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Abstract

Several reports showed that the high unsaturated fatty acids present in waste cooking oil (WCO) held significant potential as a valuable
raw material for the production of epoxy oil. Therefore, this study aimed to develop a method for effectively utilizing WCO in the
synthesis of epoxy oil with acetic acid and amberlite resin IR-20 as catalyst. The synthesis process involved the use of a reflux method
at 60°C with various epoxidation times (4, 6, and 8 hours) on a batch scale. The materials used included hydrogen peroxide, glacial
acetic acid (homogeneous catalyst), and amberlite resin IR-120 (heterogeneous catalyst) with different mass ratio of WCO to amberlite
resin IR-120 (100:0; 100:1.58; 100:3.15; and 100:6.3). The functional group analysis results using the Fourier transform infrared (FTIR)
spectrophotometer showed the presence of stretching vibrations of the epoxy group (C—O-C) at 850-830 cm™ and 1240 cm™. Increasing
the ratio of WCO to amberlite resin IR-120 from 100:0 to 100:3.15 led to a decrease in iodine number and an increase in oxirane
number. A further increase in the ratio to 100:6.3 provided an increase in the iodine number and a decrease in the oxirane number.
Furthermore, the highest oxirane number was achieved with a 100:3.15 ratio of WCO to amberlite resin IR-120. Based on the results,
an increment in the epoxidation time from 4 hours to 8 hours led to a decrease in the iodine number and an increase in the oxirane
number. The highest oxirane number of 2.4159% was achieved with a 100:3.15 ratio of WCO to amberlite resin IR-120 for 8 hours.
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1. Introduction

Waste cooking oil (WCO) is readily available in canteens, food industries, restaurants, and household kitchens, leading to the
generation of a significant amount [1]. The underutilization of WCO has been reported to pose serious disposal challenges that can
disrupt environmental equilibrium. The waste can contaminate groundwater resources, hinder degradation in water by preventing
oxygen transfer, and cause clogging of collection pipes, potentially leading to sewer overflows [2]. To address this problem, several
studies explored the potential of WCO as a raw material for the production of soap, lubricant, and biodiesel [1, 3-5]. However, further
investigation is required to explore additional avenues for effective utilization, such as its conversion into epoxy oil.

Epoxy compounds can be produced from either crude or processed vegetable oil [6], with palm oil being one of the most popular.
Palm oil is extensively used in industries and households for cooking purposes, but becomes WCO when discarded. WCO typically
contains 20 wt% fatty acids [7], including unsaturated (45.15% oleic acid, 39.74% linoleic acid, 0.20% linolenic acid) and saturated
(8.80% palmitic acid, 4.20% stearic acid) types [5]. The presence of high levels of unsaturated fatty acids presents an excellent
opportunity for epoxy oil production. Epoxy oil is commonly used as a compound plasticizer in the rubber industry. Plasticizers play
a crucial role in reducing the viscosity of rubber, rendering it softer and more pliable. They also facilitate the uniform distribution of
additives, thereby enhancing the overall performance of the product.

At present, the majority of plasticizers in use are derived from non-renewable sources, such as paraffinic, naphthenic, phthalate,
and aromatic oil. However, these non-renewable are currently experiencing diminishing availability [3] and concerns have been raised
regarding their environmental impact, irritation, corrosiveness, and carcinogenicity [8-10]. These challenges had led to the development
of various studies aimed at synthesizing bioplasticizer from renewable sources, such as peanut oil, soybean oil, tung oil, castor oil,
palm oil, and other vegetable oils [11]. This current study is focused on developing alternative bioplasticizers from WCO.

The synthesis of epoxy from WCO has been previously reported, utilizing hexane as a solvent and employing catalyst, such as
hydrogen peroxide, glacial acetic acid, and sulfuric acid [12]. The findings obtained from previous studies revealed that the optimum
epoxidation time was 300 minutes with a 1.5% catalyst concentration [12]. Furthermore, several investigations have been carried out
on the epoxidation of WCO using homogeneous (H2SO4 and HsPO4) and heterogenous (amberlite resin IR-120) catalysts [13].
Compared to previous reports, this current study employed glacial acetic acid as a homogeneous catalyst and amberlite resin IR-120
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as the heterogeneous variant. These materials have previously been used for the epoxidation of hazelnut oil [14] and rubber seed oil
[15]. Amberlite resin IR-120 possesses a cyclic structure capable of binding oxygen and its heterogeneous nature facilitates easy
removal from the final product. This catalyst is also cost-effective and readily available in the stock market. In comparison, acetic acid
as a homogeneous catalyst, is more environmentally friendly and economical compared to strong acids, such as H2SO4 and HsPOa.
Therefore, this study aims to determine the effect of epoxidation time and the ratio of WCO to amberlite resin IR-120 on the quality of
epoxy oil.

2. Methodology
2.1 Tools and materials

The materials used to synthesize epoxy oil included WCO, amberlite resin IR-120, 99.8% glacial acetic acid (Merck), 30%
hydrogen peroxide (Merck), and distilled water. Furthermore, iodine number analysis of the sample was carried out using 99.5%
cyclohexane (Merck), Wijs solution, 99.995% potassium iodide (Merck), 98.5% sodium thiosulfate (Merck), and amylum indicator.
Oxirane number analysis of epoxy oil was carried out using various materials, including 47-49% hydrogen bromide (Loba Chemie),
99.8% glacial acetic acid (Merck), and crystal violet indicator.

The tools used in this study consisted of reflux column equipped with a cooling device, three-neck flask, thermometer, magnetic
stirrer, heater, analytical balance, separatory funnel or centrifuge, glass beaker, Erlenmeyer, micro burette, bulpet, volume pipette,
ladle, and PerkinElmer FTIR spectrophotometer. The epoxidation tool assembly is illustrated in Figure 1.

2.2 Synthesis of epoxy oil

The study scheme was outlined in the flow chart as presented in Figure 2. WCO was placed into a three-neck flask, followed by
the addition of glacial acetic acid, and amberlite resin IR-120, as shown in Table 1. Subsequently, the mixture was heated to 50°C, and
hydrogen peroxide was added, with the solution being regulated at 50°C. The molar ratio of double bonds, hydrogen peroxide, and
acetic acid was 1:1.5:0.5. The solution obtained was then refluxed for 4, 6, and 8 hours at 60°C.

To purify the epoxy oil from its impurities, amberlite resin IR-120 was filtered off, and the filtrate was poured into a separatory
funnel. The solution was then washed repeatedly using warm water until the pH of the filtrate was neutral. The remaining water in the
epoxy oil solution was separated using a centrifuge at 400 rpm for 10 minutes.

Description:

1. Three-neck flask
2. Magnetic stirrer
3. Hotplate stirrer
4. Thermometer

5. Condenser

6. Stative

Figure 1 The epoxidation tool assembly

Table 1 Ratio of WCO to amberlite resin IR-120

No. WCO (g) Amberlite Resin IR-120 (g)
1 100 0

2 100 1.58

3 100 3.15

5 100 6.30
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Figure 2 The epoxidation tool assembly
2.3 Characterization of epoxy oil

The formation of oxirane and the decrease of double bonds in WCO and epoxy oil were analyzed qualitatively using a PerkinElmer
FTIR spectrophotometer at a wavelength range of 4000-650 cm™*. The iodine number indicated the double bonds in the oil molecular
chain, both in WCO and epoxy oil. Furthermore, the iodine number (g 12/100 g oil) was determined with the Hanus method using
Equation (1) with B is the volume of sodium thiosulfate used in the blank titration (mL). In Equation (1), S is the volume of sodium
thiosulfate used in the sample titration (mL), N is the sodium thiosulfate normality after standardization, and G is the sample weight

().

The iodine number =2 xNx12.69 Q)

The iodine number analysis was performed by adding 0.5 g of epoxy oil, 10 ml cyclohexane, and 25 ml Wijs solution into an
Erlenmeyer, which was later capped. The solution was stored in a cabinet for up to 30 minutes, followed by the addition of 10 ml
potassium iodide and 50 ml distilled water. Subsequently, standardization was carried out with thio sulfate until the color turned yellow.
The starch indicator was added to the solution and titrated until the color fades. The same procedure was performed for the blank.

Double bond conversion (Xiod) was calculated using Equation (2), where 1V, is the initial iodine number of WCO, and IV is the
iodine number of epoxy oil [16].

IVy-1V
Xioa (%)= (") ¥100 @

The oxirane number indicated the epoxy group on the molecular chain of the epoxy oil. Furthermore, the iodine number of WCO
was used to calculate the theoretical oxirane number (OOC:) using Equation (3), where Az is the atomic weight of iodine (126.9045
g/mol), Ao is the atomic weight of oxygen (16 g/mol), 1Vo is the initial iodine number of WCO.

00C, (%)= (IVo/28,) | 40100 ?)

100+(1Vo/2A1)A,

The experimental oxirane number (OOC) analysis was determined using direct titration and calculated using Equation 4, where V
is the volume of hydrogen bromide used in the titration (mL), K is the hydrogen bromide normality, and G is the sample weight (g).

00C (%)== ¥1.60 @)

Oxirane number analysis was performed by adding 0.49 g of epoxy oil, 10 mL of glacial acetic acid, and 3 drops of crystal violet
indicator into an Erlenmeyer. The solution was titrated with 0.1 N hydrogen bromide until the color changed from purple to blue and
then to blue-green (persist for 30 seconds). During titration, the top of the micro burette was sealed with aluminum foil.

The relative percent conversion to oxirane (Xooc) was calculated using Equation (5).

00C,
00C,

Xooc (%)= x100 ®)



338 Engineering and Applied Science Research 2023;50(4)

3. Results and discussion
3.1 Characterization of epoxy oil functional groups

The conversion of unsaturated fatty acids in WCO to oxiranes (epoxy groups) and other functional groups was characterized using
an FTIR spectrophotometer. The epoxy oil spectra synthesized from epoxidation for 6 hours using various ratios of WCO to amberlite
resin IR-120 are presented in Figure 3. Meanwhile, the spectra of the epoxy oil produced from various epoxidation times are shown in
Figure 4. The FTIR spectra in both Figures 3 and 4 were normalized.

Figure 3 showed that the epoxy oil produced from a 100:3.15 ratio of WCO to amberlite resin IR-120 had a higher peak absorption
intensity compared to others. Figure 4 revealed that epoxidation for 8 hours gave the product with the highest peak absorption intensity.

Ratio of WCOto
amberlite resin IR-120

(100:3.15)

Ratio of WCOto
amberlite resin IR-120

(100:6.30)

Ratio of WCO to
amberlite resin IR-120
(100:1.58)

Transmittance (a.u.)

Ratio of WCOto
amberlite resin IR-120
(100:0)

Figure 3 FTIR spectra of epoxy oil at various ratio of WCO to amberlite resin IR-120 for 6 hours epoxidation

Epoxidation for 8 hours

Epoxidation for 6 hours

Epoxidation for 4 hours

Transmittance (a.u.)

= 2656

avenumber

Figure 4 FTIR spectra of epoxy oil at various epoxidation times using ratio of WCO to amberlite resin IR-120 100:3.15

Figures 3 and 4 showed the strong C—H stretching band of the methyl group (CHs) at 2922 cm*. Furthermore, C-H stretching
bands of the methylene moieties (CH2) were apparent at 2853 cm and 1464 cm*. The deformation band of C—H was observed at 1377
cmt. The C—H group of epoxy oil produced in this study was in line with those synthesized in previous studies [17], which were present
at 2922 cm?, 2853 cm'?, 1464 cmt, and 1377 cmL. The spectra also showed C—H groups at 721 cm™ as reported in another study by
Borugadda and Goud [4]. The C=0 ester group at 1744 cm also appeared in the spectra of epoxy oil. This group was derived from
the fatty acid triester of glycerol, and its presence was also shown in several reports [4, 18, 19].
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Figure 5 FTIR spectra of epoxy oil at various ratio of WCO to amberlite resin IR-120 for 6 hours epoxidation

Based on Figures 3 and 4, the stretching vibration of the epoxy group (C—O-C) appeared at 1240 cm*. Another stretching vibration
was found in the bands between 850-830 cm™1, as shown in the magnified FTIR spectra (Figure 5). The epoxy group vibration (C-O-C)
at 850-830 cm and 1240 cm! had also been identified by previous studies [17, 20]. Meanwhile, the epoxy group (C—O-C) of WCO
without the epoxidation was not found at 1240 cm™ in the FTIR spectrum. This indicated that the epoxidation process had been
successfully performed. The highest C—O-C absorption intensity was observed in the epoxy oil produced using WCO/AR of 100/3.15,
as shown in Figures 3 and 5. The epoxidation time also showed an increasing trend of C—O—C absorption intensity as it increased from
4 hours to 8 hours (Figure 4). Based on the spectra analysis of epoxy oil, the synthesis of epoxy from WCO was successfully carried
out.

Vibrations of the C-O-C ether and ester group were observed in the spectra of epoxy oil at 1160 cm™ and 1116 cm™, which could
be associated with side reactions, such as oligomerization [13]. Since the vibrations were also found in the spectra of WCO without
epoxidation at 1160 cm™* and 1116 cm™, it could be concluded that the oligomerization reaction did not take place during epoxidation.

3.2 Effect of WCO/AR Ratio

The analysis results of the iodine number and oxirane number of epoxy oil at various ratios of WCO to amberlite resin IR-120 were
presented in Figures 6 and 7. The WCO in this study had an iodine number of approximately 46.4528 g 12/100 g with an OOC: of
2.8450%. After the epoxidation process for 6 hours, epoxy oil had a lower iodine number compared to WCO. This indicated that the
epoxidation of WCO had occurred, causing the unsaturated bonds or double bonds (C=C) in the molecular chain to be cleaved and
converted into single bonds in the form of epoxy compounds (C—O-C). The formation of epoxy groups was also indicated by the
spectra analysis results in Figures 3, 4 and 5.
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Figure 6 Effect of WCO to amberlite resin IR-120 ratio to iodine numbers and double bond conversion
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Figure 7 Effect of WCO to amberlite resin IR-120 ratio to oxirane number and oxirane relative conversion

In the formation of the oxirane ring, the resin acted as a catalyst and as a reactant in the hydrolysis [16]. To achieve the best oxirane
number, the optimum amount of resin must be applied. The analytical results in Figures 6 and 7 also showed that the ratio of WCO to
amberlite resin IR-120 affected the iodine and oxirane number. As the ratio of WCO to amberlite resin IR-120 increased from 100:0
to 100:3.15, there was a decreasing trend in iodine number, as well as an increasing trend in Xioq, OOC, and Xooc.

The resin used in the epoxidation process served as a carrier (channel) of active oxygen from the reactant (hydrogen peroxide) to
the double bonds in WCO. Furthermore, its concentration indirectly determined the direction of the reaction. Increasing the catalyst
concentration to a certain value could facilitate the transfer of active oxygen, leading to increased oxiranes production levels. Figures
6 and 7 showed that the greater the resin concentration (from ratio of WCO to amberlite resin IR-120 100:0 to 100:3.15), the greater
the frequency of collisions between the reacting molecules. Increased frequency of collision could lead to a shift of reaction to the right
(product), thereby increasing the number of double bonds in WCO being converted to epoxy. Similar results were also obtained by
previous studies [21], stating that the greater the catalyst concentration, the more the double bonds were converted into epoxy.

Based on Figure 6, the highest Xiod, OOC, and Xooc were achieved with a 100:3.15 ratio of WCO to amberlite resin IR-120.
Furthermore, increasing the ratio from 100:3.15 to 100:6.3 led to an increase in iodine number and a decrease in Xiod, OOC, and Xooc.
This was probably due to epoxy ring cleavage caused by excess reagents, such as resin as stated by previous studies [22]. Excess
reagents reacted with epoxy rings to form various undesired products, as shown in Figure 8.
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Figure 8 Schemes of epoxy ring cleavage reaction [23]

The highest oxirane relative conversion of 82.81% was achieved in this study with a 100:3.15 ratio of WCO to amberlite resin IR-
120, which was higher compared to previous studies [13].

3.3 Effect of epoxidation time

The measurement results of the iodine number and oxirane number of epoxy oil at various epoxidation times are presented in
Figures 9 and 10. Furthermore, the results showed that epoxidation time affected the iodine and oxirane numbers.
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Figure 10 Effect of epoxidation time to oxirane number and oxirane relative conversion

Increasing the epoxidation time from 4 hours to 8 hours led to a decreasing trend of iodine number and simultaneously caused an
increasing trend of Xiod, OOC, and Xooc. Furthermore, increasing the reaction time to a certain level led to a greater opportunity for
the reactant molecules to collide with each other, as reported by previous studies [12, 24, 25]. This collision process led to the
conversion of unsaturated compounds into epoxy compounds.

The highest Xiod, OOC, and Xooc were achieved when epoxidation was performed using a 100:3.15 ratio of WCO to amberlite
resin IR-120 for 8 hours. Since the epoxidation reaction was alternating, an increment in time did not necessarily increase the oxirane
oxygen number in the epoxy oil. Furthermore, an increase in the time could potentially lead to a decrease in the oxirane number and
simultaneously increase the undesired products through the schemes, as shown in Figure 8.

The highest oxirane relative conversion of 84.92% was achieved in this study using a 100:3.15 ratio of WCO to amberlite resin IR-
120 for 8 hours of epoxidation and this value higher compared to previous studies [13].

4. Conclusions

In conclusion, the results showed that increasing the ratio of WCO to amberlite resin IR-120 had a significant impact on the iodine
number and oxirane number. Specifically, increasing the ratio from 100:0 to 100:3.15 resulted in a decrease in the iodine number and
an increase in the oxirane number. Furthermore, further incrementing the ratio to 100:6.3 led to an increase in the iodine number and
a decrease in the oxirane number. Notably, the highest oxirane number of 2.4159% was achieved with a 100:3.15 ratio of WCO to
amberlite resin IR-120 after 8 hours of epoxidation time. These results highlight the importance of considering the ratio and epoxidation
time in controlling the chemical properties of the mixture.
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