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ABSTRACT

Domestic waste plastic consisting of polythene baglk cover and oil cover has been degraded inéoplastic
oil containing hydrocarbons using fly ash as thmlgat. This has been accomplished by using a wastesure cooker as
the reactor and waste plastic can as the condeiber.yield of the plastic oil obtained was 63.2%w. boiling
hydrocarbons were removed from the plastic oil bgtmlled heating at 100C for about 30 min. The properties of the
resultant oil were compared to those of commerdiglsel. This oil was tested as a fuel in the diesegfine.

The fuel characteristics are quite comparable dsédlof diesel.
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INTRODUCTION

In modern days use of plastic is unavoidable. Alnatisthe food items are packed in polythene bagsienof
LDPE. LDPE is generally used for making flexibleteréals like bags and geomembranes. A family ifdrid polluting
about 1 sq.feet land area by littering the wastestid in a day. Managing of these plastic wastes $erious problem.
Land-filling and incineration are the methods ubgdhe people in all places. When it is litteredhe ground during the
rainy season the plastics get floated in the waiter chock the drain pipes. Due to this water getgnated in the living

area. This is a very big problem in city and toweas.

In most of the places to avoid the above problerstevalastics are burnt in an open atmosphere. Bumimning
the carbon in the waste material is largely comgetb CQ which can be converted to carbohydrates by plémtaugh
photosynthesis. However, combustion will not takaece to the complete extent. Incomplete combustiihproduce
smoke and emission of toxic chemicals like CO. Alswing combustion nitrogen in the air and the arganaterial will
combine with oxygen to produce NOx (NO and )NGulpher present in the waste materials will corahlwith oxygen to
produce SOx (S©and SQ)

The burning of waste plastic also produces car@nagmaterials like dioxin. The boiling point of tea and
dioxin are nearly the same. So it can easily mithwiater and may be consumed by human and aniffails causes a lot

of health hazards. Harmful effects of dioxin haee well described by Nobuomatsusetal ., [1].

So burning of plastic in the open atmosphere isnfidrto the humans. To avoid this plastic can beveoted into
liquid hydrocarbons which can be used to run autzl@s by mixing it with auto fuel at a proportionatio. Waste HDPE

and LDPE have been successfully converted intodoatbons [2-33].
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Catalytic degradation has been found to be belten thermal degradation [5, 14, 21, 23, 25, 28,321,33].
Largely acidic, Zeolite based and clay based cstsilyave been used for degradation. Basic catd§gB0;, CaCQ, and

BaCGQ; also have been used. Fly ash obtained after lmofinoal has also been used.

So far no attempt has been made to convert domestte plastic like polythene bags into hydrocasbon
This paper reports the conversion of domestic wpkistic into hydrocarbons. Also, the obtained fidasil has been

tested on the diesel engine.

EXPERIMENTAL

Materials and Methods

Waste plastic: Unused waste plastics like the packed cover daags; milk cover and oil cover were collected

from a house in a bag for a period of one month.@astic bags were cut into small pieces by usiigsors.
Catalyst: Fly ash was collected from the nearby area wheatis burnt. This will act as a catalyst.
Degradation Plant

The photographic view of the waste plastic oil agtion plant is shown in Figure.1. It consists ofeactor,

burner, LPG cylinder, condenser and a thermocoafpéehed to a digital meter which works in 230 V suply.

L

Lo o
Figure 1: Photographic View of Degradation Plant
Fabrication of the Reactor

The reactor was fabricated by modifying a 5-litexste cooker as follows

The steam outlet in the top cover of the cooker mgoved and a steel pipe was fitted. This pipbeist to
connect it with a condenser. The safety valve mowed and a thermo well is made. The thermocoupli@serted in
the thermo well and the thermocouple is attached wtigital thermometer. Six holes are made in thge ¢over and
the bottom of the cooker to attach the top andobotbf the cooker tightly by bolts and nuts. Thecgpbetween the top
cover and bottom of the cooker was fitted with aha@mical seal to prevent leakage from or into thieed objects during

the reaction process.
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Modification of Waste Water Can Into Condenser

The tap was removed from the wastewater can. Abllexhose pipe was inserted through the hole forimgd
removing the tap. M-seal was used to prevent thkalge of water from the can. The hose was rollegtimo rolls inside
the condenser. One side of the flexible hose was dpr oil outlet and the other side of the tubeswannected to the

reactor pipe.

S £
Figure 2: Photographic View of Condenser

Procedure for Extracting the Waste Plastic Oil

Thermocouple

LPG
Cylinder Plastic
oil collector

Figure 3: Schematic Diagram of Experimental Setup

Schematic diagram of the experimental setup is showFigure. 3. One kg of cut waste plastic waseadixvith
100 g of catalyst and mixture was placed insideréaetor. The reactor was kept on the gas stoveebuhfter checking
all the bolts and nuts for tight fixing the burneas ignited using a lighter. When the burner btinettemperature inside
the reactor was increased and the plastic got mglthe temperature increased the plastic melteldceacking took place.
The cracked vapor got passed through the condemstere condenser, the cracked vapor was cooledbandme liquid.
The temperature and the oil collected were notadgilar time intervals. The collection of plagtitis shown in Figure.

4 Unburned hydrocarbon Collection of waste plagsiiic
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Figure 4: Waste Plastic after Degradation

If the water in the condenser (can) become tooithetas replaced with fresh cool water. Some shbdirc

hydrocarbons which cannot be cooled into liquicbgbof the condenser as vapor.
REMOVING OF LOW BOILING HYDROCARBON

The reactor was thoroughly cleaned and dried. Dileated waste plastic oil was poured into it. Thactor was
tightly closed and was kept in an aluminum basint@iming water. Waster was poured up to a levéhénaluminum basin

as shown in Figure. 5.

Alumini
basin =

/J{\\ [T LPGgasstove
[ ]
Table 2
LPG 5 i
" emao
Cylinder low boiling
hydrocarbons

Figure 5: Schematic Diagram of Removing Low BoilingHydrocarbon

The burner was lighted. The temperature of the mimtereased. Due to this the temperature of thealsid
increased gradually. Now the low boiling hydrocarboraporized from the reactor and got cooled in dbedenser.
Heating was continued until the condensation of lbwiling fraction oil stopped coming from the conder.

This oil may be used to run the petrol engine.
PHYSICAL PROPERTIES

Physical properties of the waste plastic oil otgdiafter removing the low boiling hydrocarbons waetermined
using the following standard methods for fuel: K4&-P16 for density, 1S-1448 P-32 for specific gsguS-1445-P25 for
kinematic viscosity, IP-36 for flash point and fipeint, IP-16 for pour point, gross calorific valuas determined as per
1S-1448.
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TEST ENGINE EXPERIMENTAL SETUP AND PROCEDURE

The following tests have been conducted on Kirloske - | diesel engine, operated by diesel fuel avabte

plastic oil.
* Performance Test
*  Emission Test

* Combustion analysis
Procedure for Load Test

Specifications of the test engine are given in &abl The experimental setup is shown in FigurélH& engine
was allowed to run with sole diesel fuel at a cansspeed of 1500 rpm for nearly 30 minutes, tairatthe steady state
conditions at the lowest possible load. During itheestigation, the temperature of the lubricatifigand temperature of
the engine cooling water were held constant, tmiakte their influence on the results. The engimewas stabilized with
injected fuel for the attainment of the lubricatiad) temperature of 68C and the cooling water temperature of T
The cooling water flow rate was maintained at 7 ib/nThen the following parameters were determinette for

concordance:
» Time for 10 mL of fuel consumption (s)
*  Smoke Density (HSU)
* NOx emission (ppm)
» Hydrocarbon emission (ppm)
e Combustion parameters (analyzed by the use of Adfhlustion analyzer)

After completing the experiments with sole diesd|f further experiments were conducted with thetevalastic
oil. The engine was run at various percentagesoafld (20%, 40%, 60%, 80% and maximum possible load)

The performance, emission and combustion tests eared out.

At each load, readings corresponding to performamz emission characteristics were recorded.
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Table 1: Specifications of the Test Engine

Type Vertical, Water Cooled, Four Stroke
Number of cylinder One
Bore 87.5 mm
Stroke 110 mm
Compression ratio 17.5:1
Maximum power 5.2 kw
Speed 1500 rpm
Dynamometer Eddy current
Injection timing 23° before TDC
Injection pressure 2.20 kg/mn?

1. Kirloskar TV1 Engine 8. AVL smoke meter

2. Eddy current dynamometer 9. AVL Di-gas analyser
3. Injector 10. Pressure transducer
4. Fuel pump 11. TDC Encoder

5. Fuel tank 12. Charge amplifier

6. Alr stabilizing tank 13. Indimeter

7. Air filter 14. Monitor

15. Exhaust silencer

Figure 6: Experimental Set Up for Test Engine

RESULTS AND DISCUSSIONS

Degradation Process

Degradation was carried out with 1 kg of the polynighe amount of oil collected and temperature messk at
10 min time interval are given in Table 2. The tesare graphically represented in Figure. 7. lis thxperiment,
the temperature at which oil formation started temdperature at which oil formation ceased weredatad are given in
Table 3. The time at which oil formation ceased waias noted.
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Table 2: Observation Table

Time (min) Temperature of Sample Inside Quantity of the Oil Obtained

the Reactor Chamber (mL)

0 28 -

10 69 -

20 130 -
30 194 47
40 296 195
50 322 265
60 347 430
70 359 570
80 378 680
90 387 735
100 376 760
110 369 775
120 342 790
130 327 795

Reactor temperature (°C)
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200

100 -

T T T T T T T T

T T T T T T T
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Figure 7: Graph Time Versus Reactor Temperature

53

The oil formation commenced at 198 and ceased at 327C. It has been observed that for LDPE from waste

saline bottles the oil formation commenced at 2COand ceased at 34Z for the same cat/pol ratio [32].

Thus, oil is formed at the lower temperature in tese of polyethylene bags compared to waste sélattes.

This is because polyethylene bags are generallyerfradh LDPE which has low molecular weight compat@those used

for making saline bottles.

Calculation of Yields

The yields of solid, liquid and gaseous products denoted a¥;, Y, and/;, respectively. Let the weights of

solid material remaining in the reactor after thaation ad/, Let the weight of catalyst bé..

Weight of solid producfWs) = W, - W,

Let the weight of liquid bé&/;. The values oW, W, Wy and W_are expressed in g

Weight of polymer taken =1 kg = 1000 g

www.iaset.us
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_Ws

Yo =
S ™ 1000

x 100 (%)

_ WL
~ 1000

Y, x 100 (%)

¥, = (100 - ¥, = ¥,) (%)

The weight of the remaining product was found a& 2By subtracting the weight of catalyst fronsthiis seen
that the amount of solid product is 20 g. This masestains unrecompensed materials, waxy hydrocatband
carbonaceous matter. The percentage of total swdisk is 2. Thus, there is at least a 98% converBiatme case of the

waste saline bottle, 97% conversion has been a@thig32]. The results are given in Table 3.

The weight of oil formed was 632 g. This is thegestage of oil formed is 63.2. In the case of wastie bottle
75% oil has been obtained for this cat/pol ratioc& polyethene bags are produced from low moleawtdght LDPE the

amount of gaseous product formed is higher indage than in the case of the waste saline bottle.

Table 3: Physical Data for Degradation

Reaction Temperature” | Reaction Time | Conversion | Oil Gag | Density of the Oil
(UC) (min) (%) ) | (%) (kg/m)
206-360 140 98 63.2 34.9 789

* The lower temperature is the temperature at whicfoomation commenced and the higher temperatsrené

temperature at which oil formation is ceased.
» Obtained by balance.

When low boiling hydrocarbons were removed from bil0of the plastic oil the remaining oil obtaine@s880

mL. The properties of oil were determined and amagared with those of diesel in Table 4.

Table 4: Properties of Plastic Oil and Diesel

Properties Plastic Oil | After Removing Low Boiling HC (WPQO) Diesel
Specific gravity at15/15[(C) 0.795 0.82 0.825
Kinematic viscosity at 40C (cSt) 2.55 2.49 2.522
Flash point (/C) 63 67 69(52-95
Fire point (1C) 71 77 86
Grass calorific value (MJ/kg) 42.6 42.6 42.4
Density at 15/C (kg/nt) 795 820 825

Engine Parameters for the Waste Plastic Oil

Various parameters such as brake thermal efficiesoyoke density, NOx emission, and hydrocarbon were

determined for the above plastic olil
Brake Thermal Efficiency

Variation of the brake thermal efficiency with theake power of the engine is shown in Figure. &allrcases,
brake thermal efficiency has the tendency to ireesith an increase in brake power. This is duthéareduction in heat
loss and increases in power developed with an &serén brake power. From figure. 8 it is seen thatbrake thermal
efficiency for WPO is higher than that of dieseheTproperties of the WPO lead to improved vapanmatatomization,

and combustion, which influence the improvemenhimbrake thermal efficiency. The maximum brakertie efficiency
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at maximum brake power of the engine shows 29 %hvisi higher than that of the diesel.

32
30 4 | —@— Diesel

28 1

26
24
22 4

20 4

Brake thermal efficiency (%)

: - - - - r T T T
10 15 20 25 30 35 40 45 50 55
Brake power (kW)

Figure 8: Brake Thermal Efficiency against Brake Paver

Emission Parameter

Smoke Density

The variation of the smoke density with brake powgeshown in Figure. 9. From figure. 9 it is sedatt
the smoke density is higher for WPO than dieseis Thdue to the low viscosity, heavier moleculaucture, present of
carbon residue in the WPO. Due to this, the smakdyced by the WPO is higher at all the loads. magimum smoke
produced is 75.4 HSU for the maximum brake power.
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Brake power(kW)

Figure 9: Smoke Density against Brake Power

Oxides of Nitrogen

Comparison of NOx emission for WPO with diesel limwn in Figure. 10. It is seen that the NOx emissi©
lower than that of diesel at fairly higher brakeyeos. The lower NOx emission of the WPO is due toveer heat release
rate when compared to diesel.
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Figure 10: Oxides of Nitrogen against Brake Power
Hydrocarbons

The variation of the amounts of hydrocarbons in ¢xdaust gas with brake power is shown in figurk. 1
It is seen that the hydrocarbon level increaseh wait increase in brake power. The hydrocarbon lef/f&/PO was a
slightly higher emission when compared with die§ghce the viscosity of the WPO was low the fugbdted with the

engine is high when compared with diesel.
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Figure 11: Hydrocarbon against Brake Power
Combustion Parameter

In the combustion parameter cylinder pressure aal Felease rate were also determined for the abagte

plastic oil
Cylinder Pressure

Cylinder pressure mainly depends on the combustitsin the initial stage which is influenced bglffin taking
the path, premixing combustion, viscosity and détowralue of the fuel. Cylinder pressure Vs craahgle diagram is
shown in Figure. 12. The cylinder pressure for eliefuel is 61 bar which is higher than that of WPO.

From figure 12 it is seen that WPO shows 58 bandgr pressure at maximum load which is lower ttheat of diesel.
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Figure 12: Cylinder Pressure against Crank Angle

Heat Release Rate

From Figure. 13 it is seen that the heat releate foa WPO is shifted about’5rank angle. This is due to

prolonged ignition delay because of different hydmon fractions available in the fuel.

120
110 1
100 4
90
80 A
70 A
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50
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Heat release rate (kJ!deeg)

Carnk angle (deg)

Figure 13: Heat Release Rate against Crank Angle
CONCLUSIONS

Domestic plastic waste can be converted into mlasti The plastic oil can be easily separate the boiling
hydrocarbons using a simple procedure. The highmling fraction can be used as a fuel on the diesmjine.
The brake thermal efficiency is 29% higher thart tifadiesel. This smoke produced at maximum brakegy is slightly
higher than that of diesel but are within the pasifile limits. The emission of NOXx is less thart thfadiesel at all loads.
Though the emission of hydrocarbons is slightlyhleigthan that of diesel it is within permissiblmilis. The combustion

parameters were also comparable to those of diesel.

From this work, it is concluded that all the housldhwaste plastic can be converted into liquid foxefollowing

the easy procedure shown in this study. This wiluce the pollution due to waste plastic in thérenment.
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