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Abstract: Water hyacinth (WHs), which is a crucial waste material from agriculture in Thailand. It consists
of hemicellulose, cellulose and lignin that has a potential for carbon material production. In this research,
carbon material was prepared from Water hyacinth via hydrothermal Carbonization (HTC) by study the
effect of hydrothermal temperature 200 °C, reaction time (4-24 h) and using H3PO4 activation to develop
porosity and surface area. The sample have been characterized chemical-physical properties of carbon
nanoporous materials through a scanning electron microscope (SEM), fourier transformer Infrared
spectroscopy (FT-IR), X-ray diffraction (XRD). The results revealed that carbon content of nanoporous
carbon materials from water hyacinth were increased with higher HTC temperature and time. Performing
HTC at 200 °C for 12 h and using H3PO4 activation catalyst shows porosity increased on char surface is the
optimum condition to synthesis of precursor materials for good adsorbent.
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1. Introduction

Water hyacinth is one of environment problems in Thailand due to its rapid spread in natural water
sources. Its uncontrollable spread also causes problems in water transportation and drainage systems. In
the other hand, water hyacinth is one of interesting water hyacinth is a biomass composed of cellulose,
hemicellulose, lignin and ash biomass options that can be transformed to more valuable products [1]. It also
helps to reduce the amount of waste that must be eliminated. There are some ways to make use of water
hyacinth such as using as an adsorbent which is the purpose of this study. Water hyacinth has an interesting
potential to use as raw material for porous absorbent material [2]. In this study used hydrothermal
carbonization process- a type of biomass conditioning process that uses mild operating conditions (low
temperature) (<300 °C) and it performs a high production yield [3]. The HTC mechanism provided water
molecules, heat and pressure to decompose bonding of biomass polymer, cellulose, hemicellulose and lignin
result in increasing of porosity and surface area compared to other processes [4]-[9]. These processes
obtained at 200 °C for 4-24 h, which can add acidic or base catalyst for development of the pore structure
and surface area.

In this research, the study temperature and time control of hydrothermal carbonization process that
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affects the properties carbon and revealed the effect of acid catalyst H3PO4 on the morphology, surface area
and porosity of produced carbon material from water hyacinth via hydrothermal carbonization process.
Which can be observed from the morphological structure and surface characteristics using scanning
electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD).
Carbon materials then applied by organic substances adsorption such as methylene Blue, methyl orange,
methyl red, phenol red, and methyl violet.

2. Experimental Procedure

2.1. Raw Material

Water hyacinth (WHs) has derived from Ladkrabang, Bangkok, Thailand. Structure consists of
hemicellulose, lignin and ash. Previous to HTC process, water hyacinth was dried in oven at 90°C to remove
moisture and consecutively weighted until no further weight loss and crushed using a blender to obtain a
powder was used to produce the hydrochars by the HTC process.

2.2. Method

Synthesize of porous carbon materials from water hyacinth via hydrothermal process (HTC) starts from
drying collected raw water hyacinth by sun exposure to expel moisture and grind it into raw powder.
Prepare of biomass 30 g of raw powder with 90 mL. The mixture was sealed into a Teflon vessel and then
inserted in the autoclave, the reaction occurs in the range of 200 °C and 4-24 h. The best hydrochar sample
obtained from hydrothermal process was selected via FT-IR analysis to find the best temperature. The
hydrochar was chemical activating with a saturated solution of H3PO. at concentration 4M after
hydrothermal treatment, the product was dried at 90°C for overnight.

2.3. Characterization Techniques

The samples were characterized for surface morphology by Scanning Electron Microscope (SEM). Fourier
Transform Infrared Spectroscopy (FT-IR) was used to determine the function group on surface of sample.
Analyze the crystal structure of the compound contained in the sample by X-ray diffraction (XRD).

)

Fig. 1. SEM images (500x) of Water hyacinth through hydrothermal process at (a) Water hyacinth, (b)
HTC200-4, (c) HTC200-8, (d) HTC200-12, (e) HTC200-24, and different co-solvent treatment (f) H3POa.

3. Results and Discussion

3.1. Scanning Electron Microscope (SEM)
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Scanning electron micrographs of the surface morphology of the feedstock and different reaction
temperatures 200°C for (4, 8, 12 and 24 h) and co-solvent treatment H3zPOs. The SEM analysis of the
surfaces images (500x) of Water Hyacinth through hydrothermal process at 200 °C for 4-12 h. In Fig. 1(a-d),
after hydrothermal treatment significant changes on the surface morphology can be found at different
temperature. When increase temperatures provide polymer bond are more break compared to the
feedstock. At times of 12 h showed that the hemicellulose were destroyed significantly surface area of the
sample compared that has a large increase in porosity and been treated found that the surface has rugged.
Fig. 1(f), shows the surface area of the sample treated found that the surface has rugged By Water Hyacinth
activation with 4M of H3PO4 will have a surface area more porous than hydrochars via hydrothermal
carbonization.

3.2. Fourier Transforms Infrared (FT-IR)

The hydrothermal of Water hyacinth at 200 2C with vary reaction time (4, 8, 12 and 24 h) are studied and
FT-IR spectra of produced hydrochars are displayed in Fig. 2. Broad peak at around 3600-3000 cm-
confirms the presence alcohols from cellulose or phenols from lignin and hydroxyl or carboxyl groups. The
peak at 2925 cm! is due to CH2 stretching vibrations of the aromatic methyl groups or aliphatic. Peaks
around 1700 cm! are attributed to the stretching vibration of C=0 of from cellulose and lignin [10], [11].
The peak at 1600 and 1512 cm-! is due to the vibration of the aromatic ring C=C stretching present in the
lignin. The peak at 1460 cm-1 is due to CH: bending vibrations of the C-H deformation in lignin and
carbohydrates. The absorption band observed at 1290-950 cm-! is assigned to the stretching vibrations of
C-0 in aliphatic ethers and aliphatic alcohols. The hydrothermal of water hyacinth at 200 °C with vary
reaction time (4, 8, 12 and 24 h) are studied and FT-IR spectra of produced hydrochars are displayed in Fig.
2. Compared with the starting Water hyacinth, the hydrochars composed of complex aromatics with
oxygen-containing, while alkane content decreased. It can be indicated that decomposition of hemicellulose,
cellulose and some lignin increase when hydrothermal for a longer time. The solvent, including H3PO4 are
used as co-solvent in hydrothermal process of Water hyacinth at 200 °C for 12 h. The effect of co-solvent to
functional group of hydrochars are shown in Fig. 2, the solvent, including (f) H3PO4. The effect of co-solvent
to functional group of hydrochars. It can be observed that the FT-IR spectra at OH, aliphatic C-H, aromatic
ring (1600 cm-! and 1512 cm-1) and C-O linkage are less remained when compared with hydrochars without
co-solvent. The FT-IR results are not clear to decide the effect of co-solvent. The detected functional groups
may be of original cellulose, hemicellulose, lignin and or new compound and even the co-solvent. However,
hydrochar at 200 °C for 12 best choice of activate with H3PO4 for hydrothermal reaction.
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Fig. 2. FTIR spectra of Water hyacinth hydrothermal at 200°C for (a) Water hyacinth, (b) 4 h, (c) 8 h, (d) 12 h,
(e) 24 h and co-solvent treatment (f) Hz3PO4.
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3.3. X-Ray Diffraction (XRD)

The XRD measurement was investigated to examine the phase structure of carbon materials, as shown in
Fig. 3. The broad diffraction at a 26 angle around 19 - 26°, the broad characteristic feature indicates the
major presence of amorphous phase. In addition, the peak is found at 2 theta positions of 28° and 40° was
evidently noticed for all samples corresponding to the carbon [12]. For these activated carbons, the
diffraction profiles exhibited broad peaks at around 24 and 42° which are assigned to the reflection from
(002) and (10) planes, respectively. The occurrence of broad peaks at these 26 indicates an increasing
regularity of crystal structure and resulting in better layer alignment.
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Fig. 3. XRD of (a) Water hyacinth through hydrothermal process at 200 °C for (b) 4 h, (c) 8 h, (d) 12 h,
(e) 24 h, and co-solvent treatment (f) H3POa4.

4. Conclusions

The hydrothermal time and co-solvent treatment are mainly effects on the morphology of hydrochar.
Higher hydrothermal temperature and time can more decompose of hemicellulose and cellulose. However,
carbon nanoparticles have been successfully synthesized via hydrothermal at 200 °C for 12 h. Activated
chemical activation of H3PO4. Carbon nanoparticle produced may be used to produce various applications
such as used as a catalyst support or may be used to absorbent dye. in the other hand, the base used must
be the appropriate concentration and time that will cause porosity on the carbon surface lest causing
damage to the porous structure.
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