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OBJECTIVES Coating industry is currently in urge to produce
environmentally friendly products based on considerations
of maintaining ecological stability. However, the coating in-
dustry, utilizing synthetic alkyd resins, generates substantial
emissions of hazardous volatile organic solvent component,
while its waste presents degradation challenges. Therefore,
innovations are required to coating material from renew-
able and eco-friendly alkyd resins. Modifying alkyd resins
with natural ingredients, such as vegetable oils and fatty
acids, potentially enhances their performanceas coatingma-
terial. This research utilizes palm fatty acid distillate (PFAD),
a byproduct of palm oil (CPO) processing, as a renewable
material for alkyd resin. METHODS The use of vegetable oil
to modify alkyd resin improves characteristics of the prod-
uct. Drying-vegetable oil solidifies and hardens through a
chemical reaction in which its components cross-link and
form a tough, solid film due to oxidation upon exposure to
the air. This research aims to study the synthesis process of
PFAD-based alkyd resin modified with vegetable oil and in-
vestigate the effect of type and composition of modified oil
on the characteristics of PFAD-based alkyd resin and its per-
formance as coating material. In this research, PFAD, glyc-
erol, and phthalic anhydride were reacted through a one-

step polyesterification process (fatty acid process) at a tem-
perature of 240oC for 4 hours. Modification was conducted
by adding vegetable oil at various compositions (a compari-
son was carried out using several types of drying oil includ-
ing candlenut oil, linseed oil, and tung oil). RESULTS The
alkyd resin product was characterized by determining its
acid value, iodine value, and FTIR analysis, alongside eval-
uating its curing performance (drying speed) in application
as a coating material. The best formulation for the charac-
teristics qualified according to the Standar Nasional Indone-
sia (SNI 06-0504-1989) are alkyd resins with composition of
50% weight linseed oil (AR-LO-50) and composition of 50%
weight tung oil (AR-TO-50)modification, i.e. acid value of 4.6
mgKOH/g sample and iodine number of 119.20 gI2/100 g for
linseed oil, then acid value of 8.31 mgKOH/g sample and io-
dine number of 102.44 gI2/100 g for tung oil. CONCLUSIONS
The curing test results confirmed that the modified product
meets the required 1-day drying time standard.
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1. INTRODUCTION

Polymer industry is currently in urge to utilize environmen-
tally friendly raw materials, emphasizing sustainability and
biodegradability. Alkyd resin is a polymer product widely
used in the paint, coating, and film-forming industries. It is
a product of the reaction of polyhydric alcohol, monobasic
fatty acid, and polybasic acid (Suhendi et al. 2022). This is
due to its excellent properties as a surface coating, including
flexibility, strength, durability, and good adhesion (Nuran-
dini et al. 2018). Alkyd resin isobtained throughapolyesterifi-
cation reaction that combines carboxyl and hydroxyl groups
(Ikhuoria et al. 2011).

Coating is aprocessapplied toanobject or substrate. The
goal is to improve the surface properties of the coated object
in several ways, such as appearance, resistance to water or
corrosion, scratch resistance, and wear. With the presence
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of a coating, various machines and equipment used in the
production process canwithstand various disturbances for a
considerable period of time. Problems in industrial coating
production include the use of synthetic resins derived from
petroleum, and the associated emissions of volatile organic
solvent components in coatings, which are potentially haz-
ardous to human health and contribute to global warming
and ozone layer depletion (Nosal et al. 2015). Furthermore,
recycling issues arise from the disposal of waste from resins,
which are long-lasting and therefore difficult to decompose
in the environment (Santiasih 2016).

Therefore, innovations are needed to obtain coatingma-
terials from renewable alkyd resins to reduce the consump-
tion of synthetic coating. The utilization of vegetable oil to
modify alkyd resins provides a good impact on the final prod-
uct, depending on its intended use (Janesch et al. 2023). Oil
can accelerate the drying process in coating application by
undergoing oxidation and polymerization in the air to form
a durable film (Uzoh et al. 2013). Vegetable oil is a sustain-
able natural resource and potential material to synthesize
biodegradable product. Nurandini et al. (2018) has studied
the characteristics of alkyd resin products formed from the
polyesterification reaction of glycerol and adipic acid modi-
fied with rubber seed oil. Characterization results indicate
the influenceof theOH/COOHequivalent ratio on the charac-
teristics of alkyd resins. FTIR analysis revealed the presence
of ester, hydroxyl, and carboxyl groups.

This studyutilizedpalmfatty aciddistillate (PFAD)aswell
for alkyd resin synthesis. Indonesia is currently the world's
largest producer of palm oil (CPO). Palm oil refineries pro-
duce palm fatty acid distillate (PFAD) as a by-product of the
CPO refining process. If all CPO products in Indonesia were
refined domestically, the amount of PFAD produced would
be enormous, reaching approximately 1.5 million tons per
year (Rochmadi et al. 2017). PFAD is composed of 81.7% free
fatty acids (FFA), fat oxidation products, and several com-
pounds such as tocopherols, phytosterols, squalene, and to-
cotrienols (Purnama et al. 2021). The content of these com-
pounds makes PFAD a potential raw material for the coat-
ing industry (Simasatitkul and Arpornwichanop 2017). The
FFA contained in PFAD is dominated by palmitic acid or hex-
adecanoic acid, with a percentage of approximately 46.05-
47.45% (Jumaah et al. 2018).

One advantage of using PFAD as a raw material is its re-
newable nature and abundant availability. Another material
used is glycerol. Glycerol, also a by-product of biodiesel pro-
duction from crude palm oil (CPO), along with PFAD and ph-
thalic anhydride, is used to enhance its utility value for alkyd
resin synthesis. The reaction between PFAD (fatty acid), glyc-
erol, and phthalic anhydride is esterification, which occurs
between carboxyl group (–COOH) and hydroxyl group (–OH).
The overall reaction in alkyd resin synthesis based on PFAD
can bewritten in Figure 1 (Rochmadi et al. 2017).

Research on PFAD-based alkyd resins has not been
widely conducted. Rochmadi et al. (2017) have investigated
PFAD-based alkyd resins and styrene as coatings, but the
results of curing tests showed that the alkyd resin product
could not self-dry or self-cure at room temperature. This
is due to a low iodine number of PFAD-based alkyd resin
product (ranges from 2 to 20 g Iodine/100g sample), which
is caused by PFAD being a non-dryingmaterial that still con-
tains a high amount of saturated fatty acids, and therefore
this alkyd resin product is not suitable to be used as coating
material. The acid value of alkyd resin product did not meet
standards as well. PFAD/glycerol ratio gives acid value in the
range of up to 50 (mg KOH/g sample), which significantly ex-
ceeds the required specification. This occurs because the
functional group –COOH in PFAD have lower reactivity, lead-
ing to an incomplete esterificationprocess anda subsequent
excess of –COOH or higher acid value.

In this research, innovation was carried out by modify-
ing PFAD combined with vegetable oil in order to improve
the characteristics of alkyd resin products. Aigbodion et al.
(2003) have studied that vegetable oil-based alkyd resin has
a lower volatile organic solvent component (1-1.5%) than syn-
thetic alkyd resin (around 10%). Oils classified as drying oils
consist of many double bonds, which will increase the io-
dine value of the alkyd resin and accelerate the drying pro-
cess when it expands or forms a film due to oxidation by
air. Furthermore, amino resin additives were used as well
in this research to accelerate the curing time which had
not been achieved in previous studies (Rochmadi et al. 2017).
Amino resin is a thermosetting compound with high chemi-
cal stability that functions as a cross-linking agent that binds
molecules into a hard three-dimensional structure. In addi-
tion to its fastdryingability, aminoresinhas strongadhesion,
high thermal stability, resistance to acids and bases, and is
not easily damaged or dissolved in common solvents. These
excellent characteristics make amino resin a suitable addi-
tive for coating material applications (Athariqa et al. 2022).
Thus, theutilizationof PFADmodifiedwith vegetable oils (lin-
seed oil, tung oil, and candlenut oil) for synthesis of alkyd
resin by fatty acid process is a novel development in this re-
search, aimed at overcoming the performance issues found
in previous studies.

2. RESEARCH METHODOLOGY

2.1 Materials

Thematerials used in this research are palm fatty acid distil-
late (PFAD), glycerol, phthalic anhydride, various of vegetable
oils (candlenut oil, linseed oil, and tung oil), and xylene as
solvent. Other chemicals used are amino resin as additive,
as well as chemical reagents for analyzing and characteriz-
ing alkyd resins, such as NaOH, ethanol, Wijs reagent, car-
bon tetrachloride, potassium iodide, and sodium thiosulfate
which areMerck chemicals.

FIGURE 1. Esterification reaction in the synthesis of alkyd resin based on PFAD.
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FIGURE 2. Experimental unit for synthesis of alkyd resin by fatty acid method.

2.1.1 Procedures

The equipment of alkyd resin synthesis is shown in Figure
2, which consists of three-neck flask as a batch reactor, pro-
vided with a mechanical stirrer, mantle heater, and con-
denser. PFAD, glycerol, and phthalic anhydridewere charged
into the three-neck flask with a predetermined mole ratio
composition (PFAD : glycerol : phthalic anhydride = 0,6 : 1 : 1),
along with 10 mL of xylene solvent. Modifications were con-
ducted by adding vegetable oil with various compositions, i.e.
40%and50%byweight (comparisonbyusingseveral typesof
drying oils: linseed oil, tung oil, and candlenut oil). Themole
ratio of reactant and weight percentage of oil were deter-
mined based on the best results from previous preliminary
experiments. The mixture of reactants was heated to a reac-
tion temperature of 240oC. The temperature was held con-
stant during 4-hour reaction (Rochmadi et al. 2017). Some
resultant water (as byproduct) was separated into a collec-
tor/separator flask. In the end of the reaction, the mixture
was cooled to room temperature. Furthermore, the alkyd
resin products were characterized, including acid number,
iodine number, and FTIR analysis. In addition, a curing test
(drying timespeed)wascarriedouton thealkydresinapplied
as a coatingmaterial.

2.2 Instrument and data analysis

The acid value was determined by titration. A sample of 20
gramsofalkyd resinwasweighed intoaflaskanddissolved in
50mL of 95% neutral alcohol. The solution was then titrated
with0.1NKOHstandardalcoholic solutionusingPP indicator.
The acid value is calculatedwith Equation 1.

Acid Value = 𝑉 𝐾𝑂𝐻 (𝑚𝐿) × 𝑁 𝐾𝑂𝐻 × 56.1
weight of sample (g)

(1)

Iodine number was determined byWijs reagentmethod.
This method requires a blank solution, and the titrant is
Na2S2O3 solution. Iodinenumber is calculatedwithEquation
2 below:

Iodine number = (𝐵 − 𝐶) × 𝑁 × 12.69
𝑊 (2)

where B = volume of titrant used for alkyd resin sample
(mL), C = volume of titrant used for blank solution (mL), N =
normalityofNa2S2O3 solution,W=weightofalkydresinsam-
ple (gram), and 12.69 = factor from iodinemolecular weight.

Fourier Transform Infra-Red analysis was performed to
determine the functional groups present in alkyd resin. The
observedwavelengths were 400-4000 cm-1.

Thecuring testwasconductedbymixingalkyd resinwith
solvent at various compositions (10%-40%weight), thenwas
added with amino resin (Melamine Formaldehyde) at spec-
ified % weight ratio (from alkyd resin/amino resin 70/30 to
50/50). The mixture was applied to surface of metal plate
at specified dimension to form a thin film. Several samples
were prepared and left at room temperature, then the curing
timewas observed.

3. RESULTS AND DISCUSSION

Acid value and iodine number are key parameters for con-
trolling alkyd resin quality. Alkyd resin synthesized based on
Palm Fatty Acid Distillate (PFAD) has not met the standard
specifications in terms of low iodine number because PFAD
is a non-drying material that still contains a lot of saturated
fatty acids. Therefore, this research modified alkyd resin by
adding several type of drying oils (candlenut, linseed, and
tungoil) to enhance its characteristics, specifically the iodine
number. The results of acid value and iodine number analy-
ses on alkyd resin product based on PFADmodified with var-
ious oils comparedwith unmodified (non-oil) alkyd resin are
presented in Figure 3 and Figure 4 below.

3.1 Acid value of alkyd resin

BasedonFigure 3, acid value analysis on the alkyd resin from
PFADmodifiedwith linseed oil and tung oil showed better re-
sult compared to acid value of the unmodified PFAD-based
alkyd resin. It is observed that higher percentage of modi-
fied oil in alkyd resin composition results in a significant de-
crease of its acid value. The general standard for the acid
value in drying alkyd resin based on SNI 06-0504-1989 is
maximum of 20 mgKOH/g sample (BSN, 1989) and it will be
evenbetter if theacidvaluecanreachavalueof<10mgKOH/g
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