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Abstract: Plastic is a basic need for humans, but it has also caused big problems for the environment. Then, the purpose of this study was to determine the effect of the type of plastic and the addition of a zeolite catalyst on the oil yield from the pyrolysis of plastic waste. The research stages were natural zeolite activation, pyrolysis reactor settings, pyrolysis of plastic waste (PP and LDPE types), and characterization. The results showed that the used natural zeolite had a mordenite phase and activated natural zeolite had a higher Si/Al ratio than the inactivated one. The addition of a zeolite catalyst had an effect on the produced yield. The yields of oil from plastic waste pyrolysis with zeolite catalyst for PP and LDPE plastics were about 75.9 and 76.9 w/w, respectively. The results of the GC-MS analysis showed that the compounds of the pyrolysis oil were thought to be from the alkanes, cycloalkanes, alkenes, carboxylic acids with aromatic rings, and ketones. The results of the GC-MS test showed that the uncatalyzed pyrolysis product consists of compounds with a range of C5-C11 carbon chains. Meanwhile, the ranges of pyrolysis products with active zeolite catalyst were C6-C24 carbon chains.
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Nomenclature



	PP
	Polypropylene



	LDPE
	Low Density Polyethylene



	HDPE
	High Density Polyethylene




1  Introduction

Plastic waste is a threat to the environment [1]. Plastics as carbon compounds can be converted into fuel substitutes for petroleum, such as pyrolysis, pyrolysis-gasification, solvolysis, hydrocracking, hydrogenolysis and the light/electrochemical-induced processes [2]. The pyrolysis process is a process of decomposition of materials by heating at high temperatures without oxygen to produce liquid, gas, and charcoal products [3,4]. Based on several previous studies concluded that the quality of the plastic waste pyrolysis oil is below kerosene and above the quality of diesel oil. Pyrolysis oil or bio-oil has the advantage of low water content, so that the calorific value is high and it does not cause corrosion [5].

The addition of a catalyst in pyrolysis can optimize the pyrolysis process. Zeolite is one of the catalysts commonly used in the pyrolysis process. It has a hollow structure that can filter ions, molecules, or atoms selectively [6]. Modified natural zeolite increases the surface area and acidity to support the work of catalytic activity of natural zeolite. Pyrolysis of HDPE plastic waste with and without natural zeolite catalyst showed that pyrolysis of HDPE plastic waste producing Gasoline fractionated oil and Kerosene fractionated oil, respectively [7].

In this study, research was conducted on how the effect of activated natural zeolite catalysts on bio-oil resulting from the pyrolysis of various plastics. Therefore, the purpose of this study was to determine the character of natural zeolite before and after activation, and determine the effect of activated natural zeolite catalyst on bio-oil resulting from plastic pyrolysis with activated natural zeolite catalyst. The benefit of this research is superior bio-oil can be made from plastic waste that is abundant in Indonesia through the pyrolysis process with natural zeolite catalysts.

Pyrolysis is a cracking process of polymer chains into simpler compounds through heating or combustion in the absence of oxygen. The pyrolysis process can take place at a minimum temperature of 200°C. The combustion process in pyrolysis encourages oxidation so that most of the decomposed carbon molecules become charcoal. Generally, the pyrolysis products consist of three, namely gas (H2, CO, CO2, H2O and CH4), tar (bio-oil), and charcoal (char). The results of the pyrolysis process are highly dependent on the operating conditions. The pyrolysis process is influenced by several things, namely the type of fuel, temperature, pressure, heating rate, and reaction time [1,8]. Pyrolysis with the added catalyst can support to cracking of plastic into oil at a lower temperature than without a catalyst. The catalytic process in plastic pyrolysis with an acid catalyst involves cracking, oligomerization, cyclization, aromatization, and isomerization reactions [9].

Catalysts are involved in chemical bonds with reactants in a reaction and will produce products. Zeolite has a porous structure that can be used as a catalyst and filter ions or molecules. Zeolite activation can be performed physically or chemically. Physical activation of zeolite is carried out by heating at high temperatures, so that the water molecules contained in the pores of the zeolite evaporate [10]. The chemical activation of zeolite is carried out by dissolving the cations that close the zeolite pores with an acid or alkaline solution, so that the zeolite is more porous [3,11].

Generally, zeolites are used as catalysts in various natural catalytic reactions. This is because zeolite has a high hydrocarbon acid catalytic activity so it is often used in the hydrocarbon cracking process. In the pyrolysis process, the ratio of SiO2/Al2O3 determines the effectiveness of the zeolite catalyst [12]. The zeolite used as a catalyst can be used to reduce oxygen levels in bio-oil and help the formation of aromatic bonds. Zeolite can also help crack long hydrocarbon chains into short hydrocarbons due to the presence of acidic sites in the zeolite. Decomposition through the use of catalysts is more attractive than thermal degradation because the process is faster and requires lower temperatures to reduce energy use [13,14].

2  Methods

2.1 Natural Zeolite Preparation and Activation

Zeolite was ground and sieved through a 60 mesh sieve. Then it soaked in distilled water and stirred constantly for one hour at room temperature. Furthermore, the clean precipitate was filtered and dried in an oven at a temperature of 100°C for 1 h. The physical activation of zeolite was carried out by calcination in a furnace at a temperature of 500°C for 4 h. The activated and inactivated natural zeolite were identified crystallization by X-Ray Diffraction (XRD). The XRD patterns of both that zeolites were recorded on a PANalytical X’Pert Pro diffractometer (PANalytical B.V., the Netherlands). The XRD conditions were CuKα1 radiation, 40 keV and 30 mA 2ϴ range 10°–50°, step 0.02, counting time of 300 s, using an X’Celator Detector. The quantitative analysis of the XRD patterns were analyzed using Origin software to determine the crystallization and type of natural zeolite phase using Origin and Maud software, respectively. The zeolite samples were then prepared with double-sided copper tape and sputter coated with gold/palladium (Au/Pd).

2.2 Pyrolysis of PP and LDPE Plastic

PP plastic was weighed about 1 kilogram and put in a pyrolysis reactor. The pyrolysis process was then carried out at a temperature of 500°C until finish (there was no product formed). The pyrolysis process was repeated 5 times with the following variations: (1) Pyrolysis of PP plastic with the addition of 10% activated zeolite catalyst; (2) PP, LDPE, HDPE plastics pyrolysis without catalyst; (3) Pyrolysis of LDPE plastic with the addition of 10% activated zeolite catalyst; (4) Pyrolysis of HDPE plastic with the addition of 10% activated zeolite catalyst.

2.3 Characterization and Identification of Pyrolysis Plastic Waste

The characterization of pyrolysis bio-oil was carried out by determining the yield, density, and viscosity. The yield of bio-oil produced in each pyrolysis process was determined by comparing the produced oil with samples of pyrolyzed plastic waste. The density of the pyrolysis oil was determined by comparing the mass per unit volume of the oil. The viscosity of the oil was determined using an Oswald viscometer. Identification of the constituent components of the pyrolysis oil used gas chromatography-mass spectroscopy. Spectrum analysis of GC-MS was to determine the compounds resulting from pyrolysis.

3  Results and Discussion

3.1 Activated Natural Zeolite

Natural zeolite preparation was prepared by washing and grinding natural zeolite. Zeolite was washed with distilled water, filtered, and dried in an oven at a temperature of 100°C for 1 h. Physical activation was carried out by reducing the grain size, sieving, and calcining the zeolite at a temperature of 500°C for 4 h. Zeolite activation was performed to maximize the efficiency of the zeolite as a catalyst which is influenced by several factors, namely surface area, acidity, crystallinity, and the ratio of Si/Al zeolite. Some researchers reported that natural zeolite had an acidity of 1.576 g/mol and Si/Al ratio of 1.576 g/mol, range of surface area from 20.8 to 23.2 m2/g [6,15,16]. The pore size was in the range from 7.73 to 11.4 Å by SEM-EDS and BET, and detected mineralogy was mordenite phase and the lattice parameter are a = 18.115(8) Å, b = 20.520(9) Å and c = 7.515(2) Å by XRD [17]. Based on that research, the clearly purpose of physical activation is to remove organic impurities, enlarge pores and expand the surface [18,19]. Identification through XRD is used to determine the type of crystal and crystallinity of natural zeolite. XRD analysis of activated natural zeolite with acid treatment showed that activated natural zeolite has a mordenite phase. The activation of natural zeolite increases the crystallinity of solids because the natural zeolite’s tetrahedral bonds become relatively more uniform as shown by the increase in intensity shown in Fig. 1. The crystallization of the catalyst greatly affects the effectiveness of the cracking process because the crystals in the catalyst only have an active phase that facilitates the cracking process. Based on the diffractogram of XRD test results on activated and inactivated natural zeolite is known that activated natural zeolite has a higher peak intensity than inactivated natural zeolite. The high intensity of the composition shows the SiO2 zeolite is also high. This shows that the active site on the surface of activated natural zeolite is better than inactivated natural zeolite so that activated natural zeolite has better catalytic properties in the pyrolysis process. In addition, other new investigations model such as SEM and BET analysis before/after reaction should be applied in the natural zeolite as catalyst in the future.
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Figure 1: XRD results of activated natural zeolite and inactivated natural zeolite

Based on the Fig. 1, the type of natural zeolite phase used in this study is also known through XRD data processing with Maud software. The XRD results of the natural zeolite used were 100% similar to the standard mordenite zeolite [18,20].

3.2 Pyrolysis of PP Plastic

In this research, pyrolysis of polypropylene (PP) and Low-Density Polyethylene (PE) plastics was carried out. The plastic pyrolysis process for each type was carried out twice, namely pyrolysis without a catalyst and pyrolysis with an activated natural zeolite catalyst. The mass of used plastic in each pyrolysis process is 1 kg and the mass of catalyst in each type of plastic is 10% of the mass of plastic. The pyrolysis process caused degradation of the plastic polymer into monomers and shorter carbon fractions. The gas formed during pyrolysis was condensed in a condenser, and liquid oil was produced as a distillate. The result of the pyrolysis of waste plastic either with catalyst or without catalyst is shown in Fig. 2.
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Figure 2: PP plastic pyrolysis liquid product: (a) without catalyst and (b) with activated natural zeolite catalyst

Pyrolysis of PP plastic was carried out with a plastic mass of 1 kg and a catalyst mass of 10% of the plastic mass. Table 1 shows the amount of yield produced with a temperature range of 50°C. As listed in Table 1, it can be seen that the higher temperature in the pyrolysis process causing the higher yield of the liquid product, because the higher temperature caused the more chemical components that undergo thermal degradation [3,5,18].
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The components of the pyrolysis oil were analyzed by GC-MS and adjusted according to existing references and the summary of the results is shown in Table 2. The constituent components are alkanes, alkenes, phenols, ketones, acids, amides, ethers, and esters. The largest composition is aromatic compounds with a long range of carbon atoms C4–C24.
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3.3 Pyrolysis of LDPE Plastic

Pyrolysis of LDPE plastic was carried out in two variations, namely without catalyst and with activated natural zeolite catalyst. The pyrolysis process was carried out until no liquid product is formed. The catalyst used in the pyrolysis process is 10% of the mass of the plastic. The yield of bio-oil is shown in Fig. 3.
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Figure 3: LDPE plastic pyrolysis liquid product: (a) without catalyst and (b) with activated natural zeolite catalyst

The amount of yield produced is classified based on the temperature range of 50°C which is shown in Table 3. As listed in Table 3, it is known that the pyrolysis of LDPE plastic with natural zeolite catalyst results in higher yields of products with higher temperatures. The pyrolysis of LDPE plastic without a catalyst at a temperature of 150°C–200°C yields less yield than the yield at a temperature of 100°C–150°C. This is because the temperature in the heating process is not stable revealing the number of condensed components is also unstable [9,18,21].
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The components of the pyrolysis oil were analyzed by GC-MS and adjusted according to existing references and the summary of the results is shown in Table 4. The components of the bio-oil produced by the pyrolysis of LDPE plastics were alkanes, alkenes, acids, phenols, and aromatics. The largest component is aliphatic hydrocarbon compounds with a long range of carbon atoms C13-C29.
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3.4 Characterization and Identification of Compounds Compounding Pyrolysis Bio-Oil

The characterization of the pyrolysis oil was carried out by calculating the yield, density, and viscosity. The amount of oil yield from pyrolysis with activated natural zeolite catalyst (Table 5) is expected to be higher than the yield of bio-oil without catalyst [22]. This is because the catalyst can increase the decomposition reaction so that more long-chain hydrocarbons are split into short ones which cause more gas to be formed and condensed into bio-oil [23,24].
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The density or viscosity of the oil is influenced by the molecular weight of the compounds contained therein. The density and viscosity of the oil produced in this study are shown in Table 6.
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The smaller density value is better to use as fuel because it is getting closer to the density of the diesel oil range, which is 0.81–0.89 g/mL [11,25]. The density value is directly proportional to the viscosity value, where the higher density value following the higher viscosity value. This study showed that the production of bio-oil using the zeolite catalyst producing oil with a lower viscosity than oil production without the use of the zeolite catalyst

4  Conclusions

The following conclusions are: (1) activation of natural zeolite affects the crystallinity of natural zeolite which can increase the effectiveness of natural zeolite as a catalyst in the plastic pyrolysis process, (2) in pyrolysis of waste plastic types PP and LPDE, the addition of the zeolite catalyst can improve efficiency of the pyrolysis process and yield of the reaction, (3) based on the results of GC-MS, the constituent components of PP plastic pyrolysis oil are alkanes, alkenes, phenols, ketones, acids, amides, ethers, and esters. Meanwhile, the constituent components of LDPE plastic pyrolysis oil are alkanes, alkenes, acids, phenols, and aromatics, and (4) oil of plastic pyrolysis with activated natural zeolite catalyst has a higher yield than oil of plastic pyrolysis without zeolite catalyst.
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Table 1: Yield of PP plastic pyrolysis oil

No. Temperature range (°C) Yield (%)
No catalyst With catalyst
1 0-100 1.84 5.71
2 100-150 2.3 3.5
3 150-200 2.5 10.22
4 200-250 20.61 30.25
5 250-300 47.64 26.14
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Table 3: Bio-oil yield of LDPE plastic pyrolysis based on temperature

No. Temperature range (°C) Yield (%)
No catalyst With catalyst
1 0-100 1.3 5.1
2 100-150 5.53 12.32
3 150-200 2.75 13.20
4 200-250 5.72 15.01
5 250-300 57.74 31.33

Amount 73.06 76.96
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Table 6: Density and viscosity of pyrolysis oil

No.  Variation Density (g/mL)  Viscosity (cSt)
1 Oil of PP plastic with activated natural zeolite catalyst 0.813 0.0093
2 Oil of LDPE plastic with activated natural zeolite catalyst  0.803 0.0018
3 Oil of HDPE plastic with activated natural zeolite catalyst  0.801 0.0017
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Table 4: Components of the bio-o1l compound from LDPE plastic with activated natural zeolite with less
than 5% error

Peak number in Compound %
chromatogram Abundance
2 (E)-2-Tetradecene 1.00
4 1-Pentadecene 1.60
5 Pentadecane 1.21
6 Cetene 2.27
7 Hexadecane 2.34
8 1-Heptadecene 2.85
9 Heptadecane 2.88
12 Undecylcyclopentane 1.15
13 1-Nonadecene 3.42
14 Octadecane 3.73
17 Nonadecane 4.54
19 9-Heptacosanol 1.09
20 5-Eicosene, (E)-2—Chloropropionic acid, hexadecyl ester  3.71
21 Eicosane 6.81
23 1-Heneicosen 3.27
24 Heneicosane 6.64
25 Cyclohexane, 1, 1’-[4-(3-cyclohexyl propy)-1, 7- 1.20
heptanediyl]bis-

26 Pentadecafluorooctanoic acid, octa decyl ester 1.50
27 5-Eicosene, (E)-Trifluotoacetic acid, pentadecyl ester 2.99
28 4-Methylheneicosane 6.75

29 (Z)-9-Tricosene 2.41






OEBPS/Images/logo.png





OEBPS/Images/table-2.png
Table 2: Components of bio-oil as result of pyrolysis of PP plastic with activated natural zeolite with less
than 5% error

Peak number in chromatogram Compound % Abundance
1 Cyclooctane 4.98
2 Ethanone 3.71
3 Cyclopropanemethanol 2.73
4 2, 3-dimethyl-3-heptene, (z)- 11.87
5 1-Hexene, 3-dimethyl- 5.35
6 Trifluoroacetoxy hexadecane 10.25
7 2-Propenic acid 1.94
8 Pentafluoropropionic acid 4.75
9 Cyclohexane, 1, 2, 4-trimethyl- 2.90
10 Cyclohexane, 1, 2, 4-trimethyl- 3.07
11 Decenyl angelate, 2E- 3.14
12 Cyclopropanol 3.57
13 But-2-enoic acid amide 2.43
14 Octasyl trifluoroacetate 7.16
15 1-butanone 2.86
16 Bacchotricuneatin ¢ 6.57
17 n-Heptadecycyclohexane 3.76
18 Cyclohexane, 3-ethyl-5-methyl-1-propyl- 2.36
19 Cyclohexane, 3-ethyl-5-methyl-1-propyl- 3.36
20 Cyclohexanol, 1-ethenyl- 1.86
21 Docosyl trifluoroacetate 3.56
22 Cyclohexane, nonadecyl- 3.32
23 8-chloro-1-octano 2.60
24 Cyclohexane, octadecyl- 1.92
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Table 5: Total yield of pyrolysis oil

No. Variation Yield (%)

1 PP plastic bio-oil without zeolite catalyst 74.89%
2 PP plastic bio-oil with activated natural zeolite catalyst 75.82%
3 LDPE plastic bio-oil without zeolite catalyst 73.06%
4  LDPE plastic bio-oil with activated natural zeolite catalyst 76.96%
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