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This research examines the strength of the UPRs-Cantula composite with the 

addition of filler microcrystalline cellulose (MCC). Composites were created 

with a volume fraction of 30% Vf and a 45° angle. This angle variation received 

the same treatment as the others, including untreated, alkaline, and fumigation. 

The treatment time for alkali treatment was 6 hours, while the treatment time 

for fumigation was 10 hours. The strength of each angle variation was 

determined, as well as its treatment of tensile strength, modulus of elasticity, 

and Poisson's ratio UPRs-cantula composites. According to the results, the 

alkali treatment produced the highest tensile strength and elastic modulus 

values. The highest Poisson ratio value was discovered without treatment at a 

45°. The alkaline treatment yielded the highest tensile strength and modulus of 

elasticity test results. The pullout fiber fracture dominated the untreated 

composite fracture, whereas the fiber breakage fracture dominated the alkaline 

treatment. 

 

1 Introduction  

There are many developments in alternative materials in manufacturing and support for the 

development of Science and Technology (IPTEK), one of which is in composite material innovation. A 

polymer-reinforced fiber (PRF) is a composite material of a polymer matrix and high-strength fibers [1]. A 

composite is a material of two parts: reinforcement and matrix. The combination of these components 

results in unique mechanical and thermal properties that a single material cannot achieve [2], [3]. 

Environmental concerns lead to environmentally friendly and renewable materials like biocomposites. 

Biocomposites are materials made from environmentally friendly matrices and reinforced with natural 

fibers. Natural fibers are derived from plants or animals with advantages over synthetic fiber composites, 

such as good thermal insulation, high specific strength, environmental friendliness, sustainability, and 

stiffness properties due to low density [4], [5]. Natural fibers are a potential replacement for glass fibers in 

composite materials due to these advantages. The thermoset is a polymer matrix that is  
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Currently in use. Unsaturated polyester, epoxy, and phenol are the most commonly used thermoset 

polymers [6]. 

Cantula fibers are natural fibers that can be used in bio-composites. Agave cantala is a plant in the 

Asparagaceae family. The plant has been cultivated in the Philippines since 1783 and is currently growing 

in Indonesia [7]. They are widely available, inexpensive, have good mechanical properties, low density, are 

non-abrasive during processing, and contain cellulose [8]. Cantula fiber has a high potential as a composite 

reinforcing material due to its high cellulose content of approximately 64.23% [9]. The unsaturated 

polyester matrix is made up of two polymers: a linear polymer with an ester bond and a polymer with an 

unsaturated double bond [10]. Unsaturated polyester has the advantages of being easy to process, having 

good mechanical properties, and being inexpensive [11]. Cellulose is a compound that influences natural 

fiber polymer composites. Microcrystalline cellulose is a promising natural material derived from native 

cellulose that could be used to create nanocomposite or polymer composite materials [12]. Microcrystalline 

cellulose (MCC) is pure cellulose isolated from alpha-cellulose using mineral acids that has the advantages 

of being renewable, having high mechanical properties, being free of toxins, and being biocompatible [13]. 

Microcrystalline cellulose can improve composite material properties and characteristics [14]. It is well 

known that alkali treatment and the addition of microcrystalline improved flexural strength and modulus of 

elasticity, similar to the study conducted by Sakuri et al. [15]. 

The fiber and matrix adhesion bond influences the mechanical properties of polymer composite fiber 

reinforcement. Fumigation is a technique used to reduce the moisture content of fibers, causing the surface 

to roughen and the mechanical properties of composites to improve [16]. Palungan et al. [17] investigated 

the effects of fumigation on King pineapple leaf fiber hemicelluloses and lignin content, causing the fiber 

surface to become rough and grooved as the water content decreased and fiber density increased. Alkali 

treatment is another method for influencing the adhesion bond in polymer composites. Alkali treatment can 

increase the tensile strength of a composite by increasing the bond between the fiber and matrix by 

removing lignin and hemicellulose in natural fibers [18]. Figure 1 shows natural fiber's simplified lignin 

and hemicellulose [19].  

 
Figure 1. Lignin and hemicellulose in natural fiber [19] 

The ability of a composite is highly dependent on its mechanical properties and the relative content 

of the reinforcing material and the matrix material. The composite also depends on many parameters, 

including fiber orientation [20]. Based on this, a composite study of the effect of alkaline treatment and 

fumigation with the addition of MCC on the tensile strength and Poisson's ratio of unsaturated polyester 

composites reinforced with cantula fiber is required description. The treatment included 6 hours of 6% 

concentration (NaOH) and 10 hours of fumigation. By varying the angle by 45°. 

 

2 Experimental Methods   

2.1 Materials   

1. Cantala fiber 

One of Indonesia's many natural fibers is agave cantula. Indonesia first encountered agave cantula 
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in the nineteenth century. Agave cantula is characterized by its bluish-gray color, densely pointed spiny 

leaves, excellent drought resistance, and relatively low fiber output [21]. The extraction method is used 

to obtain fiber from the agave cantula plant. During the extraction process, the leaves to be extracted are 

clamped with a unique tool and then pulled at one end to separate the fibers [22].  Cantula fiber from 

Pengasih Village, Kulon Progo District, Yogyakarta Special Region Province is shown in Figure 2. 

 

Figure 2. Cantula fiber 

2. Unsaturated polyester 

Unsaturated Polyester of the Ortho-Phthalic type, YUKALAC 157-BQTN EX, is used as a binder 

between fibers and is available from PT Justus Sakti Raya. 

 

3. Microcrystalline cellulose (MCC) 

Microcrystalline cellulose is a promising natural material derived from natural cellulose that could 

be used to create nanocomposites or polymer composites [11]. Sigma-Aldrich Pte Ltd Singapore supplied 

the microcrystalline cellulose. Initially, MCC was widely used in the food, cosmetic, and medical 

industries, among others. MCC was then widely used as a reinforcing agent in polymer composites 

because of its low cost, low density, and low abrasion to equipment [13].   

 Coconut husks similar to those in Fig. 3 were purchased from Pasar Palur, located at Jl. Raya 

Terminal Palur in Banaran, Ngringo, Kec. Central Java, Karanganyar Regency, Central Java. The smoking 

procedure will make use of this coconut shell. 

 
Figure 3. Coconut husk 

2.2 Fabrication 

For 6 hours, the cantula fibers were immersed in an alkaline solution composed of distilled water 

and NaOH crystals at a concentration of 6%. The cantula fibers were then immersed in a 1% acetic acid 

solution and rinsed with distilled water until clean, and the pH reached 7. The cantula fibers were then 

dried in an oven for 10 hours at 60°C. After that, cut it into 10 cm pieces. A fumigation process for cantula 

fibers is carried out for 10 hours while maintaining the fumigation temperature of 40°C-60°C. The fiber 

is then cut to a length of 10 cm. The input of all compositions, including cantula fibers, unsaturated 

polyester matrices, MEKPO catalyst (1% of total volume fraction of unsaturated polyester), and MCC 

(5% of total volume fraction of unsaturated polyester), into the mold, is the first step in the creation of 
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composites. The fibers are then arranged at a 45°. After that, print the composite using the compression 

molding technique at room temperature for 12 hours with a pressure of 10 MPa. The composite was then 

placed in the oven for a 2-hour post-cure at a temperature of 60°C. The composite was then cut following 

ASTM D638. One chemical treatment that affects surface roughness in a composite is cantula fiber 

fumigation. The fumigation process lasts 10 hours and is carried out with smoke generated by burning 

coconut fibers. Figure 4. displays the equipment used in the fumigation procedure. The temperature used 

in the fumigation process ranges from 40°C to 60°C to generate a large amount of smoke while not heating 

the cantula fibers. Cantula fiber was alkali-treated by immersing it in a NaOH solution for 6 hours. Cantula 

fiber was washed in a 1% CH3COOH solution to remove any treatment traces. 

 
Figure 4. Equipment for the fumigation process 

Cantula fiber, unsaturated polyester resin, catalyst, and microcrystalline cellulose (MCC) were 

weighed with a volume fraction of 30%, matrix volume fraction of UPRs 70%, and MCC added at 5%. 

The cantula fiber must be inserted into the mold. Before inserting the mold, the top and bottom must be 

waxed to prevent sticking. Then, until the mixture is evenly distributed, pour the matrix composition of 

unsaturated polyester resin, catalyst with a composition of 1%, and microcrystalline cellulose with a 

composition of 5% of the total volume fraction of unsaturated polyester into the mold. Following that, an 

emphasis of 10 kg/cm2 was applied for 12 hours. The specimens are placed in a 50°C oven for 12 hours 

when the process is finished. 

2.3 Testing Method 

Tensile strength is the mechanical property investigated in this study. Tensile testing is performed 

following ASTM D638. Figure 5 shows the JTMUTS510 machine used in the Engineering Materials 

Laboratory, Mechanical Engineering Study Program, Faculty of Engineering, Sebelas Maret University. 

 
Figure 5. Universal Testing Machine 

3. Result and Discussion 
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 The tensile strength and modulus of elasticity of the UPRs - cantula composite can be seen in Figures 

6 and 7. The values for both the tensile strength and the modulus of elasticity have comparable values. The 

alkali treatment has the most significant tensile strength value and elastic modulus of 23.30 MPa and 3.51 

GPa. Then fumigation treatment has a tensile strength value and modulus of elasticity of 13.05 MPa and 

3.106 GPa. Without treatment, the tensile strength and modulus of elasticity were the smallest compared to 

the alkali and fumigation treatment, with values of 11.38 MPa and 3.047 GPa. 

 

Figure 6. Tensile strength on 45o orientations of UPRs-cantula composite fibers 

 

Figure 7. Modulus elasticity on 45o orientations of UPRs-cantula composite fibers 

 Figures 6 and 7 show that the alkali treatment has the greatest tensile strength and modulus of 

elasticity. This is because natural fibers have high hemicellulose, pectin, and lignin that can cause 

mechanical properties to decrease correctly, and one way to improve is by alkaline treatment [23]. The 

alkaline treatment also aims to reduce the hydrophobic properties that cause the optimal hydrophobic 

interfacial with thermoset or thermoplastic matrices to be more optimal [24]. 

 

Table 1. Poisson’s ration value on UPRs - cantula composite 

Treatment 𝓔𝐱 𝓔𝐲 Vxy 

UT 45° 0,0046 0,0118 0,389 

AL 45° 0,0048 0,0131 0,366 

FG 45° 0,0042 0,0111 0,378 

  

 Poisson's ratio (Vxy) value was obtained after conducting a strain gauge test where the results 

obtained were a comparison of the value of strain in the direction of the lateral axis (𝓔𝐱) to the axial axis 

(𝓔𝐲) [25]. Table 1 shows that the results of alkaline treatment have the lowest Poisson's ratio value 

compared to no treatment or fumigation. This is because the alkaline treatment for 6 hours will cause the 

amorphous area in the UPRs-cantula composite to disappear, causing the value of the hybrid strain to 

decrease and will result in the value of the Poisson's ratio also decreasing [26]. Meanwhile, it can also be 
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seen from the data above that the UPRs-cantula composite without treatment had the highest Poisson ratio 

value compared to alkaline and fumigation treatment. This is because the fibers in the untreated composites 

still have a lot of amorphous properties and can withstand more loads, so the strain value increases, and the 

value of the compound Poisson's ratio increases [27]. 

 Figures 8 and 9 show the results of an SEM photo of the fracture of an unsaturated polyester polymer 

composite with an angular orientation of 45° without treatment and alkali treatment. In the alkaline treated 

fiber with an angle orientation of 45°, it can be seen that the bond between the fiber and matrix is better 

than in the untreated composite. In Fig. 4, it can also be seen that the composite has a fiber breakage fracture, 

and there is a tight bond because the lignin and hemicellulose content in the fiber has disappeared. The 

alkaline treatment also improves the bond between the fiber and the matrix to be more optimal [28]. Sakuri 

et al. [15] have also carried out these results regarding observing the microscopic cantula fiber. In the 

observation research, untreated cantula fibers still have a smooth surface, and the content of lignin, 

hemicellulose, and other impurities is still visible. Meanwhile, the cantula fiber with alkaline treatment 

shows that lignin, hemicellulose, and other impurities have started to thin out and effectively make the 

surface of the cantula fibers broader and coarser, which forms a better bond with the matrix. 

 

Figure 8. Composite fracture observation untreatment 

 

Figure 9. Composite fracture observation alkali treatment 

 

 

4. Conclusion 

 According to the findings of the research and discussion of unsaturated polyester composites with 

cantula reinforcement, the alkali treatment had the highest tensile strength and elastic modulus at an 

orientation angle of 45°. In contrast, the untreated had the lowest value of 1.5 GPa. Compared to fumigation 

and no treatment, alkali treatment can increase tensile strength and modulus of elasticity. The UPRs-cantula 

composite's Poisson ratio reached its maximum value with no treatment and 0.389. The fiber pulls out 
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fracture type predominated in the outcomes of the untreated UPRs-cantula composite fracture. At the same 

time, numerous types of fiber breaking in the alkali-treated composite are breaking.  
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