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Abstract

In this study, hydrothermal liquefaction (HTL) of sugarcane bagasse (SCB) acquired in Okinawa (Japan) was 
performed at 170, 200 and 230 °C, pressures from 1 to 3 MPa and retention time of 30 min. These experiments were executed 
in a 500 mL reactor with 5 g SCB and 95 mL deionized water in inert nitrogen condition. The highest sugar yields were 
obtained at the concentration of 20.25 g/L at 230 °C, 3 MPa and 30 min. In accordance with elemental analysis, highest 
carbon content values were 55.31% at 200 °C and 59.9% at 230 °C. The chemical composition was analyzed through SEM 
and FTIR. HTL has been applied to obtain biomaterials from agricultural wastes which can be incorporated or converted 
into new value-added products. HTL in subcritical conditions is an interesting hydrolysis process and has advantages of 
reduced energy consumption and water reaction environment.
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1 Introduction

Lignocellulosic biomass from agricultural wastes 
is an important source for the increment of products 
from renewable materials. Sugarcane bagasse (SCB) is 
a lignocellulosic residue and the most uses for SCB is 
combustion for energy production that can be applied to 
replace fossil fuel resources [1].

This renewable waste has a potential to be considered 
as a substrate for the production of valuable chemical 
elements including prebiotics biomolecules and bioactivities 
of phenolic compounds [2]. Chemical compounds that can be 
achieved from SCB possess properties of value in production 
of polymeric materials, functional food, pharmaceutical, 
and health applications [3]. An alternative approach for 
converting lignocellulosic biomass into low-molecular 
weight compounds is HTL in subcritical conditions [4]. At 
subcritical conditions, water has state that are defined, the 
critical point below values at 374.2 °C and 22.1 MPa [5]. 
HTL process starts with the dissolution of biomass into the 
water at 100 °C and hydrolysis above 150 °C, resulting the 
decomposition of the cellulose and hemicellulose parts into 
short-chain monomers. The formation of slurry, biofuels and 
char occurs in HTL conditions above 200 °C and 1 MPa [6]. 

These monomeric compounds can be converted into a range 
of value-added chemicals and biomaterials [7]. The aim of 
this work was to study HTL technique on the deconstruction 
of the cell wall polymers and fractions characterization 
from SCB.

2 Materials and methods

2.1 SCB characterization

SCB was supplied by Okinawa Prefectural Agricultural 
Research Center in Japan. SCB was size-reduced with a sieved 
blender with an average size of 1 mm. The composition of 
SCB was analyzed such as moisture, ash and total extractives 
contents. The composition of the holocellulose, α-cellulose 
and lignin were determined through chemical analysis.

2.2 HTL of SCB

HTL experiments in subcritical water at temperatures 
(170-200 °C) were performed with 5 g of BSC sample. 
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sugar yield and temperature [8]. This effect could be associated 
with the thermal effects on hydrolysis kinetics and the increased 
self-ionization constant of water. So, this effect increased the 
concentration of H+ and OH- in the reaction and promotes the 
acid catalyzed hydrolysis of hemicellulose and cellulose [9]. 
At supercritical condition pressure has limited the effect on 
physico-chemical properties of water [10,11].

3.3 Analysis of fractions

The yields of reducing sugars obtained at different 
conditions of temperature at HTL tests are shown in Table 2. 
The hydrolysis of hemicellulose was sufficient for disrupting 
the structure of SCB. The lowest yield was achieved at 
170 °C and increased on increasing temperature to 230 from 
170 °C. Many works suggested that the hemicellulose would 
be hydrolyzed at temperature range of 190-230 °C [12].

3.3.1 Elemental composition

The elemental analysis was performed and samples 
of 1.5 g of dry SCB were weighed to the auto sampler and 
the results are presented in Table 3. With the increase in 
temperature, the O/C and H/C atomic ratio decreased. The 
ratio of H/C is an index of aromaticity and the sorption 
capacity of hydrophobic organic compounds [13]. The 
different feature of organic substances and the variation 
of H/C and O/C relation are considered the oxidation and 
reduction reactions that would change the ratio of O/C but not 
of H/C. Therefore, the stability of H/C during the oxidation 
reactions was suitable, which the oxidation of aromatic 
hydrocarbon only changed the atomic ratio of O/C [14].

3.3.2 Morphology and FTIR spectra

The SEM images of residual solid obtained after 
HTL hydrolysis are shown in Figure 1. According the 

These experiments were performed in an HTL batch-type 
reactor. The reactor was equipped with nitrogen gas inlet and 
outlet valves, pressure gage, back pressure valve, internal 
stirrer and thermocouple. The ratio of sample to distilled 
water was 1:19 (g/mL). HTL experiments were carried out 
in 30 min. The hydrolase products were collected and the 
mixture was filtrated (Paper Whatman G/F, diameter 4.7 cm, 
pre-size 1.2 μm) under vacuum (Ulvac Kiko MDA-015) and 
the solid was dried at 105 °C for 6 hours. The liquid products 
were collected and the pH was determined. The solid mass 
was determined by the difference among the initial amount of 
sample and the residual solid remaining in the HTL process. 
Analysis of microstructure of the surface of sugarcane straw 
was performed before and after the HTL hydrolysis (170 °C, 
200 °C, and 230 °C). The SEM equipment was a scanning 
electron microscopy (HITACHI Miniscope TM-1000, Japan).

2.3 Fractions analysis

Elemental analysis was performed on SCB and the solid 
fraction after HTL experiments. The elemental composition 
was determined by using a CHN analyzer (Perkin-Elmer 
2400 II) at Department of Chemistry, University of Tsukuba. 
The SEM equipment was a scanning electron microscopy 
(HITACHI Miniscope TM-1000). Fourier Transform Infrared 
Spectrometer (Jasco FT/IR-300) was used for qualitative 
analysis. Dry powder samples were prepared on a Retsch 
ZM 200 and spectra collected at 4 cm-1 resolutions with 
400-4000 cm-1 spectral range.

3 Results and discussion

3.1 Composition of SCB

The chemical composition of SCB was detailed in 
Table 1. The disposal of bagasse ash has been employed as a 
fertilizer due to the presence of potassium and phosphorus. 
Another application is a mixture of bagasse ash with sand 
and alkalis that can be used for the manufacture of glass 
bottles and a filtering aid [8].

The differences in chemical composition of the 
sugarcane may be possible due to characteristics, cultivations 
and conditions such as temperature and storage time. The 
discrepancies in the characterization methods may also 
include the extractives for lignin and holocellulose analysis 
and the treatment with different solvents [6].

3.2 HTL experiments

During HTL, the reaction temperature is an important 
process parameter, and depending on the temperature, the 
biopolymer degradation and H-bonding networking in 
lignocellulose would be broken and hydroxyl groups would 
be oxidized to carboxyl. Hydrolysis of hemicellulose does not 
start until the temperature exceeds 170 °C with the increasing 

Table 1. Chemical composition of SCB (wt %)

Moisture 7.95±0.01

Ash 3.51±0.11

Acetone/ethanol/cyclohexane extractible 4.48±0.21

Acid-soluble lignin 1.35±0.10

Holocellulose 70.08±0.10

α-cellulose 44.91±0.10

Hemicellulose 32.17±0.09

Cellulose 35.12±0.10

Table 2. Reducing Sugar yield by HTL in different temperature

Temperature (°C) Reducing Sugar Yield (g/L)

170 9.9394±2.40

200 17.7759±1.01

230 20.2562±2.27
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HTL hydrolysis, at 170 °C showed cracks on structure 
and lignocellulosic parts liberated from biomass. At 
200 °C, residual solid showed more cracks on surface 
with disruption of structure (Figure  2). By raising 
temperature to 230 °C, solid residues became more 
particulates on surface with disrupted structure and 

Figure 1. Image analyzed by SEM of residual solid after HTL 
hydrolysis at 170 °C.

Figure 4. FTIR spectra after HTL hydrolysis at 170 °C.
Figure 2. Image from SEM of solid residue analysed after the HTL 
hydrolysis at 200 °C.

Figure 3. SEM analysis result of residual solid after the HTL hydrolysis 
at 230 °C.

agglomerates (Figure 3). This solid residue was formed 
probably due the minerals during the decomposition 
processes [15,16].

Figure 4 shows the spectra of the sugarcane bagasse 
after HTL hydrolysis at 170 °C. The FTIR spectra has shown 
the absorption peaked bands between 2910 cm-1 and 2918 

Table 3. Elemental analysis of SCB after and before HTL

SCB HTL 170 °C HTL 200 °C HTL 230 °C

C% 44.24 50.48±0.73 55.31±0.86 59.90±0.04

H% 6.13 6.08±0.09 5.77±0.03 5.49±0.02

N% 0.22 0.45±0.05 0.52±0.02 0.51±0.01

O% 45.90 41.44±0.59 36.85±0.85 31.94±0.02

Ash% 3.51 1.54±0.10 1.55±0.10 2.10±0.10

H/C 1.65 1.44±0.04 1.27±0.01 1.10±0.01

O/C 0.77 0.61±0.02 0.50±0.02 0.40±0.01
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cm-1 that can be attributed to the methyl group. The spectra 
from 3100 to 2700 cm-1 is associated with C-H stretching 
peaks that become distinguished with increasing hydrolysis 
processes [14]. The lignin become less present at hydrolysis 
temperature of 200 °C and 230 °C that may be due the 
deposition of sub products on the surface. The spectra at 
200-230 °C has shown bands at 1609 cm-1 to 1510 cm-1 can 
be associated with aromatic bonds. The bands from 1400 cm-1 
to 800 cm-1 can be associated with C-O stretches and other 
functional groups as C-O-C and C-H [13].

4 Conclusions

The evaluation of the hydrothermal liquefaction (HTL) 
in subcritical water conditions has demonstrated potential to 
convert lignocellulosic biomass into a wide range of value-added 

compounds for further chemical processing. The association of 
HTL process with subsequent technologies such as saccharification 
processes should be a direction in improving the economic viability 
of the production of sugar and its other transformation. These 
experiments achieved the possibility of the biomass hydrolysis 
in according at the conditions examined here.
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