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Waste produced from car breaker companies severely affects the environment. So
far, the only way to manage this complex waste is to bury it. In this research, the
waste converted to hydrocarbons and carbon black by co-pyrolysis process in the
designed high performance co-pyrolysis system. The results showed that the asobtained maximum yield of heavy oil and light hydrocarbon wax, carbon black and
non-condensable gas can be listed as mass basis of 8, 34, 3, 40 and 15%,
respectively. The ratio of 5 W/W% treated expanded perlite as catalyst to waste
increased the amount of light hydrocarbons to 34 W/W%.

important from both economical and ecological point of
views [12]. On the other, Petroleum fuels have a negative
effect on the environmental deterioration and cause
health risks by using unlimited sources. Thus, the waste
material must be recycled to be used as fuel. The waste
possess both a non-decomposed and nonbiodegradable
material. Thus, waste polymers can cause terrible
problems on the environment if they are not recycled
properly [13]. When the waste are disposed at dumpsites,
they can also cause serious human health, environmental
and atmospheric problems.
Besides, in such places waste polymers keep destroying
the ecology by bacteria growth, hosting mosquitoes,
insects and pests through soil and groundwater [14].
Additionally, it causes high fire risk which cannot be
easily extinguished and, also, the uncontrolled emissions
of fire potential effect 11on the environment. The
pyrolysis process can solve the mentioned problems.

1. Introduction
Polymers have many applications in human life [1-3],
from daily applications such as composite [4-6] to
specialized and scientific uses [7-9]. For example,
varieties of rubbers and plastics have been used in many
parts of a car. However, the disposal of products such as
cars at the end of their life still remains as an important
environmental problem [10]. There are currently more
than one million scrap cars in Iran that need to be broken.
One of the products of car scrapping is polymeric waste.
There is a market for the recycling of pure plastics,
especially of polyethylene but also residues from the
plastic manufacturing industry. The collection of plastics,
the mechanical sorting of wastes and the utilization of
used cars, however, give plastic wastes that are mixed or
contaminated and are expensive to separate and recycle
[11]. This polymeric scrap, including rubber and plastic

pieces that are no longer recyclable and mixed with
other types of waste such as oil, wood particles, etc.,
must be properly be buried in landfills. However,

Furthermore, this process produces two valuable
products; hydrocarbons as fuel and carbon black with

problems such as scarcity of landfills, high landfill costs,
environmental pollution from wastes, etc. have led
researchers to think of new and effective solutions. Thus,
the recycling of waste polymers along with conversion
into energy and recovery of valuable materials are

many applications such as adsorbent, after conversion to
carbon black. Activated carbon materials have a special
place among the adsorbents, as for a long time they are
known to be capable of adsorbing various pollutants such
as organic compounds [15].
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The main purpose of the present article is to recycle and
convert polymer waste resulting from the activities of a
car breaker company called Fuka San'at Saba Co. located
in Zanjan province, Iran into valuable products such as
hydrocarbons and carbon black by designed high
performance co-pyrolysis system.
2. Experimental
2.1. Materials

bypass to recycle unbroken and heavy hydrocarbons, e)
water cooling system and f) reservoir tank. Reactor is the
main component of the system. The wastes are heated and
molten at the rotary kiln reactor. The capacity of reactor
is roughly 1.5 tonnes. There is a heating furnace unit
under the reactor, which burns natural gas (urban gas) to
run the system and after a while, a certain noncondensable gas is burned in the furnace instead of
natural gas usage. The rotation speed can be varied
between 0.2 rpm and 0.4 rpm and the optimum
temperature is 380 oC.
The heavy and light oils are products obtained through a
rotary kiln reactor pyrolysis at an optimum temperature
of 380 oC and 8 oC.min-1 heating rate. In a study, similar
results were reported [17]. The as-obtained maximum
yield of heavy oil and light hydrocarbon (Figure 2), wax,
carbon black and non-condensable gas can be listed as
mass basis of 8, 34, 3, 40 and 15%, respectively.

The polymeric waste sample obtained from the Fuka
San'at Saba Co. and analyzed (Table 1). The expanded
perlite was purchased from Goohar Sahand Co., Iran [16]
and treated to use as catalyst. The experiments were
repeated three times (variance (σ2) = 0.01).
Table 1. The constructive composition of polymeric waste
mixtures

Type of Material

W/W%

Mass (Kg)

Polymer

31

322.4

Soil

42

436.8

Wood

1

10.4

Metals

3

31.2

Water

23

239.2

Sample (summation)

100

1040.0

2.2. Methods

Figure 2. Light hydrocarbon appearance

Detection and measurement of hydrocarbons were
done by ASTM method in Iranian institute of research
and development in chemical industries, Karaj, Iran. The
desigined high performance rotary kiln co-pyrolysis
system was used to convert the wastes into hydrocarbons
and carbon black (Figure 1).

The results showed that in terms of mass, the main
product is light hydrocarbon (LH). Some properties of
LH were summurized in Table 2.
Table 2. Some properties of the produced light hydrocarbon

Property

Unit

Value

Density (in 15.6 oC)

g.cm-3

0.81

Flash point

o

C

Free

Total sulfur

ppm

4566

Mercaptan

ppm

64

Pour point

o

C

<-30

3. Results and Discussion

Figure 1. The desigined high performance rotary kiln copyrolysis system

The pyrolysis conditions are affected by the heating
rate (the final pyrolysis temperature), residence time
(explosion duration) and presence/absence of the

The main parts of the system are as following: a) rotary
kiln reactor (D=1.38 m, L=3 m, Thikness= 15 mm) with
catalyst room, b) gas- liquid separator, c) special filter to
redirect water to another direction, d) conical filter with
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catalyst that could change the mass percentage of the
products.
3.1. Effect of the heating rate on light hydrocarbon
percentage (LH%)
Hydrocarbons are evaporated and liquefied at different
heating rates. Furthermore, the final temperature affects
the amount of productions. For this purpose, the
experiments were carried out with heating rate varying
from 2-8 oC.min-1. The results are given in Table 3.

Table 4. Effect of the catalyst dosage on mass percentage of the
LH%

Table 3. Effect of the heating rate (HR) on mass percentage of the
LH%

HR
(oC.min-1)

Final Temprature
(oC)

Yield
(W/W%)

4

350

29

6

366

31

8

380

34

10

401

33

Catalyst
dosage
(W/W%)

Mass of catalyst

Yield
(W/W%)

0

0

31

5

52

34

10

104

28

15

156

28

(Kg)

Ates, et al. also boosted both oil yield and oil aromatic
content using 10 W/W% activated alumina [22]. In
addition to increasing the reaction rate, the catalyst breaks
down polymer molecules more and more into smaller
molecules (light hydrocarbon and non-condensable gas
such as methane).

The pyrolysis temperature must be high enough to
thermally degrade the polymers; however, higher
temperatures and long gas residence times in the reactor
hot zone can volatilize the oil to gas [18]. Increasing the
heating rate increases the degradation rate, and also
affects the temperature at which maximum volatilization
starts and stops [19]. Higher heating rates lead to higher
temperatures, which can lead to more secondary
reactions, which can produce more gas-phase [20] and
light hydrocarbons products.

4. Conclusion
By co-pyrolysis process in the designed high
performance co-pyrolysis system, the polymeric scrap,
including rubber and plastic pieces that are no longer
recyclable and mixed with other types of waste such as
oil, wood particles, etc., was converted to hydrocarbons
and carbon black with appropriate efficiency. The heavy
and light oils are products obtained through a rotary kiln
reactor pyrolysis at an optimum temperature of 380 oC
and 8 oC.min-1 heating rate. The results showed that in
terms of mass, the main product is light hydrocarbon.
Higher heating rates lead to higher temperatures, which
can lead to more secondary reactions, which can produce
more light hydrocarbons products. The optimal residence
time was about 12 h and the used treated expanded perlite
as catalyst breaks down polymer molecules more and
more light hydrocarbon.

3.2. Effect of the residence times on light hydrocarbon
percentage (LH%)
Pyrolysis time is related to particle size: in general,
larger particles require longer residence times to achieve
the same degree of conversion [19]. Pyrolysis time is also
linked to heating rate, with lower heating rates requiring
longer pyrolysis times. The optimal residence time was
about 12 h. No significant change in the amount of the
main product (LH%) was observed after this time. During
residence of less than 12 h, the amount of products such
as heavy oil and wax increased.
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3.3. Effect of the Catalyst on light hydrocarbon
percentage (LH%)
Catalysts can be used to improve pyrolysis rate, oil
quality, oil yield, and yields of compounds such as
aromatics for chemical production [21]. The effect of
catalyst (treated expanded perlite) dosage was examined
at different catalyst/waste ratio ranging from 0 to 15
W/W%. The results were summurized in Table 4.
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