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In the present study, hydrochar/lignite pellets were prepared and their fuel qualities including tensile
strength, combustion characteristics and ash-related problems were investigated. The results showed
that addition of hydrochar to lignite increased tensile strengths of lignite pellets, especially when the
hydrochar fraction exceeded 50% in the blends. The main binding forces within hydrochar/lignite pellets
were similar to those of hydrochar pellets; the lignite particles were merely interlocked within the matrix
of the hydrochar structure. Obvious interactions were observed between hydrochar and lignite during
blend pellet combustion and as a result, enhanced thermal efficiency and decreased air pollutant emis-
sions were expected during hydrochar/lignite pellet combustion compared to lignite pellet combustion.
The ash from hydrochar/lignite pellets had similar chemical composition to that from lignite pellets, indi-
cating that the utilization and disposal of blend pellet ash would be similar to lignite pellet ash.
Furthermore, hydrochar addition to lignite decreased slagging inclination of blended pellets. Based upon
calculated slagging index (SI) values, ash from hydrochar/lignite blend pellets was within a low slagging
inclination range when the hydrochar fraction in the blend pellets was higher than 50%.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

The concerns about depletion of fossil energy as well as increas-
ing environmental pollution caused by large-scale utilization of
fossil fuels have challenged the world to find a new and better
way to meet the fast growing energy demands. Among these
efforts, renewable biomass/coal co-firing in coal-fired plants has
received increasing attention because this approach can accommo-
date varying amounts of available biomass and does not require
large investments in new-stand-alone biomass plants [1–3].

Conventional pulverized biomass/coal co-firing introduces sev-
eral constraints, including low energy density of pulverized bio-
mass and emissions of high dust levels [4]. To overcome these
challenges, the use of biomass pellets is a preferred alternative
due to their improved fuel quality – including increased energy
density, and uniform shape and size. In addition, increased energy
efficiency and reduced pollutant emissions have been reported
from combustion of biomass pellets as compared to pulverized
biomass [5]. When combined, raw biomass and coal do not pel-
letize well, and are therefore not suitable for high-quality pellet
fabrication. During the pelletization process, it is thought that
extractives within biomass materials reduce the binding sites
between adjacent biomass particles [6–8]. As for coal, the forces
between coal particles are very weak due to lack of functional
groups on the surface, resulting in poor pelletization [9,10]. In gen-
eral, the use of additional binders or severe pelletizing conditions
are necessary to achieve desirable mechanical strengths of solid
fuel pellets [6,11]. However, some binders decrease the energy
density of pellets and may be harmful to the environment [11].
In addition, biomass feedstocks generally contain high contents
of alkali and alkaline earth metals (AAEMs), which cannot be
removed by pelletization. Hence, ash-related problems including
slagging and fouling, which are often encountered during combus-
tion of pulverized biomass/coal, are still present during combus-
tion of biomass/coal pellets as they represent simple physical
mixtures of biomass and coal [12–16]. Furthermore, due to large
differences in fuel quality between biomass and coal, there is no
interaction between these constituents during combustion of the
mixed pellets [17].
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Hydrochar, the solid biofuel produced from hydrothermal car-
bonization of biomass feedstock, has improved fuel qualities com-
pared to raw biomass, such as homogenized physico-chemical
properties and decreased ash content [18]. In view of the wide
diversity among different biomass resources, the resulting raw
biomass/coal blend pellets may have different fuel properties, cre-
ating challenges for effective pellet applications [11]. However,
with the use of hydrochars for preparation of pellets in place of
raw biomass, such technical problems can be overcome because
of their homogenized properties, regardless of the type of biomass
feedstocks used for energy generation. Furthermore, significant
synergistic interactions have been observed between pulverized
hydrochar and coal during co-processing. As a consequence,
increased thermal efficiency and reduced pollutant emissions are
achieved compared to raw biomass/coal co-processing [19,20].
Furthermore, ash-related problems encountered during biomass
combustion are expected to be mitigated when using hydrochars,
due to their reduced AAEM and ash contents compared to raw bio-
mass. Hydrochar has been reported to exhibit significantly
improved pelletizing performance compared to raw biomass, and
hydrochar pellets have higher mechanical strength than raw bio-
mass pellets [6]. Therefore, fuel pellets made of hydrochar and coal
blends are desired because of their improved mechanical strength
and combustion properties and there is no need for binder addition
or severe pelletization conditions.

Many investigations have been reported in the literature
regarding the preparation and use of raw biomass (woody bio-
mass) pellets and raw biomass/coal mixed pellets [6,17,21–23].
Among these reports, woody biomass is generally used for pellet
preparation instead of abundant agricultural residues. In addition,
the combustion behavior of biomass pellets has rarely been studied
compared to their mechanical durability and very little informa-
tion about mixed hydrochar/coal pellets is available [24–27]. In
the present study, for the first time, hydrochars produced from
non-woody biomass (coconut fiber and shells) were used to pre-
pare fuel pellets with coal. Important fuel qualities of the resultant
hydrochar/coal blend pellets were investigated from multiple per-
spectives including mechanical strength, combustion characteris-
tics and slagging and fouling inclinations. The present study is
part of our ongoing attempt to develop value-added utilization of
highly abundant, non-woody waste biomass.
Table 1
Proximate and ultimate analysis of starting hydrochars and lignite.

CF-HC CS-HC Lignite

Proximate analysis (db)
Volatile matter (%) 67.9 73.2 48.9
Fixed carbon (%) 27.1 20.3 41.0
Ash (%) 4.9 1.1 10.3

Ultimate analysis (%) (daf)
C 67.1 69.0 61.6
H 5.2 5.2 5.7
N 1.0 1.4 1.7
S 0.3 0.5 0.8
O (by difference) 26.4 23.9 30.2
Higher heating value (MJ/kg) 28.4 28.8 25.8
2. Experimental

2.1. Materials

Coconut fiber (CF) and coconut shell (CS) were selected as rep-
resentative non-woody biomass feedstocks for hydrochar produc-
tion. The hydrochars were produced by typical hydrothermal
carbonization of biomass at 250 �C; detailed procedures can be
found elsewhere [18,28]. The hydrochars produced from CF and
CS were labeled as CF-HC and CS-HC, respectively. The lignite sam-
ple was obtained from Pasar, Indonesia. Prior to pelletization,
hydrochar and lignite were milled to less than 150 lm and dried
at 60 �C for 24 h.

Pellets were prepared using a single pelletizer at room temper-
ature. A detailed description of pellet preparation can be found in
our previous work [6]. Briefly, the starting materials were loaded
stepwise into the pelletizer die, and then compressed at a maxi-
mum pressure of 200 MPa (for hydrochar and hydrochar/lignite)
or 320 MPa (for lignite). After holding 5 s at the maximum pres-
sure, the pellet was obtained by removing the die backstop and
applying pressure on the pellet to push it out of the die. The
length/diameter of each pellet was approximately 0.9 and at least
5 pellets were made from each test sample.
2.2. Characterization

The carbon, hydrogen, nitrogen and sulfur contents were deter-
mined using an EA3000 Elemental Analyzer (Italy). Proximate anal-
ysis was carried out according to the Standard Practice for
Proximate Analysis of Coal and Coke (GB/T212-2008) using a
5E-MAG6600 Automatic Proximate Analyzer (China). The higher
heating value (HHV) of solid fuels was measured using a Kaiyuan
5E-KC5410 Express Calorimeter (China). The tensile strength of
pellets was determined using a universal tester (Instron, USA).
The microstructure and bonding behavior within pellets were
analyzed by observing the fracture surface. This surface, which
was prepared by manually breaking a pellet into two parts, was
analyzed by scanning electron microscopy (SEM) using a
JSM-5600LV microscope (JEOL, Japan).

Thermogravimetric analysis (TGA) was carried out with a Ther-
mobalance TGA-7 instrument (Perkin Elmer, USA). Around 20 mg
of each pellet was used for TGA combustion experiments, which
were conducted in a temperature range from 25 to 850 �C, with a
heating rate of 20 �C/min and an air flux of 150 ml/min.

Pellet ash was prepared at 750 �C according to ASTM D3174-12.
For ash analysis, the ash was first digested in a mixed solution
(2 ml 65% HNO3, 2 ml 30% H2O2 and 0.5 ml 48% HF) at 180 �C for
30 min in a Hanon microwave digester (China). The digestion solu-
tion was then evaporated to dryness to remove the fluorides, and
the resultant residues were dissolved in a 1:1 HNO3 solution, and
diluted to the desired volume using de-ionized water. Metal con-
centrations (K, Na, Ca, Fe, Si, Al, Ti and Mg) in the digestion solution
were quantified using Inductively Coupled Plasma Optical Emis-
sion Spectrometry (ICP-OES, Perkin Elmer 3000DV, USA).
3. Results and discussion

3.1. Characterization of raw materials

As shown in Table 1, the hydrochars CF-HC and CS-HC have
similar chemical compositions. Compared to lignite, both hydro-
chars have higher volatile matter (VM), but lower fixed carbon
(FC) and ash contents. The low ash content of the hydrochars
(4.9% and 1.1% for CF-HC and CS-HC, respectively), is helpful in
minimizing slagging, reducing soot formation, and facilitating ash
disposal [12,13]. In addition, nitrogen and sulfur contents in solid
fuels are key concerns because of their transformation into NOx

and SO2 in the combustion process. The N/S contents in CS-HC
(1.4% and 0.5% for N and S, respectively) are relatively higher than
those of CF-HC (1.0% and 0.3% for N and S, respectively), but both
hydrochars have substantially lower N/S compared to the lignite
(1.7% and 0.8% for N and S, respectively). This implies that consid-
erable environmental benefits can be achieved from co-
combustion of hydrochar/lignite compared to lignite combustion
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alone [13]. In addition, the higher heating values (HHVs) of hydro-
chars (28.4 and 28.8 MJ/kg for CF-HC and CS-HC, respectively) are
higher than that of the lignite (25.8 MJ/kg). Thus, blending hydro-
char with lignite will produce solid fuel pellets having higher
energy density than lignite alone. In contrast, raw biomass has
lower energy density than lignite, so blending raw biomass with
coal would result in pellets having decreased energy density.

From the above analysis, it can be seen that hydrochar is an
excellent candidate to prepare fuel pellets by blending with lignite,
resulting in cleaner combustion and reduced downstream prob-
lems associated with ash disposal.
3.2. Mechanical strength

Fig. 1 illustrates the tensile strengths of hydrochar pellets, lig-
nite pellets and blended pellets. All hydrochar pellets have much
higher tensile strength than lignite pellets, with the CF-HC pellets
having the highest mechanical strength at 7.47 MPa. This higher
mechanical strength of hydrochar pellets is attributed to strong
binding forces within the pellets. In part, these forces are due to
the presence of phenolic polymers (lignin structures), which serve
as a natural binder, as well as strong H-bonding caused by substan-
tial amounts of polar functional groups on the surface of hydro-
char, and by the removal of extractives originally contained in
raw biomass [6,18]. In addition, HTC processing is believed to
chemically produce adhesive materials such as abietic acids and
furan resins [27]. In contrast, only weak attractive forces are pre-
sent between lignite particles; thus, lignite pellets showed poor
mechanical strength (0.21 MPa).

It has been reported that different types of raw biomass addi-
tions to coal result in different durability effects on blended pellets
[17]. However, the addition of the two hydrochars used here gave
similar effects, with tensile strength of the resultant hydrochar/lig-
nite blend pellets increasing as the fraction of hydrochar in the
blend was increased. When the hydrochar fraction was less than
50%, modest increases in tensile strength were observed. However,
at hydrochar fractions above 50%, a much greater increase in ten-
sile strength was observed (4.77 and 1.68 MPa for 75% CF-HC/
lignite and CS-HC/lignite pellets, respectively). These results sug-
gest that to obtain greatest mechanical strength of pellets, the frac-
tion of hydrochar should be higher than 50%. These observations
are similar to previous reports of blending raw biomass and coal,
in which the fraction of raw biomass used was reported to affect
the mechanical strength of the resultant blend pellets. For exam-
ple, with chestnut/coal pellet preparation, good pellet durability
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Fig. 1. Tensile strength of hydrochar pellets, lignite pellets and hydrochar/lignite
blend pellets.
was maintained when only 5–15% of coal was included in the
blend, but the durability decreased dramatically when the coal
fraction exceeded 15% in the blend [17].

To investigate bonding forces within hydrochar/lignite blend
pellets, fracture surfaces of the pellets were examined using SEM
techniques. As an example, Fig. 2 shows the fracture surfaces of a
lignite pellet, a CF-HC pellet and CF-HC/lignite blend pellets. It
can be seen that the fracture surface of the CF-HC pellet is smooth
and uniform, which is indicative of a higher energy absorbing fail-
ure mechanism [7]. In the 75% CF-HC/lignite blend pellet, lignite
particles are well separated by CF-HC and no obvious void is pre-
sent on the fracture surface. When the fraction of CF-HC in the pel-
let is reduced to 50%, the hydrochar still can still fill the gaps
between the irregular-shaped lignite particles, and no obvious void
is observed. However, with only 25% CF-HC in the blend pellet, the
gaps between the lignite particles cannot be filled completely by
the hydrochar, and crevices are clearly observed within the pellet.
In addition, the surface shows that lignite particles are easily
removed during pellet fracture, indicating that weak bonding
forces exist between lignite particles and hydrochar. It appears that
mechanical interlocking plays an important role in maintaining the
integrity of hydrochar/lignite blend pellets. The high mechanical
strength of these hydrochar/lignite blend pellets is mainly ascribed
to the bonding forces between hydrochar particles, with the lignite
particles being interlocked into the hydrochar structure, rather
than being directly bonded to adjacent hydrochar material. Totally
different from the hydrochar/lignite blend pellets, large gaps
between lignite particles are present within the pure lignite pellet,
confirming the poor mechanical strength of this pellet.

The surface analysis shows that the fraction of hydrochar
blended with lignite is important in determining the microstruc-
ture of the blended pellets. In addition, this analysis is consistent
with the observed trends in mechanical strength of the pellets,
with increasing fractions of hydrochar leading to increased
mechanical strength of the blend pellets.

3.3. Combustion characteristics

Thermogravimetric (TG) and derivative thermogravimetric
(DTG) profiles depicting the combustion process of hydrochar
and lignite pellets are presented in Fig. 3. The characteristic tem-
peratures and peak points of the combustion process are summa-
rized in Table 2.

TG analysis shows that the hydrochar pellets generate less
residues than the lignite pellet (3.95%, 0.96%, and 8.14% for
CF-HC, CS-HC, and lignite pellets, respectively). This observation
is consistent with the higher ash content of lignite, as shown in
Table 1. For all samples, the initial mass losses occurring between
50 and 200 �C (centered around 109 �C), are ascribed to the evap-
oration of moisture and low molecular weight volatiles. The com-
bustion of lignite is ignited at a higher temperature (325 �C) than
the combustion of hydrochar (275 and 257 �C for CF-HC and
CS-HC pellets, respectively). The higher ignition temperature for
lignite is ascribed to its relatively low volatile matter (VM) content.
For solid fuels, VM is considered to have high reactivity, and is
closely associated with ignition temperature.

The DTG curves of the hydrochar and lignite pellets have similar
patterns, indicating that the combustion of hydrochar resembles
that of lignite. For example, maximum weight loss rates of hydro-
char pellets were comparable to those of lignite pellets (0.49%/�C,
0.37%/�C, and 0.33%/�C for CF-HC, CS-HC, and lignite pellets, respec-
tively). In addition, hydrochar pellets have combustion tempera-
ture ranges similar to the lignite pellet and the complete
combustion occurs over a continuous temperature range
(275–567 �C and 257–607 �C for CF-HC and CS-HC pellets,
respectively). The increased combustion temperature and the
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Fig. 3. TG and DTG profiles of lignite pellet, CF-HC pellet and CS-HC pellet.

Table 2
Combustion characteristics of hydrochar and lignite pellets.

CF-HC CS-HC Lignite

Ignition temperature (�C) 275 257 325
Max mass loss rate (%/�C) 0.49 0.37 0.33
Peak temperature (�C) 496 482 385
Burnout temperature (�C) 567 607 587
Mass loss (%) 89.25 91.35 76.12
Residue (%) 3.95 0.96 8.14
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continuous combustion temperature range observed for hydrochar
materials represent significant improvements over the raw biomass
behavior, which suffers from a separated devolatilization and
incomplete combustion processes due to high VM content con-
tained in raw biomass materials [29]. Because of low ignition tem-
peratures of raw biomass, the devolatilization process leads to
incomplete combustion and increased pollutant emissions from
combustion of biomass pellets [13]. The continuous combustion
temperature range observed for hydrochar suggests that enhanced
thermal conversion efficiency and reduced emissions can be
achieved from combustion of hydrochar-containing pellets.
Hydrochars have decreased VM content compared to their parent
biomass, minimizing the devolatilization process [18]. In addition,
the high energy density of hydrochar pellets effectively prevents
dispersal of the energy generated, resulting in a more continuous
combustion process.

Fig. 4 presents DTG curves of hydrochar/lignite blend pellets
and Table 3 summarizes the corresponding combustion character-
istics. Similar to hydrochar and lignite pellets, hydrochar/lignite
blend pellets also exhibit two main mass loss stages throughout
the entire temperature range: (1) moisture evaporation and (2)
combustion process. In general, the combustion behaviors of
hydrochar/lignite blend pellets resemble that of lignite, indicating
the potential of direct replacement of lignite with hydrochar/
lignite blend pellets for energy generation in existing coal-fired
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boilers. For both CF-HC/lignite and CS-HC/lignite blend pellets, the
addition of hydrochar exerts a significant influence on the peak
temperatures of the resultant pellets. Blends with 25% hydrochar
gave slightly increased peak temperatures, with higher increases
seen as the amount of hydrochar in the blend increased. For exam-
ple, the peak temperatures with the CF-HC/lignite blends were
413, 478, and 481 �C at 25%, 50%, and 75% blend levels.

The moisture loss curves in the DTG profiles of Fig. 4 (below
150 �C) show the hydrochar/lignite blend materials to fall between
the profiles of pure lignite and pure hydrochar. In contrast, the
combustion profiles of these materials (above 250 �C) do not show
the same pattern. For example, although the burnout temperature
(BT) of the 25% CF-HC/lignite blend (575 �C) falls between that of
CF-HC (567 �C) and lignite (587 �C), the 50% and 75% CF-HC/
lignite pellets show higher BTs (603 and 634 �C, respectively). Sim-
ilar deviations were observed with the CS-HC/lignite pellets. In this
Table 3
Combustion characteristics of hydrochar/lignite blend pellets.

25% CF-HC 50% CF-HC

Ignition temperature (�C) 317 352
Max mass loss rate (%/�C) 0.36 0.36
Peak temperature at maximum mass loss (�C) 413 478
Burnout temperature (�C) 575 603
Residue (%) 6.81 5.73
case, however, due to higher BT of the CS-HC pellet (607 �C) than
that of the lignite pellet (587 �C), the BTs of blended pellets
increased with increasing fraction of hydrochar in the pellet
(521, 579 and 583 �C for 25%, 50% and 75% CS-HC blend pellet,
respectively). Furthermore, the ignition temperatures of the hydro-
char/lignite blend pellets do not fall neatly between those of pure
hydrochar and lignite pellets. These deviations between experi-
mental and expected values imply that synergistic interactions
occur between hydrochar and lignite during the combustion of
blend pellets. In contrast to hydrochar/lignite blend pellets, the
combustion of raw biomass/coal pellets reflects dual combustion
behavior of the raw biomass and coal, without significant interac-
tions occurring between the two materials [17].

In addition, theoretical residues of hydrochar/lignite blend pel-
lets were calculated based on the proportions of each constituent
within the blend, assuming that there was no interaction between
the hydrochar and lignite during combustion. The synergistic inter-
actions between hydrochar and lignite during blend pellet com-
bustion is confirmed by comparing the experimental and
theoretical residues shown in Fig. 5. In each case, the experimental
residues are lower than the theoretical values, indicating that
interactions increase the thermal conversion efficiency during the
combustion of hydrochar/lignite blend pellets. Fig. 5 also suggests
that the deviation between experimental and theoretical residues
may increase with increasing hydrochar fraction in the blend pel-
lets, indicating the complex nature of the interactions between
hydrochar and lignite. These interactions are not fully understood
and therefore require further investigation.

The decreased residues and low nitrogen/sulfur contents of
hydrochar/lignin blend pellets indicate that high thermal efficiency
and reduced pollutant emissions are expected from combustion of
these pellets, as compared to lignite combustion.
75% CF-HC 25% CS-HC 50% CS-HC 75% CS-HC

338 262 321 359
0.35 0.44 0.37 0.40
481 406 437 503
634 521 579 583
4.70 6.15 4.31 2.48



Table 4
Chemical composition of ash from lignite and hydrochar/lignite blend pellets (all
compound results are expressed as normalized percent of total ash).

Lignite 25%
CF-HC

50%
CF-HC

75%
CF-HC

25%
CS-HC

50%
CS-HC

75%
CS-HC

K2O 0.39 0.33 0.73 0.97 0.32 0.32 0.35
Na2O 1.06 1.01 0.83 0.79 1.03 1.02 1.01
MgO 6.20 6.25 6.26 6.38 6.19 6.12 6.12
CaO 31.65 31.95 31.98 31.98 31.46 31.43 31.45
Fe2O3 6.70 6.64 6.72 6.74 6.54 6.50 6.42
Al2O3 11.87 11.82 11.79 11.71 11.86 11.82 11.82
SiO2 38.50 38.51 38.55 38.56 38.49 38.47 38.47
TiO2 1.99 1.77 1.64 1.72 1.90 1.89 1.89
SI 0.70 0.60 0.49 0.38 0.63 0.57 0.50
FI 1.27 1.19 1.40 1.59 1.18 1.17 1.18
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3.4. Fouling and slagging issues of fuel pellets

Due to relatively high content of AAEM, combustion of biomass
materials can introduce serious fouling and slagging problems,
especially for agricultural wastes [4]. As reported previously,
hydrochars have significantly decreased AAEM contents and differ-
ent ash compositions compared to their parent biomass [18,29].
Therefore, hydrochar/lignite blend pellets are expected to have dif-
ferent ash-related problems than biomass/lignite blend pellets.

In this study, the fouling and slagging inclinations of hydrochar/
lignite blend pellets and pure lignite pellets were investigated
using the modified method suggested by Pronobis [30]. The corre-
sponding indices were calculated using the following equations:

Fouling index ðFIÞ ¼ ðB=AÞ � ðNa2Oþ K2OÞ ð1Þ
Slagging index ðSIÞ ¼ ðB=AÞ � S% ð2Þ

where B/A = (Fe2O3 + CaO + MgO + Na2O + K2O)/(SiO2 + Al2O3 + TiO2);
S is the percent of the sulfur in the dry fuel sample.

As shown in Table 4, the SI value for lignite, 0.70, indicates that
this material has a medium slagging inclination when it is com-
busted alone. Addition of hydrochar to the blended pellets signifi-
cantly lowers the slagging inclination, as shown by the SI values,
which decrease with increasing amounts of hydrochar in the blend.
In general, when hydrochar comprises a minor fraction of the
blend, the resultant hydrochar/lignite blend pellets still have
medium slagging inclinations (SI values of 0.60, and 0.63 for 25%
CF-HC/lignite and 25% CS-HC/lignite blend pellets, respectively).
With higher hydrochar fractions (>50%), the SI values of the
resultant blend pellets are well below the threshold of 0.60 for
low slagging. Therefore, including high fractions of hydrochar in
the blend is beneficial in terms of both mitigating slagging and pro-
moting high mechanical strength of the resultant blend pellets.
From Table 4, it can be seen that very little difference in chemical
composition is observed between the ash from hydrochar/lignite
blend pellets and pure lignite pellets. Therefore, the significant
decrease in SI values of hydrochar/lignite blend pellets is mainly
ascribed to the lower sulfur content in hydrochar compared to that
of lignite. As for the fouling inclination, addition of hydrochar has
no obvious influence on the FI values of blend pellets. The FI value
for lignite pellets (1.27) and all hydrochar–lignite blend pellets
were in a relatively high fouling inclination range (FI ranged from
1.17 to 1.59 for hydrochar/lignite pellets).

It is known that the diverse mineral constituents and relatively
high contents of AAEMs in raw biomass create challenges for ash
disposal and re-utilization from biomass combustion. In the
present study, the similar ash chemical composition of
hydrochar/lignite blend pellets to that of lignite pellets suggests
that utilization of hydrochar/pellet blend ash potentially could be
the same as the ash from lignite combustion alone. Furthermore,
the use of hydrochars prepared from two different biomass
feedstocks showed a similar influence on the ash composition of
resultant hydrochar/lignite blend pellets, suggesting that hydro-
chars from various biomass feedstocks could be accommodated.

From the above analysis, it has been observed that hydrochar
addition decreases the slagging inclination of hydrochar/lignite
blend pellets, and it is likely that the ash from these blend pellets
could be used in the same way as the ash from lignite pellets, thus
significantly reducing maintenance costs and facilitating down-
stream processing.

4. Conclusions

Lignite particles are mechanically interlocked within the hydro-
char matrix in hydrochar/lignite blend pellets. The tensile strength
of these blended pellets increased with increasing hydrochar frac-
tion in the blend, especially when the fraction was higher than 50%.
The combustion of hydrochar/lignite blend pellets resembled that
of lignite pellets. Complex interactions between hydrochar and lig-
nite occurred during blend pellet combustion resulting in higher
thermal efficiency and lower pollutant emissions. Regarding ash-
related problems, the chemical compositions of hydrochar/lignite
pellet ash were similar to that of lignite pellet ash. In addition,
hydrochar addition reduced slagging inclination of hydrochar/lig-
nite pellets. The present study demonstrated that hydrochar is a
potentially promising candidate for blending with lignite, with
the resultant blend pellets having high tensile strength and
improved combustion characteristics.
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