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Abstract: The purpose of this research is to know the strength, 
flexibility and maximum hardness of plastic waste after pressing 
of HDPE, PET/PETE and PP type with bending test. 
Furthermore, the specimen is made referring to ASTM 6272 D 
and the testing is carried   out with the specified measurement. The 
results    show that the strongest recycled plastic with the highest 
bending level is obtained from the composition of 50% HDPE, 
20% PET/PETE and 30% PP, with maximum   power of 52.9 
N/mm2  and 137.74 Kg/mm2. In addition, the biggest flexibility 
strength is plastic with composition 50% HDPE, 20% PET/PETE 
and 30% PP with strength value  of  9.53 N/mm2.  As for  hardness 
value, it reaches  12.76 Kg/mm2. Because the plastic in used is 
recycled Plastic, the resulting product cannot be used for food and 
beverage container. However, it can be used for flower pot and 
pencil case. 
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I. INTRODUCTION 

Waste is an integral part of human life. The amount of 
waste is keeping increasing and the landfill is getting smaller 
because it has over the limit. A wide range of methods 
already used to solve this problem but it remains unsolved. 
With the technology development, the plastic needs are 
increasing and the plastic waste is also increased. Moreover, 
the nature of the plastic that cannot decay, not decompose, 
cannot absorb water and do not rust becomes a serious 
problem for the environment [1]-[2]. 

Plastic is a synthetic polymer material that is divided into 
many types based on it physical, mechanical, and chemical 
properties [3]. Plastics are generally lightweight; insulator 
and the production process are cheaper compared to other 
packaging forms. Based on researches, the type of plastic that 
widely used by the people is polyethylene. Polyethylene is 
divided into two parts,highdensitypolyethylene(HDPE) and 
low-density Polyethylene (LDPE). HDPE is widely used as a 
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beverage bottle,while LDPEused plastic bags [4]. 
Nowadays, recycle plastic is very popular but only certain 

plastic can be used as an ornament and the creation of used  
bottles whereas many alternative recycling that has high 
selling value and prospective in the future one of which 
convertsplastic waste into solid objects [5]-[7]. The 
advantage is it does not absorb water so the content in plastic 
is very low compared to paper garbage and biomass. In 
themanufacture process, itrequires materialwith certain 
specifications and properties to each part, the material must 
be strong to receive the load above it. The material also must 
be elastic so it has the standard loading and more durable. In 
themanufacturing process, the plastic mechanical property 
has been predicted because we need to know the accurate 
value of such mechanical properties. Recently, sample 
material testing has been commonly conducted.  This is to 
know the mechanical properties of the materials so the 
advantages and the disadvantage can be known. 

Bending testing is one of the mechanical properties testing.  
Testing materials is put in contractions or the materials hold 
the loading of weight at one central point. Testing for the 
press loading will give the bending strength and hardness 
value of the material. One method to know the scale of 
mechanical Properties of plastic is with bending test. The 
mechanical properties that can be identified are the flexibility 
and the hardness of the plastic. 

This study is conducted with raw material the plastic waste 
material that can be used as a reference to make the plastic 
has high economic value. Thus, this material can be used as 
raw material for brick and house floor. 

II. LITERATURE REVIEW 

There are many methods which execute in every country to 
reduce organic and inorganic waste. The waste also develops 
as crafts that have a high economic value and more promising 
prospects. 

To know the bending power of a material, it should be 
tested. In flexible testing, the top part of the specimen will 
experience press energy and the bottom part will experience 
tensile stress. The bending test uses the following equation 
[8]: 

𝜎𝑏 =
3 P L

4 𝑏𝑑3               (1) 

With: 
 σb = bending strength ( N/mm2).  

P = weight (N) 
L =support distance (mm). 
d = specimen thickness (mm). 
b = specimen width 

(mm). 
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In the hardness test, the Vickers hardness designated is 
used which means the hardness test using Indenter diamond 
pyramid which has square shape base. The angle between the 
front on surface of the diamond pyramid is 136°. This value 
was chosen as it approached most of the preferred 
comparison values between the curve diameter and the 
diameter of the pounder ball in the Brinell hardness Test [9]. 
Hardness figures (Vickers) defined as the weight divided by 
the surface area of the curve. In practice, this is calculated 
from the microscopic measurements of long diagonal traces 
VHN can be determined from the following equations [10]: 

 

𝑉𝐻𝑁 =
2P Sin( ∅/2)

d2
 = 

(1,854)P

𝑑2
          (2) 

 
With:  

P = weight used (N) 
d = average diagonal length (mm) 
θ = angle between the facing on diamond surface = 136 ° 

III. METHODOLOGY 

The specimen testing uses bending test with ASTM D 
6272 standard. The specimen measurement is 127 x 12.7 x 
3.2 mm. The number of specimens for each variation is 5 
pieces. The specimen is produced by weighing the plastic 
mixture about 30-50 gram and melt it using a stove. The stove 
temperature to melt the plastics is ± 300o C for 5-10 minutes. 
After the plastic melted, the plastic temperature reached ± 
200oC then the material poured into a mold until it reached 
temperature about ± 150oC. Lastly, the specimen is pressed 
using pressing tool with maximum load 5 kg and after 1 
minute the mold could be opened. 

IV. RESULTS AND DICUSSION 

Bending test with ASTM D 6272 standard is a pressure 
method test/ bending test. Each of plastic mixture consists of 
several specimens with a composition as presented in Table I.   
The specimen size is 127 x 12.7 x 3.2 mm and each variation 
has five pieces. The produced data is as shown in Table I.  

The test specimens are consisted of 4 different 
compositions.The composition of 50% HDPE, 20% 
PET/PETE and 30% PP could hold maximum load of 52.9 N 
and minimum load of 40.1 N. The average test result shows 
52.9 Nwhich is the overall highest test value. The bending 
test results are presented in Fig. 1. 

 
Table-I:  The average test resultswith 5 repetitions 

Number of  

Specimen  

Plastic Type Maximum 

Load(N/mm) HDPE (%) PET (%) PP (%) 

5 (A1) 20 30 50 28.7 

5 (A2) 30 50 20 39.6 

5 (A3) 40 30 30 36.9 

5 (A4) 50 20 30 52.9 

 

 
Fig. 1 Bending Test Result 

A. The Calculation of Sample Flexible Strength 

HDPE, PET/PETE and PP that could withstand the 
maximum load are the plastic mixture with   composition 
HDPE 50%, PET/PETE 20%, PP 30%. Thus, the strength of 
this plastic composition compared with other composition is 
the most powerful. Whereas the sample mixture with the 
HDPE 20%, PET 30% and PP 50% composition has the 
smallest strength compared to the other compositions. 
Results of flexible strength can be seen in Table II. 

 
Table-II: Results of flexible strength 

Plastic Type Maximum 

Weight 

(N/mm) 

 

l 

(mm) 

 

d 

(mm) 

 

b 

(mm) 

Flexible 

Strength 

(N/mm²) 

HDPE 

(%) 

PET 

(%) 

PP 

(%) 

20 30 50 28.7 100 3.2 12.7 5.17 

30 50 20 39.6 100 3.2 12.7 7.13 

40 30 30 36.9 100 3.2 12.7 6.65 

50 20 30 52.9 100 3.2 12.7 9.53 

Fig.2 shows the highest maximum load is 9.53N/mm² for a 
mixture of 50% HDPE, 20% PET and 30% PP. Further more, 
the lowest maximum load value is 5.17 N/mm² for a mixture 
of 20% HDPE, 30% PET and 50% PP 

 
Fig. 2 Results of comparison maximum load  

and flexible strength 
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B. Hardness Testing 

Thespecimen testis performed to determine the hardness 
value of the sample with the test result isshown in Table III. 

Based on Fig.3,the recycled plastic type HDPE, 
PET/PETE and PP can withstand the maximum load 137.74 
Kg with the composition of HDPE 50%, PET/PETE 20%and 
PP 30%. Therefore,this type of plastic mixture is the 
hardestcompared to other mixtures. Whereas the sample with 
amixture of HDPE 20%,PET/PETE 30%and PP 50% have 
the lowest strength at 94.84 Kg. 
 

Table-III: Hardness Result of the Samples 

No Plastic Type Maximum 

Load (Kg) HDPE (%) PET (%) PP (%) 

1 20 30 50 94.84 

2 30 50 20 106.42 

3 40 30 30 121.86 

4 50 20 30 137.74 

 

 
Fig. 3 Hardness Test Result 

 
Fig. 4 shows that the sample number 4 has the most 

flexible power and hardness. Therefore, this mixture will 
produce a stronger product compare to other mixtures. 
Products that can be produced with this recycled plastic for 
example are flower pot, photo frame, pencil case, and   others. 
However, this type of plastic is not safe to use as a food and 
drink container because the plastic is recycled plastic from 
waste or used plastic, so it is not safe to use. 

 

 
Fig. 4 Comparison of hardness and maximum load 

 

V. CONCLUSION 

In this  paper, the recycled plastic that has the highest level of 
bending force is obtained from the composition of HDPE 
50%, PET/PETE 20%, PP 30% with maximum strength of 
52.9 N/mm and 137.74 n/mm for the hardness strength. 
Whereas the lowest value is obtained from the composition of 
HDP 20%, PET/PETE 30% and PP 50% with the maximum 
load of 28.7 N/mm and the hardness strength is 94.84 N. The 
largest flexible strength is from plastic composition of         
HDPE 50%, PET/PETE 20%, PP 30% with its strength value 
9.53N/mm2 and the hardness value 12.76 N/mm2. Of the 
three plastic mixtures, plastic with a mixture of HDPE 20%, 
PET/PETE 30% and PP 50% is easily broken; therefore, the 
HDPE, from the result, has important role to raise the plastic 
mixture strength.  
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