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Abstract 

 

This study examines the composite quality of PP and HDPE plastic waste materials using Microfiber Oil palm empty fruit bunches 

(OPEFB) as filler, the fiber used is 90 µm. The ratio of matrix: filler used is 60:40 and 70:30 for each type of PP and HDPE polymer. The 

method used is a melt blending screw extruder, where plastic and fiber materials are dissolved with a compatibilizer and then melt blended 

in an extruder by providing temperatures of 160 and 170 oC. Tensile tests showed the strength of the PP composite with a filler ratio of 

60:40 and 70:30, respectively, of 313.25 N and 336.35 N, while the HDPE composite with a filler ratio of 60:40 and 70:30, respectively 

are 392.93 N and 187.90 N. The maximum force required to break HDPE composites reaches 21.10 Mpa while for PP composites it reaches 

18.56 Mpa. From the morphology of the PP and HDPE composite samples, the overall surface structure of HDPE looks regular with a 

width from 1 to 13.5 mm. The PP composite shows a uniform and regularly arranged surface structure and the bond between the fibers and 

the filler looks more compatible but the surface pores are rougher. Heat resistance can be seen from the melting point of PP composites 

which can reach 163.81oC while HDPE composites only reach 134.21oC. 
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1. Introduction  

One of the wastes that are often encountered around us is plastic waste. There are many negative effects of plastic waste, therefore an 

effective response is needed to overcome the problem of plastic waste. Efforts to reduce environmental pollution can be done by recycling 

plastics by depolymerizing certain types of plastic into other products, such as polyethylene terephthalate (PET) into terephthalic acid and 

ethylene glycol to make fibers, molding materials, and plastic cans. The type of high-density polyethylene (HDPE), which is usually used 

for milk packaging, is made into plastic bottles, toys, pipes, and other products.  In general, there are four requirements so that a plastic 

waste can be processed by an industry, among others, waste must be homogeneous according to needs (seeds, pellets, powders, fractions), 

waste must be homogeneous, not polluted, and endeavored not to be oxidized[1]. 

On the other hand, the use of thermoplastic materials, such as polypropylene (PP) is very much consumed for packaging, such as film bags, 

bottles and containers for wrapping cheap materials in modern society. Thermoplastic composites made from lignocellulosic filler materials 

such as wood fiber and palm fruit bunches are currently being developed. Lignocellulose as a filler has many advantages over inorganic 

fillers, including low density, large deformability, flexibility, does not cause heat to the equipment during the ice process, low price, and 

comes from renewable resources [2]. 

Oil palm empty fruit bunches (OPEFB), have not been used as an economically valuable material, and cause problems for the   environment 

because their decomposition takes time. OPEFB fiber is a lignocellulosic fiber that can be used as a filler to produce good polymer com-

posites. Cellulose fiber processing has an effect on increasing the mechanical properties (tensile strength, modulus of elasticity, hardness) 

of the composite polymer. Treatment of cellulose fibers with agents enhances chemical bonds (especially amino groups) to improve the 

mechanical and chemical properties of water-immersed composite polymers[3] [4]. 

This study continues the research of Zulnazri, et al, 2020, who used HDPE polymer as a matrix with Oil Palm Empty Fruit Bunches as 

filler. Therefore, this study used PP polymer as a matrix compared to previous studies. In this study, a filler length of 90 µm was used with 

matrix variations: filler 60: 40 and 70: 30. The analyzes were mechanical properties, thermal properties and morphology [5]. 

2. Literature Review 

Composite manufacturing can be done through a two-stage process. In the first stage, the plastic raw materials are modified first. Then, the 

fillers are mixed together in a kneader and formed into a composite. Generally, this two-stage process results in a better product. The most 

influential operating conditions in the manufacture of composites are temperature, rotation speed, and stirring time. The more contact 
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surface area of the mixed material or the smaller the particles, the better the mixing process and the higher the strength of the composite 

because the movement of particles in mixing is easier and more evenly distributed on the surface. 

The solution technique used on a laboratory scale is done by dissolving polypropylene in xylene and adding fillers with various composi-

tions and particle sizes. The mixture was refluxed with variations in time and added with and without dicumyl peroxide as an initiator and 

acrylic acid as a compatibilizer to determine the optimum compatibility. After the xylene is evaporated, the chemical composition of the 

mixture is analyzed and its physical properties are readily characterized. The variables tested were: temperature, residence time, die diam-

eter, initiator concentration, compatibilizer agent content, and filler content. After the reaction process, the polymer mixture in the form of 

lumps or pellets was then put into a compression mold at a temperature of 180°C for 3 minutes without pressure, and an additional 3 

minutes with a pressure of 100 kN to form a polymer film. , for microscopic, mechanical, and homogeneity testing [2]. 

Perform chemical modification of OPEFB with maleic anhydrous (MAH) dissolved in dimethylformamide at 90°C. The MAH mixture 

and the filler mixture are processed in a Haake twin screw extruder (reverse). 2% dicumyl peroxide was added during the mixing process, 

operating temperature 165-180 °C starting from the feed zone and end zone, with a screw speed of 35 rpm. The mixture is then extruded 

and made into pellets. The pellets were molded with dimensions of 17.0 × 17.0 × 0.3 cm, then heated for 10 minutes at 180°C followed by 

hot pressing for 10 minutes. Cooling was carried out for 5 minutes before testing the flexural and impact properties [6]. 

Processed cellulose and EFB fibers were mixed in various ratios above 50% with PP matrix which had been treated using a brabender twin-

screw compounder at 180°C for 20 minutes, with a roller speed of 50 rpm. The printed composite sheet with a thickness of 1.2.3 mm was 

produced at a temperature of 190 °C and a pressure of 150 kg/m2. This process occurs preheating for 5 minutes 3 minutes, complete 

pressing in a hot press followed by cooling for 3 minutes under pressure from equipment equipped with a chiller. Then the mechanical and 

morphological tests of the composite were carried out [7]. The tensile strength of PP composites increased with the addition of OPEFB 

fiber above 20% and acrylic acid 3% and dicumyl peroxide ratio of 0.01 mol. Meanwhile, the elongation nature shows a downward trend. 

This observation also occurs when using a single screw extruder [7]. 

To improve the quality of the composite, a coupling agent was added to the thermoplastic polymer which aims to increase the interfacial 

adhesion between the thermoplastic and the fiber. The use of coupling agents will form cross-links between polymers and fibers so that the 

composite is stronger. The coupling agent that easily forms cross-links between polymers is maleic anhydrous (MAH). MAH is a compound 

that will form cross-links between polymers and other polymers. Cross-links can also occur between fiberglass and PP and HDPE. This 

cross-linking can occur properly if peroxide is added as an initiator which helps open the CH bonds in PP to form +R-OH radicals [5]. 

3. Methods  

HDPE and PP plastics as the matrix were pulverized by crusher, OPEFB fiber as filler was pulverized with a grinder mill with a size of 90 

µm. Modification of the manufacture of composites by mixing the matrix with fiber, 70 g of matrix moistened with 20 ml of 0.25% BPO, 

stirred until homogeneous over the entire surface of the matrix, 30 g of filler was moistened with 20 ml of 2.5% MAH. Furthermore, the 

matrix and filler are mixed and stirred until homogeneous, then the mold is put in a compression mold to obtain a composite specimen of 

ASTM D-638 type IV [8]. Composite quality tests carried out include Tensile Strength, SEM, and DSC. 

4. Results and Discussion 

4.1. Tensile Strength 
Table 1 shows the tensile test results for HDPE and PP composites with matrix composition: 60:40 and 70:30 fibers, with a fiber size of 

90 µm. 

Table 1. The results of the HDPE and PP composite tensile strength tests 

Name Max Force Max Stress Break Force Break Disp. 

Parameter Calc. at Entire Area 

(N) 

Calc. at Entire Area 

(MPa) 

Sensitivity: 10 

(N) 

Sensitivity: 10 

(mm) 

HDPE 60:40  

HDPE 70:30  

PP 60:40  

PP 70:30  

392.93 

187.90 

313.25 

336.35 

21.11 

9.58 

14.03 

18.56 

391.56 

95.67 

155.09 

322.79 

1.87 

1.49 

1.42 

1.24 

Figure 1 in graph (a) shows the graph of the results of the HDPE composite tensile test with a matrix/filler ratio of 60: 40 and a filler size 

of 90 µm. Table 1 and Figure 1 (a) explain that the maximum tensile strength in this treatment is 21.11 MPa and the composite will fracture 

at a force of 391.56 N. Figure 1 (b) shows the graph of the tensile test results for HDPE composites with a matrix/filler ratio of 70 : 30 and 

the filler size is 90 µm. Table 1 and Figure 1 (b) explain that the maximum tensile strength in this treatment is 9.58 MPa and the composite 

will fracture at a force of 95.67 N. 
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Fig 1. Composite tensile test graph, (a) HDPE : filler (60 : 40), (b) HDPE : filler (70 : 30), (c) PP : filler (60 : 40), (d) 

PP : filler (70:30) 
Based on the above analysis, it can be seen that the maximum tensile strength of HDPE composites with a matrix: filler ratio of 60: 40 is 

21.11 MPa and the composite will fracture at a force of 391.56 N. Analysis of PP composites shows that the maximum tensile strength 

owned by PP composites with a matrix: filler ratio treatment of 70: 30 which is 18.56 MPa and the composite will fracture at a force of 

322.79 N. It is clearly seen in Figure 1 that HDPE composites are more flexible than PP composites where if the composite is If given a 

load, the composite will experience flexibility before fracture. This indicates that the bond strength between the various components in the 

composite has a significant effect on its properties. The bond between the HDPE matrix is stronger than the bond between the PP matrix 

and the OPEFB filler. 

4.2. Scanning Electron Microscopy (SEM) 

The morphology and dimensions of the two HDPE and PP materials after mixing with OPEFB filler were determined by SEM analysis 

as shown in the following figure. 
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(c)                                                                                                         (d)  
Fig 2. Morphological analysis by SEM, (a) HDPE composite (60:40), (b) HDPE composite (70:30), (c) PP composite (60:40), (d) PP 

composite (70:30) 90µm 

The overall surface structure of HDPE looks regular with a width from 1 to 13.5 mm. Scanning electron micrographs show the 

morphological changes of the composites due to the size and fineness of the fibers. So that the size of the fineness of the fiber as a filler 

needs to be considered to provide a better surface structure, as shown in Figures 2 (a) and (b) show that the surface structure tends to be 

less uniform. The fibers shown in this figure show the typical shape of the lignocellulosic morphology of OPEFB. 

Same as in HDPE composites, the results of SEM analysis on PP composites showed changes in the morphology of the composite because 

it was influenced by the size and fineness of the fiber. However, PP composites always provide a surface morphology that is not neatly 

arranged with fibers due to the elastic and very tough properties of PP so that it can cover the surface of the fiber. The size of the fineness 

of the fiber as a filler needs to be considered to provide a better surface structure, as shown in Figures 2 (c) and (d) showing a uniform and 

regularly arranged surface structure and the bond between the fiber and the filler looks more compatible but the surface pores more rough. 

4.3. Differential Scanning Calorymeter (DSC) 

The DSC (Differential Scanning Calorymeter) test is carried out to see the melting point of the composite to heat and to see the amount of 

heat needed to reach the melting point. Composite materials experience a decrease in melting point along with the addition of filler, this 

occurs because the polymer chain is physically degraded, meaning that the polymer chain is pushed by the filler material, thereby damaging 

the polymer molecular chain bonds. 

The melting point and decomposition temperature of HDPE and PP composites is not a single price but lies in a certain range. Figures 3 

(a) and (b) show that the first peak provides information about the melting point of the material, while the second peak provides information 

about the decomposition temperature and the general character of the curve. The melting point is influenced by the shape of the molecular 

symmetry and the molecular weight of the polymer compound and the degree of crystallinity of the composite material, the higher the 

degree of crystallinity of the composite material, the higher the melting point of the composite material, and vice versa. 

In Figure 3 (a) above, it is clear that the melting point of the tested composites, where the melting point of HDPE-OPEFB composites can 

reach 134.21oC. The decomposition temperature is the temperature at which the material begins to change in composition and there is a 

shift in the molecules contained in the constituent materials. From Figure 3 (b) it can be seen that the PP-filler composite has a point of 

163.81oC. 
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Fig 3. Thermal test analysis with DSC (a) HDPE composite (70:30), (b) PP composite (70:30) 

 

 

5. Conclusion  

From the research that has been done, HDPE composites have better quality than PP composites when viewed from the tensile test and 

surface morphology. This is indicated by the maximum force reaching 21.10 MPa for HDPE while for PP composite the maximum force 

reaching 18.56 MPa. For SEM results, HDPE's surface structure is neater than PP. And the heat resistance of HDPE and PP composites is 

also different, for PP composites have greater heat resistance than HDPE composites. 
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