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ABSTRACT

The purpose of this research was to study the effect of mixing ratios of binder on the properties of
leucaena (Leucaena leucocephala) pellets. In this study, the fermented cassava-rhizome was used as a binder in the
production of leucaena (Leucaena leucocephala) pellets. The duration time of the fermentation process was three
days. The mixing ratios of leucaena with fermented cassava-rhizome varied at 90:10, 80:20, 70:30, 60:40, and
50:50, respectively. The results demonstrated that the mixing ratios of binder affected the bulk density and
durability of leucaena pellets. The increasing amount of fermented cassava-rhizome increased the bulk density and
durability of leucaena pellets. The physical properties were determined following the Pellet Fuels Institute standard
specification for residential/commercial densified fuel. Moreover, the results illustrated that the optimal mixing
ratios (leucaena: fermented cassava-rhizome) in the production process of pellets was 70:30, as this mixing ratio
provided the lowest energy consumption (420 kWh/ton) in pellets production and the highest mass yield at 94.3%.
Thus, the results obtained from this research suggested that the fermented cassava-rhizome as a binder might be an
alternative adhesive material for improving the asymmetrical structure and physical properties of biomass raw
materials
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1. INTRODUCTION

Thailand is a well-known agricultural country
due to its abundant agricultural products. Further,
Thailand has a large amount of agricultural residues,
which are important sources of biomass energy, a type
of renewable energy. The biomass fuel is one of the
primary energy sources for cooking and heating.
Biomass is created from agriculture residues and waste
products; these are rice husk, straw, sugarcane bagasse,
corncob, palm leaf, and leucaena (Prasertsan and
Sajjakulnukit, 2006; Barz and Delivand, 2011; Intagun
and Tharawadee, 2016; Intagun et al., 2018). Leucaena
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(Leucaena leucocephala) is one of the interesting
agricultural residues because of its high calorific value.
Leucaena leucocephala is known in Thailand as
“krathin tree”, a leguminous tree belonging to family
Fabaceae, which is a fast-growing plant and found
displeasingly in nutrient-poor soil across the country.
This tree is used for a variety of purposes, such as
firewood, fiber, and livestock fodder. Because of its fast-
growing and high yield of biomass production, it is
selected as a candidate as raw material for pelletizing
biomass. Twigs of kratin tree, after their leaves are
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removed (as for food and animal feed), contain high
holocellulose content with low lignin and high heating
value (Chotchutima et al., 2013; Posom et al., 2016;
Singh et al., 2017; Rattawan et al., 2019, lzzati et al.,
2019). Moreover, cassava-rhizome is an important
waste product from agricultural residues, considered for
producing renewable fuels in Thailand. Cassava
(Manihot esculenta) was cultivated as an annual crop in
many tropical countries, including Thailand. After the
removal of the starchy tuberous roots, the residual
cassava leaves and immature rhizome are sun-dried and
used as cassava hay (Warajanont and Soponpongpipat,
2013; Martin et al., 2017). Because cassava-rhizome
contains high fermentable carbohydrates such as starch,
cellulose, hemicellulose, and lignin, it renders support
to the growth of several microorganisms, as well as it
can be a binder for biomass materials (Wei et al., 2015;
Zhu et al., 2015). The demand for biomass fuels in
Thailand for electricity production has kept on
increasing every year as the price of biomass fuels is
cheaper than fossil fuels. Furthermore, biomass energy
can help to reduce the greenhouse effect. However, the
cost of transportation and storage of these raw materials
are significantly high due to the low bulk density and
asymmetrical shape of biomass. One of the solutions to
these problems is to compact the biomass materials
(pelletizing or palletization) by densification technology.
Densification technology is the process of increasing
the density of biomass to enhance combustion efficiency.
The direct use of biomass materials is impacted by
many factors such as the difference in shape and low
weight per volume resulting in reduced combustion
efficiency. Therefore, due to low weight per volume,
the biomass materials must be compressed to increase
the weight per volume for efficient utilization. Biomass
pellets are used to replace fuels and natural gas because
they are renewable and do not pollute the environment.
The densification process of pressing a material into the
shape of a pellet can improve the symmetrical property,
bulk density (approx. 5-7 times), and durability of
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these raw materials (Mani et al., 2006; Kaliyan and
Morey, 2009; Hurun and Afzal, 2016; Garcia-Maraver
et al., 2015). The market demands of biomass pellets
have been increasing every year in Thailand. The main
parameters affect the pellet quality were particle size,
moisture content, additives, and binder (Mani et al.,
2006; Kaliyan and Morey, 2010; Gil et al., 2010; Ahn
et al.,, 2014; Jiang et al., 2016; lzzati et al., 2019;
Kanoksilapatham et al., 2020). The binder addition
could improve the important properties of biomass
pellets such as bulk density, durability, and combustion
characteristics. Furthermore, pellets formation will
help in safe storage and proficient transportation. The
chemical contents such as cellulose, hemicellulose,
lignin, and a small amount of adhesive binder improve
the quality of pellets, and reduce processing energy
consumption (Liu et al., 2013; Berghel et al., 2013; Liu
et al., 2016; Rattawan et al., 2019). This research aims
to analyze the influence of mixing ratios of the
fermented cassava-rhizome binder on leucaena pellet’s
physical properties (bulk density and durability).
Further, the effect of mixing ratios on energy
consumption during pellets production and mass yield
of pellet were studied. The results from this research
will be very helpful to select an effective mixing
ratio of fermented cassava- rhizome to improve the
properties of pellets and provide guidelines for the
energy consumption analysis for a larger scale of pellet
production on a commercial basis.

2. MATERIALS AND METHODS
2.1 Materials

Leucaena (Leucaena leucocephala), or twigs of
kratin tree after their leaves are removed (for food and
animal feed) were the main raw material of biomass.
The rhizome of cassava was the natural binder in
this study. Both biomasses were obtained on May
2019 from Cha-um district, Phetchaburi province,
Thailand, and Ban-pong district, Ratchaburi province,
Thailand, respectively. The raw material and binding
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agent were ground and sieved in which the particles of
leucaena and cassava-rhizome were 5 mm. The initial
moisture content of the ground leucaena (10%-12%)
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and cassava-rhizome (12%-14%) were determined.
The images of the ground particles of leucaena and
cassava-rhizome are shown in Figure 1.
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Figure 1 The main raw materials: (a) leucaena (Leucaena leucocephala), (b) cassava-rhizome (Manihot esculenta)

2.2 Pellet fuel production processes

The pellet fuel production process consists of
drying, grinding, pelletizing, and cooling. After the
drying process, the pellet size of leucaena and
cassava-rhizome will be around 5 mm and pellets were
ground by using a grinding machine. The cassava-
rhizome as a binder was added with water to obtain a
final water content of 22% of the total solid mass and
fermented for three days. To study the effect of mixing
ratio (leucaena: fermented cassava-rhizome) on physical
characteristics such as bulk density and durability
value on leucaena pellets, various mixtures are analyzed
and fermented cassava-rhizome as the binder were
supplemented with mixing ratios at 90:10, 80:20,
70:30, 60:40, and 50:50, respectively in the
preparation of mixing pellets. Moreover, the effect of
binding type on the leucaena pellet quality was
investigated with; (1) leucaena without binder (L) or
control condition, (2) leucaena with non-fermented
cassava-rhizome (LNFC); and (3) leucaena with
fermented cassava-rhizome (LFC). The biomass blend
pellets were produced using a flat-die pellet mill machine
(KL200B Model, China). During pelletizing process,
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the die temperature was at 70°C-80°C. The raw materials
were pressed through the flat die by pan grinder roller.
The pellets were placed in the room temperature for 24
h before they were subjected to pellet fuel qualification
testing. The pellets diameter was 6.0£0.1 mm. Finally,
the pellet fuel samples were tested according to Pellet
Fuels Institute (PFI) standard specification for
residential/commercial densified fuel.

2.3 Pellet fuel quality testing

This study used the PFI standard specification for
residential/commercial densified fuel to verify the
physical properties. The bulk density and durability
of biomass pellets are very important indicators to
evaluate substantial storage facilities, spaces, and
handing systems. The higher bulk density and
durability of pellets leads to higher transport efficiency
and lower storage space. The pellet bulk density testing
procedure followed the ASTM E-873-82. Biomass
pellet bulk density was calculated using the following
Equation (1).

w
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where ppx IS the bulk density of pellets in (g/m3), W,
is the total weight of the pellets (g), and V,, is volume of
the standard box (m®).

The durability of pellets represents the inter-
particle bonding in the pellet, which indicates the
strength and structure of pellets. This parameter affected
the stability of pellet products during transportation
and effectiveness of the pellets. The durability testing is
evaluated by the tumbling method following the EN
15210-1 regulation. The pellets of 500 g were put into
the test box and rotated at 500 rpm for 10 min. Later,
the pellets sample were removed and sieved. The mass
of pellets before and after sieving was measured. Then,
the durability was calculated by Equation (2).

pPpI = Y% + 100
w

)
where PDI is pellets durability index, WPW is the total
mass of the pellets after tumbling (g), and IW is mass
of pellets before tumbling (g).

2.4 Energy consumption and mass yield of the
pelletizing process

In this study, the energy consumption of the flat-
die pellet mill machine during the pelletizing process
was calculated. The energy consumption was influenced
by binder addition. The energy consumption was
recorded by using a watt-hour meter. The weight of
pellet samples before and after the pelletizing
process was measured by a digital scale (EM-150KAL).
The energy consumption of the pelletizing process was
determined by Equation (3).

— Euse

EC =
Wg

©)
where EC is energy consumption of the pelletizing

process (kWh/Kkg), E,s. is total energy used in
pelletizing process (kWh), and W is final weight of

pellet samples (kg).
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In addition, the mass yield (Yn) of biomass
pellets was the proportion of mass used as input for
feeding the machine, and after processing by the flat-die
pellet mill machine, the mass yield is calculated from
the Equation (4).

- Mr
Y = 3 X 100 (4)
where Y,,, is mass yield (%), My is the mass of the

samples before pelletizing (g), and M,, is the mass of
the samples after pelletizing (g).

3. RESULTS AND DISCUSSION
3.1 Effect of mixing ratios on physical appearance of
leucaena pellets

The physical appearance of leucaena pellet
products was illustrated in Figure 2(a-f). The sample of
leucaena without fermented cassava-rhizome (100:0)
has small cracks on the outer surface and a rougher
texture, which reveals the low quality of pellets. In
comparison, it was found that the pellet products from
LFC at mixing ratio of 90:10, 80:20, 70:30, 60:40, and
50:50 revealed a more smooth texture and shiny
appearance than the mixing ratio of 100:0. The
physical appearance of the pellet samples was very
smooth with a shiny texture. This quality is increased
with increase in the fermented cassava-rhizome
content. The pellet texture in the case of using
fermented cassava-rhizome as a natural binder led to the
glassy surface of the pellets compared to without binder
case. Moreover, the physical appearance of the pellet
product was quite dark-colored with an increase in the
fermented cassava-rhizome contents. Therefore, the
addition of the fermented cassava-rhizome as a natural
binder demonstrated that the mixing ratios of binder
affected the physical appearance of leucaena pellet
products.
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(d) 70:30

(e) 60:40

Figure 2 Effect of mixing ratios on physical appearance of leucaena pellets (a) 100:0, (b) 90:10, (c) 80:20, (d) 70:30,

(e) 60:40, and () 50:50

3.2 Effect of mixing ratios on bulk density of pellets

The effect of mixing ratios (leucaena:
fermented cassava-rhizome) on the bulk density is
revealed in Figure 3. The results showed that the bulk
density of leucaena pellets without fermented
cassava-rhizome (100:0) as reference samples was
652.24+2.54 kg/m®. The bulk density of LFC at the
ratios of 90:10, 80:20, 70:30, 60:40, and 50:50 were
663.17+2.32 kg/m?®, 665.22+3.65 kg/m?, 679.54+5.12
kg/md, 682.31+4.39 kg/m®, and 689.42+3.76 kg/m?,
respectively. The bulk density of all samples was in a
range of the PFI standard (609-737 kg/m®) and so the
values were accepted. It was illustrated that the bulk
density of LFC was significantly higher than leucaena
pellets without fermented cassava-rhizome. The mixing
ratio with fermented cassava-rhizome at 50:50 had the
highest bulk density of pellets. Furthermore, the results
showed that the increase of natural binder at mixing
ratio of 90:10, 80:20, 70:30, 60:40, and 50:50
increased the bulk density of leucaena pellets by 1.68%,
1.99%, 4.19%, 4.61%, and 5.71%, respectively. Thus,
the bulk density of leucaena pellets increased with an
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increase in fermented cassava-rhizome content of the
mixture. The bulk density of mixture fuels with a binder
(fermented cassava-rhizome) was higher than the
leucaena without binder because of the higher bonding
between particles of fermented cassava-rhizome that
were created mainly through solid bridges during
leucaena pellet production. The natural binding
components such as starch in fermented cassava-
rhizome can be activated under high temperatures in
the pelletizing process (Garcia-Maraver et al., 2015).
The chemical compositions or compounds present
in biomass (cellulose, hemicellulose, and lignin)
behave as a natural binder binding the biomass particles.
Moreover, the biomass was crushed out to the cell of
biomass due to the high pressure developed during the
densification process (Liu et al., 2013). The results of
this study are similar to the previous work (Liu et al.,
2016), which investigated the pellet physical properties
of mixing biomass between bamboo and rice straw.
Therefore, it was confirmed that the fermented
cassava-rhizome as a natural binder has improved the
bulk density of leucaena pellets.
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Figure 3 Effect of mixing ratios of leucaena and fermented cassava-rhizome on bulk density of pellets

3.3 Effect of mixing ratios on bulk density of pellets

This research evaluates the effect of mixing
ratios on the durability of pellets. The pellet durability
of leucaena with the different mixing ratios of
fermented cassava-rhizome is shown in Figure 4. The
durability of leucaena without fermented cassava-
rhizome (100:0) was 94.12+0.35%, which was not
within the requirement of PFI standard (=95%). The
pellets durability values of mixing ratios (leucaena:
fermented cassava-rhizome) at 90:10, 80:20, 70:30,
60:40, and 50:50 were 95.81+0.5%, 96.63+0.2%,
97.38+0.8%, 98.32+0.3%, and 98.65+0.5%, respectively.
Then, these values revealed that the mixing ratios of
binder affected the durability of leucaena pellets. The
results demonstrated that the addition of a binder

100

Durability (%)

fermented cassava-rhizome results in pellets with
higher durability as compared to leucaena without a
binder. Moreover, the durability of pellets gradually
increased as the fermented cassava-rhizome quantity
was increased. This is due to the bonding mechanisms
of the binder, as starch in fermented cassava-rhizome
acts as a binding agent (Kaliyan and Morey, 2010).
Moreover, this result corresponds with the previous
research, which studied the effect of binder on the
durability of wood pellets fabricated from Larix
kaemferi C. and Liriodendron tulipifera L. sawdust
(Ahn et al., 2014). Thus, it was concluded that the
durability of leucaena pellets had improved through
the mixing leucaena and fermented cassava-rhizome.

98
96
N I
92

100:0 90:10

80:20

70:30 60:40 50:50

Mixing ratio of leucaena and fermented cassava-rhizome

Figure 4 Effect of mixing ratios of leucaena and fermented cassava-rhizome on durability of pellets
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3.4 Effect of binding types on physical properties of
leucaena pellets

To evaluate the effect of binder types on the
leucaena pellet quality, the two natural binder types
namely LNFC and LFC with duration time of three days
were selected. All the pellet samples were prepared, in
which the mixing ratio of 50:50 case (of leucaena: natural
binder type) was considered. The effect of natural binder
type on the bulk density and durability of leucaena pellets
is shown in Figure 5. It was illustrated that the physical
properties of leucaena pellet with a binder (LNFC and
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LFC) were significantly higher than leucaena pellet
without a binder (L). Moreover, the physical properties
of LFC had revealed higher values than the LNFC. It
had been observed that the highest pellet bulk density
and durability was with the LFC, due to the fermentation
process for a binder that can help the performance of
natural binding components under high temperature
during the pelletizing process (Liu et al., 2013). Therefore,
the result was illustrated that the LFC case is the best
binder type in this research because it can improve the
bulk density and durability of leucaena pellets.
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Bulk density (kg/m *)

640

620

600

98

96

Durability (%)

94
—e—Bulk

=& = Durability

92

LNFC LFC

Binder types

Figure 5 Effect of binding type on physical properties of pellets

3.5 Effect of mixing ratios on energy consumption in
pellets production and mass yield

The effect of mixing ratios on energy
consumption in pellets production and mass yield of
pellets was presented in Figure 6. The mixing ratio with
fermented cassava-rhizome as binder affected the
energy consumption and mass yield. The results showed
that the energy consumption in leucaena pellets
production with the mixture 100:0, 90:10, 80:20, 70:30,
60:40, and 50:50 (leucaena: fermented cassava-rhizome)
were 570 kWh/ton, 480 kWh/ton, 460 kWh/ton, 420
kWh/ton, 480 kWh/ton, and 500 kWh/ton, respectively.
From the results obtained, the highest energy
consumption for the pelletizing process was with the
mixing ratio at 100:0 (leucaena: fermented cassava-

rhizome), while the lowest energy consumption was
with 70:30. The results indicated that a LFC case can
decrease the energy consumption for the pellets
production until the mixing ratio reaches 70:30.
However, the energy consumption increased significantly
by increasing the fermented cassava-rhizome content at
a mixing ratio of 60:40 and 50:50 due to the increase
of fermented cassava-rhizome content, which is due
to increasing moisture content in the pelleting process.
Moreover, the results of percentage of mass yield of
pellets with mixing ratio at 100:0, 90:10, 80:20, 70:30,
60:40, and 50:50 were 86.5%, 87.6%, 91.6%, 94.3%,
91.5%, and 91.2%, respectively. It was observed that
the mass yield of pellets gradually increased until the
mixing ratio of 70:30 (leucaena: fermented cassava-

199



Intagun, W. and Maden, A.

rhizome), and after that it continuously decreased.
For the commercial production, the important
requirement for pellets production is low energy
consumption and the high mass yield of pellets, as
they decide the energy cost for pellets production. From
the results, it was apparent that the mass yield of the
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pellets was the highest at the mixing ratio of 70:30.
Thus, it can be concluded that the optimum mixing
ratio for the production of leucaena pellet is 70:30.
These results obtained from the analysis could provide
guidelines for the energy consumption analysis of pellet
production on a larger scale in the future.
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Figure 6 Effect of mixing ratios on energy consumption in pellets production and mass yield of pellets

4. CONCLUSION

This research concluded that the fermented
cassava-rhizome affected the physical properties of
leucaena pellets, which were determined according to
the PFI standard. The increase in the mixing ratios with
fermented cassava-rhizome content as binder effectively
increased the bulk density and durability of leucaena
pellets. Further, the physical properties (bulk density
and durability) of LFC were of higher values than the
LNFC and leucaena pellet without a binder. The mixing
ratio affected the energy consumption during pellets
production and mass yield of leucaena pellets. Moreover,
it was found from the results that the optimum
mixing ratio (leucaena: fermented cassava-rhizome) for
the efficient production process of pellets was 70:30.
This mixing ratio provided the lowest energy
consumption 420 kWh/ton for pellets production and
provided the highest mass yield of 94.3%. Thus, the
results obtained from this research suggest that the
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fermented cassava-rhizome as the binder can be an
alternative adhesive material for improving the
asymmetrical structure and physical properties of
biomass. Moreover, these results could provide
guidelines for the energy consumption analysis for a
larger scale of pellet production in the future. In future
work, it should be considered together with its
combustion behaviors and environmental friendliness.
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