mixture was stirred at 300 rpm with constant temperature control at 35—40°C for
30 minutes until homogeneous.

The second stage is the preparation of the paint material, which aims to form a protective film layer and
provide covering power or opacity. This process involves dispersing titanium dioxide (TiO»), the main pigment, in a
FAME solvent or acetone, along with various other additives. These additives include a dispersing agent to prevent
particle agglomeration, an anti-slip and levelling agent to smooth the surface, an antifoam to prevent the formation
of air bubbles, and a solvent-based thickener. All components are mixed in a mixer at 300 rpm for 30 minutes,
according to the composition listed in Table 1. After each binder component and paint material is completed, the
binder is then mixed into the pigment material. This final mixing composition varies with 40%, 50%, and 60% w/w
of the total paint weight. The homogenization process is carried out at 300 rpm for 15 minutes. The same formulation

method is also replicated using acetone solvent.

Table 1. Composition of pigment ingredients

No Components Composition (%)
1 TiOs 47
2  FAME 41
3 Dispersing Agent 3
4 Anti Slip and Levelling 3
5  Anti Foam 3
6  Thickenner 3

2.2.3 Characterization of Solvent-Based Paints

The FAME and acetone solvent-based paint products that have been made are then characterized to evaluate

the quality and performance of the coating. Physical and optical testing includes determining the hiding power using
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the BYK Byko-charts instrument according to ISO 6504, measuring the whiteness and yellowness index, and

analyzing the gloss level referring to ASTM D523.

Drying time: A paint film is considered “dry to the touch” if, when lightly touched with a fingertip, no paint adheres
to the skin, indicating that the film surface has dried sufficiently for light contact without causing surface damage.
This test is performed under controlled environmental conditions to ensure accuracy and consistency of results.

Record the time it takes for the paint to be able to be touched without sticking to the skin.

Gloss: Gloss testing is performed based on ASTM D 523 standard, which measures the degree of specular reflection
of light from the surface of a paint film. The principle of this test involves reflecting light at a certain angle onto a
glass plate surface that has been coated with a film, then comparing it with the reflection of light from a standard
black glass surface with a reference gloss value. The measurement results are expressed in Gloss Units (GU), which
indicate how shiny or reflective the surface is. This gloss value serves as an indicator of the visual and aesthetic

quality of the paint layer.

Opacity and Hiding Power: Checkered card (BYK/byko) was weighed before paint application. The paint was
applied using a brush until the entire checkered pattern was completely covered, then the card was reweighed.
Covering power was calculated in g/cm? based on the difference in mass before and after application and the known

surface area of the card.

Whiteness Index and Yellowness Index: The color variation of each sample was measured using a colorimeter
(Linshang Colorimeter L172). The color parameters L* (which describes the brightness level of the sample), a*
(along the x-axis from red (+) to green (-)), and b* (along the y-axis from yellow (+) to blue (-)) were evaluated,
along with the total color difference between the standard color and the sample ( AE ). The whiteness index (WI) and
yellowness index (Y1) were then calculated using Equations (1) and (2), as follows (Bielska et al., 2022) :

WI =100 — ((100 — L*)? — a? — b?)*%) Eq.1
YI =142.86b.L71 Eq.2
3. Results and Discussions
3.1 Gloss dan Drying Time

The difference in solvent type between FAME and acetone significantly affects the gloss level of
the resulting paint layer, as presented in Table 2. This confirms the crucial role of solvent characteristics in
shaping the film-forming mechanism and determining the final gloss aesthetics. The gloss characteristics
of paint with acetone solvent decreased drastically, with values ranging from only 3—6 GU, much lower
than those of FAME-based paint, which can reach 10-26 GU. This phenomenon is closely related to

acetone's high volatility, due to its low boiling point, which leads to rapid evaporation. This characteristic
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is confirmed by the relatively short drying time of acetone-based paint, which ranges from 20 to 83 minutes.
The excessively rapid evaporation rate when using acetone as the sole solvent shortens the paint's flow and
levelling time on the substrate surface. As a result, the coating layer does not have sufficient time to form
a homogeneous and even surface. Furthermore, in humid environments, rapid evaporation triggers the
blushing phenomenon, resulting in a rough surface topography and significantly reducing gloss (Pods &

Varju, 2024; Stoye & Freitag, 2008).

Table 2. Gloss of FAME and Acetone Solvent Based Paints

Solvent Type Binder Gloss Value Drying Time
Content (%) (GL) (Minute)
40 10 819
FAME 50 22 806
60 26 782
40 3 83
Aseton 50 4 71
60 6 63

This condition contrasts with FAME-based paints, which have a much slower evaporation rate and
drying time that is greatly influenced by the type of binder applied. This low volatility rate essentially
prolongs the flow and levelling phase, providing sufficient time for the coating layer to form a flat surface
and, in turn, increasing gloss. However, FAME-based paint formulations using alkyd resins do not show a
significant increase in gloss when compared to commercial paints. This limitation is triggered by several
factors, including the excessively long drying time. The prolonged wet-to-dry transition phase increases the
paint surface's susceptibility to airborne contaminants, such as fine dust particles, which directly degrade
the surface film quality (Héritier, 2022). Furthermore, this phenomenon is closely related to the drying
mechanism of the alkyd binder itself, which is highly dependent on oxidative polymerisation reactions
(molecular cross-linking through exposure to air oxygen) (Soucek et al., 2012; Van Gorkum & Bouwman,
2005).

The oxidative drying mechanism requires a balanced flow duration: sufficient time for surface
levelling but not excessive, as this is the key to achieving optimal film layer quality and gloss level. In
reality, the drying process of the alkyd matrix with FAME solvents takes much longer than with acetone
solvents, namely 780-819 minutes. This indicates that in FAME solvent-based paints, the drying process
of the alkyd binder is actually hampered by the retention of the FAME solvent itself. The FAME

evaporation rate is too slow, resulting in the solvent being retained longer in the paint layer. This condition
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directly affects the kinetics of interactions between alkyd polymer chains in the crucial phase of final drying
and the formation of a cross-linking network. As a result, the polymerisation process is suboptimal and
inhibits the formation of a truly dense, dry, and smooth surface morphology at the microscopic scale
(Hennessy & Miinch, 2014; Mossige et al., 2020). In addition, the binder or resin content in solvent-based
paints greatly determines the final gloss level. When a sufficient amount of binder is added, it optimally
fills all the gaps between pigment particles. This results in a continuous, extremely smooth surface layer
free of pores and microscopic irregularities. This perfectly flat surface is essential for achieving uniform

specular reflection, enabling the paint to reach its maximum high-gloss level.
3.2 Opacity and Hiding Power

Hiding power is an essential indicator that determines the visual quality and efficiency of paint
application. The ability of a paint layer to completely cover the substrate surface is crucial because it
directly affects material savings, processing time efficiency, and reduced production costs (Ibrahim, et al.,
2022a; Ibrahim, et al., 2022b). From an optical perspective, this covering power parameter shows a strong
correlation with opacity, namely the coating film's ability to scatter light. This scattering performance is
highly dependent on the physicochemical properties of the constituent pigments, including pigment type,
particle size, concentration, refractive index, and the homogeneity of the pigment dispersion in the binder
matrix (Diebold, 2019; Karakas et al., 2015; Koleske, 1995). In this study, the evaluation of hiding power
was conducted using a categorical scoring system. The "Pass" criterion is met if the paint film completely
hides the substrate's base colour. Conversely, the "Failed" criterion is assigned if the original substrate
colour remains visually apparent after paint application, as shown in Table 3 (Ibrahim, et al., 2022a).

Table 3 shows that the opacity of paint using an alkyd binder meets paint specifications at a film
thickness of 120 pm. Binders such as alkyds create a dense, homogeneous film layer that effectively spreads
and locks pigments. This allows the paint to better cover the surface's base colour, even with just one or
two layers. Conversely, low-quality binders can cause problems such as poor pigment dispersion, porous
films, and ultimately, less than optimal coverage (Wicks et al., 2006). Therefore, selecting paint with the
appropriate type of binder is crucial for optimal painting results. The hiding power of alkyd-based paints
ranges from 0.14 to 0.19 g/cm?, but in terms of quality, paints with FAME solvents have better hiding
power. The incompatibility between the binder and the TiO> pigment causes this. Binders and pigments are
two crucial components in paint formulations. Both components work together to produce a homogeneous
layer that perfectly covers the surface. However, in some cases, the binder was unable to "wet" the pigment
particles and spread them evenly, resulting in pigment agglomeration. Pigment agglomeration reduces the

paint's ability to cover the surface because it prevents even light distribution. On the other hand,
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agglomeration results in the formation of small, uncovered gaps, allowing the base colour of the surface to

remain visible and making the painting results appear patchy (Agbo et al., 2018; Jarnstrom et al., 2010).

Table 3. Opacity and Hiding Power of FAME and Acetone Solvent-Based Paints

Solvent Type Binder Opacity Hiding Power
Content (%) (g/cm?)
40 Pass 0.019
FAME 50 Pass 0.018
60 Pass 0.016
40 Pass 0.014
Aseton 50 Pass 0.015
60 Pass 0.018

3.3 Whiteness Index and Yellowness Index

In the coating and paint industry, the Whiteness Index and Yellowness Index are two essential
parameters for evaluating a product's visual quality. These two parameters provide a precise quantitative
measure of the brightness of white and the intensity of yellow in the material's visual appearance. In this
study, measurements of these two indices were conducted to analyse the effects of variations in binder type
and binder content, as well as the colour impact of the solvent. The evaluation of these optical characteristics
is based on the CIE colour system, using L*, a*, b*, and AE, as well as the whiteness and yellowness
indices. The L* value represents the brightness of the paint film. Meanwhile, the a* value indicates the
greenish or reddish spectrum, and the b* value represents the bluish or yellowish spectrum shift in the tested
film (Bielska et al., 2022; Kaczmarek-Szczepanska et al., 2022).

Referring to Table 4, it can be seen that the colour transformation of the paint film surface is strongly
influenced by the type of solvent and the binder content. The addition of FAME solvents or acetone
significantly affects colour changes. Overall, FAME solvent-based paints display a lower Yellowness Index
than acetone solvent-based paints. For example, FAME solvent-based paints with 50% alkyd binder
produce a Yellowness Index of 3.16. Conversely, with identical types and binder content, the use of acetone
solvent results in a higher Yellowness Index of 4.78. This trend consistently occurs in tests of acetone
solvents with various binder variations. The increase in the Yellowness Index in the acetone solvent system
is due to its strong solvency for various types of resins, which can affect the structure and stability of the

binder polymer in the paint. This condition indirectly accelerates the oxidative degradation process, which
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ultimately results in changes in the optical characteristics of the yellow paint film layer (Choi et al., 2014;

Desrats, 2013).

Table 4. Whiteness Index and Yellowness Index of FAME and Acetone Solvent-Based Paints

Whiteness Yellowness

Solvent Type  Binder Content (%) L* a* b* AE
Index (WI)  Index (YI)

FAME 40 93.58 -1.03 091 1.86 93.43 1.39
50 9223 -1.21 2.04 298 91.88 3.16
60 9193 -1.07 2.67 3.58 91.43 4.15
Aseton 40 9423 -1.20 2.70 3.85 93.52 4.09
50 9394 -1.27 3.14 4.17 93.06 4.78
60 9329 -1.35 375 4.64 92.20 5.74

The use of acetone in paint formulations does not directly trigger the oxidation process. However,
acetone dissolves protective layers and antioxidant additives incorporated into the paint components. The
loss of this protection indirectly makes the paint film much more susceptible to oxidation. As a result, the
risk of paint discolouration, including yellowing, will increase over time (Desrats, 2013; Kim et al., 2013).
This characteristic contrasts sharply with the use of FAME-based solvents. FAME is classified as a solvent
with a less strong dissolving power, and has a polarity level ranging from low to non-polar. Due to its
milder nature, FAME solvents only have a very minimal impact on the integrity of the polymer structure
in the binder. Furthermore, the molecular structure of FAME solvents, with a long ester chain, combined
with their slow evaporation rate, provides a mechanical advantage. This combination of properties provides
an adequate time lag for the polymer to recover and regain stability. This process is very effective at
preventing and slowing oxidation in the polymer structure, thereby minimising the occurrence of paint

discolouration or yellowing.
5. Conclusions

Fatty Acid Methyl Esters (FAME) have great potential as an alternative to conventional solvents in the paint industry.
Based on performance evaluations, FAME-based paints offer significantly greater advantages than acetone across a
range of physical and optical properties. In terms of colour quality, FAME paints produce a lower Yellowness Index,
namely 1.39 to 4.15, compared to acetone, which ranges from 4.09 to 5.74. This proves that FAME is safer to apply
because it can minimise polymer damage and suppress oxidative degradation. In addition, the FAME formulation
provides superior hiding power by dispersing pigments uniformly, thereby preventing agglomeration in the paint

layer. In other visual aspects, FAME can achieve a gloss level of 10 to 26 GU, far exceeding acetone, which is only
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in the range of 3 to 6 GU. This high-gloss achievement is supported by FAME's slower evaporation rate, providing
an ideal surface levelling duration. However, the main challenge of using FAME is its very long drying time, which
takes around 780 to 819 minutes. The low volatility of this solvent risks triggering dust adhesion to the wet paint
layer and can inhibit the rate of oxidative polymerisation of the binder. Overall, FAME is a very promising solution
for achieving a sustainable paint industry, though it still requires future formulation refinements to optimise the

drying process.

Author Contributions: Conceptualization, A.W. and B.B.; methodology, A.W. B.B and Z.H.; software,
H.S.; validation, A.W., B.B. and Y.C.; formal analysis, A.W.; investigation, H.H.; resources, A.W and
B.B.; data curation, T.S and N.P.V.; writing—original draft preparation, A.W and B.B.; writing—review
and editing, B.B and Z.H.; visualization, H.S.; supervision, Y.C.; project administration, H.H, T.S and
N.P.V funding acquisition, B.B.

Data Availability Statement: Not applicable
Acknowledgments: Not applicable

Conflicts of Interest: The authors declare no conflicts of interest.
References

Agbo, C., Jakpa, W., Sarkodie, B., Boakye, A., & Fu, S. (2018). A Review on the Mechanism of Pigment Dispersion.
Journal of Dispersion Science and Technology, 39(6), 874-889.
https://doi.org/10.1080/01932691.2017.1406367

Bielska, P., Cais-Sokolinska, D., & Dwiecki, K. (2022). Effects of Heat Treatment Duration on the Electrical
Properties, Texture and Color of Polymerized Whey Protein. Molecules, 27(19), 1-10.
https://doi.org/10.3390/molecules27196395

Biribicchi, C., Doutre, M., & Favero, G. (2024). Assessing the swelling behavior of oil paint in fatty acid methyl
esters (FAMES). RSC Advances, 14(53), 39692—-39699. https://doi.org/10.1039/d4ra07464¢

Bonamigo Moreira, V., Rintjema, J., Bravo, F., Kleij, A. W., Franco, L., Puiggali, J., Aleman, C., & Armelin, E.
(2022). Novel Biobased Epoxy Thermosets and Coatings from Poly(limonene carbonate) Oxide and Synthetic
Hardeners. ACS Sustainable Chemistry and Engineering. https://doi.org/10.1021/acssuschemeng.1¢07665

Choi, J., Jang, B. N., Park, B. J., Joung, Y. K., & Han, D. K. (2014). Effect of solvent on drug release and a spray-
coated matrix of a sirolimus-eluting stent coated with poly(lactic- co -glycolic acid). Langmuir.
https://doi.org/10.1021/1a500452h

Desrats, J. Y. (2013). Accelerating the move to waterborne coatings with sustainable additives solutions. PPCJ
Polymers Paint Colour Journal.

Devale, R. R., & Mahajan, Y. S. (2024). Transesterification reactions as a means to produce esters: A critical review.
Canadian Journal of Chemical Engineering, 25414. https://doi.org/10.1002/cjce.25414

Diebold, M. P. (2019). Optimizing the benefits of TiO 2 in paints. https://doi.org/10.1007/s11998-019-00295-2

Gallo-garcia, L. A., Marciano, C. H., Freire, N. V, Melo, L. F., Biaggio, F. C., Arce, P. F., Sousa, M. N., & Guimar,
D. H. P. (2024). Liquid-liquid phase of imidazolium-based ionic liquids in n -butyl acetate + n -butanol
mixtures : Experimental measurements , quality testing , phase stability , thermodynamic modeling.

134(December 2023), 260-270. https://doi.org/10.1016/j.jiec.2023.12.056

DOI : https://doi.org/10.24952/lavoisier.v5i1.20037

237



LAVOISIER: Chemistry Education Journal, Vol 5, No 1, 2026

Ghobakhloo, S., Khoshakhlagh, A. H., Morais, S., & Mazaheri Tehrani, A. (2023). Exposure to Volatile Organic
Compounds in Paint Production Plants: Levels and Potential Human Health Risks. Toxics, 11(2), 1-12.
https://doi.org/10.3390/toxics11020111

Hennessy, M. G., & Miinch, A. (2014). Dynamics of a slowly evaporating solvent-polymer mixture with a
deformable upper surface. IMA Journal of Applied Mathematics (Institute of Mathematics and Its Applications),
79(4), 681-720. https://doi.org/10.1093/imamat/hxu024

Héritier, P. A. (2022). The Impact of Particulate Matters and Nanoparticles on Thermoplastic Polymer Coatings and
Paint Layers. Polymers, 14(12). https://doi.org/10.3390/polym14122477

Hunek, R., & Franus, W. (2025). Reduction of Epoxy Resin VOCs Using Higher Fatty Acids from the Agricultural
Industry: A Review. Archives of Environmental Protection, 51(1), 45-56.
https://doi.org/10.24425/aep.2025.153748

Ibrahim, B., Helwani, Z., Wiranata, A., Fadhillah, 1., Miharyono, J., & Nasruddin. (2022a). Properties of Emulsion
Paints with Binders Based on Natural Latex Grafting Styrene and Methyl Methacrylate. Applied Sciences
(Switzerland), 12(24). https://doi.org/10.3390/app122412802

Ibrahim, B., Helwani, Z., Fadhillah, I., Wiranata, A., & Miharyono, J. (2022b). Properties of emulsion paint with
modified natural rubber latex/polyvinyl acetate blend binder. Applied Sciences (Switzerland), 12(1).
https://doi.org/10.3390/app12010296

Jarnstrom, J., Viisdnen, M., Lehto, R., Jasberg, A., Timonen, J., & Peltonen, J. (2010). Effect of latex on surface
structure and wetting of pigment coatings. Colloids and Surfaces A: Physicochemical and Engineering Aspects,
353(2-3), 104-116. https://doi.org/10.1016/j.colsurfa.2009.11.001

Kaczmarek-Szczepanska, B., Zasada, L., & Grabska-Zielinska, S. (2022). The Physicochemical, Antioxidant, and
Color Properties of Thin Films Based on Chitosan Modified by Different Phenolic Acids. Coatings, 12(2), 1-
9. https://doi.org/10.3390/coatings 12020126

Karakas, F., Vaziri Hassas, B., & Celik, M. S. (2015). Effect of precipitated calcium carbonate additions on
waterborne paints at different pigment volume concentrations. Progress in Organic Coatings, 83, 64-70.
https://doi.org/10.1016/j.porgcoat.2015.02.003

Kim, M. H., Lee, J. B., & Choi, K. Y. (2013). Discoloration mechanism of UV-curable polymer/metal hybrid coating.
Journal of Industrial and Engineering Chemistry. https://doi.org/10.1016/j.jiec.2012.08.014

Koleske, J. V. (1995). Paint and Coating Testing Manual, Fourteenth Edition of the Gardner-Sward Handbook. In
Paint and Coating Testing Manual, Fourteenth Edition of the Gardner-Sward Handbook.
https://doi.org/10.1520/mnl17 _14th-eb

Mossige, E. J., Suja, V. C., Islamov, M., Wheeler, S. F., Fuller, G. G., Taylor, E. R., & Fuller, G. G. (2020).
Evaporation-induced Rayleigh-Taylor instabilities in polymer solutions: Rayleigh-Taylor Instabilities.

Nameer, S., Deltin, T., Sundell, P.-E., & Johansson, M. (2019). Bio-based multifunctional fatty acid methyl esters as
reactive diluents in coil coatings. Progress in Organic Coatings, 136.
https://doi.org/10.1016/j.porgcoat.2019.105277

Pereira, C. S. M., Silva, V. M. T. M., & Rodrigues, A. E. (2011). Ethyl lactate as a solvent: Properties, applications
and production processes - a review. Green Chemistry, 13(10), 2658-2671.
https://doi.org/10.1039/c1gc15523¢g

Pods, T., & Varju, E. (2024). New dimensionless equation for mass transfer at acetone evaporation under forced
convection.  [International ~ Communications in  Heat and Mass  Transfer, 159(August).

https://doi.org/10.1016/j.icheatmasstransfer.2024.107961
DOI : https://doi.org/10.24952/lavoisier.v5i1.20037

238


https://doi.org/10.24425/aep.2025.153748

LAVOISIER: Chemistry Education Journal, Vol 5, No 1, 2026

Reetz, M. T., & Konig, G. (2021). n-Butanol: An Ecologically and Economically Viable Extraction Solvent for
Isolating Polar Products from Aqueous Solutions. In FEuropean Journal of Organic Chemistry.
https://doi.org/10.1002/ejoc.202100829

Salehpour, S., & Dubé, M. A. (2008). The use of biodiesel as a green polymerization solvent at elevated temperatures.
Polymer International. https://doi.org/10.1002/pi.2413

Soucek, M. D., Khattab, T., & Wu, J. (2012). Review of autoxidation and driers. Progress in Organic Coatings,
73(4), 435-454. https://doi.org/10.1016/j.porgcoat.2011.08.021

Stoye, D., & Freitag, W. (2008). Paints , Coatings and Solvents.

Sun, Q., Bao, X., Liang, Q., Xu, W., Zhang, Q., Zou, X., Huang, C., Shen, C., & Chu, Y. (2022). Qualitative and
quantitative determination of butanol in latex paint by fast gas chromatography proton transfer reaction mass
spectrometry. Journal of Chromatography A, 1676. https://doi.org/10.1016/j.chroma.2022.463210

Van Gorkum, R., & Bouwman, E. (2005). The oxidative drying of alkyd paint catalysed by metal complexes.
Coordination Chemistry Reviews, 249(17-18 SPEC. ISS)), 1709-1728.
https://doi.org/10.1016/j.ccr.2005.02.002

Wicks, Z. W., Jones, F. N., Pappas, S. P., & Wicks, D. A. (2006). Organic Coatings: Science and Technology. In
Organic Coatings: Science and Technology. https://doi.org/10.1002/9780470079072

Zaratti, C., Marinelli, L., Colasanti, I. A., Barbaccia, F. 1., Aureli, H., Prestileo, F., de Caro, T., La Russa, M.
F., & Macchia, A. (2024). Evaluation of Fatty Acid Methyl Esters (FAME) as a Green Alternative to
Common Solvents in Conservation Treatments. Applied Sciences (Switzerland), 14(5).
https://doi.org/10.3390/app14051970

DOI : https://doi.org/10.24952/lavoisier.v5i1.20037

239



