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Abstract

In this research, polyethylene terephthalate bottles (PET) waste was added to
styrene-butadiene rubber (SBR) to manufacture road bumps, as a technologi-
cal procedure for recycling this PET waste, in order to maintain a clean and
sustainable environment. Polyethylene terephthalate bottles were cut as
grooved strips and added to bump SBR batch with various percentages (0 -
100 pphr). Mechanical tests were performed before and after the addition of
PET waste including tensile strength, hardness, and resilience. Nanoparticles
of carbon black, zinc oxide and sulfur were used, and compare the results with
samples with micro particles additions. The result shows that the developed
and manufactured bump SBR in this research conforms to the mechanical
characteristics of the original bump model especially with nanoparticles addi-
tives, and the best results obtained with the nanoparticles additions.
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1. Introduction

A real revolution in the manufacturing of new compounds and materials occurs
in the mid of the 20™ century, and the most important of all these materials was
the production of plastic, which was used in all aspects of practical life due to its
many advantages, including the ease of its formation and manufacturing. The

global production of this important material has increased widely, which led re-

DOI: 10.4236/0alib.1104327 Jan. 31, 2018 1 Open Access Library Journal


https://doi.org/10.4236/oalib.1104327
http://www.oalib.com/journal
https://doi.org/10.4236/oalib.1104327
http://creativecommons.org/licenses/by/4.0/

A. I. Al-Mosawi, S. A. Abdulsada

searchers to call the last half of 20" century as “plastic age”. However, although
there are benefits of plastic, it was accompanied by many negative results, in-
cluding the accumulation of millions of tons of waste of this material, which has
a very long decay and it has devastating effects on the human health and all ele-
ments of the environment [1] [2] [3] [4] [5].

Studies have shown that plastic wastes have a degradation life such as polye-
thylene, polyvinyl chloride, and many others can’t be treated like any other in-
dustrial waste, where they produce the most dangerous toxins and harmful gases
when burned like dioxins and heavy metals which cause air, water, and soil pol-
lution. Scientific research has shown that plastic materials cause a large number
of health problems because they are basic components and additives during
manufacturing and formation. One of the compounds involved in the manufac-
turing of plastic bottles is polyethylene terephthalate (PET), as well as Diethyl-
hydroxylamine (DEHA), which both toxic compounds cause cancer if taken di-
rectly [6] [7] [8] [9]. In the case of exposure to these bottles to heat or washing
and repeated use, the chemical granules, which are located in the walls of these
bottles, will decompose and dissolve from the inner walls of the bottle and then
be mixed with the foods. Therefore, these wastes must be recycled so as to ensure the
safety of the environment and have economic feasibility [10] [11] [12] [13] [14].

2. Materials and Methods

Materials: Styrene butadiene rubber (SBR); PET waste as grooved strips with
100 mm length and 2 mm width; carbon black as a nanoparticles (14 nm); Zinc
oxide with (50 nm) nanoscale particles; Stearic acid 800, Dioctyl phthalate plas-
ticizer (DOP); Antioxidant; Sulfur as a nanoparticles (55 nm); Wax-E as Lubri-
cant; and Tetramethyl thiuram disulfide (TMTD) as accelerator. The percentage
of materials is shown in Table 1. Two roll mills Comerio Ercole Busto Avsizo

machine was used to for mixing materials and manufacturing of batch.

Table 1. Contents of Rubber Batch for Speed Bump.

Supplier pphr Compounding Ingredients
IndiaMART InterMESH Ltd 100 SBR
Reinste Nano Ventures Pvt. Ltd. 0 -40 Carbon black (13 nm)
EPRUI Nanoparticles & Microspheres Co. Ltd 3 Zinc oxide (50 nm)
Liuyang Sanji Chemical Trade Co., Ltd. 1 Stearic acid 800
ChemCeed LLC 1 DOP
Henan GP Chemicals Co. Ltd. 1.5 TMTD
Nanjing Union Rubber Chemicals Co. Ltd. 1.5 Antioxidant
Sky Spring Nanomaterials, Inc. 1.5 Sulfur (55nm)
Faith Industries PVT. Ltd. 0.3 Wax-E
Waste 0-100 PET waste
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Testes and Samples Standards

1) Tensile Test: Tensometer T10 device was used to carry out tensile test ac-
cording to the ASTM D412 standard by. The samples of this test have a circular
cross-section with 6 mm diameter and 115mm length.

2) Hardness Test: Wallace bead load hardness instrument was used to accom-
plish this test. This test was done according to the ASTM D2240 standard.
Hardness samples dimensions are 40 mm diameter and 4 mm thickness.

3) Resilience test: this test was done according to ASTM D1054 standard with
the resilience tester. Samples are placed in the furnace for 30 minutes at 50°C
and then the test is performed.

4) Energy-dispersive X-ray spectroscopic micro-analyser (EDS): for PET has
been done by Carl Zeiss EVO MA10 SEM, as shown in Figure 1.

3. Results and Discussion

One of the most important characteristics of rubber is that it can add 120% fil-
lers due to its high elasticity. Figure 2 represents the hardness of road bumps as
a function of PET waste content with nanoparticles and microparticles of C,
ZnO and S additives. The hardness of rubber bump will increase after adding
PET strips because these strips will act as a reinforcing material for rubber which
will raise the value of its hardness. The hardness increases with the increase in
the PET additions. When comparing the results obtained from the nanoparticles
of C, ZnO and S additives and the results obtained with microparticles of C,
ZnO, and S additives, we will see that the results obtained with nanoparticles are
the best.

Figure 3 represents the tensile strength of road bumps as a function of PET
waste content with nanoparticles and microparticles of C, ZnO and S additives.
The tensile strength of rubber will decrease when the PET waste is added and
this decrease continues with the increase in the PET content. This is due to the
fact that the PET will be a weakness points in the structure of the rubber, which
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Figure 1. Energy-dispersive X-ray spectroscopic micro-analyser (EDS) for PET.
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Figure 2. Hardness of Road Bump vs. PET Waste Content and Nanoparticles; Micropar-
ticles Additives.
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Figure 3. Tensile Strength of Road Bump vs. PET Waste Content and Nanoparticles; Mi-
croparticles Additives.

is reflected on the tensile strength and causes weakening, and this state is normal
for the solid additives. Also, we can observe that the results obtained with nano-
particles are better than microparticles results.

Figure 4 represents the resilience of road bumps as a function of PET waste
content with nanoparticles and microparticles of C, ZnO and S additives. We
can observe that the resilience value will decrease when adding PET waste and
this decrease will be non-linear. Because these additions of the oxide lead to the
formation of defects and gaps in the rubber structure and thus lead to a decline
in resilience value. Also, the results obtained with nanoparticles are better than

microparticles results.

DOI: 10.4236/0alib.1104327

4 Open Access Library Journal


https://doi.org/10.4236/oalib.1104327

A. I. Al-Mosawi, S. A. Abdulsada

45

40 ¢
35

30 \,"\\

25
— 3
20

Resilience

15

=¥~Nanoparticles =e=Microparticles [14]
10 1

0 20 40 60 80 100
PET, pphr

Figure 4. Resilience of Road Bump vs. PET Waste Content and Nanoparticles; Micropar-
ticles Additives.

4. Conclusions

Using of PET improves the hardness of SBR, but at the same time, the tensile
strength and resilience have decreased at specific rates of PET addition. This
change in properties was within the limits of international standards. As a result
of the use of PET waste, the cost of manufacturing bumps has decreased signifi-
cantly. Since the bumps manufactured in this research are a rubber material, it
will have a longer operating life than the imported ones, which are manufac-
tured from plastic instead of rubber. In addition, the environmental and health
effects of PET waste can be eliminated because the rubber prevents PET from
decomposing and it completely surrounds completely by rubber. The best results

were obtained when adding nanoparticles of carbon black, zinc oxide and sulfur.
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