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Abstract—The pyrolysis of cassava peels
(Manihot esculenta) and catholic vegetable
(Jatropha tanjorensis) have been carried out with
and without catalyst at temperatures of 4590C,
5500C and 7000C and particles of 300um, 399-
600um and 1000-1700um. The catalysts used were
ash from natural waste material such as cow bone
ash and aroma fish scale ash. From the non-
catalytic pyrolysis, it was observed that the bio oil
yield from catholic vegetable was higher than the
yield from cassava peels at all temperatures and
particle size fractions 300um, 300-600um and
1000-1700um investigated. The catalytic pyrolysis
was carried with catalyst to biomass ratio of
1:15g, 2:15g and 3:15g.using catholic vegetable of
300um. The bio oil produced with cow bone ash
was higher than the oil produced using the
arowana fish scale ash for all temperatures. The
analysis of the physiochemical properties of the
oils produced from the non-catalytic of catholic
vegetable and cassava peels gave dark brown
color for both oils, pH of 4.4 and 3.7, viscosity of
0.753cSt and 0.827cSt, Density of 0.823 and 0.816,
APl gravity of 40.05 and 42.0, acidity of
12.50mgKOH/g and 480mgKOH/g respectively.
The results were compared to light crude oil and
most of the properties were similar to those of
crude oil. However, the acidity of the bio oils was
significantly higher than that of light crude oil.
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. INTRODUCTION
The motivating interest in utilizing biomass residues in
the energy sector which are dumped as waste is as
result of the fact it serves as sustainable energy
sources. This waste-to-energy approach is more
advantageous to the economy than waste treatment
which cost money. Biomass waste is one of the

renewable energy options to produce bio oil and has
received significant attentions as a renewable fuel [1,
2]. Over the years, crude oil has been used as an
energy resource to meet global energy demand [3].
The refined products have been useful in the
transportation sector, electricity generation as well as
other uses. However, the utilisation of crude oil
produces greenhouse gases (GHGs) which are known
to cause global warming and other health hazards.
The potential of bio-oil to substitute crude oil is still not
established due to some of the properties that make it
unsuitable for the use in the existing refineries [4] such
as high viscosity and acidity [5]. However, the
development of biomass in Nigeria as a clean source
of fuel is promising because its utilization does not
produce CO, emissions [6], their abundant availability
[7], high energy content [8] and low cost [9]. Hence,
biomass energy research is attracting interest as an
alternative fuel to crude oil and other fossil fuels.

Cassava (manihot esculenta) is a staple food resource
in Nigeria and it is extensively cultivated. Cassava is
usually peeled before using the tuber for various
purposes. It is used in different industries to produce
adhesives, plastics, chemical and other useful
products [10]. Most of the times, the cassava peels are
dumped on certain areas or burnt thereby causing
environmental and health hazards since they contain
cyanogenic glucosides [10] which releases hydrogen
cyanide. Therefore, the utilisation of cassava waste to
produce oil will not only be of benefit to the energy and
transportation sector but also to safeguard human life.
Some of the agricultural waste pyrolysed are rice husk,
straw, corn cob, rice straw, cassava peels, sugarcane
baggase, palm kernel shell [11,12,13]. The yields of
bio-oil during pyrolysis process have been found to
depend on the pyrolysis temperature.
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Catholic vegetable (Jatropha tanjorensis) popularly
called ‘Hospital Too Far in Nigeria because of its
properties and its potential to remedy malaria and
enhance blood production in the human [14]. It is a
shrub, 6m high with spreading branches and stubby
twinges. The potential of this biomass to produce bio
oil would be investigated because of it fast growth rate.
It can grow anywhere and needs little or no human
intervention to fully mature and therefore can be
planted as purpose grown biomass for bio oil
production with interfering with it medicinal uses.

In order to enhance bio oil production from biomass
feed stocks, researchers have investigated the effect
of catalysts on the yield of bio oil or some parameters
in the bio oil through pyrolysis [15]. However, catalyst
active site poisoning is a factor that limits the process.
Secondly, changes may occur in the pore structure of
the catalyst due to bio char or coke deposition and
may reduce the catalytic activity [4,16]. Alper et al, [17]
investigated biomass pyrolysis using and observed
that the catalyst activity decreased after every
pyrolysis process. Furthermore, the cost of catalysts
and the process of catalysts recovery when using
chemical catalysts will increase bio oil production.
Therefore, the use of cheap and efficient waste
materials as a catalyst in biomass pyrolysis will be of
economic value to bio oil production process. Cow
bone is being dumped as waste in most parts of
Nigeria since it has not found usefulness in many
industries. The arowana fish scale is usually removed
from the fish and dumped as waste. Till date no
researcher has found any usefulness of the fish scale
ash as catalysts. In the other hand, characterization of
bio-oil produced through pyrolysis has been
investigated [18, 19, 20]. Physical properties such as
appearance, pH, density, viscosity, acidity, and other
parameters have been analyzed. Also, elemental
composition of the bio-oil produced has been
characterized including empirical formula [21]. Hence,
these studies investigates the pyrolysis behavior of
cassava peels and catholic vegetable, the effect of
natural inexpensive catalysts on bio oil production and
compare the properties of bio oil produced with crude
oil properties in order to provide information for
upgrading of bio oil to fit into existing refineries
petroleum

2.0 Materials and Experimental Procedure
2.1 Biomass sample, preparation

The two biomass samples used were cassava
peels and catholic vegetable. Fresh cassava peelings
were collected from farmers after harvesting and sun
dried for 2 days. The leaves of Catholic vegetable
were collected and sun dried for 2 days. The two
samples were pulverised and sieved into different
sizes: <300um, 300-600pum and 1000-1700um. The
properties of the samples were determined by
proximate analysis

2.2 Proximate analysis

The proximate analysis of the samples was carried
out using the standard method as described elsewhere
[22].

2.2.1 Moisture content

3g of the feed (sieved) of particle size 1000 —
1700um was weighed as Weights wl. The crucibles
were placed in an oven heated at 105°C until constant
weight. The sample was transferred to a desiccator to
cool and then re-weighed as weights w,. The moisture
content was calculated by the following formula.

2.2.2 Volatile Matter (VM)

The sample (w,) was put into a muffle furnace but
this time the crucible was covered with a lid. It was
heated for 10 minutes at 850°C. The crucible was then
placed in a desiccator to cool and then re-weighed as
weights w;. The % volatile matter was calculated as
the difference in the weights (weight 2-weight 3).

2.2.3 Ash Content (A)

The sample weight (w3) in a crucible was placed
into the furnace at 700°C for 2 hours until constant
weight. The resulting content was transferred to a
desiccator to cool and weighed again and recorded as
weights w4. The difference between weights 3 and 4
was obtained as our %ash content.

2.2.4 % Fixed Carbon (FC)

Fixed carbon was calculated by mass balance
using the following formula.

% FC =100% — (MC + VM + A) 1)
2.3. Catalyst Preparation

Cow bone sample was properly washed with hot
water to remove debris, dirt and fats from the bone. It
was oven dried at 105°C for about four (4) days to
eliminate moisture present and to dry up some of the
fats. It was then calcinated at 800°C in a muffle. The
same procedure was also carried for the arowana fish
scale.

2.4 Experimental procedure

Slow pyrolysis of the samples were performed in an
horizontal reactor (length: 280 mm; i.d.34 mm) in
nitrogen as the carrier gas at atmospheric pressure. 15
g of biomass was loaded into the reactor and Nitrogen
carrier gas was introduced into the reactor. The
starting temperature was ambient room temperature
and at a heating rate of 50°C/min. Once final pyrolysis
temperature was attained, the reactor was maintained
at this temperature for a period of 1 h to ensure that all
condensable vapors were collected. A heat exchanger
condenser consisting of a thermostatic bath was used
to condense the volatile vapor phase which was then
collected into a bottle. The procedure was repeated
for all the temperatures investigated.
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3.0 Results and discussion
3.1 Proximate analysis

Proximate analysis was used to determine the
moisture content, volatile matter, fixed carbon content
and the ash content of the samples as presented in
Table 1.

Table 1. Proximate analysis of samples

Sample |M (%)| VM (%) | FC (%) |Ash (%)
Catholic
Vegetable | 402 | 7966 | 1276 | 2.86
Cassava | oo | 7675 | 1422 | 2.10
Peel

3.2 Biomass pyrolysis without catalyst

Figure 1 shows the bio oil yield of the biomass
samples at different temperatures and at different
particle sizes without the catalyst. The bio oil yield for
cassava peels was higher than the oil obtained from
catholic vegetable at all temperatures. The yield of bio
oil for particle size less than 300um at 450°C was 20%
and 17 % for catholic vegetable and cassava peels
respectively. As temperature increased to 700°C, bio
oil yield increased to 32% and 24% for catholic
vegetable and cassava peels respectively. The bio oil
yield at 450°C for catholic vegetable and cassava
peels was 18% and 15% respectively for particle size
fraction 300-600um and at 700°C, the yield increased
to 30% and 22% respectively. The biggest size fraction
investigated gave oil yield of 16% and 9% at 450°C
and 26% and 16% at 700°C respectively. The results
show that particle size affects the pyrolysis behavior of
biomass fuels [23] and that different biomass may
have different pyrolysis characteristics such that bio oil
yield during pyrolysis will significantly depend on the
type of biomass used. However, the significant higher
bio oil yield observed for the catholic vegetable might
be due to the presence of inherent alkali and alkaline
minerals present in the catholic vegetable sample
which would catalyze the decomposition reaction
during the pyrolysis process as the catalytic role of
these inherent minerals in biomass was observed
during biomass coal co-combustion [24]. Secondly, it
might also be due the difference in textural structure of
cellulose, hemicellulose and lignin of the raw material
which might result from the milling process.

3.3 Biomass pyrolysis with catalyst

Since the catholic vegetable produced higher yield
of bio oil than the cassava peels, catalyst was added
to the 300 pum sample in order to further enhance the
bio oil yield. Figure 2 shows the catalytic effect of cow
bone ash and Arowana fish scale ash on the yield of
bio oil from catholic vegetable. For the different
catalyst loading investigated, the bio oil produced was
higher than the oil produced the sample with catalyst

especially at higher temperature and higher catalyst
loading. The oil produced from arowana fish scale ash
at the catalytic of 1/;15g at 450°C, 550°C and 700°C is
23%, 31% and 42% respectively and they are 2%, 5%
and 10% higher than the values obtained at these
temperatures without catalyst. As the catalyst loading
increased to 2:15g, the quantities of bio oil produced
increase to 23%, 31%, and 42 % at 450°C, 550°C and
700°C respectively which was 3%%, 6% and 10%
higher than quantity obtained without catalyst. Similar
result was obtained as catalyst loading increased to
3:15¢g, the difference between the oil produced with
catalyst and without catalyst at 450°C, 550°C and
700°C were 4, 6, and 10%. However, at 700°C for
3:15g catalyst loading, the same with that of 1.15 g
and 2:15g at 700°C suggesting that 700°C is the
maximum temperature for the catalytic activity of the
fish scale ash.
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Figure 1. Comparison of bio oil yield from non-
catalytic pyrolysis of the biomass samples
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Figure 2. Comparison of the catalytic effect
of cow bone and Arowana fish ash on bio
oil yield of catholic vegetable for particle
size 300um

Furthermore, for all the temperatures and catalyst
loading investigated, the cow bone ash catalyst was
found to produce higher bio oil than the Arowana fish
scale ash as can be seen in Figure 2. The oils
produced from cow bone ash at the catalytic of 1:15 g
at 450°C, 550°C and 700°C are 25%, 34% and 45%
respectively and they are 4%, 8% and 13% higher than
the values obtained at these temperatures without
catalyst. As the catalyst loading increased to 2:15g,
the quantities of bio oil produced increase to 25%,
35%, and 46 % and the 450°C, 550°C and 700°C
respectively which are 4%, 9% and 14% higher than
guantity obtained without catalyst. Furthermore, 3:15¢g
gave 5%, 13% and 15% higher yield than bio oil
obtained without catalyst. To further investigate which
other factors could be responsible for the higher
catalytic effect of the cow bone ash on the yield of bio
oil, mineral analysis of the ash samples were carried

out and the results presented in Table 2. From Table
2, it is shown that the concentration of alkali and
alkaline minerals in bone ash are higher than what was
found in Arowana fish scale ash. The higher
concentration of these is the reason for the higher bio
oil yield for the pyrolysis with the cow bone ash. It has
been observed by other researchers that alkali and
alkaline metals such as Ca, K, Mg, Na catalyzes
biomass decomposition [6]

Table 2. Minerals composition of Cow bone ash and
Arowana fish scale ash

Elements and Arowana fish Cow bone ash
symbols scale ash
Concentration Concentration
(wt%) (wt%)
Calcium, Ca 71.51 70.22
Potassium K 0.91 1.14
Magnesium Mg | 0.58 1.13
Sodium Na 0.51 0.67
Aluminum 0.43 0.42
Iron 0.25 0.26

Some properties of the bio oil produced from the non-
catalytic process for the two biomass samples were
then compared with crude oil in order to obtain some
vital information on the possible use of bio oil in the
infrastructures of the existing refineries and the results
are presented in Table 3.

Table 3. Comparison of physiochemical properties of
bio oil produced and crude oll

Bio oil Properties | Catholic Cassava | Crude
vegetable Peels bio | oil
bio oil oil (light
crude
colour Dark brown | Dark Dark
brown brown
pH 4.4 3.7 4.1
API@60/60°F 40.5 42.0 39.6
Specific 0.823 0.816 0.827
Gravity@60/60°F
Density, g/cm® 0.923 0.816 0.824
Viscosity @40°C, | 0.753 0.827 4.9
mm?/sec
Acidity, mg/| 12.50 480.0 0.1

The color of the bio oil from the two samples is dark
brown which is the same as that of the crude oil. [19]
also reported dark brown color for bio oil produced
from slow pyrolysis of palm Empty fruit bunches. From
Table 3, it can be seen that the pH of the two samples
differs significantly. The pH of the bio oil produced
from Catholic vegetable is 4.4 which are closed to the
crude oil which has a pH of 4.4, while that from
cassava peels is 3.7. The different researchers have
reported different pH values of bio oil produced from
different biomass samples. For example, Khor et al,
[19] reported pH of 3.6 for bio oil produced from slow
pyrolysis of palm Empty fruit bunches. Sousa et al, [21]
reported 3.8 for bio oil produced from fast pyrolysis of
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Elephant grass while Joseph et al [18] reported pH of 5
from bio oil produced from slow pyrolysis of Nigerian
yellow and white corn cobs. The results suggest that
the pH of bio oil will depend on the type of biomass
material. AP| values of the bio oils are 40.5 and 42.0
for catholic vegetable and cassava peels respectively
while that of the crude oil is 39.6. Usually, API value of
crude oil of 40 and above is light crude which means
the bio oils produced are light crudes. The density of
the bio oils produced from catholic vegetable and
cassava peels are 0.923g/cm3 and 0.816g/cm3
respectively which that of the crude oil is 0.824g/cm3
as can be seen from Table 3. These values are slightly
smaller than the values obtained by other researcher
[18, 19, 21). There is significant difference in the
acidity value of the two bio oils produced. The catholic
vegetable has 12.5 mg/l while the cassava peels has
460 mg/l compared to the crude oil of 0.1mg/1. The
higher acidity of the cassava peels may be due to the
presence of larger amount of organic acid, phenolic
and hydroxyl acids [25] in the bio oil produced
compared to that from catholic vegetable.
Consequently, the high acidity of the bio oils produced
will make the bio oils unsuitable for use in the existing
petroleum refineries and therefore must be upgraded
in order for them to fit into the existing infrastructure of
the refineries.

4.0 Conclusion

Comparison of non-catalytic and catalytic pyrolysis
of two biomass samples has been investigated. It was
observed that more oil was produced at all
temperatures from the catholic vegetable than cassava
sample suggesting that biomass type will affect bio oil
yield during pyrolysis. In order to enhance the bio oil
from the sample that produced more oil at the
temperatures considered, ash from natural waste
materials was used as catalysts during the pyrolysis
process of the two samples. The results show that cow
bone ash enhanced oil production than the fish scale
ash. This may be due to the higher percentage of alkali
and alkaline metals present in the bone ash which
would have catalyzed the pyrolysis reaction.
Comparing the physiochemical properties of the bio
oils produced from the non- catalytic pyrolysis of the
two biomass samples with values obtained by other
researcher revealed some similarities. The properties
have also shown some similarities to the light crude
sample suggesting that bio oil has some potential to
replace crude oil in the near future if some upgrading
is done to reduce the acidity.

Acknowledgement:

The authors appreciate the Technologists of the
department of Chemical Engineering for the assistance
given during the experimental work.

References

[1] M.A. Lopez-Velazquez, V.Santes, J.Balmaseda
and E.Torres-Garcia “Pyrolysis of orange waste: a
thermo-kinetic study” J Anal Appl Pyrolysis, vol.99,
2013, pp.170-177.

[2] M. Mit, A. Islam, M.S.Rahman, S.M. Feroz, A..S
Mollick, and M.E. Kabir, “Pyrolysis kinetic study on
waste particle residue from particle board industry”
Journal of the Indian Academy of Wood Science ,
2019

[3] V. I. F Mabayo, J.R.C. Aranas, V.J.B. Cagas,
P.A.Derfrick, D.P.A Cagas, A.L. Ido, O. Renato and
R.O. Arazo, “Optimization of oil yield from Hevea
brasiliensis seeds through ultrasonic-assisted solvent
extraction via response surface” Sustainable
Environment Research methodology, vol. 28, 2018,
pp.39-46.

[4] X. Chen, Q. Che, S. Li, Z. Liu, H.Yang, Y.
Chen, X. Wang, J. Shao, and H. Chen,. “Recent
developments in lignocellulosic biomass catalytic fast
pyrolysis: Strategies for the optimization of bio-oil
quality and vyield” Fuel Processing Technology,
vol.196, 2019, pp.106180

[5] J. Ordonez-Loza, C. Valdes, F. Chejne, M. G.
Perez, W. Zhang, A. Emwas, and S. M. Sarathy (2021
“Effect of carbon dioxide environment on the thermal
behavior of sugarcane pyrolysis oil”. Journal of
Analytical and Applied Pyrolysis vol.154, 2021,
pp.105000

[6] L. Zhang, Z. Bao, S. Xia, Q. Lu,. and K. B.
Walters,” Catalytic Pyrolysis of Biomass and Polymer
Wastes” Catalysis, vol. 8, 2018, pp659

[7] M. Kumar, P.K. Mishra, and S.N. Upadhyay
“Pyrolysis of Saccharum munja: Optimization of
process parameters using response surface
methodology (RSM) and evaluation of Kkinetic
parameters” Bioresource Technology Reports, vol.
8,2019, ppl-12

[8] AW.Go, AT. Conag, R.M.B. Igdon,.,, AS.
Toledo, and J.S. Malila “Potentials of agricultural and
agro-industrial crop residues for the displacement of
fossil fuels: a Philippine context’. Energy Strateg. Rev.
vol. 23, 2019, pp100-113

[9] A. Saraeian, M.W. Nolte and B.H. Shanks
“Deoxygenation of biomass pyrolysis vapors:
improving clarity on the fate of carbon” Renew.
Sustain. Energy Rev, 104, 2019

[10] O.L. Ki, A. Kurniawana, C.X. L inb, X.Y. Juc,
and S. Ismadjia.”Bio-oil from cassava peel: A potential
renewable energy source”.Bioresource Technology,
vol.145, 2013, pp.157-161.

[11] G. Marrugo, C. F. Valdés, and F. Chejne,
“Characterization of Colombian Agroindustrial Biomass
Residues as Energy Resources”, Energy Fuels, vol.30,
2016, pp.8386-8398

[12] B. Biswas, N. Pandey, Y. Bisht, R. Singh, J.
Kumar and T. Bhaskar “Pyrolysis of agricultural
biomass residues: Comparative study of corn cob,
wheat straw, rice straw and rice husk” Bioresource
Technology, vol.237, 2017, pp.57-63

[13] P.O. Okekunle “Numerical investigation of the
effects of thermo-physical properties on tar intra-
particle secondary reaction during biomass pyrolysis”
Math. Theory Model, vol. 3,(14), 2013, pp. 83-97

[14] A.O. Akhigbe, M. Idu, E.S. Orhue, J.E.
Ataman, and S.0. Ehimwenman.’Effect of Jatropha
tanjorensis J.I. Ellis and Soroja Leaves in Rabbits”
Biochemistry and Ultrasonography. Research journal
of medicinal, vol. 3(1), 2009, pp.29-33

www.jmest.org

JMESTN42353705

13739


http://www.jmest.org/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 8 Issue 3, March - 2021

[15] L. Wang, W. Yi, A. Zhang, Z., Li, H. Cai, and
Y. Li, “Catalytic Fast Pyrolysis of Corn Stalk for
Phenols Production With Solid” Catalysts, vol.7, 2019,
pp.1-9.

[16] K. G. Kalogiannis, S.D. Stefanidis, and A..A.
Lappas “Catalyst deactivation, ash accumulation and
bio-oil deoxygenation during exsitu catalytic fast
pyrolysis of biomass in a cascade thermal-catalytic
reactor system” Fuel Processing Technology, vol.186,
2019, pp.99-109

[17] K. Alper, K. Tekin, and S. Karagdz
“Hydrothermal Liquefaction of Lignocellulosic Biomass
Using Potassium Fluoride-Doped Alumina. Energy
Fuels, vol.33, 2019, pp.3248-3256

[18] K.O. Joseph, and L. Labunmi “Characterisation
of bio-oil and bio-char from slow pyrolysed Nigerian
Yellow corn and white corn cobs” Journal of
sustainable Energy& Environment, vol.4, 2013, pp.77-
84

[19] K.H. Khor, K.O. Lim, and Z.A. Zainal
“Characterisation of bio oil:A by product from slow
pyrolysis ofoil palm fruit bunches” American Journal of
Applied Sciences, vol. 6, 2009, pp.1647-1652

[20] Q. Zhao, M. Makinena, A. Haapalab, and J.
Janisa, “Thermochemical conversion of birch bark by
temperature-programmed slow pyrolysis with fractional
condensation” Journal of Analytical and Applied
Pyrolysis, 2020, pp.1-24

[21] J. Sousa, M.B. Bezerra, M.B.B. Almeida, G.T.
Moure, J.M. Mesa-Pérez, and E.B. Caramao,
“Characteristics of Bio-oil from the Fast Pyrolysis of
Elephant Grass (Pennisetum purpureum Schumach) in
a Fluidized Bed Reactor” American Chemical Science
Journal vol. 14(2), 2016, pp.1-10

[22]P.A. Bhavsar, M.H. Jagadale, Y.P. Khandetod,
and A.G. Mohod, “Proximate Analysis of Selected Non
Woody Biomass” Int.J.Curr.Microbiol.App.Sci, vol.
7(9), 2018, pp.2846-2849

[23] Y. Gao, Y. Yang, Z. Qin, and Y. Sun "Factors
affecting the vyield of bio - oil from the pyrolysis of
coconut shell, SpringerPlus, vol. 5, 2016, pp.1-8

[24] T. S. Farrow, C.Sun, and C.E. Snape (2013)
“Impact of biomass char on coal char burn-out under
air and oxy-fuel conditions” Fuel, vol.114, 2013,
pp.128-134

[25] A Oasmaa, D.C. Elliott, Douglas, J. Korhonen
“Acidity of Biomass Fast Pyrolysis Bio-oils” Energy &
Fuels, vol.24,2010, pp.6548-6554

WWWw.jmest.org

JMESTN42353705

13740


http://www.jmest.org/

