
 

97 
  

y Libyan Journal of Engineering Science and Technology (LJEST)   Vol. 2, No. 2,  2022 

 

Abstract— A mixture of epoxidized palm oil (EPO) and 

epoxy resin (DGEBA) has been successfully studied for 

mechanical, thermal and water absorption. Different 

percentages (10, 20, and 30 wt %) of EPO were mixed with 

epoxy resin and cured with a cycloaliphatic amine curing 

agent. The thermal behavior of EPO/epoxy blends was 

characterized using Fourier transform infrared 

spectroscopy, differential scanning calorimetry and 

dynamic mechanical analysis. However, the glass 

transition temperature and storage modulus of the system 

decreased with increasing EPO loading. The addition of 

EPO decreased the tensile and flexural properties and 

increased the elongation at break and impact strength. 

This indicates an increase in epoxy mobility and toughness. 
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In addition, polymers which are derived from natural oils 

have high ability to compete with petrochemicals polymers in 

terms of performance and cost in many applications [3]. 

However, a great interest among researchers is attracting by 

the use of such biobased polymers as replacement material for 

a part of thermoset resin [1, 2]. Recently there are some kinds 

of natural oils that have been used successfully as a blending 

component “replacing a part of the matrix” with thermosets 

polymers like epoxy resin [2-7]. Through a previous study, 

using epoxidized soybean oil as a blending component in 

epoxy resin proved an improvement in impact strength and 

thermal properties as well as reduced the use of petrochemical 

sources [6]. Additionally, previous researchers [7] used 

epoxidized soybean oil (ESO) as an impact modifier in epoxy 

resin systems to improve impact resistance. In addition, the 

presence of oxirane rings in epoxidized palm oil may be 

incorporated into epoxy network systems. When epoxy resins 

are blended with reactive components such as epoxidized 

vegetable oils (EVO), the reactive components are grafted 

onto the epoxy-amine network to create new blends with 

excellent impact and thermal properties. [8]. 

Epoxy resin is a thermoset polymer that has eligible 

properties such as excellent good thermal stability and 

resistant to chemicals [9, 10]. Therefore, such thermoset 

polymer is commonly used in some applications especially as 

a matric for composite materials. Additionally, epoxy resins 

derived from petroleum-based raw materials are non-

biodegradable, expensive, and pose a high health risk. 

Therefore, to improve the fracture toughness of epoxies, it is 

important to modify them to have the desired properties. 

Several reports have been published on the modification of 

epoxides using different chemical methods such as 

epoxidation, transesterification, acrylation, hydroxylation and 

maleation [11-14]. Due to the fact that oxirane rings are 

present in both epoxidized vegetable oils and epoxy resins, 

and that epoxy resins cure via oxirane ring opening, EVO 

reacts with common epoxy curing agents to form compounds 

suitable for composite applications.  

However, even though there are some studies have been 

done to enhance the toughness of crosslinked thermoset resin 

by introducing epoxidized vegetable oils such as epoxidized 

linseed oil (ELO) [13, 15-16] and epoxidized soybean oil 

(ESO) [6, 11-18], there are still limited work on the effect of 

epoxidized palm oil as a partial substitute of petrochemical-

based epoxy resins. Therefore, thermal, mechanical, 

morphological and water absorption properties were studied in 

this study to explore the effect of epoxidized palm oil on 

petrochemical-based epoxy resins.  In this study, amount of 

epoxidized palm oil (10-30 wt %) was replaced by part of 
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liquid epoxy resin diglycidylether of bisphenol-A (D.E.R. 

331). 

II. MATERIALS AND PREPARATION 

Epoxidized palm oil (EPO) with 1.5 epoxide groups per 

triglyceride, 1049 g/mol molecular weight, 0.58 eq/100 g 

equivalent weight, and chain length of 57 was obtained from 

the Malaysian Palm Oil Board (MPOB). Meanwhile, 

thermosetting epoxy resin (diglycidyl ether of bisphenol A) 

(D.E.R. 331) and modified cycloaliphatic amine curing agent 

(JOINTMINE 905-3S) were obtained from Dow Chemical 

Company. Structural formulas of DGEBA, cycloaliphatic 

amine and EPO are shown in FIG. 

 
Diglycidyl ether of bisphenol-A [DGEBA (D.E.R 331)] 

 
Modified 

cycloaliphatic amine 
(JOINTMINE 905-3S) 

 
                    Epoxidized palm oil 
                                 (EPO) 

Fig 1 the Structural formulas of Epoxy resin, Hardener and EPO 

 

Samples of epoxy resin with of 10, 20 and 30 wt% of 

epoxidized palm oil were prepared by one step method (direct 

mixing). The amount of EPO was first mixed with epoxy resin 

at room temperature for 20 mints. Then the hardener was 

added at ratio of 2:1 epoxy: hardener respectively and mixed 

at room temperature till a homogeneous blend was achieved. 

Then immediately the mixture was poured into the mold and 

then cured at 110 oC for 2 h. 

 

III. CHARACTERIZATION 

The glass transition temperature of all samples was 

determined by Differential Scanning Calorimetry (DSC) using 

a Perkin Elmer. The procedure involved rapidly heated the 

sample from 30 
o
C to 200 

o
C at a steady rate of 10 

o
C/min 

under a nitrogen gas atmosphere. 

The change of functional groups and elements after 

processing were investigated by FTIR.  FTIR spectra of 

epoxy/EPO blends were determined using Perkin-Elmer 180 

with resolution of 2 cm
-1

 for 16 scans over wave number range 

of 4000-600 cm
-1

. 

With samples of dimension of 60mm x 12mm x 3mm, the 

three points bending test was conducted throughout Dynamic 

Mechanical Analysis (DMA) test. The measurements were 

performed at temperatures ranging from 30 to 200 
o
C with a 

heating rate of 10 
o
C/min, and scanned at a frequency of 1 Hz. 

Both of storage modulus and tan δ were characterized. 

The degradation temperature (thermal stability) of pure 

epoxy and epoxy/EPO was performed using 

Thermogravimetric Analysis TGA. Samples of approximately 

8 -10 mg weight were scanned from 30 to 600 
o
C at heating 

rate of 10 
o
C/min in a nitrogen atmosphere. The initial 

degradation temperature and final degradation temperature 

were noted. 

Dumbbell-shaped specimens of epoxy/EPO blend were 

subjected to tensile testing using Instron Universal Tester 

Model 5567 according to ASTM D638. It was pulled at 

constant crosshead speed of 5 mm/min. while accordance to 

ASTM D790, the three-point loading utilizing center loading 

(Flexural test) was carried out at crosshead speed of 5 

mm/min. Impact testing was conducted to determine the Izod 

impact strength of notched specimens of dimensions 63, 12.7 

and 5 mm. This test was evaluated according to ASTM D256. 

The notch was milled with a 45o angle and 2.5mm depths with 

an automatic notching machine. 

Water absorption testing was performed according to 

ASTM D570-98. A moisture absorption test was performed by 

placing the sample in a water bath maintained at 55°C. For 

each formulation, he measured three rectangular samples with 

approximate dimensions of 75mm x 12.7mm x 5mm. The 

samples were then placed in an 80°C oven for 24 hours to 

remove residual moisture. After immersion in water, the 

weight increase of the sample should be measured. The water 

absorption Wg was determined according to Equation 1. 

    
      

  

                                            

Where, Wa and Wo are the weight of the sample after and 

before soaking in water. 

SEM characterization was used to study the surface and 

cross-sectional structures. SEM was performed on a Philip XL 

40 SEM with an acceleration voltage of 20 kV and the 

required magnification. Samples were frozen in liquid 

nitrogen, cryogenically fractured, and vacuum dried prior to 

SEM characterization. Samples were sputter coated with gold 

to provide a conductive coating prior to analysis. 

IV. RESULTS AND DISCUSSION 

A. FOURIER-TRANSFORM INFRARED SPECTROSCOPY 

FTIR spectroscopy was applied to characterize the 

molecular structure of the polymer and the chemical bonding 

of the mixture. Figure 2 shows his FTIR spectral peaks for 

EPO, uncured and cured epoxy/EPO blended bioresin. The 

FTIR spectrum of EPO shows the gradual disappearance of 

the oxirane bands (epoxide and EPO) at ~830 cm
-1

, followed 

by the appearance of the hydroxyl at ~3470 cm
-1

. On the other 

hand, for EPO, an important feature of an ester bond (C═O 

stretch) was observed at 1744 cm 
−1

. In addition, the EPO 

spectrum exhibits small intensity peaks around 830 cm
-1

 and 

1250 cm
-1

, indicating C-O-C stretching due to oxirane 

vibrations. The 1150 cm
-1

 signal usually interferes with other 

signals, mainly C-O-esters present in oils. The unenhanced 

spectrum (Figure 2) is dominated by strong bands near 1513, 

1246, 915, and 830 cm
-1

. These bands are characteristic carbon 

vibrations originating from the groups present in the epoxy. 

The bands at 1511 and 1250 cm
-1

 are associated with out-of-

phase bending of the C-C aromatic stretch of the resin and the 

 



 

99 
  

y Libyan Journal of Engineering Science and Technology (LJEST)   Vol. 2, No. 2,  2022 

asymmetric C-O aromatic ether, respectively. These bands are 

consistent with previous studies on bisphenol A-based epoxy 

resins reported by [19–20]. The peak at 830 cm 
-1

 along with 

the band at 733 cm 
-1

 is characteristic of para-substituted C–H 

stretching. As shown in the IR spectrum (Figure 2), the 

epoxide group peak at 915 cm
-1

 decreases during the cross-

linking process. Subtraction was performed to remove a small 

peak at 910 cm 
-1

 in the epoxy peak area. 

However, this result also indicates that the epoxide groups 

of EPO were consumed during the reaction with amines, 

followed by the formation of hydroxyl groups. However, 

another absorption band was also observed in this reaction, as 

shown in Fig. 2. The gradual disappearance of the C=O ester 

of EPO at 1744 cm
-1

 is replaced by the gradual appearance of 

two absorption bands at 1610 and 1540 cm
-1

, the absorption of 

the carbonyl of the amide group and the secondary amide We 

show the NH bending of the groups, respectively. However, 

the absence of epoxide ring absorption and the presence of OH 

and CN groups confirmed the conversion of the epoxide 

groups to the corresponding polymers and the cross-linking 

process. 

 
Fig 2 FTIR spectra of EPO, uncured and cured epoxy/EPO blends 

 

B.  DYNAMIC MECHANICAL ANALYSIS 

The storage modulus (E’) of DMA behavior is the elastic 

components of the blend during the dynamic deformation. Fig 

3 represents storage modules of EPO/epoxy resin blends as a 

function of temperature. In general, the Fig clearly showed 

that, as the temperature increased. Eʹ of all blends decreased, 

and then a sharp decline in modulus value was obtained at (60 

- 90 
o
C). This might be caused by the increase in the mobility 

of the molecular chain in the rubbery region (below Tg) [11]. 

It is clear from Fig 3 that, biobased systems at low 

temperature (below Tg) have a lower modulus than the neat 

epoxy system. In constant temperature (30 
o
C), a reduction of 

25.2, 29.8 and 36.9% was observed by increasing the amount 

of EPO for 10, 20 and 30 (wt. %), respectively. The reduction 

of storage modulus of epoxy/EPO system can be explant by 

the fact that, EPO increases the free volume and the mobility 

of the molecular chain in the rubbery region (above Tg) [11]. 

Moreover, the addition of EPO decreased the crosslink density 

and flexibility of epoxy resin [21]. Similar result was reported 

in epoxy/ESO blend [11]. The crosslink density (υe) was 

calculated from the rubbery modulus using the following 

equation (2) [11]. While the molecular weight between 

crosslinking density (Mc) of polymer systems can be 

calculated using the rubber elasticity as showed in Eq (3) [3].  

   
   

   
                                                           

   
    

   
                                                       

Where Eʹ is the storage modulus at (Tg +30), R is the gas 

constant (8.314 pa.m
3
/mol. K), T is the absolute temperature 

and ρ is the polymer density at room temperature. 

Table 1 shows the result of cross link density (υe) and 

molecular weight (Mc) of bio-based epoxy resin systems. 

According to the calculations, it was found that the presence 

of EPO disturbed epoxy network and led to reducing the 

crosslink density but increase the molecular weights. Similar 

result of epoxy resin based ESO was obtained by (11). They 

reported that, presents of 20% ESO reduce the storage 

modulus due to the increase in flexibility and lower crosslink 

density. According to previse study [1], the present of high 

concentration of epoxide groups led to increase the amount of 

crosslinking in epoxy system. Therefore, epoxy systems 

blended with high amount of EPO will present lower crosslink 

density. It is because the high amount of epoxy groups in 

epoxy system decreased with increasing the amount of EPO. 

 

Table 1: Thermal properties analyzed by DMA 
EPO 

(%) 

Tg 

(
o
C) 

Tanmax 

δ 

Ʋe 

(×10
-3

 Mol / m3) 

Mc 

(×10
3
 g/mol) 

FWHM 

0 82 0.70 0.87 1.33 21.80 

10 81 0.69 0.79 1.47 27.05 

20 79 0.66 0.48 2.40 27.98 

30 77 0.62 0.30 3.85 30.97 

 

Tan δ, or loss damping coefficient, is the ratio of loss 

modulus (E'') to storage modulus (E'). In particular, the tan δ 

peak represents the energy absorbed at the transition point, 

and the area under the curve represents the same energy 

magnitude. Figure 4 shows the tan δ of pure and biobased 

epoxy systems. The data plotted as a tan δ versus temperature 

curve are shown in Table 1. The dissipation factor curve 

generally shows a transition state from glassy to rubbery. 

Therefore, the temperature at the dissipation factor peak 

indicates the glass transition temperature Tg of the epoxy/EPO 

blend sample. The maximum peak tan δ (Tg) values for all 

biobased systems are shown in Table 1. As shown in Tables 1 

and 5, increasing the amount of EPO shifted the dissipation 

factor to lower temperatures and decreased the glass transition 

temperature of all compositions. The Tg of the pure epoxy at 

82 °C decreased slightly to 81 with the addition of 10 wt% 

EPO, and decreased further to 79 and 77 when the EPO 

loading was increased to 20 wt% and 30 wt%, respectively, 

increased. This decrease was due to a decrease in crosslink 

density and an increase in molecular weight, as reported in 

Table 1 [3-5]. 
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Fig. 3 the effect of EPO on Eʹ of biobased epoxy resin 

 

 
Fig.4 the effect of EPO on tan δ of biobased epoxy resin 

C. THERMOGRAVIMETRIC ANALYSIS 

TGA provides information about the structure of the 

intercalating molecule through the weight reduction step and 

determines the thermal stability of biobased epoxy resins. 

Figure 5 shows his TGA curves (a) and derived thermograms 

(DTG) (b) for pure epoxy and epoxy/EPO blends. 

Characteristic thermal parameters chosen were the DTG 

thermogram peak and char content at 600 °C. It can be clearly 

seen that, cured systems have faced two-stage thermal 

decomposition when heated up to 600 
o
C. They passed 

through a small first weight drop, onset temperature (To1) 

around 130 
o
C, second weight drops onset temperature (To2) in 

a range of 300 – 330 
o
C and maximum weight drops (Tmax) in 

a range of 350 - 380 
o
C. In other words, it was about 2-5 wt % 

of epoxy/EPO blend decomposed during the first stage and 

about 75-85 wt % loss during the second stage. The remaining 

11-15 wt % of the cured blends at 600 
o
C (the residual), was 

assumed to be the carbon black formation. The first step (To1) 

was attributable to the dehydration of water [22-23]. The 

weight loss during the dehydration stage was about 2% to 6%. 

Given that the water was removed during the process, it is also 

possible that low organic weight materials volatilized at low 

temperatures. Zhou et al, 2014 [24] studied the thermal 

analysis of epoxy resin cured with anhydride and has reported 

that the TGA curve has a small weight drop around 130°C. In 

addition, the weight loss in the second stag was about 10%. 

During the third stage (Tmax), the weight loss approached 60 

%. Moreover, To2 (300- 330 
o
C) agreed with pyrolysis of 

epoxy resin network. The decomposition of aromatic groups in 

epoxy resin exists in such a range [9]. This stage (To2) was the 

fastest and attributed to char formation and degradation of the 

crosslinked polymer structure [11,21].  Moreover, the 

following stage Tmax which was recorded around 350 
o
C to 

380 
o
C would be the degradation of the crosslinked structure 

of the polymers. In addition, the last stage (over Tmax) has 

confirmed remain amount of samples that which prevented 

degradation. It was reported that the polymeric materials with 

low crosslinked network structure generally show less thermal 

stability than those polymers with higher crosslinking [21]. 

Thus, it can be understood that, as the incorporation of EPO 

into epoxy decreased the crosslink density due to the rubbery 

nature of bio-resin, the reduction in thermal stability above 

Tmax is a normal behavior. 

 

 
Fig.5 TGA thermograms (a) and derivative thermograms (b) of neat epoxy 
and epoxy/EPO blends 

 

Table 2: Thermal properties analyzed by TGA 

EPO 

(%) 

To 

(oC) 

TMax 

(oC) 

Char content 

at 600 °C (%) 

0 304 356 17.17 

10 328 374 13.91 

20 342 362 13.22 

30 343 368 11.93 

 

D. DIFFERENTIAL SCANNING CALORIMETRY 

DSC tests were used to analysis Tg of the epoxy systems 

with and without EPO. Fig 6 shows the DSC curve for neat 

epoxy and EPO/epoxy blend systems. The DSC results for 

EPO/epoxy blends revealed that the Tg shifted to a lower 

temperature with the increase in the EPO content.  In case of 

epoxy blends with 10, 20 and 30 wt% of EPO loading, there 

were a reduction of 23, 24 and 33 °C, respectively, compared 

to the neat epoxy. These results are strongly in agreement with 

the study on DSC characterization of biobased epoxy resin 

reported by [3,25]. They reported that the incorporation of bio-

resin into petroleum-based resin can decrease the Tg of 

0

0.5

1

1.5

2

30 80 130

S
to

ra
g

e 
M

o
d

u
lu

s 

(M
p

a
) 

Temperature (oC) 

Neat Epoxy 

10% EPO 

20% EPO 

30% EPO 

0

0.2

0.4

0.6

0.8

30 80 130

L
o

ss
 F

a
ct

o
r 

(T
a

n
 δ

) 

Temperature (oC) 

Neat Epoxy 

10% EPO 

20% EPO 

30% EPO 

0

100

30 130 230 330 430 530W
ei

g
h

t 
P

er
ce

n
t 

(%
) 

Temprature (oC) 

Neat Epoxy

10% EPO

20% EPO

30% EPO

(a) 

-0.016

-0.006

50 150 250 350 450 550

1
st

 D
er

iv
a

ti
v

e 

(%
/m

in
) 

Temperature (oC) 

Neat Epoxy

10% EPO

20% EPO

30% EPO

(b) 



 

101 
  

y Libyan Journal of Engineering Science and Technology (LJEST)   Vol. 2, No. 2,  2022 

resulting systems due to the fact that triglyceride oil-based 

resins can act as a plasticizer. 

Similar result was also observed by [26] who used modified 

Tung oil in unsaturated polyester (UPE). They suggested that 

the reduction in Tg as a function of bio-resin concentration is 

due to the decrease in crosslink density and also the increase 

in mobility of polymer chains. Therefore, based on these 

researches the reduction of Tg can be explained by the 

reduction of crosslink density as confirmed by DMA result 

and reduced the mobility of resulting polymer chains. 

 
Fig.6  DSC curve of epoxy/EPO blends at different EPO loading 

 

E. MECHANICAL PROPERTIES 

The mechanical properties of neat epoxy and modified 

systems are displayed in Table 3. In general, all the samples 

exhibit brittle behavior irrespective of incorporation of EPO 

within epoxy. The tensile strength and modulus of the 

biobased epoxy blends decreased and elongation at break 

increased with the addition of EPO. This may be due to the 

plasticizing effect of the EPO. More accurately, around 

41.2%, 49.4% and 54.4% of reduction in tensile strength was 

noted by blends with 10%, 20% and 30% of EPO, 

respectively. While about 37%, 52% and 63 declines were 

observed by strength of flexural for same samples. The 

reduction in strength and modulus for both testes (tensile and 

flexural) could be due to the plasticizing effect of EPO and the 

reduction in crosslink density of the epoxy system. A previse 

studies have reported similar result which showed a reduction 

in strength and modulus of epoxy resin blended with 

epoxidized crambe oil (ECO) [27], and epoxidized soybean oil 

(ESO) [11]. It was reported, the reduction in mechanical 

properties of biobased blend was due to the plasticizing effect 

of EVO and the reduction in crosslink density of epoxy 

system. 

However, beside the decrease in stiffness and strength, an 

increase behavior in elongation at break and impact strength 

was obtained by the addition of EPO in epoxy blend which 

represents a good plasticizing effect of EPO as shown in Table 

3. The increment in impact strength and elongation at break at 

up to 10 wt% of EPO are because of the addition of EPO has 

remarkably improved the flexibility and mobility of epoxy 

resin and could be also due to the phase separated network 

[28]. However, at 20 and 30 wt % of EPO, phase inversion 

occurs which reduces the impact strength and elongation at 

break. In case of higher amount of EPO, the excess modifier 

exudes out from the matrix or macro-phase separation takes 

place [11, 6]. The phase separation mechanism is explained 

briefly in SEM study (Fig. 6). However, it can be concluded 

that, the additional of EPO through epoxy resin reduce the 

stiffness but increase toughens. 

 

Table 3: Mechanical properties of EPO biobased epoxy resin 

EPO 

 

(%) 

Tensile 

Strength 

(MPa) 

Young’s 

Modulus 

(GPa) 

Strain at 

Break 

(%) 

Flexural 

Strength 

(MPa) 

Flexural 

Modulus 

(GPa) 

Impact 

Strength 

(J/m) 

0 60.08 1.344 5.65 108.24 2.901 49.76 

10 33.14 0.990 6.81 67.77 2.378 58.14 

20 27.26 0.880 5.75 52.10 2.164 58.98 

30 23.86 0.776 5.21 39.66 1.636 54.85 

 

F. WATER ABSORPTION 

Figure 7 represents the effect of EPO concentration on 

water uptake of the biobased thermoset epoxy resin after being 

subjected to water absorption test. In general, the figure 

clearly shows, gain in weight for samples with and without 

EPO was sharply increased for the first 10 days. Then a slight 

increase was recorded and reached the stage of saturation at 

day 40. This ensures that the water uptake of biobased systems 

has achieved the balance condition. In another word, the 

achievement of balance condition can be achieved only if all 

micro voids in the crosslinked network structure were filled 

with the water molecules [29]. Water can be existence in two 

forms (i) free water which will fill the micro-cavities of the 

network structure in the composites, and (ii) strong 

interactions occur within the water molecules and polar group 

of epoxy resin [18]. 

However, it can be seen that the addition of EPO has 

increased the water absorption ability of neat epoxy. Biobased 

systems with 10, 20 and 30 wt.% of EPO have increased the 

water uptake of epoxy/EPO blend to about 13 %, 22 % and 52 

% for systems contains of 10, 20 and 30 wt% of EPO, 

respectively.  According to [11] it can be written that the water 

free volume occurred between the heterogeneous of epoxy and 

EPO (SEM images, Fig8). Furthermore, this increase may due 

to the presence of polar carbonyl group (C=O) as confirmed 

by FTIR result as well as the hydroxyl group (-OH) which 

covalently bonded with carbonyl group in EPO chain [17]. 

Therefore, it can be concluded that the addition of EPO 

decreased the barrier properties of epoxy to water exposure. It 

was reported that the crosslink density can affect the water 

absorption behavior [31]. It has been reported the reduction in 

the crosslink density in the cured biobased resin would 

increase the breakthrough of water molecules into the EPO 

network structure and led to free water molecules into the free 

volume [15]. Therefore, the effect of crosslinking density can 
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be seen in Fig7 in which increasing the EPO loading increased 

the water uptake ability of epoxy/EPO blend. The reduction of 

crosslinking density of epoxy/ EPO loading discussed in DMA 

result.  

 

Fig.7 the effect of EPO on water uptake of biobased epoxy resin 

 

G. SCANNING ELECTRON MICROSCOPY 

SEM images of fractured epoxy and biobased epoxy 

samples shown in Figure 8 (a–d). The results showed that the 

pure epoxy fracture surface was generally uniform. A sample 

of pure epoxy showed a series of brittle fractures with no 

phase separation. This could be a control crack on the fracture 

surface, as in Fig. 8 (a). This indicates that the behavior of 

pure epoxy is linear elastic and cracks propagate planarly 

under impact loading. 

Fig8 (b), (c) and (d) show the SEM micrographs of fracture 

surface of epoxy containing 10 wt %, 20 wt % and 30 wt % of 

EPO loadings, respectively. It was noted that adding EPO has 

affected to rougher the epoxy fracture sample surface. 

According to [16], the roughness surface was due to the 

addition of vegetable oil in which they suggested that the 

mixed of resin and oil was non-homogenous. It was clearly 

seen that the roughness surface consisted of discrete 

microstructures of dispersed phase scattered throughout the 

entire epoxy matrix surface. This condition proved that all 

constituents of epoxy and EPO were not homogenous mixed at 

the molecular level and formed phase separation. These phases 

separation occurred due to different solubility of the epoxy 

and the vegetable oil [26]. However, the result showed that 

EPO has contributed to the reduction of the process of 

interaction between the epoxy and amine. A similar result was 

reported for epoxy resin modified with ESO [11]. They 

reported that the addition of ESO in epoxy resin has formed 

spherical domains of the oil that dispersed uniformly within 

the phase of epoxy resin which led to an increase in toughness 

as proved by impact strength table 3. 

  

 

   
Fig. 8 SEM micrographs of biobased epoxy resin where a 0%; b 10%; c 20% 

and d 30% 

V. CONCLUSION 

Blends of epoxy resin and epoxidized palm oil were 

characterized to study their properties. (10-30 wt%) of EPO 

has been successfully added into epoxy resin and cured by 

Jointmine (905-3S) hardener. The chemical reaction was 

confirmed by FTIR spectroscopy. In term of mechanical 

properties, the presence of EPO has improved the toughness 

and elongation at break of the resulted epoxy/EPO blend 

which indicated an increase in mobility and toughness of 

epoxy chain.  However, the addition of EPO presented a lower 

stiffness and strength compared to the neat epoxy. However, 

increasing the loading of EPO decreased the thermal stability 

and glass transition temperature of the epoxy/EPO resin. 

Moreover, the water absorption also increased as the EPO 

loading in epoxy was increased. The study of SEM confirmed 

that a miscible mixture was obtained at high amount of EPO. 
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