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Abstract 

Epoxidized oleic acid can be transformed into vegetable oil-based polyesters through a self-polymerization reac-

tion. This study aims to develop the kinetic model for the polymerization reaction between epoxide and carboxyl 

groups and the product characterization regarding its functional groups, molecular weight, and thermal stability. 

The polymerization reaction was carried out at the temperature of 120–180 °C for 2–6 h with the highest conver-

sion of oxirane number up to 97%. Kinetic study showed one-step reaction model between oxirane and carboxylic 

group gives the activation energy value of 34.71 kJ/mol. Furthermore, the two simultaneous reaction model with 

further reaction between oxirane group and hydroxyl group also taken into account. The later provides a better 

agreement between the experimental data and the calculated conversion value. The activation energy values in 

the first and second steps are 38.61 and 26.00 kJ/mol, respectively. The product characterization showed that add-

ing adipic acid did not significantly affect the polymer's molecular weight and thermal stability. The polydisperse 

characteristics of the poly(oleic acid) produced in this study enable poly(oleic acid) to be used as a lubricant, a poly-

mer additive, or a precursor to produce polymers with higher molecular weights by taking advantage of the acces-

sibility of OH groups.  
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1. Introduction 

Vegetable oil-based polymers have received 

much attention in recent years. Through a se-

ries of transformations, vegetable oils can be 

transformed into various polymers such as poly-

ester [1], polyether [2], and polyurethane [3]. 

This transformation can be carried out chemi-

cally on triglycerides, fatty acids, or fatty esters 

[4,5]. Oleic acid is one of the unsaturated fatty 

acids easily found in various types of vegetable 
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oil. It can be used as a raw material for bio-

based polymer synthesis with diverse reaction 

routes, chemical structures, and applications 

[6–11]. Among those possible reaction routes, 

one promising is the synthesis of poly(oleic acid) 

(POA). Oleic acid can be first converted into 

epoxidized oleic acid (EOA), followed by a 

polymerization reaction to produce polyester. 

The polymerization reaction to form polyes-

ter is categorized as step-growth polymerization 

and generally involves two types of bifunctional 

monomers. Bifunctional monomers are mono-

mers that have the same functional group at 

https://creativecommons.org/licenses/by-sa/4.0
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both ends. Two types of monomers commonly 

used for polyesterification are dicarboxylic ac-

ids and diols. One of the most widely known re-

actions is the condensation reaction of dimethyl 

terephthalate or terephthalic acid with eth-

ylene glycol to produce poly(ethylene tereph-

thalate) or PET [12]. However, the polymeriza-

tion reaction to form a polyester can also be 

carried out by a different route with a single 

monomer. Two well-known routes are the self-

condensation reaction of ω-hydroxy acids and 

the ring-opening polymerization reaction of lac-

tone [13]. The synthesis of poly(oleic acid) from 

oleic acid also involves only a single monomer 

with two functional groups (AB monomer) but 

without producing a simple compound as a by-

product and does not involve a condensation 

process. Several types of polymers made from 

AB monomers include vegetable oil-based hy-

perbranched polyester [14,15], poly(silyl ether) 

[16], poly(ether sulfone) [17], perfluoro cyclo al-

kene aryl ether polymers [18], and carbazol-

based copolymers [19]. 

Although not well studied, poly(oleic acid) 

can be developed as a new material with 

unique characteristics. As far as literature 

studies have been conducted, in-depth research 

on the synthesis of poly(oleic acid) has not been 

widely discussed. Miao et al. [6] explained that 

epoxidized oleic acid produced through enzy-

matic epoxidation could be converted into poly-

ester. Furthermore, our preliminary research 

shows that the same type of polymer can also 

be synthesized via the chemical epoxidation 

route [20]. Using oleic acid from crude palm oil, 

Bahadi et al. [21] synthesized epoxidized oleic 

acid via a chemical epoxidation route to pro-

duce palm oil-based polyester. However, the 

discussion on the kinetics of the polymerization 

reaction of epoxidized oleic acid has not been 

studied. The kinetic study of AB-type mono-

mers self polymerization has been carried out 

using thermal analysis [22,23], the role of mo-

lar mass of macromonomers [24], and multi-

parameter optimization [25]. In this study, self-

polymerization kinetic uses a step-growth 

mechanism approach with two models to un-

derstand the reaction progress better. The ef-

fect of temperature on the kinetics of the 

polymerization reaction has been studied. In 

addition, the effect of adipic acid on the charac-

teristics of the resulting polymer is also dis-

cussed. Adipic acid is a dicarboxylic acid that 

has been widely used as a monomer for various 

types of polymer [26,27], plasticizer [28], and 

reinforcing additive [29] in polymer synthesis. 

In this study, adipic acid can be utilized as a 

spacing agent to overcome the steric hindrance 

in monomer using the carboxylic group to react 

with the resulting hydroxyl group. 

 

2. Materials and Methods  

2.1 Materials 

Oleic acid 90% and adipic acid were pur-

chased from Sigma-Aldrich Singapore. Formic 

acid 98%, hydrogen peroxide 30% (stabilized 

for synthesis), n-hexane, and all reagents for 

analysis were purchased from Merck. 

 

2.2 Oleic Acid Epoxidation 

EOA was prepared from oleic acid via in-

situ chemical epoxidation using formic acid as 

an oxygen carrier and n-hexane as a solvent 

under optimized reaction conditions [20]. First, 

oleic acid (50 g), formic acid (20 mL), and sol-

vent (50 g) were transferred to a three-neck 

flask equipped with a stirrer, heater, thermom-

eter, and reflux system. The mixture was heat-

ed to the reaction temperature, and then hy-

drogen peroxide (71 mL) was slowly dripped in-

to the flask for 20 min. The reaction was car-

ried out for 2 h at a constant temperature of 55 

°C. After completion, the reaction product was 

put into a separatory funnel to separate the or-

ganic and aqueous phases. The organic phase 

was washed with warm distilled water three 

times and centrifuged. After centrifugation, the 

wet sample was dried at a temperature of 3–5 

°C overnight to obtain dry powders of EOA. 

 

2.3 Polymerization Reaction 

The epoxidized oleic acid was put into a 

three-neck flask with a heater, stirrer, ther-

mometer, and reflux system. The mixture was 

heated to the reaction temperature, and sever-

al samples were taken periodically for analysis. 

The total reaction time was 6 h. The polymeri-

zation reaction was studied by varying the re-

action temperature (120, 135, 150, 165, and 

180 °C) and adding adipic acid. The epoxide 

concentration was analyzed by titration using 

hydrogen bromide solution in acetic acid and 

crystal violet indicator. The carboxylate con-

centration was calculated from acid value and 

analyzed by titration using potassium hydrox-

ide solution and phenolphthalein indicator 

[30]. 

 

2.4 Polymerization Kinetic 

The polymerization reaction in this study 

occurs between two functional groups (the 

epoxide and the carboxylate group) on the 

same molecule without forming side products. 
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Thus, this reaction can be categorized as self-

polymerization. This study assumes the reac-

tion kinetics following the step-growth 

polymerization reaction kinetics model with 

two reaction scenarios (Figure 1). In the first 

scenario, referred to as Model 1, the polymeri-

zation reaction occurs only between the oxirane 

functional group (EP) and the carboxylic acid 

functional group (COOH) to produce the poly-

mer product of P1. In comparison, the second 

scenario (Model 2) assumes that a side reaction 

occurs between the OH group of the polymer 

chain formed (P1) and the oxirane functional 

group to produce the polymer product of P2. 

 

2.4.1 Model 1 

The rate of reaction: 

 

(1) 

 

Both groups are in the same molecule, but their 

concentrations are different ([EP]≠[COOH]). 

This difference is caused by the incomplete 

yield of the epoxidation reaction, so the oleic 

epoxide produced is a mixture of the remaining 

raw materials and reaction by-products. 

The integration result of Equation (1) can 

be written as follows  : 

 

(2) 

 

If expressed in conversion: 

 

(3) 

 

with 

 
 

2.4.2 Model 2 

From mass balance: 

 

(4) 
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− =
[ ]

[ ][ ]
d EP

k EP COOH
dt

0

0 0 0

[ ][ ]1
ln

[ ] [ ] [ ] [ ]

EP COOH
kt

EP COOH EP COOH
=

−

0

1 1
ln [ ] 1

1

EP

EP

x
k EP t

x 

−  
= − 

−  

1 2 1

[ ]
[ ][ ] [ ][ ]

d EP
k EP COOH k P EP

dt
= − −



 

Bulletin of Chemical Reaction Engineering & Catalysis, 18 (3), 2023, 389 

Copyright © 2023, ISSN 1978-2993 

(5) 
 

 

(6) 
 

 

(7) 

 

Initial conditions:  

At t = 0, [EP] = [EP]0; [COOH] = [COOH]0; [P1] 

= 0; [P2] = 0; 

where, k, k1, and k2 represent the kinetic con-

stant for Model 1, the first, and the second re-

action in Model 2, respectively. The square 

bracket [] is the symbol for each species concen-

tration, x for the epoxide conversion, and t rep-

resents the reaction time. The values of k1 and 

k2 were optimized using the minimization of 

the Sum of Square of Errors (SSE) between ex-

perimental data and calculated concentration 

for each component using the following equa-

tion: 

 

(8) 

 

 

2.5 Product Characterizations 

Fourier Transform Infrared Spectrometer 

(FTIR Nicolet Avatar 360 IR) was used to ana-

lyze functional groups. The wavelength used is 

in the range of 4000–400 cm−1 with a resolution 

of 2 cm−1. Gel Permeation Chromatography 

(GPC Tosoh 20) was used to determine the mo-

lecular weight of the polymer. The analysis was 

carried out at a temperature of 40 °C. Polysty-

rene was used as the standard polymer com-

pound, and 1 mL/min tetrahydrofuran (THF) 

as eluent. 

Simultaneous Thermal Analysis (STA Met-

tler Toledo) was used to determine the thermal 

stability of the resulting polymer products, 

which include Thermogravimetric Analysis 

(TGA) and Differential Scanning Calorimetry 

(DSC). The analysis was conducted at 30–500 

°C with nitrogen gas flow and a heating rate of 

20 °C/min. 

 

3. Results and Discussion  

The synthesis of poly(oleic acid) was carried 

out by Miao et al. [6] through the enzymatic 

epoxidation route. In this research, poly(oleic 

acid) has been successfully synthesized by a 

chemical epoxidation route. The results of the 

functional group analysis can be seen in Figure 

2. The Figure 2 shows that the typical absorp-

tion spectrum for the carboxyl group (C=O) of 

EOA at 1702.03 cm−1 was significantly shifted 

to form new peaks indicated as C=O and CO 

bonds in the ester functional group (−COOR) at 

1731.98 and 1175.34 cm−1, respectively. The 

emergence of a new peak also strengthened the 

successfulness of the polymerization reaction 

at a wavelength of 3454.98 cm−1, which is a 

typical absorption for the hydroxyl group 

(−OH). From the raw material point of view, 

the disappearance of the peak at wavelength 

844.49 cm−1 indicates that the epoxide group 

has been completely converted during the reac-

tion. 

 

3.1 Effect of Polymerization Temperature 

The effect of temperature on the polymeri-

zation reaction was studied with EOA as raw 

material with an average initial oxirane num-

ber of 4.5% and an average acid number of 189 

mg KOH/g. In addition, the final product of 

each temperature variation was analyzed using 

FTIR to obtain a qualitative description of the 

functional group changes that occurred during 

the reaction. 

Figure 3 shows that the FTIR spectra for all 

temperatures have almost the same pattern. 

The observed characteristics of the spectra are 

mainly related to the ester and hydroxy 

groups. The shift in the absorption spectrum 

1
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Figure 2. FTIR Spectra of EOA and POA. 

Figure 3. FTIR Spectra of POA at the various 

polymerization temperatures. 
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from position 1718 to 1734 cm−1 (C=O stretch-

ing) and more visible peak at position 1176-

1180 cm−1 (CO stretching) indicates that the 

higher the temperature, the more dominant the 

typical absorption for the ester group. From the 

hydroxy group's point of view, the higher the 

temperature, the more intense the peak ob-

served in the wavelength range of 3443-3459 

cm−1.  

Preliminary experiments show that the re-

sulting product was only solidified when run-

ning over a specific temperature range (150-

180 °C) depending on the oxirane number of 

EOA. The higher the raw material's oxirane 

number, the lower the temperature needed for 

solidifying. The temperature range used in this 

study was 120-180 °C with increments of 15 °C. 

The goal of the polymerization reaction is to ob-

tain a solid polymer product. However, the 

oxirane and acid number measurements can 

only be conducted while the reaction product is 

still in the liquid phase. As soon as the reaction 

product solidifies, sampling and analysis be-

come difficult. The experiment at 180 °C, there-

fore, was ended after three hours due to this 

reason. The complete profile of the oxirane and 

acid numbers can be seen in Figure 4.   

Considering that EOA obtained from the 

epoxidation reaction does not reach 100% yield 

[20], it can be said that more carboxylate 

groups are available for the polymerization re-

action than the oxirane groups. Figures 4 show 

the differences between the initial values for 

the acid number and the oxirane for each tem-

perature. The 0th minute of the reaction is 

when the reaction temperature is reached. The 

heating procedure needs time, and it is chal-

lenging to prevent an early reaction. The two 

figures also show that the decrease in the 

oxirane number is faster than the decrease in 

the acid number. This tendency indicates that 

the reactivity of the oxirane or epoxide groups 

dominates compared to the reactivity of the 

carboxylate groups. The overall data shows the 

highest conversion from the oxirane and acid 

numbers is 97% and 84%, respectively. When 

viewed from the reaction mechanism, the con-

version of the higher oxirane number may be 

due to side reactions between the oxirane 

group and the hydroxyl group formed from the 

primary reaction. Side reactions are common 

for polymerization reactions involving mono-

mers with two different functional groups [31]. 

 

3.2 Polymerization Kinetics 

3.2.1 Model 1 

Acid and oxirane numbers at various times 

are used to obtain the value of the reaction rate 

constant (k). The reaction rate constant is de-

fined as the slope of the plot between  

{1/([EP]0−[COOH]0)}ln{([EP][COOH]0)/([EP]0[C

OOH])} vs. reaction time (t). The plot for each 

temperature and the value of k can be seen in 

Figure 5 and Table 1, respectively. Figure 5 

shows a reasonable degree of linearity. A devi-

ation from linearity was observed as the R² val-

ue was not in unity. Particularly at 120 ˚C, the 

R² value was also lower than the other temper-

atures. The experimental data plot for Model 1 

shows that the mean R² value is 0.9641.  

The reaction rate constants at temperatures 

120, 135, 150, and 165°C are 3.84;7.16;10.17; 

and 11.38×10−3 g.mmol−1.min−1, respectively. 

The increasing trend shows that the higher the 

temperature, the smaller the increase in the 

value of k. The possible cause is the increase in 

viscosity. The activation energy and pre-

exponential factor can be calculated based on 

the Arrhenius equation from the four data. The 

activation energy value is 34.710 kJ/mol, and 

the pre-exponential factor is 179.414 

Figure 4. The profile of (a) acid number and (b) oxirane number. 

(a) (b) 
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g.mmol−1.min−1. Therefore, the Arrhenius equa-

tion for Model 1 can be expressed as follows: 

 

(9) 

 

 

3.2.2 Model 2 

Model 2 was developed by considering the 

possibility of side reactions. This tendency can 

be seen from the rate of decrease in the oxirane 

number, which is faster when compared to the 

rate of decline in the acid number. Likewise, 

there are two kinetic constants in this case 

since there are two reactions. The values of k1 

and k2 are determined by optimization at vari-

ous temperatures. The comparison between the 

concentration data and the calculation results 

can be seen in Figure 6. 

The graph shown in Figure 6 shows a good 

fit between the experimental data and the cal-

culation results. The average R² value for Mod-

el 2 is 0.98986. This value is greater than the 

average R² for Model 1. It indicates that the re-

action mechanism proposed in Model 2 is more 

representative than in Model 1. The fundamen-

tal difference between Model 1 and Model 2 lies 

in the side reaction (Reaction 2) that produces 

branched polymer chains. 

Figure 5. Plot of 1/{[EP]0−[COOH]0}ln{[EP][COOH]0/[EP]0[COOH]} vs. time for the reaction tempera-

ture of (a) 120; (b) 135; (c) 150; (d) 165 °C. 

Temperature (°C) k1 (g.mmol−1.min−1) k2 (g.mmol−1.min−1) 

120 0.002260 0.000515 

135 0.003879 0.001215 

150 0.006157 0.001383 

165 0.007430 0.001197 

A (g.mmol−1.min−1) 332.14 1.92 

Ea (kJ/mol) 38.61 26.00 

Table 1. Polymerization reaction kinetic parameters for Model 2. 

34.710
179.414expk

RT

 
= − 

 

(a) (b) 

(c) (d) 
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Table 1 shows that both k1 and k2 values 

positively correlate with increasing tempera-

ture. However, k2 deviations are observed at a 

temperature of 165 °C, where the reaction rate 

constant is smaller than the reaction rate at 

150 °C. It is probably due to the drastic in-

crease in viscosity, which microscopically af-

fects the movement of molecules. Table 1 also 

shows that the activation energy for reaction 1 

is similar to the activation energy of Model 1. 

The activation energy value for reaction 2, 

which is lower than reaction 1, is a conse-

quence of the decrease in the value of the reac-

tion constant at a temperature of 165 °C. The 

Arrhenius equation for Model 2 can be ex-

pressed as follows: 

 

(10) 

 

(11) 

 

The activation energies for most polymeriza-

tion reactions with the chain-growth mecha-

nism are about 84 kJ/mol. Furthermore, the 

chain-growth mechanism is divided into three 

stages (initiation, propagation, and termina-

tion). Typical activation energy values for the 

thermal decomposition reaction of the initiator 

at the initiation stage are 126-165 kJ/mol, the 

propagation is 20-40 kJ/mol, and the termina-

tion is 8-20 kJ/mol [31]. By looking at these 

values, although the mechanisms that occur 

are different, it can be said that the activation 

energy values obtained from this study are still 

within a reasonable range. When viewed from 

a similar reaction mechanism as this study, a 

kinetic analysis of the self-polymerization of 

gadolinium methacrylate has the activation en-

ergy values calculated at 58.85-103.35 kJ/mol 

[23]. 

 

3.3 Effect of Adipic Acid 

Adipic acid was added to the epoxidized ole-

ic acid before the polymerization reaction. 

Adipic acid is in the solid phase at room tem-

perature with a melting point of 152.1 °C. 

Figure 7. The profile of (a) acid number and (b) 

oxirane number on the polymerization reaction 

with adipic acid. 

Figure 6. Experimental concentration data vs. 

calculated concentration of (a) carboxyl group 

and (b) epoxide group. 

1
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Therefore, the polymerization reaction by add-

ing adipic acid was carried out at the lowest 

temperature of 155 °C. The polymerization re-

action was only carried out up to a temperature 

of 175 °C because the reaction product solidi-

fied after two hours. Thus, for adding adipic ac-

id, the profile of the oxirane acid number as a 

function of time up to the 6th hour is only 

shown for two temperatures. In addition to 

quantitative analysis of the oxirane number 

and acid number, a qualitative study using 

FTIR was also carried out for the reaction re-

sults to compare the spectra between the 

polymerization results with and without adipic 

acid. Comparisons were made for the polymeri-

zation results only at the same temperature 

(165 ˚C). The complete oxirane number analy-

sis results for each temperature and time can 

be seen in Figure 7. Meanwhile, the spectra can 

be seen in Figure 8 for the qualitative analysis 

using FTIR. 

Figure 7 shows that the decrease in acid and 

oxirane numbers has the same trend as the 

previous polymerization without adipic acid. 

The difference in concentration versus time 

profile in this variation shows that the distance 

is not as wide as the distance seen in the 

polymerization reaction without adipic acid be-

cause this variation's temperature increment is 

lower than the previous variation. The decrease 

in the oxirane number is more dominant when 

compared to the decline in the acid number. 

The highest conversions for oxirane and acid 

numbers were 98% and 72%, respectively. 

Thus, it can be concluded that the conversion 

value of the oxirane number with or without 

the addition of adipic acid can be said to be not 

much different. As for the conversion of acid 

numbers, the conversion value indicated by 

adding adipic acid was 12% lower than the 

polymerization without adipic acid. The lower 

conversion is probably caused by the remaining 

unreacted adipic acid, causing the measured 

acid number at the end of the reaction to be 

higher. It is also confirmed by the results of 

qualitative analysis using FTIR in Figure 8.  

The FTIR spectra for the polymerization re-

sults with or without adipic acid at a reaction 

temperature of 165 °C, as shown in Figure 8, 

show that adding adipic acid did not signifi-

cantly change the profile of the functional 

groups of the reaction products. The absorption 

for the OH group on the addition of adipic acid 

looks more intense at a wavelength of 3455 

cm−1, while without adipic acid at 3451 cm−1. 

Meanwhile, the typical absorption for long-

chain linear aliphatic compounds at 2930 and 

2850 cm−1 was more clearly observed in the 

polymerization results without adding adipic 

acid. It indicates the possibility that there is 

still unreacted adipic acid residue. The two 

spectra show approximately the same trend 

when viewed from the ester functional group. 

 

3.4 Product Characterization Results 

3.4.1 GPC analysis  

Poly(oleic acid) produced from the tempera-

ture variation of the polymerization reaction 

mostly has a high viscosity and shows very low 

solubility in THF. Samples for molecular 

weight analysis were specially made, consider-

ing that the resulting polymer still has suffi-

cient solubility in the solvent. Three types of 

samples are coded A, B, and B+AA. The differ-

ence between code samples A and B is in the 

initial oxirane value of the oleic epoxide used. 

Figure 8. FTIR spectra of the resulting polymer 

on the polymerization reaction with and with-

out adipic acid. 

Code Mn (Da) Mw (Da) Mw/Mn 

A 309 2527 8.19 

B 479 2536 5.29 

B+AA 331 2540 7.67 

A: sample with oxirane value of 4% 

B: sample with oxirane value of 4.5% 

B+AA: sample with oxirane value of 4.5% and with the addition of adipic acid 

Table 2. GPC analysis result. 
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Sample A has an oxirane value of 4%, while 

sample B has a value of 4.5%. Code AA indi-

cates the addition of adipic acid. The three 

samples were reacted at 155 °C for 2 h. The re-

sults of the analysis of the molecular weight of 

the polymer using GPC can be seen in Table 2. 

Table 2 shows a relatively significant differ-

ence in values between Mn and Mw. The 

Mw/Mn ratio is called the polydispersity index 

(PDI). PDI describes the molecular weight dis-

tribution range of a polymer. The higher the 

PDI value, the wider the range of molecular 

weight distribution of a polymer, which means 

the polymer has a non-uniform chain length. 

The ideal PDI is 1, where all the polymer 

chains have the same size. The step-growth 

polymerization reaction generally has a PDI 

value of around 2, while the chain-growth 

polymerization reaction has a PDI range of 1.5-

20 [32]. In this study, the reaction between the 

oxirane and carboxylate groups can be catego-

rized as a step-growth polymerization reaction 

when viewed from the functional groups in-

volved. However, the PDI shown by the three 

samples has a wide range of PDI (5-8). It is 

probably due to side reactions, as discussed in 

the section on reaction kinetics. The presence 

of side reactions produces polymers with 

branched chains and with various chain 

lengths. In addition, the purity of raw materi-

als can also cause a wide range of molecular 

weight distribution. Bahadi et al. have synthe-

sized palm oleic acid based polyester from 

epoxidized oleic acid with higher oxirane num-

ber (5.3%) and the result shows the range of 

PDI is 1.1-2.1 [21].  

Table 2 also shows that although the Mn for 

the three samples has a reasonably significant 

difference, the Mw for the three samples has 

approximately the same range. Oleic epoxide 

as a monomer has a molecular weight of 298.5 

gram.mol-1. When viewed from Mn, the calcu-

lated degree of polymerization is only 1-1.6. 

Meanwhile, from the Mw point of view, the de-

gree of polymerization reached 8.5 for all sam-

ples. Thus, it can be concluded that under the 

same operating conditions, the degree of 

polymerization between the raw materials with 

different initial oxidant numbers did not give a 

significant difference in the molecular weight 

of the resulting polymer. The same applies to 

the addition of adipic acid. In addition, it can 

also be concluded that with the process used in 

the laboratory, the resulting polymer still does 

not produce a large enough molecular weight. 

Compared with the polymerization reaction re-

sults with a similar mechanism, the polymer 

produced in this study can still be relatively 

low. Poly(ether sulfone) produced through self-

polymerization of AB monomer has an average 

molecular weight range of 8000-111000 Da and 

PDI of 1.3-1.7 [17]. 

 

3.4.2 STA analysis 

Simultaneous Thermal analysis was carried 

out using TGA-DSC simultaneously. Samples 

Figure 9. (a) TGA and (b) DTG of poly(oleic ac-

id). Figure 10. DSC result of poly(oleic acid). 

(a) 

(b) 
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analyzed in the thermal study have the same 

codes as samples for molecular weight analysis-

the difference in temperature and reaction 

time. In the thermal analysis, the sample was 

reacted at 185 °C for 3 h to obtain a gel-like 

polymer sample. The results of the TGA and 

Differential Thermogravimetric (DTG) analysis 

can be seen in Figure 9, and The DSC curves 

for the three samples can be seen in Figure 10. 

From the three samples analyzed, it can be 

seen that there are no significant differences in 

the TGA and DTG charts. It is in line with the 

results of the molecular weight analysis. It 

strengthens the previous conclusion that the 

value of the initial oxirane number and the ad-

dition of adipic acid did not make any differ-

ence to the resulting product in terms of molec-

ular weight and thermal properties. 

The TGA graph of the three samples gener-

ally shows a one-stage decomposition process. 

It is also confirmed by the DTG graph, which 

only shows one dominant peak. From these two 

graphs, information can be obtained regarding 

the temperature of the initial decomposition re-

action recorded at 5% weight loss (T5%loss) and 

the temperature when the decomposition speed 

reached its maximum (Tpeak). The value of each 

parameter for the three samples can be seen in 

Table 3. 

Table 3 shows that the initial temperature 

of decomposition and the temperature at which 

the decomposition speed reaches its maximum 

tend to increase with the increase in the initial 

oxirane number and adipic acid addition. How-

ever, the difference between the three samples 

can be insignificant. By seeing that there is on-

ly one step of the decomposition reaction, it is 

most likely that the ester bond decomposition 

reaction is dominant, which generally occurs at 

a temperature of 350-395 °C [6]. The initial de-

composition temperature of the product result-

ing from this research is still low, indicating 

that the product has low thermal stability. 

Poly(ether sulfone) from a similar reaction 

mechanism shows an initial decomposition val-

ue of 440-494 °C [17].  

In line with the TGA/DTG curve, Figure 10 

shows that one dominant peak for the three 

samples indicates an endothermic process in 

the same temperature range as the maximum 

decomposition reaction. However, specifically 

for sample A, there is a tendency for different 

peaks in the temperature range of 160-300 °C. 

The process indicated by the peak is exother-

mic. When viewed from the typical sloping and 

widening peak shape, there is a possibility that 

a further polymerization reaction occurs. It can 

also be attributed to preliminary experiments 

showing that the higher the initial oxirane 

number, the lower the temperature required to 

achieve the same conversion. The curves cor-

roborate this possibility for samples B and 

B+AA, which have the same oxirane number. 

The two curves coincide and do not show an ex-

othermic peak. A common trend is exothermic 

peaks in DSC analysis for compounds that un-

dergo self-polymerization. Bis-benzoxazine has 

a similar tendency, which undergoes self-

polymerization to poly(bis-benzoxazine) [33]. 

Based on the overall characterization re-

sults, it can be concluded that the poly(oleic ac-

id) produced in this study has polydisperse 

characteristics (a wide range of molecular 

weights) and a decomposition temperature of 

388-390 °C. Based on these characteristics, 

poly(oleic acid) can be used as a lubricant, an 

additive for polymers, or a precursor to produce 

polymers with higher molecular weights by uti-

lizing the availability of OH groups. 

 

4. Conclusions  

Poly(oleic acid) has been successfully syn-

thesized from oleic acid through a chemical 

epoxidation reaction-polymerization process. 

The resulting polymer has a low molecular 

weight with an average molecular weight (Mn) 

of 309-479 Da and an average molecular 

weight (Mw) of 2527-2540 Da. The addition of 

adipic acid did not affect the molecular weight 

of the resulting polymer. The reaction kinetics 

model is well approached using a step-growth 

polymerization model where a side reaction oc-

curs simultaneously between the hydroxyl and 

oxirane groups. The activation energy of the 

polymerization reaction was obtained in the 

range of 26-38 kJ/mol. 
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