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FOREWORD

Science and Technology. This rich, exciting, rejuvenated edition comprises papers
from engineers in academia, government and the private sector all centered on
APWEN's 2017 theme ‘Building a Multifaceted Economy in Nigeria’.

I tis a pleasure to present the third edition of APWEN Journal of Engineering,

The Nigerian economy is, regrettably, solely dependent on oil (a wasting asset) which
accounts for 81 percent of government revenue and more than 97 percent of export
earnings, culminating to the destruction of the traditional agrarian economy and
crippling growth in the non oil sectors. This gross failure to diversify the nation’s economy
has crystallized into fragility as evidenced by the current recession impacting vital areas
of the Nigerian economy, including but not limited to foreign exchange reserves and the
capital market. However, Nigeria is at a vantage position more than any other country
in sub-Saharan Africa to develop a robustly diversified economy, with her abundance of
human capital, ably aided with unparalleled fertile land and natural resources.

Nigeria can still attain a bright and prosperous future without oil as exemplified in five
papers by multiple contributors in academia namely Habibu Uthman, Hassana Ibrahim
Mustapha, Umar Mohammed Garba, David Omale and Michael Musa, under the
supervision and/or co-authored by Elizabeth Eterigho PhD - APWEN Minna Chapter

Chair, a chemical engineer, and senior lecturer at Federal University of Technology,
Minna (FUTMinna).

The ability of engineers to think out of the box and create alternative revenue generating
options is further adumbrated in two papers namely: Operational Excellence and Total
Quality Management in a Multifaceted Economy by Adenike Ajayi,a mechanical engineer
and certified project scheduler; and Engineering Solutions to Threats and Opportunities

facing the Nigerian Economy by Josephine Eze Ukamaka, APWEN Enugu Chair and
computer engineering lecturer at Madonna University.

Moses Olutoye, an Associate Professor of chemical engineering at FUTMinna, expounds
the Optimisation of a Fractionated Lignin for Pyrolysis Process Using Response Surface
Methodogy; while Zainab Yunusa PhD, a seasoned engineer, author and engineering
patent co-owner rounds up the discourse with a thought provoking paper on the
Contribution of the Leather Industry Towards Economic Diversification In Nigeria.

These highly enlightening technical papers do justice to APWEN’s 2017 theme,
which aligns with her mission, of ‘promoting Science, Technology, Engineering and
Mathematics (STEM) as a positive force in enhancing the quality of life’ Consequently,
an in-depth study and implementation of the contributors’ recommendations should
serve as a strong foundation to jump-start the technological innovation that is critical for

Nigeria’s economic recovery and improvement of quality of life for all Nigerians.

Anthonia Ohagwa MNSE, MNIM, MIEEE
Editor

Journal of Engineering, Science and Technology
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Pyrolysis Of Polystyrene Wastes For
Pyrolytic-Oil Recovery

Munirat Ismaila, Elizabeth J. Eterigho, Mohammed U. Garba

Chemical Engineering Department Federal University of Technology, Minna, Niger State, P. M. B. 65, Nigeria

l'unrq\-m!wn; author
F sl umary gzvh.l,a futmmna edu ng

Abstract

olystyrene wastes was
yrolyzed in a directly heated
fixed-bed  reactor under
nitrogen atmosphere. The weight
loss of the biomass at different
temperature was deduced from the
thermogravimetric analyzer (TGA).
From TGA results, it was inferred
that maximum  devolatilization
takes place at pyrolysis temperature
of 400°C. The effects of pyrolysis
temperature on the pyrolysis of
the PS were also studied in a fixed
bed pyrolysis reactor. Pyrolysis
runs were performed using reactor
temperatures between  400°C,
450°C and 550°C with heating rate
of about 10°C min-1. As the pyrolysis
temperature was increased, the
percentage mass of char decreased
while gas product increased, The
product yields were significantly
influenced by the process conditions.
The pyrolytic-oil obtained at 450°C,
atwhich the liquid product yield was
maximum, was analyzed.

Keywords: wastes, polystyrene,
pyrolysis, fixed-bed reactor,
pyrolytic-oil, fuel.
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1.0 Introduction

The world population growth and technology advancement has led to severe increase in
energy demand. Worldwide, fossil such as crude oil, natural gas or coal are the main sources
of huge amounts of energy supply. This source of energy diminishes gradually since they
are not renewable. In order to sustain the utilization of fossil fuel it must be utilized in a
cost effective manner. Suitable waste management practice is an essential component for
converting waste to wealth. Plastics are derivatives of petroleum and have played a key role
in changing the quality of human life because of its low cost, ease of processing and light

properties. Consequently, the amount of waste generated from plastic is increasing and
this state poses severe environmental challenges.

In 2015, global plastic production reached 322 million tons, a dramatic increase compared
to the 279 million tons produced in 2011 (Miandad et al., 2016). These non-biodegradable
waste materials have resulted into obstruction of sewer, drainage channels and choking
of water bodies. Methods of waste disposal like land filling and incineration tends to
cause problems such as pollution of ground water and release of poisonous gases. It is also
expensive and non-biodegradable in nature (Al-Salem et al., 2017). Another waste disposal
technique is through recovering. This method converts waste materials into products that
can be reused and leads to reduction in cost of waste disposal. Although, recycling may
be a possible route but the end products are usually of low quality. There are two main
:I)]’I:t;:l ?]i riccz"cl‘lr;g: lchcmical and rflechanical. Mechanical recycling can be applied mostly
cn;npf:- ¥ ::::lvtx:mt Pﬂ‘l)/mfr plastnF waste, while chemical recycling can be done on more
Sl Chemicul? “’;"“f‘“‘d Plas.uc waste. Chemical recycling, or feedstock recycling
alternative fuels) Z"}::E“d]? lj“““f: waste into its monomers or other chemicals (such 23
as gasification, hi’r(‘)l)'wi:lcl‘: :i:y':lm]f; cur.n e Hogs b.y com'er}tional refinery proccss suC_f;
one of the mosy f‘.w()r;;m; l:’chn:)!]“c oy eH Catalytlc' cracking. The pyrolysis P’"‘jcedmc.l
liquid o, ogies in the conversion of waste plastics into high quahf)’
ymers are thermally decomposed by heating It

‘Through pyrolysis, plast;
the presenc i : ysis, plastic pol
ce of inery Atmosphere. The main products of the pyrolysis process are gaseous

and liquid, producin i
pyrolysis products deg only a small quantity of solid. The quantity and quality of the

Pend on the w: . ..
(temperature, residence time, catal;’vs‘:szf ;asncs composition and the process par?ime“’rS
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During the process pyrolysis, organic matter and other materials
such as plastic reminant are converted into energy (pyrolysed
oil) and valuable product (char) (Demirbas 2004; Bartol; et al.,
2015; Rathore et al, 2016).The process can be performed by
using different types of reactor such as tube reactor (Miskolczi et
al,, 2009), rotary kiln reactor (Li et al., 1999), microwave reactor
(Undri et al., 2015), fixed bed reactor (Ringer et al., 2006), semi
batch reactor (Lopez et al., 2011), and batch reactor (Syamsiro et
al, 2014). Batch and semi-batch reactors are commonly used at
laboratory scale due to their easy operation, simple design, and
safety point of view. However, at commercial scale, continuous
pilot reactors such as fluidized bed and spouted bed reactors are
used with continuous plastic feeding. temperature, reaction time,
heating rate, particle size, feedstock composition and moisture
content are some of the factors that affect the yield and quality of
product.

Plastic materials are made up of synthetic or semi synthetic organic
compounds that can be redesigned into desired shapes, because
of its complex molecular structure and high molecular mass.
Plastics are the two major classes; thermosets and thermoplastics.
Thermosets are cooled and hardened after undergoing heating;
they retain their shapes and cannot return to their original form,
theyare used in applications where strength and durability is highly
required like in the automobile and aircraft industry. Example
includes; polyesters, polyurethanes, epoxy resins and phenolic
resins. Thermoplastics are less rigid, they soften when heated and
return to their original form upon cooling, they can be moulded
into various forms. Example includes; polyethylene terephthalate
(PET or PETE), polypropylene (PP), low density polyethylene
(LDPE), high density polyethylene (HDPE), polyvinyl chloride
(PVC) and polystyrene (PS). Plastics are available in large
quantities in the environment as waste and occur in various forms.
Hence the use of plastics as biomass will go extensively in fuel
production due to plenty of adequate raw materials.

2.0 Methodology

Polystyrene (PS) was collected from student’s residential houses
Gidan kwano (G.k.) Futminna Niger state and washed, cleansed
and dried to remove impurities such as dust and certain chemical
which can affect the experiment. The resulting sample was
shredded to smaller pieces this is to increase the plastic surface
area for ease of melting. It was again washed to increase the purity
of the feed and achieve proper product distribution.

Elacirical Haating Kin

Condenser Water Out Nitrogen
Gm
[Jj
Winer In
T A ek 1
Lauid Coflector Gas Collector

Figure 1, Schematic representation of the experiment setup

e

The effects of temperature on product yield at 400, 450°C, 500°C
and 550°C were used. The boat-like metallic container was filled
with 40g of PS plastic pellet and was transferred into the reactor
(see Figure 1). The system in the reactor was then purged using
nitrogen gas for 5min heat was applied to the reactor and the
temperature was adjusted 450°C .The setup was then allowed for
30min during which oil is expected to be formed. After 30min has
elapsed the furnace is switched off and the reactor is allowed to
cool so that the char and remaining liquid can be gotten and the
volume or weight of the oil was then measured so that the yield
was calculated using the expression I, IT and 1.

o 1 mass oil
% yield of oil 2% of PIAtic FeRd o0 X100 .................... 1
- mass of char
% Yield of char—mass T plactic reet (A0) X100 ........cvvvueneee. I
% Yield of gas = % yield of oil + % Yield of char.............. 111

3.0 Results and Discussion
3.1 Thermo gravimetric Analysis

Figure 2 shows the boiling point range distribution of pyrolysis oil
produced from thermal decomposition of PS (TGA curve). At
a temperature of 30°C to about 100°C showed the evaporation of
moisture (water content). Further increase in temperature to 400°C
showed the release of volatile gases. The decomposition PS material
started at 4000C and reached its maximum decomposition point of
90% at a pyrolysis temperature of 450°C. As the pyrolysis temperature
continues to raise from 450°C to 750°C it can be observed that there
was 0% weight loss. At this point, complete decomposition of plastic
with very small amount of solid char as residue was attained. Similar
occurrencescan be observed in the DTG curve, where an endothermic
peak is obvious, in relation to the decomposition of the PS plastic. The
melting temperature started around 300°C, melting peak at around
350°C and stopped at 400°C. The variation in pyrolysis temperature at
aconstant reaction time of 60 min using the fixed bed pyrolysis reactor
also gave different yields of pyrolysis oil. In Table 1; at lower pyrolysis
temperature 400°C, the char yield was highest (17.7%), while the gas
yield was 10% and the liquid oil yield was 72.3%. While, at higher
pyrolysis temperature of 500°C, the gas yield was highest (23.6%) and
the char yield was lowest (3.7%). The highest liquid oil yield 76.4%
was obtained at 450°C. TGA analysis also confirmed that 450°C was
the optimum temperature, but with higher maximum liquid oil yield
of 90% compared to the oil obtained from the pyrolysis reactor 76.4%.
This observation may be clarified by the controlled conditions and
very small scale of TGA experiment when compared to the pyrolysis
reactor system. The yield pyrolysis oil obtained, especially the styrene
yield increased with an initial increase in temperature and time, and
after a certain temperature and time the oil yield started to decrease.
Jung et al,, (2013) and Mo et al., (2014), explained this phenomenon
that after achieving optimum temperature, some secondary reactions
such as polyaromatic formation reactions are started during PS
pyrolysis, which decrease the liquid oil and styrene yield. While, the
phenomenon of increased gases production at higher temperature
was explained by ( Lopez et al.,, 2011), that the strong cracking of
C-C bonds at higher, temperature increases the production of lighter
hydrocarbons with short carbon chain compounds. Moreover,
according to Li et al,, (1999) and Lopez et al, (2011), temperature
lower than 450°C increases the char and decreases the liquid oil yield
and temperature in excess of 500°C increases the gases and lowers the
liquid oil.

n
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Figure 2 : Thermo and differential thermo gram of polystyrene PS at 10°¢/
min heating rate.

3.2: Effect of temperature

The pyrolysis of PS yielded pyrolysis oil, char and gases at 400°C at
60 mins were approximately 72.3 wt%, 17.7 wt% and 10 wt%, for

liquid, solid and gas respectively and were similar to what has been -

reported previously by Miandad et al. (2016). During this study,
the liquid yield was observed to be higher than solid and gas by
546wt% and 623wt% respectively. A comparative product yields
at different temperature has been presented in Table 1. The yield of
liquid oil obtained at 450°C, was observed to be higher than that of
4000C and 5000C. Therefore, it can be inferred that the optimum
temperature was obtained at 450°C. The solid yield decreased as
the pyrolysis temperature was raised, 17.7wt% at 40°C to 3.7wt% at
500C. The decline in solid yield with raising temperature could either
be attributed to main degradation of PS residue or via secondary
degradation. The secondary degradation of the solid at higher
pyrolysis temperature may also attributed to non-condensable gases.
These lead to increase gas yield at higher temperature.

Table 1: Effect of temperature on the pyrolysis of polystyrene (PS).

PYROL- | TEM- |TIME | PERCENTAGE WEIGHT OF

YSISBIO- | PERA-  [(min) | PYROLYSED PRODUCT (%)
| MASS(g) (Tg)”‘ LIQUID |SoLID | Gas
1 |0 400 60 723 17.7 100
2 |0 450 60 76.4 80 156
3 |60 500 60 72.7 37 23.6

3.3: Effect of reaction time and heating rate on PS

‘The experiments were carried out at five different heating rate of
10,20, 30,40 and 50 °C /min at a constant reaction time of 60 mins
at optimum pyrolysis temperature of 4500C to investigate the effect
on PS decomposition. The purpose of using different heating rates
was 10 find the optimum heating rate for the yield pyrolysis of oil
from pyrolysis PS waste. The result (Table 2) showed significant
difference in oil yield from 10 to 50°C/min heating rate. There was
a gradual increase in oil yield, the lowest yield was observed at
10°C/min to be 33.3w1% while the highest yield at 50°C/min was
75wt%. The highest yield of char was obtained at heating rate of
10°C/min while the lowest yield was at 50°C/min. It can be stated
that the heating rate shows similar yield for gas. 'Thus 50°C/mip, is
sugges(ed as the heating rate as it gave the highest yield of oj]. The
lowest heating rate 10°C/min produced more char and Jess liquid

12 Journal of Engineering, Science and Technology

oil, suggesting that a 10°C/min reaction time is not SUECient[
convert PS feedstock to liquid oil at complete conversjon efficien o
Related results were observed and reported by Lopez et 4], (2011)'
on the yield of liquid oil with different heating rate, Howeve
the effect of heating rate on pyrolysis is also one of the funﬂionr’
of the reactor dimensions and the heat transfer rate from ths
heating elements to the PS feedstock within the reactor, Therefm:
the heating rate may change with other reactor conﬁgurations'
especially of a continuous flow reactor, which would be the ¢y,
of reactor that are mostly used in industrial application of the
pyrolysis process ( Miandad et al., 2016).

Table 2: effect of reaction time and heating rate on polystyrene (PS)

PYROLY- |TEM-  |HEAT-  |PERCENTAGE WEIGHm

SISBIO- |PERA- | INGRATE | ROLYSED PRODUCT (%)

MASS | TURE

@ (0C/min) | (%) LIQUID | soup [gas

60 450 10 33.30 13 5358 |

60 450 20 45.83 1150|4267

60 450 30 55.83 1080  |3333

60 450 40 65.00 10 249

60 450 50 75.00 833 1667
Conclusions

Theyield of PS products is influence by the experimental conditions,
such as pyrolysis temperature and heating rate of the plastic. In
general, high temperature pyrolysis favors the production of gaseous
products, moderate temperature pyrolysis favours oil yield, whereas
low temperatures favor increased char yields. The highest liquid was
obtained at the optimum temperature of 450°C.
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