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Abstract. Polypropylene is converted into bio-oil through catalytic pyrolysis using dolomite as a catalyst.
The purpose of this study was to determine the effect of using dolomite directly without prior treatment on
the bio-oil produced from the pyrolysis of propylene plastic. The amount of loading catalyst used is 5%.
Increasing the pyrolysis temperature from 350 to 450 °C increased bio-oil from 35.56 wt% to 64.84 wt%
by reducing gas to 21.08 wt%. In thermal pyrolysis, the production of bio-oil is 85 wt% with 19.30 wt%
char. In the GC-MS analysis of bio-oil from thermal and catalystic pyrolysis, the most dominant alcohol
composition was obtained. Based on the result of the analysis, it can be concluded that the bio-oil obtained
can be further developed into fuel.
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1 Introduction

The production and use of plastic in various aspects
of modern life continue to increase. The high
consumption of plastic is due to its light weight,
corrosion resistance, low price, and energy efficiency
[1]. However, the impact of using plastic on the
environment is very dangerous because it’s difficult to
degrade.

Several studies on polypropylene (PP) have been
reported by [2] at 480 °C to produce light naptha (Cs-
C;) hydrocarbons of around 13.1% and 16.7% and
heavy naphta (Cg-C;,) of between 69.1% and 87.2%. In
addition, [3] reported that co-pyrolysis of Delonix
Regia, Polyalthia leaves, and PP increased the heating
value of bio-oil from 22.55 MJ/kg to 34.06 MJ/kg with
an increase in PP from 0 wt% to 50 wt%. Ko et a/ [4]
also investigated the pyrolysis of PP into fuel at four
different temperatures: 450, 488, 525, and 600 °C.
Based on the research result, the maximum
temperatures were obtained, namely 488 and 525 °C,
with a maximum yield of 81-93 wt%. The liquid fuel
obtained is in the range of the gasoline fraction, with
high heating values (HHVS) of 41 and 46 MJ/kg.

Pyrolysis is thermal cracking carried out at
moderate temperatures (400-800 °C) to convert
plastics into hydrocarbons in an economically feasible
way. Several studies have been conducted to convert
plastic waste into fuel using the co-pyrolysis method
[5,6], microwave assisted technology [7], and vacuum
[4,8]. Catalytic cracking is proposed as an effective and
selective process that supports the creation of valuable
materials compared with thermal pyrolysis. Catalytic
pyrolysis is the best technique to transform PP palstict
into bio-oil. In catalytic pyrolysis, catalyst play
significant role, particularly in the transformation of
plastic to reduce coke and increase the aromatic
content [9].

Dolomite [CaMg(CO;),] is an abundant rock in
nature, consisting of calcium, magnesium, and a few
impurities. The use of dolomite as a catalyst has been
widely reported because it is easy to obtain, non-toxic,
and low-cost. Buyang, ef al [10] used dolomite directly
as a catalyst in the pyrolysis of Reutealis trisperma oil
to produce a liquid yield of 77.39%. The basic site
composition of CaO and MgO contained in dolomite is
able to support the deoxygenation reaction through
pyrolysis and increase hydrocarbons, increasing their
cracking into lighter and heavier organic fractions [11].
The ketonization reaction of carboxylic acid converts it
into a ketone and some oromatic and phenolic
compounds. This causes the bio-oil produced to have
low acidity, be rich in hydrocarbons, and increase the
heating value [12]. The high activity of dolomite can
be attibuted to its Fe,O; contents.

In this study, we conducted research on the use of
dolomite directly without treatment or calcination. The
effect of temperature on thermal and catalytic pyrolysis
on liquid, char, and gas yields was investigated for
optimal oil yields. The chemical components of bio-oil
are classified and analyzed based on their structure and
carbon number. This research will help address the
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serious environmental problems caused by plastic
waste.

2 Materials and method

2.1 Materials

Poplypropylene plastic as feedstock was collected from
a trash bank in Malang. Prior to the pyrolysis process,
the PP plastic was washed in clean water and dried in
the sun for two days. After that, it was then cut into
small pieces with an irregular shape (with sizes
approximately 1 cm x 0,5 cm). Dolomite was obtained
in Bukit Jaddih, East Java, Indonesia. The dolomite
was ground and sieved to get uniform particles. The
sieved dolomite was dried in an oven at 105 °C for
over night. The photograph of feedstock and product
liquid it can be seen in Figures 1.

2.2 Pyrolysis of polypropylene

The degradation of PP plastic to produce bio-oil by
pyrolysis using a semi-batch reactor. The reactor
consisted of a stainless-steel chamber (dimensions: 59
cm wide x 61 cm long) with 10 kg of total volume
capacity. The thermal and catalytic pyrolysis
temperatures of PP plastic varied between 350 and 450
°C. For thermal and catalytic pyrolysis, a total of 1500
g of PP was poured into a stainless-steel chamber
reactor. The amount of catalytic loading was 5% of the
total feedstock polypropylene for catalytic pyrolysis.
Dolomite was dried in an air oven at 105 °C for 24
hours before being mixed with PP. The reaction of
polypropylene plastic was carried out at 350 and 450
°C at atmospheric pressure. Monitored the temperature
using a thermocouple installed after the pyrolysis
process ended. The bio-oil obtained was analyzed by
GCMS.

2.3 Characterization of bio-oil

The composition of compounds contained in bio-oil
from the pyrolysis of polypropylene was characterized.
The chemical composition of bio-oil was analyzed
using spectroscopy (HP 6890 GC) with a capillary
column HP-5MS (length: 30 m, inner diameter: 0.25
mm, film thickness: 0.25 m). The GCMS inlet
temperature was kept at 250 °C, and the oven was
programmed at 65 °C for 8 minutes. The yield of each
pyrolysis product was calculated by equations (1-3):

weight of bio—oil

Liquid yield (%) = weight feedstock

x100 (@8]
weight of char

i o) = ——~— o~ PR
Char yleld (/0) - weight of feedstock

100 2)

Gas yield (%) = 100 — (oil yield + char yield) 3)
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Fig. 1. Photograph of polypropylene (a) and product liquid
pyrolysis (b,c) (L1: thermal pyrolysis liquid and L2: catalytic
pyrolysis liquid)

3 Result and discussion

The thermal and catalytic pyrolysis of PP plastic
feedstock was investigated. The main product is liquid,
gas and char. All experiment were carried out with
1500 g PP in both thermal and catalytic conditions. In
catalytic pyrolysis, the catalyst used is dolomite. the
loading catalyst is 5% to the total feedstock. The result
of pyrolysis products (liquid, char and gas) was
produced within 350 and 450 °C. From the degradation
of polypropylene pyrolysis was calculated using Egs.

(D-G3).

3.1 Product yield

The temperature is one of the important factors in
the pyrolysis process for producing bio-oil. The effect
of pyrolysis temperature was observed at temperatures
of 350 and 450 °C. Figures 2 (a) and (b) show the
thermal and catalytic pyrolysis products (liquid, char,
and gas). In thermal pyrolysis (Figures 2b), when the
temperature is 350 °C, the resulting liquid yield is 54.3
wt%, which increases to 85 wt% when the temperature
is increased to 450 °C. On the other hand, at 350 °C,
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Fig. 2. Yield product at thermal (a) and catalytic (b) pyrolysis
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gas and char products were obtained at 22.4 and 19.3
wt%, respectively. Meanwhile, gas and char produced
at a lower temperature of 450 °C were 9,06 and 5.94
wt%, respectively. Based on these results, it can be
concluded that high temperatures have a significant
impact on increasing liquid yield.

The higher liquid obtained in thermal pyrolysis is
due to the branched chemical structure of PP plastic,
which makes it easy to decompose [13]. In addition,
the proportion of tertiary carbon present in the PP
chain is high enough to cause thermal cleavage of C-C
bonds [14] and encourage the formation of
carbocations during the process of thermal degradation
[15]. This is the reason to achieve maximum PP
degradation without a catalyst.

We also observed a similar trend in catalytic
pyrolysis at 350 and 450 °C with dolomite as a catalyst.
There are three products produced: liquid, gas, and
char. The product yield by catalytic pyrolysis is shown
in Figures 2b. The temperatures of the -catalytic
pyrolysis are 350 and 450 °C. The liquid yield obtained
was 35.56 wt% at 350 °C. The increase in liquid yield
occurred when the temperature was increased to 450
°C, with a liquid yield of 64.84 wt%. The change in
char and liquid gas yields from 38.95 wt% and 25.49
wt% at 350 °C decreased to 21.08 wt% and 14.07 wt%
when the temperature was increased to 450 °C. The
high yield of char obtained at low temperatures can be
attributed to the imperceptible cracking process and
unstable heating. As reported [16], a low reaction can
increase the yield of char. When the temperature
increased to 450 °C, the PP plastic decomposition
process occurred properly, causing an increase in liquid
yield. Based on the thermal and catalytic yields, similar
results were obtained for the liquid yield. Similar
results have also been reported previously [17].

3.2 Product component
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Figures 3 shows the bio-oil component produced
from the thermal pyrolysis of PP at 350 °C and 450 °C.
Based on the GC-MS analysis, there are eleven
functional groups present in the pyrolysis liquid. There
are three main functional groups produced:
hydrocarbons (218.46 g), alcohols (485.1 g), and
cyclics (100.5 g). The other 8 functional groups are
found in relatively a small, such as esters (33.81 g),
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Fig. 3. Functional group obtained thermal pyrolysis

(Temperature 350 and 450 °C

ketones (21.92 g), aldehydes (26.4 g), acids (57.07g),
Br- compounds (14.45 g), and S-compounds (15.37 g).
At 350 °C ketones, Br-compounds and S-compounds
are not found. Otherwise, at 450 °C, Br-compounds
and S-compounds are found and the other hand F-
compounds are not found.

The use of catalysts does not have a significant
impact on the chemical composition of the bio-oil. It
can be seen in Figures 4 the functional groups found in
pyrolytic oil are similar to those found in liquid
thermal pyrolysis: hydrocarbons, alcohol, cyclic, ester,
ketones, aldehydes, acids, N-compounds, Br-
compounds, and S-compounds. The dominant products
obtained are hydrocarbons, alcohols, and cyclics. The
use of a dolomite catalyst loading of 5% can remove
Cl-compounds and F-compounds. The composition of
the three chemical compounds continues to increase
with increasing pyrolysis temperatures. The presence
of a catalyst promotes isomeration and oligomeration
reactions, thus increasing cyclic formation [18]. The
alcohol groups are the most dominant products of both
thermal and catalytic pyrolysis. The dominant
formation of alcohol was also reported by Milea, which
had an impact on increasing oxygenate. Therefore, 5%
catalytic loading does not have a significant impact on
the chemical composition of liquids, so it seems that it
needs to be increased.

4 Conclusion

Temperature and catalyst are the most important
factors in the pyrolysis of Polypropylene to produce
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liquid, char, and gas. In thermal pyrolysis, the
maximum production is of bio-oil (85 wt%), gas (22.4
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Fig. 4. Fuctional group obtained catalytic pyrolysis
(temperature 350 and 450 °C)

wt%), and char (19.3 wt%). The catalytic pyrolysis
with a 5% loading catalyst produced bio-oil (64.44
wt%), char (21.08 wt%), and gas (14.07 wt%). The
GCMS analysis shows that the chemical composition
of bio-oil is hydrocarbon (218.46 g), alcohol (485.1 g),
and cyclic (100.5 g). Several other chemical
compounds were found in small quantities, such as
ester, ketone, aldehyde, acids, Br-compounds, and S-
compounds (33.81 g, 21.92 g,26.4 g, 57.07 g, 1445 g,
and 15.02 g, respectively). Alcohol is the dominant
chemical found in bio-oil.
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