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ABSTRACT
The authors introduced waste plastic pyrolysis oil (WPPO) as an

alternative fuel characterized in detail and compared with conventional diesel.

High density polyethylene, HDPE, was pyrolyzed in a self-designed stainless
steel laboratory reactor to produce useful fuel products. HDPE waste was

completely pyrolyzed at 360-540°C for 4 hours to obtain solid residue, liquid
fuel oil, and flammable gaseous hydrocarbon products. Comparison of the
fuel properties to the petrodiesel fuel standards ASTM D 975 and EN 590
revealed that the synthetic product was within all specifications. Notably, the
fuel properties included a kinematic viscosity (40°C) of 1.971 cSt, density of
0.7841 gm/ce, sulphur content of 0.125 (wt%), and carbon residue of 0.5
(wt%), and high calorific value represented significant enhancements over
those of conventional petroleum diesel Juel.
INTRODUCTION

Plastics have become an indispensable part in today's world, due to their

lightweight, durability, and energy efficiency, coupled with a faster rate of production and
design flexibility; these plastics are employed in entire gamut of industrial and domestic
areas; hence, plastics have become essential materials and their applications in the industrial




ISSN 2348-7976
Jan. 2019 To June 2019
te plastics have created a very

mandtlwirdisposal problems,
)or chemical raw materials

"&"‘é"ﬁ’“‘ﬁ'w

| . . reasing. At the same time, W=
ﬁe%d are mmg} m@gﬂmofﬂﬂwﬁ qua.ntlh
SR S s quid foel (gasoline, dicsel 0, €5 '
Waste plastic pyrolysis in liqui ewhite pollutioﬂ, but also can alleviate the
not only can effectively solve the problem (.) ¢ waste plastics is expected to become
energy shortage to a certain s Recydl,n 7 erating, and utilizing have become
the most effective way, Waste plastics'recycling, re®™ v formed a new industry [1-6].
a hot spot of research at home and abroad and gradually fo _ b ok
The decomposition of polymeric materials is also relevant and of {nterest to indus es
since plastic is used in many of today’s commodities [7, 8]. The wide use of polymeric
materials or plastics resulted in the accumulations ofuntraditional wastes not native to the
mother earth life cycle [9, 10]. Therefore, wastes of modern materials are accumulated
without effective decomposition and recycling routes in the landfills. The increase of
petroleum and petrochemical prices opened the ways for industries to invest in
decomposition of plastic wastes to petrochemicals [11, 12]. Today, plastic landfills are as
valuable as petroleum mines. Models for reaction’s kinetics for optimal pyrolysis conditions
of plasftic waste mixtures have been proposed by researchers. Literature abounds in the
recycling of these traditional wastes to petrochemicals [13-15)and many industries are
sustained and developed based on decomposition of natural and
15]. From a scientific-engineering point of view, nondegradabil; e

an environmental issue in landfills since the plastics can i mﬂy?;f;ihcs 1s no longer
plastic wastes are continuing to be a huge hazard on the surface ﬂn;l smf:vu; run-away
as waterways, seas, and oceans, endangering safelife for both animale - -
The plastics inglude polystyrene [16, 17), pOly(Vinylcmoﬁde) [17 ::“d humans [15).
(17-19), PE terephthalate [18], acrylonitrile-butadiene-styrepe [1'8 ], polypropylene
In some cases, plastics were copyrolyzed with other mgt Sials Such]' and PE [16-] 8].
[18]. With regard to fast pyrolysis of PE, pyrolysis of LDPE e 185 Waste motor ol
‘various mixtures [17] was reported. WHDPE 20,511 ang
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Figure 1: Schematic representation of experimental setup.

l"_‘—-———
= 1 Condenser
ad T
E- Waler
=3
[;"'F!H
S 2™ Condenser
PO“T Waste Nz ety Water

&:} Uncondensed Gas Exit Lne |
Second
Sorage

Valve

In all PE studies, the properties of the resulting bio-oil were not reported, nor
were the upgrading to fuel-grade hydrocarbons and subsequent fuel property determination.
The objective of this study was the production, characterization, and evaluation of
alternative diesel fuel from pyrolysis of HDPE waste plastics. Comparison of our pyrolyzed
oil with conventional petroleum-derived diesel fuel was a further objective, along with a
comparison to petrodiesel standards such as ASTM D 975 and EN 590. Blends of
waste plastic pyrolysis oil (WPPO) with diesel were prepared and the resultant fuel

properties weremeasured. It is anticipated that these results will further the understanding
of the applicability and limitations of HDPE as a feedstock for the production of alternative

diesel fuel.
Materials and Methods

Materials and Process Description.
The plastic used in this study was used waste plastic containers (HDPE) for

domestic purposes. Waste plastics were cleaned with detergent and water to remove
ined foreign materials such as mud and oil. Washed out waste plastics were dried
and cut into small pieces in the range 0f 0.5 inches to 2 inches by using scissor.
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of the stainless steel pyrolysis chamber to measure the temperature.

storage tank,

Table 1: Testing methods f?_f,fE‘F_!_EEE--.f.s-rﬂ?ﬁmiqg"'*'“"'"“' ;
Properties Test method
Density IP 131/57
Kinematic viscosity ASTM D 445
Flash point ASTM D 93
Fire point ASTM D 93
Water content ASTM D 49
Pour point ASTM D 97
Calorific value Bomb calorimeter 12/58
Sulphur content ASTM D 129-00
Carbon residue ASTM D 189-65
Ash content ASTM D 48

Therefore, the temperature mention mEy have appeared

‘ small in amount as
compared to conventional system, Besides,

condensers were cooled by water and the

condensed big.oj) ¥
’wnm.mmmﬁm £as was flared to the ar:::o"wted into two
from the reactor after completion of pyrolysis cycje, char was collecteq
Fuel Properties,

Which are
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summarized in Table 1.

Table 1:- Effect of temperature on product yield.

TEMPERATURE | % YIELD OF WPPO (W)
360°C 40 ‘b
390°C 47
420°C 54
450°C 60
480°C 66
510°C 72
540°C 80

Figure 2: Effect of temperature on product yield.
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The density measurement is done with accuracy 0f+0.0005 g/mL and the other

parameters such as pour point, flash point, and fire point are measured with +1°C accuracy.
Results and Discussion »
Effect of Temperature on Product Yield.

The products are separated into gas, oil, and char residue by pyrolysis of waste
plastic. About 38.5% of WPPO was obtained at temperature 330°C as presented in
Figure 2. The oil percentage increased constantly to 76.0% at 425°C. The gases produced
through plastic pyrolysis consist principally of hydrogen (L), carbondioxide (CO,), carbon
monoxide (CO), methane (CH,), ethane (C,H,), and butadiene (C H,), with trace
amounts of propane (CH,CH,CH,), propene (CH,CH=CH,), n-butane










ISSN 2348-7976

Issue : Xil,Vol. - | m Jan, 2019 To June 2019 [3
VRJFPS

perature at which it can yaporize to form an ignitable
the fire hazards of fuels. The flash point
_62 method. The flash point of WPPO
ghly volatile materials in
oint of

Flash Point,
Flash point is the lowest tem

mixture in air, Flash point s used to characterize
of WPPO was measured according to ASTMD 93

was about 150C. A low flash point indicates the presence ofhi

the fuel that is a serious safety concern in handlingand transporting. The flash p
0, which indicates that these are

furnace oil, diesel, and kerosene is higher than WPP ,
easy to handle. By removing lighter components (such as naphtha/gasoline) the flash
point of WPPO will be increased.

Fire Pointand Pour Point.
The fire point of a fuel is the temperature at which it will continue to burn for at

least 5 seconds after ignition by an open flame. The fire point is used to assess the risk of
the materials ability to support combustion. Generally, the fire point of any liquid oil is
Table 4:- Comparison of calorific value of different fuels.

Fuel Calorific Value
(KCalVKg)
Diesel 11580
Kerosene 11755
Furnace Oil 10426
Heavy Fuel Oil 10670
Light Fuel Oil 10833
WPPO 8845
Gas Oil 11240
Biodiesel 8860
Figure 4: Comparison chart of calorific value of different fuels,
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considered to be about (5-10) 0C higher than the flash point, The fire :
plastic pyrolysis oil was 200C. The pour point is the temperature ¢ N ;‘;H;ﬂof r:a‘ste
will just
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ceases to flow when cooled at a standard rate in a standard apparatus. Pour i
determines the suitability of oil for low temperature installations, The pour point of WPPO
was measured by using ASTM D 97-57 methodology. The pour point was <1 50C.The
low pour point value of WPPO indicates that it is not suitable in cold weather country.
Calonific Value.

One of the important properties of a fuel on which its efficiency is judged is its
calorific value. The calorific value is defined as the energy given out when unit mass of fuel
is burned completely in sufficient air. The calorific value of WPPO was estimated according
to IP 12/58 method. The calorific value of WPPO was 8845 kcal/kg. Figure 4 represents
the comparison of calorific value of WPPO with other kinds of oil.

Sulphur and Ash Content.

The presence of sulphur in vehicle fuels causes SO?? emissions that are an
environmental issue. High sulphur content decreases the catalytic conversion capacity of
a system, thus increasing the emissions of nitrous oxides (NO?? ), carbon monoxide
(CO), hydrocarbons, and volatile organic compounds (VOCs).The sulphur content of
WPPO was measured by using ASTMD129-00 methodology. The sulphur content of
waste plastic pyrolysis oil was 0.246%. Sulphur content of WPPO is slightly higher than
gasoline (0.014%), diesel (0.15%), and other types of fuel oil because waste plastic
contains some contamination.

The ash content of oil is the noncombustible residue. The ash content of distilled
tire pyrolysis oil (DTPO) andDTPO50 (50%DTPO : 50% diesel)was measured by using
IP 04/58 test methodology. It is clear that the ash content of WPPO was 0.0036%
comparatively higher than diesel, light fuel oil, and kerosene. So it can be used as an
alternative of furnace oil and heavy fuel oil (HFO).

Carbon Residue.

Carbon residue indicates the tendency of oil to deposit a carbonaceous solid
residue on a hot surface, such as a burner or injection nozzle, when its vaporizable
constituents evaporate. The carbon residue of WPPO was measured according to ASTM
D 189-65 method. Ol which deposits minimum amount of carbon is naturally preferable.
“The carbon residue of the plastic pyrolysis oil was 0.5%. The carbon residue of the diesel
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T :on of fuel oil which is

i ived plastic leads to the production .

i blem of disposal of waste plastic. In

It also reduces the pro |
i (G t because use of catalyst is
d plastic pyrolysis yiclds a

this work, thermal pyrolysis of waste plastic is carried ou

costly and regeneration of catalyst is a difficult task. Mixe |

mixture of oil and gas and produces very small amount of char. Higher pyrolysis temperature
and longer reaction times increase the gas yield and decrease char production.Highly
volatile products are obtained at low temperature, Liquid yield increases as the holding
time increases from 2 hr to 3 hr, but as the holding time increases from 3 hrto 4 hr, the
liquid yield decreases. The maximum oil yield was 77.03% at 3 hr. The liquid obtained in
this process is relatively greater volume and low boiling range. Distillation of fuel-like
liquids shows more light fractions at higher temperature and longer time. Physicochemical
properties of obtained fuel oil can be exploited to make highly efficient fuel or furnace oil
after blending with other petroleum products. However, further studies are necessary to
utilize this oil as fuel
or feedstock.
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