IOP Conference Series: Earth and Environmental Science

PAPER » OPEN ACCESS You may also like

- International Conference on Civil

International Conference on Agricultural Coaneedng and st Ssues i
. . . merging Economies

Technology and Engineering, and Environmental rerne

Sciences - THE CHANDRA COSMOS LEGACY

SURVEY: CLUSTERING OF X-RAY-

SELECTED AGNs AT 2.9 z 5.5 USING
To cite this article: 2022 IOP Conf. Ser.: Earth Environ. Sci. 1116 011001 PHOTOMETRIC REDSHIFT

PROBABILITY DISTRIBUTION

FUNCTIONS

V. Allevato, F. Civano, A. Finoguenov et

al.

View the article online for updates and enhancements.

Connect with decision-
makers at ECS

Accelerate sales with ECS exhibits,
sponsorships, and advertising!

} Learn more and engage at the 244th ECS Meeting!

This content was downloaded from IP address 36.75.13.232 on 24/06/2023 at 05:54


https://doi.org/10.1088/1755-1315/1116/1/011001
https://iopscience.iop.org/article/10.1088/1755-1315/80/1/011004
https://iopscience.iop.org/article/10.1088/1755-1315/80/1/011004
https://iopscience.iop.org/article/10.1088/1755-1315/80/1/011004
https://iopscience.iop.org/article/10.1088/1742-6596/2316/1/011001
https://iopscience.iop.org/article/10.3847/0004-637X/832/1/70
https://iopscience.iop.org/article/10.3847/0004-637X/832/1/70
https://iopscience.iop.org/article/10.3847/0004-637X/832/1/70
https://iopscience.iop.org/article/10.3847/0004-637X/832/1/70
https://iopscience.iop.org/article/10.3847/0004-637X/832/1/70
https://iopscience.iop.org/article/10.3847/0004-637X/832/1/70
https://iopscience.iop.org/article/10.3847/0004-637X/832/1/70
https://iopscience.iop.org/article/10.3847/0004-637X/832/1/70
https://iopscience.iop.org/article/10.3847/0004-637X/832/1/70
https://iopscience.iop.org/article/10.3847/0004-637X/832/1/70
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstDTTo2YRMlr4P9GhM8RmwFHk3btwGQWyuzDvVvS1urD7LMAkUYaCiI0tpcDYnK7Rq6yNzSy5opkipAh3W0WJ_XXRiJ4JVyu4nWQ9dNC_Hxl30IeI_ix0Bq8K1_3Et2gZDaMAxSEBgHIa_MBUtsE7N9th6Gf4DW5qbMbJ4slI7unp_QUaB-A5CKqgKMk0jZdGAxLHLyqGu4t1y-PyBCDmqiUiNwv2XTql3slalYLjATchoo_7F_euKFyU8-0TqnXjCnA_0siqwYlVsb8lmpiP5PlxJuKHVM9UkVCs6yhZ18NAqafjNn&sai=AMfl-YRNqV3gbmLQmvUqjFZ0N7uebG_402iNqJwJtDxqtoMRCed7lBMk8esy5Q-k5XznQHzv2TlCLgs5ZvAi-M8&sig=Cg0ArKJSzNYure7DPT1U&fbs_aeid=[gw_fbsaeid]&adurl=https://issuu.com/ecs1902/docs/2023-ecs-opportunities-boston-gothenburg-fillable-%3Ffr%3DsNDk5OTUwMDQyODg%26utm_source%3DIOPAds%26utm_medium%3DBanners%26utm_campaign%3D244Exhibit

Faculty of Civil Engineering Perhimpunan Teknik

ICATES-2022 10P Publishing
IOP Conf. Series: Earth and Environmental Science 1116 (2022) 011001 doi:10.1088/1755-1315/1116/1/011001

INTERNATIONAL CONFERENCE ON AGRICULTURAL
TECHNOLOGY AND ENGINEERING, AND ENVIRONMENTAL
SCIENCES

(ICATES 2022)

“Agricultural and Environmental Engineering for Food, Water, and Energy
Security Through Innovations and Disseminations”

Banda Aceh, August 10, 2022

UNIVERSITAS
SYIAH KUALA

Department of Agricultural Engineering

Supported by:

Fakulti LPPM
Sains Gunaan eSS
SYIAH KUALA

A :

B

. EKNOLOGI
@ M

ARA

Technology

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1

Pusat Riset Mekanisasi dan
Pertanian Cabang Aceh Perbengkelan Pertanian



ICATES-2022 10P Publishing
IOP Conf. Series: Earth and Environmental Science 1116 (2022) 011001 doi:10.1088/1755-1315/1116/1/011001

INTERNATIONAL SCIENTIFIC COMMITTEES

Professor Ts. Dr. Mohd Rosli Hainin, P. Tech (Universiti Teknologi Malaysia)
Professor Dr. Badorul Hisham Abu Bakar (Universiti Sains Malaysia)
Professor. Ir. Zulkifli Nasution, M.Sc, Ph.D (Universitas Sumatera Utara)
Professor. Dr. Ir. Sigit Supadmo Arif, M.Eng (Universitas Gadjah Mada)
Professor. Dr. Ir. Lilik Sutiarso, M.Eng (Universitas Gadjah Mada)
Professor. Dr. Ir. Asep Sapei, MS (Institut Pertanian Bogor)

Professor. Dr. Sabaruddin, M.Agric. (Universitas Syiah Kuala)
Professor. Dr. Ir. Darusman, M.Sc (Universitas Syiah Kuala)

Professor Dr. Elke Pawelzik (Germany)

Associate Professor Dr. Tony Hadibarata (Curtin University, Australia)
Associate Professor Dr. Haryati Awang (Universiti Malaysia Pahang)
Dr. Khairil Azman Masri (Universiti Malaysia Pahang)

Dr. Abdullahi Ali Mohamed (University of Nottingham, UK)

Dr. Euniza Jusli (University College of Technology Sarawak)

Dr. Ir. Desrial, M.Eng (Institut Pertanian Bogor)

STEERING COMMITTEES

Prof. Dr. Ir. Marwan, M. Sc, IPU (Rector of Universitas Syiah Kuala)

Prof. Dr. Taufik Fuadi Abidin, S.Si, M.Tech (LPPM Universitas Syiah Kuala)
Prof. Dr. Samadi, M.Sc. (Dean Faculty of Agriculture, Universitas Syiah Kuala)
Dr. rer.hort. Indera Sakti Nasution, S.TP, M.Sc. (Head of Agricultural Engineering
Department, Universitas Syiah Kuala)

Dr. Ichwana, ST, MP (Universitas Syiah Kuala)

Dr. Ir. Syahrul, M.Sc (Universitas Syiah Kuala)

Dr. Muhammad Idkham, M.Si (Universitas Syiah Kuala)

Prof. Ir. Zulkifli Nasution, M.Sc., Ph.D (Universitas Sumatera Utara)

Prof. Dr. Ir. Sigit Supadmo Arif, M.Eng (Universitas Gadjah Mada)

Dr. Ir. Desrial, M.Eng (Institut Pertanian Bogor)



ICATES-2022

IOP Publishing

IOP Conf. Series: Earth and Environmental Science

ORGANIZING COMMITTEES

Chairman
Co-Chairman

Secretariat

Reviewer

Treasure and Registration

Accomodation and equipment

Documentation and promotion

Food Logistics and Souvenir

Editorial

IOP proceeding and Publication

Schedule and Virtual Conference

1116 (2022) 011001

doi:10.1088/1755-1315/1116/1/011001

Dr. T. Ferijal, M.Sc
Dr. Muhammad Yasar, M.Sc

Raida Agustina, S.TP, M.Sc
Barno, S.Pt
Suzanna Verinica, SH, MH

Dr. Yusmanizar, ST, MP

Dr. Darwin, S.TP, M.Sc

Dr. Rita Khathir, S.TP, M.Sc
Dr. Zulfahrizal, S.TP, M.Si

Dr. Sri Hartuti, S.TP, M.Sc.
Bahagia, SE

Dr. Purwana Satriyo, S.TP, MT
Syafriandi, S.TP, M.Si.
Ahmad Ridwan, SP

Dr. Rahmat Fadhil, S.TP, M.Sc
Bambang Sukarno Putra, M.Si
Khairul Anwar, S.TP

Ahmad Muttagina Imama

Dr. Devianti, S.TP, MP

Dr. Ramayanty Bulan, ST, M.Si
Nurbani, A.Md

Mustagimah, S.TP, M.Sc

Dr. Andriani Lubis, S.TP, M.Si
Dr. Hendri Syah, S.TP, M.Si

Dr.-Ing. Agus Arip Munawar, M.Sc
Ratna, S.TP, M.T
Dian Kamisna, S.TP

Dr. Safrizal, S.TP, M.Si
Dr. Muhammad Dhafir, ST, M.Si



ICATES-2022 10P Publishing
IOP Conf. Series: Earth and Environmental Science 1116 (2022) 011001 doi:10.1088/1755-1315/1116/1/011001

EXTENDED PREFACE

For this 4th annual conference, the theme is "Agricultural and Environmental Engineering for
food, Water and Energy Security through Innovations and Disseminations” We received nearly
160 articles from 13 countries. We were pleasantly impressed by the researchers' enthusiasm
and trust in this conference.

Due to the unforseen circumstances of global pandemic COVID-19, the 4th ICATES
2022 conference was carried out virtually as same as ICATES 2021 by zoom meeting platform.
We took this option because this conference was already designated and funded. Keynote and
invited speakers were also scheduled for this event. Many delegations and authors requested
for this conference to be performed, even virtually, since they need it to cover their publication
and sharing knowledge requirements.

The conference itself was run as planned on 10 August 2022 with the support from
virtual event organizer started from 8.00 am to 19.00 pm. The ICATES committee members
were managed this event in a particular room as a studio along with two appointed MCs. The
conference was officially opened by the Rector of Syiah Kuala University, and it is broadcast
lively via YouTube platform with recorded participants reach 475 were joined. The discussion
session was performed directly once the speaker was completed his/her presentation.

Moreover, parallel sessions were started after all keynote speaker session and
participants were divided into 8 breakout rooms in zoom platform based on their related sub-
topics. The operator acted as virtual Host and Co-host to manage and ensure all presenters and
participants were put in the right place. Each participant and presenter was identified by
renaming their name to room number and author full name. Presenter was given about 10
minutes for power point presentation via Screen Sharing and 5 minutes for discussion and
shifted to next presenter. During the conference, video capabilities were turned on to ensure
dynamic conference.

On behalf of the whole committee we want to acknowledge and express gratitude to the
rector of Universitas Syiah Kuala, the dean of Agriculture Faculty of Universitas Syiah Kuala,
the head of Research and Community Service Institution Universitas Syiah Kuala and to our
partner Universiti Malaysia PAHANG and Universiti Teknologi MARA. We also appreciate
endlessly support from Agricultural Engineering alumni organization (IKATETA) and
Research center and workshop for agricultural mechanization. Hopefully in the future, ICATES
will remain a venue for sharing high-quality research findings.

Chairperson

Dr. T. Ferijal
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Keynote Speaker Abstract

Dietary Patterns and Their Impact on the Environment: What Does It
Mean For Agricultural Produc- Tion?

Prof. Dr. Elke Pawelzik
Georg-August-University Goettingen,
Department of Crop Sciences, Quality of
Plant Products, Carl-Sprengel-Weg 1, 37075

Abstract

Food production has different impacts on the environment depending on the specific
commodities produced. The increasing demand for Western diets in many parts of the world,
which is based on high consumption of animal products, is putting pressure on the global food
supply. However, the high consumption of animal products is one of the main reasons
contributing to the negative impact of the modern diet on global and individual health and on
the environment. On the other hand, for several years, there has been an increasing demand
for plant-based alternative products in industrialized countries to replace animal-based foods.
This, in turn, may mean that agriculture will increasingly have to produce plant products
intended directly for human consumption. Based on the current state of knowledge as well as
own studies on nutritional value, sensory properties, and environmental impacts of plant-
based alternative products, possible implications for future agricultural production will be
presented.
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Keynote Speaker Abstract

Sustainable Agromaritime Development in Indonesia

Prof.Dr.Ir. Ari Purbayanto, M.Sc.

Division Head of Resource and Capture Fisheries Area,

Faculty of Fisheries and Marine Sciences,

IPB University Bogor West Java

Chairman, Indonesian Professor Association

Director, Executive Board of National Accreditation Agency for Higher Education
purbayanto@apps.ipb.ac.id

Abstract

The 2030 agenda for sustainable development adopted by all member states of the United
Nations in 2015, provides a common blueprint for peace and prosperity for people and the
planet, now and in the future. At its heart are the 17 Sustainable Development Goals (SDGs),
which are an urgent call for action by all developed and developing countries in a global
partnership. They recognize that ending poverty and other deprivation must go hand in hand
with strategies to improve health and education, reduce inequality, and spur economic growth-
all while tackling climate change and working to conserve our oceans and forests. In connection
with the agenda, in a more focused scope on the agromaritime sector, the adoption of the big
concept of the 2030 agenda for sustainable development needs to be carried out in a well-
planned for community welfare and the sustainability of the Indonesian land and sea
environment. The rapid increase in population with various social and economic problems,
coupled with the Covid-19 pandemic that has been going on for the last 3 years, is a challenge
faced by Indonesia and other countries worldwide. On the other hand, the industrial era 4.0
provides great opportunities for every country to move forward and be able to take advantage
of the opportunities and challenges of the era of technological disruption. Through the ICates-
4 international seminar forum, | would like to discuss sustainable development in Indonesia's
agricultural, marine and fisheries sectors.
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Keynote Speaker Abstract

Eco-Innovations for Sustainable Development: Drivers and Barriers in
Natural Fiber Composites

Dr. Siti Hasnah Kamarudin

Eco-Technology, School of Industrial Technology,
Faculty of Applied Sciences

UiTM Shah Alam, 40450 Shah Alam, Selangor, Malaysia

Abstract

Eco-innovation is critical to the successful implementation of sustainable development. The
overall goal of eco-innovation is to minimize the environmental impact while also creating
new market opportunities, products, services, or processes designed to improve
environmental performance. Eco-innovation affects not only businesses but also their
surroundings, i.e. existing socio-cultural norms and institutional structures. The purpose of
this article is to recognize how eco-innovations can aid in sustainable development, as well
as to examine the possibilities and limitations of incorporating them into natural fiber
composites. The study demonstrates that eco-innovations are interpreted in the literature not
only as a tool for sustainable development in general, as well as in terms of process and as a
source of ecological and economic effects. According to the findings of this analysis, eco-
innovation is an element of sustainable growth at the enterprise, societal, and state levels that
should be used throughout the product or service life-cycle to contribute to the achievement
of economic and environmental benefits. Its implementation is contingent on a variety of
drivers and barriers. Because eco innovations are connected to different barriers independent
of companies, significant state support is required to overcome current difficulties. Changes
in economic system can help to support eco-innovations. By incorporating sustainability into
a business strategy, the idea of Eco-innovation can help small and medium-sized businesses
made up from natural fiber composites become more resilient, even during times of crisis.
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Keynote Speaker Abstract

Application of Near Infrared Spectroscopy for Food and Agriculture

Ravipat Lapcharoensuk

Department of Agricultural Engineering

School of engineering, King Mongkut's Institute of Technology Ladkrabang,
Thailand

ravipat.la@kmitl.ac.th

Abstract

Near infrared (NIR) spectroscopy is the study of the interaction between NIR radiation (NIR:
800 — 2500 nm, i.e., 12500 — 4000 cm™) and vibration of the molecular-based on overtones
and combinations, especially hydrogen bonds (C-H, O-H and N-H). NIR spectroscopy is a
non-destructive, fast, and environmentally friendly technique for assessing the quality of
food and agricultural product. However, we cannot use it directly as spectral information
from a NIR spectrometer for monitoring quality of material because the characteristics of
the spectra are very complex, broad, and overlapping. Knowledge in the field of
mathematics, statistics and computer science has always been used for extracting hidden
information from complex chemical data, including multivariate data analysis, chemometric
technique and machine learning. NIR spectroscopy can be applied for qualitative and
quantitative evaluation. The typical procedures for NIR spectroscopy included the pre-
processing of the NIR spectra data, training the mathematical model, evaluation of model
performance and deployment of technique in the real world. Many pre-processing
techniques were applied in NIR spectroscopy process such as smoothing, multivariate scatter
correction (MSC), normalization, derivative, and others. The popular algorithms for
modelling NIR spectroscopy such as partial least squares (PLS) regression, support vector
machine, artificial neural networks (ANN). The NIR spectroscopy was successfully applied
in food and agriculture in previous research such as evaluation of quality of food and
agricultural product, assessment of energy of biomass, identification of geographical origin
of agricultural product, and determination of adulteration in food and agricultural product.
In the future, NIR spectrometer must be developed to be portable, inexpensive, and highly
efficient. This information indicated that NIR spectroscopy is interested technique to apply
in global food and agricultural industry.
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Keynote Speaker Abstract

The Application of Machine Learning in Detecting Damage Structures

Asst. Prof.Ts Dr. Zahrah Yahya

Deputy Vice Cancellor Academic

Kolej Universiti Poly-Tech Mara Kuala Lumpur
UTM Malaysia

zahrah@kuptm.edu.my

Abstract

The occurrence and development of damage to engineering structures is still not full-
understood and is very difficult to detect, locate and quantify. Structural health monitoring
(SHM) techniques using vibration-based damage detection (VBDD) are defined as a process
to detect, locate and quantify structural damage. However, for a large, complex structure with
joints, the VBDD method requires some knowledge of the damage location, which is itself a
costly and time-consuming procedure due to the complex behaviour of the structural joints.
This research aims to propose an advanced Al-based solution, namely machine learning (ML),
to detect the presence of damage in the jointed structure. The newly develop algorithm of ML,
which uses artificial neural networks (ANNs) and modal testing techniques, is used to
effectively and accurately predict the presence of damage in the structure. The algorithm ML
is used to build the new prediction model and establish maximum correlation with the target
response of the frequency response function (FRF) associated with the ensemble parameters.
ML can learn from the data itself and find the optimal set for the given target. This leads to
significant savings in terms of experimental effort, computational efficiency and faster decision
making in detecting damage in the jointed structure. The result of the research, the development
of the ML algorithms, will be able to learn from the data of the damaged structure itself and
make predictions based on the learned data of the generated model.
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Abstract. Oil palm empty fruit bunches (OPEFB) have not been properly utilized by most palm
oil mills and communities in Indonesia. The processing and utilization of OPEFB by palm oil
mills are still limited. Due to high cellulose contents, it potentially made into various bioproducts,
especially as biomaterials. Therefore, a proper extraction technology is needed to obtain a high
level of cellulose purity because alkaline treatment can solely remove a part of hemicellulose
and lignin. A higher cellulose content can be obtained by further chemical treatments through
the bleaching process. However, no information regarding the difference of the isolation
performance method to produce cellulose purity by delignification first or vice versa bleaching
as an initial stage. The research determined the purity of EFB cellulose with differences in the
sequence of bleaching and alkaline delignification stages. The three methods were carried,
namely the first method by bleaching using sodium chlorite 3% two times, followed by
delignification of NaOH 10% at room temperature, second method with the same conditions but
delignification of NaOH 10% at a temperature of 70-80°C and third method by delignification
and continued bleaching under the same conditions. The results showed the bleaching method
of sodium chlorite of 2 cycles and continued by alkaline delignification (NaOH 10%) at room
temperature resulted in higher cellulose purity than other methods. The FTIR test results
indicated the detection of the C-O functional group at a wavelength of 1196 cm™ and the C-H
functional group at a wavelength of 2967 cm™.

1. Introduction

The conversion of fresh palm fruit bunches into palm oil in Indonesia produces several wastes, such oil
palm empty fruit bunches (OPEFB) which are quite abundant. Indonesia as the producer of palm oil in
the world has the largest area of 14.456.611 Ha with a production of 47.12 million tons (2019). It is
estimated that in 2021 Indonesia has an area of 15 million Ha with a production of 49.71 million tons[1].
If the OPEFB waste is 25% (12.42 million tons), and only 10% is processed (1.24 million tons) then
there are 11.18 million tons of untapped OPEFB waste potential left [2].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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Those waste have not been used correctly by most palm oil mills and communities in Indonesia.
Processing and utilization of OPEFB by palm oil mills are still very limited. Most of them usually burn
OPEFB in incinerators, or other alternatives are open dumping, used as mulch in oil palm plantations,
or processed into compost.

OPEFB as lignocellulosic biomass, contains cellulose, hemicellulose, and lignin. The cellulose
content of OPEFB is 23.7-65.0%, while the hemicellulose content is 20.6-33.5% and the lignin content
is 14.1-30.5% [3]. The high content of cellulose makes it one of the raw materials that have the potential
to be developed into various bio products, especially in the field of biomaterials.

Chemical treatment is the most effective way to obtain higher purity cellulose. The combination of
chlorite bleaching, alkali treatment, and acid hydrolysis are commonly used to extract cellulose [4].
Chlorite bleaching function as an extracting holocellulose from raw cellulose fibers. The process
removes most of the lignin inside the fibercausing defibrillation. Kargarzadeh et al. [5] stated the
diameter of the bleached kenaf bark fiber is smaller than the diameter of the raw fiber. Alkali treatment
is used to dissolve the lignin and residual pectin and hemicellulose, while acid hydrolysis is used to
degrade amorphous cellulose.

Alkali treatment is only available to partially remove hemicellulose and lignin. A higher cellulose
content can only be obtained by further chemical treatment with the bleaching process. Therefore, the
bleaching process carries the desired cellulose purity. The research examined the effect of the
implementation of the bleaching stage at the beginning and after the delignification process on the purity
of the cellulose obtained by limiting the concentration of sodium chlorite and sodium hydroxide used.

2. Materials and methods

2.1. Materials and equipment

The OPEFB from PT Nurciptasari Moeda Sentosa Kalimantan Selatan were taken, NaOH, NaClO,,
glacial acetic acid, H,SOs, and distilled water. Some equipments such as a beaker glass, hotplate stirrer,
spatula, filter paper, filter cloth, Fourier transform infrared spectroscopy and colorimeter CIELAB lab
tool apps were used.

2.2. Preparation of OPEFB material

OPEFB was treated after the trashing process from the palm oil mill then were washed using hot water
and manually separated into stalks and grains. The OPEFB were rinsed up to 4 times using clean water.
Furthermore, the fibers were soaked with 2 % soap (1: 4) to remove residual oil and dust for 5 hours and
then rinsed with clean water. They were drained and dried in an oven at 60°C for 48 hours. Dried OPEFB
were cut into 5 cm each, then ground and sifted on a 30 mesh sieve.

2.3. Cellulose extraction process (delignification and bleaching)

10 grams of OPEFB fibers were bleached using NaClO; solution in the ratio of 1: 25 (w/v) at 70-80°C
for 2 hours as much as two cycles. The bleached fiber was dried and weighed. The fibers were
delignified using 10% NaOH solution with a ratio of 1:20 on a fiber basis at room temperature (Method
1) and 70 — 80°C (Method 2). Then, the cellulose was washed with distilled water and then refluxed for
30 minutes with distilled water for washing and then dried. While in method 3, the delignification
process was carried out first and followed by the bleaching process under the same condition as method
1.

2.4. Parameter analysis

The obtained cellulose was measured by its yield after the delignification and bleaching process. The
obtained cellulose was analyzed including moisture content, water extractive materials, hemicellulose,
cellulose, and lignin content, FTIR test using Attenuated Total Reflectance-Fourier Transform
Infrared Spectroscopy (ATR- FTIR) Thermo Scientific S10, and CIE L*, a*, and b* color test.
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2.5. Test method for fiber and cellulose

Analysis of fiber components was carried out using the Chesson method [6]. 1 gram powder sample was
added with 150 mL of distilled water and refluxed for 2 hours. The sample was filtered and washed until
the pH was neutral and then dried at 105°C, weighed, and calculated using equation (1). The residue 1
obtained was added with 150 mL of 0.5 M H,SOj4 and refluxed for 2 hours. The sample was then filtered
and washed until the pH was neutral, dried at 105°C until dry then weighed and calculated using equation
(2). The residue 2 obtained was added with 10 mL of 72% H,SO,4 and macerated for 4 hours at room
temperature. The sample was added with 150 mL of 0.5 M H,SO4 and refluxed for 2 hours, filtered, and
washed until the pH was neutral. The sample was dried at 105°C until dry then weighed and calculated
using equation (3). Calculation of lignin content using equation (4) is as follows:

__initial mass-mass of residue 1

water soluble extractive value (%) — x 100% (1)
initial mass
. o/ mass of residue 1-mass of residue 2 0
hemicellulose content (%)= — x 100% )
initial mass
f residue 2- f residue 3
cellulose content (%) = ————————2""C"72 % 100% 3)
initial mass
. f residue 4
lignin content (%) = X 100% 4)

initial mass

3. Results and discussion

3.1. Cellulose yield

As the most sources of cellulose, currently OPEFB has not been explored yet for its use. Several studies
examined the use of cellulose from OPEFB for fiber, microcrystalline cellulose, and carboxyl methyl
cellulose. It should be noted that the cellulose isolation process is diverse, but the chemical methods are
quite effective in separating cellulose from its impurities. The combination of the bleaching process,
acid hydrolysis, and alkaline delignification can alternatively increase the purity of cellulose.

Figure 1 showed the conversion of oil palm empty fruit bunches to cellulose. The size of the OPEFB *
was reduced before processing to expand the surface area in order to facilitate the bleaching process and
acid hydrolysis to alkaline delignification. The study demonstrated the effectiveness of the cellulose
extraction process by comparing the bleaching process at an early stage with the reverse delignification
process method. The bleaching-acid hydrolysis was carried out at the beginning of the process with the
assumption that the acid hydrolysis process would make it easier to open the cell wall and break down
the hemicellulose and lignin noticeably more. Meanwhile, in the cellulose extraction process with the
delignification step at the beginning of the process, assume that the alkaline delignification aimed to
remove the lignin, therefore the bleaching process would be lighter. The bleaching and delignification
process is a pre-treatment process which in turn will affect reducing lignin, hemicellulose extracted
components, increasing surface area, porosity, and pore size, reducing cellulose crystallinity, and
increasing enzyme accessibility.

Different concentrations of sodium chlorite and bleaching cycles produced different bleaching and
delignification yields in the range of 42 — 54% and 15-22% (table 1). The smallest yield was obtained
from the third method which the delignification step was early followed by bleaching. The yield is
42.98% after bleaching, and 15.68% after the delignification process, while the moisture content did not
differ significantly in the cellulose produced.
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cellulose

Figure 1. a) OPEFB; b) OPEFB fiber; c) Cuts of OPEFB fiber; d) OPEFB powder;
e) after bleaching; f) cellulose from OPEFB.

Table 1. Yield and moisture content of cellulose extracted by various methods from OPEFB.

Method Bleach(i)ng yield Deligniﬁc(:)ation (rileélilslgrsee
(%0) yield (%) content (%)

Bleaching Na Chlorite 3% 2x,
Delignification NaOH 10%, Room Temp. 44.82 18.69 6.60
Bleaching Na Chlorite 3% 2x,
Delignification NaOH 10% Temp. of 70 - 49.64 16.58 7.47
80°C
Delignification NaOH 10% Temp. of 70-
80° C,Bleaching Na Chlorite 3% 2x 42.98 15.86 6.34
Bleaching Na Chlorite 1.7% 3x, 545 2995 i
Delignification NaOH 17.5% Room Temp. ) ’
Bleaching Na chlorite 1.7% 4x, 493 214 i

Delignification NaOH 17.5%, Room Temp.

- : not measured

The obtained cellulose from several extraction methods using some variations in sodium chlorite
concentration and the cycle (table 2) illustrated the highest cellulose was obtained in the bleaching
method with sodium chlorite of 3% for two cycles followed by delignification using 10% NaOH at room
temperature. The delignification process at a higher temperature (70-80°C) did not affect enough to get
high cellulose. Likewise, the method that applied NaOH delignification first at 70-80°C only produced
68.41% cellulose. It appeared that the application of high temperature in the delignification process did
not significantly affect the purity of cellulose.
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The bleaching processes using sodium chlorite of 3% by twice cycles and alkaline delignification at
room temperature reduced lignin by approximately 87%, while the delignification at 70-80°C decreased
lignin up to 94.41%; however, the hemicellulose was relatively higher. According to Kim [7] that the
main reaction during alkaline pre-treatment includes dissolution of lignin and hemicellulose and de-
esterification (saponification) of intermolecular ester bonds. This reaction changed the degree of
polymerization of each component and the physical properties of the solid. These changes can include
surface area, porosity, and crystallinity. The change in crystallinity index was caused by the removal of
amorphous regions (lignin and hemicellulose) from the biomass, rather than structural changes in the
cellulose fibers. The bleaching treatment of sodium chlorite under acidic conditions (pH 4-4.5) will
facilitate delignification at room temperature because there has been a change in the structure of the
fiber and partial dissolution of lignin and hemicellulose.

Referring to Seo et al. [8], alkaline reagents used in pretreatment are very selective for lignin
separation. They can be used to recover most lignin with relatively high purity. Base pretreatment
retained more hemicellulose than acid or neutral pretreatment. Pretreatment using dilute acid or hot
water is effective for hemicellulose recovery. With proper selection of the pre-treatment and its sequence
of operations, effective fractionation can be achieved. If alkaline treatment is applied in the first step,
low lignin biomass and lignin are obtained as products.

Table 2. Composition of cellulose extracted by various methods from OPEFB.

% % %
Water Hemicel Decrease Decrea Increase
Method Extractive lulose Cellulose  Lignin in se in in
Material Hemicellu Lignin Cellulos
lose e
OPEFB fiber 15.73 31.51 32.97 18.79 - - -
Bleaching Na Chlorite 3%
2x, Delignification NaOH 7.45 9.86 80.32 2.37 68.71 87.39  143.62
10% Room Temp.
Bleaching Na Chlorite 3%
2x, Delignification NaOH 6.53 24.01 68.41 1.05 23.80 94.41 107.49

10% Temp.of 70-80 °C
Delignification NaOH 10%
Temp of 70-80° C,
Bleaching Na Chlorite 3%
2x

Bleaching Na Chlorite 1.7%
3x, Delignification NaOH 10.18 16.83 64.84 8.15 46.59 56.63 96.66
17.5% Room Temp.

Bleaching Na Chlorite 1.7%

4x, Delignification NaOH 10.56 11.16 70.96 7.32 64.58 62.00 11522
17.5% Room Temp

21.22 11.47 65.26 2.06 63.59 89.04 97.94

In using small sodium chlorite, namely at 1.7% concentration, a more intensive bleaching cycle is
required to obtain high purity cellulose. Bleaching at 1.7% sodium chlorite for four cycles and followed
by the delignification process at a higher concentration of 17.5% was only able to obtain 70.96%
cellulose. According to Yimlamai et al. [9], the cellulose extraction process with 17.5% NaOH
delignification and two cycles of delignification using sodium chlorite resulted in 83.7% purity of
cellulose, hemicellulose 5.6%, and lignin 1.7%. This phenomena indicated that a process is needed
optimization to obtain high purity cellulose but with efficient sodium chlorite concentration and
bleaching cycle. The bleaching process with acid combination will also allow continued
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depolymerization, on the other hand, if it is too short then the impurities are still high, especially the
lignin content is still relatively high.

Hemicellulose with a less regular structure is more amorphous than cellulose, thus consequently is
easily hydrolyzed by acids or enzymes into monomers. With acid pretreatment, hemicellulose can be
easily degraded to decomposition products including furfural. Hemicellulose has a highly branched
structure, responsible for a high soluble in water [7].

The components of cellulose, hemicellulose, and lignin biomass are degraded at different
temperatures. In contrast to cellulose and hemicellulose, lignin contains many phenyl rings which are
relatively strong in structure, although they begin to degrade at about the same temperature as cellulose
and hemicellulose (<200°C), lignin is not completely degraded until temperatures over 700°C [9].

3.2. Cellulose color

Using sodium chlorite as a bleacher affects the removal of color components in OPEFB fiber. OPEFB
was originally yellowish-brown in color and the bleaching process will result in a color fade to white.
Characteristics of CIE L, a*, and b* (Table 3) can give an idea of the white intensity of the cellulose
produced. The cellulose produced tends to be a bright gray color, in the bleaching process of 3% sodium
chlorite 2 cycles resulted the whiteness level (CIE L*) is 81.3 on average. The complete color
description is presented in figure 2.

The cellulose resulted from the extraction process by bleaching with 3% sodium chlorite 2 cycles
before delignification had a higher brightness level than other methods. Meanwhile, CIE a* is greener
and CIE b* points to blue. At the CIE a* value, the positive value tends to be red and the negative value
tends to be green. While at the CIE b* value, the positive value tends to be yellow and the negative value
tends to be blue.

Table 3. CIE L*, a*, b*, Chroma and HUE of cellulose extracted by various methods from OPEFB.

Method CIE L* CIE a*  CIE b* Chroma HUE
OPEFB Fiber 61.25 8.40 23.38 24.88 29.9
Bleaching Na Chlorite 3% 2x,
Delignification NaOH 10% Room 81.3 -0.5 -0.9 1.9 180.8
Temp.
Bleaching Na Chlorite 3% 2x,
Delignification NaOH 10% Temp. of 79.1 -0.8 1.02 1.43 108.2
70 °C

Delignification NaOH 10% Temp. of

80° C, Bleaching Na Chlorite 3% 2x 7728 -0.23 2.64 2.71 65.3

If the chroma value increases, the color will be lighter. While if the chroma value decreases, the color
fades. Chroma is a color level based on sharpness which serves to define the color of a product that tends
to be shiny or tends to be dull. Chroma follows a percentage that ranges from 0 to 100. The higher the
chroma value, the duller the product is, while the lower the chroma value, the shinier it is.
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Figure 2. Color appearance a) OPEFB fiber; b) Cellulose of bleaching 2x-delignification; c)
Cellulose of bleaching 2x-delignification at temp of 70-80°C; d) Cellulose of delignification-
bleaching 2x.

Cellulose with a bleaching process of two cycles is still whitish yellow, this is due to the residual
lignin content in the remaining structure. Balaji and Nagarajan [10] stated the alkaline delignification
process allows the dispersion of NaOH in the amorphous region which causes intermolecular
disturbances thereby promoting the removal of non-cellulose parts, especially lignin, from OPEFB
fibers. With the washing process, a whiter color and a smoother surface structure will be obtained on
the cellulose powder.

In the chemical bleaching process, the oxidation reaction will form a carboxyl group of lignin which
in alkaline conditions will be ionized which in turn will increase the solubility. The principle of this
reaction is not sufficient to completely remove lignin from the fiber and in the fragmentation reaction,
depolymerization is required to produce small molecules that can escape from the structure of the
swollen fiber network. The initial removal of lignin will take place quickly and then slow down so that
one oxidative step is not sufficient to completely remove lignin [11].

3.3. Fourier transform infrared spectroscopy analysis

The peak at wave number 907 c¢cm! indicated the deformation of CI-H which are cellulose and
hemicellulose, as well as at 1196 cm! a stretching C-O-C which indicates cellulose. Hemicellulose was
identified at the peak of wave number 1745 cm™' where stretching of C=0 occurred unconjugated to
ketones, carbonyls, and aliphatic groups. Similarly, at the peak, extractive material was detected, namely
the presence of stretching C=0 in the carbonyl ester. At the peak of wave number 2967 cm™! indicates
the presence of lignin, cellulose, and hemicellulose through symmetrical methyl and methylene
stretching.
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Figure 3. FTIR analysis a) on cellulose from several methods; b) OPEFB fiber c) cellulose with
bleaching 2 times and delignification.

Figure 3 indicated a change in the wave number area of 1479 — 1768 cm™! in OPEFB fiber where
the cellulose from the bleaching-delignification method was sloping as well as at the peak of 2857 cm’!
sloping. In the wave number area of 1400 cm™! was an area of lignin reduction (C=O stretching), while
at a wavelength of 1700 cm™ was an area of hemicellulose reduction (C=0O stretching occurred
unconjugated to ketones, carbonyls, and aliphatic groups) and extractive materials, namely the presence
of stretching C=O in the carbonyl ester. Likewise, the slope at wave number 2857 cm™! indicated a
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decrease in hemicellulose and lignin (asymmetric stretching of methyl and methylene). A sharp peak in
Figure 3¢ pointed at 1219 cm™!, correlated with an increase of the purity of cellulose after the bleaching
and delignification process. The research of Balaji and Narajanan [10] showed that after alkaline
delignification treatment, the peak intensity at wave numbers 3340 cm™', 1750 cm™', 1250 cm!, 1663
cm!, and 1600 cm™! was significantly reduced. This illustrated a lower percentage of hemicellulose
content and hydroxyl groups.

4. Conclusions

The bleaching process in the early stage using 3 % sodium chlorite in 2 cycles and followed by
delignification using 10% NaOH can produce more than 80% cellulose purity. The bleaching process
using sodium chlorite can support delignification by reducing hemicellulose and lignin Indicated the
identification of functional groups using FTIR showing a sharp peak at a wave number of 1219 cm™.
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