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Abstract. Hydrochar, produced through the hydrothermal carbonization (HTC) of biomass,
presents a sustainable alternative to conventional carbon-based environmental sorbents. In this
study, pineapple crown waste, an often-discarded agricultural byproduct, was used as the
feedstock for hydrochar synthesis via HTC. The process was optimized at 200°C for 15 hours to
enhance carbonization efficiency and improve the hydrochar’s surface characteristics.
Structural, morphological, and functional group analyses were performed using scanning
electron microscopy (SEM), Fourier-transform infrared spectroscopy (FTIR), and UV-visible
spectroscopy. FTIR analysis revealed the presence of O-H, C-H, C=0, and C=C functional
groups in the hydrochar. SEM analysis showed that the hydrochar had sheet-like structures. UV-
vis spectroscopy further confirmed the presence of C=C and C=0 bonds, highlighting their
significant role in the material's functionality. Overall, the hydrochar demonstrated favorable
porosity and surface functionalization, supporting its potential for further application.
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1. Introduction

Agricultural waste management is a pressing global issue, as the accumulation of
waste often leads to significant environmental challenges, such as land and water
pollution (Gontard et al., 2018). Among the various types of agricultural waste, pineapple
crown waste, a byproduct of the pineapple industry, is typically discarded or
underutilized, exacerbating waste management problems (Fouda-Mbanga & Tywabi-
Ngeva, 2022). Pineapple crown waste, like other agricultural residues, is abundant in
lignocellulosic components, which positions it as a promising feedstock for value-added
products, including the production of hydrochar through hydrothermal carbonization
(HTC) (Inoue, 2016; Luthfi, Fukushima, Wang, & Takisawa, 2024). This transformation
not only addresses waste disposal concerns but also contributes to sustainable material
production, highlighting the dual benefits of agricultural waste valorization.

Hydrochar is a carbon-rich material with a wide range of applications, including
energy storage, soil enhancement, and environmental remediation as an adsorbent for
pollutants (Ojewumi & Chen, 2024). The HTC process, a thermochemical method,
converts biomass into hydrochar at relatively low temperatures (180-250°C) in the
presence of water, making it an energy-efficient and environmentally friendly approach
(Pauline & Joseph, 2020). One of the key advantages of HTC is its ability to process wet
biomass directly, eliminating the need for energy-intensive drying steps (Petrovi¢ et al.,
2024). Furthermore, the addition of activating agents during the HTC process can
significantly improve the surface area, porosity, and functional groups of the resulting
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hydrochar, enhancing its adsorption properties for environmental applications (Falco et
al., 2013).

In this study, pineapple crown waste was converted into hydrochar using an HTC
process optimized for 200°C and 15 hours of treatment time. This temperature and
duration were found to enhance carbonization efficiency and improve the surface
functionalization of the hydrochar. To fully characterize the structural and chemical
properties of the produced hydrochar, scanning electron microscopy (SEM) was
employed to analyze its morphology, while Fourier-transform infrared spectroscopy
(FTIR) and UV-vis spectroscopy were used to identify the functional groups present. This
study aims to demonstrate how pineapple crown waste can be transformed into a value-
added material with potential environmental and industrial applications, contributing to
both sustainable waste management and resource recovery.

2. Method

2.1. Materials and Chemicals

The pineapple fruit was purchased from a traditional fruit market in Aceh Besar
district, Aceh province, Indonesia. The pure water was bought from the Chemical
Engineering Lab, Universitas Syiah Kuala, Indonesia, and used throughout the
preparation of solutions in this work and the whole experiment.

2.2. Preparation of Hydrochar

The hydrochar derived from pineapple crown was produced by a hydrothermal
treatment method as reported in our previous paper with a little modification [9]. First,
the pineapple crown waste was washed, dried for several days under sunlight, ground into
powder, and sieved using a 40-mesh sieve. Then, 5 grams of the pineapple crown waste
powder was placed in a 100 mL hydrothermal autoclave. Pure water (80 mL) was added,
and the mixture was stirred for 5 minutes at room temperature using ultrasonication. The
mixture was then heated in an oven at 200°C for 15 hours. The resulting product is cleaned
using centrifugation (4000 rpm, 10 min) with pure water and ethanol several times until
the supernatant becomes neutral. The product was dried at 100°C for 3 h and stored in a
desiccator for 24 h before being demolished into fine powder as the hydrochar material.

2.3. Characterization Methods of Hydrochar

The hydrochar was identified to obtain the best candidate for adsorbent. The optical
characteristics of the hydrochar were measured and analyzed. The UV-Vis spectrum was
recorded by Agilent 8453 UV-Vis Spectrometer using a quartz cuvette of 10 mm path
length and 3 mL volume. The surface functional groups of the hydrochar were examined
by an ALPHA FTIR spectrophotometer from Buker. The surface morphology was
determined using a SEM microscope from JEOL (JSM-6510LA).

3. Results and Discussions
3.1. Production of Hydrochar from Pineapple Crown Waste

The one-step HTC process successfully transformed pineapple crown waste into
hydrochar. The process parameters, optimized at 200°C for 15 h, resulted in efficient
carbonization and enhanced surface properties. The physical and chemical characteristics
of the hydrochar were assessed through various analytical techniques to understand its
properties (Andrade, Porto, Moreira, Batistela, & Scaliante, 2023). In this study, an HTC
treatment to obtain hydrochar from pineapple crown waste as a precursor was performed
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as illustrated in Figure 1. The pineapple crown waste powder was transformed into
microsphere cores through dehydration and polymerization in the hydrothermal autoclave
at 200°C for 15 h. The dispersed colloidal particles were then formed from the
microsphere cores by the adsorption of surrounding molecules and lastly developed into
hydrochar material (Zulfajri, Kao, & Huang, 2021). The separation of the solution phase
from the upper solution and bottom precipitate was carried out using centrifugation. The
hydrochar was obtained from residue after washing several times with excess water and
ethanol was dried in an oven to obtain a brownish-black powder.
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Figure 1. The preparation and characterization of hydrochar

3.2. Structural and Morphological Characterization

The result of the hydrochar synthesis was further characterized using a Scanning
Electron Microscope (SEM) with a magnification of 2000x. The result of SEM
observations of hydrochar can be seen in Figure 2. The SEM analysis revealed the surface
morphology of the hydrochar. The SEM image of hydrochar showed relatively well-
defined surfaces with little flaking observed on the surface. The porosity is vital for
increasing the interaction sites between the adsorbent and molecules, facilitating higher
pollutant removal efficiency (Haleem, Shafig, Chen, & Nazar, 2023).
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Figure 2. SEM images of the hydrochar with 2000x magnification

3.3. Functional Group Analysis

FTIR was employed to identify the functional groups present on the surface of
hydrochar. The FTIR spectrum indicated the presence of hydroxyl (-OH), carboxyl (-
COOH), and carbonyl (C=0) groups (Jawad, Abdulhameed, & Mastuli, 2020; Xie, Jin,
Chen, & Jiang, 2017). The typical FTIR spectrum of the hydrochar is shown in Figure 3.
The hydrochar has several bands observed at 3250 cm* (O—H bonds), 2900 cm™ (C—H
bonds), 1600 cm* (C=0 bonds), 1550 (C=C bonds), 1400 cm™ (-COOH bonds), and 1300
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cm™! (C-H bonds) and 1250 cm* (C-O-C bonds). Several other bands observed at lower
wavenumbers also demonstrated the existence of various bonds such as C—H, O-H, and
C-O (Elhassan, Kooh, Chou Chau, & Abdullah, 2024). The obtained data shows that the
hydrochar contained oxygen-functional groups that derived during the carbonization
process of the pineapple crown waste.
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Figure 3. FTIR spectrum of hydrochar

Figure 4 depicts the UV-vis spectrum of the hydrochar solution. UV-vis spectrum
was measured by mixing 10 mg of hydrochar with 3 mL ultrapure water and sonicating
the mixture for 5 min to break up the hydrochar particles into smaller fractions (Zulfajri
et al., 2021). The absorbance peaks of C=C with n-n* energy transitions and C=0 bonds
with n-n* energy transitions were observed at ~275 nm and ~325 nm, respectively. The
UV-Vis spectrum proved the existence of oxygen-containing groups that attached to the
carbon skeleton in the hydrochar surface.
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Figure 4. The UV-Vis spectrum of hydrochar solution

4. Conclusions

This study demonstrates that pineapple crown waste can be effectively utilized as a
sustainable feedstock for producing hydrochar through the HTC process. The hydrochar
exhibits excellent structural, morphological, and surface properties, making ita promising
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material for environmental remediation as a sustainable adsorbent. Characterization using
SEM, FTIR, and UV-vis spectroscopy revealed its surface structure, morphology, and
functionalization, highlighting its potential in waste valorization. This approach
contributes to sustainable agricultural waste management and advances the development
of biowaste-based adsorbents for environmental applications, showcasing the valuable
use of agricultural waste as a resource.
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