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ABSTRACT

Leucaena leucocephala pellet can be a superior green fuel for Thailand by taking the
advantage of such economic and environmental beneficial plant by establishing good rules and
regulations toward afforestation of energy crops without altering the food chain. Before selling
the biomass or its pellet, commercially, combustion characteristics must be recognized in advance
so that it will get its actual monetary value instead of random cost per unit weight. For this
purpose, thermogravimetric analysis (TGA) was performed to determine the ignition temperature,
ignition index, burnout index and combustion performance index and found to be 261.7°C,
6.10x10* 8.20x10" and 2.19x107 respectively and higher heating value (HHV) was found to
be 18.65 MI/kg. In addition, bulk density and solid density of pellet wasfound to be 578.13 kg/m?

and 1151.10 kg/m? respectively.
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INTRODUCTION

Current fossil fuel crisis, increasing cost of
fuel and rising environmental air pollution
concerns has fostered the development of
biomass resources as an alternative energy
source [1, 2]. Biomasses in term of agricul-
tural resources supply energy in two forms
from energy crops and residue of crops [3, 4].
So, a fast growing energy crops are needed
which can mitigate the current energy crisis
having less impact on environmental pollut-
ion. In such case, Leucaena leucocephala can
be a crucial plant as it is one of the most fast
growing, productive and versatile multi-
purpose tree which can be grown in wide range
of soil and tolerate drought [5-9].

The energy plays a vital role in a country
economy [10] and, also, one of the most
essential needs for human being. Thailand falls
under tropical zone where the average
temperature is 27 °C and annual rain fall of
1,200-1,600 mm/year [11]. Leucaena
leucocephala is found naturalized in most
tropical and subtropical areas of the world [ 12].
It is advantageous for both energy and
environment because biomass is considered as
CO2 neutral [13]. In general, pelletization of
biomass produce the pellet which has high
density and high heating value in compare to
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raw of same kind [ 14]. Meanwhile, it easier to
store and transport and has greater econo-mic
value in the share market [15]. Therefore,
Thailand government can take advantage of
such economic and environmen-tal benefit
energy crops by establishing good rule and
regulation toward afforestation of energy crops
without altering the food chain. However, the
unplanned afforestation and clearance of
cultivated land for plantation of energy crops
may lead to the food deficiency.

The knowledge of the combustion perfor-
mance is essential parameters for the design of
reactor and optimization of product [16-18].
Lignocellulosic biomass mainly consists of the
hemicellulose, cellulose and lignin [19].
Combustion of biomass can be divided into
four processes: moisture removal, devolatiliza-
tion stage, char oxidation, and remaining stage
[20]. The decomposition of the biomass begins
with the moisture evolution followed by the
devolatili-zation. Devolatilization takes place
by releasing gaseous and volatile products that
leads to the formation of the tar and char [21].
Hemicellulose shows the early decomposition
followed by the cellulose and lignin.
Hemicellulose has random amorphous
structure and rich with the branches while
cellulose has long polymer molecules without
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branches and orderly crystalline structure
which make cellulose more thermally stable
than the hemicellulose [22]. In addition,
highest thermal stability of the lignin is
constantly reported due the strong structure
background from the highly branched
polysaccharides and the heavy crossed linked
aromatic compounds [23].

However, up to date, the study of the
Leucaena leucocephala biomass pellet has not
yet been reported. Nevertheless, Barneto et al.
[24] studied the thermal degradation of a
Leucaena leucocephala biomass and its
compost, and composting effect on hydrogen
production. So, the aim of this work was to
perform the primary study on the combustion
behavior of ligno-cellulosic biomass pellet by
the means of the TGA technique. The
combustion characteristics i.e. the ignition
temperature (Ti), ignition index (D1), burnout
index (Df) and combustion performance index
(S) were studied. In addition, some physical
and energy properties including higher heating
value (HHV), bulk density and solid density of
the pellets were investigated.

Material

The Leucaena leucocephala pellet, which
was pelletized for commercial purpose were
obtained from the factory of Thailand. The
pellet, 100 g, was sent to Intertek Testing
Service (Thailand) Ltd. for proximate analysis
and ultimate analysis‘which were conducted
following the ASTM methods.

Solid density and bulk density measure-
ment

Random twenty pieces of pellet was
selected. The length and diameter were
measured using digital vernier caliper
(Digimatic caliper, Mitutoyo, Japan) and
weight by electric balance (ARC120,
Adventurer, OHAUS, USA. Resolution 0of 0.01
g) of each pellet was mea-sured. While
measuring length and diameter, ten measure-
ments were taken on different surface-positions
and average was taken.

For the measurement of the bulk density,
either volume or weight of pellet was fixed.
Firstly, pellet was filled in a cylindrical can of
volume 983.69 cm3 and the respective weight
was measured using the same electric balance.
On the other hand, pellet of 2 kg was weighted
and volume was measured. Each process was

eoe
128

repeated for ten times and average of the whole
process was taken to calculate the bulk density.

Higher heating value deter-mination

The higher heating value was obtained by
oxygen bomb calorimeter (C 2000 Basic, IKA,
Germany). The sample subjected to the
calorimeter was prepared as follows: first, the
pellet was undersized into small pieces with
mortar and pestle, then was grounded through
2 mm diameter sieve (SM100, Retsch,
Germany) and was again grounded using
miller (Pulverisette 14, Fritsch, Germany)
through 0.2 mm diameter sieve. These samples
were kept in zipped plastic bag prior to the
testing. The experiment was run for three
replications and the average was taken. The
sample siz€ was fixed around 0.5 g.

Theground sample left from higher heat-
ing value detefmination was subjected for
thermogravimatric analysis. The combustion
characteristic of biomass pellet was perfor-med
in the thermegravimetric analyzer (TG 209 F3
Tarsus, Netzsch; Germany, 0.1 pg resolution,
heating rate ranges from 0.001 to 100 Kmin-1,
6.8@mm diameter aluminum oxide (AL203)
crucible) in a room tempera-ture of 25°C and
the ther-mogravimetric (TG) profile and
differential thermogravimetric (DTG) profile
were analyzed using Proteus 6.0.0. (Netzsch
Software, Germa-ny). At the heating rate of
10°Cmin-1, the temperature of furnace was
increased from 30°C to 900°C in an air flux
(02) of 20 mLmin-1. The mass of the sample
was monitored continuously as a function of
temperature and time. The experiments were
performed for two replications to determine
their repeatability. The sample size was kept
constant at around 6 mg.

The ignition index (Di) is determined by the
equation as follows:

Di = (dw/dt)max

i

(1)

Where (dw/dt)ymax=maximum combust-ion
rate, tp = corresponding time of (dw/dt) max
and ti = ignition time.
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Fig. 1 Ignition temperature determining process

Burnout index (Dx)

Burnout temperature was identified as the
corresponding temperature of no further weight
loss in TG and DTG curves. Burnout
temperature is the temperature on TG and
DTG curves that shows the constant mass after
the char combustion during the process and the
corre-spondent time is known as burning time
[25, 28, 29]. The burnout index (Dy) is defined
as:

_ (dw/dt)max

D .2

Where Aty = time zone of (dw/dt)/-(dw/dt)max
= Y and t¢= burnout time.

Combustion performance indéx (S) A
higher combustion index represents better
combustion reactivity of the fuel which.was
calculated as [30-33]:

S = (aw/dt)max (AW /dt) méan
- 2
Ty

..(3)

Where, (dw/dt)mean = average,combustion
rate, Ti = ignition temperaturesand Tf =
burnout temperature.

RESULT AND DISCUSSION

Proximate analysis and the ultimate
analy-sis

The proximate analysis and the ultimate
analysis results are presented in Table 1. They
are the easiest and most widely used method to
characterize a biomass fuel. Proximate analysis
represents moisture, volatile matter (VM), ash
and fixed carbon (FC) on weight percent basis
of a biomass whereas ultimate analysis signify
weight percentage of carbon(C), hydrogen(H),
nitrogen(N), sulfur(S), oxygen(O) that is
present on a biomass. In addition, proximate
and ultimate analysis correlates the heating
value of fuel. Heating value of the fuel highly
depends upon FC, VM, C, and H whereas
heating value decrease with higher content of
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ash and oxygen [45]. Nitrogen and sulfur leads
to the formation of harmful emission. Fixed
carbon is responsible for the formation of char

[14].

Pr0x1m2.|te Method Result
analysis (wt %)

Moisture ASTM E 871-82 7.59
(RO6)

Volatile matter ASTM E 871-82 7291
(RO6)

Ash ASTM D 1102-84 1.96
R07)

Fixed carbon Calculation 17.55

Ultimate

analysis

Carbon CHN Analyzer 44.98

Hydrogen CHN Analyzer 6.20

Nitrogen CHN Analyzer 0.52

Sulfur ASTM E 775-87 0.04

(R086), B-IPC

Oxygen Calculation 46.31

Chloride ASTM E 776-87 Less than 0.01
(RO9)

Solid density and bulk density
measurement

Bulk density and solid density of pellet was
found to be 578.13 kg/m3 and 1151.10 kg/m3
respectively. The solid density was found
almost double the bulk density. This may be
due to the void spaces between the pellets as
the orientation, shape and size of the pellet
effect on the bulk density.

Higher heating value

The experimental higher heating value
(HHVe) was found to be 17.23 kJ/kg. This
exper-imental higher heating value includes
heat of condensation released from the water
vapor during the combustion process. So, this
value was converted into anhydrous higher
heating value as [45, 46]:

— HHVe
HHV = — . .(4)

Where, HHV = higher heating value, HHVe
= experimental higher heating value and MC =
moisture content in decimal.

The anhydrous higher heating value (HHV)
was found to be 18.65 kJ/kg. This value was in
range of higher heating value for hard wood
[45].

Combustion performance

The ignition temperature, ignition index,
burnout index and combustion index with the
peak temperature and respective mass loss are
listed in Table 2. Ignition temperature
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determines the easiness to ignite the fuel. A
fuel with high ignition temperature is more
difficult to ignite and vice versa [34]. The
higher value of combustion performance of
fuel is desired for better combus-tibility,
whereas higher burnout temperature defines
the difficulty to burn and thus requires longer
time while lower value indicates the reduced
presence of unburnt [30]. The value of Df was
found higher and Di lower than that of coal
[25], while the S was found higher than coal
[32]. The higher value of Df and S and lower
value of Di signify that L. leucephalla pellet is
easier to burn than coal, which connotes the
possibility for the future fuel.

Table 2 Combustion characteristics of L.

leucocephala

Parameter value
(dw/dt)max (Yomin™) 10.45
(dW/dt)mean (Yomin'T) .11
Tmax (°C) 307.5
tmax (Min) 28.0
Ti (°C) 261.7
ti (min) 23.6
Tr (°C) 776.25
tr (min) 74.95
Ati/2 (min) 23.42
Dr (10%) 8.20
Di(10%) 6.10
S (1077 2.19

Thermogravimetric analysis of
Leucaena leu- cocephala pellet

The combustion profile of wood pellet,
Leucaena leucocephala, is shown in the Figure
2. The combustion profile can be categorized
into four stages: moisture removal (<110 °C);
devolatilization (197-350 °C); char combustion
(360-600 °C) and residue decomposition
(>600 °C). The peak temperature associates
with different stages with peak mass loss are
shown in Table 3. L. leucocephala consist
mainly holocellulose (hemicellusose, cellulose)
and lignin [24]. When the moisture is removed
from the sample, the pellet started to degrade
slowly. After 195 °C, volatilization of volatile
soared up, which leads to formation of char
[16, 21].

The combustion begins with the volatiliza-
tion of hemicellulose and cellulose and partial
decomposition of lignin [35, 36]. Hemicellu-
lose shows the early decomposition [2, 23]
followed by cellulose [2, 22] and lignin, which
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showed the wide range of decomposi-tion [2,
23]. The sharp peak at 308.1°C in the
temperature range of 200°C to 355°C was
associated with cellulose and a very small
shoulder peak at 284.6°C to the left was of
hemicellulose [37, 38].

The third stage was associated with the char
oxidation which depicted two separate peaks.
The first char oxidation peak (stage H), which
elevated at 405.6°C with higher decomposition
rate 4.57 %min-1, was associated with the
oxidation of holocellulose [24]. However,
cellulose contributes less to the char formation
as most of it mass loss during the volatilization
[39-44]. Therefore, this peak is mainly
associated with the hemicellulose. In addition,
a second separate peak (stage L) which rose at
443.7 °Cds mainly associated with the lignin
oxidation [16, 24]. Similar lignin curve was
evolved during combustion of lignocellulosic
biomass, pine bark, atlower heating rate [1].
The profile above 600 °C was defines as the
remaining char residue and inorganic
compound decomposition. A very insignificant
peak wasebserved above the temperature of
605 °C which was mainly associated with the
combustion of inorganic matter [16, 24].
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Fig. 2 TG and DTG profile of L. leucocephala

Table 3 Combustion performance

Parameters Value
Devolatilization | Tpeak 'C 308.1
(dw/dt)max (Yomin!) 10.44
Char oxidation |Stage H | Tpcak ('C) 405.6
(dw/dt)max (%min’l) 4.57
Stage L | (dw/dt)max (%min’l) 443.7
(dw/dt)max (Yomin'!) | 1.34
Residue (%) 3.37
CONCLUSION

The combustion characteristic of L. Leuco-
cephala pellet was analyzed by the means of
TGA. The main combustion profile depicted
two different stages. Firstly, the combustion of
volatile matter takes place from 197°C to
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350°C. The second stage was related with char
combustion which depicted two separate peaks
mainly associated with hemicellulose and
lignin. As L. Leucocephala pellet has higher
combustion index compared to coal, it can be a
good source of fuel which might help to
mitigate the energy crisis and lessen the air
pollution. In future, biomass can be a good
source of fuel for combustion.
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