
IOP Conference Series: Materials
Science and Engineering

     

PAPER • OPEN ACCESS

High density Polyethylene plastic waste treatment
with microwave heating pyrolysis method using
coconut-shell activated carbon to produce
alternative fuels
To cite this article: S R Juliastuti et al 2018 IOP Conf. Ser.: Mater. Sci. Eng. 334 012015

 

View the article online for updates and enhancements.

You may also like
Material flow analysis of China’s five
commodity plastics urges radical waste
infrastructure improvement
Xiaomei Jian, Peng Wang, Ningning Sun
et al.

-

Utilization of plastic waste processing for
oil fuel at Tambaan Beach, Pasuruan City
R Rudianto, E Yudaningtyas, T D Lelono
et al.

-

Induction vs. Conventional Heating:
Impact on the Morphology and Crystallinity
of Copper Electrodeposits on Nickel
S. Devillers, Q. Lemineur, J. Delhalle et al.

-

This content was downloaded from IP address 18.116.19.17 on 16/05/2024 at 20:54

https://doi.org/10.1088/1757-899X/334/1/012015
https://iopscience.iop.org/article/10.1088/2634-4505/ac5642
https://iopscience.iop.org/article/10.1088/2634-4505/ac5642
https://iopscience.iop.org/article/10.1088/2634-4505/ac5642
https://iopscience.iop.org/article/10.1088/1755-1315/524/1/012006
https://iopscience.iop.org/article/10.1088/1755-1315/524/1/012006
https://iopscience.iop.org/article/10.1149/2.052111jes
https://iopscience.iop.org/article/10.1149/2.052111jes
https://iopscience.iop.org/article/10.1149/2.052111jes
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvN8fARinitzKr8k2m5XDSjMH_opxfemtF2rtuX8AXXnlCW2YRJT9EUFGUA4Onwe6CJ2h4InHulE4ZtAssQy4NLEkQlCjRCW1B4jl0yy9QGfqegiTwX8of_O_jFv24CQnYpvAe80FidQL38mzoYEJNCmVsHShty9R0Z5o5_nVR5kx621FmAoKJG12Ghp5j7bq9ROVYQ-qvVEBywkZWUtf1nlPBAEFcLkq44Rj5JFx-5TCyoNR3yW9u18QbPuPonjjiZI49OsrKEHASl5rRe49N-MGxQ3Oh5Rimvqk5tdDuyr61uZZ8tvl7WTKc1V_OtERXZb7-a4FtoOb0-RtBq5oVT2CTq_aR7&sig=Cg0ArKJSzGghFh67DTkn&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890‘’“”

3rd ICChESA 2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 334 (2018) 012015 doi:10.1088/1757-899X/334/1/012015

 
 
 
 
 
 

High density Polyethylene plastic waste treatment with 

microwave heating pyrolysis method using coconut-shell 

activated carbon to produce alternative fuels 

S R Juliastuti1,2, M I Hisbullah1 and M Abdillah1  
1 Department of Chemical Engineering, Institut Teknologi Sepuluh Nopember, 

Kompleks ITS, Keputih Sukolilo, Surabaya, Indonesia, 60111 

 

E-mail: julizainul@gmail.com 

 
Abstract. Pyrolysis is a technology that could crack polimer such as plastic waste into 

alternative fuels. This research uses microwave heating methode, which  more efficient than 

conventional heating methode. The plastic waste used is 200 grams of HDPE, with feed to 

catalyst weight ratio are 1:1 , 0.6:1 , 0.4:1. Pyrolysis  was run at temperatures of 250, 300, 350, 

& 400 oC for 15, 30 and 45 min.  From the experimental result, the best variable of pyrolysis 

process with microwave method is at 45 minutes, at 400°C, and 1:1 feed to catalyst weight 

ratio. Result shows that yield of liquid and gas product is 99.22%; yield of residue is 0.78%; 

value of liquid product’s composition (cycloparaffin and n-paraffin) is 54.09% and 

concentration of methane gas is 10.2%. 

1. Introduction 

Pyrolysis is one of the effective ways to process palstic waste, it can crack polymer such as HDPE 

plastic by just using heat energy [1]. Generally, there is two methode of pyrolysis that is conventional 

heating and microwave heating methode. For conventional heating method, heating process is carried 

out in the container by conduction while in microwave heating method heating process is carried out 

directly on the material. By heating directly on the material pyrolysis process occur less time and 

energy. So, it can be concluded that microwave heating method more effective and efficient than 

conventional heating method [2]. In the pyrolysis process occurs polymer scissions. For polyethylene 

pyrolysis occurs random scission that a lot kind of scissions happen but dominated by beta scission 

which is produce olefins group of hydrocarbons. Heat will continue to cut the bound of carbon groups 

so that will form simpler range of hydrocarbon groups [1]. For microwave heating method pyrolysis 

need a catalyst as a thermal assist and a cracking catalyst. For thermal assist function, catalyst must 

contain organic compound so it can absorb microwave and convert it into heat and for cracking 

catalyst function it must contain Al and Si compound so it can reduce activation energy of cracking 

reaction [3]. However, most of catalyst used for pyrolysis have a high price. In the other hand CSAC 

(Coconut Shell Activated Carbon) that known as a catalyst which made from a waste material with a 

low price have a potential as catalyst for pyrolysis. Because CSAC have an enough Al and Si 

contained and basically CSAC is an organic compound [4]. 
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2. Materials And Methods 

 

2.1 High Density Polyethylene (HDPE) 

HDPE plastic used in this research was a transparent HDPE plastic bottle which usually used for 

chemicals and drugs container. The bottle chopped manually into small section of 1x1 cm2. HDPE was 

a thermoplastic material which formed from carbon and hydrogen compound [5]. Density of HDPE 

was about 0,964 g/cm3 [6]. 

 

2.2 Coconut Shell Activated Carbon (CSAC) 

Catalyst that used in pyrolysis process usually a zeolite that contained a lot of Si and Al compound but 

it’s expensive [7]. Coconut shell waste had a potential to be used as pyrolysis catalyst because it 

contains a lot of C, Al, and Si [8]. Research used a local commercial CSAC which then reactivated by 

burned in a furnace for two hours at 700oC. CSAC that used had 334.771 m2/g of surface area and 

contained 5.08 % of Si, 1.49 % of Al and 68% of C. Material that used as a catalyst must have a 

surface area about 300-1000 m2/g [9]. Could be conclude that CSAC used in this research were 

qualified as a pyrolysis catalyst  

 

2.3 Microwave pyrolysis instrument construction 

This research used instrumentation such as reactor, microwave, connectors, thermocouple, condenser 

and vacuum pump. The microwave used was a domestic microwave which was perforated with two 

holes on the top so the connectors could pass trough of it. The reactor used is 500 ml two-neck flask 

which then assembled with glass connector, condenser, liquid product container that shaped like 

Erlenmeyer that connected to vacuum pump and then constructed as the construction in the figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.4 Pyrolysis Procedure 

After all instrument and materials were set-up, vacuum pump and cooling water circulation turned on. 

Then the microwave turned on and keep on raising the set of microwave power until reach the 

temperature variable that was 250oC, 300oC, 350oC, and 400oC. at the moment that system reach the 

temperature that maintained the temperature by set down or up the microwave power specified time 

variable which was 15 minutes, 30 minutes, and 45 minutes.  

After the pyrolysis process was completed the liquid product and the residue collected, then weighted 

it to get the yield of the process. To get the compositions of the product took a sample of liquid and 

gas product to be analyzed later.    

 

 

Figure 1. Pyrolysis instrumentation construction . 

Note: 

1. Two-neck flask 

2. Connector to Thermocouple 

3. Thermocouple 

4. Connector to Condenser 

5. Microwave 

6. Liebig Condenser 

7. Inlet Cooling Water 

8. Outlet Cooling Water 

9. Connector 
10. Liquid Product Container 

 

11. Vacuum Pump 

12. Gas Sampling Bag 

13. Stop Contact 
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2.5 Product Composition Analysis 

To analyzed liquid composition of liquid product used GC-MS (Gas Chromatography – Mass 

Spectrometry HP 6890 GC Method: Liquid 16 M) analysis. Liquid product would be analyzed 

thoroughly and quantitatively. The gas product would only be analyzed methane content quantitatively 

used GC (Gas Chromatography Agilent Hewliet Packard 6890 Series). Because methane was the 

simplest compound for the result of hydrocarbon cracking process and methane was one of the 

alternative fuel that abundant [10]. 

3. Result And Discussion 

3.1 Principle 

Result’s quality of pyrolysis could be seen from the product yield and the composition. Liquid product 

contains a lot of components that would be divided into 5 groups of hydrocarbons which were n-

paraffin, cycloparafin, olefin, alkynes, and aromatics. For alternative fuels liquid must contained a lot 

of cycloparafin and n-paraffin and prohibited to contain too much olefin, alkyne and aromatic groups. 

So, more quantity of n-paraffin and cycloparafin showed a better quality of liquid product produced. 

For gas product, amount of methane would represent amount of other desired gas product such as 

ethane, propane, butane, etc. Because methane was the simplest result for pyrolysis and the most 

difficult result to form. So, more amount of methane compositions showed a better quality of gas 

product.  

3.2  Effect of Operation Time on Results 

In the research to determine the effect of the operation time, the temperature and number of catalysts 

were determined at 300oC and 1:0,6 feed to catalyst weight ratio. Operation time would affect both 

yield and the composition of product. After the result were obtained the best time would be used as a 

fixed variable in the next run of the research for determined effect of others variable. 

3.2.1 Effect of Operation Time on Yield of the Product, The result of the research for determined 

effect of operation time could be seen on figure 2. From figure 2 could be observed that at 15 minute 

of operation time liquid product produced just 8.16 gram/gram feed and continue increasing with the 

increase of operation time used, and reach 46.9 gram/gram feed at 45 minute of operation time. 

Residue kept decreasing with increasing of operation time from 50.51 gram/gram feed at 15 minutes to 

9.36 gram/gram feed. It happened because of more time operation that used more energy that given to 

plastic to crack into simpler compound. [1]. But, a different thing happened to gas product that given a 

fluctuate pattern. At 15 minute of operation time yield gas product reach 41.69 gram/gram feed and 

increased at 30 minute of operation time into 65.67 gram/ gram feed then decreased at 45 minute of 

operation time into 43.74 gram/ gram feed. Indicated during a short operation time pyrolysis tend to 

produce a lot of gas that easy to be produced such as CO2, CO, etc. With the increase of operation time 

pyrolysis get more energy to start crack the plastic to heavy fraction which was a liquid product. 
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3.2.2 Effect of Operation Time on Composition of the Product, From figure 3, could be seen that 

the composition of liquid product at 15 minute of time operation only legible of 13.7% of n-paraffin. It 

happened because the low quality of product which cause a poor analysis of GC-MS. Quality of 

product was indicated from the physical appearance which was higher the quality, the color getting 

closer to yellow and being more dilute. Product from 15 minutes time operation shows dark green 

color and very viscous liquid. The liquid product from 30 minutes of operation time had a lot better 

quality and thus affect the analysis of GC-MS. Total amount of n-paraffin and cycloparaffin was 

40.84% at 30 minutes and continued increase into 41.38 % at 45 minute of operation time. So, could 

be conclude that the longer the operation time better the result obtained.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Effect of operation time on yield of the product. 

Figure 3. Effect of operation time on composition of the liquid product. 
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For the result of the composition of the gas could be seen in figure 4 which showed that the 

methane content continues to increase with the increase of the operating time used. The composition 

of methane increases from 2.4 % at 15 minutes of operation time into 7.1 % at 45 minutes of operation 

time.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3  Effect of Temperature on Results 

In the research to determine the effect of the temperature, the operation time and number of catalysts 

were determined at 45 minutes and 1:0,6 feed to catalyst ratio temperature would affect both yield and 

the composition of product. After the result are obtained the best temperature variable would be used 

as a fixed variable in the next run of the research for determined effect of others variable. 

 

3.3.1 Effect of Temperature on Yield of the Product, Figure 5 shows the yield change in each 

temperature variable. Yield of liquid product continue increasing from 9.43 gram/ gram feed at 250oC 

into 52.24 gram/ gram feed at 350oC but decreasing to 47.59 gram/ gram feed at 400oC while the yield 

of gas initially decreased and start to increase at 300oC. It can happen because higher temperature that 

used, more energy given to pyrolysis process and cause more liquid product produced, but at a certain 

point the energy will excess and thus make the product that initially a heavy fraction of hydrocarbon 

(liquid product) being re-crack into a lighter fraction of hydrocarbon (gas product) [1]. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Effect of operation time on methane concentration. 

Figure 5. Effect of Temperature on yield of the products. 
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3.3.2 Effect of Temperature on Composition of the Product, From figure 6 could be seen that the total 

of cyclopaaffin and n-paraffin was 50.29 at 250oC but if it was reviewed that yield on 250oC was so 

little compared to yield of another variable. From a temperature of 300oC total amount of 

cycloparaffin and n-paraffin continue increase to a temperature of 400oC. It shows that the higher 

temperature of the pyrolysis the better composition of liquid product.   

For the result of gas product composition could be seen at figure 7. It shows that the methane 

composition increase form 5.2% at 250oC into 7.4% at 400oC. It was due to the higher the temperature 

the higher the energy given and will cause more of light fraction that produced. So can be conclude 

that higher temperature of the pyrolysis the better composition of gas product and the best temperature 

is 400oC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4 Effect of Feed to Catalyst Weight Ratio on the Results In the research to determine the effect 

of the catalyst ratio, the operation time and temperature were determined at 45 minutes and 400oC. 

Temperature will affect both yield and the composition of product. 

 

Figure 6. Effect of temperature on composition of the liquid product. 

Figure 7. Effect of temperature on methane concentration. 
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3.4.1 Effect of Feed to Catalyst Weight Ratio on Yield of the Product, Figure 8 shows the yield 

change in each feed to catalyst weight ratio variable. The yield of the liquid product continues to 

decrease as the number of catalyst ratios increases while the yield of gas product continues to increase 

as the number of catalyst ratios increase. It happens because with increases of the amount of the 

catalyst will increase efficiency of heating process and help of pyrolysis cracking process to produced 

lighter fraction product which is more inclined to from gas and make a better composition of liquid 

product [3]. The best result was found in the 1:1 feed to catalyst weight ratio which is has 36.58 

gram/gram feed yield of liquid product, 62.64 gram/ gram feed yield of as product and 0.78 gram/ 

gram feed yield of residue. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

3.4.2 Effect of Feed to Catalyst Weight Ratio on Composition of the Product, From figure 9. can be 

seen that the quality of the liquid product continues to be better by the higher amount of catalyst that 

used. Best result is at 1:1 feed to catalyst weight ratio: catalyst with total amount of cycloparafin and 

n-paraffin is 54.09%. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Effect of feed to catalyst weight ratio on yield of the product. 
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For the effect of the ratio catalyst to concentration of methane of the gas product could  be seen at 

figure 10. The concentration of methane continues to increase by the increases of the ratio of catalyst 

with the best result at 1:1 feed to catalyst weight ratio which was 10.2 % concentration of methane.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Effect of feed to catalyst weight ratio on methane concentration. 

Figure 9. Effect of feed to catalyst weight ratio on yield of the product. 
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4. Conclusion 

In this research can be conclude that HDPE plastic waste can be treat with microwave heating 

method pyrolysis to produce alternative fuels. Best result obtained at 400oC temperatures of operations 

with 1:1 feed to catalyst weight ratio for 45 minutes of operation time with results; 36.58 gram/gram 

feed yield of liquid product, 62.64 gram/gram feed yield of gas product, 0,78 gram/gram feed yield of 

residue, 54.09% desired liquid product composition and 10.2% methane concentration of gas product. 
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