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Abstract: non-biodegradable plastics are the major causes of pollution in the world today, this is a problem that
has been frequently recurrent for a very long time.

Polyethene is the most common thermoplastic with wide range of application and an average of about 80 million
tonnes produced per annum. Its primary use is in packaging (plastic bags, plastic films, geomembranes,
containers including bottles) and in Africa it is widely used for packaging drinking water, usually referred to as
“sachet water” [1].

This research work focuses on Low Density Polyethene — a grade polymer, its effective management and
usefulness when transformed into other products by pyrolysis. In this work, waste polyethene materials were
gathered from dumpsites, sterilized and pyrolyzed at different temperatures using a home-made batch reactor
and different products were formed at different temperature ranges: 140-190°C, 200-300°C, 300-470°C during
the process. The process entails the use of three different samples of polyethene of mass 300g, the sample was
pyrolyzed and results were recorded and analyzed. The fuel oil produced from the pyrolysis of waste water
sachets can therefore be used in place of JP—4, providing the aviation industry with a cheaper fuel oil from a
cheaper source (waste LDPE) than crude oil.
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MUPOJIN3 NOJIUITUIIEHA HU3KOM IVIOTHOCTH (ITHIT) U AHAJIN3
INIOBOYHBIX ITPOAYKTOB 11O CPABHEHUIO C ABUALIMOHHbIM
TOIIJINBOM JP-4
Hxyaeniin cut, DaxpyTIMHOB P.3.2

YWixyaeniiu Canseriwun Yuoocuoke — 6akanasp,
Kagpedpa xumuueckor mexHoio02uu;
2®axpym()uH06 Peso 3ueanwunosuy — npogheccop,
Kapedpa xumuueckol mexHoai02uu nepepadomxku Hegpmu u 2asa,
Kazanckuii nayuonanvuvlil ucciedosamenbcKull mexHoao2uyecKull ynusepcumen,
2. Kasanw

Annomayusa: buonepasiazaemvie NAACMUKY AGTAIOMCA OCHOBHOU NPUYUHOU 3AEPAIHEHUSA 8 COBPEMEHHOM Mupe,
u ama npoobrema 4acmo nogmMopaemcs 6 meyeHue oueHb 0012020 6PeMeHuU.

Honusmunen saersemca Hauboiee pacnpoCmpaneHHbIM MePMONIACHOM € WUPOKUM CHeKMPOM NPUMEHeHUs U
npou3sooumcs 6 cpednem 6 konuvecmee okono 80 muanuonos monn é 200. Ezo ocnosnoe ucnonvzosanue - 6
Kauecmee YNaKkosKu (NOJUIMUNIEHOSbIE NAKEMbl, NIACMUKOBble NIEHKU, 2e0MeMOPanbl, KOHMEUHEepbl, 6KAI0UAs
oymuinku). B Agpuxe e2o wupoko ucnonvsyiom 015 ynaKoeKku numvegoli 600bl, 00bLIYHO HA3LIEAEMOU «cauiey
[1].

Oma HayuHo-uccned08amenbckas paboma NOCEAUeHd NOAUIMUNEHY HUBKOU NIOMHOCMU - KAYeCMEEeHHOMY
nonumepy, e2o 3QPHeKmusHoOMy YIPAGIEHUIO U NOAE3HOCMU NPU NpespaujeHul ¢ opyeue npoOoyKmvl nymem
nupoausa. B smoil pabome ompabomanmvle nonuIMUIEHOBbIE MAmMepuanbl Obliu COOPAHbL HA CEANKAX,
CMEPUIU306AHbL U NOOBEPSHYNbI NUPOAU3Y NPU PA3TUYHBIX MEMNEpaAmypax ¢ UCHOTb30BAHUEM Deaxmopd
nepuoouyeckoeo Oelicmeus, 6 Xxolde npoyecca OblLIU HOLYYEHbl PA3IUYHbIE NPOOYKIMbL HPU  PA3TUYHBIX
memnepamyprulx Ouanaszonax: 140-190 °C, 200-300 °C, 300-470 °C. Ilpoyecc npedycmampueaem
UCNOTb308aHUE MpeX pa3Hbix 00paszyos noausgupa maccou 300 2, 06pazey nodgepaanca NUPOIU3Y, pe3yIbmanbl
pecucmpupoganucy u avamuzuposanucy. Taxkum obpazom, emecmo JP-4 MOJCHO uUCnOIb306aMb MA3YM,
NONYUEHHbIU 8 pe3ybmanme NUPOIU3A cauie CIMOYHbBIX 800, MO 0Decneuusaen asUayUOHHYIO0 NPOMbIULIEHHOCTIb
bonee Oeutegblm Mazymom uz bonee oeute6o2o ucmounuxa (omxoowt [ISHII), uem cvipas nHegpme.

Kntoueswte cnosa: nonumep, norusmuneH, RUpoau3s, Masym, 60cK.
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INTRODUCTION



The use of polyethene for packaging of goods and products is a trend widely accepted in our world today and
this trend bears no end in sight because the distributors of these goods and products find the use of polyethene
packaging lighter and cost effective in the overall packaging and distribution of their various outputs. During
polyethene packaging, lots of waste polyethene materials are realized and most producers tend to burn them,
thereby resulting in the formation of dense fumes which in turn causes air pollution and ozone layer depletion,
others retire to the process of burying them in large pits, but for the fact that this plastic is non-biodegradable,
they remain underground for years, causing land pollution.

Life would almost be impossible without polyethene because as widely as polyethylene products are used, so
also are their spent/used parts/components are found all over the places constituting serious environmental
mishap and other related problems, they therefore pose serious environmental problems to inhabitants especially
where solid wastes are deposited in towns (urban areas) and villages (rural areas). Urban waste disposal is the
responsibility of various municipalities, local government and/or city co-operations [4].

Lots of studies have taken place in the past in order to solve the problem of these waste, The method to be
discussed below allows for and easy, cost effective process of converting these waste into useful materials.

POLYETHENE

Polyethene is a polymer made up of the combination of many monomers of ethene (C,H,4), so most
polyethene have a general formula of (C,Hy),, with “n” being the number of ethene monomer units contained in
the overall polymer [2]. Polyethene is an addition polymer that is created by the polymerization of ethylene
monomer units. Ethylene can be polymerized by a radical mechanism under very high pressures and
temperatures with the addition of an organic peroxide radical initiator [3]. The process requires a highly purified
ethylene feed and the operating pressure ranges from 1000 to 3000 atm and a temperature range of 120-
3000C.Temperatures exceeding 3000°C cause ethylene to decompose and are not recommended in practice [2].
Therefore, the development of mathematical models to predict the process behaviour is important to ensure a
stable operation, associated with an improvement in the properties of the produced polymer.

MATERIALS NEEDED
Low density polyethene films (gathered from dumpsites around the city)

Heater

Batch reactor

Thermocouple

Condenser

Water at 298K for cooling

Lagging material to prevent heat loss

Measuring cylinder

Weighing balance

Steel spoon for stirring
Nitrocellulose thinning

METHOD

1. Low density polyethene material waste was gathered from major dumpsites, these materials were
screened washed, dried and cut into smaller sizes. Later, they were soaked in Nitrocellulose thinning in order to
remove the labels and other ink related mater on them.

2. 300g of polyethene was weighed and passed into the reactor through the hopper, The hopper was then
properly covered. Adequate precautions were put in place to make sure there is no leakage before start of
experiment. The heater was then switched on and the pyrolysis continued, until the last drop of oil was noticed in
the measuring cylinder. A glass condenser was connected tightly to the reactor to cool the condensing vapour
from the reactor. Water at 25°C, connected counter currently was used to cool the vapor. No catalyst was used.

3. The volume of fuel oil produced was observed with respect of time and temperature for the sample.

4. The two major products that were formed after the pyrolysis were: wax and fuel oil

5. The products produced during the pyrolysis were analyzed and some physical and chemical properties
were obtained.

RESULTS
Table 1. Products obtained from pyrolysis of LDPE
Temperature Mass of waste Mass of fuel Mass of Mass of gaseous Mass of carbon
(°C) polyethene (g) oil (9) wax (g) products (g) residue (g)
140-190 293.16 54.90 228.42 9.84 0.00
200-300 289.65 99.84 165.87 23.04 0.00
300-400°C 300 259.5 0.00 5.79 34.68

It is to be noted that the wax was collected in liquid form and required about 20-30 minutes to solidify at
room temperature.




Analysis of the fuel oil showed that it contained several polyaromatic molecules with Acenaphthylene being
the most abundant. The fuel did contain water or ash and also had zero Sulphur content.

Further analysis of the fuel oil provided its physical properties as follows:
Table 2. Physical properties of fuel oil produced

properties quantity
Density at 15°C 0.77 glem®
specific gravity at 15°C 0.77
Saybolt viscosity at 15°C >5.38 ¢St
Flash point <26 °C
Pour point 3°C
Distillation range 45-360 °C
Heat of combustion 2.91 x10” KJ/mol
Hydrogen content 14.77 %
Carbon content 85.23 %

Properties of the fuel oil was compared with those of other fuels and it was confirmed that it had major
similarities with the JP-4 fuel. JP-4 is a widecut (mixture of gasoline and kerosene) fuel oil that is used by the
U.S Aiir force as aircraft fuels. It is also called jet fuel-4. JP-4 is a colorless to straw-colored liquid. It smells like
gasoline and /or kerosene. JP-4 is flammable. Refining kerosene, a petroleum oil or shale oil can make JP-4. JP-4
is a blend of chemical made according to standards specified by the U.S. Air force for each fuel. JP-4 is liquids
at room temperature, but can also change into vapor [5].

Table 3. Comparison of produced fuel oil produced with JP-4 aviation fuel

Properties Fuel oil JP-4
Hydrogen content 14.77 % >135%
Distillation range 45-360 °C 40-270 °C
Physical state liquid liquid
Flammability Flammable at room temperature Flammable at room temperature
colour Light yellow colorless
Density at 15°C 0.77 glem® 0.751-0.802 g/cm?®
API 55 45-57
CONCLUSION:

The pyrolysis of waste low density polyethene waste to produce fuel oil increases with temperature. On the
other hand, it was noticed that as temperature increased, the amount of wax produced decreased. The physical
properties of the fuel oil produced compared favorably with that of Aviation fuel JP- 4, which shows that the fuel
oil can be used in place of JP- 4, which is more expensive than Kerosene. Petroleum products like kerosene,
gasoline, diesel oil etc could be obtained by pyrolyzing at lower temperature since the fuel oil produced contains
C3 to C38. The effective management of the polythene waste through conversion into further usable products
turns the littered surrounding to an environmentally friendly one by preventing outspread of disease and
simultaneously creating employment for both skilled and unskilled labour.
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