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Abstract. Widely used of plastic material regularly produce ecological and environmental issues due to increased number of 

waste. Recycle process is an alternative to overcome the plastic waste issues.  Effect of using recycled plastic material is 

molecular structure changes that will affect to its physical and mechanical properties. The melt flow rate’s (MFR) materials 

properties are closely related to the production of plastic products, especially to determine the type of forming process and 

temperature setting of each material. This study aims to determine the effect of the frequency of recycling on the flow rate 

properties of Trilene HI 10HO Polypropylene (PP) plastic materials using experimental methods. Based on analysis, the MFR 

value of recycled polypropylene material has increased as the frequency of recycling is increased. The MFR value did not change 

much until the 2nd recycling process, but it’s changed drastically at the 3rd and 4th recycling process and the MFR value 

increased 4 times compared to the virgin material. And on the 6th recycling process, the MFR value increased up to 7 times. In 

addition to changes in the MFR value, recycled materials also have a darker color shift. 
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I. INTRODUCTION  
Polymers are one kind of materials that are commonly used in wide range of purpose such as food and 

beverages packaging, medicine, automotive and others [1] due to its ability to be easily manufactured especially in 

large quantities. The enormous amount of polymer has come into ecological and environmental issue as a result of 

its inability to decompose naturally [2]. The recycling process is the best way to handle waste polymer products in 

comparison to the traditional techniques (combustion of waste polymers or burial underground), which have 

detrimental impacts on the environment owing to the development of dust, fumes, and harmful gases [3]. 

Polypropylene is a linear – semi crystalline hydrocarbon polymer belonging to the thermoplastic polymer family 

with a high degree of crystallinity because it has a 95–98% isotactic phase and a 2–5% atactic [4]. 

MFR is an indirect measure of molecular weight and can be a simple indicator of how the addition of 

recycled materials affects the final process ability of the original resin [5]. In the plastics industry, one of the most 

useful data in determining the type and process conditions related to temperature regulation is the value of the melt 

flow rate (MFR) and melt volume rate (MVR) of the material [6] to control the volume and flow rate of the material 

to ensure product quality [7]. A high melt index indicates a low molecular weight [8].  Melt flow rate (MFR) or Melt 

Flow Index (MFI) is a convenient measure of the thermoplastic material passing through the die at a predetermined 

temperature and load. The melt flow rate of polypropylene was measured at 230 °C at 2.16 kg [9]. 

Almost all thermoplastics can be injection molded. These settings should then be adjusted for each specific 

mold to achieve the minimum molding cycle for optimum part performance and quality. The grades of resin for 

injection molding and extrusion are usually quite different. Whereas in extrusion a resin with high melt strength is 

desired so that the part will retain its shape while cooling, the opposite is true with injection molding. Resins with 

low melt viscosity are desired so that the flow through the runner system and gate and into the mold is done easily 

with minimum injection pressure. Injection molding grades would generally have low molecular weights and narrow 

molecular weight distributions [8]. 
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TABLE 1. Properties of polypropylene trilene HI 10HO 

Product Properties Test Method* Unit Value 

Melt Flow Rate (230
0
C / 2.16 kg) ASTM D 1238 g/10 min 10 

Density ASTM D 792 g/cm
3 

0.9 

Tensile Yield Strength (@50 mm/min)** ASTM D 638 MPa 35 

Tensile Yield Elongation ** ASTM D 638 % 13 

Flexural Modulus (@1.3 mm/min)** ASTM D 790A MPa 1.500 

Notched Izod Impact Strength (@23
0
C) ASTM D 256 J/m 30 

Hardness, Rockwell ASTM D 785 R-scale 100 

Deflection Temperature (@0.455 MPa) ASTM D 648 
0
C 104 

Vicat Softening Temperature ASTM D 1525B 
0
C 152 

Melting Temperature ASTM D3418 
0
C 163 

 

TABLE 2. Guidelines for Experimental Parameters 

MFR  (g/10 min) Mass of test sample in cylinder (g) Extrude cut-off-time Interval (s) 

≥ 0.1 to ≤ 0.5 3 – 5 240 

> 0.5 to ≤ 1 4 – 6  120 

>1 to ≤ 3.5 4 – 6 60 

>3.5 to ≤ 10 4 - 8 30 

>10 4 - 8 5 to 15 

 

 
Figure 1. As received granular polypropylene 

 

II. MATERIALS AND METHOD 

Materials 

 Polypropylene (PP) is known as a linier hydrocarbon polymer [4] which commonly used in injection 

molding, extrusion, blow molding, and thermoforming. In behalf of the production process versatility, PP is one of 

the highly recommended materials to be used in various applications, such as plastic containers, machinery and 

equipment parts, and fibers and textiles products. The melting point of polypropylene occurs in a range depending 

on the atactic material and its crystallinity [10]. Polypropylene (PP) Trilene HI 10HO in granular form was used in 

this research, the properties of the following materials can be seen in Table 1. Granular polypropylene can be seen in 

Fig 1. 

 

Melt Flow Rate 

The test standards for measuring the MFR value of plastic material are ASTM D1238 and ISO 1133. MFR 

can also be used to determine the reduction in plastic quality due to the molding process [11]. MFR has a 

measurement result of g/10 min. The schematic of MFR test is shown in Fig 2. 
Equations (1) are guidelines for experimental parameters based on the material flow range according to ISO 

1133 for the recommendation for sample weight in the cylinder and time interval. Value of MFR can be calculated 

using equation (1) [12]:  

MFR(Ø , mnom)  𝒕𝒓𝒆𝒇 𝒙 
𝒎 𝒏⁄

𝒕
     (1) 

Where Ø is the temperature test in degree Celsius (
o
C), mnom is mass of the piston in (kg), m/n is the fraction mass 

of sample material in grams (g) and the quantity of total sample, t is the cut of time in ten seconds. MFR testing was 

conducted according to the ISO 1133 standard. The experimental parameters are shown in Table 3. 
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FIGURE 2. Basic Construction of Melt Flow Tester. 

 

TABLE 3. Melt Flow Parameter of PP 

Parameter Nominal 

Temperature 230
0
C 

Standard load 2.16 kg 

Extrude Cutting-off time interval 1
st
 recyle 30 second 

Extrude Cutting-off time interval 2
nd

 – 6
th

 recycle 10 second 

Total Sample/test 3 times 

 

TABLE 4. Result of Melt Flow Tester 

  

Recycle 1 Recycle 2 Recycle 3 

Sample 

Weight (gr) 

MFR (gr/10 

min) 

Sample 

Weight (gr) 

MFR (gr/10 

min) 

Sample 

Weight (gr) 

MFR (gr/10 

min) 

Sample 1 1.50 10.00 0.74 14.80 2.07 41.40 

Sample 2 1.95 13.00 0.65 13.00 2.10 42.00 

Sample 3 1.80 12.00 0.70 14.00 2.04 40.80 

Average 1.75 11.67 0.70 13.93 2.07 41.40 

  

Recycle 4 Recycle 5 Recycle 6 

Sample 

Weight (gr) 

MFR (gr/10 

min) 

Sample 

Weight (gr) 

MFR (gr/10 

min) 

Sample 

Weight (gr) 

MFR (gr/10 

min) 

Sample 1 2.19 43.80 3.39 67.80 3.95 79.00 

Sample 2 1.95 39.00 3.30 66.00 3.81 76.20 

Sample 3 1.89 37.80 3.09 61.80 3.55 71.00 

Average 2.01 40.20 3.26 65.20 3.77 75.40 

 

The parameter value as listed at Table 3 are obtained based on British Standard ISO 1133 [12]. After the 

recycling process was carried out once, it was found that the MFR value of the material changed greater than 10 

g/10 minute. It is advised that the extrude cutting-off time interval for thermoplastic materials with an MFR value of 

>10 gr/10 min, be 5–15 seconds as shown in Table 2. In this experiment, the extrude cutting-off time interval of 10 

seconds is used for the second recycling and subsequent cycles. 

 

 

Weight 
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III. RESULT and ANALYSIS  

Result 

Table 4 shown the result of MFR Polypropylene material from the 1
st
 recycling to the 6

th
 recycling. Each 

type of recycling sample was tested three times. In the first recycled material, 1 sample was taken 3 times at 30 

second extrude cutting-off time intervals. After it was known that the MFR value of the first recycled material was 

>10 gr/10 minute, then for the next test parameter setting, the extrude cutting-off time value was changed to 10 

seconds, based on table 2. 

The diagram at Fig 3 showed an increase value of MFR along with the increasing frequency of recycle. It’s 

known that the properties of polymer materials will change with changes in temperature due to the movement of 

molecules [13].  As a result, along with the increasing frequency of material recycling, the color of the material also 

becomes darker, as shown in the Fig 5. Changes of color in the specimen occurred due to degradation of the material 

that subjected to high temperature over long period of time [8]. 

 

Analysis 

Graph in Fig 3 depicts the change in MFR value in recycled materials. Materials that are 1st and 2nd 

recycled experience a change in the MFR value that is not so large compared to the MFR value of the pure material. 

The increase in the MFR value continues to occur along with the increasing frequency of recycling. In the 3rd and 

4th recycling, the MFR value produced is much higher than before, or 4 times that of the pure material. In the 5th 

and 6th recycling, the MFR value increased again by almost 7 times compared to the pure material. From the data, it 

can be seen that polypropylene material maintains its MFR value to remain in the range or value that is almost the 

same after only one recycling. The higher the MFR value, the lower the viscosity of the material, or the material 

becomes very runny. The main factor that causes the decrease in material viscosity after recycling is temperature. 

Materials that are reheated lose specific gravity due to vaporized density [14] and specific gravity is one of the 

important factors that affect a material's flow properties. 

 
FIGURE 3. Result of melt flow rate at as received state and recycled state. 
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FIGURE 4. Melt flow rate result of as received specimen 

 

 

 

FIGURE 5. Melt flow rate result at (a) first recycle, (b) second recycle, (c) third recycle, (d) fourth recycle, 

(e) fifth recycle, (f) sixth recycle. 

 

In addition to seeing changes in the MFR, the recycled material also undergoes visual changes, with the 

color of the material becoming darker, as indicated in Figure 5. This is probably due to a change in the composition 

of the plastic polymer during processing and application usage because of oxidation degradation. The oxidation 

degradation process will increase along with the presence of functional groups from the polymer. This is what 

causes irregular changes in mechanical properties and changes in color [15]. It is also known that compounds 

containing carbon, when burned in limited air, will produce CO and or CO2 [16].  

 
IV. CONCLUSION  

Based on the results of research on the effect of the frequency of recycling on the flow properties of 

polypropylene material, it is known that the recycled polypropylene material has an increase in the MFR value, 

which causes a decrease in its viscosity as the frequency of recycling is increased. The MFR value did not change 

much until the 2nd recycling, but changed drastically at the 3rd and 4th recycling, which increased 4 times 

(a) (b) (c) 

(d) (e) (f) 
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compared to the pure material. And on the 6th, recycling increased up to 7 times. In addition to changes in the MFR 

value, recycled materials have a darker color shift. 

 

V. FUTHER RESEARCH 

Therefore, in the application of recycled plastic materials, it is necessary to add addictive substances. One 

of the additives that can increase the MFR value of the material is stabilizer. The combination of specific stabilizers 

and co-stabilizers will make the process stable and maintain the life of the recycled material as long as it is used in 

an application (product). A good stabilizer for PP is a combination of sterically hindered phenols and phosphite or 

phosphonate, its combination is able to slow down the increase in the MFR value of PP material until the fifth 

recycle [15].  Further research will be conducted to identify the best stabilizer composition for retaining the ability 

of PP material until the sixth recycling.  
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