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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 performance as coating ma-
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-
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step polyesterification process (fatty acid process) at a tem-
perature of 240°C 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 gI,/100 g for
linseed oil, then acid value of 8.31 mgKOH/g sample and io-
dine number of 102.44 gI,/100 g for tung oil. CONCLUSIONS
The curing test results confirmed that the modified product
meets the required 1-day drying time standard.

IKEYWORDS alkyd resin; coating material; drying oil; PFAD;
vegetable oil

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-
dinietal . 2018). Alkyd resin is obtained through a polyesterifi-
cation reaction that combines carboxyl and hydroxyl groups
(Tkhuoria et al. 2011).

Coatingis a process applied to an object 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 can withstand 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 coating ma-
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). 0Oil
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 influence of the OH/COOH equivalent ratio on the charac-
teristics of alkyd resins. FTIR analysis revealed the presence
of ester, hydroxyl, and carboxyl groups.

This study utilized palm fatty acid distillate (PFAD) as well
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-
4745% (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 be written in Figure 1 (Rochmadi et al. 2017).
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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-drying material 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 esterification process and a 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 toits fast drying ability, amino resin has strong adhesion,
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 (Athariga et al. 2022).
Thus, the utilization of PFAD modified with 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

The materials 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 are Merck chemicals.

R-COOH + HO-CH:-CH(OH)-CH:-OH + CgHy(CORO =2

(Fatty acid) (Glycerol)

(Phthalic anhydride)

(-[0C-CeH-CO]-{O-CH:-CH(OOC-R)-CH:-0]-), + H:0

FIGURE 1. Esterification reaction in the synthesis of alkyd resin based on PFAD.

{Ester/alkyd resin)
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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 anhydride were 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% and 50% by weight (comparison by using several types of
drying oils: linseed oil, tung oil, and candlenut oil). The mole
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 240°C. 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 time speed) was carried out on the alkyd resin applied
as a coating material.

2.2 Instrument and data analysis

The acid value was determined by titration. A sample of 20
grams of alkyd resin was weighed into a flask and dissolved in
50 mL of 95% neutral alcohol. The solution was then titrated
with 0.1N KOH standard alcoholic solution using PP indicator.
The acid value is calculated with Equation 1.

V KOH (mL) x NKOH x 56.1 (1)

Acid Value = -
weight of sample (g)

Iodine number was determined by Wijs reagent method.
This method requires a blank solution, and the titrant is
Na, S, 05 solution. Iodine numberis calculated with Equation
2 below:

(B—C) x N x 12.69 @)

Iodine number =
odine numbe W
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where B = volume of titrant used for alkyd resin sample
(mL), C = volume of titrant used for blank solution (mL), N =
normality of Na, S, 05 solution, W =weight of alkyd resin sam-
ple (gram), and 12.69 = factor from iodine molecular weight.

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

The curing test was conducted by mixing alkyd resin with
solvent at various compositions (10%-40% weight), then was
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
time was 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
tung oil) to enhance its characteristics, specifically the iodine
number. The results of acid value and iodine number analy-
ses on alkyd resin product based on PFAD modified with var-
ious oils compared with unmodified (non-oil) alkyd resin are
presented in Figure 3 and Figure 4 below.

3.1 Acid value of alkyd resin

Based on Figure 3, acid value analysis on the alkyd resin from
PFAD modified with 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
evenbetterif the acid value canreach a value of <10 mgKOH/g
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FIGURE 3. Acid value of PFAD-based alkyd resin modified with various oils.

sample. The use oflinseed oil and tung oil with a composition
0of 50% by weight succeeded in obtaining alkyd resin products
with acid value of 4.60 and 8.31 mgKOH/g sample.

The acid value of unmodified PFAD based-alkyd resin is
16.83 mgKOH/g. After being modified with vegetable oil, the
acid value of alkyd resin decreased. The addition of drying oil
facilitates a more complete esterification reaction, thereby
reducing the amount of unreacted free acid groups (-COOH).
High temperatures during the reaction damage the oil struc-
ture by breaking the bonds in the triglycerides, some of which
yield glycerol, thereby potentially increasing the hydroxyl
content. The hydroxyl groups (-OH) react with excess car-
boxyl groups (-COOH), resulting in areduction of the residual
—-COOH concentration or lower acid value

The acid value of linseed oil-modified alkyd resin de-
creased to 1542 mgKOH/g (40%) and 4.60 mgKOH/g (50%).
A study by Iseri-Caglar et al. (2014) supports the use of lin-
seed oil to improve the adhesion and durability of alkyd resin.
Meanwhile, the acid value of tung oil-modified alkyd resin
decreased to 19.85 mgKOH/g (40%) and 8.31 mgKOH/g (50%).
Research by Xu et al. (2017) states that utilization of tung
oil for alkyd resin produced superior mechanical properties
and good chemical resistance. Modification of alkyd resin
with candlenut oil showed unqualified results of the stan-
dard. The acid value of candlenut oil-modified alkyd resin are

25.14 mgKOH/g (40%) and 24.83 mgKOH/g (50%), The higher
acid value is due to remaining carboxylic groups from the in-
complete esterification reaction. This increase in acid value
is common in alkyd resins made from oils rich in free fatty
acids.

3.2 lodine number of alkyd resin

Theiodine numberrepresents the degree of double bond C=C
unsaturation, serving as an indirect indicator of the potency
to be drying oil. Figure 4 indicates that modifying the PFAD-
based alkyd resin with 50% linseed oil and 50% tung oil signif-
icantly improved the iodine number. Iodin number of mod-
ified resin exceeds the minimum standard requirement for
drying oil alkyd resins (100 g I,/100 g sample), in contrast to
the unmodified PFAD-based alkyd resin (21.15 g I,/100 g sam-
ple).

Linseed oil has iodine number of 110.99 g I,/100 g based
on the test results. This value is considered high because of
its content of unsaturated fatty acids, such as linolenic acid.
After being modified into alkyd resin with 40% and 50%, the
iodine number becomes 80.86 g1,/100 gand 119.20 g 1,/100 g,
respectively. The decrease in the iodine number (at 40% oil
composition) indicates that most of the double bonds have
reacted, while at 50% oil content, a higher unsaturated con-
tent remains, in accordance with the needs for coating appli-

?D 140 —8&— AR-Candlenut Oil
§ 120 —0— AR-Linseed Oil
Eﬁ 100 ——a— AR-Tung Oil
N’
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2
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=
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=)
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Alkyd Resin-Oil Formulation (% weight)

40% oil-AR

50% oil-AR

FIGURE 4. lodine number of PFAD-based alkyd resin modified with various oils.

49



Jurnal Rekayasa Proses 20(1): 046-054

DOI 10.22146/jrekpros.30125

PFAD
Fom o — — L e WY TN
W72 ) .I.- lakiss 139148 14T T3040
TO T e p*
N, — , — — — i
ML 1 | T N e A%
? St .'<:u:: e . I'Hl.ll -
S\ - 9,78
" ALY 114w
g AR-TO-50 maar 172908 ) 033 0%
135673 i
s LO '\V\f_ :T;".nT\lU/ [T ¥
‘LE i T T
= AR-LO-40 e - s
E — . i’ - —_— 158 ]
2 St Vaosias \ [ vemas IH;“ ." '
o] AR-LO-50 198187 e |\ o \J V¥ -
L 1zens  I1I0es
~ co AT “"--‘W B
wnsT s et
\ L
"‘I IJ‘||| : Tt :?\-\ /—’_’*
I‘UI mare \I “"""“
AR-CO-40 SR ETHY | s
AR-CD-50 hoear 1T A
_2:;:}_ T am i
e (L2 EA) i
2808 - 1eig 11106 SEh
T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

FIGURE 5. FTIR spectra of PFAD-based alkyd resin modified with vegetable oil.

cations that require of fast drying.

Theiodin number analysis on tung oil showed a very high
value, ie. 163.06 g [,/100 g, which reflects the content of
eleostearic acid with three double bonds. After being modi-
fied into alkyd resin with 40% and 50%, the iodine number
decreased to75.85g1,/100 g (40%) and 102.44 g 1,/100 g (50%).
This significant decrease indicates the high reactivity of the
unsaturated groups of tung oil during the esterification pro-
cess. Thisiodine number content makes tung oil ideal for pro-
ducing fast-drying alkyd resin.

The analysis on candlenut oil resulted an iodine number
value of 55.21 g I,/100 g, which is relatively low because the
content of saturated fatty acids is more dominant than unsat-
urated fats. After being modified into alkyd resin with 40%
and 50% candlenut oil, the iodine number decreased to 48.71
g1,/100 g (40%) and 44.78 g 1,/100 g (50%). This decrease was
caused by the esterification reaction which removed most
of the double bonds in the oil. Candlenut oil produces alkyd
resinwith good moisture resistance, althoughitsiodine num-
ber is lower than other oils.

Based on the test results, it can be concluded that the ad-
dition of vegetable oils from linseed oil and tung oil to alkyd
resin synthesized from PFAD successfully improved the qual-
ity of the alkyd resin product, especially in terms of acid value
and iodine value. The addition of these oils resulted in signif-
icant variation in results, depending on the type and percent-
age of oilused. Afterthe addition of oil, almost all alkyd resins
modified with 40-50% oil met the maximum acid value stan-
dard of 20 mgKOH/g sample. For iodine value, alkyd resins
using 50% linseed oil (119.20 g 1,/100 g) and 50% tung oil
(102.44 g 1,/100 g) met the minimum standard of 100 g I,/100
g. The addition of candlenut oil, although increasing the io-

50

dine value, still did not meet the standard because the value
was still below 100 g 1,/100 g.

Overall, PFAD based-alkyd resin modified with 50% lin-
seed oil and 50% tung oil are the best formulation because
it meets both standards. According to Standar Nasional In-
donesia (SNI 06-0504-1989), alkyd resin has a maximum
acid number standard of 20 mgKOH/gram. and iodine num-
ber (>100 g I,/100 g). The longer the oil (oil length) in the
alkyd resin can increase the iodine value because more un-
saturated bonds are added. The combination with this oil
provides a positive contribution to the characteristics of the
alkyd resin so that it has the potential to be developed with
further research on the synthesis of PFAD-based alkyd resin
modified with vegetable oil to produce coating material prod-
ucts with better characteristics and can be applied in coating
and paint industrial applications.

3.3 FTIR analysis

FTIR spectra is used to analyze the chemical structure
changes during alkyd resin synthesis, based on the differ-
ences in spectra at various compositions. The analysis as
shown in Figure 5 is performed to compare the spectra of
PFAD and vegetable oil before reaction with those of the alkyd
resin product, as well as to identify peak changes.

Based on Figure 5, the FTIR spectrum of PFAD shows sev-
eral main peaks, including a carbonyl (C=0) peak at 1707.88
cm™, indicating the presence of carboxylic acid groups from
free fatty acids, a hydroxyl (O-H) peak at 3007.28 cm, indi-
cating the presence of polar compounds such as water or free
glycerol, and aliphatic C-H stretching peaks at 2917.96 cm!
and 2850.23 cm’, reflecting saturated hydrocarbon chains.
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In addition, a C-O peak at 1233.70 cm™ indicates slight natu-
ral esterification in PFAD. Afterwards, FTIR spectrum of veg-
etable oils before esterification reflects the basic structure
of triglycerides, which is generally characterized by ester
groups (C=0) at wavenumbers around 1740 cm™, aliphatic -
CH,- and -CHj; group vibrations in the range of 2920-2850
cm, and C-0 ester bonds around 1150-1100 cm™. However,
because each oil has a different fatty acid composition, its
FTIR spectral pattern also has its own characteristics. Tung
0il (TO) has a high content of eleostearic acid, a fatty acid with
three conjugated double bonds, which causes the appear-
ance of distinctive bands at wavenumbers 3013 cm™ (=C-H
alkene) and 989 cm, which represent out-of-plane defor-
mation vibrations of the double bonds (Li et al. 2016). This
uniqueness distinguishes tung oil from the other two oils. In
addition, TO also displays a strong band at 1741 cm™ for the
C=0 ester group and 2924 and 2853 cm™ for the aliphatic
group. In contrast, candlenut oil (CO), which is dominated by
oleic and linoleic acids, has a simpler spectrum without the
presence of conjugated double bonds (Shintawati et al. 2022).
The C=0 band is visible at 1742 cm™, while the -CH,- and -
CH; vibrations appear at 2921 and 2852 cm™. Other signals
at 1153 and 1109 cm™! indicate the presence of the C-0 group
from the ester. Similar characteristics are also found in lin-
seed oil (LO), but with the addition of a small band at 3009
cm™ indicating the presence of unconjugated double bonds
from linolenic acid, which is more dominant in this oil. This
indicates that LO is between TO and CO in terms of fatty acid
chain unsaturation.

After the esterification, Figure 5 shows that spectral
changes in all oils confirmed the success of the alkyd resin
formation reaction. One of the most significant changes was
a shift in the carbonyl group (C=0) stretching band from ap-
proximately 1741-1742 cm™ to approximately 1726-1732 cm ™,
depending on the oil type and composition. This shift indi-
cates the formation of a new ester bond between the hydroxyl
group of the triglyceride and the anhydride group of the ph-
thalic anhydride. This shift to lower wavenumbers is consis-
tent with literature reports by Sahoo et al. (2015) and Mahen-
dran et al. (2012), which suggest that esterification forms a
more polarized bond due to the aromatic structure of the ph-
thalate affecting the carbonyl vibrations.

The appearance of a new band at approximately 1580-
1585 cm, which is absent in the pure oil, is another indicator
of the success of the reaction. These bands are identified as
stretching of the aromatic rings (C=C) of the phthalate struc-
ture into the resin structure. The intensity of these bands is
generally higher in 50% resin than in 40%, this indicates that
a higher oil ratio increases interaction with phthalates, accel-
erating the esterification process.

The most profound changes of FTIR spectra in Figure 5
are also observed in the C-O-C ester region, around 1260-
1120 cm™. These bands become sharper and more intense
in the resin, indicating that the number of ester bonds in-
creases significantly after the reaction. In TO and LO, these
bands are particularly strong in AR-TO-50 and AR-LO-50,
indicating that the 50% resin produces a more dominant
polyester structure. In CO, the increase also occurs, but not
assharplyasinLO or TO, likely due to the longer carbon chain
length and fewer unsaturated bonds, resulting in lower cross-
linking.
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In addition to the formation of new groups, it is also im-
portant to note that the characteristic oil bands such as 2922
and 2852 cm (aliphatic C-H) and the CH, deformation band
at 740-705 cm™, still appear in all resins. This indicates that
not all of the oil has reacted completely, and some fatty acid
chains remain in the final resin structure. However, this pres-
ence isnot detrimental, as these components can function to
provide flexibility in the alkyd resin structure.

A comparison of alkyd resins combined with oil showed
thatthe 50% composition produced a resin with stronger and
sharper FTIR characteristics, particularly in the C=0, C-0,
and aromatic bands. Therefore, adding more oil increases
the potential for an esterification reaction due to a higher
concentration of carboxyl and hydroxyl groups, which are
generated by the cleavage of oil triglyceride bonds at high
temperatures during the reaction. In AR-TO-50, these peaks
are very prominent, indicating that tung oil is highly reactive
despite its conjugated double structure, which is typically dif-
ficult to react with in conventional esterification reactions (Li
et al. 2016). However, the success of this reaction indicates
that esterification proceeded very well, despite the absence
of prior epoxidation.

In AR-LO-50, the absorption results showed the most
orderly and symmetrical ester structure, with more sepa-
rated and cleaner peaks. This findings align with the work
of Hadzich et al. (2023) regarding linseed oil as strong candi-
date for alkyd resins because its linolenic fatty acid structure
supports the formation of stable and fast-drying resins (dry-
ing oils). Meanwhile, the resin from candlenut oil (AR-CO-50)
also demonstrated successful esterification, but with slightly
lower C=0 and C-0 band intensities. This may be due to the
imbalanced ratio of saturated to unsaturated fatty acids in
candlenut oil, or a lower purity level than TO and LO.

According to recent study by Zubair et al. (2023), oil-
based resins with a high unsaturated bond content and
strong aromatic structure have potential as replacements for
petroleum-based resins. LO-50 resin is considered the most
balanced in terms of ester bond formation, chemical stability,
and rapid curing potential, while TO-50 excels in advanced
reactivity and the possibility of further modification (e.g., for
epoxy applications).

3.4 Curing test of alkyd resin

Curing tests were conducted on alkyd resin products with
variations in solvent composition and amino resin additive
ratios which had a significant effect on the drying time of the
coatinglayer. Table 1,2, and 3 present the results of the curing
test.

Iodine number indicates number of double bonds in the
oil used to make alkyd resin. These double bonds are impor-
tant in the drying process because they contribute to the ox-
idative polymerization reaction. Oils with high iodine num-
bers, such as tung 0il (102.44 g 1,/100 g) and linseed oil (119.20
g1,/100 g), produced alkyd resins that were more reactive to
air oxygen, resulting in faster drying times. Conversely, can-
dlenut oil with a low iodine number (48.71 g 1,/100 g) took
longer time to dry, even at high solvent concentrations. At
20% and 40% solvent, alkyd resins containing 50% tung oil
or linseed oil can dry in 1 day for alkyd resin:amino resin ra-
tios of 60:40 and 50:50, respectively. This indicates that the
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TABLE 1. Curing test for alkyd resin product with 10% solvent formula.
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Curing Time
AAR Ratio (Yow/w)
(Alkyd :Amino) Candlenut Oil ((%ow/w) Linseed Oil (Yow/w) Tung Oil (Y%ow/w)
40% 50% 40% 50% 40% 50%
70:30 remained liquid remained liquid remained liquid 10 days 3 days 3 days
60:40 remained liquid 10 days 10 days 10 days 1day 3 days
50:50 1day 10 days 10 days 1 day 1day 3 days
TABLE 2. Curing test for alkyd resin product with 20% solvent formula.
Curing Time
AAR Ratio (Yow/w)
(Alkyd :Amino) Candlenut Oil ((%ow/w) Linseed Oil (Yow/w) Tung Oil (Y%ow/w)
40% 50% 40% 50% 40% 50%
70:30 8 days 10 days 9 days remained liquid 3 days 2 days
60:40 8 days 10 days 9 days remained liquid 3 days 2 days
50:50 1 day 10 days 1day 2 days 1 day 2 days
TABLE 3. Curing test for alkyd resin product with 40% solvent formula.
Curing Time
AAR Ratio (Yow/w)
(Alkyd :Amino) Candlenut Oil ((Yow/w) Linseed Oil (Y%ow/w) Tung Oil (%w/w)
40% 50% 40% 50% 40% 50%
70:30 1day 9 days 1day remained liquid 1 day 1day
60:40 1day 4 days 1day 5 days 1day 1day
50:50 1day 4 days 1day 1day 1 day 1 day

high content of eleostearic acid (a fatty acid with three dou-
ble bonds) accelerates the oxidation reaction. Meanwhile, in
the modified product with candlenut oil, the coating did not
dry in 10% solvent because the low iodine value was insuffi-
cient to trigger effective oxidative polymerization.

Acid value indicates the amount of free fatty acids re-
maining in the resin. Free fatty acids can inhibit curing be-
cause they are hydrophilic and tend to absorb moisture from
the air. Alkyd resins with a high acid value, such as 40% can-
dlenut 0il (25.14 mg KOH/g), exhibited longer curing times, es-
pecially at low solvent concentrations. Conversely, tung oil
with a low acid value (8.31 mgKOH/g) exhibited faster curing
results. At 20% solvent and a 50:50 ratio, candlenut oil re-
quired 1 day to cure, but only at higher alkyd resin concen-
trations, indicating that the excess free fatty acids limited the
curing reaction. At 50% linseed oil and 40% solvent, the rela-
tively low acid number (4.60 mgKOH/g) allowed curing times
of 1day for most alkyd-amino ratios.

Amino resin as a curing agent reacted with the active
groups in alkyd resin, such as hydroxyl and carboxyl groups.
Aminoresinspecifications used in this research is melamine-
formaldehyde (MF). It is a type of thermosetting material and
crosslinker produced by reacting an amine with an aldehyde
(Erol and Acar 2024). Its key characteristics include high heat
resistance, hardness, and excellent resistance to scratches
and moisture (Yun et al. 2020). The addition of amino resin
accelerates drying time, especially at a 50:50 ratio. This is
due to the high number of reactive groups in the amino resin,
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which support the cross-linking reaction with the alkyd resin.
Amino resin increases mixture viscosity and creates cross-
links between alkyd resin components, resulting in a denser,
thicker film (Torlakoglu and Guclu 2009). Meanwhile, the
unsaturated fatty acids in PFAD increase film flexibility and
evenness. Increasing the PFAD ratio improves interaction
with the amino resin, promoting even thicker film forma-
tion. This aligns with previous research by Rafiemanzelat
and Shirini (2022), which demonstrates that the modified
fatty acid reduced drying time and increased the gel content
of alkyd resin. At 50:50 alkyd:amino ratio, almost all combina-
tions of alkyd resin with linseed oil and tung oil dried within
1day (this even applies to alkyd resin from candlenut oil, de-
spite its low iodine value), indicating that increasing the pro-
portion of amino resin facilitates the formation of a stable
coating layer. At a 70:30 ratio, the mixture dried slowly or
even failed entirely, as the amino resin concentration was in-
sufficient to catalyze the curing reaction.

Solvent (xylene) helps to dissolve the alkyd resin and
amino resin, creating a thinner and more even coating layer,
thus accelerating drying time. Higher solvent concentra-
tions (40%) showed the best results in curing time because
the viscosity of the coating mixture was lower, facilitating the
formation of a uniform film. Solvent 10%: At low concentra-
tions, coating mixtures tend to have high viscosity, requiring
longer drying times. Even with oils with high iodine numbers,
such as linseed oil, drying times can still reach 3-5 days. Sol-
vent 40%: At high concentrations, drying times were acceler-
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ated to 1 day for most combinations, especially with linseed
oil and tung oil. This was because the coating layer was thin-
ner and allows oxygen to more easily penetrate the layer to
initiate the curing reaction.

It can be concluded that the fastest drying time (1 day)
was achieved with combinations of tung oil (40% and 50%)
with 20% or 40% solvent, at alkyd:amino ratios of 60:40 and
50:50, respectively. Linseed oil (50%) with 40% solvent, at an
alkyd:amino ratio of 50:50, respectively. Candlenut oil had a
longer drying time or even no drying at all with low solvent
(10%) due to its low iodine number and high acid value. The
addition of amino resin up to a ratio of 50:50 and 40% solvent
gave the best results to accelerate drying, especially for PFAD-
based resins modified with linseed oil and tung oil.

4. CONCLUSIONS

The alkyd resin with composition of 50% weight linseed oil
and 50% weight tung oil modification is the best formula-
tion for the characteristics qualified according to the Stan-
dar Nasional Indonesia (SNI 06-0504-1989), i.e. maximum
acid value of 20 mgKOH/gram, as well as iodine number >100
g 1,/100 g. The acid value of alkyd resin by modification
with 50% linseed oil (AR-LO-50) and 50% tung oil (AR-TO-50)
were 4.60 and 8.31 mgKOH/g sample, meanwhile the iodine
number were 119.20 gI,/100 g (AR-LO-50) and 102.44 g 1,/100
g (AR-TO-50). Based on the intensity and sharpness of the
FTIR peaks, AR-LO-50 and AR-TO-50 can be considered the
best structurally alkyd resins as well. The curing test results
confirmed that the modified product complies with the re-
quired 1-day drying time standard for the best alkyd resin for-
mulation as follows: candlenut o0il 40% with 40% solvent and
amino resin 50% weight; linseed 0il 40-50% with 10-40% sol-
vent and amino resin 30-50% weight; tung oil 40-50% with
10-40% solvent and amino resin 30-50% weight.

The modification of PFAD with vegetable oil conducted in
this research provides a positive contribution to enhance the
characteristics of alkyd resin product. Therefore, it is poten-
tial to be more developed with further research on the syn-
thesis of PFAD-based alkyd resin modified with vegetable oil
to produce coating material products with better character-
istics and can be applied in the coating and paint industry.
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