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ABSTRACT 

Waste cooking oil (WCO) comprises polyethylene terephthalate (PET) compounds, which can be converted to 

polyol and utilized as a raw material for production of polyurethane (PU). The PU foam composite was made by 

compounding WCO as polyol source, toluene diisocyanate and utilized sugar palm fiber with different fiber loading : 10, 

20, 30 and 40 (%w) at ambient temperature and stirred rapidly for 1 minute. This study aims to evaluate the effect of sugar 

palm fiber loading on the characteristics of PU foam composite, include tensile strength, elongation at break, modulus of 

elasticity, impact strength, water absorption, fracture morphology analysis through SEM and functional group analysis 

through FTIR. Result showed that the fibre loading are greatly influenced the mechanical properties of  PU foam 

composite as indicated by the good adhesion between fibre and matrix on the fracture morphology through SEM analysis 

with the maximum value of obtained at 30% fiber loading. Fibre loading also caused an increase in the water absorption 

properties of PU foam composite. This is due to the hydrophilic nature of the fibers with the presence of hydroxyl groups, 

which can react with water molecules, as opposed to the hydrophobic nature of the PU matrix. 
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INTRODUCTION 

In Indonesia, cooking oil usage is substantial. 

Indonesians consumed over 3.4 billion liters of cooking oil 

on a national level in 2017 and there is no systematic 

effort to collect and repurpose waste cooking oil for other 

purposes [1]. It can cause a significant environmental 

burden if it is improperly disposed in oil and wastewater 

[1], [2]. Waste cooking oil (WCO) comprises polyethylene 

terephthalate (PET) compounds, which can be converted 

to polyol and utilized as a raw material for production of 

polyurethane (PU)[3]. In general, the use of polyol for the 

production of PU foams is based on polyethers derived 

from ethylene or propylene oxide obtained from 

petrochemicals. Polyol production from petrochemicals 

consumes more energy, is expensive, and also has 

negative impacts on the environment. As a result, a new 

source of polyols for polyurethane production is urgently 

needed [4]. Synthesis of polyol from WCO has the 

potential to improve its use [5]. 

Polyurethane (PU) is a type of linear block 

copolymer made by reacting polyol and diisocyanate with 

a surfactant, catalyst, blowing agent, and additional 

additives such as fire retardants and smoke suppressants 

[6]. Almost 17 million tons of polyurethane were produced 

in 2017, with consumption expected to approach 21 

million tons by 2021[7].Due to its mechanical and 

chemical characteristics, polyurethane has become the 

most significant polymeric material. Rigid and foam PU 

are the most commonly used PU forms [8]. 

Natural fibers (lignocellulosic fiber) have 

attracted the interest of researchers due to advantages such 

as reduced abrasion on equipment, renewability, 

recyclable, biodegradability, less health risks, and weight 

and cost reductions when used for industrial purposes and 

polymer reinforcement [9], [10]. Sugar palm fibers is one 

of the natural fibers which has potential properties to be 

used.  Sugar palm fibers are now classified as waste 

products from sugar palm farming. Sugar palm is a 

multipurpose plant that is widely grown in these countries. 

The fibers are primarily lignocellulosic and multicellular, 

with a high cellulose content which can improve 

mechanical properties of the product [11].  

Most previous research has been conducted on 

the utilization of natural fibers such as alfa [12], cocoa pod 

husk [10], kenaf [13], sawdust, and sisal [14] as a 

reinforcing agent for PU composites production. That 

research evaluated the effect of fiber loading on the 

characteristics of the resulting PU composites.  

The utilization of WCO as a polyol source has 

been done by Lubis et al. (2018) without adding some 

filler to the production of PU composite. They found that 

the best tensile strength was obtained at toluene 

diisocyanate and WCO ratio of 1:1 (%w) with a value of 

0.403 MPa and the best impact strength was obtained at 

ratio of 1:4 (%w) with a value of 600.975 J/m
2 

[15]. The 

effect of fiber loading on the mechanical properties of PU 

composite needs to be inverstigated.  As a result, the aims 

of this research is to evaluate the characteristics of the PU 

foam composite after being added with different amounts 

of sugar palm fiber. 
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MATERIALS AND METHODS 
 

Materials 

WCO was obtained from Giant Fried Chicken at 

A. H. Nasution St, (Medan, Indonesia) to be utilized as a 

polyol source. Polyol FF 7119-2 and toluene diisocyanate 

were purchased from CV. Indo Jaya on Belawan (Medan, 

Indonesia). Sugar palm fiber, purchased from merchant on 

Binjai (Medan, Indonesia), was used as reinforcing agent.  

 

Preparation of Sugar Palm Fiber 

Sugar palm fibers were washed of dust and dried 

for 10 hours in the sun. In preparation, sugar palm fiber 

was grinded and sieved to a particle size of 100 mesh in a 

ball mill for 5-7 hours. 

 

Preparation of WCO 

WCO was prepared to obtain polyol by filtering 

WCO to remove fat and residues. The WCO and polyol 

with a ratio of 3:7 (%w) were then slowly mixed at 80°C 

for 2-3 minutes. 

 

Preparation of PU Foam Composite 

The manufacture of PU composite foam was 

carried out by mixing the WCO and polyol mixture with 

toluene diisocyanate at ratio of 1:1 (%w) with rapid 

stirring for 1 minute at ambient temperature. Sugar palm 

fiber powder was added and mixed quikcly into the 

mixture with various fiber loadings of 10%, 20%, 30%, 

40% (%w). Then the mixture was poured into the mold. 

Characterization of PU Foam Composite 
The product were cut and tested according to 

ASTM D 3039 to determined the tensile strength, 

elongation at break, and modulus of elasticity properties of 

composite. While impact strength was tested according to 

ASTM D 4812-11 standard. Functional group analysis was 

determined using Fourier-Transform Infrared 

Spectroscopy (FTIR) and the fracture morphology was 

analyzed using Scanning Electrom Microscope (SEM). 

Water absorption test was performed according to ASTM 

D 570 where the speciments sized 25 mm x 25 mm. 

Composite samples were first dried by heating 50 
o
C for 

24 h and normalized in desiccator for 24 h. Then samples 

weighted and soaked in a bath of distilled water at room 

temperature until constant. The percentage of water uptake 

was calculated as followed: 

 WA(%) = Wt−WoWo x 100%                                               (1) 

 

Where Wt and Wo were the dried weight and 

final weight of the sample, respectively. 

 

RESULTS AND DISCUSSIONS 

 

Tensile Strength 

The influence of sugar palm fiber loading on the 

tensile properties of the PU foam composites are presented 

in Figure-1. 

 

 
 

Figure-1. The influence of sugar palm fiber loading on the tensile strength properties 

of PU foam composites. 

 

Figure-1 shows that there was an increase in the 

tensile characteristics of the PU foam composite with the 

increase in the amount of sugar palm fiber. Composite 

containing 30% fiber has a maximum tensile strength of 

0.978 MPa. This result was incordance with previous 

research done by Lubis et al. (2018), which also utilized 

WCO as a polyol source without adding some filler with 

the same toluene diisocyanate and WCO ratio of 1:1 (%w) 

for the production of PU composites[15]. There was an 

increase in the value of tensile strength from 0.403 MPa to 

0.978 MPa. This is related to the fact that the molecular 

weight of fibres increases polymer strength [16]. 

The results in Figure 1 indicate that a relatively 

small 10% loading of sugar palm fiber leads to a slight 

improvement in the tensile strength properties, and as the 

amount of sugar palm fiber is higher than 30%, the tensile 

strength continues to decrease. Low tensile values with 

high fiber loadings could be related to fiber agglomeration 
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and aggregation, indicating poor fiber dispersion in the 

matrix and poor interfacial bonding between fiber and 

matrix. This occurrence resulted in fiber-fiber interaction 

instead of fiber-matrix interaction [17]–[20]. 

 

Elongation at Break 

Figure-2 shows the influence of sugar palm fiber 

loading on the elongation at break of PU foam composites. 

The elongation at break slightly increased with increasing 

fiber load from 10% to 20% and then slowly decreased 

from 20% to 40%. Increased filler loading reduces 

elongation at break, indicating that the filler is unable to 

maintain tension transfer from the filler to the polymer 

matrix [21]. The highest value of elongation at break 

obtained at 10% fiber loading with a value of 6.381%. The 

increase in the 0 to 10% fiber loading could be caused by a 

number of factors.  According to Caroline et al. (2020), 

the mechanical characteristics of composites are 

influenced by the specific mass of the dispersed phase. 

Bubbles can form in a composite with high specific mass 

reinforcement, reducing resistance because they are unable 

to transmit stress to the rest of the material, thereby 

reducing elongation properties [14]. 

 

 
 

Figure-2. The influence of sugar palm fiber loading on the elongation at break properties 

of PU foam composites. 

 

Impact Strength 

Figure-3 shows the influence of sugar palm fiber 

loading on the impact strength of PU foam composites. 

The energy impact was used to determine how much 

energy a material could absorb before cracking [22]. From 

the graph shown in Figure-3, it is found that the impact 

strength values fluctuated with an increasing amount of 

fiber. The maximum value of impact strength was 844.75 

J/m
2 

for 30% sugar palm fiber addition. The decrease in 

impact strength at 40% fiber loading could be attributed to 

a lack of energy absorbance and the increase in stiffness of 

the composite by increasing fiber content [9], [10].  

 

 

 

 

Modulus of Elasticity 

The influence of sugar palm fiber loading on the 

modulus of elasticity of PU foam composit is shown 

Figure-4. The modulus of elasticity is a measure of the 

material, which means the resistance of the material 

against elastic deformation [23]. A large elastic modulus 

will result in a smaller elastic strain due to the application 

of stress, so that the value of the modulus of elasticity will 

be proportional to the value of the tensile strength and 

opposed to the value of elongation at break. The results in 

Figure 4 showed the minimum modulus of elasticity 

obtained at 10% filler loading with a value of 4.706 MPa 

and the maximum obtained at 30% filler loading with a 

value of 33.154 MPa. A filler content of 40% showed a 

slightly lower modulus of elasticity, which could be 

related to fiber agglomeration and aggregation [18]. 
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Figure-3. The influence of sugar palm fiber loading on the impact strength properties 

of PU foam composites. 

 

 
 

Figure-4. The influence of sugar palm fiber loading on the modulus of elasticity properties 

of PU foam composites. 

 

Functional Group Analysis 
Figure-5 shows the FTIR spectra of sugar palm 

fiber, pure PU, and PU foam composite wth 30% fiber 

loading. The FTIR spectra of sugar palm fiber reveals an 

absorption band at 2897 cm
-1

 indicates the stretching 

vibration of C-H bond of methyl and methylene groups. 

The C=O group is stretched at 1712 cm
-1

, whereas the CC 

conjugation is stretched at 1604 cm
-1

, which is primarily 

owing to hemicellulose and lignin, respectively [10], [12]. 

A stretching vibration signal was observed at 3414 cm
-1

 

corresponding to the fiber’s hydroxyl groups [24]. C-O 

stretching of acetyl groups in hemicellulose and lignin was 

also linked to absorption at 1246 cm
-1

[10]. 

Figure-5 shows the FTIR spectra of pure PU and 

PU foam composite with 30% fiber loading. For PU foam 

composite, absorption bands at 3402 cm
-1

 and 1743 cm
-1

 

attributed to N-H peak and C=O peak, respectively, were 

identified. This indicates that the isocyanate and hydroxyl 

components reacted to generate the PU foam [4]. The 

results in Figure-5 showed the presence of hydrogen bonds 

between the matrix's N–H bonds and the O–H groups of 

cellulose in fiber, as well as a reinforcement of the C–O, 

bound's valence vibration band, which is positioned at 

1743 cm
-1

, as fiber loading increases [12]. The vibration 

stretching of the amide I band in the urethane pre-polymer 

has been assigned a value of around 1743 cm
-1

. For PU 

and PU composites, respectively, the combination of N–H 

deformation and C–N stretching vibration of amide II 

occurred at 1465 and 1469 cm
-1

[10], [12]. The absorption 

band at 2279 cm
-1 

can be attributed to free isocyanate 

groups (NCO), confirming that the polymer backbone 

contains an excess of NCO-terminated groups. The 

composite FTIR spectra, on the other hand, clearly 

displays signs of binding between the urethane polymer 

and the sugar palm fiber [10]. These findings point to an 

increase in hydrogen bonding between urethane C–O 

groups and cellulose O–H groups in fiber. All of these 

findings point to the presence of hydrogen between the 

matrix and the reinforcement, as the author has already 

stated [12]. 
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Figure-5. The FTIR analysis of  sugar palm fibers, pure PU, and PU foam composites. 

 

Water Absorption 

Figure-6 shows the influence of sugar palm fiber 

loading on the water absorption properties of PU foam 

composites. Water absorption increases with increasing 

fiber load and is 20.54%, 48.42%, 51.69%, 55.09%, and 

63.118% for 0%, 10%, 20%, 30%, and 40% sugar palm 

fiber loading, respectively. This indicates that water 

molecules are known to be tightly bound to the surface 

hydroxyl groups of sugar palm fiber [12]. The phenomena 

of water uptake can be attributed to the hydrophilic nature 

of natural fiber due to the presence of hydroxyl groups, 

which can react with water molecules, in contrast to the 

hydrophobic polyurethane matrix [25]. 

 

Morphology 

Figure-7 shows scanning electron microscopy 

(SEM) images of fractured pure PU and PU composites at 

a magnification of 100x. Morphological differences are 

observed when comparing the structures of fracture pure 

PU  in Figure-7 (a) and fracture PU composites in Figure-

7 (b). It can be seen that the purePUhas more foam 

stucture compared to PU foam composite as shown in 

Figure-7 (b). PU foam composite has a denser and more 

compact structure.This suggest that the sugar palm fiber 

filler has been distributed homogeneously and has foam 

spaces in the PUfoam composite, thus increasing the 

mechanical properties of PU. Composite with 30% fiber 

loading as shown in Figure-7 (b) has no visible between 

fiber and matrix, indicating strong fiber-matrix adhesion. 

Homogeneity in PU composites means good interfacial 

interaction between fibers and matrix, which can imply 

improvements in the mechanical properties of PU 

composites [10]. This backs up the findings of this study, 

which show that fiber loading that is spread uniformly 

increases tensile strength, modulus of elasticity, impact 

strength, and water absorption of PUfoam composites. 

 

 
 

Figure-6. The influence of sugar palm fiber loading on the water absorption properties 

of PU foam composites. 
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                                                                 (a)                                                                  (b) 
 

Figure-7. Fracture morphology analysis result of (a) pure PU  and (b) PU composite 

with 30% sugar palm fiber loading. 

 

CONCLUSIONS 
From this study, the variation of sugar palm fiber 

loading on the sinthesized of PU foam composites helped 

to enhanced the mechanical properties of composites. PU 

foam composites showed a rising trend in tensile strength, 

modulus of elasticity, and impact strength as sugar palm 

fiber loading increased composite as indicated by the good 

adhesion between fibre and matrix on the fracture 

morphology trough SEM analysis with the maximum 

value of of PU foam composite obtained at 30% fiber 

loading. The composite FTIR spectra, clearly displayed 

signs of binding between the urethane polymer and the 

sugar palm fiber. Fibre loading also caused an increase in 

the water absorption properties of PU foam composite. 

This is due to the hydrophilic nature of the fibers with the 

presence of hydroxyl groups, which can react with water 

molecules, as opposed to the hydrophobic nature of the PU 

matrix. 
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