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Effect of Moisture Content during Preparation on the
Physicochemical Properties of Pellets Made from
Different Biomass Materials
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The influence of moisture content was investigated relative to the pellet
forming process and the pellet properties. Three different types of raw
biomass (pine sawdust, corn straw, and peanut shell) were pelletized by
hot pressing at different moisture levels (12%, 14%, and 16%) in a pellet
mill with horizontal and ring type dies to investigate its physical property
indexes of durability, pellet density, and combustion performance. The
results of the study showed that pellet density and heating value were
related to the moisture content. The maximum pellet density of the fuel
pellets of sawdust, corn straw, and peanut shells was 1180 kg/m?, 1220
kg/m?3, and 1130 kg/m?, respectively. The drop resistance and deformation
resistance of pine sawdust and corn straw decreased with increased
moisture content, but peanut shell initially increased with the increase of
moisture before decreasing. The comprehensive combustion index of corn
straw (14.03) was the highest during the combustion performance analysis
in comparison to sawdust (11.10) and peanut shell (10.00). Overall, the
optimal moisture content of sawdust, corn straw, and peanut shell was
12%, 12%, and 14%, respectively, and the combustion performance of the
pellets made from corn straw was superior compared to the other two
feedstocks.
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INTRODUCTION

Currently, 80% of the total global energy demand is fulfilled by conventional fossil
fuels (Guo et al. 2015). Global energy consumption was 1.53x 108 GWh in 2010 and is
predicted to increase up to 1.83 x 108 GWh 2.39x 108 GWh between the years 2020 and
2040, respectively (Guo et al. 2015). Moreover, the constantly increasing use of fossil fuels
has caused many environmental issues including air pollution and global warming
(Bahrami and Abbaszadeh 2013). These problems can be overcome by producing cleaner
renewable biofuels from abundantly available biomass. The annual global production of
biomass is 1.2 x 10! t, which can produce 6.11 x 102 GWh of energy (Guo et al. 2015).
This energy is 3 to 4 times greater than current global energy demands (Guo et al. 2015).

In terms of energy consumption, China ranks the highest in the world. It is also the
second largest importer of oil after the USA (Zhou et al. 2016b). Due to the extensive
consumption of fossil fuels, China contributes to approximately 27.8% (10 billion tons) of
total global carbon emissions (Zhou et al. 2016b). The use of biomass-based renewable
energy is an attractive option for China due to the large availability of biomass, its
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environmental benefits, as well as its cost effectiveness (Gu et al. 2019). China is an
agriculturally based country and a huge amount of biomass is produced every year by
different agricultural activities, which is equal to 460 million tons of standard coal per year
(China National Energy Administration 2016). The major hindrances in the use of
abundantly available biomass is its higher moisture contents, varying physical shapes,
higher levels of dust, as well as its lower bulk density in comparison to fossil fuels, which
makes it difficult for completing biomass transportation, handling, storage, and usage in its
raw form. Moreover, the combustion performance of the raw biomass is also poor due to
its higher moisture level, higher dust level, and lower bulk density (Khan et al. 2009; Saidur
et al. 2011). Hence, increasing the bulk density of biomass is essential for ease of handling,
transportation, and storage. The lower energy density of the biomass compared to
conventional fossil fuels is also a challenge to its use as an alternative to conventional fossil
fuels. These problems can be overcome by the pelletization of biomass (Kaliyan and Vance
Morey 2009b). Biomass densification/pelletization will be helpful in reducing dust,
uniformity of shape and size, decreasing the cost of storage and transportation, as well as
improving thermal conversion (Demirbas 2004; Obernberger and Thek 2004; Gil et al.
2010; Verma et al. 2011; Li et al. 2012; Longhin et al. 2016; Bajwa et al. 2018;
Trubetskaya et al. 2019).

The physical properties of the pellets, such as moisture contents, bulk density,
porosity, durability, size, and hardness, are important indicators of their quality (Colley et
al. 2006; Lam et al. 2008). Many researchers have studied the effect of moisture content
on the physical properties of the biomass pellets (Colley et al. 2006) and concluded that
the moisture content is an important factor that affects the quality of the biomass pellets.
Tumuluru et al. (2011) studied the effect of the moisture contents of biomass on
densification and concluded that higher moisture levels result in an increase in the contact
area of the particles during densification by Van der Waals forces, decrease the glass
transition temperature, and aid in the formation of a solid bridge. Mani et al. (2003) studied
the effect of moisture on the densification process and concluded that the feedstock
moisture acts as a binder during the biomass densification and increases the bonding of the
particles through Van der Waals forces by increasing the contact area. Demirbas et al.
(2004) studied the effect of moisture on the strength of pellets produced from spruce wood
sawdust, and reported that when the moisture contents increased from 7% to 15%, the
strength of the pellets also increased. Sokhansanj et al. (2005) studied the effect of moisture
for pelletizing different types of materials and concluded that the optimum moisture
content for pelleting the materials containing higher level of proteins (i.e., animal feed) is
20% (w.b.); whereas for materials containing high levels of cellulose, the optimum
moisture content for pelletizing the biomass is approximately 8% to 12% (w.b.).

In the above studies, the optimum moisture contents were found for the pelletization
of biomass, and the effect of moisture was studied relative to physical properties.
Moreover, in some of the studies, additives/binders were also used, which increased the
concentration of pollutants during combustion (Florentino-Madiedo et al. 2018). The
current study is the first time the authors studied and reported the optimum moisture
content by hot pressing different biomass in a pellet mill with horizontal and ring type dies
without adding any binder. Additionally, the physical, chemical, and thermal properties
were analyzed, which provided comprehensive reference parameters to produce higher
quality molding of fuel pellets. This study was intended to provide the foundation for
subsequent research on the combustion and emission of pure material particles.
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EXPERIMENTAL

Materials

Woody biomass (Pine sawdust (SD)), agricultural residues (corn straw (CS), and
peanut shell (PS)) were used as feedstocks for the present study. All the feedstocks were
collected from experimental fields of Shandong University of Technology, ZiBo,
Shandong, China. These feedstocks were air-dried for one week after collection. The dried
feedstocks were then crushed in a sieve mill (WN-300A; Xulang Machinery Equipment
Co., Ltd., Guangzhou, China) using a 4-mm screen. The feedstocks were then stored at
room temperature (25 °C) and ambient humidity (45 to 75%) in woven bags for further
studies.

Methods
Proximate analysis

The moisture content (M) of all the samples was measured using a blast-drying
oven (DHG-9420A,; Yiheng Scientific Instrument Co., Ltd., Shanghai, China) according to
the standard method GB/T 28731 (2012). The ash (A) and volatile matter (V) contents were
determined using a muffle furnace (SX3-5-14; Yunyue Instrument Equipment Co., Ltd.,
Shanghai, China) according to the standard method GB/T 28731 (2012). The fixed carbon
(FC) was measured by the difference according to the standard method GB/T 28731
(2012). For each of the analyses mentioned above, three replicate measurements were
taken, and the average was reported.

Ultimate analysis

The carbon, hydrogen, nitrogen, and sulphur contents of the materials were
determined simultaneously using an elemental analyzer (model EA300; Euro Vector,
Pavia, Italy) according to the Chinese standard method JJG 017 (1996). Results from three
measurements were averaged.

Heating value

The heating value (HV) of the materials was analyzed using a bomb calorimeter
(model C2000; IKA, Staufen, Germany). A 1 g sample pellet was weighed using a digital
balance within an accuracy of 0.0001 g. The sample was then placed in a crucible, and
combustion of the sample was completed in a calorimeter to obtain the heating value, based
on an average of three measurements.

Sample Preparation

Depending on the initial moisture content of the biomass found during the
proximate analysis, the moisture contents of the biomass were adjusted to higher levels
(12%, 14%, and 16%) by adding water according to the following Eq. 1,

x =m(kz - ki) / (1 - ko) 1)

where x is the mass (kg) of water required to be added, m is the initial mass (kg) of material,
and ki and ko are the initial and targeted moisture content (%) of materials, respectively.
After calculating the mass of water to be added in the biomass to be adjusted at
suitable levels, the biomass was blended with water in a mixer (JHX-1-5; Jintai Material
Co., Ltd., Zhengzhou, China) until the homogeneous mixture of biomass was formed.
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Pelletization Process
The biomass pellets were fabricated without a binder in a pellet mill with horizontal

and ring type dies with 8-mm die holes (Type 470; Jinan Taichang Transmission
Machinery Co., Ltd., Jinan, China), as shown in Fig. 1. The specifications of the machine

are presented in Table 1.

Fig. 1. Biomass pellet mill with horizontal and ring type die

Table 1. Specifications of the Molding Equipment

Specification Parameter/Value Measurement Unit
Electric motor rated power 5.5 kw
Electric motor supply voltage 380 \
Motor rotational speed 1480 r/min
Productivity 0.7t01 t/h
Diameter of the press rollers 200 mm
Width of the press rollers 10 mm
Type of die Ring mold -
Thickness of the die 70 mm
Diameter of the holes in the die 8 mm
Dimensions of the pellet mill 2200 x 1000 x 1500 mm
Mass of the pellet mill 5.5 ton
Molding temperature 90+ 10 °C
Cone angle 50 °
Transmission ratio 18 -

Physical Properties of Biomass Fuel Pellets
The physical properties mainly included durability and pellet density.

Microstructure

The microstructure of the feedstocks was analyzed using a field emission scanning

electron microscope (FE-SEM) (Quanta 250; FEI Company, Hillsboro, OR, USA).

Pellet density

The diameter and length of the pellets were measured with a Vernier caliper within
an accuracy of 0.01 mm, and the mass was measured using a digital balance within an
accuracy of 0.0001 g. The measurements were done in triplicates and the average results
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were used. The pellet density of the fuel pellets was determined using Eq. 2 (Wang et al.
2018a),

p =4m/ (nD%L) (2)

where p is the pellet density (kg/m®), m is the mass (kg) of a single pellet, D is the diameter
(m) of the pellet, and L is the length (m) of the pellet.

Durability

The drop resistance and deformation resistance of the biomass pellets were used to
define the durability of the pellets. The drop resistance of the pellets was determined by
dropping a 60-mm sample from a stationary position 2 m above a smooth floor (Cheng et
al. 2018). The pellets, which had lengths > 25 mm during the first step, were dropped again.
The experiment was repeated three times by dropping all the pellets that had lengths greater
than 25 mm. The drop resistance was defined as the ratio between the mass with a final
length of more than 25 mm and the original sample mass, according to GB/T15459 (1995).

The deformation resistance was tested using a universal pressure machine (WDW-
10G; Tianchen Testing Machine Manufacturing Co., Ltd., Jinan, China). The pellets were
horizontal placed in the center of the working table of the machine, and continuous loading
force was applied to the feedstock at a speed of 10 mm/min until the pellet was broken.
The computer will automatically record the peak value of force, which determined as the
force of deformation resistance. The process was repeated five times and the value of
maximum pressure was recorded each time (Lisowski et al. 2019).

Thermogravimetric Analysis

The combustion performance of the fuel pellets was analyzed using a synchronous
thermal analyzer (STA 449 F5; Netzsch, Selb, Germany) including thermogravimetric
(TG), derivative thermogravimetry (DTG), and differential scanning calorimetry (DSC).
Approximately 25 + 0.2 mg of each type of biomass fuel pellet was used for the analysis.
Nitrogen was used as the protective gas with a flow rate of 20 mL/min, and temperature
was raised from 30 °C to 1000 °C with a heating rate of 20 °C/min.

The combustion characteristics of the 12%, 12%, 14% moisture content of SD, CS,
PS were comprehensively analyzed, respectively. The ignition temperature (T;) was
defined using the method previously described by Chen et al. (2019). First, a vertical line
was drawn through the peak point of the DTG curve to meet the TG curve. Secondly, the
tangent of the TG curve was obtained at the point where the mass stopped changing.
Finally, the temperature corresponding to the intersection point of the two tangents was
obtained. The maximum burning rate (Vmax) was calculated from the ordinate of the peak
of the DTG curve. The peak temperature (Tm) was the temperature corresponding to the
maximum weight loss rate (Peng et al. 2015). The burnout temperature (Te) was the point
where the tangent line intersected with | at the end of weightlessness of the TG curve (Chen
et al. 2019). The ignition index (Di) was determined using Eg. 3 (Xin et al. 2019).

Di = Vimax / (TiTm) = (dw/ dt)max/ (TiTm) (3)

In Eq. 3, Vmax is the maximum burning rate (%/min), Ti is the ignition temperature (°C),
and T is the temperature corresponding to the maximum mass loss rate (°C). The burnout
index (De) was determined using Eq. 4 (Mureddu et al. 2018),

De = Vimax / (At1/2tmte) (4)
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where Aty is the time range of (dw/ dt) / (dw/ di)max = 0.5, tm is the corresponding time of
(dw / dt)max (min), and te is the burnout time (min). The flammability index (C) was
determined using Eg. 5 (Tian and Liao 2013), and the comprehensive combustion
characteristic index formula (S) was determined using Eq. 6 (Wang et al. 2018b),

C = Vmax/ Ti2 (5)
S= (Vmameean) / (TiZTe) (6)

where Vmean IS the average burning rate (dw/ dt)mean (%/min), and Te is the burnout
temperature (°C).

RESULTS AND DISCUSSION

Biomass Characterization

The basic characteristics of all the three types of biomass pellets are presented in
Table 2. It is clear from the table that SD had the highest volatile contents (79.2%)
compared to the other two samples, but the fixed carbon contents of the SD was the lowest,
i.e., 11.4%. The nitrogen and sulfur contents of biomass were low, which means that
burning these pellets causes lower emissions of NOx and SO (Yao et al. 2017). In addition,
the heating value of SD (19.1 x 10° J-kg™*) was higher than CS (16.61 x 10° J-kg*) and PS
(16.43 x 10° J-kg™). The SD showed heating values that were higher due to the lower
moisture contents, as the presence of moisture in biomass reduces the energy availability
from biomass (McKendry 2002).

Table 2. Proximate and Ultimate Analyses of Selected SD, CS, and PS Samples

Samples Proximate Analysis (wt%) Ultimate Analysis (wt%) HV (MJ-kg™)
M V FC A C H (@) N S 12% 14% 16%
SD 8.8 79.2 11.4 0.6 4752 | 6.34 | 45.39 | 0.14 0 19.10 | 18.74 | 18.39
CSs 10.2 66.2 14.8 8.8 4197 | 5.80 | 42.21 | 1.12 | 0.06 | 16.61 | 16.36 | 16.01
PS 10.1 60.8 17.7 115 | 4402 | 5.82 | 37.48 | 1.13 | 0.04 | 16.43 | 16.35 | 16.04

Physical Properties of Biomass Fuel Pellets
Appearance and microstructure

The appearance and microstructure of biomass fuel pellets for all three types of
feedstock under different moisture contents are shown in Fig 2. Figure 2(A) shows the
appearance of the feedstocks. The surfaces of SD, CS, and PS were smoother when
prepared at 12%, 12%, and 14% moisture contents, respectively. The particles formed had
cracks of varying degrees under other moisture contents, and a moisture content of 16%
led to the most serious cracks. Figure 2(B) shows that the SD and CS prepared at 12% had
flat and smooth compression structures, whereas SD and CS had slightly split structures at
14% moisture and obvious cracks at 16% moisture. The PS prepared at 14% showed
smooth and textured compression. However, the PS had a negligible amount of cracks at
12% moisture; however, at 16% moisture it had a porous structure, as shown in Fig. 2(B).
It is clear from the figure that the moisture contents of the feedstock played a remarkable
role in the morphology as well as the pellet forming process. The reason for the
development of the crack structure was that at higher temperatures, the water present in
biomass was converted to steam, which caused cracks to appear in the pellets at higher
moisture contents (Filbakk et al. 2011).
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(A)

PS12%:

Fig. 2. (A) Appearance and morphology of fuel pellets at different levels of moisture SD, CS, and
PS and (B) SEM images of SD, CS, and PS under different moisture contents
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In contrast, the lower moisture contents of the feedstocks resulted in higher friction
between the biomass and mold, causing the pellet forming process not to be smooth
(Frodeson et al. 2019). The appearance and morphology of SD and CS was best at a
moisture content of 12%, whereas PS showed better results at a moisture content of 14%.
The results of the study were comparable with a previous study in which it was concluded
that the densification process would improve with a moisture level in the range of 12% to
20% (Lisowski et al. 2017).

Pellet density

The pellet density of the fuel pellets for all types of feedstock under different
conditions of moisture is presented in Fig. 3. It was clear that the molding process was
greatly affected by moisture content. The pellet density of all the fuel pellets was greater
than 1000 kg/m®, which was comparable with the results of a previous study conducted by
Huang et al. (2017). It was also clear from Fig. 3 that the relaxation density of the SD and
CS pellets decreased as the moisture content of the feedstocks increased and that the trends
of pellet density observed in the present study were comparable with the results of a
previous study by Kaliyan and Vance Morey (2009a). However, the increase in the
moisture content of feedstock initially resulted in an increase in the pellet density for PS
pellets, and then decreased.
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Fig. 3. Pellet density of biomass fuel pellets with different moisture content

The pellet density of SD and CS was highest at a moisture content of 12% with a
value of 1180 kg/m? and 1220 kg/m?3, respectively. The value of the pellet density for SD
and CS in this study was higher than previous studies in which palletization of SD was
performed by a piston-type pelletizing machine at a moisture level of 9% to 13% and CS
was pelletized by a flat die pelletizing machine at a moisture level of 30% to 33% (Lee et
al. 2013; Tumuluru 2014). In contrast, the PS showed the highest value of pellet density at
a moisture content of 14% with 1130 kg/m®. The pellet density of PS was lower than the
previous study by Fasina (2008) in which PS was pelletized using a single-pellet press at
moisture contents of 5% to 20%. The maximum pellet density of the fuel pellets was
initially found because the water present in the feedstock occupied the space between
particles, which resulted in increased mass while the volume remained constant, causing
the pellet density to increase. As the moisture contents of the feedstocks increased, the
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extra water began to occupy the volume by sticking on the surface of the particles, affecting
the bonding of the biomass particles and causing the density of the pellets to decrease. The
density of the pellets decreased at higher moisture levels, i.e., 16% because the extra
moisture occupied the volume by increasing the resistance to compression, which resulted
in a decrease in the pellet’s strength and density (Huang et al. 2017). The results of the
pellet density were consistent with appearance and morphology.

Drop resistance

The drop resistance of the fuel pellets is shown in Fig. 4. It was clear that the drop
resistance of SD and CS decreased with the increase of moisture content. In contrast, the
drop resistance of PS initially increased with the increase of moisture and then decreased
at higher moisture contents. The maximum drop resistances were 80%, 97.02%, and 71.6%
for SD, CS, and PS pellets at a moisture level of 12%, 12%, and 14%, respectively. The
reason for the decrease in drop resistance of SD and CS with an increase in moisture level
was consistent with the previous analysis of pellet density described earlier. The decrease
for PS may have been due to its larger particle size than that of SD and CS after being
crushed, as can be seen in Fig. 2(A). This caused it to require more water and immersion
for it to play a binder role. When the moisture contents exceeded the optimal level, the
extra water stacked on the surface of the particles prevented the formation of pellets,
causing the drop resistance to decrease. The conclusion that moisture can be used as a
binder was confirmed in previous studies as well (Puig-Arnavat et al. 2016; Frodeson et
al. 2019).
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Fig. 4. Drop resistance of the biomass fuel pellets at different levels of moisture

Deformation resistance

The deformation resistance of pellets prepared from SD, CS, and PS with different
moisture content is shown in Fig. 5. It was clear that the deformation resistance of the SD
pellets was not affected by the increase in moisture content. However, the deformation
resistance of the CS and PS pellets was remarkably affected by the moisture content. As
presented in Fig. 5, the deformation resistance of the SD pellets remained constant with the
increase of moisture with a value of approximately 0.4 KN £ 0.05 KN In contrast, the CS
pellets showed the maximum deformation resistance (1.37 KN) at a moisture content of
12%. As the moisture contents of the feedstock increased, the deformation resistance
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dropped to 0.42 KN at a moisture content of 14% and to 0.27 KN at a moisture content of
16%. The deformation resistance of the PS pellets was 0.32 KN at a moisture content of
12%. However, when the moisture was increased to 14%, the deformation resistance also
increased up to 1.07 KN. With further increments in moisture content, the deformation
resistances dropped to 0.28 KN. The reason for this phenomenon may be the more uniform
particle size of SD compared to the other feedstocks as shown in Fig. 2(A), which allowed
it to more easily combine with water. Moreover, the cascading structure of SD, as shown
in Fig. 2(B) had sufficient axial force and a smaller radial force; thus, more moisture was
required to encapsulate the role of lubrication promotion due to the larger particle size of
the PS. When the moisture reached saturation levels, the extra water formed a water film,
which increased the distance between particles and weakened the intermolecular forces of
the particles, resulting in poor deformation resistance. The results of the deformation
resistance were consistent with the pore structure as demonstrated by Fig. 2(B). The CS
pellet had already reached optimal moisture levels, so the addition of extra water resulted
in weak bonding of the particles with each other, leading to poor deformation resistance.
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Fig. 5. Deformation resistance of biomass fuel pellets with different moisture contents

Thermogravimetric Experiment of Biomass Fuel Pellets

The combustion characteristics of all three types of fuel pellets were analyzed by
comparing their thermogravimetric curves. The TG curves of all three types of fuel pellets
are shown in Fig. 6. The TG curves of the three samples showed similar trends during
combustion. The TG curve roughly consisted of three sequential stages designated as
evaporation of moisture, combustion of volatile matter, and combustion of fixed carbon.
During the first stage of combustion, from a temperature range of 30 °C to 175 °C, higher
weight loss was observed for the PS pellets than that of the SD and CS pellets, which was
consistent with the original moisture content of pellets. Moreover, the maximum weight
loss for all types of pellets was observed in the temperature range of 175 °C to 400 °C.
Overall, the SD pellets showed the highest weight loss profile, whereas the weight loss
profile was lowest in PS pellets. This may have been due to the high volatiles content in
the SD pellets (Gong et al. 2018). As shown in Fig. 6, the trend of the weight loss profile
of fuel pellets was as follows: SD > CS > PS. The results were consistent with the
conclusion of volatile content presented in Table 2. As the temperature increased beyond
400 °C, the weight loss was mainly caused by the combustion of fixed carbon (Gong et al.
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2018). Therefore, it can be stated that the best physical properties of SD, CS, PS were
obtained with moisture contents of 12%, 12%, and 14%, respectively, when using a pellet

mill with horizontal and ring type dies.

200 400 600 800 1000
Temperature (°C)

Fig. 6. TG curves of SD, CS, and PS fuel pellets

The DTG curves of all three types of fuel pellets are presented in Fig. 7. Two main
peaks were observed in the DTG curve. The first peak was slight, which corresponded to
the moisture evaporation stage of the TG curve (Chen et al. 2019). A strong peak appeared
between the temperature range from 250 °C to 350 °C in the curve of the rate of weight

loss.
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Fig. 7. DTG curves of SD, CS, and PS fuel pellets

The value of the weight loss rate for the SD pellets was 24.6%/min, while for the
CS and PS pellets it was 21.1%/min and 17.2%/min, respectively, when the temperature
was increased to 342 °C, 291 °C, and 308 °C, respectively. This was mainly because when
the reaction temperature increased, the volatiles started to release and burn (Zhou et al.
2016a). However, the high ash contents of the material caused a layer to form on the surface
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of the material during later stages of combustion, which hindered the contact between
oxygen and the material, causing incomplete combustion of the material (Yao et al. 2017).
The results were consistent with the conclusion of volatile content and the ash content
presented in Table 2, and the peak size of the samples was consistent with the results of the
second stage weight loss in Fig. 6 (Engin and Atakil 2018). During the last stage, the fixed
carbon continuously decomposed at slower rates (Peng et al. 2015; Chen et al. 2019).

DSC curves are used to detect endothermic and exothermic reactions in the samples
and to determine the combustion parameters such as peak temperature, ignition
temperature, and burnout temperature (Mureddu et al. 2018). As shown in Fig. 8, it was
observed that SD, CS, and PS pellets had an obvious exothermic peak within the
temperature range of 400 °C to 600 °C. In addition, it was found that pellets made from CS
had a smaller endothermic peak in the range of 300 °C to 400 °C, which may be because
of the content of hemicellulose in CS is higher than other feedstocks (Zhou et al. 2016a;
Bai et al. 2017). The SD heat release at peak duration temperature range was smaller than
in PS; this was because of the fact that the volatile content of SD was higher and ash content
was less, which eventually led to a faster combustion reaction rate in SD. The results of
current study are consistent with a previous study that ash content had a certain hindrance
to the combustion reaction (Engin and Atakil 2018).

DSC (mW/mg)
& A N

'
[e¢]

-10 +

200 400 600 800 1000
Temperature (°C)

Fig. 8. DSC curves of SD, CS, and PS fuel pellets

Table 3 shows that in the absence of any additives, the ignition temperature (251
°C) of CS was the lowest compared with SD (296 °C) and PS (262 °C), which may be
because CS reached the point of no further weight loss first when the temperature was low,
and the volatile matter was released earlier, promoting its combustion (Riaza et al. 2017).
These results were consistent with the previously described findings of DTG curves.
Furthermore, the various combustion indexes of CS were higher compared to SD and PS.
Moreover, the combustion performance of the samples were better with a higher value of
S (Gong et al. 2018).
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Table 3. Combustion Parameters of the Combustion of Different Biomass Fuel

Pellets
Sample Ti(°C) Te (°C) Di x 10* De x 107 C x 10* S x 107
SD 296 385 2.43 2.23 2.81 11.10
CS 251 346 2.89 2.51 3.35 14.05
PS 262 374 2.13 1.86 2.51 9.99
CONCLUSIONS
1. The basic characteristics studied by proximate and ultimate analysis showed that the

volatile matter of pine sawdust (SD) was the highest, and the fixed carbon and ash of
peanut shell (PS) were the highest, which had a remarkable effect on the combustion
characteristics of the later stage. The moisture content affected the heating value of the
pellets and lower moisture contents corresponded with higher heating value.

Through comparing the physical properties of the biomass pellets under different
moisture contents, it was found that the density of all pellets was higher than 1000
kg/cm® and the drop resistance of the all the pellets was not considerably different.
However, the deformation resistance of the samples under different moisture contents
was quite different, and the appropriate moisture content can improve the deformation
resistance of the samples. Therefore, the optimum moisture content of SD, corn straw
(CS), and PS without a binder was 12%, 12%, and 14%, respectively. The moisture
contents beyond the optimum value had a negative effect on the physical properties of
the pellets.

Depending on the combustion parameters, the combustion performance of the CS
pellets without addition of additives was the best, but emission analysis is necessary to
ensure the clean combustion of fuels.
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