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Preface to the Proceedings of the 10th Asian Physics Symposium (APS) 2023 
 
The 10th Asian Physics Symposium 2023 (APS 2023) was held on 3-4 October 2023, in Institut 

Teknologi Bandung, Indonesia with the theme of “The Role of Physics in Supporting Sustainable 

Development Goals” and was implemented in a hybrid manner in purpose of increasing sustainability 

of this scientific event, accessibility and also increasing participants engagement. This event provides 

the widest possible opportunities for the young Indonesian scientists to present the latest research results 

in the physics and its related fields, to foster research collaborations with well-known overseas scientists 

and to extend international research networking in the future.  

 

The 10th APS 2023 is organized by the Undergraduate and Graduate Programs in Physics, Faculty of 

Mathematics and Natural Sciences, Institut Teknologi Bandung, in collaboration with Physical Society 

of Indonesia (PSI). The program of APS 2023 features 7 invited talks in 45 minutes for each plenary 

session and 116 contributed oral presentations in 15 minutes of presentation including the Q&A session, 

which come from several countries: Japan, Malaysia, Turkey and Indonesia. All abstracts and papers 

have been reviewed by selected reviewers from the APS committee. 

  

I would like to express my sincere appreciation to Prof. Wahyu Srigutomo, Dean of Faculty of 

Mathematics and Natural Science (FMIPA) ITB  for the support and advice in preparing this scientific 

event and to Institute of Research and Community Service (LPPM) ITB Support Program for organizing 

the Year International Conference 2023.  

 

I would like to express my gratitude to Prof. David Andrew Bradley (Sunway University, Malaysia), 

Assoc. Prof. Seda Aksoy Esinoglu (Istanbul Technical University, Turkey), Prof. Alexander Iskandar 

(Institut Teknologi Bandung, Indonesia), Prof. Kayoko Yamamoto (University of Electro-

Communications, Japan), Prof. Fumiyuki Ishii (Kanazawa University, Japan), Dr. Hijaz Kamal Hasnan 

(University of Malaya, Malaysia), and Prof. Nandang Mufti (University of Malang, Indonesia) as the 

Keynote speaker for sharing the knowledge and research to all the participant in APS 2023. I would 

like to say my deepest thanks to Prof. Agung Nugroho (Institut Teknologi Bandung, Indonesia), Dr. 

Ahmad Ridwan Nugraha (National Research and Innovation Agency, Indonesia), Prof. Camelia 

Panatarani (Padjadjaran University, Indonesia), Prof. David Marpaung (University of Twente, the 

Netherland), Prof. Ding Lu (Institute of Materials Research and Engineering- A*Star, Singapore), Dr. 

Dwi Irwanto (Institut Teknologi Bandung, Indonesia), Prof. Fatimah Arofiati Noor (Institut Teknologi 

Bandung, Indonesia), Dr. Freddy Haryanto (Institut Teknologi Bandung, Indonesia), Prof. Halim 

Kusumaatmaja (Durham University, England), Prof. Husin Alatas (Institut Pertanian Bogor, Indonesia), 

Prof. I Made Joni (Padjadjaran University, Indonesia), Prof. Khairurrijal (Institut Teknologi Bandung, 

Indonesia), Prof. Mitra Djamal (Institut Teknologi Bandung, Indonesia), Prof. Rizal Kurniadi (Institut 

Teknologi Bandung, Indonesia), Dr. Satria Zulkarnaen (Tokyo University of Agriculture and 

Technology, Japan), Prof. Sidik Permana (Institut Teknologi Bandung, Indonesia), Prof. Triyanta 

(Institut Teknologi Bandung, Indonesia), Prof. Umar Fauzi (Institut Teknologi Bandung, Indonesia), 

Prof. Widayani (Institut Teknologi Bandung, Indonesia), Dr. Yuliati Herbani (National Research and 

Innovation Agency, Indonesia), Prof. Yudi Dharma (Institut Teknologi Bandung, Indonesia) and Prof. 

Zaki Su’ud (Institut Teknologi Bandung, Indonesia) for their willingness as an advisory board to give 

guidance and advice for the implementation of this scientific event.  

 

Finally, I would like to say thanks to all the organizing committee members and reviewers for their 

excellent work and all of authors for their valuable contributions in APS 2023.  

 
 

Bandung, January 2024 

Chairman of APS 2023, 

Dr. Eng. Priastuti Wulandari 

Faculty of Mathematics and Natural Sciences, Institut Teknologi Bandung 

pwulandari@itb.ac.id 



10th Asian Physics Symposium (APS 2023)
Journal of Physics: Conference Series 2734 (2024) 011001

IOP Publishing
doi:10.1088/1742-6596/2734/1/011001

2

ADVISORY BOARD OF THE 10TH ASIAN PHYSICS SYMPOSIUM (APS) 2023 

Prof. Agung Nugroho (Institut Teknologi Bandung, Indonesia) 

Dr. Ahmad Ridwan Nugraha (National Research and Innovation Agency, Indonesia) 

Prof. Camelia Panatarani (Padjadjaran University, Indonesia) 

Prof. David Marpaung (University of Twente, the Netherland) 

Prof. Ding Lu (Institute of Materials Research and Engineering- A*Star, Singapore) 

Dr. Dwi Irwanto (Institut Teknologi Bandung, Indonesia) 

Prof. Fatimah Arofiati Noor (Institut Teknologi Bandung, Indonesia) 

Dr. Freddy Haryanto (Institut Teknologi Bandung, Indonesia) 

Prof. Halim Kusumaatmaja (Durham University, England) 

Prof. Husin Alatas (Institut Pertanian Bogor, Indonesia) 

Prof. I Made Joni (Padjadjaran University, Indonesia) 

Prof. Khairurrijal (Institut Teknologi Bandung, Indonesia) 

Prof. Mitra Djamal (Institut Teknologi Bandung, Indonesia) 

Prof. Rizal Kurniadi (Institut Teknologi Bandung, Indonesia) 

Dr. Satria Zulkarnaen (Tokyo University of Agriculture and Technology, Japan) 

Prof. Sidik Permana (Institut Teknologi Bandung, Indonesia) 

Prof. Triyanta (Institut Teknologi Bandung, Indonesia)) 

Prof. Umar Fauzi (Institut Teknologi Bandung, Indonesia) 

Prof. Widayani (Institut Teknologi Bandung, Indonesia) 

Dr. Yuliati Herbani (National Research and Innovation Agency, Indonesia) 

Prof. Yudi Dharma (Institut Teknologi Bandung, Indonesia) 

Prof. Zaki Su’ud (Institut Teknologi Bandung, Indonesia) 

 

TECHNICAL COMMITTEE OF THE 10TH ASIAN PHYSICS SYMPOSIUM (APS) 2023 

Chair   : Dr. Priastuti Wulandari (Institut Teknologi Bandung, Indonesia) 

Vice Chair  : Dr. Abdul Muizz Pradipto (Institut Teknologi Bandung, Indonesia) 

Secretary  : Dr. Maria Evita (Institut Teknologi Bandung, Indonesia) 

      Dr. Fitri Aulia Permatasari (Institut Teknologi Bandung, Indonesia) 

  Hitzunarifqi, A.Md. (Institut Teknologi Bandung, Indonesia) 

Treasurer  : Dr. Akfiny Hasdi Aimon (Institut Teknologi Bandung, Indonesia) 

Program  : Dr. Getbogi Hikmawan (Institut Teknologi Bandung, Indonesia) 

  Dr. Agus Suroso (Institut Teknologi Bandung, Indonesia) 

Publication  : Dr. Andy Octavian Latief (Institut Teknologi Bandung, Indonesia) 

  Dr. Syeilendra Pramuditya (Institut Teknologi Bandung, Indonesia) 

  Lazuardi, S.E. (Institut Teknologi Bandung, Indonesia) 

Review Manager : Dr. Dian Ahmad Hapidin (Institut Teknologi Bandung, Indonesia) 

  Dr. Agoes Soehianie (Institut Teknologi Bandung, Indonesia) 

      Prof. Inge Magdalena (Institut Teknologi Bandung, Indonesia) 

  Dr. Neni Surtiyeni (Institut Teknologi Bandung, Indonesia) 

Proceeding  : Dr. Fourier El Jabbar Latief (Institut Teknologi Bandung, Indonesia) 

  Dr. Muhammad Rizqie Arbie (Institut Teknologi Bandung, Indonesia) 

  Dr. Enjang Jaenal Mustopa (Institut Teknologi Bandung, Indonesia) 

Consumption  : Rita Fitri Apriyanti, S.E. (Institut Teknologi Bandung, Indonesia) 

Dwiyanti Nastiti, S.E. (Institut Teknologi Bandung, Indonesia) 

Logistic  : Dr. Irfan Dwi Aditya (Institut Teknologi Bandung, Indonesia) 

  Galih Restu Fardian, M.Si. (Institut Teknologi Bandung, Indonesia) 

  M. Arief Mustajab, M.Si. (Institut Teknologi Bandung, Indonesia) 

  Dr. Dewa Edikresnha (Institut Teknologi Bandung, Indonesia) 

 



Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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

10th Asian Physics Symposium (APS 2023)
Journal of Physics: Conference Series 2734 (2024) 011002

IOP Publishing
doi:10.1088/1742-6596/2734/1/011002

1

Peer Review Statement
All papers published in this volume have been reviewed through processes
administered by the Editors. Reviews were conducted by expert referees to the 
professional and scientific standards expected of a proceedings journal published 
by IOP Publishing.

Type of peer review: Double Anonymous
Conference submission management system: Morressier
Number of submissions received: 94
Number of submissions sent for review: 94
Number of submissions accepted: 83
Acceptance Rate (Submissions Accepted / Submissions Received × 100): 
88.3
Average number of reviews per paper: 1.9
Total number of reviewers involved: 25
Contact person for queries: 
Name: Priastuti Wulandari
Email: pwulandari@itb.ac.id
Affiliation: Institut Teknologi Bandung



 
 
 
 
 
 
 



Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Physical Properties of Varied Composition of
Peanut Shell and Palm Oil Shell’s Briquettes
To cite this article: Yusraida Khairani Dalimunthe et al 2024 J. Phys.: Conf. Ser. 2734 012018

 

View the article online for updates and enhancements.

You may also like
Physico-Mechanical Characterisation of
Fuel Briquettes made from Blends of
Corncob and Rice Husk
H. A. Ajimotokan, S. E. Ibitoye, J. K.
Odusote et al.

-

Comparison Study on Fuel Briquettes
Made of Eco-Friendly Materials for
Alternate Source of Energy
C P Vivek, P V Rochak, Pillai Sagar
Suresh et al.

-

Calorific value analysis, reduction of period
weight, reaction rate, activation energy of
old coconut, young coconut waste
briquette burning, cocoa
W Nuriana, A Suryanto and M Kamal

-

This content was downloaded from IP address 111.94.80.187 on 10/07/2024 at 16:18

https://doi.org/10.1088/1742-6596/2734/1/012018
https://iopscience.iop.org/article/10.1088/1742-6596/1378/2/022008
https://iopscience.iop.org/article/10.1088/1742-6596/1378/2/022008
https://iopscience.iop.org/article/10.1088/1742-6596/1378/2/022008
https://iopscience.iop.org/article/10.1088/1757-899X/577/1/012183
https://iopscience.iop.org/article/10.1088/1757-899X/577/1/012183
https://iopscience.iop.org/article/10.1088/1757-899X/577/1/012183
https://iopscience.iop.org/article/10.1088/1757-899X/588/1/012004
https://iopscience.iop.org/article/10.1088/1757-899X/588/1/012004
https://iopscience.iop.org/article/10.1088/1757-899X/588/1/012004
https://iopscience.iop.org/article/10.1088/1757-899X/588/1/012004
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssyBRSoRlHDJhfqoS30vAT1dWhrt50ZmSHCtjevqeOTTntyJG4C-z8h_1ZLGI9ebE1yndKRA5YjOKusww9tsNRtjAv27heRiB42opi2su37Tm2myjaADd1PtoiuxMswRcNvoJAiZ1NwoOJiGXyceWXS_RUYMX-03pfV8XrtzZ279T8khba9IVQRGyZgY42x59StfBGJYBzQEoppsSDTBPpiOCz30Y3xkZYtW788ePNvxAkKmMXxkS7fIik9-2p5cBLRM2qllVTPwlizWsqq_q6UO0NIHaBx-skJifR08YZHRPFD97RCbcrXU1oironOQC_UgdqV8zH5Ij19DiAwyQcFUA&sig=Cg0ArKJSzCz96-VPYfYc&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://www.electrochem.org/prime2024/registration/%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3DIOP_prime_early_reg%26utm_id%3DIOP%2BPRiME%2BEarly%2BRegistration


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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

10th Asian Physics Symposium (APS 2023)
Journal of Physics: Conference Series 2734 (2024) 012018

IOP Publishing
doi:10.1088/1742-6596/2734/1/012018

1

 

 

 

 

 

 

Physical Properties of Varied Composition of Peanut Shell 

and Palm Oil Shell’s Briquettes 

Yusraida Khairani Dalimunthe1, Widayani2* and Irfan Dwi Aditya3 

 
1Petroleum Engineering, Faculty of Technology Earth and Energy, Universitas Trisakti, 

Jakarta, 11440, Indonesia 
2Nuclear Physics and Biophysics Research Group, Faculty of Mathematics and Natural 

Science, Institut Teknologi Bandung, Jalan Ganesha 10, Bandung  40132, Indonesia 
3Instrumentation and Computational Physics Research Group, Faculty of Mathematics and 

Natural Science, Institut Teknologi Bandung, Jalan Ganesha 10, Bandung  40132, Indonesia 

 
*Email: widayani@itb.ac.id 

 

Abstract. This research aims to determine the physical properties of briquettes made 

from peanut shell (KKT) and palm oil shell (CKS) waste. The manufacturing process 
is carried out using a briquette press with a pressure of 70 N/m2, and each KKT and 

CKS is measured at 100 mesh. Two grams of starch adhesive and 15 ml of water are 

used in the process. This research method involves varying the quantities of KKT and 
CKS with the following ratios: S1(18:0), S2(16:2), S3(14:4), S4(12:6), S5(10:8), 

S6(8:10), S7(6:12), S8(4:14), S9(2:16), S10(0:18). The results of this research show 

that the lowest density of briquettes, 708.38 kg/m3, was produced by sample S6, while 

the highest density, 876.91 kg/m3, was produced by sample S3. The lowest elastic 
modulus of briquettes, 7 MPa, was recorded for sample S6, and the highest elastic 

modulus, 60 MPa, was observed for sample S10. Similarly, the lowest ultimate 

strength of briquettes, 1.35 MPa, was found in sample S6, while the highest ultimate 
strength, 6.03 MPa, was achieved in sample S10. 
 

 

1. Introduction 

Energy availability is one of the main problems in the world today. Every year, the demand for 
energy increases in tandem with the rise in human activities that rely on fuel oil derived from plant and 

animal fossils [1]. This must be promptly addressed by introducing renewable, abundant, and cost-

effective alternative energy sources that are accessible to entire communities [2]. 
One solution to problems related to energy scarcity is processing biomass into fuel. Some biomass 

with considerable potential includes agricultural waste, industrial waste, and household waste. 

Biomass can be processed and used as an alternative fuel, such as in the production of briquettes. 
Briquettes offer economic advantages due to their simple production, high calorific value, and the 

sufficient availability of raw materials in Indonesia, allowing them to compete with other fuels [3]. 

Furthermore, briquettes serve as an alternative fuel resembling charcoal with reasonably high density. 

As a novel form of fuel, briquettes are a straightforward material both in the manufacturing process 
and in terms of the raw materials used, indicating that briquette fuel holds significant potential for 

development [4]. 

A considerable amount of research has been conducted on briquettes, encompassing studies on 
various raw material combinations. These include investigations on a mixture of pine and peanut 
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shells for briquette production [5], research on a blend of peanut shells and corn stover as briquette 

material [6], the creation of briquettes from corn cobs, corn stems, soybean shells, peanut shells, rice 

husks, and rice straw [7], the examination of the impact of shelled nut shell warming rates utilizing the 
TG-FTIR (Thermo gravimetry Fourier-transform infrared spectroscopy) method [8], and the 

utilization of palm oil shell waste as a raw material for briquette production [9]. Additionally, there are 

studies on designing briquette stoves using raw materials such as palm shells, durian skins, and 
coconut shells [10], producing briquettes from palm oil shell waste and acacia shell waste using the 

response surface method [11], creating briquettes from waste peanut shells using the pyrolysis method 

[12], forming briquettes from palm oil shells and mango shells [13], and manufacturing briquettes 

from sawdust, coffee skins, khat waste, and dry grass, with binders made from clay and paper waste 
[14]. Other research focuses on the utilization of rice husk waste as a material for briquette production 

[15], making briquettes from food waste using pyrolysis techniques [16], investigating heating 

methods for coal briquette samples [17], analyzing the burning characteristics of corn straw briquettes 
using thermogravimetry analysis [18], exploring the use of palm oil shells as a source for charcoal 

briquettes [19], and utilizing rice husks and palm shells as raw materials for charcoal briquettes with 

starch adhesive [20]. Lastly, there is an analysis of the effect of torrefaction time on the quality of bio-

briquettes from palm oil shells [21]. 
Peanuts (Arachis hypogaea L.) are the second most important legume crop after soybeans in 

Indonesia. Approximately 20-30% of peanuts exist in the form of shells. The supply of peanuts to the 

peanut-based food industry per industrial unit can amount to covering up to 1.25 tons of clean peanut 
seeds per day. However, this process generates a significant amount of peanut shell waste. Disposing 

of or burning such waste requires a substantial area. Therefore, peanut shell waste, which boasts a high 

cellulose content of 63.5%, can be utilized and holds the potential to serve as raw material for 
producing bio briquettes [22]. 

According to data from the Ministry of Agriculture in 2017, the area of oil palm plantations in 

Jambi Province could reach 1.8 million hectares. One potential rural waste that can be processed into 

alternative fuel is palm oil shells. This waste consists of the innermost part of the oil palm fruit, which 
has a hard texture. Due to this characteristic, in its processing, palm oil shells are not converted into oil 

and only become industrial waste. The utilization of palm oil shells is not yet optimal, considering its 

significant potential. In 2004, the processing of 53.762 million tons of fresh palm fruit bunches into 
Crude Palm Oil (CPO) generated a substantial amount of waste in the form of shells and fiber, totaling 

10.215 million tons. Apart from that, palm oil shells are an agricultural waste suitable for use as bio-

briquettes, given that the calorific value of the shells is higher in briquette form than when palm oil 
shells are burned directly as boiler fuel [23]. 

The abundance of peanut shell and palm oil shell waste in Indonesia has prompted researchers to 

study briquettes made from these two wastes, offering a potential solution to the increasing scarcity of 

fuel. The author hopes that briquettes derived from waste peanut shells and palm oil shells can assist 
the government in addressing energy limitations. Subsequently, these briquettes could be utilized as 

fuel on both an industrial and household scale. 
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2. Methodology 

The flow diagram of this research can be seen in Figure 1 below: 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 
  

 

 
 

 

 
 

 

 

 
 

 

 
 

Figure 1. Research flowchart of peanut shell and palm oil shell waste briquettes 

 
 

The stages of the research process in Figure 1 explain the preparation of ingredients for making 

briquettes, such as peanut shells, palm oil shells, starch adhesive, and water. The roasting process 

involves placing cleaned peanut shells and palm oil shells into separate roasting furnaces and drums, 
where 1 kg of peanut shells is burned for 1 hour, and 3 kg of palm oil shells are burned for 8 hours. 

The finished and cooled charcoal is then crushed with a pestle until it reaches a smooth consistency. 

Subsequently, the crushed charcoal is sifted through a 100-mesh sieve to achieve a uniform grain size. 
The finely and evenly distributed charcoal powder is then weighed as needed, with the composition as 

shown in Table 1, and subsequently used to create briquette samples. 
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   Table 1. Samples based on the composition of peanut 

shells (KKT) and palm oil shells (CKS) 
    

Sample KKT (gr) CKS (gr) Adhesive (gr) 

S1 18 0 2 

S2 16 2 2 

S3 14 4 2 

S4 12 6 2 
S5 10 8 2 

S6 8 10 2 

S7 6 12 2 
S8 4 14 2 

S9 2 16 2 

S10 0 18 2 

 
The process of mixing charcoal powder with adhesive involves heating 2 gr of starch with 15 ml of 

water over three candles for three minutes until glue forms. Subsequently, the charcoal powder from 

peanut shells and palm oil shells is mixed with the adhesive prepared according to Table 1. The 
printing process is then carried out using a press machine for each sample with a pressure of 70 N/m2. 

Finally, the briquettes are printed, and their dimensions, including initial mass, initial diameter, and 

initial length, are measured using a caliper. Afterward, the briquettes are dried in the sun at room 

temperature for a week. The dry briquettes are then individually measured for their final mass, final 
diameter, and final length using a caliper. 

Measure the dimensional stability and density of each briquette using equations (1) and (2): 

𝐷𝑆 = 100 − [(
(𝑉𝑖−𝑉𝑓)

𝑉𝑓
) 𝑥100]            (1) 

where: 

𝐷𝑆 = dimensional stability (%) 

𝑉𝑖 = volume of briquette before drying (mm3) 

𝑉𝑓 = volume of briquette after drying (mm3) 

𝜌 =
𝑚𝑓

𝑉
               (2) 

where: 

𝜌 = density of briquette after drying (gr/mm3) 

𝑚𝑓 = mass of briquette after drying (gr) 

𝑙𝑓 = length of briquette after drying (mm) 

𝑟 = circle radius of briquette after drying (mm) 

𝜋 = constant 
22

7
 

𝐴 = area of a flat circle of briquette after drying (mm2) 

𝑉 = volume of briquette after drying (mm3) 

𝑉 = 𝐴 𝑥 𝑙𝑓              (3) 

𝐴 = 𝜋 𝑥 𝑟2 (the shape of the briquette is cylindrical)          (4) 

Measure the elastic modulus and ultimate strength values of each briquette using the Universal Testing 
Machine. 
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3. Result and discussion 

3.1 Physical properties of briquettes 

Briquettes that have been dried for a week at room temperature can be observed in Figure 2. Upon 
closer inspection, briquettes with a higher composition of peanut shells than palm oil shells exhibit a 

flatter surface, specifically in samples S1, S2, S3, S4, and S5, in comparison to samples S6, S7, S8, 

S9, and S10. This difference may be attributed to the inhomogeneity of the mixture of KKT and CKS 
charcoal powder during the mixing process. 

 

 

 

 

 

 

 

 

 

Figure 2. Briquette after drying 

 

The results of measuring the physical properties of briquettes can be seen in Table 2. 

 
Table 2. Physical properties of briquettes 

 

Sample Dimention Mass Volume 𝐷𝑆 

(%) 
Before 

drying 

After drying Before 

drying 

After drying Before drying After drying 

S1 𝑑𝑖 = 42.10 

𝑙𝑖 = 17.8 

𝑑𝑓 = 42.50 

𝑙𝑓   = 17.00 

𝑚𝑖= 29.15 𝑚𝑓= 20.25 𝑉𝑖=24788.4 𝑉𝑓=24126.3   97.25 
 

S2 𝑑𝑖 = 42.80 

𝑙𝑖   = 16.50 

𝑑𝑓 = 43.00 

𝑙𝑓   = 16.10 

𝑚𝑖= 28.76 𝑚𝑓= 20.10 𝑉𝑖=23748.4 𝑉𝑓=23389.8 98.46 

S3 𝑑𝑖 = 42.90 

𝑙𝑖   = 16.60 

𝑑𝑓 = 42.70 

𝑙𝑓   = 16.00 

𝑚𝑖= 28.66 𝑚𝑓= 20.10 𝑉𝑖=24004.2 𝑉𝑓=22921.3 95.27 

S4 𝑑𝑖 = 42.30 

𝑙𝑖   = 16.30 

𝑑𝑓 = 43.00 

𝑙𝑓   = 15.90 

𝑚𝑖= 28.33 𝑚𝑓= 20.05 𝑉𝑖=22915.6 𝑉𝑓=23099.2 100.79 

S5 𝑑𝑖 = 41.10 

𝑙𝑖   = 16.05 

𝑑𝑓 = 42.80 

𝑙𝑓   = 16.30 

𝑚𝑖= 28.19 𝑚𝑓= 19.93       𝑉𝑖=21899.4 𝑉𝑓=23460.6 106.65 

S6 𝑑𝑖 = 40.00 

𝑙𝑖   = 15.20 

𝑑𝑓 = 44.10 

𝑙𝑓   = 17.10 

𝑚𝑖= 27.43 𝑚𝑓= 18.51 𝑉𝑖=19108.5 𝑉𝑓=26129.9 126.87 
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S7 𝑑𝑖 = 42.40 

𝑙𝑖   = 15.20 

𝑑𝑓 = 41.90 

𝑙𝑓   = 16.30 

𝑚𝑖= 27.39 𝑚𝑓= 18.56 𝑉𝑖=21470.3 𝑉𝑓=22484.3 104.50 

S8 𝑑𝑖 = 41.10 

𝑙𝑖   = 16.90 

𝑑𝑓 = 42.20 

𝑙𝑓   = 17.80 

𝑚𝑖= 28.71 𝑚𝑓= 19.46   𝑉𝑖=22430.2 𝑉𝑓=24906.3 109.94 

S9 𝑑𝑖 = 40.80 

𝑙𝑖   = 16.40 

𝑑𝑓 = 42.40 

𝑙𝑓   = 17.30 

𝑚𝑖= 28.21 𝑚𝑓= 19.04   𝑉𝑖=21450.0 𝑉𝑓=24436.6 112.22 

S10 𝑑𝑖 = 40.00 

𝑙𝑖   = 17.40 

𝑑𝑓 = 42.30 

𝑙𝑓   = 17.20 

𝑚𝑖= 27.04 𝑚𝑓= 17.53    𝑉𝑖=21874.2 𝑉𝑓=24180.9 109.53 

    Note: 𝑚𝑖= initial mass (gr)  𝑚𝑓= final mass (gr)  

𝑑𝑖 = initial diameter (mm) 𝑑𝑓 = final diameter (mm) 

 𝑙𝑖 = initial length (mm)  𝑙𝑓 = final length (mm)  

           𝑉𝑖 = initial volume (mm3) 𝑉𝑓 = final volume (mm3) 

 From Table 2, it can be observed that there are differences in the dimensions of the briquettes when 

first removed from the mold and after drying, including variations in mass, diameter, and length. This 
indicates an influence resulting from a decrease in water content during the briquette drying process, 

causing the volume of the briquettes to either decrease or increase. The volume change allows for the 

determination of the dimensional stability of the briquettes. From Table 2, it is evident that the highest 
dimensional stability of briquettes is found in sample S6, with a KKT: CKS concentration of 8:10, at 

126.87%. Conversely, the lowest dimensional stability is observed in sample S3, with a KKT: CKS 

concentration of 14:4, at 95.27%. 

 
3.2 Density of briquettes 

 After measuring the dimensions of each briquette with a caliper, calculate the density of each 

briquette by dividing its final mass by the final volume using equation (1). The relationship between 
variations in briquette composition and density can be observed in Figure 3. 

 

 

 

 

 

 

 

 

Figure 3. Graph of the relationship between variations in briquette composition and density 
 

The density values of the briquettes in the study ranged from 708.38 kg/m3 to 876.91 kg/m3. The 

lowest density, 708.38 kg/m3, was observed in briquettes treated with a composition of 8 gr of peanut 

shell charcoal powder and 10 gr of palm oil shell charcoal powder. On the other hand, the highest 
density, 876.91 kg/m3, was recorded in briquettes treated with a composition of 14 gr of peanut shell 

charcoal powder and 4 gr of palm oil shell charcoal powder. 
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The density values of the briquettes produced in this study should not exhibit significant 

differences among them, given that the overall concentration of each constituent material in the 

briquettes is the same. Furthermore, the briquette molds used in the manufacturing process have nearly 
identical dimensions, and uniform pressure is applied to all briquettes. Despite these factors, the graph 

in Figure 3 indicates variations in density among the briquettes. This discrepancy may arise from the 

uneven distribution of grains when the briquettes emerge from the mesh sieve, as a more uniform 
grain size strengthens the bonds between the particles composing the briquettes. Additionally, 

briquettes from sample S6 display a density value notably distinct from that of the other briquettes. 

This difference could be attributed to the less uniform mixture of peanut shell and palm oil shell 

charcoal grains during the mixing process, prior to forming the briquette mixture. 
Figure 3 show that in general the higher the peanut shell content, the higher the briquette density 

value, this trend is evident from samples S1 to S5. Similarly, for samples S6 to S10, an increase in 

palm kernel shell content corresponds to a higher briquette density value. 
 

3.3 Elasticity modulus of briquettes 

The elastic modulus values of the briquettes were determined through compressive strength testing 

using a Universal Testing Machine (UTM). These values are presented in Table 3 and Figure 4. 
 

Table 3. Elasticity modulus measurement 
  

Sample Elasticity modulus (MPa) 

S1 8 

S2 10 

S3 20 

S4 20 
S5 20 

S6 7 

S7 10 
S8 10 

S9 20 

S10 60 

 

 

 

 

 

 

 

 

 

Figure 4. Elasticity modulus measurement 
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The elastic modulus values of the briquettes in the study ranged from 7 MPa to 60 MPa. The lowest 

modulus of elasticity observed in the briquettes was 7 MPa, produced by briquettes treated with a 

composition of 8 gr of peanut shell charcoal powder and 10 gr of palm shell charcoal powder. 
Conversely, the highest modulus of elasticity value in the briquettes was 60 MPa, achieved by 

briquettes treated with a composition of 0 gr of peanut shell charcoal powder and 18 gr of palm kernel 

shell charcoal powder. 
From the graph in Figure 4, it is evident that the elastic modulus values of the briquettes in samples 

S1 to S5 increase, reflecting a higher composition of peanut shell charcoal powder compared to palm 

oil shell charcoal powder. Additionally, as shown in Figure 2, the surface topography of S1 to S5 

briquettes is noticeably flatter than that of S6 to S10 briquettes. Furthermore, the graph in Figure 4 
indicates that in samples S6 to S10, the composition of coconut shell carbon powder exceeds that of 

peanut shell carbon powder, resulting in an increased elastic modulus value. 

 
3.4 Ultimate strength of briquettes 

The ultimate strength values of the briquettes were determined through compressive strength 

testing using a Universal Testing Machine (UTM). These values are presented in Table 4 and Figure 5. 

 

Table 4. Ultimate strength measurement 
  

Sample Ultimate strength (MPa) 

S1 2.22 
S2 2.13 

S3 2.69 

S4 2.31 

S5 2.61 
S6 1.35 

S7 2.16 

S8 3.10 
S9 3.39 

S10 6.03 

 

 

 

 

 

 

 

 

 

 

Figure 5. Ultimate strength measurement 
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The ultimate strength values of the briquettes in the research ranged from 1.35 MPa to 6.03 MPa. 

The lowest ultimate strength observed in the briquettes was 1.35 MPa, produced by briquettes treated 

with a composition of 8 gr of peanut shell charcoal powder and 10 gr of palm shell charcoal powder. 
Conversely, the highest ultimate strength value in the briquettes was 6.03 MPa, achieved by briquettes 

treated with a composition of 0 gr of peanut shell charcoal powder and 18 gr of palm kernel shell 

charcoal powder.  
In alignment with the modulus of elasticity, Figure 5 also reveals that the ultimate strength values 

of the briquettes increase in samples S1 to S5, reflecting a higher composition of peanut shell charcoal 

powder compared to palm oil shell charcoal powder. Furthermore, as indicated in Figure 2, the 
dimensions of S1 to S5 briquettes exhibit a flatter surface compared to S6 to S10 briquettes. Figure 5 

further illustrates an increase in the ultimate strength values for samples S6 to S10, where the 
composition of palm kernel shell charcoal powder exceeds that of peanut shell charcoal powder. 

4. Conclussion 
In conclusion, this research reveals that the lowest density of briquettes, 708.38 kg/m3, was 

produced by sample S6, while the highest density, 876.91 kg/m3, was achieved by sample S3. 
Similarly, the lowest elastic modulus of 7 MPa was observed in sample S6, while the highest elastic 

modulus of 60 MPa was found in sample S10. Additionally, the lowest ultimate strength of 1.35 MPa 

was recorded in sample S6, and the highest ultimate strength of 6.03 MPa was attained by sample S10. 
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