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ABSTRACT 
Plastic Waste Management Can Be Practiced In An Effective Manner By Converting Waste Plastics Into Useful 

Fuel Grade Products By Thermal Pyrolysis Process. Municipal Plastic Waste Stream, Which Mainly Comprises 

Of High- Density Polyethylene, Low-Density Polyethylene, Polypropylene And Polystyrene After Separation 

Can Be Treated To Address The Issue Of Plastic Waste Disposal. The Study Was Focused On Thermal 

Decomposition Of Mixed Simulated Plastic. Batch Experiments Involving Pyrolysis Of A Fixed Amount Of 

Mixed Plastics Will Be Carried Out For The Quantitative Estimation Of Oil. 

Keywords – Thermal Decomposition, Pyrolysis, Mixed Simulated Plastic, Plastic Waste Management, 
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I. INTRODUCTION 
Rapid Increases In The Amount Of Waste 

Plastic Are Results Of Its Key Innovation Of Many 

Products In Various Sectors. Plastic Waste Is One 

Among The Major Constitutes Of Municipal And 

Industrial Waste In Cities. Due To Non-

Biodegradability And Emission Of Toxic Chemicals 

During Incineration/Combustion, Plastic 

Disposal/Management Becomes Difficult With 

Conventional Management Techniques.  

In India, Approximately 12 Million Tones 

Plastic Products Are Consumed Every Year, Which 

Is Expected To Rise Further. It Is Also Known That 

About 50-60% Of Its Consumption Is Converted 

Into Waste [1]. In The Year 2014-15, 11 Kg/Capita 

Of Virgin Plastic Is Consumed And Only 3.8 

Kg/Capita Was Recycled [2]. Besides This Fossil 

Fuels Occupy Are Most Dominant Position In The 

Market With More Than 85% Of The World 

Demanded Energy Is Supplied By Fossil Fuel 

Sources. It Is A Finite Source Of Energy And Is 

Projected To Cater Energy Need In Upcoming Few 

Decades. The Estimated Consumption Of Crude Oil 

Has A Steady Increase, From 146.55 MMT During 

2006-07 To 232.87 MMT During 2015-16. It 

Clearly Indicates That There Was A Decrease Of 

2.28% In The Estimated Reserve Of Crude Oil For 

The Country As A Whole During 2015-16 As 

Compared To The Position A Year Ago [3]. 

Petroleum And Other Liquid Fuels Consumption 

Grow By 18% Between 2015 And 2040 [4]. 

The Available Energy Content In Plastic Is 

Can Be Extracted By Various Thermo-Chemical 

Processes Like Pyrolysis, Gasification And 

Combustion.  

  Thermal Cracking Or Pyrolysis, Involves 

The Degradation Of The Polymeric Materials By 

Heating In The Absence Of Oxygen. The Process Is 

Usually Conducted At Temperatures Between 350 

°C To 900 °C And Results In The Formation Of A 

Carbonized Char (Solid Residues) And A Volatile 

Fraction That May Be Separated Into Condensable 

Hydrocarbon Oil [5]. 

At Waste Plastic Sites, Mixed Plastics Are 

Available And It Contains A Variety Of Its Types 

Of Polyethylene, Polypropylene, Polystyrene, 

Polyvinyl Chloride, Polyethylene Terephthalate, Etc. 

[6].  

 

Table 1: City Wise Waste Plastic Composition In 

Gujarat In Kg/MT [6] 
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PVC 0.82 3.55 0.9 0.944 

PP 6.75 1.17 0.68 1.52 

PS 4.4 2.14 1.39 6.01 

Othe

r 
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11.8

5 
2.64 0.46 

 

In Table 1, Waste Plastic Composition Is 

Showing In Kg/MT Of Gujarat Major Populated 

Cities. Four Plastic Material I.E. HDPE, LDPE, PP, 

And PS Are Present In A Huge Amount In The 

Waste Sites. So, It Is Very Important To Study The 

Thermal Pyrolysis Of Mixed Plastic.  

Williams And Williams [7] Investigated 

Pyrolysis Of Mixed-Plastic Waste In Which They 

Study The Interaction Of The Main Plastic Types In 

Plastic Mixtures Is Significant. Experiments Are 

Carried On Fixed Bed Reactor And They Produced 

A Hydrocarbon Gas Consisting Of Hydrogen, 

Alkane, And Alkene Gases And An Oil/Wax With 

Negligible Concentrations Of Aromatic Species 

With Alkenes, Alkanes, And Alkadienes In 

Predicting The Likely Yield And Composition Of 

Products From Different Plastic Mixtures. They 

Concluded That Pyrolysis Of PS Produced A Low 

Yield Of Gas And No Char Formation. Pyrolysis Of 

PVC Also Produced An Aromatic Oil; There Was 

Also A Significant Formation Of Char. Pyrolysis Of 

PET Produced A Large Yield Of Gas Mainly. The 

Influence Of Mixing HDPE, LDPE, PP, PVC, And 

PET In A 1:1 Mixture With PS Resulted In A Much 

Higher Gas Yield Than Would Be Predicted From 

The Single Plastic Pyrolysis Data. The Molecular 

Weight Distribution And Number And Weight 

Averaged Molecular Weights Of The Oil Produced 

From The Mixed Plastics Pyrolysis Was Markedly 

Reduced Due To The Process Of Mixing Compared 

To Those Of The Individual Plastic Pyrolysis 

Oil/Wax. 

Siddiqui And Redhwi [8] Investigated The 

Thermal Pyrolysis Of Low-Density Polyethylene 

(LDPE), High-Density Polyethylene (HDPE), 

Polypropylene (PP), Polyethylene Terephthalate 

(PET) And Polystyrene (PS). These Plastics Were 

Studied Individually And In Mixed Ratios With PS. 

The Experiments Were Carried In A Microtubular 

Reactor. The Result Indicated That Ratio 1:1 

Afforded Best Results In The Form Of Conversion. 

Miandad, Barakat, Aburiazaiza, Rehan, 

Ismail, And Nizami [9] Investigated The Influence 

Of Plastic Waste Type On Pyrolysis Yield. They 

Concluded That Pyrolysis Of PE Converted The 

Feedstock Into Wax Instead Of Liquid Oil Due To 

Its Long Carbon Chain Structure. Addition Of PS 

With PP Reduced The Liquid Oil Yield. Mixing Of 

PS With PE Reduced The Liquid Yield In 

Comparison To Individual PS Pyrolysis. Mixing Of 

PP With PE Increased The Gases And Char Yield 

With A Decrease In Liquid Oil Yield. Furthermore, 

An Addition Of PS And PP With PE At A Ratio Of 

50/25/25% Has Slightly Increased The Liquid Oil 

Yield. 

Buekens And Huang [10] Suggested That 

Thermal Pyrolysis Process For Mixed Plastic Is 

Carried Out In A Batch Reactor. At Various 

Temperature, Product Yield Is Different, Reactor 

Type And Its Design Also Affect The Product Yield. 

Temperature Is One Of The Most 

Significant Operating Parameters In Pyrolysis Since 

It Controls The Cracking Reaction Of The Polymer 

Chain. Temperature Has The Greatest Impact On 

Reaction Rate That May Influence Product 

Composition Of Liquid, Gaseous And Char For All 

Plastics. Sharuddin, Abnisa, Daud, And Aroua [11] 

Suggested That, For Gaseous Products, Higher 

Temperature More Than 500 ºc Is Enough But If 

The Liquid Is Preferred A Temperature Range Of 

300– 500 ºc Is Recommended. Murata, Sato And 

Sakata [12] Concluded That The Reaction Pressure 

Takes Part Directly In The Scission Of C–C Links 

During Thermal Degradation Of Polymers. Chain-

End Scission That The Reaction Pressure Has An 

Effect On. On The Other Hand, The Random 

Scission Does Not Exhibit Any Appreciable Effect 

Of Pressure, Since It Takes Place In A Liquid Phase. 

Panda [13] Concluded That Longer 

Residence Time Favors A Secondary Conversion Of 

Primary Products, Yielding More Coke, Tar, As 

Well As Thermally Stable Products, Thus Gradually 

Obscuring The Effect Of Original Polymer 

Structure. Effect Of Residence Time On Product 

Yield Is More Pronounced At Lower Than Higher 

Temperatures.  

In This Study, Experiments Are Carried 

Out On A Single As Well As Mixed Virgin Plastics 

And Percentage Yield Analysis Of The Liquid 

Product Obtained From It.  

 

II. EXPERIMENTAL 
2.1 Plastic Investigated  

Four Virgin Plastic I.E. High-Density 

Polyethylene, Low-Density Polyethylene, 

Polypropylene, And Polystyrene Are Used In This 

Study. Also, This Four Are Mixed With Each Other 

And Its Composition Is Synthetically Prepared, 

Similar To Ahmedabad City Waste Plastic Site 

Shown In Table 2. 

 

Table 2: Composition Of Plastic (In % Mass) In The 

Mixture 

HDPE LDPE PP PS 

46.208 46.208 6.752 4.408 

2.2 Proximate And Ultimate Analysis 

The Proximate And Ultimate Analyses 

Were Performed At BEIL Ankleshwar-India, The 

Results Of The Same Are Shown In Table 3 And 4. 
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Table 3: Proximate Analysis Of Mixed Plastic 

Materia

l 
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9 
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Table 4: Ultimate Analysis Of Mixed Plastic 

Materi

al 

Ultimate Analysis CV 

(  

 

S  

(%) 

C  

(%) 

H  

(%) 

N  

(%) 

Mixed 

Virgin 

Plastic 

0.0

1 

85.

3 

8.4 5.6 9371 

 

2.3 Lab Scale Experimental 

The Feedstock Used For These 

Experiments Was High-Density Polyethylene, Low-

Density Polyethylene, Polypropylene, And 

Polystyrene. First Set Of Experiments Are Carried 

Out On Individual Plastic And Then Mixed Plastic 

And Its Composition Were Similar To Waste Plastic 

Composition Of Ahmedabad City. The Experimental 

Set-Up Are Shown In The Fig. 1. 

 

 
Fig. 1: Lab Scale Experimental Set-Up 

 

In Each Experiment, A 250 Ml, 2 Necks 

Round Bottom Flask Was Used. In Which, In Every 

Experiment The Same Amount Of Feedstock Was 

Taken That Is 25 Gm. For These Experiments, 

Apparatus Like The Heater For The Heating Purpose 

Of Feedstock; The Condenser For Cooling Of 

Hydrocarbon Vapors; Temperature Sensors For 

Sensing The Temperature Is Dipped In The Round 

Bottom Flask For Sensing The Inner Temperature 

Which We Can Read On The Display Installed Left 

Side Of The Heater. A Thermometer Equipped With 

Thermowell Was Used For Checking The Vapor 

Temperature Produced From The Reactor. For 

Cooling The Hydrocarbon Vapors, A Simple Tap 

Water Was Introduced In The Shell Of The 

Condenser And In The Tube Side, Hydrocarbon 

Vapors Were Condensed. This Is One Type Of 

Single Pipe Shell And Tube Heat Exchanger. Here 

The Coolant Flow And Hydrocarbon Vapors Flow 

In Countercurrent Fashion. 

Oil Collector Installed To Collect The 

Condensed Oil And Besides This Non-Condensable 

Gases Are Direct Goes Into A Beaker Which Is 

Filled With Water. Bubbles Were Formed During 

Collected The Non-Condensable Gases In The 

Beaker. 

III. RESULT AND DISCUSSION 
3.1 Proximate And Ultimate Analysis 

In Table 3 And 4 Shows The Result Of A 

Proximate And Ultimate Analysis. The Data Shows, 

The Highest Percentage Of Volatile Matter (98.73 

%) Present. Volatile Matter Is That Portion Of The 

Plastic Material Which Is Converted Into The Gas 

Phases During The Heating Process. It Represents 

The How Much Amount Of Liquid Oil Is Produced 

Where High Volatile Matter Contents Correspond 

To Higher Liquid Oil Produced From The Pyrolysis 

Process.  

Moisture Content Is Measured With The 

Amount Of Water Lost From The Plastic Material 

Upon Drying To A Constant Weight. In The Mixed 

Virgin Plastic, Moisture Content (0.52 %) Present. It 

Is Directly Affected By Physical And Chemical 

Properties Of The Material Which It Absorbs With 

The Help Of Existing Water In The Environment.  

Ash Content Of The Plastic Material Is The 

Non-Combustible Residue Left After Burning Of 

Plastics, Which Represents The Natural Substances 

After Carbon, Oxygen, Sulfur, And Water. In Mixed 

Virgin Plastic, Ash Content (0.059 %) Present.  

Carbon Found In The Plastic Material 

Which Is Left After A Volatile Test Is Called Fixed 

Carbon. It Is The Carbon Remaining On The Surface 

As Charcoal. In Mixed Virgin Plastic, Fixed Carbon 

Is (0.691 %) Present. A High Percentage Of Fixed 

Carbon Means That Material Requires A Longer 

Detention Time On The Surface To Achieve 

Complete Combustion.  

An Ultimate Analysis Is Also Being 

Carried Out For The Plastic Sample, Showing The 

Component- Wise Fraction Content In The Mixed 

Virgin Plastic. In This, High Carbon (85.3%) And 

Hydrogen (8.47%) Content. This Means Mostly The 

Hydrocarbon Components Present In The Mixed 

Virgin Plastic. The Presence Of Carbon And 

Hydrogen Content Lead Plastic To Have Higher 

Energy Content. Sulfur And Nitrogen Are Content Is 

Very Less Amount 0.016% And 5.63% 

Respectively. Sulfur Present In Very Negligible 

Amount But Very Less Amount Of This Sulfur Is 

Due To Physical Processes Of Manufacturing Of 

Plastics. This Negligible Amount Of Sulfur And 
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Nitrogen Fractions Told That There Were Negligible 

Chances To Generate The Sox, Nox, Etc. Also, No 

Chlorine Contents Plastic Were Taken In This Study 

Which Was Generated The Harmful Gases Like 

Polychlorinated Dibenzo Para Dioxins (PCDD), 

Polychlorinated Dibenzofurans (PCDF) Etc. 

In Ultimate Analysis (Table 4), The 

Calorific Value Of The Sample I.E. Mixed Plastic Is 

9371 Calorie/Gm. This Value Indicated That The 

Huge Amount Of Energy Was Contained In This 

Sample And This Amount Of Energy Was 

Converted Into Valuable Liquid Products. 

       

3.2 Experimental 
Experiments Were Carried In Small Lab 

Scale Which Is Available In The Laboratory. 

Whatever Yield Was Coming Is Shown In Fig. 2. 
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Fig. 2: Product Yield (% Mass) 

 

Analysis Of Fig. 2, Pyrolysis Of An 

Individual As Well As Mixed Virgin Plastic Was 

Carried Out. The Result Shows That PS Gives The 

Highest Amount Of Oil (Above 80%) Producing 

From Plastic. LDPE, HDPE Producing Average 62% 

And 65% Of Oil-Producing Respectively. Compare 

To All Individual Plastic Material, Mixed Virgin 

Plastics Are Less Producing The Oil, It Is About 

56.02% Only.  

Pyrolysis Of HDPE And LDPE Converted 

The Feedstock Into Wax Instead Of Liquid Oil Due 

To Its Long Carbon Chain Structure. So, In Mixed 

Virgin Plastic Composition, Highest Amount Of 

Feedstock Is HDPE And LDPE. PP And PS Present 

In Very Less Amount. Because Of This Composition 

Ratio, There Are Decreasing In Oil (Mass %) In 

Mixed Virgin Plastic. 

Also Observing The Residence Time 

During These Experiments. In All The Experiments, 

25 Gm Of Mixed Plastic Is Treated And All Takes 

Around One And Half Hour To Complete The 

Decomposition Process. Also, Temperature Is The 

Most Affecting Parameter. A Temperature In These 

Experiments Is To Maintain Around 400-430 ºc. In 

This Temperature Range, Maximum Oil Drops Have 

Come In Oil Collector. On The Basis Of This 

Particular Information We Can Say That In This 

Temperature Range, Maximum Decomposition Of 

Plastic Material Is Taking Place. During The 

Experiments, Observing Also The Temperature At 

Which The First Drop Of Oil Comes. This Indicates 

The Decomposition Process Of Plastic Material Is 

Starts. A Temperature At Which The First Drop Of 

Oil In Both The Run Is Comes In HDPE At 263 ºc & 

268 ºc, LDPE At 256 ºc & 252 ºc, PP At 223 ºc & 

231 ºc, PS At 168 ºc & 175 ºc And Mixed Plastic At 

252 ºc & 243 ºc. In The Beginning, White Color 

Fumes Are Generated In The Reactor But That Is 

Not Crack Vapor. So Need A Specific Residence 

Time To Crack The Material. Once The Cracking 

Starts, Oil Drops Are Also Coming In The Collector. 

So, Residence Time And The Temperature Are 

Highly Affected In The Decomposition Process.   

 

IV. CONCLUSION 
Numbers Of Experiments Are Carried Out 

On The Individual As Well As Mixed Plastics And 

Checked The Percentage Yield Of Products 

Analysis. The Result Shows That PS Gives The 

Highest Amount Of Oil (Above 80%) Producing 

From Plastic. LDPE, HDPE Producing Average 62% 

And 65% Of Oil-Producing Respectively. Compare 

To All Individual Plastic Material, Mixed Virgin 

Plastics Are Less Producing The Oil, It Is About 

56.02% Only. Due To The Long Carbon Chain In 

HDPE And LDPE, Converted Feedstock Into Wax 

And Decreases In Liquid Yield.  

  Effect Of Residence Time And 

Temperature On The Decomposition Process Also 

Observed. Giving The Maximum Residence Time Is 

Helpful To Crack The Feedstock In A Reactor 

Before The First Drop Of Oil Was Not Come In A 

Collector. The Temperature In These Experiments Is 

To Maintain Around 400-430 ºc. In This 

Temperature Range, Maximum Oil Drops Have 

Come In Oil Collector.  

On The Bases Of Proximate And Ultimate 

Analysis, It Is Concluded That No Toxic As Well As 

Harmful Gases Like Sox, Nox, Furans, Etc. Are 

Generated From The Decomposition Process.   
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