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ABSTRACT

This study aims to convert chicken rice waste (CRW) to chars by hydrothermal carbonatization (HTC), pyrolysis (PY),
and microwave irradiation (MW) processes. The operating parameters affecting the HTC process (range of temperatures
120, 140, 160, 180, and 200 °C) for hydro-char production, while the pyrolysis (range of temperatures 400, 500, 600, and
700 °C) for pyro-char production, and microwave irradiation (range of microwave power 200, 400, 600, and 800 W) for
micro-char production were investigated. Comparative studies of the physicochemical properties of produced chars were
investigated by Brunauer-Emmett-Teller (BET), X-ray diffraction (XRD), Fourier transform infrared (FTIR), and scanning
electron microscope (SEM). The results showed that the hydro-char produced by the HTC process at a temperature of
200 °C achieved the optimal solid yield (62.5 %), while the pyro-char produced by the PY process at a temperature
of 700 °C achieved the optimal solid yield (37.18 %), and the micro-char produced via microwave irradiation process
at a microwave power of 800 W achieved the optimal solid yield (37.18 %). The BET surface area of CRW, HTC200,
PY700, and MW800 are 0.19 m2/g, 1.22 m2/g, 68.98 m2/g, and 0.19 m2/g, respectively. The results of the current study
clarified that the chars produced from CRW during HTC, PY, and MW techniques could be used for energy production
and wastewater treatment. As well as recommendations, this study needs to be sustained by doing some descriptions
such as high heating value (HHV).

Keywords: Chicken rice waste, Hydro-char, Pyro-char, Micro-char, Solid carbon

1. Introduction

According to the World Bank, global food waste
(FW) is anticipated to climb by up to 70 % by 2050,
coinciding with a 29 % population increase. Food
that has not served its intended function is deemed

food waste (FW) (US EPA, 2022) [1]. Global FW is
growing alongside population and food consumption
[2]. Globally, 17 billion tons of trash are generated
each year as a result of growing industry and urban-
ization; by 2050, this figure will rise to 27 billion
[3]. Rice waste can be utilized as a raw material
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in agriculture for a variety of purposes, including
increasing soil fertility through carbonization and
composting, generating renewable energy, and pro-
ducing industrial-grade silica and biofiber. These are
only some of the numerous possible benefits of em-
ploying rice waste in agriculture [4]. As the scale of
chicken production increases, so does the amount of
manure produced. Chicken manure is regarded as a
good soil amendment due to its high nitrogen and
phosphorus content. However, the large production
of manure surpasses the soil’s needs. Rice trash is a
byproduct of rice production [5].

As a result, efficient discarding, energy yield, and
conversion into vital materials of food waste have
attracted significant attention [6]. The conversion
of food waste into char is regarded as the opti-
mum yield compared to disposal and energy yield,
where the disposal of food waste needs a high cost
and can cause damage to natural resources [7].
Consequently, thermochemical conversion processes
(e.g., hydrothermal carbonization, pyrolysis, and mi-
crowave irradiation) could be used for the conversion
of food waste to chars with enhanced energy proper-
ties [8]. Because of its exceptional physicochemical
properties, the resulting carbonaceous material (char
or activated carbon) can be employed as a solid car-
bon fuel and adsorbent in combustion plants and
wastewater treatment systems. Chars are a type of
carbonaceous substance that can be created through
the thermal treatment of food waste [9]. Chars exhibit
distinct physiochemical features, including as en-
riched surface functional groups, high pore volume,
high specific surface area, mesoporous structure, high
carbon dioxide fixation efficiency, high mineral con-
tent, high calorific value, and thermal stability [10].
Char has received a lot of attention for its remarkable
qualities in a variety of applications [11], includ-
ing soil remediation [12], composting additives [13],
pollutant removal from wastewater [14], greenhouse
gas emissions reduction [15], catalysts [16], and the
energy industry [17].

In this work, the chicken rice waste is chemi-
cally degraded via thermochemical ways, with the
hydrothermal carbonization process due to various
temperatures from 120 to 200 °C to hydro-chr pro-
duction, while the pyrolysis process including the
anaerobic decomposition of chicken rice waste at
temperatures ranging from 400 to 700 °C to generate
an alternative fuel (pyro-char), and the micro-char
produced during the microwave irradiation relating
the utilization of microwave irradiation at power
range from 200 to 800 W. In the same context, in the
HTC process, the water may play a major role by cov-
ering the raw material, which facilitates the process
of thermochemical conversion and the occurrence of

dehydration and decarboxylation processes [18]. Via
the pyrolysis conversion process, energy from the
power supply is converted into heat, which is then
transferred to the target material surface and, finally,
the inner parts via convection and conduction. As a
result, heating performance is frequently limited by
surface temperature and thermophysical properties
of the chosen material, such as heat capacity, den-
sity, and thermal conductivity [19]. On the contrary,
the microwave irradiation technique generates heat
through the microwave irradiation interaction with
the dipoles of the chosen material, resulting in even
heat distribution, controllability, and great heating
precision. The heating methods used in the two ther-
mochemical processes are expected to have a major
impact on the physical and chemical properties of the
final materials [20].

Thus, this study aims to apply three thermo-
chemical technologies including hydrothermal car-
bonization, pyrolysis, and microwave to convert the
chicken rice waste into value-added products such
as hydro-char obtained by hydrothermal carboniza-
tion, pyro-char obtained by pyrolysis and micro-char
obtained by microwave. Comparative studies for the
physicochemical characteristics of CRW, hydro-char,
pyro-char, and micro-char were achieved by sev-
eral instruments like Brunauer Emmet Teller (BET),
Fourier transform infrared (FTIR) spectroscopy, X-ray
diffraction (XRD), thermogravimetric and deriva-
tive thermogravimetric (TGA), and scanning electron
microscopy (SEM). The suitability of hydro-char,
pyro-char, and micro-char as solid carbon fuels
was investigated by analyzing their energy charac-
teristics, for example, solid yield product, optimal
reaction temperature for hydrothermal carboniza-
tion, pyrolysis, and optimal microwave power for the
microwave irradiation process.

2. Materials and methods

2.1. Materials

The chicken rice waste (CRW) was collected from a
Chicken rice stall at a café in the Faculty of Applied
Science Universiti Teknologi Mara campus in Shah
Alam, Selangor, Malaysia. Then, CRW was washed
with tap water to remove other waste such as soy
sauce and vegetable waste. The CRW was dried in the
oven at 90 °C, for 24 h before crushing and grinding.
Next, it was sieved to a certain particle size ≤250 µm.
Raw material from CRW comprised 50% rice, 25%
bones, and 25% meats prepared by weight percentage
(%) by mixing the chicken rice waste and drying it in
an oven for 24 h at 90 °C. Before additional studies,
three (3) portions each of 10 g of the mixed samples
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(1 mm size) were measured and stored in a desiccator
in a plastic bag. Then, subjected it to (HTC), (PY),
and (MW) techniques were subjected to the thermo-
chemical conversion of each sample into hydr-char,
pyro-char, and micro-char respectively.

2.2. Preparation of chars

Fig. 1 shows the hyro-char, pyro-char, and micro-
char were prepared via HTC, PY, and MW processes
respectively. The hydro-char produced via the HTC
process of 10 g of CRW was thoroughly mixed with
100 mL (1:10) solid-to-liquid in distilled water be-
fore being transferred to an automated stainless steel
hydrothermal reactor (170 mL) autoclave. After 30
minutes of stirring, the temperature was raised from
room temperature at a rate of 5 °C/min until it

reached 120 °C, and had been kept there for 180
min, with N2 pressure at 4 MPa (closed system). The
reactor was gradually cooled to room temperature at
the end of the reaction time. The hydro-char particles
were then vacuum filtered out of the reaction mixture
and washed several times with hot distilled water.
The samples were dried in an oven at 90 °C for 24
hours. The hydrothermally carbonized sample was
stored in a small plastic container marked HTC 120.
This procedure was repeated at temperatures of 140,
160, 180, and 200 °C to produce HTC140, HTC160,
HTC180, and HTC220, respectively.

While the pyro-char was prepared via the PY pro-
cess 10 g of CRW was placed in a tubular GSL-1100X
quartz furnace with a programmable temperature
controller (0.025≈0.051 m diameter). The N2 gas
(99.99%) was delivered to the furnace at a rate of

Fig. 1. Schematic diagram for HTC, PY, and MW processes.
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2L/min. During the first experimental run, the fur-
nace temperature was raised from room temperature
to 500 °C. The sample was kept at this temperature
for 60 min inside the furnace before being rapidly
cooled to room temperature using N2 gas flow. The
pyrolyzed char produced was stored in a small plastic
container labeled PY500. The other sample runs were
also carried out at 600, 700, and 800 °C, with the
sample chars produced labeled PY600, PY700, and
PY800, respectively.

Finally, the micro-cha produced by the MW pro-
cess 10 g of CRW was placed in a quartz cell
before being transferred to a modified microwave
oven (Samsung ME711K, 20 L). The sample was
microwave-irradiated at 200 W for 10 minutes while
being fed a 2 L/min flow of pure N2 pressure (99.99
percent) gas. The microwave sample was allowed to
cool to ambient temperature inside the reactor under
N2 gas flow before being packaged in a plastic sam-
ple container labeled MW200 The sample runs were
carried out in the same manner, but the microwave
irradiation power was increased to 400W, 600W, and
800W, respectively, to obtain MW400, MW600, and
MW800 samples.

2.3. The physicochemical properties of CRW and
optimized chars

The solid yield chars product was calculated de-
pending on Equation (1). The textile properties (e.g.,
surface area and mean pore diameter) of CRW,
HTC200, PY700, and MW800 were determined via
(Micromeritics ASAP 2020 analyzer). The amorphous
nature and crystallinity of CRW, HTC200, PY700,
and MW800 were characterized using an instrument
X-ray diffractometer (XRD, Rigaku Ultima IV). The
functional groups of CRW, HTC200, PY700, and
MW800 were identified by Fourier transform infrared
spectrophotometer (FTIR, Perkin-Elmer, Spectrum
RX I). The morphological characteristics of CRW,
HTC200, PY700, and MW800 were obtained by
scanning electron microscopy (SEM, model SU3500,
Hitachi).

Char yield, % =
wieght char

wieght CRW
× 100 (1)

3. Results and discussion

3.1. Chars yield percentage

Fig. 2 shows the solid yield produced through the
HTC, PY, and MW processes. As the hydrothermal

temperature climbed from 120 to 200 °C, the mass
yield of the hydro-char decreased (90.08 to 62.20
%) [21]. Following pyrolysis, the mass yield of the
pyro-char decreased (43.10 to 37.18 %) from 400
to 700 °C [22], and microwave irradiation process
the mass yield of the micro-char decreased (97.07
to 94.90 %) of the CRW combination from 200 to
800 W, a similar declining trend in solid yield was
observed which indicates the effectiveness of the
thermochemical conversion processes [23]. The re-
action temperature negatively affects the solid yield
in thermochemical conversion, as well as power in
the microwave process. In other words, the higher the
reaction temperature, the lower the solid yield [24].
Moreover, in this study, the thermochemical conver-
sion processes focused on the highest temperatures in
HTC, and PY while on the highest microwave power
in the MW. For this reason, it was taken into consid-
eration that the lower the solid yield due to the effect
of temperature, and microwave power, the greater
the efficiency of the product, then the characteriza-
tion was carried out to the highest temperatures and
microwave power. As a result, optimal hydro-char
was found HTC200 during the HTC, while optimal
pyro-char was found PY700 during the PY, and finally
optimal micro-char during MW irradiation of CRW
processes [25].

3.2. FTIR spectral analysis

Proof of identity of the functional groups in the pre-
pared structures CRW, HTC200, PY700, and MW800
utilized by FTIR test. Fig. 3 shows FTIR spec-
tra of (a) CRW, (b) HTC200, (c) PY700, and (d)
MW800, respectively. The absorption wavelengths
in the 3500–3800 cm−1 range for CRW, HTC200,
PY700, and MW800 are credited to the stretching
vibration mode of amine (N−H) groups from phe-
nolic, alcoholic, and nitrogenous compounds [26].
The peaks concentrated in the range of 2400 cm−1

in the spectrum are related to the alkanes stretching
of the C−H bond in aliphatic compounds [27]. The
disappearance of this peak in the spectrum (see Fig. 4)
indicated the lowering of the aliphatic content in
CRW, HTC200, PY700, and MW800. The peak located
at 3000 cm−1 in the spectrum of HTC200, PY700,
and MW800 is correlated to (C=H) stretching, while
the peaks located at 1400 cm−1 in CRW, HTC200,
PY700, and MW800 are linked with carbonyl bond
(C=H) [6]. The small bands demonstrated at 1000
cm−1 in the spectra of HTC200, PY700, and MW800
may be ascribed to the stretching vibration of C−C in
aromatic compounds [28].
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Fig. 2. Chars yield percentage (a) hydro-char produced via HTC process at various temperatures, (b) pyro-char produced via PY process
at various temperatures (c) micro-char produced via MW irradiation process at various microwave power (d) optimal hydro-char, pyro-char,
micro-char.

3.3. Specific surface area (BET) test

The textural properties (like., BET surface area,
Langmuir surface area, and mean pore diame-
ter) of CRW, HTC200, PY700, and MW800 are
shown in Table 1. The BET surface area of PY700
(68.98 m2/g) was significantly greater than that of
CRW (0.19 m2/g), HTC200 (1.22 m2/g), and MW800
(14.7 m2/g), as detailed in Table 1. The improvement
in the BET surface area for PY700 reached 530 times
compared to CRW, 56 times compared to HTC200,
and 4.8 times compared to MW800. This finding is
related to the pyrolysis temperature, which has a sub-
stantial impact on the BET surface area of the PY700

Table 1. Textural properties of CRW, HTC200, PY700, and MW800.

BET surface Langmuir surface Mean pore
Sample area (m2/g) area (m2/g) diameter (nm)

CRW 0.13 ND ND
HTC200 1.22 1.86 0.22
PY700 68.98 149.22 0.22
MW800 14.7 26.9 0.99

ND: Not detected.

due to the pyrolysis process’s uniform distribution of
temperature, controllability, and temperature accu-
racy [29]. Furthermore, the mean pore diameter of
CRW, HTC200, PY700, and MW800 are not detected,
0.22 nm, 0.22 nm, and 0.99 nm, respectively. These
findings reflected that the produced chars possess a
microporous structure (mean pore diameter less than
2 nm) according to the IUPAC classification [30].

3.4. XRD analysis

The XRD analysis was utilized to obtain informa-
tion about the nature of raw CRW structure and to
describe the crystallinity of the chars produced for
HTC200, PY700, and MW800. The XRD patterns of
CRW, HTC200, PY700, and MW800 are illustrated in
Fig. 4. As shown in Fig. 3(a), the XRD spectrum of
CRW depicts various peaks, which are linked to inor-
ganic materials presented in the raw material such
as muscovite 2M2 (K0.77Al1.93(Al0.5Si3.5)O10(OH)2),
dolomite (CaMg(CO3)2), calcite (CaCO3), barite
(BaSO4), and quartz (SiO2) [31]. The XRD spectrum
of HTC200 showed that the HTC200 possesses a
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Fig. 3. FTIR spectra of (a) CRW, (b) HTC200, (c) PY700, and (d) MW800.

crystalline nature due to the presence of sharp peaks,
which are connected with quartz and graphite materi-
als. Regarding the XRD spectrum of PY700, MW800,
the amorphous nature was deducted from the broad
bands centered at 24o and 44o, which are ascribed
to the crystallographic planes of carbonaceous com-
pounds [32].

3.5. SEM analysis

SEM was utilized to inspect the surface morphology
of CRW, HTC200, PY700, and MW800 as well as to
compare the difference in pore surface structure of
chars materials synthesized by HTC, PY, and MW
approaches. Fig. 5 explains the SEM images of (a)
CRW, (b) HTC200, (c) PY700, and (d) MW800 at high
magnifications of x500. Fig. 4(a) shows the exterior
surface of the raw CRW was reasonably smooth and
had a relatively regular matrixed structure with a

noticeable absence of pores, suggesting that the CRW
particles are evenly coated with protein [33]. The
morphological structure of CRW, HTC200, PY700,
and MW800 materials produced from hydrothermal
carbonization, pyrolysis, and microwave ways, (see
Fig. 4) respectively, appeared to be heterogeneous
and amorphous structures containing the even distri-
bution of pores in the structure along with the cracks
and crevices. The presence of pores on the surface
of HTC200, PY700, and MW800 can be ascribed to
the carbonization process during the hydrothermal
carbonization, pyrolysis, and microwave processes,
causing the release of volatile compounds like hydro-
carbons, hydrogen, and carbon dioxide from the raw
CRW [34]. The generation of the porous structure of
HTC200, PY700, and MW800 suggests that it can be
employed in energy applications like dry methane re-
forming to attain clean fuels i.e. hydrogen and syngas
[35].
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Fig. 4. XRD patterns of (a) CRW, (b) HTC200, (c) PY700, and (d) MW800.

Fig. 5. SEM images of (a) CRW, (b) HTC200, (c) PY700, and (d) MW800.
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4. Conclusion

The chars were successfully produced by CRW
during hydrothermal carbonization, pyrolysis, and
microwave irradiation processes. The highest temper-
ature for the production of hydro-char production
via HTC process pyrolysis was 200 °C, while the
highest temperature of pyro-char production via
the pyrolysis process was 700 °C, and the highest
microwave power of micro-char production during
the microwave process was 800 W. The hydro-char
was higher specification than both pyro-char and
micro-char, according to a comparison of the physic-
ochemical properties of chars formed by HTC, PY,
and MW of CRW under different specified reaction
parameters. The chars produced were characterized
by using FTIR, XRD, BET, and SEM. As well as rec-
ommendations, this study needs to be sustained by
doing some descriptions such as high heating value
(HHV).
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